
1 Alkaloid Drugs 

Most plant alkaloids are derivatives of tertiary amines, while others contain primary, 
secondary or quarternary nitrogen. The basicity of individual alkaloids varies consider- 
ably, depending on which of the four types is represented. The pK, values (dissociation 
constants) lie in the range of 10-12 for very weak bases (e.g. purines), of 7-10 for weak 
bases (e.g. Cinchona alkaloids) and of 3-7 for medium-strength bases (e.g. Opium 
alkaloids). 

1.1 Preparation of Extracts 

Alkaloid drugs with medium to high alkaloid contents (31%) 

Powdered drug (Lg) is mixed thoroughly with Iml 10Yo ammonia solution or 10% General method, 
Na,CO, solution and then extracted for lOmin with 5ml methanol under reflux. The extraction 
filtrate is then concentrated according to the total alltaloids of the specific drug, so that method A 
100p1 contains 50-100pg total alkaloids (see drug list, section 1.4). 

Rarmalae semen: Powdered drug (Ig)  is extracted with lOml methanol for 30min Exception 
under reflux. The filtrate is diluted 1:10 with methanol and 20pl is used for TLC. 

Strychni semen: Powdered seeds ( I  g) are defatted with 20 rnl n-hexane for 30min under 
reflux. The defatted seeds are then extracted with lOml methanol for lOmin under 
reflux. A total of 30yl of the filtrate is used for TL.C. 

Colchici semen: Powdered seeds (1 g) are defatted with 20 ml n-hexane for 30 min under 
reflux. The defiitted seeds are then extracted for 15 min with 10ml chloroform. After this, 
0.4ml 10% NH, is added to the mixture, shaken vigorously and allowed to stand for 
about 30min before fillration. The filtrate is evaporated to dryness and the residue 
solved in I. ml ethanol; 20p1 is used for TLC investigation. 

Alkaloid drugs with low total alkaloids [<I%) 

Powdered drug (2g) is ground in a mortar for about Imin with 21111 10% ammonia Enricll~nent 
solution and then thoroughly mixed with 7g basic aluminium oxide (activity grade I). method, extraction 
This mixture is then packed loosely into a glass column (diameter, 1.5cm; length, 20 cm) method B 
and lorn1 CHC1, is added. Alkaloid bases are eluted with about 5ml CHCI, and the 
eluate is collected, evaporated to 1 rn1 and used for TLC. 
This method is suitable for the Solanaceae drugs, e.g. BeUadonnae or Scopoliae radix and 
Stramonii semen, which should be defatted first by extraction with 11-hexane or light 
petroleum. Leaf extracts contain chlorophyils, which can interfere with the TLC separa- 
tion. In such cases extraction with sulphuric acid (described below) is recommended. 



Sulphuric acid Powdered drug (0.4-2g) is shaken For 15 min with 15ml 0.1 N sulphuric acid and then 
extraction filtered. The filter is washed wjth 0.1 N sulphuric acid to a volume of 20ml filtrate; 1 mI 
method C concentrated ammonia is then added. The mixture is shaken with two portions of 10ml 

diethyl ether. The ether is dried over anl~ydrous sodium sulphate, filtered and evapo- 
rated to dryness and the resulting residue dissolved in 0.5ml methanol. 
This is the preferred method for leaf drugs, e.g. Belladonnae folium (0.6g), Stramonii 
foliurn (0.4g), Hyoscyami folium (2g) or Fu~nariae herba (lg).  

1.2 Thin-Layer Chromatography 

Drug extracts The samples applied to the TLC plate should contain between 50 and lOOpg total 
alkaloids, which have to be calculated according to the average alkaloid content of the 
specific drug (see 1.4 Drug List). 

Example: Powdered drug (1 g) with a total alkaloid content of 0.3 %, extracted with 5 ml 
methanol by the general method described above will yield 3 rng in 5ml methanolic 
solution, containing approximately 60p,g total alkaloids per 100p1. 

Reference Commercially available compounds are usually prepared in 1% alcoholic solution and 
compounds 101.11 is applied for TLC, e.g. atropine, brucine, strychnine, berberine, codeine. 

Rauvolfia alkaloids are prepared in 0.5% alcoholic solution, and lop1 is applied for 
TLC, e.g. reserpine, rescinnamine, rauwolscine, ajmaline, serpentine. 

Colclzicine is prepared as a 0.5% solution in 70% ethanol, and 10 y.l is applied for TLC. 

Alkaloid references can also be obtained from pharmaceutical products by a simple 
methanol extraction. The sample solution used for TLC should contain between 50 and 
100 pg allcaloid. 

Alkaloid content 10-250mg per tablet or dragke: 
One powdered tablet or dragbe is mixed with 1 rnl methanol per lOmg allcaloid and 
shaken for about 5min at 60°C. After filtration or centrifi~gation, the extract is applied 
directly; 10 pl then corresponds to 100 yg alkaloid. 

AUtaloid content 0.075-1.Omg per tablet or dragbe: 
Ten powdered tablets or drag6es are mixed with l01nI methanol, shaken for about 
5min at 60°C and filtered and rhe filtrate evaporated to dryness. The residue is 
dissolved in 1 ml nlethanol and, if necessary, the solution cleared by centrifugation; 
10pl of this solution contains 100yg alkaloid (l.Omg/tablet), or loop1 contains 75yg 
alkaloid (0.075mgltablet). 

Test mixtures Cinchona alkaloids test mixture for Cinchonae (Chinae) cortex (DAD 10) 
A mixture of 17.5mg quinine, 0.5mg quinidine, lOrng cinchonine and lOmg 
cinchonidine is dissolved in 5ml ethanol, and 2 y.1 of this solution is applied for TLC. 

Test mixture for Solanaceae drugs (DAB 10) 
A total of 50mg hyoscyamine sulphate is dissolved in 9ml methanol and 15mg scopol- 
amine hydrobromide in lorn1 methanol. 

For Belladonnae foliurn (Tl): 1.8ml scopolamine Izydrobromide solution is added to 
8ml hyoscya~nine sulphate solution; 20 yl is used for TLC. 



For I-Iyoscyami folium (T2): 4.2ml scopolamine hydrobromide solution is added to 
3.81111 hyoscyamine sulphate solution; 20y1 is used for TLC. 
For Stramonii foliurn (T3): 4.2ml scopolalnine hydrobromide solution is added to 
3.8ml hyoscyamine sulphate solution; 20pl is used for TLC. 

Silica gel 60 F,,,-precoated ?'LC plates (Merclc, Darmstadt, Germany) Adsorbent 
b The principal alltaloids OF the most common alkaloid drugs can be identified. 

Aluminium oxide-precoated TLC plates (Merck, Darmstadt, Germany) 
b More suitable for the separation of berberine, columbamine and jatrorrhizine. 

Solvent system Drug, alkaloids 

Toluene-ethyl acetate-diethylatnirre Screening system, suitable for the 
(70:ZO: 10) major alkaloids of mosr drugs 

Acetone-light petroleum-diethylamine 
(20:70: 10) 

Ethyl acetate-isoyropanol-ammonia 
25% (1002:l) 

Ethyl acetate-cyclohexane-methanol- 
ammonia 25% (70:15:10:5) 

Ethyl acetate-methanol-water 
(100:13.5:10) 

Chinae cortex; Cinchona alkaloids 

Gelsemii radix 

Aconiti tuber 

Harmalae semen 

Uncariae cortex 

Adhatodae folium 

Ephedrac herba 

Screening system, suitable e.g. for 
xanthine derivatives, Cokhicum 
and Rauvolfia alkaIoids 

Ethyl aceta1.e-methanol (90:lO) Vincae herba 

Ethyl acetate-methanol (60:20) Catharanthi folium 

Toluene-cl~loroform-ethat~ol Secale all<aloids 
(28.5:57:14.5) Ephedrae herba 

n-Propanol-formic acid-water (90:1:9) Berberidis cortex, Hydrastis 
rliizoma, Cololnbo radix, Chelidonii 
herba 

Chromatography 
solvents 

n-Butanol-ethyl acetate-formic acid- Mahoniae radices cortex 
water (30:50:10: 10) 



Solvent system Drug, alkaloids 

Ethyl acetale-ethylmethyl ketone- Fumariae herba, Corydalidis 
formic acid-water (50:30:10: 10) rllizoma 

Cyclohexane-cl~loroform-glacial acetic Berberiiie- and protoberberine-type 
acid (45345: 10) alkaloids 

Chloroform-methanol-glacial acetic Genistae herba, Sarotha~nni herba, 
acid (47.5:47.5:5) Spartii scoy. flos 

n-Butanol-glacial acetic acid-water Catharanthus alkaloids 
(40:40: 10) 

1.3 Detection 

UV-254nm Pronounced quenching of some alkaloid types s u c l ~  as indoles, cluino- 
lines, isoquinolines, purines; weak quenching of e.g. tropine alkaloids 

UV-365 nm Blue, blue-green or  violet fluorescence of alkaloids, e.g. Rauvolfiae radix, 
Chinae cortex, Ipecacuanhae radix, Boldo folium. Yellow fluorescence, 
e.g. colchicine, sanguinarine, berberine 

Spray reagents (see Appendix A) 

- Dragendorff reagent (DRG No.13) 
The alkaloids appear as brown or orange-brown (vis.) zones immecliately on syray- 
ing. The colour is fairly stable. Sorne types such as purines or ephedrine need special 
detection. The colour of alkaloid zones can be intensified or stabilized by sprayi~lg 
first with Dragendorff reagent and then with 10% sodium nitrite solution or  10% 
etha~lolic sulphuric acid. 

- lodoplatinate reagent (IP No.21) 
Directly after spraying, alkaloids appear as brown, blue or  whitish zones (vis.) on the 
blue-grey background of the TLC plate. 

- Special detection 
Iodine-potassium iodide-HC1 reagent (No.20) + purines 
Iodine CHC1, reagent (No.19) -+ emetine, cephaeline 
Marquis reagent (No.26) -+ opium alltaloids 
van Urk reagent (No.43) + secale alkaloids 
Ninhydrine reagent (No.29) + ephedrine 
10% ethanolic I-I,SO, (No.37) -+ china alkaloids 

1.4 Drug List 

The chromatograms of the specific alkaloid drugs are reproduced accordi~tg to tlieir 
alkaloid types (Fig. 1-30). 
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Druglplant source 
Family/pharmacopoeia 

lndole Alkaloids 

Rauvolfiae radix 
Rauvolha, snake root 
Rauvolfia serpenrina (L.) 
BENTH ex KURZ, 
Rauvolfia vornitoria AFZEL 
Apocynaceae 
DAB 10, USP XXII, MD 

Total allcaloids 
Major alkaloids (for formulae see 
1.5 Formulae) 

Fig. 3-1 0 

0.6%-2.4% total alkaloids (R. serpentina) Fig. 3 
1.3%-3% total alkaloids (R. vornitoria) 
>50 allzaloids, yohimbane derivatives: 
Reserpine (0.14%), rescinnami~ze (0.01%), 
eyi-rauwolscine (0.08%), serpetine (0.08%)) 
serpentinine (0.13%)) ajmaline (0.1%)) 
ajmalicine (=raubasine 0.02%)) raupine 
(0.02%) 

Yohimbe cortex 2.3%-3.9% total alkaloids Fig. 4 
Yohimbe bark Yohimbine and ten minor alkaloids, e.g. 
Paudnystalia johimbe PIERRE pseudoyohimbine and coryanrheine 
Rubiaceae 

Quebracho cortex 0.3%-1.5% total alkaloids (>30) Fig. 4 
Aspidosperma bark Yohimbine, pseudoyohimbine, aspido- 
Aspidosperma quebracho-blanco sperrnine, aspidospermatine, 
SCHLECHT quebrachamine, hypoquebrachamine, 
Ayocynaceae quebrachocidine 
DAC 86 

Catharanthi folium 0.15%-0.25% total allcaloids Fig. 4 
Carharantl~~is leaves Vinblastine (0.01%), vincristine, vindoline, 
Catharantl~us roseus (L.) G. DON. catharanthine, 
(syn. Vinca rosea L.) Root: <0.74% total alkaloids 
Apocynaceae 
MD 

Vincae herba 
Cornmon periwinkle 
Vinca minor L. 
Ayocynaceae 
MD 

0.15%-1% toral alkaloids Pig. 5 
Vincamine (0.05%-0.1%), vincaminine, 
vincamajine, vincine, ininovincine, 
reserpinine 

Strychni semen 2%-3% total alkaloids Fig. 6 
Poison nurs, Nux vomica seeds Strychnine (>I%) and brucine (> 1.5%)) 
Strychnos nux-vomica L. u- and (3-colubrine, vomicine; 
Loganiaceae psendostrychnine, psendobrucine 
OAB, Helv. VII, MD, Japan 

Ignatii semen 
St. Ignaz beans 
Strychnos igiiatii BERG 
Loganiaceae 

2.5%-3% total allcaloids 
Strychnine (45%-50%), brucine, 
12-l~ydroxy strychnine, 
a-colubrine, vomicine 

Pig. 6 



Drug/plant source 
Family/pharmacopoeia 

Total alkaloids 
Major alltaloids (for formulae see 
1.5 Formulae) 

Fig. 7 Secale cornutum 0.2%-1% total alkaloids 
Ergot Ergor alkaloids, lysergic acid alkaloids; 
Claviceps purpurea (FRIES) amide alkaloids (ergometrine), 
TULASNE peptide alkaloids (ergotarnine), 
Clavicipitaceae (Ascomycetes) ergotoxin group (ergocristine) 
OAB, MD 

Fig. 8 Gelsemii radix 0.25%-0.7% total alkaloids 
Yellow jasmine, wild woodbine Gelsemine, sempervirine, 
Gelsemiurn sernpervirens (L.) AIT. (isogelsemine, gelsernicine) 
Loganiaceae 
MD 

Fig. 9 Harmalae semen 
Syrian (wild) rue 
Peganum harmala L. 
Zygophyllaceae 

2.5%-4% total alkaloids 
Carbolinderivatives: harmaline (>GO%), 
harmine, harmalol, harmidine 
Quinazoline alkaloids: (-)-vasicine (= 
( - )  yeganine), vasicinone 

Fig. 10A Justiciae-adhatodae-folium 0.5%-2% quinazoline allcaloids 
Malabarnut leaves Vasicine (45-95%), vasicinine 
Justicia adhatoda L. Vasicinone, oxyvasicinine (oxidation 
(syn. Adhatoda vasica NEES.) products, artefacts) 
Acanthaceae 
MD 

Fig. 10B Uncariae radix >O.YO/o tetracyclic and pentacyclic 
Uncaria ("una de gato") oxindoles 
Uncaria tomentosa WILLD. Rhychnophylline, isorhychnophylline, 
Rubiaceae mitraphylline, isomitraphylline, 

pteroyodine, isopteropodine, uncarine A, F 

Fig. 11-16 Quinoline and isoquinoline alkaloids 
alkaloids of the morphinane type (phenanthrene type) 

Fig. 1 1  Ipecacuanhae radix - 

~vecacuanhae root 
Cephaelis ipecacuanha 
(BORT.) RICH. (Rio and Matro- 
Grosso) 

Cephaelis acurninata KARSTEN 
(Cartagena, Panama drugs) 
Rubiaceae 
DAB 10, P11. Eur. I, OAB, Helv. VII, 
BP 88, USP XXII, MD, DAC 86 

1.8%-6% total alkaloids 
Emetine and cephaeline (>95%), 
o-methylpsychotrine and psychotrine 
(corresponding dehydro compounds) 
1:l + 3:l ratio of einetine to cephaeline 

1.7%-3.5'3/0 total alkaloids 
cephaeline (>50%), emetine; 
o-methylpsychotrine, psychotrine (0.05%) 
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plant source 
ylpharmacopoeia 

Total alkaloids 
Major alkaloids (for formulae see 1.5) 

Chinae cortex 4%-12% total alkaloids: approximately Fig. 12 
Cinchonae cortex 20 alkaloids; diastereorneres 
Red Cincllona bark Quininelquinidine and cinchonine/ 
Cinchona pubescens VAHL cinchoi~idine 
(S~II .  C. succirubra PAVON) quinine (0.8%-4%), quinidine (0.02%-0.4%), 
DAB 10, OAB, Helv. VII, MD cinchonine (1.5%-3%), cincl~onidine 
DAC 86 (tinct.) (1.5%-5%) 

Cinchona calisaya WEDDEL Yellow Cinchona bark contains up to 
Yellow Ci~~chona  bark 90940 quinine 
Rubiaceae USP XI 

Opium 
Opium 
Papaver sornniferuin L. 
stibsp. somniferum and varieties 
Papaveraceae 
DAB 10, OAB, Helv. VII, BP'88, 
MD, Japan (pulv.), USP XXII 
(tinct.) 

20%-29% total allcaloids Fig. 13,14 
raw opium: 30 alkaloids 
Phenanthrene rype: morphine (3%- 
23Oh), codeine (0.3%-3%), thebaine 
(0.1%-3%) 
Benzylisoquinoline type: papaverine 
(0.1%-2%), noscapine (narcotine; 2%- 
12%), narceine (0.1 %-2%) 

CorydaIidis rhizotna 3-5% total alkaloids Fig. 15 
Hollowroot-birthwort Berberine type; corydaline, coptisine 
Corydalis cava (L.) SCHWEIGG tetrahydropalmatine, canadine 
e t  KOERTE Aporphine type: bulbocapnine (0.2%-0.3%) 
Papaveraceae, Fumariaceae (+) corytuberir~e, corydine 
China, Japan Protopine 

Fumariae herba 0.5%-1% total allcaloids 
Fumitory herb Protoberberir~e type (0.2%-0.4%) 
Fumaria officirialis L. protopine 
Papareraceae (Fumariaceae) b 0.5% flavonoids and phenol 

carboxylic acids, fumaric acid 

Fig. 16 

Miscellaneous classes of alkaloids 

Sarothamni (Cytisi) herba 
Scotch broom tops 
Cytisus scoparius (L.) LINK 
(syn. Sarothamnus scoparia (L.)) 
Fabaceae 
MD, DAC 86 

Fig. 17-26 

0.3%- 1.5% quinolizidine alkaloids Fig. 17 
>20 allcaloids. (-)-Sparteine (85%-go%), 
17-0x0-a-isosparteine, lupanine, 4- and 
13-hydl-oxylupanine 
F 0.2%-0.6% flavonoids: spiraeoside, 
isoquercitrine, scoparoside, 
b coumarins; caffeic acid derivatives 



Druglplant source 
Familylpharmacopoeia 

Fig. 17 Spartii flos 
Spartii juncei flos 
Broomflowers 
Sparriilrn junceum L. 
Fabaceae (Leguminosae) 

Fig. 18 Genistae herba 
Dyer's weed, Dyer's brooin 
Genista tinctoria L. 
Fabaceae 

Total alkaloids 
Major alkaloids (for formulae see 1.5) 

0.3%-0.4% quinolizidine alltaloids 
Cytisine (40%) N-methylcytisine 
(45%) anagyrine 
b Flavonoids: isoquercitrine, 
luteolin-4'-0-glucoside 

0.3%-0.8% quinolizidine alkaloids 
N-methylcytisine, anagyrine, isosyarteine, 
lupanine 
b 0.5%-3% flavonoids: luteolin glycosides 
Isoflavones: genisrein, genistin 

Note: The trivial name genistein is used for the isoflavone and the alkaloid (cr- 
isosparteine). 

Fig. 19 Chelidonii herba 0.35%-1.30% total alltaloids (>20) 
Tettelwort, greater celandine Benzophenanthridi~le type: chelidonine 
Chelidonii~m ~najus  L. (>0.07%), chelerylhrine (>0.04%) and 
Papaveraceae sanguinarine (>O.Ol?h) 
DAB 10 Protoberberine type: coptisin (>1.07%), 

berberine (0.1 1%). Protopine 
b Chelidonii radixld~izoma 2.4%-3.4% total alkaloids: chelidonin (1.2%), 

and chelerythrine (I%) 

Fig. 20 Colchici semen 
Meadow saffron seeds 
Colchicum autumnale L. 
Liliaceae 
DAC 86, MD 

Fig. 21 Berberidis radicis cortex 
Barberry root bark 
Berberis vulgaris L. 
Berberidaceae 
MD 

Fig. 2 1 Hydrastis rhizoma 
Golden seal root 
Hydrastis canadensis L. 
Ranunculaceae 
MD 

0.5%-1% total allcaloicls: >20 aUtaloids 
Colchicine (65%), colchicoside (30%), 
demecolcine, lu~nialkaloids (artefacts) 

> 13% rota1 alkaloids 
Berberine, yrotoberberine (6%), 
jateorrhizine (jatrorrhizine), palmatine 
<5% bisbenzylisoquinolines e.g. 
oxyacanthine. Magniflorine 

2.5%-6% total alltaloids 
Berberine (2%-4.5%), 
terrahydroberberine (0.5%-1%) 
(canadine), hydrastine (3.2%-4%; 
phthalide-isoquinoline allcaloid) 

Fig. 21 Colombo radix 2%-3% total allcaloids 
Calumba root Palmatine, jatrorrhizine, bisjatrorrhizine, 
Jateorhiza palmata (LAM) MIERS coluinba~nine (protoberberine type) 
Menisyermaceae b Furanoditerpenoid bitter principles 
MD Japan (J. columba MIERS) (palmarjn, columbin) 
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Drugtplant source 
Familylpharmacopoeia 

Mahoniae radicis cortex 
Mal~onia bark, grape soot 
Mahonia aquifoliurn (PURSH) 
NUTT (syn. Berberis aquif.) 
Berberidaceae 

Boldo folium 
Boldo leaves 
Peuinus baldus J.T.MOLINA 
Monilniaceae 
DAC 86, EIelv. VII, M D  

Nicotianae folium 
Tobacco leaves 
Nicoriana tabacum L., . 

N. rustica L. and other varieties 
Solanaceae 

Aconiti tuber 
Acoriire root 
Aconitum napellus L. 
Ranunculaceae 
M D  

Lobeline herba 
Lobelia, lndian tobacco 
L.obelia inflata L. 
Campanulaceae (Lobeliaceae) 
OAB, UP 88, MD 

Sabadillae semen 
Caustic barley, Cevadilla seed 
Schoenocaulon officinale A. GRAY 

Liliaceae 
M D  

Ephedrae herba 
Desert tea (Ma-huang) 
Ephedra sinica STAPF 
Eplledra shennungiana TANG 
E, distachya L. or other species 
Gnetaceae (Ey hedraceae) 
DAB 10, MD, Japan, China 

Total alkaloids 
Major alkaloids (for formulae see 1.5) 

1.8%-2.2% total all<aloids 
Jatrorrhizine, berberine, palolatine, 
colulnbamine (protoberberines); 
magnoflorine, corytuberine 
(aporphines); oxyacanthine, 
berbamine, (bisbenzyl-isoquinolines) 

0.2%-0.5% total alkaloids 
Aporphine allcaloid boldine 
b 2%-3% essential oils: p-cyrnol, cineole, 
ascaridole (40%-50%) 
b 1 O/o flavonoids 

0.06%-I 0% total alkaloids 
L-Nicotine, nornicotine, anabasine, 
nicotyrine 

0.3%-1.5% total alkaloids: 
15 ester alkaloids 
Aconitine, mesaconitine, hypaconitine 
(benzoylaconine and aconine: hydrolytic 
cleavage products) 

Fig. 22 

Fig. 23 

Fig. 24 

Fig. 25 

0.2%-0.6% total alkaloids Fig. 26 
Lobelirle (yiyeridine ring system) 
Isolobinine (dehydro, piperidine ring) 
DL-lobelidine, lobelanine 

3%-6% steroid alltaloids 
(C-nor-C-homo-cholestanes) 

"veratrine" = mixture of cevadine, 
verarridine, devadillitie, sabadine, 
cevine) 

Fig. 26 

2,596-3% total alkaloids Fig. 26H 
L-Ephedrine (0.75%-I%), noreyhedrine 
(4-)-Pseudoephedrine and 
norpseudoephedrine 



Druglplant source 
Familylpharmacopoeia 

Fig. 27-28 Tropine alkaloids 

Total alkaloids 
Major allcaloids (for formulae see 1.5) 

Fig. 27,28 Belladonnae folium 
Belladoni~a leaves 
Solanaceae 
DAB 10, Ph.Eur.I, 
QAB, Helv. VII, 
UP 88, USP XXII 

Pig. 27,28 Belladonnae radix 
Belladonna root 
Atropa belladonna L. 
Solanaceae 
DAC 86, ~ A B ,  
MD, Japan 

Pig. 27,28 Scopoliae radix 
Scopolia root 
Scopolia carniolica JACQ. 
Solanaceae 
Japan (e.g. Scopolia japonica) 

Fig. 27,28 Hyoscyami foliunl 
Henbane leaves 
Hyoscyamus niger L. var. niger 
Solanaceae 
DAB 10, PhEur. I, OAR,  
Helv. VII, ML) 

Fig. 27,28 Hyoscyami lnutici foliuln 
Hyoscyarnus muticus L. 
Solanaceae 
MD 

0.2%-0.5% total alkaloids 
(-)-Hyoscyaminelatrogine (-87%) 
scopolamine, apoatropine 
b Flavonoids: quercetin glycosides 

0.3%-0.8% total alkaloids 
(-)-Hyoscyamine and scopola~nine 
Minor alkaloids apoatropine, 
belladonnine, cuskhygrine, 
b Coumarins: scopoletin, -7-0-glucoside 
(see Chap. 5, Fig. 5)  

0.4%-0.95% total alkaloids 
(-)-Hyoscyamine and scopolamine 
b Coumarins: scopoletin, -7-0-glucoside 
(see Chap. 5, Fig. 5) 

0.04%-0.17% total alkaloids 
(-)-Hyoscyaminelatropine (60%) 
scopolamine, belladonine, apoatropine 
b Flavonoid glycosides 

0.8%-1.4% total alkaloids 
(-)-Hyoscynminelatropine (90%) 
scopolamine, apoatropine, belladonnine 

Fig. 27,28 Stramonii folium 0.1%-0.6% total alkaloids 
Thornapple leaves (-)-Hyoscyaininelatropine and 
Datura stramoniu~n L. scopolamine in ratio of approximately 
Solanaceae 21; belladonnine 
DAB 10, PhEur. I, ~ A B ,  Helv. VII, b Flavonoid glycosides 
MD 
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Druglylant source 
Familylpharmacopoeia 

Purines 

Total alkaloids 
Major alkaloids (for formulae see 1.5) 

Fig. 29-30 

Cacao semen 
Cacao beans 
Theobrorna cacao L. 
Ste~.culiaceae MD 

Coffeae semen 
Coffee beans 
Coffea arabica L., other species 
Rubiaceae 
MD, DAB 10 (caffeine) 

Mate foliurn 
Male, Jesuit's tea 
Xlex paraguariensis St.MIL. 
Aquifoliaceae 
DAC 86, M D  

Tl~eae folium 
Tea 
Camellia sinensis (L.) KUNTZE 
Theaceae 
MD 

0.2%-0.5% caffeine 
1%-2% tIleobromine 

0.3%-2.5% caffeine 
theophylline (traces) 
b Chlorogenic acid 

Fig. 29,30 

Fig. 29,30 

0.3%-1.7% caffeine 
0.03%-0.05% theophylline Fig. 29,30 
0.2%-0.45% theobromine 
F 10% chlorogenic-, iso- and 
neochlorogerlic acid, isoquercitrin 
b Triterpene saponines: ursolic and 
oleanolic acid derivatives 

2.5%-4.5% caffeine 
0.02%-0.05% theophylline Fig. 29,30 
0.05% theobrolnine 
b Polyphenols; tannins: catechin type 
(10%-20%), dimeric theaflavins, 
nligomeric procyanidins; flavonoid 
glycos ides 

Note: Colae semen conrains 0.6%-3% caffeine (Cola nidita, C. acuminata SCHOTT et 
ENDL, Sterculiaceae) 



1.5 Formulae 

Yahimbine 

Ajmatine 

Harman R = H 
Harmine R = OCH, 
Harmol R = O H  

Serpentine 

R, = R, = H Strychnine 
R, = R, = OCH, Brucine 

Harmalol R = OH 

Harmaline R = OCH, 

H,CO OCH, 

Reserpine Rescinnamine 
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Vincaleucoblastine R = CH, 

Leurocristine R = %H 
0 

(Pyrrolindol) 

Ergotarnine R = 

Ergometrine R = 

H N 'Me 

I 
0 Me 

Pteropodine Mitraphylline 



Vasicine -H -H2 

Vasicinone - H =O 
Oxyvasicine -OH -Hz 

Cinchonidine: R = H 
Quinine: R = OCH, 

Physostigmine 

Cinchonine: R = H 
Quinidine: R = OCH, 

(-) Emetine R - CH, 
- 2H - 0-Methylpsychotrine 

(-) Cephaeline R = H - Psychotrine 
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R I ( 7 3  

H3C-CH-C-CO 
I 
OH H0 '$,I 0 COCH, 

O ~ O C H ,  

Protoveratrine A : R = H 
Protoveratrine B : R = OH 

Morphine R,  - R, - H 
Codelne R, - H; R, - CH, 
Thebaine R, - R, CH, 
(double bond C 617 and C 811 1) 

BoCH"' OCH, 

Papaverine 

\ 
OCH, 

Noscapine Ephedrine 



Chelidonine 

H,CO 

H3C0 

OCH, 

Chelerythrlne 

Colchicine 

= X b  

Demecolcine R = CH, 
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R, R2 

H CH, Jatrorihizine 
CH, H Columbamine 

' 3 ' 3  CH, Palmatine 
OCH, -CH,- Berberine 

H,CO 

OCH, 
H,C 

OCH, 

(-)-Corydaline Hydrastine 

Pilocarpine Lobeline 



Caffeine CHs CH3 
Theobromine H CH3 

Theophylline CH, H 

- .. . - 

COC,H, COCH, Aconitine 

COC,H5 H Benzoylaconin 

H H Aconin 

Sparteine Nicotine Coniine 
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1.6 TLC Synopsis of Important Alkaloids 

AUtaloids I Reference compounds detected with Dragendorff reagent 
1 colchicine 9 atropine 16 nicotine 
2 boldine 10 codeine 17 veratrix~e 
3 morphine 11 ci~lchonine 18 emetine 
4 pilocarpine 12 scopolamille 19 papaverine 
5 quinine 13 stlychniile 20 lobeline 
6 brucine 14 yohimbine 21 ~nesaconitine kaconitine 
7 cephaeline 15 pllysostigmine 22 noscapine (=narcotine) 
8 quinidine 

Solvent system Fig. 1 toluene-ethyl acetate-dietl-~ylamine (70:20:10) 

Detection A Dragendorff reagent (No. 13A) -+ vis 
B Drageildorff reagent followed by sodiirm nitrite (No. 13B) -+ vis 

Fig. 1 With Dragendorff reagent alkaloids spontaneously give orange-brown, usually stable 
colours in the visible. With some alkaloids, e.g. boldine (Z), morphine (3) and nicotine 
(16), the colour fades rapidly and can be intensified by additional spraying with sodium 
nitrite reagent. The zones then appear dark brown (e.g. morphine, 3) or violet-brown 
(e.g. atropine, 9). The colours of pilocarpine (4) and nicotine (16) are still unstable. 

Alkaloids I1  Reference co~npounds  that fluoresce in UV-365 nm 
23 serpentine 27 cinchonidine 31 noscapine 
24 quinine 28 cephaeline 32 hydrastine 
25 cincl~onine 29 emet.ine 33 berberine 
26 quinidine 30 yohimbine 34 sanguinarine 

Solvent system Fig. 2 toluene-ethyl acetate-diethylamine (70:20:10) 

Detection A Dragendorff reagent (No. 13A) + vis 
B Sulphuric acid reagent (10%- No. 37A) + UV-365nm 

Fig. 2 The fluorescence of these alkaloids, predominantly light blue, can be intensified by 
treatment with 10% ethanolic sulyhuric acid. 
In the case of the quinine alkaloids, the initial light blue fluorescence of quinine and 
quinidine becomes a radiant blue (this appears white in the photo), while cinchonine 
and cinchonidine show a deep violet fluorescence (hardly visible in the photo). 
Berberine (33) and sanguinarine (34) are exceptions in showing a bright yellow 
fluorescence. 
Colchicine shows a yellow-green fluorescence (see Fig. 20, Alkaloid Drugs). 

Remarks: The commercial alkaloid reference compounds (e.g. hydrastine (32)) fre- 
quently show additional zones of rninor allcaloids or degradation products. 
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C FRONT 

Fig. 1 

Fig. 2 



1.7 Chromatograms 

Rauvolfiae radix, Yohimbe cortex, 
Quebracho cortex, Catharanthi folium 

Drug sample 1 Rauvolfiae serpentinae radix (Siam drug) 4 Yohimbe cortex 
2 Rauvolfiae vomitoriae radix 5 Quebracho cortex 
3 Rauvolfiae serpentinae radix (Indian drug) 6,7 Catharanthi folium 
(alkaloid extraction method A, 30 yl) 

Reference TI serpentine T4 rescinnamine T7 vincaleucoblastine sulphate (VLB) 
compound T2 ajnialine TS rauwolscine T8 vindoline 

T3 reserpine T6 yohimbine T9 papaverine ( - 4 7 ,  similar to T8) 

Solvet~t system Fig. 3,4 A toluene-ethyl acetate-diethylamine (70:20:10) 
Fig. 4 B n-butanol-glacial acetic acid-water (40:lO:lO) 

Detection A UV-36511x1 B Dragendorff reagent (DRG No. 13) -+ vis 

Fig. 3 Rauvolfiae radix 
A The drug extracts 1-3 are generally characterized in UV-365nm by seven to ten intense 

blue fl~lorescent zones from the start till R, - 0.8: 

R, - 0.05 (TI) Serpentine 

0.15-0.25 Two to three alkaloids, 
not identified 

0.30 (T2) Ajmalinea 
0.40 (T5) Rauwolscineb 

0.45 (T3, T4) Reseryine/rescinnamineb 
0.6-0.8 Two to three alkaloids, 

e.g. raubasine 

"Ajmaline shows a prominent 
quenching in UV-254 nm and only 
develops a dark blue fluorescence 
when exposed to UV-365nm for 
40min. 

bRescinnamine and rauwolscine 
show three to four zones due to 
artefacts formed in solution 
and on silica gel. 

Rauvolfiae serpentinae radix (I  ,3) show varying contents of the major alkaloids accord- 
ing to drug origin. The Indian drug mostly has a higher serpentine content than the Siam 
drug. Rauvolfiae vomitoriae radix (2) differs from (1) and (3) by a generally higher 
content of reserpine, rescinnamine and ajmaline and by the additional compound 
rauwolscine. 

B All Rauwolfia alkaloids give with Dragendorff reagent orange-brown zones (T2IT1). 
Note: Ajmaline immediately turns red when sprayed with concentrated FINO,. 

Fig. 4A Yohimbe and Quebracho cortex (4,5) 
Both drug extracts are characterized in UV-36511m by the blue fluorescent zone of 
yohirnbine at R, - 0.45 (T6). A variety of additional alkaloids are seen as ten blue zones 
in the lower Rf  range (e.g. quebrachamine, aspidospermine in 5), whereas Yohimbe 
cortex (4) has two prominent alkaloid zones in the upper R, range (R, 0.7-0.75) and one 
near rhe solvent front. 

B Catharanthi folium (6,7) 
After treatment with the DRG reagent the extracts reveal five to seven alkaloid zones 
mainly in the R, range 0.05-0.75. Two prominent brown zones with vindoline at R, - 0.7 
(T8) dominate the upper Rr range. Slight differences are noticed in the lower H, range 
between the fresh leaf sa~npie (6) and the stored material (7). Vincaleucoblastine (T7) 
migrates to R, - 0.2. It is present at very low concentration in the plant (<0.002%) and 
therefore not detectable in these drug extracts without prior enrichment. 



1 Alkaloid Drugs 29 

Fig. 7 
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Vincae minoris folium 

Drug sample 1 Vinca minor (fresh leafs), (alkaloid extraction method C, 4 0 ~ 1 )  

Reference T1 vincamine T3 vinciile T5 rninovincine 
conlpound T2 vincaminine T4 vincamajine T6 reserpinine 

Solvent system Fig. 5 ethyl acetate-methanol (90:lO) 

Detection A UV-254 nm (without chemical treatment) 
B Dragendorff reagent (DRG No. 13B) + vis 

Fig. 5 A  The four principal alkaloids vincamine, vincaminine, vjncine and vincamajine (TI-T4) 
are detected as prominent quenching zones in the R, range 0.25-0.4. 

B The alkaloids ofVincae folium (1) show four weak brown zones in the &range 0.15-0.45 
(TI-T4) and two major zones at R, - 0.8-0.85 (T5-T6). The colour obtained with the 
DRG reagent is urlstable and fades easily in vis. 

Secale cornutum 

Drug sample 1 Secale cornutum (freshly prepared alkaloid fraction) 
2 Secale cornutum (stored alkaloid fraction) 
(alkaloid extraction method A, 30 111) 

Reference TI ergocristine T4 egometrine 4- artefactb) 
compound T2 ergotarnine T5 ergotarnine + artefactb) 

T3 ergometrine T6 ergocristine Jr artefactb) 

Solvent system Fig. 6 toluene-chloroform-ethanol (28.5:57:14.5) 

Detection A UV-254nm (without chemical treatment) 
13, C van URK reagent (No. 43) + vis 

Fig. 6A The three characteristic Secale alkaloids ergometrine at R, - 0.05, ergotamine at R, - 
0.25 and ergocristine at A, - 0.45 show prominent quenching in UV-254nm. 

13 After treatment with van URK reagent, the Secale extract ( I )  generates three blue zones 
of the principal nlltaloids (TI-T3) in the A, range 0.05-0.4. 

c Secale alkaloids in solution and exposure to light undergo easy epimerization and also 
form lumi-compounds. SecaIe extracts such as sample 2 then show artefacts, such as 
isolysergic acid derivatives, lurni- and aci-compounds seen as additional, usually weaker 
zones with higher Ri values. 
The artefacts (>) are detectable in Secale extract sample 2 as well as in solutions of the 
reference compounds T4-T6. They also form blue zones with van URK reagent (vis). 
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Fig. 5 

Fig. 6 



Strychni and lgnatii semen 

Drug sample 1 Strychni semen (alkaloid extraction method A, 3 0 ~ 1 )  
2 Ignatii semen (allcaloid extraction method A, 30pl) 

Reference TI strychnine 
compound T2 brucine 

Solvent system Fig. 7 toluene-ethyl acetate-diethylamine (70:20:10) 

Detection A UV-254m (without chemical treatment) 
B Dragendorff reagent (DRG No. 13) + vis 

Fig. 7.4 Strychni (1) and Ignatii (2) semen are cliaracterized in UV-254nm by their strong 
quenching zones of the two major ind01e alkaloids strychnine (TI) and brucine (T2). 

B Both extracts (1,2) show a similar alltalojd pattern in the R, range 0.25-0.55 with the two 
major zones of strychnine and brucirle and three additional minor orange-brown zones 
due to e.g. a-, p-colubrine and pseudostrychnine. The colour of the strychnine zone 
fades easily when treated with the DRG reagent (vis). Strycllnine and brucine occur 
normally in an equimolar amount. 
Note: Brucine forins a red zone (visible when dyed with FINO, (25%), whereas strychnine 
does not react. 

Gelsemii radix 

Drug sample 1 Gelsemii radix, (alkaloid extraction method B, 40yl) 

Reference T1 sempervirine 
colllyou~ld T2 gelsernine 

T3 isogelsemine 

Solverit system Fig. 8 aetone-light petroleum-diethylamine (20:70:10) 

Detection A UV-365nm (without chemical treatment) 
0 Dragendorff reagent (DRG No. 13/followed by 10% NaN0,/13B) + vis 

Fig. 8A In UV-365 nrn Gelsemii radix (1) shows a series of blue fluorescent zones in the R, range 
0.05-0.7 with the prominent blue white zone of sempervirine (TI) directly above the 
start, Gelsemine (T2/+ B: R, - 0.35) does not fluoresce. 

B Treatment with the DRG reagent reveals as brown zones: sempervirine (directly above 
the start), two rninor allraloid zones (R, - 0.15-0.2) and the major allcaloid gelsemine at 
R, - 0.35 (T2; vis.). 
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Harmalae semen 

Drug sample 1 Harmalae semen, (methanol extract, 3 0 ~ 1 )  

Reference 'rl harinalol T3 harmane T5 harm01 
compound T2 harmaline T4 harmine 

Solve~rt syste~rr Fig. 9A chloroform-methanol-10% NH, (80:40:1.5) 
B chloroform-acetone-diethylamine (50:40:10) 

Detection A, B UV-365 nm (without chemical treatment) 

Fig. 9A Ilarmalae semen. The carbolin derivatives harmalol (TI), harmaline (T2) and harmine 
(T4) are found as bright blue fluorescent zones in solvent A in the Ri range 0.1-0.75. The 
Harmalae semen sample 1 shows as major alkaloids harmalol and harmaline in the low 
R, mnge 0.05-0.25 and harinine in the upper R, range 0.75. 

B Development in solvent system B reveals the zone of harmalol at  R, - 0.05, harmaline at 
K ,  - 0.4, harmine at R, - 0.45 (T2) besides a low amount of harmane at R, - 0.55 (T3). 

Justiciae-adhatodae folium, Uncariae radix 

Drug sample 1 Adhatodae folium, (alkaloid extraction method B, 3 0 ~ 1 )  
2 Uncariae tomentosae cortex, (alkaloid extraction method B, 401~1) 

Reference T1 alkaloid fractionlvasicin enrichmentJAdhatodae folium 
compound T2 rychnophylline (R, - 0.35) -1- isorhychnophylline (R, - 0.75) 

Solvent system Fig. 10A,B dioxane-ammonia (90: 10) -+ Adl~atoda 
C,D ethyl acetate-isopropanol-conc.NH, (100:2:1) + Uncaria 

Detection A UV-254 nrn  
B Dragendorff reagent (DRG No. 13) + vis. 
C UV-254nm 
D DRGllO% NaNO, reagent (DRG No 138) + vis 

Fig. IOA Justiciae-adhatodae-folium (1). The extract (1) and the alkaloid fraction (TI) show the 
quenching zone of the major alkaloid vasicine at R, - 0.55; vasicinone at R, - 0.6 and 
some other aikaloids (e.g. vasicinol) in the lower R ,  range 0.2-0.25. Vasicinone is an 
artefact due to oxydative processes during extraction. 

B From the alkaloids only vasicine reacts wirh Dxagertdorff reagent as an orange-brown 
zone in vis. 

c Uncariae radix (2). This alkaloid extract is characterized by two pairs of quenching 
zones in the R, ranges 0.7-0.8 and 0.25-0.3. The pentacyclic oxindoles, such as isomitra- 
phylline, isopteropodine and uncarine A -I- F, as well as tetracyclic oxindols such as 
isorhyctxnophylline are found in the R, range 0.7-0.8. The pentacylic mitraphylline and 
the tetracyclic rhychnophylli~le give prominent zones in the R, range 0.25-0.3. The 
alkaloid distribution is subject to change. The alkaloid pattern of an individual plant 
changes over the year. 

All alltaloid zones turn orange-brown with DragendorffiNaNO, reagent (vis.). 



1 Alknloid Druas 31 

Fig. 9 
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lpecacuanhae radix 

Drug sarnple 1 Cephaelis acuminata "Cartagena/Panama drug" 
2 Cephaelis ipecacuanha "RiotMatto-Grosso drug" 
(alkaloid exrraction method A, 3 0 ~ 1 )  

Reference TI cephaeline (R,  - 0.2) b emetine (A, - 0.4) 

Solvent system Fig. 1 1 toluene-ethyl acetate-diethylamine (70:20:10) 

Detection A, B IodineJCHCI, reagent (No. 19) A + UV-365nm; B + vis 
C Dragendorff reagent (DRG No. 13A) + vis 

Fig. 11 Ipecacuanhae radix (1,2) 

A,B Cephaeline (R, - 0.2) and eme.tine (R, - 0.4) are the major alkaloids, which fluoresce 
light blue in UV-365nm without chemical treatment. With iodine reagent cephaeline 
fluoresces bright blue and emetine yellow-white in UV-365nm and they turn red and 
weak yellow, respectively, in vis. (+ 0). Minor alkaloids, e.g. 0-methylpsychotrine, are 
found in XI range of emetine, or psychotrine in the R, range of cephaeline. 
The yellow fluorescence develops after approximately 30rnin. 

C With DRG reagent the major alkaloids are seen as orange-brown zones (vis). 

Chinae cortex 

Drug sarnple 1 Cinchona calisaya (alltaloid extraction method A, 20yl) 
2 Cinchona succirubra (alkaloid extraction method A, 20 yl) 

Reference TC China alkaloid mixture (Tl-T4 see section 1.2) 
compound T1 quinine T3 quinidine 

T2 cinchonidine T4 cinchonine 

Solvent system Fig. 12 chloroform-diethylamine (90:lO) 

Detection A 10% eth. I-I,SO, + UV-365nm 
I3 10% H,SO,, followed by iodoplatjnate reagent (No. 21) -+ vis 

Fig. 12A In the R ,  range 0.05-0.25 both Cinchona (Chinae Cortex) extracts show six lighr blue 
fluorescent alkaloid zones in UV-365nm. They can be differentiated on the basis of their 
quinine (TI) content. In C. calisaya cortex (1) quinine counts as a major alkaloid. C. 
succirubrae cortex (2) contains the main cinchona alkaloids in approximately the same 
proportions as test mixture TC. Quinine (TI) and quinidine (T3) fluoresce bright blue 

.after spraying with 10% ethanolic H,SO,, while cinchonidine (T2) and cinchonine (T4) 
turn dark violet and are hardly visible in UV-365nm. In the extracts (1) and (2) the zone 
of cinchonidine (T2) is overlapped by the strong blue fluorescence of quinidine (Tl). 

B Treatment with iodoplatinate reagent results in eight lnostIy red-violet zones in the R,. 
range 0.05-0.65 (vis). The violet-brown zone of quinine is followed by the grey-violet 
zone of cinchonidine, a weak red-violet zone of quinidine and the more prominent 
brown-red cinchonine (TC). Three additional red-violet zones are found in the R, range 
0.4-0.6. 

Remark: The slight variation in R,.vaIues of the cinchona alkaloids (+ A:B) are due to the 
great sensitivity of the chloroform-diethylamine solvent system to temperature. 
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Opium 

Drug sample 

Reference 
co~npound 

Solvent system 

Detection 

Figs. 13A 

B 

Fig. 14C 

I Opium extract (5% total alkaloids, 5 11.1) 

Ti  morphine T3 papaverine 
T2 codeine T4 noscapine 

Figs. 13, 14  toluene-ethyl acetate-diethylamine (70:20:10) 

A UV-254nm (without chemical treatment) 
B Dragendorff reagent (DRG No. 13A followed by NaNO,; No. 13B) -+ vis 
C Natural products, polyethylene glycol reagent (NPfPEG No. 28) + UV-365nm 
D Marquis reagent (No. 26) -+ vis 

Opium extract ( I )  shows six to eight fluorescence-quenching zones between the start 
and R, - 0.85 i11 UV-254nm. The alkaloids of the morphir~anelphenanthrene type are 
found in the lower Rr range with morphine (Tl) at R, - 0.1 and codeine (T2) at  Ri - 0.2. 

The benzyl isoquinoline alkaloids papaverine (T3) and noscapine (T4) are seen as major 
quenching zones at R, - 0.65 and R, - 0.85, respectively. 
Thebairle and minor alkaloids migrate into the R, range 0.3-0.5. 

With Dragendorff-NaNO, reagent all major opium alkaloids turn orange-brown (vis). 
Narceine remains at the start. 

Treatment with the NPIPEG reagent reveals a sequence of blue fluorescent zones at the 
beginning of the R, range up  to R, - 0.9 (UV-365nm). 

Except codeine (T2), which does not fluoresce, the main alkaloids morplline (TI), papav- 
erine (T3) and noscapine (T4) give a blue fluorescence in UV-365nm. 

With Marquis reagent the allcaloids morphine and codeine are immediately stained 
typically violet. 
A nonspecific reaction is given by papaverine, with a weak violet, and by noscayine, with 
a weak yellow-brown colour. 
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Corydalidis rhizoma, Fumariae herba 

Drug sample 1 Corydalidis rhizoma (alkaloid extraction method A, 30 ELI) 
2 Purnarjae herba (methanolic extract 1 g/10 ml, 1 0 ~ 1 )  
3 Fumariae herba (alkaloid extraction method C, 3 0 ~ 1 )  

Reference TI corytuberine T2 corydaline 
Co~npound T3 rutin (R, - 0.35) F chlorogenic acid (R, - 0.4) b hyperoside (R,  - 0.55) = Flavonoid 

lest mixture 

Solvent system Fig. 15A-C ethyl acetate-methylethyl ketone-formic acid-water (50:30:10:10) system 1 
Fig. 16D,E ethyl acetate-methylethyl ketone-formic acid-water (50:30:10:10) system 1 

F ethyl acetate-glacial acetic acid-formic acid-water (L00:11:11,:26) system 2 

Detection Fig. 15A UV-254nm 
B Dragendorff reagent 

(No. 13 B) + vis. 
C UV-365 nm (without 

chemical treatment) 

Fig. 16D UV-365nm 
E Dragendorff reagent (No. 13 B) 
+ vjs. 

F Natural products reagent 
(NPIPEG No. 28) - UV-365 nm 

Fig. 15A Corydalidis rhizoma (1) 
The extract shows seven to eight quenching zones distributed up to R, 0.75. The promi- 
nent zones at R, - 0.35 can be identified as corytuberine (TI) and at R, - 0.7 as 
corydaline (T2). 

6 Most of the major quenching zones react as brown zones with DRG reagent (vis). 
Corydaline is seen as main zone at R,  - 0.7, while bulbocapnine and corytuberine (TI) 
are found at R, - 0.45 and 0.35 respectively. 

C Direct viewing of extract 1 in UV-365nm shows a series of predominantly blue (e.g. 
corydaline at R, - 0.7) or yellow-white fluorescent zones (e.g. berberine-type alkaloids) 
in the R, range 0.05-0.7. 

Fig. 162, Fumariae herba (2,3) 
A rnethanolic extraction of the drug (2) and an alkaloid enrichment (3) show 
in UV-365nm 4-6 blue fluorescent zones in the R, range 0.25-0.55 with an additional 
yellow-white zone at Rf - 0.55 (phenol carboxylic acids, sanguinarine, protoberberines) 
in sample 2. 

E With DRG reagent two main and one minor brown alkaloid zone (vis) are detectable in 
sample 3. Protropin is found at R, - 0.6 and allocryptopine in the lower R, - range. In 
the methanolic extract (2) these alkaloids are present in low concentration only. 

F Separation of extract (2) in solvent system 2 and spraying with NPIPEG reagent reveals 
a series of blue fluorescent zones from the start till rhe solvent front, n~ostly due to 
phenol carboxylic acids (e.g. chlorogenic acid at R, - 0.45) and a yellow fluorescent 
flavonoid glycosides, e.g. isoquercitrin at R, - 0.6, as well as minor compounds in the 
lower RI range (e.g. rutin, quercetin-3,7-diglucosido-3-arabinosjde) and the aglycones at 
the solvent front. 
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Spartii flos, Sarothamni (Cytisi) herba 

Drug sarnple 1 Spartii flos (MeOH extract 1 g/lOn~l, I0 yl) 
1 a Spartii flos (alkaloid extraction method A, 5 0 ~ 1 )  
2 Sarothamni herba (MeOH extract Ig/lOml, 1 0 ~ 1 )  
2a Sarothamni herba (alkaloid extraction method A, 30 pl) 

Reference T1 rutin (R,  - 0.45) b chlorogenic acid (R,  - 0.5) b hyperoside (H, - 0.6) b isochloro- 
corrlpound genic acid = Flavonoid test mixture 

T2 sparteine sulphate 

Solve~lt system Fig. 17A ethyl acetate-glacial acetic acid-formic acid-water (100:l I:11:26) -+ flavonoids 
B chloroform-methanol-glacial acetic acid (47.5:47.5:5) + alkaloids 

Detection A Natural products-polyethylene glycol reagent (NPIPG No. 28) + UV-365nm 
b flavonoids 

B Iodoplatinate reagent (IP No. 21) + vis F alkaloids 

Fig. 17A NSTIPBG reagent UV-365nm b Flavonoids 
The methanolic extract of Spartii flos (1) is characterized by a major orange zone at R, 
0.65 (isoquercitrin, luteolin-4'-0-glucoside), while that- of Sarothamni scopariae herba 
(2) shows two yellow-green fluorescent zones of spiraeoside and scoyaroside at R ,  0.6- 
0.7 as well as the aglycone close to the solvent front. 

B Iodoplatillate reagent vis. b Alkaloids 
Dark blue alkaloid zones are developed with IP reagent. Sparteine (R, 0.251T2) is a major 
alkaloid in Sarothamni scop. herba (2a). Besides sparteine sample 2a shows an additional 
dark blue zone at  R,0.15. Cytisine and W-methylcytisine are present in Spartii flos ( la ) .  

Genistae herba 

Drug sample 3 Genistae herba (MeOH extract 1 g/lOm1/10 yl) 
3a Genistae herba (alkaloid extraction method A, 3 0 ~ 1 )  

Reference TI rutin b cl~lorogenic acid b hyperoside b isochlorogenic acid 
compoi~ild T2 sparteine sulfate 

Solvent system Fig. 18A ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) + flavonoids 
B chloroform-methanol-glacial acetic acid (47.5:47.5:5) + alkaloids 

Detection A Natural products-polyethylene glycol reagent (NPIPEG No. 28) 4 UV-365nm 
b flavonoids 

B Dragendorff reagent (DRG No. 13) followed by NaNO, (No 13 B) + vis b alltaloids 

Fig. 18A NSTIPG reagent, UV-365 n n ~  b Flavonoids 
Genistae herba (3) is characterized by a high amount of luteolin glycosides, seen as 
bright yellow fluorescent zones in the R, range 0.55-0.8, the aglycone at the front and 
blue fluorescent isoflavones (e.g. genistin) and phenol carboxylic acids (e.g. chlorogenic 
acid) at R, 0.5. 

B DRGINaNO,, vis b Alkaloids 
Two brown alkaloid zones in the R, range 0.1-0.2 of (3a) are due to sparteine 
type alkaloids such as N-metbylcytisine, anagyrine and cytisine. 
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Pig. 17 

Fig. 18 



Chelidonii herba 

Drug sample 1-3 Chelidonii herba different trade samples (alkaloid extraction method A, 40 p1) 

Reference TI sanguinarine 
compound T2 papaverine 

T3 methyl red 

Solvent system Fig. 19 1-propanol-water-formic acid (90:9:1) 

Detection A UV-365 nm (without chemical treatment) 
B Dragendorff reagent [DRG reagent No. 13A] -+ vis 

Fig. 19A Chelidonii herba (1-3). The extracts of the samples 1-3 are characterized in UV-365nm 
by bright yellow fluorescent zones: the major alkaloid coptisin at R, - 0.15, followed by 
minor alkaloids berberine and chelerythrine directly above and sanguinarine (TI) as a 
broad yellow band in the R, range 0.3-0.4. In the R, range 0.75-0.85 weak yellow-green 
(e.g. chelidonine) and blue-violet zones are found. 

B The fluorescent alkaloid zones in the R, range 0.15-0.85 respond to DRG reagent with 
brown, rapidly fading colours (vis.). Papaverine (T2) can serve as reference compound 
for sanguinarine (RI - 0.4), and methyl red (T3) for the alkaloidal zones at RI - 0.8. 

Colchici semen 

Drug sample I Colchici semen (alkaloid extraction method A, 30 p.1) 
2 Colchici semen (MeOH extract 3g/10ml, 10 p1) 

Reference TI colchicine 
compound T2 colchicoside 

solvent system A ethyl acetate-glacial acetic acid formic acid-water (100:11:11:26) 
B ethyl acetate-methanol-water (100:13.5:10) 

Detection A UV-254nm (without chemical treatment) 
B UV-365nm (without chemical treatment) 
C Dragendorff reagent/NaNO, (DRG No. 13 13) -+ vis. 

Fig. 20A Colchici semen (1,2). Both extracts are characterized by colchicine, which is seen as a 
prominent quenching zone at R, - 0.6 (TI), while colchicoside ( R f  - 0.151T2) is found in 
the methanolic extract (2) only. 

B In the alkaloid fraction (1) a series of seven to nine prominent blue and yellow-white 
fluorescent zones from the start till Rf - 0.35, six weaker blue zones at R, 0.4-0.85 and 
two zones at the solvent front are detected in UV-365 nm. Besides colchicine at R,  - 0.25 
(TI) minor allcaloids such as colchiceine, N-acetyl demecolcine and 1 -ethyl-2-demethyl 
colchiceine also show a yellow-white fluorescence, while 0-benzoyl colchiceine, N- 
formyl-deacetyl colcl~iceine and N-methyl demecolcine fluoresce blue. 

C Colcliicine and minor alkaloids react as brown zones with DRC reagent (vis). Artefacts 
of colchicine (R,. - 0.6) appear as a blue zone at R,  - 0.5 (vis) 
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Pig. 19 

Fig. 20 



Berberidis cortex, Colombo radix, Hydrastis rhizoma, 
Mahoniae radixlcortex 

Drug sample 1 Berberidis radix 3 Colombo radix 
. 2 Hydrastis rhizoma 4 Mahoniae radixtcortex 

(alkaloid extraction method A, 30 ~ 1 )  

Reference T1 berberi ne T4 jatrorrhizine 
compound T2 palmatine/jatrorrhizine T5 columbamine 

T3 hydrastine T6 oxyacanthine 

Solvent system Fig. 21 n-propanol-formic acid-water (90:1:9) 
Fig. 22 n-butanol-ethyl acetate-formic acid-water (30:50:10:10) 

Detection A vis (without chemical treatment) 
B Dragendorff reagent [DRG No. 13A1 + vis 
C UV-365nm (without chemical treatment) 
D UV-36511111 (without chemical treatment) 

T7 berbamine 
T8 palmatine 

Fig. 21A Berberidis radixs ( I )  shows the characteristic yellow zone of berberine (R, - 0.21T1) on 
untreated chromatogram (vis.). 

B Berberine and the minor alkaloids, such as jatrorrhizine and palmatine, react with a 
brown-red coloux with DRG reagent (vis.). 

C Extracts of Berberidis radix (1) and Hydrastis rliizoma (2 )  both show the major alkaloid 
berberine as a prominent lemon-yellow fluorescent zone at R, - 0.25. 

Hydrastis rhizoma (2) can be differentiated from Berberidis radix (1) by the additional 
zone of hydrastine, which forms a blue-white fluorescent zone at R, - 0.03 and an 
additional lighr blue fluorescent zone at R, - 0.9 (T3). 

Colombo radix (3). The yellow-white alkaloid zone detected in at R ,  - 0.15 represents 
the unseparated alkaloid mixture of jatrorrhizine, palmatin (T2) and columbamine. 

Fig. 22D Mahoniae radixlcortex (4) is characterized in the R, range 0.45-0.5 by the four yellow- 
green fluorescent protoberberine alkaloids berberine (TI) and jatrorrhizine (T4) as well 
as columbamine (T5) and palmatine (T8). Magnoflorine is seen as a dark zone a1 R, - 0.2 
directly above the blue fluorescent bisbenzylisoquinoline alkaloids oxyacanthine (T6) 
and berbamine (T7) in the R, range 0.05-0.1. 



Fig. 21 

Fig. 22 



Boldo folium 

Drug samples 1 alkaloid extract (method A, 3 0 ~ 1 )  3 methanol extract (lgllOml, 1 0 ~ 1 )  
2 essential oil (TAS method, 100mg) 

Reference TI boldine 
compound T2 rutin (R, 0.4) b chlorogenic acid (Rr 0.5) b hyperoside ( R ,  0.65) favonoid test 

Solvent system Fig. 23 A,B toluene-ethyl acetate-diethylamine (70:20:10) 
C toluene-ethyl acetate (93:7) 
ID ethyl acetate-formic acid-glacial acetic acid-water ( 1  0O:ll: 1 1:26) 

Detection A UV-365nm (without cl~emical treatment) 
B Dragendorff reagent (DRG No. 13B) + vis 
C Vanillin-H,SO, reagent (VS No. 42) + vis 
D Natural products-polyethylene glycol reagent (NPJPBG No. 28) 4 UV-365 nm 

Fig. 23A Boldo foliurn. The alkaloid extract (1) is characterized in W-365nm by the two violet 
fluorescent zones in the R, range of the boldine test TI,  as well as various red-orange 
fluorescent chlorophyll zones in the upper R, range. 

B With DRG reagent two dark brown zones in the R, range of the boldine rest TI, two 
minor alkaloid zones above the start and greenish-brown zones in the upper R, range 
due to chlorophyll are detectable. 

C The volatile oil compounds (2) yield ten grey or bIue zones between the start and Ri  0.85 
with 14-cineole ( R ,  - 0.4) and ascaridole (R, - 0.8) as major terpenoides. 

D The methanolic extract (3) is characterized by its high amount and variety of flavonal 
glycosides. Five almost equally concentrated yellow-green fluorescent zones appear in 
the R,range 0.4-0.65 (rutin b hyperosidelT2) accompanied by two prominent zones a t  R, 
0.75-0.8 and three minor zones in Ihe lower R, range. 

Nicotianae folium 

Drugsarnples 1 alkaloid extracr (method A, 4 0 ~ 1 )  2 commercial cigarette (method A, 4 0 ~ 1 )  
la methanol extract ( I  gJlOrn1, 10 p1) 2a methanol extract of (2) (].g/10 ml, 10 yl) 

Reference TI nicotine 
compound T2 rutin (R, 0.4) b chlorogenic acid ( R ,  0.5) k hyperoside (R,. 0.6) favonoid test 

Solverit system Fig. 24 A,B toluene-ethyl acetate-diethyl amine (70:20:10) 
C ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) 

Detection A UV-254nm (without cl~emical treatment) 
0 Dragendorff reagent (DRG No. 13B) + vis. 
C Natural products-polyetl~ylene glycol reagent (NPIPEG No. 28) + UV-365 nm 

Pig. 24A Nicofianae folium (1,2). The major alkaloid nicotine (TlIR, - 0.75) shows quenching in 
UV-254 nm. 

B The allraloid extracts of sample (1) and (2) both contain nicotine and two additional 
ajkaloids at R, 0.35-0.4 (e.g. nornicotine, anabasine) which turn orange-brown with 
DRG reagent (vis.). 

c The methanolic extracts ( la)  and (2a) show, in addition to the allcaloids, the flavonol 
glycoside rutin and the chlorogenic acid (TZ), Inore higbly concentrated in la. 



Fig. 23 

Fig. 24 



Aconiti tuber 

Drug sample 1 trade sample (1992) 3 trade sa~ny le  (1984) 
2 A.  napenus L. ssp. napellus 4 A. paniculatum ssp. paniculatum 
(alkaloid extraction method A, 30-4011.1) 

Reference Tl' acoiiitine/mesaconitine T3 deoxyaconitine 
compou~~d '1'2 aconitine T4 hypaconitine 

T5 benzoylaconine 
T6 aconine 

Solvent systenl Fig. 25 A toluene-ethyl acetate-diethylamine (70:20:10) 
B cyclohexane-ethanol-dietllyamine (80:lO:lO) 

Detection Dragendorff reagent (DRG No. 13A) -+ vis DRGINaNO, reagent (No. 138) + vis 

Fig. 25 The European Aconitum napellus group comprises three species: A.  napellus, A, 
pentheri and A. angustifoliurn. The TLC pattern of their allcaloid distribution varies: a 
dominating aconitine amount, aconitine and mesaconitine as prominent zones or 
mainly mesaconitine and/or hypaconitine. 

A Extract ( I )  contains aconitine and mesaconitine (TI) which appear in system A at  R, 0.6- 
0.75 as brown, fast-fading zones after treatment with DRG reagent (vis). 

B The alltaloids deoxyaconitine (T3) and hypaconirine (T4) a ~ i d  the cleavage products 
benzoylaconine (TS) and aconine (T6) are separated in system B and show fasr-fading 
zones with DRG-NaN02 reagent (vis). In samples (1,2) the aconitine/mesaconitine zones 
at R, 0.35-0.4 (TI) and in sarnyle (3) various, additional brown zones in the R, range of 
benzoylaconine ('7'5) and aconine (T6) are found. A. paniculatiirn extract (4) has an 
obviously different TLC pattern with a main zone in the R, range of hyyaconitine (T4) 
and at R, - 0.55. 

Aconiti tuber, Sabadillae semen, Lobeliae herba, Ephedrae herba 

Drug sample 1 Aconiti tubera (trade sample) 
2 Sabadillae semen 
(alkaloid extraction method A, 30111) 

Reference TI aconitinelmesaconitine 
corilpoulid T2 veratrine (alkaloid-mixture) 

3 Lobeliae herba 
4 Ephedrae herba 

T3 lobeline 
T4 ephedrine 

Solvent system Fig. 26 A toluene-ethyl acetate-diethylamine (70:20:10) 
I3 ethyl acetate-cyclohexane-methanol-amnlonia (70:15:10:5) 
C toluene-chloroform-ethanol (28.5:57:14.5) 

Detection A lodoplatinate reagent (IP No. 21) + vis 
B Ninhydrine reagent (NIH No. 29) + vis 
C Dragendorff reagent (DRG No. 13A) + vis 

Fig. 26A Aconiti tuber ( I ) ,  Sabadillae semen (2), Lobeliae herba (3). Their major alkaloids are 
found in  the R, range 0.6-0.65 as white zones against a grey-blue background. 
Aconiti tuber (1) :  aconitine/mesaconitine (TI) and six minor zones ( R ,  range 0.25-0.7) 
Sabadillae semen (2): veratrine (T2) and eight minor zones (R, 0.5-0.5510.8). 
Lobeliae herba (3): one prominent zone of lobeline ( R ,  0.651ref T3). 

n, c Eylzedrae herba (4): ephedrine is detected as a violet-red band (R, 0.4-0.5) with 
ninhydrine, or with DKC reagent as a brown zone at  R,  - 0.2 in solvent syste~n C. 



Fig* 25 

Fig. 26 



Solanaceae drugs 

Alkaloid extract 1 Belladonnae folium 2 Hyoscyarni folium 3 Stramonii folium 

Metlianol extract 4 Scopoliae radix 6 Belladonrlae folium 8 Hyoscyami nigri folium 
5 Belladonnae radix 7 Stramonii folium 9 Hyoscyami mutici folium 
(alkaloid extraction method C: (1)-(3) 3 0 ~ 1 ,  flavonoids (lgllOm1 MeOH): (4)-(9) 2 0 ~ 1 )  

Reference TI-T3 alkaloid rest: hyoscyamine b scopolamine mixture (defined ratio see sect. 1.2) 
compound T4 rutin (R, 0.35) b chlorogenic acid (R ,  0.45) b hyperoside (R, 0.6) 

T5 scopoletin T6 caffeic acid 

Solvent system Fig. 27 toluene-ethyl acetate-diethylamine (70:20:10) 
Fig. 28 ethyl acetate-formic acid-glacial acetic acid-water (100:ll:l 1:26) 

Detection A Dragendorff reagent (DRG No. 13A) + vis 
3 DRG reagent followed by sodium nitrite (No. 1313) + vis 
C Natural products-polyethylene glycol reagent (NPIPG No. 28) + UV 365nm 

Fig. 27A,B Alkaloids in Belladonnae, Hyoscyami and Stramonii folium (1-3). The tropane alka- - 
loids (-)-hyoscyamine (during eGraction procedures parrly changed into (L)-)^ atropine) 
and scopolamine as major compounds of the alkaloidal fraction of Solanaceae drugs 
respond to Dragendorff reagent with orange, unstable colour. Treatment with NaNO, 
increases the colour stability of the hyoscyamine zones. 
A TLC differentiation of the three drugs is based on the hyoscya~nine to scopolamine 
ratio and, to a limited extent, on the contents of the minor allialoids belladonnine, 
atroyarnine and cuslchygrine. 
For drug identification and determination of the alkaloid content, DAB 10 describes a 
TLC comparison with alkaloid mixtures containing defined ratios of atropine-SO, to 
scopolamine-HBr (TI-T3). Identification of the drug is then based on the similarity of 
colour intensity and zone size between the standard solutions and drug extracts. 
Belladonnae folium (1): the ratio of hyoscyamine (R,  0.25) to scopolamine ( R ,  - 0.4) 
correspollds to that of T l  at about 3:l.  Both alkaloids are also present in the roots and 
seeds. 
Hyoscyami foliurn (2): the ratio of the two main alkaloids is about 1.2:l. The total 
alltaloid content is less than rhe standard solution T2. 
Stramonii folium (3): a higher scopolarni~~e content than in (1) and (2). The typical 
hyoscyarnine to scopolamine ratio for this drug is about 2:l. 

Fig. 28 Caffeic acid derivatives, coumarins, flavonoids. The Solanaceae drugs are easily differ- 
entiated by their individual flavonoid and coumarin pattern. 
Scopotiae- (4) and Belladonnae radix (5), which have a similar hyoscyamine to 
scopolamin content, are characterized by different patterns of blue fluorescent caffeic 
acid and coumarin derivatives (see Chap. 5 for further information). In Belladonnae (6) 
and Hyoscyami nigri folium (8)) the main zones are rutin (R, - 0.4; orange fluorescence) 
and chlorogenic acid ( R ,  - 0.45; blue fluorescence). 111 Hyoscyami nigri folium, these are 
the only two detectable zones, whereas Belladonnae foliurn shows additional blue, 
yellow-green and orange fluorescent zones in the R, range 0.05-0.1 (7-glucosyl-3- 
rhamnogalactosides of kaemyferol and quercetin). 
Stramonii folium (7) is characterized by five orange fluorescent quercetin glycosides in 
the R, range 0.03-0.25. The absence of rutin and chlorogenic acid clearly distirlguishes 
the drug from Belladonnae and Hyoscya~ni folium. Hyoscyami rnutici folium (9) has 
only a very low flavonoid content. 
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Purine drugs 

Drug sanrple 1 Coffeae semen 3 Theae folium (black tea) 
2 Male folium 4 Cacao semen 
(methanolic extraction, 1 g110 ml, 30 PI) 

~ e f e r e n c e '  T1 rutin (R, - 0.35) b chlorogenic acid (R, - 0.45) b hyperoside (R, - 0.6) 
compound T2 caffeine 

T3 theobrornine 
T4 aescin (R, - 0.25) 1- aescinols (R, - 0.45) = sayonin rest 

Solvent systern Fig. 29 A ethyl acetate-formic acid-glacial acetic acid-warer (100:11:11:26) + system A 
B ethyl acetate-methanol - water (100:13.5:10) + system B 

Fig. 30 C ethyl acetate-formic acid-glacial acetic acid-water (100:l ].:I 1:26) + system A 
D clzloroform-glacial acetic acid-methanol-water (60:32:12:8) + system D 

Detection A UV-254 nrn (without chemical treatment) 
B Iodine-potassium iodide-HC1 reagenr (I/HCI No. 20) + vis 
C Natural products-polyethylene glycol reagent (NPIPG No. 28) + UV-365 nm 
D Anisaldehyde-sulphuric acid reagent (AS No. 3) + vis 

The Purine drugs 1-4 can be identified by their characteristic contents of caffeine, 
theobron~ine, theophylline, various caffeoylquinic acids, flavonoid glycosides and 
saponines. 

Fig. 29A Puridnerivatives. (System A). Extracts of Coffeae semen (I), Mate folium (2) and Theae 
folium (3) show one to four prominent fluorescence-quenching zones in rhe R, range 
0.4-0.6 with caffeine as the main zone at  R, - 0.60. Caffeine migrates in this solvent 
system directly above the hyperoside (TIIR, - 0.6). + For detection of caffeoyl quinic 
acids and flavonoids see reagent C. 

n (System B) Treatment with llIlCl reagent generates a dark-brown zone of caffeine at R, 
- 0.45 (T2) in extracts (1) and (3), less concentrated in (2) and (4). Theobromine at R, - 
0.4 (T3) is detected as a grey, fast-fading zone in Mate foliurn (2). The concentration of 
theobromine in Cacao semen (4) is low, the a ~ n o u n t  of theophylline ( R ,  - 0.6) in the 
extracts 1-4 is not sufficient for detection. 

Fig. 30c Phenol carboxylic acids, flavonoids and saponines. (System A) Treatment with NPIPEG 
reagent reveals caffeoyl (CQA) and dicaffeoyl quinic acids as blue and the flavonoid 
glycosides as orange-yellow or green fluorescent zones in UV-365nm. Coffeae semen (1) 
and Mate folium (2): the blue 5-CQA, 3-CQA (R, 0.45-0.5) and additional dicaffeoyl 
quinic acids in the upper R, range are characteristic. One additional orange-yellow zone 
of rutin at R, - 0.4 (T I )  is found in Mate folium (2) onIy. 
Theae folium (3): four mainly yellow fluorescent flavonoid glycosides in the R, range of 
hyperoside and rutin (TI) and two flavonoid glycoside zones at R, 0.25-0.3 with yellow 
and green fluorescence, respectively. 

D (System D) Saponines (aescin T4) respond as blue-violet zones to AS reagent (vis). In 
Mate foliurn (2) the main triterpene saponins are seen as six blue-violet zones in the R, 
range 0.4-0.8. ln Theae folium (3) broad bands of yellow-brown zones from the start till 
R, - 0.4 ("thea flavines") dominate in the lower R, range. 

Note: Caffeine migrates in solvent system A up to the solvent front. 



 



2 Drugs Containing Anthracene Derivatives 

The characteristic constituents of this drug group are anthraquinones, oxanthrones, 
anthranols and anthrones with laxative properties. The anthraquinones possess phe- 
nolic groups on C-1 and C-8 and keto groups on C-9 and C-10. In the anthrones and 
anthranols, only C-9 carries an oxygen function. In addition, a methyl, oxymethyl or 
carboxyl group may be present: on C-3, and a hydroxy ox methoxy group on C-6. Most 
compounds in this group are present in the plant as 0-glycosides. The glycoside linkage 
is usually at C-1, C-8 or C-6-OH. C-GIycosides occur as antl-trones only, with the C-C 
bond always a t  C-10. In the 0- and C-glycosides, the only sugars found so Ear are glucose, 
rl~amnose and apiose. 

2.1 Preparation of Extracts 

Powdered drug (0.5 g) is extracted for 5 min on a water bath with 5 ml metl~anol. General method, 
The filtrate is used for TLC: 5 yl (Aloe) and 20 yl (Rheum, Frangula, Cascara). metha~lolic extract 

Sennae folium or fructus are extracted with 50% methanol; 20 yl is used for TLC. Senna 

Powdered drug (O.5g) and 25 ml 7.5% hydrochloric acid are heated under reflux for Hydrolysis of 
15 rnin. After cooling, the mixture is extracted by shaking with 20n11 ether. The ether anthraquinone 
phase is concentrated to about 1 ml, and 10 111 is used for TEC (e,g. Rhei radix). glycosides 

2.2 Thin-Layer Chromatography 

Aloin, frangulin A/B, glucofrangulin A/B, rhein, aloe-emodin and rliaponticoside (stil- Reference 
bene glucoside) are applied as 0.1% methanolic solutions. solutions 
Sennasides A and B are prepared as a 0.1% solution in methanol-water (1: 1). 
A total of 10 111 of each reference solution is used for TLC. 

Chromatography is performed on silica gel BOF,,, precoated plates (Merck, Germany). Adsorbent 

Ethyl acetate-methanol-water (100: 13.5: 10) Cl~romatogmphy 
With the exception of Senna preparations, the solvent system is suitable for the solvents 
chromatography of all anrhracene drug extracts. 
n-yropanol-ethyl acetate-water-glacial aceric acid (40:40: 29: 1) b Senna 
light petroleum-ethyl acetate-formic acid (75:25: 1) F anthraquinone aglycones 



toluene-ethyl formiate-formic acid (50:40: 10) o r  (50:20: 10) b for the non-laxative 
debydrodiarlthrones of I-Iyperici herba 

2.3 Detection 

UV 254 nm All anthracene derivatives quench fluorescence 
UV 365 nm All anthracene derivatives give yellow or red-brown fluorescence 

Spray reagents (See Appendix A) 

- Potassium I~ydroxide (KOH No. 35; + Bon~trager reaction) 
After spraying with 5% or 10% ethanolic KOH, anthraquinones appear red in the 
visible and show red fluorescence in UV-365 nm. 
Anthrones and anthranols: yellow (vis.), bright yellow fluorescence (UV-365 nm). 
Dianthrones do not react; 

- Narural products-polyethylene glycol reagent (NPIPEG No.28) 
Anthrones and anthranols: intense yellow fluorescence (UV-365 nm). 

- Sennoside detection 
The TLC plate is sprayed with concentrated HNO, and then heated for 10 lnin 
at  120°C. It is then sprayed with 5% erhanolic KOH. After f~urther heating, 
sennosides appear as brown-red zones in UV-365 nm and brown zones in the 
visible. 
Sennosides call also be detected with a 1% solution of sodium metaperiodate in 10% 
elhanolic KOI-I. After spraying and hearing (approximately 5 min), yellow-brown 
zones are obtained in UV-365 nm. 

- Rhaponticoside detection 
Phosphomolybdate-I-I& reagent (PMA-H,SO, No.36) 
Rhaponticoside gives dark blue zones in the visible 

- Hypericin detection 
A 10% solution of pyridine in acetone intensifies rhe red fluorescence of hypericin 
in UV-365 nm. 

- "lsobarbaloin" test for the differentiation of Aloe capensis and Aloe barbadensis. 
One drop ofsaturated CuSO, solution, 1 g NaCl and 10 ml90% ethanol are added to 
20 mi of an aqueous solution of Aloe barbadensis (Curacao aloe, 1:200). A wine-red 
colour is produced, which is stable for at least 12 h. Solurions of Aloe capensis fade 
rapidly to yellow. 
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2.4 Circular TLC in Addition to the Ascending TLC 

This method is generally useful for the separation of drug extracts containing a high 
proportion of ballast substances, e.g. mucilages from Sennae folium. 

Two diagonal pencil lines are drawn from the corners of the TLC ylate. The centre point Application 
of the ylate is marked and a circle is drawn around it with a diameter of approximately 
2cm. The circle is thus divided into four segments by rhe diagonals. The perimeter of 
each segment serves for the application of drug extracts or reference solutions (see figure 
below). 

tOOml of solvent are placed in a round, straight-sided chamber (glass trough, lOcm Procedure 
high, 20cm in diameter). A glass funnel is loosely packed with cotton, which extends as 
a wick through the tube of the funnel. The funnel is placed in the solvent system, so that 
the solvent soaks into the cotton. With the loaded side facing downwards, the TLC ylate 
is placed over the top of the trough, so that the cotton makes contact exactly at the 
marked centre. 
The solvent migrates circularly from the poinr of application. The zones of the separat- 
ing substances form single arcs, which increase in length from the starting point to the 
periphery of the spreading solvent. 
The same adsorbent (silica gel 60 F,,, yxecoated plates, 20 X 20 cm; Merck, Darmstadt), 
the solvent systems and detection methods can be used as described for ascending TLC. 
Good separations axe obtained by solvent migrations of 6 cm only. 

k I* TLC plate 

Funnel 
-twlck 

Solvent 
. . 

Glass trough 



2.5 Drug List 

Drug/plant source 
Family/pharmacopoeia 

Fig. 1,2 Aloes 
Various types such as: 
Cape and Curacao aloes 
Socotrine aloes 
DAB 10, Helv VII, USP 
XXII, M D  
Uganda, Kenya aloe, 
Indian aloe 
Asphodelaceae (Liliaceae) 

Fig. 1,2 Aloe capensis 
Cape aloes 
Aloe ferox MILLER and 
liybrids 
DAB 10, BHP 90, C)AB 90, 
USP XXII, Helv VII, Jap XI 

Fig. 1,2 Aloe barbadensis 
Curacao aloes, Aloe Vera 
Aloe barbadensis MILL. 
DAB 10, BMP 90, Helv VII, 
C)AB 90, USP XXII, MD 

Fig. 2 Aloe perryi 
Socotrine aloes 
Aloe yerryi BAK. 
M C  

Pig. 4 Rhamni purshiani cortex 
Cascarae sagradae cortex 
Cascara sagrada bark 
Sacred bark, chitten bark 
Rhamnus purshianus D.C. 
Rhamnaceae 
DAB 10, PhEur 11, OAB 90, 
Helv VII, MD 
USP XXII (extract) 

Fig. 3 Frangulae cortex 
Rharnni frangulae cortex 
Alder buckthorn bark 
Kharnnus frangu1a L. 
Rhamnaceae 
DAB 10, PhEur 11, 
Helv VII, MD 

Main constituents 
Hydroxyanthracenes 

Dried juice of aloe leaves. 
AIoin A, B (10-C-p-D glucopyranoside of aloe 
emodin-anthrone), a- and p-stereoisomers 
Aloinoside A and B (stereoisomers of aloin- 
1 1-a-L-rhamnoside), aloe-elnodin (aglyone) 
Aloeresins (non-laxative compounds): 
aloesin A (chromone-C-glucoside), 
aloesin B (p-coumaric acid ester of aloeresin 
A), aloesin C (glucoside of aloesin B) 

Not less than 18% hydroxyanthracenes 
calculated as aloin (e.g. DAB I D )  
Aloin A/B, aloeresins A/B (type I) 
Aloin A/B, aloinosides AIB, aloesin AIB (type [I), 
5-hydroxyaloin A/B, aloe-ernodin ( < I % )  

Not less than 28% hydroxyanthracenes 
calculated as aloin (DAB 10) 
Aloin A/B, 7-hydroxyaloin A/B (3%) 
8-Methyl-7-hydroxyaloin AIB, aloesin 13/D 

Up to 14% hydroxyanthracene derivatives 
calculated as aloin 
Aloin A/B, aloinasides AIB, 
aloeresills A/B 

Not less than 8% hydroxyanthracenes 
with at least 60% cascarosides 
calc. as cascaroside A (DAB 10) 
Cascarosides A and I3 (diastereoisomers of 
aloin-8-0-p-D-glucoside); cascarosides C 
and D (diastereoisomers of deoxyaloin-8-0- 
p-D-glucoside); Aloin, deoxyaloin (10%- 
20%), small amounts of emodine; frangula- 
emodin-0-glycosides (10%-20%) 

Not less than 6% anthraquinone glycosides 
Glucofrangulin A and B (elnodin-6-0-a-L- 
rharnnosyl-8-O-~-~-gIucoside and -6-0-a-L- 
apiosyl-8-0-F-D-glucoside). Frangulin A and 
B (enlodin-6-0-a-L-rhamnoside and 
emodin-6-0-a-L-apiaside). 
Elnodin-8-(3-0-glucoside, -diglucoside 
Physcion, chrysophanol glycosides 
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Drugtplant source 
Familylpharmacopoeia 

Frangulae fructus 
Alder b,uclcthorn fruits 
Rha~nnus frangula L. 
Rharnnaceae OAB 

Oreoherzogiae cortex 
Rhamni fallaci cortex 
Rhamnus alpinus L. ssp. 
fallax (BOISS.) PETITMAIRE 
Rharnnaceae 

Rhamni cathartici fructus 
Buckthorn berries 
Rhamnus catharticus L. 
M D  

Rhei radix 
Rhubarb rhizome 
Rbeum officinale BAILLON 
Rheum palmaturn L, and 
hybrids 
Polygonaceae 
DAB 10, ~ A B .  MD, Japan, 
China 

Rhei rhapontici radix 
Garden rhubarb 
Rheum rhaponticum L. 
Polygonaceae 

Sennae folium 
Senna leaves 
Cassia senna L. 
(Alexandrian senna) 
Cassia angustifolia VAHL 
(Tinnevelly senna) 
Caesalpiniaceae 
DAB 10, OAB 90, Kelv VII, 
lap XI, MD 

Main constituents 
Hydroxyanthracenes 

Low concentrations of anthraqui~~one 
aglycones and traces of anthraquinone 
glycosides. 

1 %-3% Hydroxyanthracene derivatives 
Emodin-glucoside, physcion-rutinoside 
Flavonoids: e.g. xanthorhamnin 
b adulterant of FranguIae cortex 

Fig. 3,4 

Fig. 3 

Low contents of anthraquinones in fruit flesh, Fig. 3,4 
0.7%-1.4% hydroxyanthracenes in semen: 
frangulaemodin, -ernodinai~tl~rons 
Flavonol glycosides >I%: xanthorhamnines 
= triglycosides of rharnnocitrin (7-methyl- 
kaempferol and 7-methyl-quercetin) 
Catharticin (rhamnocitrin-3-0-(3-rhamnoside) 

1%-6% Hydroxyanthracenes (not less than Fig. 5,6 
2.5%): 60%-80% of mono- and diglucosides of 
physcion, chrysophanol and rhein (e.g. 
physcion-8-0-gentiobioside); rhein, physcion, 
chrysophanol, emodin, aloe-emodin; 
bianthronglycosides: rheidin A-C, sennidin 
C,D, galloyl-0-D-glucose 

0.3%-0.5% anthraquinone aglycones and 
glucosides, 7%-10% stilbene derivatives: 
rhaponticoside 5%, desoxyrhaponticoside, 
Adulterant of Rhei radix 

2%-3.5% dianthrone glycosides (not less than Fig. 7,s 
2.5%). calc. as sennoside B for Alexandrian 
and Tinevelly senna (e.8. DAB 10). As 
principal active co~nyounds: 
sennoside A and B as 8,8'-diglucosides of 
serlnidin A/B (= stereoisomeric 10-10'- 
dimers of rhein anthrone) 
Sennoside A (dextrorotary), sennoside A, 
(optical isomer), sennoside B (optically 
inactive mesoform) 
low amounts of Sennoside C and D 
(=heterodianthrons), rhein, emodin and 
their mono- and diglycosides 



Druglplant source Main constituents 
Farnilyipl~armacopoeia Hydroxyanthracenes 

Fig. 7,8 Sennae fructus 
Senna pods 
Cassia senna L. 
(Alexandrian senna) 
Cassia arlgustifolia VAHL 
(Tinevelly senna) 
Caesalpiniaceae 
DAB 10, PhEur 1, ~ A B ,  
Helv VII, MD, USP XXII 

2.2%-3.4% dianthrone glycosides 
Alexandrian senna pods > 3.4% (DAB 10) 
Tinnevelly senna pods > 2.2% (DAB 10) 
Sennoside A,B besides C,D; rhein, mono- and 
diglycosides of ernodii~ and rhein 
Naphthalenes: 6-hydroxy musizin glucoside 
(C. senna); tineveIlin-glucoside 
(C. angustifolia) 

Fig. 9,10 Hyperici herba 0.05-0.6% dehydrodianthrones 
St. John's worr Hypericin, pseudohypericin, protohypericin 
Hypericum perforalum L. Flavonol glycosides: rutin, hyperoside, 
Hypericaceae (Glusiaceae) quercitrin, isoquercitrin; quercetin; biapigenin 
DAC 86, Helv VII, MD Cl~lorogenic acid. Hyperforin (fresh plant) 

2.6 Formulae 

R , R, 

Aloin A H OH 
(-)-11-Desoxyaloin H H 

cH2R2 Aloinoside A H 0-a-L-rhamnose 
Cascaroside A [j-D-glucose 01-1 
Cascaroside C P-wglucose H 

OH 

R, R2 

Aloin B H 0 FI 
(-)- 1 1-Desoxyaloin H 1-1 

CH,R2 Aloinoside B H 0-(i-L-rhamnose 
Cascaroside B 0-D-glucose 01-1 
Cascaroside D p-D-glucose H 
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R, R2 

Glucofrang~~lin A a-L-rhamnose P-D-glucose 
Glucofrangulin B 13-~-ayiose P-D-glucose \ 

RIO 
I 

Fraiigulin Frangulin A B 
a-L-rhamnose 1-1 & I I CH3 
P-D-apiose H 0 

Frangula etnodin H H 

R, R2 

Rheum emodin CH, OH 
Aloe emodin CHzOH EJ 
Rbein COOH . H R2 R1 

Chrysophanol CH, H 
Physcion CH.3 OCH, 

Rhaponticoside R = p-D-glucose 
Rhapontigenin R = H  

Sennoside A: R, R, = COOH (+)-form 
Sennoside B: R, R, = COOH niesoform 

Sennoside C: R = COOH R,  = CH,OH ( f)  form 
Sennoside D: R = COOH R, = CH,OH mesoforni 



Protoliypericin 4-4': Hypericin 
R ,  = R, = CH, R, = R, = CH, 
Protopseudohypericin 4-4': Pseudohypericin 
R I  = CH, R2 = CHLOI-I R, = CH, R, = CH,OH 
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2.7 Chromatograms 

Aloes 

Drug sat~lyle 1 Aloe capensis (type I) 4 Aloe yerryi (Socotrine aloe) 
2 Aloe capensis (type 11) 5 Aloe of Kenian origin 
3 Aloe barbadensis (Curacao aloe) 6 Aloe of Ugandan origin 
(methanolic extracts, 5 pl) 

Reference TI aloin T3 aloin (R,-- 0.45) F aloe 
Cornpol~~id T2 7-hydroxyaloin emodin (R,- 0.95) 

Solvent system ethyl acetate-methanol-water (100: 13.5: 10) 

Detection Fig. 1 Without chemical treatment + A UV-365 nm, B UV-254 nrn 
Fig. 2 10% el-hanolic ICQH reagent (No, 35) -+ C UV-365 nm, D vis 

Aloe species are characterized by aloin A/R, aloe-emodin and the non-laxative aloeresins 
(aloesin A-C). In addition some aloes contain aloinosides and substituted aloins (5- or 
7-hydroxyaloin A/B). 

~ i g .  1 Aloe caperisis (1,2) 

A Cape Aloe ( 1 )  is characterized by the yellow fluorescent zone of aloin (R,-  0.51T2) and 
aloe-emodii~ (solvent front). The zones of aloeresins such as aloesin A and B (R,  - 0.55 
and Ri - 0.25, respectively) fluoresce light blue. 
Trade sa~nples of Cape aloe (2) can show besides the yellow fluorescent aloin and aloe- 
emodin, additional yellow zones of the aloi~losides A/B (K, 0.25-0.3) and additional 
glycosides (e.g. R, - 0.75). The blue fluorescent zones are less prominent than i11 sample 
I (e .g.  aloe resins). 

B All major compounds, such as aloins or aloinosides and specifically the aloesins show 
quenching in UV-254 nm. 
Nore: 7-hydroxyaloin (T2) a characteristic compound in Curacao aloes (3) is absent in 
Cape aloes (1,2), 

Fig. 2 TLC synopsis of aloes (1-6) 

c Treattnent with KOH reagent intensifies the yellow fluorescence of aloin and aloinosides 
as well as the blue fluorescence of the aloe resins. Aloe-emodin shows a typical red 
Borntrager reaction in UV-365 nm. 

Aloe resins Aloin Aloinosides Aloesins Remarks 

I Cape aloe -1- -I- + + Cape and Curacao aloes are difierenlia~ed 
2 Cape aloe i- -- ++ by the "isobarbaloin-test" of K L U N G E  
3 C~~racno aloes 4- -1- - - ++ (see section 2.3) which gives yellow or 
4 Socotririe aloes i- -I- -+ -I- wine red colour, respectively 
5 Kenya aloes +-I- -I- (-1) Socwtrine and Curacao aloes show a dark 
6 Uganda aloes + (+) zone directly below aloin, e.g. 

7-hydroxyaloin in 3 

D All Aloe (1-4) samples show aloin as prominent yellow zones (vis.). The sa~nples 2 and 
4 contain, in addition, aloinosides (yellow/R, 0.25-0.3), and a dark violet-red zone (vis.) 
characterizes Curacao (3) and Scocotriile aloe (4). This zone directly below aloin can be 
identified in (3) as 7-hydroxyaloin. 
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T3 2 1 3 4 5 6 2 1 3 4 Fig. 2 



Rhamnus species 

Drug sample 1 Frangulae cortex (Rhamnus frangula) 
2 Oreoherzogiae cortex (Rhamnus alpinus ssp. fallax) 
3 Frangulae fructus (Rhamnus frangula) 
4 Rhamni carthartici fructus (Rharnnus cartharticus) 
5-7 Cascarae cortex (Rhamnus yurshianus-trade samples) 
(rnethanolic extracts, 20 PI) 

Reference T1 glucofrangulin A (R, 0.25) b aloin (R, 0.45) F frangulin A (R, 0.75) b einodin (front) 
compound T2 aloin 

Solvent system ethyl acerate-methanol-water (100:13.5:10) 

Detection Fig. 3 KOH reagent (No. 35) A 4 vis; B, C + UV-365 nm 
Fig. 4 Natural products-polyethylene glycol reag. (NPIPEG No. 28) D, E + UV-365 nm 

Fig. 3 Anthraquinones 

A Frangulae cortex ( I )  is characterized by two pairs of red-brown anthraquinone 
glycosides (vis.): glucofrangulin A (R,0.2), B (R,0.3) and frangulin A (R,0.75), B (R,0.8). 
Aglycones such as emodin, physcion and chrysophanol move with the solvent front. 
Oreoherzogiae cortex (2) counts as an adulterant of Frangulae cortex: glucofrangulin 
AIB present in considerablylower concentration, only traces of frangulin AIB, additional 
anthraquinone glycosides such as ybyscion-rutinoside (R, .- 0.3) and  emodin-glucoside 
(K, - 0.5) dominate. A yellow zone at R, - 0.2 in both samples (1,2) is due to flavonol 
glycosides see Pig. 4 D. 

B All anthraquinones of Frangulae and Oreoherzogiae cortex (1,2) show a bright orange- 
red fluorescence in UV-365 nm. 

C Frangulae fructus (3) shows only traces of frangula-emodin at the solvent front. 
Rhamni carthartici fructus (4). Four to five orange-red zones are detectable in the R, 
range of glucofranguliii (R, - 0.25), frangulin (R, - 0.8) and above. 

Fig 4 Flavonoids and cascarosides 

n Frangulae cortex (1): one green fluorescent flavonoid glycoside (R, - 0.2) and the zones 
of frangulin AIB with brown fluorescence. 
Frangulae fructus (3): two yellow orange fluorescent flavonol glycosides (R, 0.1510.45). 
Rhamni cathartici fructus (4): a band of prominent orange-yellow fluorescent 
xanthorhamnins (triglycosides, see 2.5 Drug List) bemeen the start and R, - 0.25, and 
between R, - 0.75 up to the solvent front. Xanthorhamnin (R, - 0.2) is found in (3) and 
(4). 

E Cascarae cortex (5-7) samples are characterized by anthrone glycosides: two pairs of 
yellow fluorescent cascarosides A10 (R, 0.05-0.15) and cascarosides C/D (R, 0.2-0.25). 
The cascarosides A/B dominate. The amount of yellow fluorescent aloin (T2), deoxyaloin 
(R,  0.65) and the red-brown fluorescent aglycones emodin, aloe-emodin, chrysophanol 
(solvent front) varies. Four blue fluorescent naphthalide derivatives are detectable in the 
R ,  range 0.3-0.45. 

Note: Cascarosides A-C also fluoresce bright yellow when treated with the ICOH reagent. 
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Fig. 3 



Drug samplc 

Reference 
compound 

Solvent system 

Detection 

Rhei radix 

1 Rhei yalmati radix (methanolic extract, 2 0 ~ 1 )  
2 Rhei rhapontici radix (methanolic extract, 20 yl) 
3 Rhei palmati radix (hydrolysate, 10 p1) 
4 Rhei rhapontici radix (hydrolysate, 10 PI) 

TI rhein 
T2 rhaporlticoside 
T3 emodin (R, - 0.4) 

Fig. 5 ethyl acetate-methanol-water (100: 13.5: 10) -+ glycosides 
Fig. 6 light petroleum-ethyl acetate-formic acid (75:25: 1)  + aglycones 

A Without chemical treatment + UV-365 nm 
B Phosphomalybdic acid/H,SO, reagent (PMS No. 34) -+ vis 
C Without chernical treatment -+ UV-254nm 
D Without chemical rreatrnent + UV 365 nm 

Fig. 5 

A 

Fig. 6 
C,  D 

Glycosides 

Rhei radix (1) is characterized in UV-365nm by the prominent yellow fluorescent 
authraquinone aglycone zone (emodin, aloe-emodin, physcion, chrysophanol) at the 
solvent front. Their 8-0-monoglucosides migrate as a brown-red band to R, 0.45-0.55. 
The corresponding diglycosides are present as minor compounds in the R, range 0.1-0.3. 
The polar aglycone rhein (TI) at R, - 0.4 is overlapped by blue fluorescent zones. 
Rhei rhapontici radix (2) contains anthraquinone aglycones and monoglucosides in low 
concentration only. In addition the prominent violet-blue fluorescent stilbene deriva- 
tives rhaponticoside/deoxyrhaponticoside (R, 0.45-0.55lT2) are present. They overlap 
the antraquinone monoglucoside zone. 

Treatment with the PMA reagent produces light yellow zones of anthraquinones ( 1 )  and 
a characteristic dark blue band of rhaponticoside/deoxyrhaponticoside (T2) and 
rhayontigenin (solvent front) in sample 2. 

Aglycones 
The aglycone mixtures (3,4) obtained by HCl hydrolysis of Rheum extracts (1,2) are 
separated in the lipophilic solvent system and evaluated in UV-254nm and UV-365 nm. 
All aglycones show fluorescence quenching in W-254nm and uniformly yellow or 
orange-brown fluorescence in UV-365 nm. 
Rhei palmati radix (3). Aloe-emodin and rhein (I+ 0.15-0.25/T1), emodin 
(R, - 0.3/T3), chrysophanol and physcion (R, 0.6-0.7) are characteristic aglycones. 
Rhei rhapontici radix (4). The hydrolysate shows a qualitatively similar, but quantita- 
tively different aglycone pattern with traces of rhein (Tl) only. In addition blue 
fluorescent stilbene aglycones are found at R, 0.05-0.1. 
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Fig. 5 

Fig. 6 



Sennae folium, fructus 

Drug sanlple 1 Sennae fructus (methanolic extract, 20 p1) 
2 Sennae folium (methanolic extract, 20 pl) 

Reference T1 sennoside A" 
compou~ld T2 sennoside 8'1 

Solvent system n-propanol-ethyl acetate-water-glacial acetic acid (40:40:29:1) 

Detection Fig. 7 HN03-potassium hydroxide reagent (HNOJKOH No.30) + vis 
Fig. 8 A HN0,-potassium hydroxide reagent (HNO,/KOH No.30) -+ WV-365nm 

B Sodium metaperiodate reagent (see 2.3 Detection) -+ UV-365 nm 

Fig. 7 Sennae fructus (1) and folium (2) 
Treatment of the TLC plate with concentrated HNO,, heating for approximately 301nin 
at 150°C and spraying with KOH reagent produces six to eight brownish and yeIlow 
zones (vis) in the R, range 0.1 up to the solvent front. 
The dark-brown zones are due to the sennosides B,A (R, 0.25 and R, 0.4) and the 
sennosides D,C (R, 0.5 and Rf 0.7). The yellow zones indicate anthraquinone aglycones 
(e.g. rheinlR,. - 0.8; emodinelsolvent front) and their glucosides (R, - 0.3/Rf - 0.6). 

Fig. 8 A  Evaluation under UV-365nm light is more sensitive. The main brown zones (vis.) of 
Sennae extracts (1,2) now appear light brown to orange-brown. The minor compounds 
of the R, range 0.5-0.9 are also more easily detectable. 
The rwo dianthron glycosides, sennoside A (R,. 0.4iTl) and sennoside B (R, 0.25lT2) are 
the major compounds in  Sennae fructus (1) and S. folium (2). 
In  Sennae folium extract (2) a R, value depression of sennoside A and specifically of 
sellnoside B occur, caused by the mucilages also extracted from tlie plant material with 
50% methanol. To avoid this effect the circular TLC rnethod can be used (see Fig. 9). 
Sennoside D (R, - 0.55) is more highly concentrated in Sennae folium extracts (2) than 
in Sennae fructus extracts (1). Sennoside C can be localized at  R, - 0.7. Rhein is detect- 
able as a yellow zone at R, - 0.8 and its 8-0-glucoside is found berween sennoside D 
and C. 

B Direct treatment ofthe TLC place with the sodium metaperiodate reagent and hearing for 
5 min under observation at 100°C reveals green-yellow or dark brownis11 zones when 
evaluated under UV-365 nm. It is a fast detection method, but less sensitive compared 
with the HNO,/KOH reagent. 

''The con~~nercial reference cornpound "sennoside A" coritains small amounts of sennoside C and 
I). The reference cornpound "sennoside R" shows, in addition, sennoside A as minor component. 
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Fig. 7 

Fig. 8 



Circular TLC (CTLC) in comparison to ascending TLC of 
Senna extracts 

Drug sample, Sennae folium (upper segment) A sennoside A D sennoside D 
segment Sennae fructus (lower segment) B sennoside R A1 aloin Rh rhein 

Solvent system n-propanol-ethyl acetate-warer-glacial acetic acid (40:40:29:1) 

Detection Fig. 9 CTLC Sodium metaperiodate reagenl (see 2.3 Detection) + vis 
Asc. TLC FINO,-potassium hydroxide reagent (HN0,lKOI-l No. 30) + vis 

- 

Description The CTLC in general is a convenient method to achieve good separations over the short 
distance of 5-6cm. Extracts and reference compounds are applied in the inner circle 
(start) in an overlapping mode, LO make sure that compounds are clearly identified by 
references. Ballast substances of the extracts such as mucilagines are diluted in the 
circular separation lines. The disturbance and R, value depression of sennoside A,B are 
reduced (preparation see 2.4 Circular TLC). 

Fig. 9 The sennosides are detected as bright yellow-brown bands with sodium metaperiodate 
(CTLC) and as darker brown zones with the FINO,-KOH reagent (asc. TLC). 
The CTLC of Sennae folium und Sennae fructus shows as two prominent circles 
sennoside A and I3 (+ test AIB) in the inner parts of both segments. The bands of 
sennoside D (+D) and C are found slighdy below the aloin tesr (+ test A l ) .  Rhein (test 
Rh) is clearly seen in Sennae fructus extracts. The influence of mucilagines on the R,. 
value of sennoside B results in a dwelling circle (CTLC) and causes an Rf value depres- 
sion in the picture of the ascending TLC (compare with Figs. 7,8). 

Hyperici herba 

Drug sample 1 Hyperici herba (Hypericum perforatu~n) (methanolic extracts, 25 yl) 
2 I-lyperici herba (commercial trade sample) 

Reference TI hypeticin 
compound T2 rutin (R, 0.35) b chlorogellic acid (R, 0.4) b llyperoside (R, 0.5) b isochlorogenic acid 

Solvent syste~ii Fig. 10 A,B ethyl acetate-formic acid-glacial acetic acid-water (100: 11 : 11 :26) 
C toluene-ethyl formate-formic acid (50:40: 10) 

Detection A,B Natural products-polyethylene glycol reagent (NP/PEG No. 28); 
A UV-365 nm, B vis. 

C 1 OO/o pyridine in ethanol + vis 

Fig. IDA Hyperici herba (1,2) is characterized in UV-365 nm after treatment with NPIPEG reagenr 
by the prominent red-violet fluorescenr zones of the non-laxative dehydrodianthrons, 
the hypericins (R, 0.75-0.8), five bright yellow fluorescent flavonolglycosides (R, 0.35- 
0.7) and blue fluorescent phenol carboxylic acids such as chlorogenic acid (R, - 0.41T2). 
The flavonolglycosides are identified as rutin (R, - 0.35/T2), hyperoside (R,  - 0.5/T2), 
isoquercitrin (RI - 0.6) and quercitrin (Ri - 0.7). The aglycones, e.g. quercetin, migrate 
with the red fluorescent chlorophylls to the solvent front. 

B Hypericins are seen as green-brown and the flavonolglycosides as orange-yellow zones 
(vis). 

c Variation of the solvei~t system and the detection with pyridine reagent reveals a broad 
band of red zones in the R, range 0.5-0.6 (TI). Red zones at R, 0.9-0.95 show chlorophyll 
compounds. 



 



3 Bitter Drugs 

hiost of the b i~ te r  principles in important officinl drugs possess a teryenoid structure, 
representing del-ivatives of nionoterpcnes (secoiridoids). sesquicerpenes, diterpenes arid 
rriteryenes. 

3.1 Preparation of Extracts 

Powdered drug ( l g) is extrac~ed for 15 ~ n i n  with 101nl ~lletha~iol 011 t l ~ c  water batlr. Tlre 
mixture is filtered and the filtretc is cvapornted to I - 1 . 5 m l ;  20-30y1 is ~rsed for T1,C 
iavestigations. 

A iota1 oi 2 1111 of the n~ethanolic extract is evaporated to dryness and dissolved in 3 ml 
of water and 10 1111 of ~ i - b ~ ~ t o ~ i o l  (sat~~rated wit0 water) is added. After sllakiiig for 3- 
5 min, the butanol layer is separated ant! evaporated to a volunle of I ml, dntl 30-40 ~ r l  is 
used for TI.C invcstigations, 

I.lumuli lupuli strobulus: Dried powdered drug (1 g) is extracted for 24 h with 15 ml cold 
,ether. The filtrntc is allowed to stand for 12 h in tlie relriger~tor, precipitated waxy 
~iiatcrials are removed by fillration and the fitrate evaporated to dryness at room 
ttmperature. The residue is dissolved in 1 nrl methanol and 20-40y1 is used lor TLC 
invcstigarions. 
F~.eshly harvested drug ( I  g) is extracted for 211 at room temperature will) 10ml 70% 
methanol. The filtrate is evaporated to about 3 ml, and 20-40111 is used ior 'TLC. 

Drugs with cucurbitacins: Powdered drug ( l  g) is extracted for 15 min with chlorofonn 
or cthanol on a water bath. Tlie filtrate is evaporated to 1-1.5 nrl (~iininly cucurbitacin 
glycosides). Extraction with water results mainly in cucurbitacin aglycolles; 20-30 tcl  is 
used for T1.C investigations. 

3.2 Thin-Layer Chromatography 

I:rom all standard conlpound 0.1% ~nethanolic solutions are prcprretl; 10-20 (11 is used 
for TLC. 

Silica gel 60F,,.,-prccorted 'TLC plates (Merclc, Germany). 

erllyl acetate-~nethanol-warer (77:15:8) General screening system 
4 c.g. Cicntiiuiae radix, Centaurii 
herba, Condurango conex, 
Haryagophyti radix 

General i~~elliod. 
mrthrnulic extracl 

Adsorbent 

Chrumalogrnphy 
solvcllts 



acetone-chloroform-water (70:30:2) 
dichlormethan-acetone (8515) 
chloroform-methanol ( 9 5 5 )  

chloroform-methanol (95:lO) 
chloroform-methanol-water (60:40:4) 
chlorofor~n-acetone (40:30) 
cltloroform-acetone (60:20) 
ethyl acetate-dioxane-water (30:10:0.3) 
iso-octane:isopropanol:forn~ic acid 
(83.5:16.5:0.5) 

anlarogentin + Gentianae radix 
absinthin Absinthii herba 
quassin + Quassiae lignurn 
~narrubiin + Marrubii herba 
cucurbitacins + Bryoniae rad.ix 
aucubin -+ Verbasci flos 
cnicin + Cardui benedicti herba 
cynaropjcrin -+ Cynarae herba 
oleuxopein -+ Oleae foliuin 
humulone + Humuli lupuli strobuli 

3.3 Detection 

UV-254 nm Compounds with conjugated double-bond systems show quencl~ing 
effects (e.g. quassin, humulon, lupulon, neohesyeridin). 

UV-365 nrn No characteristic fluorescence, with the exception of flavonoid gly- 
cosides in Aurantii yericarpium extracts. 

Spray reagents (see Appendix A)  

- Vanillin-sulphuric acid reagent (VS No. 42) 
Evaluation after about 10 min at 100°C (vis) 

neohesperidin, naringin, harpagosicie red-violet 
gentiopicroside, swertiamarin brown-red 
condurangir~ A-C blue-green 
foliamenthin, menthiafolin, quassin blue 
rnarrubiin, absinthin, cnicin blue 
aucubin, catalpol grey, red-grey 

- Anisaldehyde-sulphuric acid reagent (AS No. 3) 
Visualization after about 10 rnin at 100°C: Similar colours (vis) to those obtained with 
VS reagent and additional fluorescence in UV-365 nm. 

- Liebermann-Burchard reagent (LB No. 25) 
The TLC plate is sprayed with freshly prepared solution, heated for 10 min at 100°C 
and inspected in UV-365 nm or  vis 
Absinthin + sand-brown colour in UV-365 nm; dark brown in vis 
Cnicin light grey in UV-365 nm; weak grey in vis 

- Fast red salt R (FRS No. 16) 
Immediately after spraying, phenolic or reducing substances turn yellow, orange or 
red (vis) 
Arnarogentin (orange); gentiopicroside (red); humulone (yellow); Jupulone (red). 

- 10% FeCIJ solution 
The TLC plate is inspected immediately after spraying. The hop bitter priilciples and 
oleuroyein turn yellow-brown to yellow-green (vis). 
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- Vanillin-pl~osphoric acid reagent (VPA No. 41) 
The TLC plate is sprayed with freshly prepared solution, heated for 10min at 100°C 
and inspected in vis and UV-365nm. 
The cucurbitacins are blue or red-violet (vis.) and fluoresce blue-pink, yellow and 
green in UV-365 nm. 

- Natural products-polyethylene glycol reagent (NP/PEG No. 28) 
The TLC plate is sprayed with freshly prepared solutiorl and inspected in UV-365 nm. 
The flavonoid glycosides and phenolcarboxylic acids (Aurantii pericarpium, Cynarae 
herba) show an orange, green or blue to blue-green fluorescence in UV-365 nm. 

3.4 Drug List 

Drugtplant source Bitter principles - Bitterness index (BI) 
Family/phar~nacopoeia Main compounds 

Terpenoid bitter principles 
Monoterpenes (C-10) 
- - 

Centaurii Herba 
Centaury 
Centaurium erythraea RAFN. 
(syn. C. minus MOBNCII) 
Gentianaceae 
DAB 10, OAB,  Helv VII, MD 

Centianae radix 
Gentian root 
Gentiana lutea L. 
Gen tianaceae 
DAB 10, OAB, Helv. VII, 
RP 88, MD,  China 

Menyanthidis folium 
Trifolii fibrini foliuln 
Buckbean leaf 
Menyanlhes trifoliata L. 
Menyanthaceae 
DAC 86, ~ A B ,  MD 

Euphrasiae herba 
Euphrasy herb 
Eupl~rasia species E. stricta 
E. rostl<oviana group 
Scrophulariaceae 

- -- 

Secoiridoid glycosides: Fig. 3 
swertiamarin (75%), gen~iopicroside 
(gentiopjcrin); swerosid, centapjcroside 
(traces) 
BI plant, 2000-4700 B1 flowers, 6000-12 000 
b Flavonoids, xanthones, triterperies 

2%-4% secoiridoid glycosides: 
gentiopicroside (-2.5%; B1 12 000) 
arnarogentin (0.025%-0.4%; BI 58 X lo6) 
Oligosaccharides: 
gentianose (2.5%-5%; BI 120tfresh root), 
gentiobiose (1%-8%; BI 50Oldry root) 
B1 of the drug, 10 000-30 000 
0.1% xanthons: gentisin, isogentisin 

>1Yo secoiridoid glycosides: 
foliamenthin, menthiafolin, 
7',8'-dihydrofolian~enthin, sweroside 
Verbenalin type: loganine 

BI folium; 4000-10 000 

Iridoid glycosides: 
aucubin, catalpol, euphroside, ixoroside 
b Lignan: dehydrodiconiferyl alcohol-4-B-~- 
gl ucoside 
b Plavonoids: quercetin and apigenin glucosides 

Fig. 3 

Fig. 4 

Fig. 5 



Druglplant source 
Familylpharmacopoeia 

Fig. 5 Galeopsidis herba 
Hemp nettle 
Galeopsis segetum NEK. 
Lamiaceae 

Fig.5 Plantaginis folium 
Ribwort leaf, Plantain 
l'lantago lanceolata L. 
Plantaginaceae 
~ A B ,  Helv. VII 

Fig. 5,6 Verbasci flos 
Mullein flowers 
Verbascum densiflorurn 
BERTOL. 
Scrophulariaceae 
DAC 86, OAB, Helv. VI1 

Fig. 5 Veronicae herba 
Male speedwell wort 
Veronica officinalis L. 
Scrophulariaceae 

Fig. 5;6 Rehmanniae radix 
Rehmannia glutinosa 
(GARTN) LIBOSCH. 
Scrophulariaceae 
Jap XI, Chitla 

Pig. 5B Mnrpagophyti radix 
Grapple plant roor 
Harpagophytum procumbens 
(BURCH) DC. and 
H. zeyheri DECNE. 
Pedaliaceae 

Fig. sB Scrophulariae herba 
Scrophulariae radix 
Figwort 
Scrophularia nodosa L. 
Scrophulariaceae 

Fig. 9 Oleae folium 
Olive leaf 
Olea europaea L. 
Oleaceae 
MD 

Bitter principles - Bitterness index (01) 
Main colnpounds 

Iridoid glycosides: 
harpagoside, 8-0-acetylharpagide, 
antirinoside 

Iridoid glycosides: 
aucubin (0.3%-2.5%) 
catalpol (0.396-1 . I%) 

Iridoid glycosides: 
aucubin, 6-P-xylosylaucubin, catalpol, 
caralpol-6-P-xyloside, methyl-, isocaralpol 
b Saponins: verbascosaponin (-0.04%). 
b 1.5%-4% flavonoids: (see 7.1.7, 
Fig. 1,2). 

0. I %- 1 % iridoid glycosides: 
catalpol, veronicoside (2-benzoylcatalpol), 
veryroside (6-protocarechuoylcatal pol) 
b Flavonoids: luteolin glycosides (0.7%) 
chlorogenic, caffeic acid; saponins 

Iridoid glycosides: 
aucubin, catalpol (0.3%-0,5%) 
rehmanniosides A-C, D (0.02%), 
ajugol (0.04%) 

0.5%-3% iridoid glycosides: 
harpagoside (bitter), isoharpagoside, 
harpagid (sweet), procumbid 
BI of the drug, (600) 2000-5000 

1%-2% iridoid glycosides 
Substitute for Harpagophyti radix, 
but lower amount (-50%) of harpagoside 

iridoid glycosides: 
oleuropein (oleuropeoside 6%-9%) 
6-oleuroyeylsaccharoside 
b Flavonoids: Luteolinglylcosides 
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Ilrugtplant source Bitter principles - Bitterness index (BI) 
Fan~ily/pharmacopoeia Main compounds 

Sesquiterpenes (C-15) 

Absinthii herba Sesquiterpene lactones: Fig. 7 
Wormwood -0.3% (leaves), -0.15% (flowers) 
Artemisia absinthiurn L. Absinthin (-0.2%) and anabsinthin 
Asteraceae Artabsin (0.1% in freshly harvested plants) 
DAB 10, OAB 90, MD BI of the drug, 10 000-25 000 
BHP 83 BI of absinrhin, about 12 700 000 

b ess. oil 1.5% e.g. thujon 

Cardui benedicti herba Sesquiterpene lactons (-0.25%), 
Cnici herba (germacran type): 
Blessed th.istle cnicin, salonitenolid and arternisiifolin 
Cnicus benedictus L. B1 of the drug, 800-1800 
Asteraceae b Essential oil (0.03%-0.1%) citral, citronellal 
DAC 86, OAB 90, MD cinnainic acid, acetylene derivatives 

Cynarae herba 
Artichoke 
Cynara scolymus L. 
Asteraceae 
MD (leaves) 

Sesquiterpene lactones (0.5%-6%) 
Cynaropicrin (40%-80%; 81 40 X lo4) 
and/or grosheimin 
k Caffeic acid derivatives: chlorogenic, 
and 1,3-dicaffeoyl quiilic acid (cynarin). 
k Flavonoids (0.1%-1%): scolymoside, 
cynaroside, luteolinglycosides 

Fig. 8 

Fig. 13 

~ i t e i ~ e n e s  (C-20) 

Marrubii herba Bitter principle: 0.3%-I% (labdan type) Fig. 9 
White horehound marrubiin (0.1%- 1%); marrubiol, 
Marrubium vulgare L. marrubenol, vulgar01 
Lamiaceae yrernarrubiin (0.13%) 
OAB 90, BHP 83 

Triterpenes (C-30) 

Quassiae lignum Secotriterpenes (simarubalides) -0.25%: Fig. 10 
Quassia wood quassin, neoquassio and 18-hydroxy-quassin 
Quassia amara L. "SURINAM" (0.1%-0.15%). 
Picrasma excelsa PLANCH. BI of the drug, 40 000-50 000 
Si~narubaceae BI of quassinlneoquassin, 17 x loG 
M D  

Cucurbitacins (C-30) 

Bryoniae radix Tetracycjic triterpenes Fig. 11,12 
Rryony root cucurbitacin glucosides I,L,E and dihydro- 
Ilryonia alba L. and B, cretica cucurbitacins E,B and aglycones 
ssp, dioica PLANCH. Rryonia alba and B. dioica: qualitatively 
Cucurbitaceae, MD similar contents of cucurbitacins 



Drugtplant sourc 
Familylpharmacc 

Bitter principles - Bitterness index (BT' 
Main compounds 

Colocynthidis fructus Tetracyclic triterpenes 
Citrullus colocynthis (L.) Cucurbitacin glucosides E,I,L 
SCHLIAD, Cucurbitaceae 

Gratiolae herba Tetracyclic trirerpenes 
Gratiola officinalis L. Cucurbitacin glucosides E,I,L and aglycones 
Scrophulariaceae 

Iberidis semen 
Bitter Candy 
Iberis amara L. 
Rrassicaceae 

Tetracyclic triterperles (0.2%-0.4%) 
Cucurbitacin gjucosides E,I, and aglycones 
Cucurbitacin K,J (traces) 

Ecballii fructus Tetracyclic triteryenes 
Ecballium elaterium (L.) Cucurbitacin glucosides E,U,I,L and aglycones 
ATRICH. Cucurbitaceae 

Tayuyae radix Tetracyclic triterpenes 
Cayaponia tayuya LOGN. Cucurbitacin glucoside B and aglycones 
Cucurbitaceae 

Drugs containing non-terpenoid bitter principles 

Fig. 1 Aurantii pericarpium 
Seville orange peel 
Citrus aurantium L. ssp. 
aurantiu~n 
Rutaceae 
D A B  10, Ma, 
Japan, China 

Fig. 14 Humuli lupuli strobulus 
Hops 
Humulus lupulus E. 
Moraceae (Cannabaceae) 
DAB 10, BHP 83 

Pregnane type (steroids) 

Flavanone glycosides: neohesperidin, naringin 
(see Fig. 23, Chap. 7 Flavonoid Drugs) 
Triterpene: limonin (mainly in seeds, BI 109, 
BI of the flavanone glycosides, about 500000 
BI of the drug, 600-1500 
+ (see Pig. 1711 8, Chap. G Actherolea) 

AcyI phloroglucides: 
hu~nulone ("a-acids, 3%-12%) 
Lupulone ("p-acids, 3%-5%) 
unstable compounds, I~op  bitter acids 

Fig. 1 Condurango cortex 1%-2% digitanol glycosides: 
Condurango bark complex mixture of C-2 I -steroidglycosides 
Marsdenia cundurango Condurangine A, A,, R, C, C,, D, E 
RE1CHB.f. A: -20-carbonyl, linked to pentasaccharide 
Asclepidiaceae B: -2-hydroxyl 
DAC 86, OAB 90, Helv. VII, A,  A , ,  C, C, are diesters with acetic acid and 
MD, Japan cinnamic acid 

BI of the drug, about 15 000 
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3.5 Formulae 

HO 

OH 

Swertiamarin R = OH Amarogentin R = H 
Gentiopicroside Sweroside R = H Amaroswerin R = OH 

Menthiafolin Dihydrofoliamenthin 

COOCH, 

Ho*o 

0-Gluc 

Loganine Harpagoside: 
R = trans-cinnamoyl 

Harpagid: R = H 

HO. OH 

9 0  

0-Gluc 

Procumbid 



COOCH, HO H 

HO \ OH ~ ~ r # - ~  H,C / 0-Gluc HO a. 0-Glut 

Oleuropein Aucu bin 

Rehmannioside 
A: R, = OH; R, = 0-Mel 
B: R, = 0-Gal;  R, .=a 0-Glu 

RO 

Qo 
HO-' 0-Gluc 

Catalpol R - H 

Veronlcoslde R - 

Rehmannioside D 
R = 0 -Soph  

Absinthin R = CH, Anabsinthin R = CH, 

H3C OH 

'CH, 

0 0 

Artabsin 
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Cynaropicrin 

Cnicin 

H H H  

Cucurbitacin 

6:  R = Ac 
D : R = H  

Cynarin 

Marrubiin 

Cucurbitacin 
I: R = H  
E: R - Ac 



Quassln Neoquassln 

Condurangenine A R ,  = H 

0 

Condurangenine C 

Humulone Lupulone 
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Neohesperidose 

Naringin R = R , = H  
Neohesperidin R = CH3; R, = OH 

Lirnonin 



3.6 TLC Synopsis of Bitter Drugs 

Drug sample 1 Aurantii pericarpium 4 Centaurii herba 
2 Harpagophyti radix 5 Condurango cortex 
3 Gentianae radix 6 Menyanthidis folium 
(methanolic extracts, 25 ~11) 

Reference T neohesyeridin 

Solvent system Fig. 1 ethyl acetate-methanol-water (77:15:8) + system I 
Fig. 2 ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) system 11 

Dctection Fig. I Vanillin sulphuric acid reagent (VS No. 42) + vis 
Fig. 2 Anisaldehyde sulphuric acid reagent (AS No. 3) + vis 

Pig. I Ai~rant i i  pericarpium (1): two characteristic red-orange zones of flavonoid glycosides -t 
naringinlneohesyeridin (bitter), rutinleriocitrin (non-bitter) at R, 0.4-0.5. 
b see Fig. 23, 7.1.8 Flavonoid Drugs. 

Harpagophyti radix (2): two prominent violet-red zones of iridoid glycosides -, 
harpagoside (bitter1 R, - 0.5) isoharpagoside, harpagid (sweet!) and procumbid 
R, - 0.2). 
F see Fig. 5, 3.7 Bitter Drugs, comparison with Scrophulariae herba and radix. 

Gentianae radix (3): a major red-brown and a niinor zone of secoiridoid glycosides + 
gentiopicroside ( R ,  - 0.45) and swertiarnarine directly below. 

see Fig. 3, 3.7 Bitter Drugs (detection of amarogentin). 

Centaurii herba (4): a yellow-brown prominent zone of swertiamarin at  Rf - 0.4 as well 
as gentiopicroside directly above. Two yellow zones at  R, 0.25-0.3 are due to flavonoid 
glycosides. 
b see Fig. 3, 3.7 Bitter Drugs. 

Condurallgo cortex (5): a dark blue-black band of condurangins in the Ri range 0.4-0.55 
(a complex mixture, see drug list) and eight dark blue-violet zones between R, - 0.6 up  
to the solvent front. 

Menyanthidis folium (6): three bright blue zones of the secoiridoid glycosides 
foliamenthin, menthafolin, dihydrofoliamenthin in the R, range 0.6-0.8; additional 
yellow-brown Oavonoid glycosides in the R, range 0.2-0.5. 
b see Fig. 4, 3.7 Bitter Drugs (loganine). 

Note: Dark brown-black zones in the R, range 0.05-0.2 are due to free sugars. 

Fig. 2 Generally sligfitly lower R, values and minor variations in colours of the main bitter 
principle compounds in comparison to those of Fig. I are recorded. 
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START 

Fig. 1 

Fig. 2 



3.7 Chromatograms 

Gentianae radix, Centaurii herba, Menyanthidis folium 

Drug sarilple 1 Gentianae radix (methanolic extracts, 20 p1) 
2 Centaurii herba 
3 Menyanthidis folium 

Reference TI amarogentin T3 loganine 
co~npound T2 genliopricroside T4,T5 bitter principle fractions (foliamenthin, menthafolin) 

Solvent system Fig. 3,4 ethyl acetate-methanol-water (77:15:8) 

Detection A UV-245 n m  (without chemical treatment) 
B vanillin sulphuric acid (VS No. 42) + vis 
C Fast red salt reagent (FRS No. 17) -+ vis 

Fig. 3 The secoiridoid glycosides amarogentin (R,-  0.8/T1), gentiopicroside (R, - 0.45iextract 
A 1) and swertiamarin ( R ,  - 0.4lextract 2) give fluorescence-quenching zones in UV- 

254 nm. 
Besides gentioyicroside Gentianae radix (1) shows two prominent quenching xanthone 
zones with gentisinlisogentisin at the solvent front and the gentioside at R, - 0.3. 
In Centaurii herba (2) the swertiamarin zone dominates; there is a wealter zone of 
flavonol glycosides at  R, - 0.2. 

B After VS reagent Gentianae radix (1) generates the gentiopicroside as a brown-violet 
zone at R(0.45 (T2), amarogentin as a weak brown-violet zone at R,0.8 (TI), nonspecific 
blue, violet or brown-green zones in the R, range 0.25-0.95 and the gentiobiosidel 
gentianoside as major green-brown zone at R, 0.1-0.2. 
Centaurii herba (2) contains swertiamarin as main bitter principle, found as a pro- 
nounced brown-blue zone at R, - 0.4 directly below the weak concentrated zone of 
gentiopicroside (T2). Flavonoid glycosides form yellow bands i n  the R, range 0.2-0.35. 

c Specific treatment with FRS reagent reveals amarogentin (TI) and xanthones as yellow- 
orange coloured zones (vis) in extract 1. 

Fig. 4 A Menyanthidis folium (3) shows in UV-254 nm five weak fluorescence-quenching zones 
of secoiridoide glycasides (R, 0.4/0.55/0.70), flavonol glycosides ( R ,  - 0.1) and aglyco~~es 
(front). 

R Treatment with the VS reagents generates two prominent blue and two minor blue zones 
in the R, range 0.55-0.8. They represent foliamenthin, menthafolin and dihydro- 
foliamenthin (T4,T5). The iridoid loganine (T3) migrates as a violet-blue zone to R, - 
0.45. Brown zones directly below are due to compounds such as sweroside (R, - 0.35). 
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Fig. 3 



Drug sample 

Reference 
compound 

Solvent system 

Fig. 5 A 

Fig. G 

A 

B 

TLC Synopsis, Drugs with lridoid Glycosides 

Drugs with bitter and non bitter iridoid glycosides 
(methanolic extracts, 40 ~i1; n-BuOH extract, 30 ~1.11) 

1 Verbasci flos 4 Euphrasiae herba 
l a  Verb. Aos (BuOH) 5 Galeopsidis herba 
2 Veronicae herba 6 Rehmanniae radix 
3 Plantaginis lanc. 6a Rehmanniae radix 

herba (BuOH) 

TI catalpol T3 glucose 
T2 aucubin T4 rnelittoside 

Fig. 5A chloroform-methanol-water (60:4,0:4) + system 1 
Fig. 5B ethyl acetate-methanol-water (77:15:8) + system 2 
Fig. 6A-C chloroCorm-methanol-water (60:40:4) + system 1 

7 Harpagophti radix 
8 Scrophulariae I~erba 
9 Scrophulariae radix 

A-C Anisaldehyde sulphuric acid reagent (AS No. 3) 
A,B -+ vis C -t U V  365 nm 

System 1:  Most of the drug extracts are characterized by iridoid glycoside compounds 
which migrate into the R, range 0.45-0.75. 
The extracts 1-6 contain catalpol (TI), their derivatives, e.g. veronicoside, a 2-benzoyl- 
catalpol, aucubin (T2) and/or derivatives (e.g. aucubin-xyloside) in varying concentra- 
tions. They all react with AS reagent as grey, blue or violet zones (vis). 
Galeopsidis herba (5) shows harpagoside at R, - 0.6 and harpagoside derivatives jn the 
lower R, range 0.3-0.45. 
The low concentration of iridoid glycosides of Verbasci flos (1) and Rehmanniae radix 
(5) are better detectable after enrichment by n-butanol extraction, as demonstrated in 
Fig. 6A-C. 

System 2: The bitter principles of the harpagoside type are better separated in system 2. 
Harpagophyti radix (7), Scrophulariae herba (8) and S. radix (9) are characterized by 
the prominent violet zone of harpagoside (R, - 0.5) and two to three additional violet 
zones in the R, range 0.25-0.45 (e.g. harpagid, procumbid). 

Note: catalpol (Tl) would migrate to R, - 0.25. 

System 1: The detection of the iridoid glycosides (e.g. aucubin) in Verbasci flos ( la)  and 
Rehmanniae radix (6a) is achieved by n-butanol extraction (enrichment see 3.1) 

Verbasci flos ( l a )  shows aucubin and catalpol (T2lT1) as grey zones at R,0.4-0.5 as well 
as prominent blue-grey zone at R, - 0.4 (e.g. verbascosaponine). 

Rehmanniaeradix (6a) is characterized by three grey, almost equally concentrated zones 
in the R, range 0.25-0.4, due to glucose, melittoside and aucubin (T2-T4) and a weak 
grey zone of rehrnanniosides at R,. - 0.6. 

C Detection in UV-365nm shows aucubin and catalpol with brown and greenish 
fluorescence (TI-T2). The rehmanniosides appear as a light-brown band at R, - 0.6. 
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Fig. 5 

-S 

Fig. 6 



Absinthii herba 

Drug sample 1 Absinrhii herba (methanolic extract, 30 1~1) 
2 Absinthii herba (essential oil, 1:9, 5 pl) 

Reference TI absinthin T2 artabsin T3 thujone 
compound 

Solvent system Fig. 7 A,B dichloromethane-acetone (85:15) + system 1 
C toluene-ethyl acetate (937) + system 2 

Detection A 50% H,SO, (No.37) + UV-365 nm 
B Vanillin sulphuric acid (VS No.42) -3 vis 
C Phosphate molybdic acid (PMS No.34) + vis 

Fig. 7 A  Absinthii herba (I). The NZSO., reagent reveals a band of at least ten white-blue 
fluorescent zones from the start up to the solvent front. The sesquiterpene lactone 
absinthin (Tl,  R, - 0.3) and its isomer anabsinthin directly below fluoresce white-yellow 
in UV-365 nm. Artabsin (T2), which migrates up to R, - 0.6, is highly concentrated in 
freshly harvested plants only. 

B VS reagent turns the zones of absinthintanabsinthin grey-violet and artabsin grey-blue 
(vis). 

c Absinthii aetheroleurn (2). After treatment with PMS reagent the essential oil shows in 
system 2 seven to eight blue terpene zones in the R, range 0.15 up to the solvent front. A 
niajor zone of thujyl alcohols (thujol) is Followed by the violet-blue thujone zone at R, - 
0.4.5 (T3) and tllujyl esters and terpenehydrocarbons at the solvent front. 

' Cnici herba 

Drug sarnple 1 Cnici berba (methanolic extract, 30 PI) 
2 Cnici herba (essential oil, 1:9,5 yl) 

Reference T1 cnicin T2 absinthin 
compound T3 essential oil mixture: linalool (R,  - 0.25) b carvon b thymol b linalyl acetate b 

anethole (R, - 0.85) 

Solvent system Fig. 8 A,B acetone-chloroform (30:40) + system I 
C toluene-ethyl acetate (937) + system 2 

Detection A,B Liebermann Burchard reagent (LB No. 25); A + UV-365 nm B + vis 
C Vanillin sulphuric acid (VS No. 42) + vis 

Fig. 8A,B Cnici herba (1). Detection with LB reagent reveals 14 light blue, red and green 
fluorescent zones (UV-365 nm) and weak grey, blue and violet zones (vis.) between the 
start and solvent front. 
The bitter principle cnicin at R, - 0.4 (TI) is seen as a light yellow-green zone in UV- 
365 nm and as light grey-blue zone in vis. The volatile oil components give a pominent 
blue zone at the solvent front (vis.). They are separated in  system 2 (+C). 

C Cnici aetheroleum (2). The terpenes show with VS reagent seven to nine blue to red- 
violet zones: four in the R, range of terpene alcohols (R, 0.15-0.25, linalool/T3), citxal, 
cinnamic acid (I?, 0.4-0.5), citronellal (R ,  - 0.6) and terpene hydrocarbons (front). 
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Fig. 7 



Oleae folium, Marrubii herba 

Drug sample 1,2 Oleae folium (methanolic extracts, 30 p1) 
3 Marrubii herba (methanolic extracts, 30 yl) 

Reference T 1 oleuropein 
compound T2 marrubiin 

Solvent systenl Fig. 9 A ethyl acetate-dioxane-water (30:10:0.3) 
B chloroform-methanol (95:s) 
C ethyl acetate-glacial acetic acid-formic acid-wate (100:11:11:26) 

Dereclion A 10% FeCl, solution + vis 
B Vanillin sulphuric acid (VS No. 42) + vis 
C Natural products-polyethylene glycol reagent (NPIPEG No. 28) -+ UV-365 nm 

Fig.9A Oleae folium (1,2) is characterized by oleuropein (TI), more concentrated in fresh 
material (1) than in stored, dried material (2). After treatment with FeCl, reagent the 
extract forms a strong grey-brown band at R, 0.25-0.3 (vis). 

B Marrubii herba (3) shows with VS reagent eight violet zones (e.g. diterpenes) with the 
pronounced zones of marrubiin (T2) at R, 0.9 and yremarrubiin at R, - 0.5. 

C Separation of Marrubii herba extract (3) in solvent Cand detection with NPIPEC reagent 
reveals six blue fluorescent zones (e.g, caffeic acid derivatives) between R, 0.15 and 
R,  - 0.8 and two weak green-yellow flavonoid glycosides at R, 0.5-0.65. 

' Quassiae lignum 

Drug sample 1 Quassiae lignum (methanolic extract, 40 ~r l )  

Reference Tl quassin 
compound 

Solvent systcm Fig. 10 chloroform-methanol (955) 

Detection A UV-254nm (without chemical treatment) 
B UV-365 nm (without chemical treatment) 
C Vanillin sulphuric acid reagent (VS No. 42) + vis 

Fig. IOA Quassiae lignum (1) extract shows the bitter-tasting quassin (TI) as a prominent 
quenching zone at R, - 0.65 in  UV-254 nm. 

B In UV-365 nm tell to I2 blue and violet fluorescent zones from the start up to R, - 0.85 
are detectable in UV-365 nm. Quassin does not fluoresce. 

C. Treatment with VS reagent needs a t  least 15 min at llO°C to form the violet-coloured 
zone of quassin at R, - 0.65 (vis.), which is accompanied by a blue zone directly above. 
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Fig. 9 

Fig. 10 



TLC Synopsis, Drugs with Cucurbitacins 

Drug sample 1 Colocyntlzidis fructus (CHCl, extract) 5 Tayuyae radix (CHCI, extract) 
2 Gratiolae herba (CHCI, extract) 6 Rryoniae radix (CHCI, extract) 
3 Iberidis semen (CHCI, extract) 7 Rryoniae radix (EtOH extract) 
4 Ecballii fructus (CHCI, extract) 8 Bryoniae radix (water extract) 
(extracts, 20-30 p1) 

Reference T cucurbitacin 3-glucoside (R, - 0.22) b cucurbitacin B (R, - 0.9) 

Solvent system Figs. 11, 12 chloroform-methanol (95:lO) 

Adsorbent Silica gel HPTLC plates (Merck, Germany) -+ 10 c n ~  

Detection Vanillin phosphoric acid reagent (VP No. 41) 
A UV-365nm B vis 

Fig. 11 Cucurbitacin drugs 
The CWCI., extracts 1-6 show with VS reagent characteristic bright yeIlow to yellow- 
green and red fluorescent cucurbitacins in UV-365 nm. The glycosides migrate prefer- 
ably into the R, range 0.1-0.4, the aglycones into the R, range 0.5-0.9. 
Depending on the extraction solvents, either the glucosides or the aglycones are domi- 
nant in the extracts, as shown with Bryoniae radix (6-8). 
Glucosides derived from 23,24-dihydrocucurbitacin show yellow to yellow-green 
fluorescence; those derived from 23-cucurbitacins give red-orange zones. They very 
often appear as pairs with dominant yellow fluorescence. The most common glucosides 
and aglycones are the cucurbltacins E,I,L and B. They are present in varying concentra- 
tions in the extacts 1-8: 

Cucurbitacin glucosides Cucurbitacin aglycones 

The total cor~tents ofcucurbitacins are generally lower in the extracts 1-4 than in Tayuae 
(5) and Bryoniae radix extracts (6-8). 
Tayuae radix (5) shows predominantly yellow and red-orange fluorescent cucurbitacin 
zones above R, 0.45 with additional blue fluorescent zones of flavonoids in the R, range 
0.05-0.25. 
Bryoniae radix (6-8) The chloroform extract 6 contains the cucurbitacin aglycones 
and glucosides I,E,L in almost equal concentration. While glucosides dominate in 
the ethanolic extract 7, the water extract 8 contains more aglycones due to preceeded 
enzymatic degradation. 

Note: Sterines aIso fluoresce red'in UV-365 nrn with V P  reagent. 

Fig. 12 All cucurbitacins are seen with V P  reagent as weak yellow-brown and blue violet zones 
(vis.). 
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1 2 3 4 T 5 6 7 8 Fig. I I 



Cynarae herba 

Drug sample 1-11 Cynarar herba (freshly pepured or stored methanolic extracts, 2 0 ~ 1 )  

Reference TI cynaropicrin 'r2 7'1 and degradation products 
compound T3 luteolin-7-0-glucoside T4 cyoarin 

T5 clrlnrogenic acid (A, - 0.45) b isoclllorogenic acid (R, - 0.8) b caffeic acid (R, - 0.9) 

Solve,,t system Fig. 13 A clilorofort~l-aceto~~e (60:20) -+ for birtrr principle 
B etllyl acelate-formic acid-glacial acetic acid-water (100:11:11:26) acids 

Detection A Anisaldehyde sulpliuric acid reagent (AS No. 3) + vis 
B Natural products-polyethylene glycol rcogent (NPIPEG Nn. 28) -+ UV-365 nm. 

Fig. 13 Freshly prepared and stored alcol~olic extracts of Cynatae berba (1-4) can show varying 
TLC pattern of bitter casting co~llpoullds and caffeoyl quinic acids. 

A Cynarae herba - bitter principles. A freshly prepared metl~anolicextract ( 1  ) is character- 
i ~ e d  by the major violet zone of cyrraroyicrin (R, - 0.31T1). Degradation products are 
formetl in alcol~olic solutions or during storage process as secn in extract (2) and 
reference cotnyou~id T2. 

n Cynarae herba - ylienol iarboxylic acids and flavonoid glycosides. The freshly prepared 
n\ethanolic exlract 3 shows wit11 NP/PEG reagelit in UV-365nm a band of 1h.w 
flriorescent caffeoyl quinicacids such as chlorogenic acid (R , -  0.45). cy~iarin (R, - 0.651 
T4), isochlorogenic and caffeic acid ( X ,  0.8-O.YIT5) overlapped by rhe yellow fluorescent 
flavonoid luteolin-7-0-glucoside at 11, - 0.6 (T3). 
Exlrncl 4 sl~ows less cynarin, due to isomerisation during extraclion a n d  in solutio~l. 

Humuli lupuli strobulus 

Drug si~ulple I i-lurnuli lupi~li strobulus (cther extract) 
2 Humuli lupulj strobultis (MeOl-I extract) 

Referella T1 I\rpulon (Ri .- 0.25) T2 humulon ( R ,  - 0.5) 
cornpound T3 rut in (R, - 0.4) t chlorogenic acid (R, - 0.5) b liyperoside (R, 0.6) 

Solvcnc system Fig. 14 A-C n-heplan-isopropa~~ol-formic acid (90:15:0.5) 
D ethyl acetate-glncisl acetic acid-for~i~ic acid-water (100:l I:] 1:26) 

Detcclion A UV-365 nm (without chemicnl treain~ent) 
B UV-254 nm (without cheniical keatmenr) 
C Fast blue salt (FDS No. 15) 4 vis 
D Natural products-polyethylene glycol reagent (NPIl'EG No. 28) + UV-365 nm 

pip, I ~ A - C  Humuli lupuli strobulus. Fresh lrop extract 1 shows (he pliloroglucine deriv~tives 
luyulon (TI, R, - 0.25) and hilii~ulon (TZ, R, - 0.5) with light-blue fluoresce~~cc il l  UV- 
365 nm (A), as s t r o ~ ~ g  qoencliing zones in UV-254 n m  ( B )  nnd as red or orange zones 
after FBS reagent (C). Both compounds are unstable and traosfor~ned to "bittcr acids", 
then found nl  lower R, vall~es also as blue Auorescel~t, quenching and red-orange zones 
(+.*1-1 rr2). 

D 'I'lle metl~anolic extract (2) nlainly contains the ora~igc fluorescent rutin, hypcrosidc and 
the hluc chlorogenic acid according to the test rnixture 'I3 and an additional yellaw- 
61.een Hilvonol monaglycosidc at R, 0.7 (NPIPEG reagent UV-365 nm). 



 



4 Cardiac Glycoside Drugs 

These drugs contain steroid glycosides which specifically affect the dynamics and 
rhythm of the insufficient heart muscle. 
The steroids are structurally derived from the tetracyclic lO,l3-di1netl1yl- 
cyclopentanoperl~ydrophenaiithrene ring system. They possess a y-lactone ring 
(cardenolides) or a 6-lactone ring (buladienolides) artached in the b-position at 
C-17. The typical sugar residues are derived from deoxy and/or C-3-0-methybated 
sugars, and they are linked glycosidically via the C-3-OK group of the steroid 
slteleton. 

4.1 Preparation of Extracts 

A total of 2 g  ( > I %  total cardenolides) or l o g  (<O.lD/o total cardenolides) of powdered General method, 
drug are extracted by heating for 15 min under reflux with 30 ml 50% ethanol, with the cardenolide 
addition of 10 rnl 10% lead-(11)-acetate solution. After cooling and filtration, the solution ex(.racl 
is extracted by shaking with three 15-1111 quantities of dicl~lorometl~ane/isopropanol 
(3:2); shaking must be gentle to avoid emulsion formation. 
The combined lower phases are filtered over anl~ydrous sodium sulphate and evaporated 
to dryness. The residue is dissolved in 1 ml dicliloromethane/isopropa~1ol(3:2) and used 
for chromatography. 
b All cardiac glycoside drugs can be extracted by this method. 

A simplified extraction procedure can be used for Hellebori radix, Xysrnalobii radix and Exceptiorl 
Strophanthi senlen. 
Strophanthi semen: Finely g rou l~d  seeds (2 g) are defatted by heating for 1 h under reflux 
with light petroleum. The defatted and dried seed powder (1 g) is extracted for 5 min with 
10 ml ethanol at about 60°C. The filtrate is used directly for cl~romatography. 
Hellebori radix, Xysmalobii radix: Powdered drug ( I  g) is extracted by heating under 
reflux with 10 ml ethanol for 30min on a water bath. The filerate is used directly for 
chromatography. 

4.2 Thin-Layer Chromatography 

Coinmercial reference compounds: Reference 
A total of 5 mg is dissolved it1 2 ml methanol at 60°C: digoxin, digitoxin, lanatosides solotiotrs 
A,B,C; k-stroyhanthin, g-strophanthin, uzarin, hellebrin, proscillaridin. 
Convaliatoxin: 3 mg is dissolved in 1 ml 80% ethanol on a water bath. 



Gitoxin: IOmg is dissolved in 3 ml methanol with the addition of 0.01 ml pyridine 
at 60°C. 

Standard compounds from proprietary pharmaceuticals: 
Digitalis glycosides: Ten tablets or dragees (average 0.1-0.25 mg per tablet or drag&) 
are powdered in a mortar and then extracted by heating in a flask at  60°C for 5 mi11 
with 5-15 ml (depending on the weight of powder) dichloromethanelethanol (I:].). 
The clear filtrate is evaporated to about 2ml  and 20pl of this solution is used for 
chromatography. 
Strophanthus glycosides: Ten tablets are powdered and extracted with 10 n11 n~erha- 
no1 for 5 min on the water bath; 20 pl of each filrrate is used for chromatography. 
Scilla glycosides: Twenty dragees are powdered and extracted with 10 ml rnetl~anol for 
S min at about 60°C; 20 yl of each clear filtrate is used for chromatography. 
Uzara glycosides: Five dragCes of Uzara (total glycosides of Xysmalobii radix) are 
finely powdered and extracted with 10 ml methanol for 51nin at 60°C; 201~1 of the clear 
filtrate is used for chromatography. Uzara tincture can be used directly for TLC 
comparison. 

Adsorbent Silica gel 60 F,,,-precoated plates (Merck, Germany) 

Sample 30-50 ti1 drug extracts, depending on the total cardiac glycoside concentration. 
concentration 5 11.1 reference compound solutions. 

20 1~1 reference solutions prepared from pharmaceuticals. 

Chromatography Ethyl acetate-methanol-water (100:13.5:10) P (81: 1.1:8) 
solvents + a generally applicable solvent system for cardiac glycosides 

Ethyl acetate-methanol-ethanol-water (81 : 11 :4: 8). 
+ the addition of ethanol increases the Rr values of strongly polar compounds, e.g. 

lc-srropl~antoside 
Chloroform-methanol-water (35:25: 10) - lower phase. 
+ for Hellebosi radix 

4.3 Detection 

Without chemical treatment 
UV-254 nm very weak fluorescence quenching of all cardiac glycosides 
UV-365 nm no fluorescence at all 

Spray reagents (see Appendix A )  

Specific detection of the y-lactone ring of cardenolides: 
- Kedde reagent (Kedde No. 23) 

Immediately on spraying, cardenolides generate a pink or blue-violet (vis) colour. 
The colour fades after a few minutes, but can be regained by repeated spraying. 
Bufadieilolides do not react. 
Remarks: Keagents such as Legal (alkaline sodium nitroprusside solution), Raljet 
(alkaline picric acid solution) or Raymond reagent (alkaline m-dinitrobenzene 
solution) also give red, red-orange or violet (vis) carde~lolide-specific colours. 
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General detection methods for cardenolides and bufadienolides 

- Antimony-(111)-chloride reagent (SbCl, No. 4) 
A TLC plate (20 X 20 cm) has to be sprayed with a minimum of I0 rnl SbC1, reagent 
and heated at 100°C for about 8-10 rnin; evaluation is done in vis and UV-365 nm 
(see Table 1). Cl~anges are observed in the fluorescence response if the sprayed 
plate is allowed to stand for a longer time. In visible light, the zones appear mainly 
grey, violet Or brown. 

- Chloramine-trichloroacetic acid reagent (CTA No. 9) 
Blue, blue-green, or yellow-green fluorescent zones are observed i n  UV-365 nm, 
similar to those obraiiied with SbCl, reagent. Only weak, nonspecific colours are 
seen in visible lighr. 

- Sulyhuric acid reagent (concentrated H,SO, No. 37) 
The TLC plate is sprayed with about 5ml  reagent and then heated for 
1-3min a t  80°C under observation. Blue, brown, green and yellowish fluores- 
cent zones are seen in UV-365nm; the same zones appear brown or  blue in 
daylight. 

- Anisaldehyde sulpl-ruric acid reagent (AS No. 3) 
Bufadienolides in extracts of Hellebori radix, e.g. hellebrin, show a prominent blue 
colour (vis). 

Table I. Fluorescence of Cardiac Glycosides 

Cardiac glycoside 

K- and g-strophanthidine derivatives 

Fluorescence in UV-365 nm 
SbCI, reagent 8 min/lOO0C 

K-strophantoside, k-stroyhanthidin-P, cymarin, orange, pale brown or yellow- 
l.relveticoside, erysirnoside, g-strophanthin, green 
convallatoxin 

Digitalis glycosides 

Digitoxin, acetyl digitoxin 
purpurea glycoside A, lanatoside A 
gitoxin, digoxin 
pilrpurea glycoside B, lanatoside B/C 

Oleander glycosides 

dark blue or dark brown 

tight blue 

oleatldrin, adynerin 

Bufadienolides 

lighr blue 

Proscillaridin, scillaren A, glucoscillaren 
scilliraside, glucoscilliroside 
hellebrin, helleborogenone 

yellow-brown 
pale green 
yellow 



4.4 Drug List 

Fig. 5 

Fig. 6 

Fig. 7 

Drug/plant source 
Family/pharmacopoela 

Digitalis lanatae folium 
White foxglove leaves 
Digiralis lar~ata EHKH. 
Scrophulariaceae 
DAB 10, OAB 90, MD 

Digitalis purpureae folium 
Red foxglove leaves 
Digitalis purpurea L. 
Scrophulariaceae 
DAB 10, UAB, Helv VII, 
BP 88, US? XX, Japan, 
MD 

Oleandri folium 
Olearlder leaves 
Nerium oleander L. 
Apocynaceae 
DAB 10 

Xysmalobii radix 
Uzara root 
Xysmalobium undulatum 
(L.) R. BROWN 
Asclepidiaceae 

Strophanthi grati semen 
Strophanthus seeds 
Strophanthus gratus (WALL 
er NOOK) BALL. 
Ayocynaceae 
DAC 86, MD 

hain constituents 
')for minor constituents see 4.5 Formulae and Tables 

0.5%-1.5% total cardenolides, -60 glycosides'' 
Lanatosides A and C (-50%) lanatosides B, D, 
E as well as digoxin and digitoxin 
DAB 10: Digitalis lanata powder 
standardized at 0.5% digoxin activity 

0.15%-0.4% total cardenolides, -30 glycosides'] 
Purpurea glycosides A and B (-60%), digitoxin 
(-12%), gitoxin (-10%) and gitaloxin (- 10%) 
DAB 10: Digitalis purpurea powder 
standardized at 1% digitoxin activity 

1%-2% total cardenolides, - I 5  glycosides') 
Oleandrigenin (16-acetylgitoxigenin): O-L- 
oleandroside (oleandrin), 0-glucoside, O-D- 
diginoside (nerigoside), 0-gentiobioside 
(genriobiosyl oleandrin). Adynerigenin-D-diginoside 
(adynerin) 
Digitoxigenin-D-digitaloside (odoroside H), 
-D-diginosjde (odoroside A). Oleagenin-D-diginoside 
(oleaside A), oleasides B-F 
b Flavonoids: e.g. rutin (0.5%) 

1%-2% total cardenolides 
Glycosides of uzarigenin and xysrnalogenin 
(5,6-dehydrodigitoxi~~); as main compounds 
the diglucosides uzarin and xysmalobin 
Uzarigenin differs from digitoxin by trans 
linkage of rings A and B 

4%-8% total cardenolides 
90% g-stroyhanthin (g-strophanthidin- 
rhamnoside), strogoside, small quantiries of 
sarmentosides A, D, E 
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Drug/p~ant source 
Family/pl~armacopoeia 

Strophanthi kombk semen 
Strophanthus seeds 
Strophanthus kombe 
OLIVER 
Apocynaceae 
MD 

Cheiranthi cheirii herba 
Wallflower, Violjer 
Cheiranthus cheiri L. 
Brassicaceae 

Erysuni herba (b)  
Grey wall-flower 
Erysimum species, e.g. 
E. crepidifoliu~n ROHB. 
E. diffusum EHRH. 
Brassicaceae (Cruciferae) 

, Adonidis herba 
Adonis 
Adonis vernalis L. 
Ranunculaceae 
DAB 10 
DAB 10: Adonis powder 
standardized at 0.2% 
cymarin activity 

Convallariae herba 
Lily of the valley 
Corivallaria majalis L. 
ConvaUariaceae 
DAB 10, o A B  90, MD 

DAB 10: standardized 
at 0.2% convallatoxin 
activity 

Main constituents 
').for minor constituents see 4.5 Pormuli bles 

5%-10% total cardenolides Fig. 7 
k-Strophanthidin-glycosides: 
cristalline glycoside mixture, "k-strophanthin": 
80% k-strophanthoside, k-strophanthin-p 
(10%-15%), eryshnoside (15%-25%) 
Millor glycosides: cymarin, cymarol, helveticosol, 
yeriplocymarin, helveticoside 

0.01 96-0.0 15% total cardenolides Fig. 8 
Cheirotoxh (k-strophanthidin-gulomethylosido- 
glucoside); desglucocheirotoxin, cheiroside A 
(uzarigenin-fucosido-glucoside) 

0.2%-1.8% total cardenoI.ides Fig. 8 
depending on species five to ten glycosides: 
erysimoside (glucohelveticoside) and/or 
helveticoside are always reported 
b A drug derived from various species with an  
enormous variation in cardenolide compounds 

0.25%-0.8% total cardenolides, -20 glycosides') Fig. 9,lO 
k-Strophanthidh~~glycosides: cymarin (0.02%), 
desglucocheirotoxin, k-strophanthin-IS, 
k-strophanthoside 
Adonitoxigenin glycosides: adonitoxin (0.07%) 
A-acetyl rhamnoside, A-glucoside, A-xyloside 
b Flavone-C-glycosides: adonivernith, vitexin 

0.2%-0.5% total cardenolides, -40 glycosides'~ Fig. 9,10 
k-Strophanthidin-glycosides: convallataxin, 
corlvallalloside (4-40%), derglucocheirotoxin 
k-StrophanthidoI-glyosides: convallatoxol, 
convallotoxoloside. Periplogenin and 
sar~nentogenin-glucosides 
Convallatoxin is the main glycoside in drugs of 
western and northern European origin 
(40%-45%). In middle European drugs, 
lokundjoside (bipindogenin-rhamnoside, 
1-2596) predominates 



Druglplant sc 
Famil ylpharr 

ource 
nacopoei 

Bufadienolides 

Main constituents 
'Ifor minor constit .uents see 4.5 Form ~ulae and 

Fig. 11,12 HeUebori radix 
Hellebore root 
Helleborus niger L. 
Helleborus viridis L. and 
other Helleborus ssp. 
Ranunculaceae 
MD 

Fig. 13,14 Scillae bulbus 
Squill 
Classified white or red 
Urginea maritima (L.) 
BAKER = Aggregate of six 
species (different polyploidy). 
b BP 88 (new name) Drimia 
maritima (L.) STEARN 
Drimia indica (ROD) 
Hyacinthaceae (Liliaceae) 

4.5 Formulae and Tables 

The bufadienolide pattern and their amount 
varies, depending on species and drug origin 
Hellebrin as main glycoside, e.g. in H. viridis 
and H. odorus (<0.5%); not always present 
(e.g. H. niger) 

0.1 %-2.4% total bufadienolides, - 15 glycosides 
White variety: average 0.2%-0.4% 
Proscillaridin, scillaren A, glucoscillaren 
(aglycone: scillwenin) 
Scilliphaeoside, sciUiglaucoside 
Red variety: <0.1% 
Scilliroside and glucoscilliroside (algycone: 
scillirosidin); proscillaridin and scillaren A 
as in the white variety 
DAB 10: squiil powder standardized at 0.2% 
proscillaridin activity 

Digitalis lanatae and Digitalis purpureae folium R1 R2 R, 

Cardenolide aglycones 0 Digitoxigenin H H H 
Gitoxigenin H OH H 
Digoxigenin H H OH 
Diginatigenin H OH OH 
Gitaloxigenin H 0-CHO H 
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Cardenolide R, R2 R, D. lanata D. purpurea 

Digitalinurn verum 
Glucogitoroside 
Glucodigifucoside 
Glucoverodoxine 
Glucolanadoxine 
Glucoevatromonoside 
Digitoxin 
Gitoxin 
Digoxin 
Gitaloxin 
Lanatoside A 
Lanatoside B 
tanatoside C ' 

Purpureaglycoside A 
Purpureaglycoside B 
Glucogitaloxin 

GI = Glucose 
Dtl = Digitalose 
Fuc = Fucose 
Dx = Digitoxose 
Acdx = Acetyldigitoxose 

Digitoxose 

B-D-Glucose Digitalose Fucose 



Nerium oleander 

Oleandrigenin R = OCOCH, 
Digitoxigenin R - H 
Gitoxigenin R - OH 

HO 

Oleagenin 

Adynerigenin 
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TabIe I 
Cardiac glycosides 
in Adonidis herba, Cheiranthii herba, 
Strophanthi konlbC semen, Erysimi herba 

OH H CHO Adonidis herba 
k-Strophanthidin (S) Cymarin (S-cymaroside) 

desglucocheirotoxin (S-gulomethyloside) 
k-Strophanthidin-lj, k-strophanthoside 

H OH CHO Adonitoxin (A-rharnnoside), A-2-0-acetyl-rharnnoside, 
Adonitoxigenin ( A )  A-3-0-acetylrhamnoside, and glucosides and xylosides. 

I1 OH CH,OH Adonitoxigenol (-rharnnoside). 

OH OH CHO Strophadogenin (-diginoside). 

OH H CHO Cheiranthi cheiri tlerba 

k-Strophanthidin (S) Cheirotoxin (S-gulomethylosyI-D-glucoside) 
desglucoclleiro toxin 

Strophanthi kornbi semen 

OH H CHO Cymarin (S-cymaroside), helveticoside (S-P-D-digitoxide) 
k-Stroyhanthidin (S) erysimoside (S-digitoxoside-glucoside), k-strophanthin-P, 

k-strophanthoside 

014 H CHO 

k-Strophanthidin 

Erysimum species 

Helveticoside, erysimoside (see Stroph. KombC semen) 



Table 2 
Cardenolides in Convallariae herba 

Aglycone R, R, R3 do ( I )  Strophanthidin CHO OM H 
(2) Strophanthidol CH,OH OH H 
(3) Periplogenin CH3 OH 1-1 
(4) Ripindogenin CH3 OH OH 
(5) Sarmentogenin CH, H OH 

OH 

HO 
R2 

Aglycones Glycosides Gluc-Rham Gulomethylose Allomerhylose 
+ Rhamnose 

(1) Convallotoxin Convalloside Desglucocheirotoxin Strophalloside 
4%-40% 4%-24% 3%-15% 1.2% 

(2) Convallatoxol 
10%-20% 

(3) Periplorhamnoside 
0.5%-3% 

(4) Lokundioside 
1 %-25% 

( 5 )  Rhodexin A 
2%-3% 

Desglucocheirotoxol Strophanolloside 
2%-5% 2 % 

Cardenolides in Xysmalobii radix 

Uzarigenin R = H 
Uzarh R = Gluc-Gluc 

Xysmalogenin R = H 
Xysrnalorin R = Gluc-Gluc 
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Bufadienolides 
Hellebori radix 

Hellebrin 

Scillae bulbus 

R , R2 

Scillarenin CI-I, H (Aglycon) 
Proscillaridin A CH, Rham 
Scilliphaeoside H Rham 
Scillaren A CH3 Gluc-Rham 
Glucoscillaren A (3% Gluc-Gluc-RI~arn 



4.6 TLC Synopsis of Cardiac Glycosides 

Reference 1 g-strophanthin 8 digoxin 
compound 2 "k-stropha~lthin" 9 gitoxin 

3 convallatoxin 10 digitoxin 
4 cymarin 1 I cytnarol 
5 lanatoside A 12 peruvoside 
6 lanatoside I3 13 oIeandrin 
7 lanatoside C (1-13, lo$) 

Solvent system Fig. 1,2 ethyl acetate-metl~anol-water (81:11:8) 

Detection Fig. 1 Kedde reagent (No. 23) + vis 
Fig. 2 Chlorarnine-trichloracetic acid reagent (CTA No. 9) + UV-365 nm 

Fig. I Icedde reagent (vis.) 
Immediately after spraying, the cardiac glycosides generate blue to red-violet, fairly 
stable colours (vis.) with the exception of peruvoside. 

Digitalis glycosides 
Their colours are indicative of the structural type: 

digoxin and lanatoside C + red-violet 
gi~oxin and lanatoside B -> blue-violet 
digitoxin and lanatoside A + blue 

Fig. 2 CTA reagent (UV-365 nm) 
All cardiac glycosides show light blue, blue-green or yellow-green fluorescent zones. 

a Stroplia~lthus, Convallaria and Thevetia glycosides + blue-green fluorescence 
cymarin, cymarol, convallatoxin, peruvoside, g- and k-strophanthin. 
"I<-strophanthin" is a glycoside mixture; for TLC analysis see Fig. 9, 4.7, Cardiac 
Glycoside Drugs. 

Digitalis and Oleander glycosides + intense light-blue fluorescence 
with the exception of digitoxin, which shows a yellow-green fluorescence. 

After CTA treatment, chrornatogran~s of some standard substances show additional 
zones in  UV-365 nm, due to degradation products and impurities. 

Note: Spraying with concentrated H,SO, results in UV-365 nm detection with similar 
fluorescent zones: 1 (yellow) 2, 3, 4, 11 (greenish blue) 5, 6, 7, 8, 9, 10, 12, 13 (blue) 
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Fig. 1 

Fig. 2 



4.7 Chromatograms 

Digitalis foliurn 

Drug sample 1,la Digitalis lanatae foliurn (trade samples) 
2,2a Digitalis purpureae folium (trade samples) 
(cardenolide extracts, 20-40 p1) 

Reference T1 lanatoside C (Tc) T4 gitoxin 
compound T2 digitoxin Ta lanatoside A 

T3 digoxin Tb lanatoside B 

Solvent system Figs. 3,4 ethyl acetate-methanol-water (81:11:8) 

Detection Fig. 3 A,B Kedde reagent (NO. 23) + vis 
Fig. 4 C,D SbCI, reagent (No. 4) ;r C vis D UV-365 nm 

Fig. 3 A  Digitalis lanatae folium (1) and D. purpureae folium (2) both show their major zones in 
the lower R, range 0.2-0.4 with seven violet-blue cardenolide zones in 1 and five in 
sample 2. 
Digitalis lanatae folium (1) is characterized by the lanatosides A-C at R, 0.3-0.4 wit11 
lanatoside A as the principal cardenolide, followed by smaller quantities of lanatoside B 
and C (TI) directly below. The cardenolide zone in the R, range 0.2 can be prominent 
(sample 1) or of low concentration (sample la). 
Digitalis purpureae folium (2) is characterized by the major zone of purpurea glycoside 
A with a slightly lower R, value than lanatoside C (TI). Purpurea glycoside I3 is found as 
a minor zone directly below purpurea glycoside A, followed by a cardenolide zone at  R, - 0.2. 

' Samples 1 and 2 contain digitoxin (T2) and either t-races of gitoxin (T4) or digoxin (T3) 
in the R, range 0.6-0.75. 

B In Digitalis extracts, generally lanatoside A or purpurea glycoside A are found as major 
cardenolides, and the lanatoside B/C and purpurea glycoside B in considerably lower 
concentration. Additional cardenolide zones which are detectable in the R, range 0.2- 
0.25 (e.g., glucogitaloxin) can be present in low concentration, as demonstrated with 
samples l a  and 2a. In this case, zones of more lipophilic cardenolides are seen in the 
upper R, range 0.5-0.8 (la,2a). This can be due to a fermentation process in the plant 
material during storage. The plant enzymes (digilanidase and purpidase) preferentially 
remove the terminal glucose residues. 

Fig. 4C In visible light a similar TLC fingerprint (compared with Kedde detection) of corre- 
sponding grey to violet-grey cardenolide zones is given. 

D In UV-365 nm, however, a spectrum of about 20 blue fluorescent zones from R,0.05-0.95 
is seen, with a specific dark-blue fluorescence of lanatoside A and purpurea glycoside A. 
Green (vis) or red (UV-365 nm) zones at Rf - 0.85 are due to chlorophyll, and yellow 
zones at the solvent front are due to flavonoids or anthraquinones (e.g. digilutein), which 
to some extent overlay the cardenolide genins. 



4 Cardiac Glvcoside Druns 113 

T 1 1 2 T 2 73 la Ta 2 a 
T b T3 T 2  ' Fig. 3 

T c 

-F 

R f  



Nerii (Oleandri) folium 

Drug sample 1 Nerii foliu~n (cardenolide extract, 20 pl) 
2 Nerii foliurn (Me011 extract I g/5 ml, 10 yl) 

Reference TI oleandrin T4 rutin (R, - 0.4) b chlorogenic acid 
compound T2 "oleander glycosides" (R, -0.5) b hyperoside (R, - 0.6) -+ 

T3 adynerin flavonoid test mixture 

Solvent system Fig. 5A,B ethyl acetate-methanol-water (81 : 11 : 8) 
C ethyl acetate-formic acid-glacial acetic acid-water (100: 11 : 11 :26) 

Detection A Kedde reagent (No. 23) + vis. 
B Chloramine-trichloroacetic acid reagent, (CTA No. 9) -+ UV-365 nrn 
C Natural products-polyethylene glycol reagenr (NP/PEG No. 28) + UV-365 nm 

Fig. 5A,B Nerii (oleandri) fofium (1). The cardenolides reveal in the R, range 0.1-0.9 a minimum 
of 13 Kedde positive red-violet zones (vis.) or up to 16 blue fluorescent zones after CTA 
reagent in UV-365 nm, with oleandrin (TlIR, - 0.85) and adynerin (T31R, - 0.75) as 
major cardenolides in the upper R, range. The cardenolide zones in the R, range 0.1-0.8 
are due to glycosides of oleandrigenine, digoxigenine and oleagenine, as shown in the 
following table: 

Oleandrigenin: Digitoxigenin: Oleagenin: 
nerigoside R, - 0.7 odoroside A K, - 0.8 oleaside A R,- - 0.75 
glucosy1oleandrin R, - 0.4, odoroside H R, - 0.55 oleaside E R, - 0.1 
glucosyliierjgoside R, - 0.35 
gentiobiosyloleandrin R, - 0.15 

. c A characteristically high amount of rutin, chlorogenic acid and traces of other flavonoid 
glycosides (R,. - 0.110.65) represent the flavonoid pltenolcarboxylic acid pattern of 
methanolic extract (2). 

Uzarae (Xysmalobii) radix 

Drug sarnplc 1 Xysmalobii radix 
2 Uzara extract (commercially available) (ethanolic extracts, 30 b~1) 

Refere~lce TI uzarin T3 uzarigenin T5 xysmalori~l 
compound T2 uzarigenin gJucoside T4 lanatoside B (A,C) 

T3 uzarigenin 

Solvent system Fig. 6 ethyl acetate-methanol-water (81:11:8) 

Detection A,B Chlorarnine I-richloroacetic acid reagent (CTA No. 9) --+ WV-365 nm 
C SbCI, reagent (No. 4) + vis. 

Fig. 6A)B Xysmalobii radix ( I )  and the pharmaceutical preparation 2 show with CTA reagent the 
major compounds uzarin (TI) and xysmalorin (T5) in one prominent blue to yellow- 
blue fluorescent zone at R, 0.1-0.15, followed by seven blue, lower-concentrated zones 
with uzarigenin ~nonoglucoside (T2) at R, - 0.35 and uzarigenin (T3) at R, -- 0.8. 

Treatment with SbCI, reagent reveals mainly the blue-violet (vis) zone of uzarin and 
C xysmalorin, with traces of the corresponding rnonoglucoside in the R, range of the 

lanatoside B test (T4,). 
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Strophanthi semen 

Drug sample 1 Strophanthi grati semen 2 Strophanthi ltombC semen (ethanolic extracts, 20@) 

Reference TI g-strophanthin T4 erysimoside T6 cynlariil 
compound T2 k-strophanthin T5 helveticoside T7 k-strophantoside 

T3 k-strophanthin-a 

Solvent system Fig. 7 ethyl acetate-methanol-water (81 : 1 1 :8) 

Detection A Kedde reagent (No. 23) + vis 
B SbCI, reagent (No. 4) -+ UV-365 nm 

Fig. 7A Strophanthi grati semen (1) is characterized by g-strophanthin (Tl) as the rnai.n corn- 
pound at R, - 0.1, with smaller amounts o'sarmentosides at R,. 0.25-0.4 and glycosides 
above and below g-strophanthin. Strophanthi kombC semen (2) contains the "I<- 
strophantin-glycoside mixture", which consists of k-strophanthoside (RI - O.O5/T7), k- 
stroyhanthin f3 (R, - 0.25/T3) and erysimoside (R, - 0.2IT4). They fo r~n  major bands, 
while helveticoside (R, - 0.551T5) and cylnarin (R, - 0.6JT6) are minor compounds. 

B All k-strophanthidin glycosides (T3-T7) fluoresce yellow-brown to white-green in UV. 

Erysimi herba, Cheiranthi herba 

Drug sample 1 Erysimi herba (cardenolide extract, 40 yl) 
2 Cheiranthi cheiri herba (cardenolide extract, 40 PI )  
3 Cheiranthi cheiri herba (methanol extract 1 g/lOml, 10 yl) 

~eference TI convallatoxin T3 rutin (R, - 0.4) b chlorogenic acid (R,. - 0.5) b 
compound T2 "k-stroyhanthin" hyperoside (R, - 0.55) 

Solvent system Fig. 8A,B ethyl acetate-methanol-water (81 : 11:8) 
C ethyl acetate-formic acid-glacial acetic acid-water (100: 1 1 : 1 1 : 26) 

Detection A Kedde reagent (No. 23) + vis 
B SbC1, reagent (No.4) -) UV-365 nm 
C Natural products-polyethylene glycol reagent (NPIPEG No. 28) + UV-365 nm 

Fig. 8A Erysimi herba (1) and Cheiranthi herba (2) both show k-strophanthidin glycosides as 
major cardenolides, seen as violet-red zones (vis) in the R, range 0.15-0.5. 
Erysimi herba ( I )  has two cardenolide glycoside zones above and two zones below test 
T1 with e.g. erysimoside (R, - 0.2) and helveticoside (R, - 0.5). 
Cheiranthi herba (2) develops one zone above and three to four zones below the R, range 
of the convallatoxin test T1, e.g. cheirotoxin, desglucocheirotoxin and cheiroside A. 

n In UV-365 nm (SbCl, reagent) a band of white-blue and yellow-brown fluorescent zones 
appears in (2) from the start to the front, with prominent zones in the R, range 0.55-0.6 
(e.g. cymarin) and R, - 0.7 up to the solvent front. The light-yellow zones of the lower R, 
range are due  to quercetin and kaempferol glycosides. 

c The separation in solvent system C and detection with NP/PEG reagent reveals three 
yellow-orange fluorescent Aavonoids at R, 0.2-0.45, with qaercetin-3-0-rhamnosyl- 
arabinoside and kaempferol-3-0-robinosyl-7-rhamnoside as major zones. 
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Adonidis herba, Convallariae herba 

Drug sample 1 Adonidis herba l a  Adonidis herba 
(cardenolide extract, 40 p.1) (MeOH extract 1 gllO ml, 10 pl) 

2 Convallariae herba 2a Convallariae herba 
(cardenolide extract, 50 pl) (Me013 extracr 1 gllO ml, 10 pl) 

Reference T1 adonitoxin 
compound T2 convallaloxin 

T3 rutin (Rf - 0,4)~cl1lorogenic acid (R,- - 0.5) 
b hyperoside (R, - 0.6) b isochlorogenic acid 

Solvent system Fig. 9A, Fig. IOC,D ethyl acetate-methanol-water (100: 13.5: 10) cardenolides 
Fig. 9B ethyl acetate-glacial acetic acid-formic acid-water (100: 11 : 11 : 26) + Aavonoids 

Detection A Kedde reagent (No. 23) + vis. 
I3 Natural products-polyethylene glycol reagent (NPfPEG No.28) -+ UV-365 nm 
C SbCl, reagent (No. 4) + vis 
D SbCI, reagent (No. 4) + UV-365 nm 

Fig. 9 A  (Icedde, vis) + Cardenolides 
Adonidis herba ( I ) .  The major cardenolides such as desgIucocheirotoxin, 
adonitoxigenin-rharnnoside (adonitoxinlTl), as well as its xyloside and glucoside, are 
found as violet-red zones in the Rr range 0.4-0.55, while cynlarin migrates to Rf - 0.6. 
Convallariae herba (2) shows only two weak violet zones in the R, range of the 
convallatoxin test T2. All the other cardenolide glycosides (-20) w l ~ i c l ~  are reported for 
Adonidis and Convallariae herba are hardly detectable because of their low concentra- 
rions (see detection C and D). 

B (NPIPEG reagent UV-365 nm) + Flavonoids 
The ~nerhanolic extract of Adonidis herba ( la)  has a chaxacteristically high amount of 
the C-glycosylflavone adonivernith (R, - 0.4), which is accompanied by two minor 
flavonoid glycosides at R, - 0.35 and 0.45. 
The flavonoid content of the methanolic extract of Convallariae herba (2a) is low. 
Undefined yellow-green flavonoid glycoside zones in the Rf range 0.25-0.45, blue 
fluorescent phenol carboxylic acids and red chlorophyll zones (front) are detectable. 

Fig. ID (SbCI, reagent vis1UV-365 nm) + Cardenolides 

C,D Besides cardenolides zones (R, 0.4-0.6), Adonidis herba (1) generates various other 
compounds reacting to SbCI, with intense dark-blue colours (vis.) and as dark, almost 
black zones in UV-365 nm. The cardenolides are seen as grey-blue or brown-green zones 
(vis) and as intense light-blue fluorescent zones (UV-365 nm), mainly in the R, range 
0.45-0.75. 

Convallariae herba (2) shows weak grey zones in the R, range 0.25-0.95 (vis), whereas in 
UV-365 nm a band of green to brown zones appears in the R,. range 0.25-0.95. 
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Helleborus species 

Radix sample I Helleborus purpurascens 6 Hellebori nigri radix-trade 
2 Helleborus dumetorurn sample (& H-istriacus) 
3 HeHeborus atrorubens 7 Helleborus macranthus 
4,5 Helleborus odorus (different origin) (1-7 ELOH-extracts, 30 p1) 

Reference TI hellebrin 
compound T2 helleborogenone 

Solvent system Fig. 11 ethyl acetate-methanol-water (81 : 11 :8) system A 
Fig. 12 chloroform-methanol-water (35:25: 10) + lower phase, system B 

Detection Anisaldehyde sulphuric acid reagent (AS No. 3) + vis 

Fig. 11 The Helleborus species (1-7) are generally characterized in the solvent system A by two 
dark-blue zones at R, - 0.2 and R, - 0.4, yellow zones in the R, range 0.05-0.35 and 
violet-blue zones at R, - 0.9. The qualitative and quantitative distribution of the zones 
varies. The detection with the AS reagent reveals the blue zone of hellebrin at F& - 0.2 
(Tl) and an additional blue zone at I+ - 0.4 (see Fig. 12). 

High concentration of hellebrin could be observed in the samples of H. purpurascens, H. 
dumentorum, H. atrombens and H. macranthus (1,2,3,7) and in lower concentration in 
H. odoratus (4,5), while in "I-lellebori radix" trade sample 6 hellebrin is absent. 

The bufadienolide aglycone helleboroge~lone is found at R, - 0.8 (e.g. sample 7) as a grey 
zone, followed by mainly deep-purple zones (e.g. hellebrigenin). 

The prominent yellow zones at R, - 0.3 (e-g. samples 2-5) and weaker yellow bands in 
the R, range 0.05-0.25 are due to saponin glycosides derived e.g. from the sapogenine 
spirostan-5,25 (27) dien-lb,3p,lla-triol. 

Fig. 12 The TLC run of HeUeborus extracts 1-7 in solvent system B results in higher R, values 
for hellebrin (R, - 0.4lT1) and separates the blue zone of system A (R, - 0.4) into 
two blue zones with Rf 0.5-0.55 due to desglucohellebrin and p-ecdysonel5-a- 
hydroxyecdysone. Additional yellow zones of saponin glycosides in the R, range 0.05- 
0.25 are detectable. A higher R, value (R, - 0.45-0.5) for the yellow saponine zones of 
system A (R, - 0.25-0.3) is achieved. Spirostan-5,25(27) dien-lp,3@,lla-trio1 glycosides 
are not present in H. purpurascens (I ) ,  instead dracoside A, a saponin glycoside derived 
from spirostan-5,25(27) dien-lP,3p,23,24-tetrol (Dracogenin), is seen in the low R, 
range. 

Remark: Hellebrin, but none of the saponins, has a medium fluorescence quenching in 
UV-254 nm. 
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Scillae bulbus 

Drug san~ples 1 SciUae bulbus (red variety; trade sample) 
2 Scillae bulbus (red variety; commercial e m a d )  
3 Scillae bulbus (white variety; trade sample) 
4 Scillae bulbus (white variety, trade sample) 
5 Scillae bulbus (white variety; commerciaI extract) 
(Bufadienolid extracts, 30 pl) 

Reference T proscillaridin 

Solvent system Fig. 13,14 ethyl acetate-methanol-water (81 : 11 :8) 

Detection Fig. 13 SbC1, reagent (No. 3) + vis 
Fig. 14 SbCI, reagent (No. 3) -+ W 3 6 5 m  

Fig. 13 vis 
Scilla extracts are characterized by predominantly blue bufadienolide zones. The contri- 
bution and amount of bufadienolides vary according to the classification of white or red 
squill variety of Urginea maritima (Drimia rnaririma). 
The extracts of the red variety only show weak blue bands with proscillaridin (R, - 0.61 
T) and scillaren A (K, - 0.4). The zone of scilliroside is seen as a weak green-yellow zone 
directly below the blue scillaren A zone (1,2). 
In the white squill extract (sample 3.4) the highly concentrated zone of proscillaridin is 
found at R, - 0.6, whereas in extract 5 the scillaren A zone at R, - 0.4 predominates. 

Fig. 14 UV-365 nm 
All SciUa extracts show a variety of intense, light-yellow, yellow-brown, green or light- 
blue to almost white fluorescent zones. 
The extracts 1,3 and 4 have major compounds in the upper R, range, while the extracts 
3 and 5 show those in the R, range 0.2-0.6. 

Scillae bulbus var. rubra (1,2). In both extracts ten to 12 intense yellow-green or blue 
fluorescent zones are found in varying concentrations in the I+ range 0.35-0.95. 
Besides proscillaridin (Rf - 0.61a) and scillaren A (R, - 0.45/b), the bufadienolid agly- 
cone scillirosidin (R, - 0.8), its monoglycoside scilliroside (R, - 0.41~) and the 
diglycoside glucoscilliroside (R, - 0.2) are characteristic compounds for red squill. 
Scillirosidin is more highly concentrated in I;  glucoscilliroside is present in 2 only. 

SciUae bulbus var. alba (3-5). The white squill samples ($4) contain predo~ninantly 
proscillaridin, seen as a major light-brown fluorescent zone at R, - 0.6 (Tla). The 
glycoside scillaren A (R, - 0.4h) dominates the standardized co~nmercial extract 5. 
Three additional cardenolide zones (e.g. glucoscillaren R, - 0.2) are detectable as yellow- 
brown fluorescent zones. Scillirosidiri glycosides are absent in white squill. 

Remark: The bufadienolid glycosides found in the lower R, range are easily cleaved 
during storage into bufadienolides with fewer sugar moities (e-g. proscillaridin). 



 



5 Coumarin Drugs 

The active principles ofthere drugs are benzo-a-pyrones, which are further classified as: 

Non-condensed coumarins 
substituted with OM or  OCH, at positions C-6 and C-7, less comtnon at C-5 and C-8. 
e.g, tlmbelliferon (7-hydroxy-coumarin in Angelicae radix, Heraclei radix), scopolelin 
(6-methoxy-7-hydroxy-coumarjn in Scopoliae radix), fraxin, isofraxidin and fraxetin 
(Fraxini cortex) and herniarin (Hernjariae herba) 

C-prenylated coumarins 
e.g, rutarnarin (Rutae  herba), umbelliprenin (Angelicae radix), ostruthin 
(I~nyeratoriae radix) 

Furanocournarins 
an additional h r a n  ring is fused at C-6 and C-7 (psoralen-type) or  C-7 and C-8 
(angelicin-type). 
e.g. imperatorin, bergapten, angelicin (Angelicae, Imperatoriae, Pilnpinellae radix) 
xanthotoxin (Ammi majoris fructus), psoralen (Rutae herba) 

Pyranocoumarins 
an additional pyran ring is fused at C-7 and C-8 (seselin-type) 
e.g. visnadin, sarnidin (Ammi majoris fructus) 

Dimeric coumarins 
e.g, daphnoretin (Daphne mezerei cortex) 

5.1 Preparation of Extracts 

Powdered drug ( l g )  is extracted with lOml methanol for 30min under reflux on General 
the water bath. The filtrate is evaporated to about lml,  and 20pl is used for TLC method 
investigation. methanolic 

extract 



5.2 Thin-Layer Chromatography 

Reference solutions Coumarins are prepared as 0.1% metllanolic solutions; 5-1Op.l is used for TLC. 
Adsorbent Silica gel 60 F,,,-precoated TLC plates (Merck, Germany) 

Chromatography Toluene-ether ( l : l ,  saturated with 10% acetic acid) b coumarin aglycones 
solvent Toluene (50ml) and ether (50rnl) are shaken for 5min with 50ml 10% acetic acid in a 

separating funnel. The lower phase is discarded, and the saturated toluene-ether mixture 
is used for TLC. 

Ethyl acetate-fortnic acid-glacial acetic acid-water (100:11:11:26) b for glycosides 

5.3 Detection 

UV-254 nm distinct fluorescence quenching of all coumarins. 

UV-365 run intense blue or blue-green fluorescence (simple coumarins) yellow, 
brown, blue or  blue-green fluorescence (furano- and pyranocoumarins). 

The non-substituted coumarin fluoresces yellow-green in UV-365 nrn only after trear- 
ment with KOH- reagent or ammonia vapour. 
Chromones show less intense fluorescence, e.g. visnagin (pale blue), khellin 
(yellow- brown). 

Spray reagents (see Appendix A) 
- Potassium hydroxide (KOH No. 35) 

The fluorescence of the coumarins are intensified by spraying with 5%-10% 
ethanolic KOH. Concentrated ammonia vapour has the same effect. 

- Natural poducts-polyethylene glycol reagent (NPIPEG No. 28) 
This reagent intensifies and stabilizes the existing fluorescence of the coumarins. 
Phenol carboxylic acids fluoresce blue o r  blue-green (e.g. chlorogenic or  caffeic 
acid) 

5.4 Drug List 

Drugtplant source Main consriti~ tents 
Familylphar~nacopoeia (see 5.5 Formulae) 

Drugs with simple coumarins 

Fig. 1,2 Asperulae herba Unsubstituted coumarin (0.1 %-0.3%) 
Woodruff umbelliferone, scoyoleti~i 
Galium odoraturn (L.) SCOP. Flavonoid glycosides e.g. rutin; 
Rubiaceae chlorogenic and caffeic acid. 
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Uruglplant source Main constitutents 
I;amily/pharn~acopoeia (see 5.5 Formulae) 

MeIiloti herba Unsubstituted coumarin (0.2%-0.45%), 
Tall melilot melilotoside, umbelliferone, scopoletin 
Melilotus officinalis (L.) b Flavonoids: quercetin, kaempferol biosides 
M. altissima THUIL. and triosides 
Fabaceae F Caffejc acid and derivatives 
DAC 86 

Toncae semen Unsubstituted coumarin (2%-3%) 
To~ica beans umbelliferone 
Dipteryx odorzlta WILLD. 
Fabaceae 

Abrotani herba Coumarins: umbel.liferone, isofraxidin, 
Southernwood scopolerin and -7-0-glucoside 
Artemisia abrotanum L. b Flavonoids: qi~erceti l~ glycosides, e.g. rutin 
Asteraceae BHP 83 b Chlorogenic and isochlorogenic acids 

Fabianae herba Cournarins: scopoletin and its -7-0- 
Pichi-Picl~i primveroside (= fabiatrin), isofraxidin and 
Pabiana imbricata RUIZ. et its 7-0-glucoside 
P AV. b Flavonoids: rutin, quercetin-3-0-glucoside 
Solanaceae b Chlorogenic and isochlorogenic acids 

Fraxini cortex Coumarins: fraxidin (-0.06%), isofraxidin 
Asli bark (-0.01%), fraxetin, fraxin (fraxetin- 
Fraxinus excelsior L. glucoside), fraxinol (-0.05%) 
Fraxinus ornus L. 
Oleaceae 
MD, China 

Mezerei cortex Coumarins: daphnetin, daphnin (7,8- 
Mezereon bark dihydroxy-coumarin-7-0-glucoside), 
Daphne mezereurn L. umbelliferone and derivatives (triurnbellin), 
Thymelaeaceae scopoletin (traces) 

Fig. 1,Z 

Fig. 4 

Fig, 4 

Fig. 5,6 

Fig. 5,6 

Drugs from the family Solanaceae 
All drugs contain the same coumarins and alkaloids, but differ in concentrations 

Scopoliae radix Coumarins: scopoletin, and -7-0-glucoside Fig. 7 
Scopolia rhizome Alkaloids: hyoscyarnine (see Fig. 27,28; Chap. 1 
Scopolia carniolica L. Alltaloid Drugs) 

Belladonnae radix Coumarins: scopoletin, and -7-0-glucoside 
Belladonna root Alkaloids: hyoscyarnine, scopolamine 
Arropa belladonna L. (see Fig. 27,28, Chap. 1 Alkaloid Drugs) 
DAB LO, MD 



Druglplant source 
Family/pharmacopoeia 

Mandragorae radix 
Mandrake 
Mandragora officinarum L. 
M, autumnalis BERTOL. 

Drugs from Apiaceae 

Fig. 8 Ammi majoris fructus 
Anlmi fruit 
Ammi ~najus  L. 
Apiaceae, MD 

Amrni visnagae fructus 
Ammeos visnagae fructus 
Ammi visnaga fruits 
Ammi visnaga (L.) LAM. 
Apiaceae 
DAB 10, MD 

Fig. 9- 1 2 Angelicae radii 
Angelica root 
Angelica archangelica L, ssp. 
Angelica var. sativa RIKLI 
DAC 86, C)AB 90, MD 
ChinaIJapan: different 
Angelica species 
Apiaceae 

Angelicae silvestris radix 
Wild angelica 
Angelica silvestris L. 
Apiaceae 

Fig. 9-12 Imperatoriae radix 
Masterwort 
Peucedanum ostruthiurn L. 
Apiaceae 

Fig. 9-1 2 Levistici radix 
Lovage 
Levisticum officinale KOCH 
Apiaceae 
DAC 86, OAB, Helv. VII 

Main constitutents 
(see 5.5 Formdae) 

Cournarins: scopoletin, and 7-0-glucoside 
Alkaloids: hyoscyamine, scopolami~le 
(see Fig. 27,28, Chap. 1 Alkaloid Drugs) 

Furanocoumarins (fc): 
bergapten (5-methoxy 2',3':7,6-fc), 
imperatorin 
xanthotoxin (8-methoxy-2',3':7,6-fc) 

Coumarirls of the visnagan group 
samidin, dihydrosamidin and visnadin 
Furanochromones (2%-4%): 
khelljn (0.3%-I%), visnagin, khellinol, 
khellol, khellol glucoside, ammiol 

Furanocoumarins (fc): angelicin (2',3':7,8-fc), 
bergapten (5-rnethoxy 2',3':7,6-fc), 
imperatorin, oxypeucedanin hydrate, 
xanthotoxin (8-methoxy-2',3':7,6-fc) 
xanthotoxol (8-oxy-2',3':7,6-fc) 
Coumarins: umbelliferone, umbelliprenin, 
osthenol (7-oxy-8-(8,8-di-methylally1)- 
coumarin) 

Counts as adulterant of Angelica archangelica: 
isoimperatorin (5-oxy-(y-y-di-methyl-allyl- 
2',3':7,6-fc)), oxypeucedanin-hydrate, 
umbelliferone 

Furanocoumarins: oxrpeucedanin and its 
hydrate, imperatorin, isoimperatorin; 
ostruthol (angelic acid ester of oxypeucedanin 
hydrate); ostruthin (6-(3-methyl-6-dirnethyl- 
2,5-hexene)-7-oxycoumarin) 

Coumarins: bergapten, umbelliferone 
generally lower coumarin content than 
Angelicae and Imperatoriae radix 
Phtalide: 3-butylidenephtalide (ligusticum- 
lacton) 
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Druglplant source Main constitutents 
Family/pharmacopoeia (see 5.5 Formulae) 

Pirnpinellae radix Furanocoumarins (fc) 0.07%: sphondin, 
Burnet root bergapten, isobergapten, pimpinellin, 
Pimpinella major (L.) I-IUDs isopimpinellin 
Pimpinella saxifraga L. Coumarins: umbelliferone, scopoletitl 
Apiaceae Umbelliyrenin, xanthotoxin (P. saxifraga) 

Angelicin, isooxypeacedanin (P, major) 

Fig. 11-12 

Pastinacae radix 
Adulterant 
Pastinaca sativa L. 
Apiaceae 

Low furanocoumarin content: 
bergapten, imperatorin, isopimpinellin, 
xanthotoxin 

Heraclei radix Furanocoumarins (1.0%): sphondin, isopimpinellin, Fig. 11,12 
Hogweed root pimpinellin, bergapten, isobergapten 
Heracleum sphondylium L. Umbelliferone, umbelliyretlin, scopoletin 
Apiaceae 

Drugs with coumarins and other constituents as major compounds 

Rutiae herba 
Rue 
Ruta graveolens L. 
Rutaceae 
DAC'86, MD 

Herniariae herba 
Rupturewort 
Herniaria glabra L. 
Herniaria hirsuta L. 
Caryoyhyllaceae 
DAC 86, OAB, MD 

Coumarins: scopoletin, umbelliferone, 
bergapten, isoimperatorin, psoralen, 
xanthotoxin, rutacultin, rutamarin, 
daphnoretin, daphnoretin methyl ether 
b Flavonol glycoside rutin 
b Alkaloids: y-figarine, kokusagenine 
(furanoquinoline-type) 

Coumarins: herniarin, umbelliferone 
b Flavonol glycosides: rutin, narcissin 
b Saponins: Herniaria saponins 1/11 (aglycone 
medicagenic, 16-hydroxy-medicagenic acid) 

Fig. 13,14 

Fig. 15,16 
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5.5 Formulae 

H H H Coumarin 
H OH H Umbelliferone R1w ll H OCH, OH H OH Herniarin Daphnetin 

R, ' 8 0 OH OH H Aesculetin 
OCH, OH H Scopoletin 

R3 OCH, OH OH Fraxetin 
OCH, OH OCH, Isofraxidin 
OCH, OH 0-gluc Fraxin 

H OH -CH,-CH=C(CH,), Osthol 
H OCH, -CH,-CH=C(CH,), Osthenol 

Fraxinol Ostruthin 

Umbelliprenin 

7,6 Furanocoumarins R, I+, 

R, H H Psoralen 
OCH, Xanthotoxin 
OH Xanthotoxol 
H Bergapten 
H Berraptol 

I OCH, OCH, ~ s o ~ i m ~ i n e l l i n  
R, H -OCH2-CH=C(CH,), Imperatorin 

-OCH,-CH=C(CH,), H Isoimperatorin 

/O\ 
-OCH,-CH-C(CH,), H Oxypeucedanin 
-OCH,-CH-C(CH,), H Oxypeucedanin 

I I 
OH OH 

hydrate 
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H 
OCH, "m 0 0 H OCH, 

H Angelicin 
H Isobergapten 
OCH, Sphondin 
OCH, Pimpinellin 

Pyranocoumarins R 

-CO-CH=C(CH,), Samidin p -CO-CH2-CH(CH,), CH, Visnadin 

Dihydrosamidin 
-CO-CH-C,H, 

OCOCH, 
OR 

Furanochromones RI  RI 

H CH, Visnagin 
OCH, CH, Khellin 
H CH,OH Khellol 

R2 
R, 

Furanoquinolines R, R, R3 

H H CH, y-Fagarine 
OCH, H Kokusaginin 

R3 

0 

AcO HO 

Rutamarin Daphnoretin 



5.6 Chromatograms 

Asperulae, Meliloti herba; Toncae semen 

Drug sample 1 Meliloti herba (ethyl acetate extractlchlorophyll free, 20 yl) 
la Meliloti herba (methanolic extract 1 g1lO ml, 20 p1) 
2 Asperulae herba (ethyl acetate extract/chloroyhyll free, 2 0 ~ 1 )  
2a Asperulae herba (methanolic extract 1 g/lO ml, 2 0 ~ 1 )  
3 Toncae semen (n~ethanolic extract 0.5 g110 m120 ~11) 

Reference T 1 scopoletin 
compound T2 cou~narin 

T3 utnbelliferone 

Solvent system Fig. 1 toluene-ether (1:llsaturated with 10% acetic acid) + aglycones 
Fig. 2 ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) -+ glycosides 

Detection Fig. 1 A UV-254 nrn (without chemical treatment) 
B 5% ethanolic KOH reagent (No. 35) + UV-365 nm 

Fig. 2 A UV-254 nrn (wihout  chemical treatment) 
B Natural products-polyethylene glycol reagent (NPIPEG No. 28) + UV-365 nm 

Fig. 1A Methanolic extracts of Meliloti herba ( I ) ,  Asperulae herba (2) and Toncae semen (3) 
contain the unsubstituted coun~arin (T2), which is seen as a prominent quenching zone 
at R, - 0.6 (UV-254 nm). 

B In UV-365 nm, the i~rlsubstituted coumarin, in contrast to coumarins with -OM, -OCH, 
substituents or  furano- or pyrano-coumarins, shows a typical green-blue fluorescence 
only after treatment with KOM reagent. Scopoletin (TI) and umbelliferone (T3) are 
present in low corlcentrations only, seen as blue fluorescent zones at R, 0.25 and 0.4, 
respectively ( 1  -3). 

Fig. 2A Meliloti herba (1,la) and Asperulae herba (2,2a) show prominent quenching zones of 
flavonoid glycosides and caffeic acid derivatives in different patterns and amounts. 'The 
coumariris (Tl-T3), flavonoid aglycones and caffeic acid migrate almost up to  the 
solvent front. Flavonoid glycosides and chlorogenic acid are found from R, - 0.05 to 0.5. 
Extracts of Meliloti herba (1,la) sllow mainly one prominent zone a1 R, - 0.5, while 
Asperulae herba (2,2a) has four almost equally concentrated zones in the R, range 
0.25-0.5. 

B Treatment with the NPIPEG reagent reveals bright orange-red, yellow-green and blue 
fluorescent zones in UV-365 nm. 
Meliloti herba (] , la)  has a characteristic TLC pattern of quercetin and kaempferol 
biosides and triosides in the lower R, range, seen as three pairs of red-orange and yellow- 
green fluorescent zones at  R(0.05-0.4, as well as a weak blue fluorescent zone at R, - 0.45 
and 0.8. In extracts of Asperulae herba (2,2a) blue fluorescent caffeic acid derivatives, 
e.g. chlorogenic acid (R, - 0,45), isochlorogenic acids (R, 0.7-0.8), caffeic acids (R, 0,9) 
dominate. A prominent orange-green flavonoid trioside rrt R, - 0.05 and rutin at R, - 
0.35 are detectable. Red-orange fluorescent zones ( la,  2a) a t  the solvent front are due to 
chlorophyll compounds. 
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Coumarins - Chromatographic Standards 

Standard 1 dayhnoretin 4 umbelliferone 7 imperatorin 10 isopimpinellin 
2 scopoletin 5 herniarin 8 ferulic acid ' 11 isobergapten 
3 isofraxidin G xanthotoxin 9 caffeic acid' 12 oxypeucedanin 
(methanolic solutions, 5-10 p1) 

Solvent system Fig. 3 toluene-ether (l:l/saturated with 10% acetic acid) 

Detection UV-365 nm (without chemical treatment) 

Fig. 3 Characteristic fluorescence of couri~arins in UV-365 nm: 
bright blue: dapl-inoretin, scopoletin, isofraxidin, ulnbelliferone 
blue-green: xanthotoxin, isobergapten, oxypeucedanin 
yellow-green: isopimpinellin 
violet-blue: herniarin 

"Remark: Couinarin drugs often contain phenol carboxylic acids, e.g. ferulic acid and 
caffeic acid, which also show blue fluorescence 

Abrotani herba, Fabiani herba 

Drug sample 1 Abrotani herba 2 Fabiani 11erba (= Pichi-Pichi) 
(methanolic extracts, 20 1.11) 

Keference T 1 chlorogenic acid (R, 0.45) 
compound T2 rutin (R, 0.4) b chlorogenic acid b hyperoside (R, 0.55) b isochlorogenic acid 

Solve~lt system Fig. 4 ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) 

Detectiorl A UV-365 nm (without chemical treatment) 
B Potassium hydrox.ide reagent (KOH No. 35) + UV-365 nrn 
C Natural products-polyethylene glycol reagent (NP/PEG No. 28) -3 UV-365 nm 

Fig. 4 A  The methanolic extracts of Abrotani herba (1) and Fabiani herba (2) are characterized 
by the prominent blue fluorescent coumarin aglycone zone a t  R, - 0.95 (scopoletin, 
isofraxidin and umbelliferone). They are differentiated by the violet-blue fluorescent 
isofraxidin-7-0 and scoyoletin-7-0-gIucosides in the range of 0.4-0.45 and an additional 
zone at R, 0.7 in sample 1 and the scopoletin-7-0-primveroside at R, 0.15 in extract 2. 

B The coumarin-7-0-glucosides of Abrotani herba (1) are seen with KOH reagent as two 
fluorescent zones at R, 0.4-0.45. The aglycones at R, - 0.95 become bright blue. 

C Treatment with the NP-PEG reagent shows in Abrotani herba (1) a broad band of intense 
bluish-white fluorescent zones of coulnarins and phenolcarboxylic acids in the R, range 
0.35 up to the solvent front, which overlay the orange fluorescent flavonoid gly- 
cosides (R, 0.4 (rutin), R, 0.6-0.65 e.g. hyperosid, isoquercitrin) and the coumarin-7-0- 
glucosides. 
The caffeic acid derivatives with chlorogenic acid a t  R, - 0.45 (Tl) and isochlorogenic 
acids at K,0.7-0.8 are more concentrated in Abrotani herba ( I )  than in Fabiani herba (2). 
The later shows rutin a t  Ri - 0.4 as a prominent orange zone and the violet-blue zone of 
scopoletin-7-0-primveroside a t  Ri - 0.15. Blue coumarin and orange Iluorcscent 
flavonoid aglycones move with the solvent fronr. 
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Fraxini cortex, Mezerei cortex 

Drug sample 1 Mezerei cortex 
2 Fraxini cortex 
(rnethanolic extracts, 20 p1) 

Reference T I  daphnetin T3 fraxetin 
compound T2 fraxin T4 scopoletin 

Solvent system Fig. 5 toluene-ether (1:llsarurated with 10% acetic acid) + system 1 (aglycones) 
Fig. 6 ethyl acetate-formic acid-glacial acetic acid-water (1 00: 11:11:26) + system 2 

(glycosides, polar compounds) 

Detection A UV-365 nrn (without chemical treatment) 
B Natural products-polyethylene glycol reagent (NPIPEG No. 28) + UV-365 n m  
C 10% ethanolic KOH (No. 35) + UV-365 nm 

Fig. 5 Solvent system 1 for aglycones 

A Mezerei cortex (1). In UV-365nm, two prominent and two rninor blue fluorescent 
cou~narin zones are found in the R, ranges 0.1-0.25 and 0.45-0.65, respectively. 
Fraxini cortex (2) has two prominent blue fluorescent coumarin aglycones such as 
fraxidin, fraxinol and isofraxidin in the R, range 0.1-0.25, directly below the scopoletin 
test T4. 

n Mezerei cortex (1). In addition to four bright-blue fluorescenl coumarin zones, treat- 
ment with NPIPEG reagent reveals the yellow-brown zone of daphnetin at R, .- 0.3 (Tl). 
Fraxitii cortex (2). The NPIPEG reagent intensifies the fluorescence of the zones from the 
start up to R, - 0.25 and shows the additional yellow-brown fraxetin (T3) at R, - 0.05. 
The glucoside fraxin (7'2) remains at the start. 

Fig. 6 Solvent System 2 for glycosides 

B (NP-PEG reagent, UV-365 nm). The characteristically polar compound in Mezerei cor- 
tex ( 1 )  is triumbellin seen as a prominent blue zone at R,- 0.55 as well as five to six weak 
blue-violet fluorescent umbelliferone derivatives in the RI range 0.2-0.4. The yellow- 
brown zone of daphnetin (Tl) moves up ro the solvent fronr. 
The cournarin glycosides of Fraxini cortex (2) are detected with NPIPEG reagent as four 
to five intense, bright-blue fluorescent zones (UV-365 nm) in the R,range 0.35-0.75, such 
as fraxin (R, - 0.25/T2), and the coumarin aglycones at R(0.8-0.95 with fraxetin (yellowl 
R, - 0.8, T3), isofraxidin and scopoletin (blue/R, 0.8-0.95, T4). 

c With KOH reagent all coumarins of Fraxini sample 2 show a blue to violet-blue 
fluorescence in UV-365 nrn. 
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Scopoliae, Belladonnae, Mandragorae radix 

Drug sarnple 1 Scopoliae radix 
2 Belladonnae radix 

Reference TI scopoletin 

3 Mandragorae radix 
(methanolic extracts, 20 p1) 

T2 chlorogenic acid 

Solvent system A toluene-ether (1:llsaturated with 10% acetic acid) + system A 
B,C ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) + system B 

Detection A,C 10% ethanolic KOH reagent (No. 35) -+ UV-365 11m 
B UV-365 nrn (without chemical treatment) 

Description The Solanaceae root extracts (1-3) are characterized not only by the alltaloids hyos- 
cyatnine and scopolamine (see Chapter 1, Figs. 27, 28), but also by the coumarins 
scopoletin (Tl) and the scopoletin-7-0-glucoside ("scopolin"). The alkaloid content 
dominates in Belladonnae radix, while Scopoliae radix has a high cournadn content. 

Fig. 7 A  In the non-polar solvent system A scopoletin (TI )  migrates to R, - 0.3, while its gluco- 
side scopolin remains at the start. 

B In the polar system B scopoletin moves almost with the solvent front (R, - 0.95). The 
scopoletin glucoside is found at R, - 0.4 directly below chlorogenic acid (T2/R, - 0.45). 
Scopoliae radix (1) shows five to six blue fluorescent zones from the start up to R, 0.5. 
Similar, but less concentrated zones are found in Belladonnae (2) and Mandragorae 
radix (3) extracts. 

C Treatment with KOH reagent intensifies the fluorescence of the coumarins such as 
scopoletin at the solvent front and scopoletin-7-0-glucoside at R, - 0.45. 

Ammi fructus 

Drug sample 1 Arnlni visnagae fructus 
2 Arnmi majoris fructus (methanolic extracts, 20 p1) 

Reference T 1 khellin T2 visnagin 

Solve~lt system Fig. 8 toluene-ether (1:llsaturated with 10% acetic acid) 

Detectio~l A UV-254nm (without chemical treatment) 
B 10% ethanolic KOH reagent (No. 35) + UV-365 nm 
C Natural products-polyethylene glycol reagent (NPIPEG No. 28) UV-365 nm 

Fig. 8 Amrr~l visnagae fructus ( 1 )  is identified by the furanochromones khellin (TI) and 
A, n visnagin (T2), which are found at R,0.2-0.25 as prominent quenching zones (UV-254 nm 

-) A )  and as brown (TI) and blue (T2) fluorescent zones in UV-365nm (+0). Four 
additional, blue-white fluorescent zones (e.g. furanocoumarins) are detectable between 
R, 0.4 and R, 0.55. 

C Ammi majoris fructus (2) is characterized by furanocoumarins, seen as ten to 12 blue 
fluorescent zones between the start and R, - 0.65, with prominelit zones in the lower R, 
range. Hergapten, xanthotoxin (e.g. scopolerin) and imperatorin move into rhe R, range 
0.45-0.55, and visnadin to Rc 0.6. Ammi visnagae fructus ( 1 )  shows from the start up to 
R, - 0.6 white-blue zones (e.g. visnagin, T2). 
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Drug sample 

Reference 
conlpound 

Solvent system 

Detection 

Description 

Fig. 9A 

Fig. 10B 

TLC Synopsis of Apiaceae Roots, Furanocoumarins. (FC) 

1 Angelicae radix 3 Levistici radix 5 Pimpinellae radix (P. saxifrage) 
2 Imperatoriae radix 4 Heraclei radix G Pimpinellae radix (P. major) 
(methanolic extract, 20~11) 

TI xanthotoxin T3 umbelliferone (R, - 0.45) 
T2 imperatorin xantl~otoxin (R, - 0.5) 

Fig. 9,10 toluene-ether (1:l saturated with 10% acetic acid) 

A UV-254 nm (without chemical treatment) 
B UV-365 nrn (without chemical treatment) 
C 10% ethanolic KOH (No. 35) + UV-365 nm 

Apiaceae roots are generally characterized by a high number of structurally similar 
furanocoumarins (fcs). All fcs show quenching in UV-254nm and blue, violet or brown 
fluorescence in UV-365 nm. 

Angelicae (I) ,  Imperatoriae (2) and Levistici (3) radix are easily distinguishable by their 
different patterns and numbers of fcs zones in UV-254 nm. Sample (2) has the highest, 
and sample (3) the lowest fcs content. 
Angelicae radix (1): a major fcs zone ar Rf - 0.65 as well as six to seven less concentrated 
zones (R, 0.05-0.6). 
Imperatoriae radix (2): two almost equally strong fcs bands (R,  0.610.75), a major fcs 
band (R,0.45-0.55) and six less concentrated zones between R, 0.05 and 0.4. 
Levistici radix (3): low content of fcs zones (R, 0.05-0.6) and a phtalide (R, - 0.8). 

Angelicae (1) and Imperatoriae (2) radix both show characteristic bands of ten to 15 
violet, blue or brown fluorescent zones from the start up to Rf - 0.6 and Ri - 0.7, 
respectively. Levistici radix (3) has weak, pale-blue zones at R, 0.25-0.3 and R, - 0.8. 
Angelicaeradix ( 1 ) :  a band of 12 mostly violet-blue fluorescent zones (R,O-0.6), with two 
major violet fcs zones directly above and below rhe xanthotoxin test (T1) + for derails 
see Figs. 11 + 12 
Imperatoriae radix (2): rhe bright blue fluorescent ostruthin at R, - 0.45 dominates, 
followed by two characteristically brown fluorescent fcs zones (e.g. imperatorin, T2) + 
see also Figs. 11 + 12 
Levistici radix (3): the pale blue ligusticurn lactone dominates 

I~iiperatoriae radix (2) and Heraclei radix (4) are mainly distinguishable by a different 
pattern of characteristic fcs zones in the R, range 0.45-0.75. 
Imperatoriae radix (2): the prominent bright blue ostruthin (R, - 0.5) is followed by 
imperatorin (T2). 
Heraclei radix (4): the blue spondin, directly below the xanthotoxin test TI is foIlowed by 
four weaker blue and brown (<) fluorescent fcs zones of isopimpinellin (Rf 0.54), 
pimpinellin (R, 0.65), isobergapten, bergapten. 

With KOH reagent Pimpinellae radix (5,6) develops six blue or violet fluorescenr zones 
between the start and R, - 0.5. In  this R, range Pimpinellae (5,6) and Heraclei radix (4) 
show similar TLC features (e.g. scopoletin, R, - 0.3; spondin, R,. - 0.5; isopimpinellin, R, - 0.55), but (4) has highly concentrated fcs zones in the R,. range 0.55-0.75 (e.g. 
pimpinellin, bergapten, isobergayten), while the fcs isobergapten or isopimpinellin are 
detectable in enriched extracrs of Pimpinellae radix only. 
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Imperatoriae, Angelicae and Levistici radix 

Drug sample 1 Irnperatoriae radix 
2 Angelicae radix 
3 Levistici radix (methanolic extracts, 30 PI) 

Reference T1 imperatorin 
compoulld T2 xanthotoxin 

T3 uni'belliferone 
: $,* 

Solvent system Fig. 11, 12 toluene-ether (1:ltsaturated with 10% acetic acid) 

Detection A W-254 nm (without chemical treatment) 
B U'V-365 nm (without chemical treatment) 
C 10% ethanolic KOH (No. 35) + UV-365 nm 

Description More than 15 structurally similar furanocoumarins (fcs) and coumarins are identified 
compounds of Imperatoriae radix (1) and Angelicae radix (2). Levistici radix (3) differs 
from 1 and 2 by a generally lower c0umari.n content. Because of their structural similar- 
ity, fcs are found as overlapping zones specifically in the R, range 0.5-0.65. In the table 
below, the Imown fcs in the drug satnples 1-3 are listed: 

Fig. 11,  12 Coumarins 1 2 3  - K, value 

Umbelliprenin 
Bergapten 
Imperatorin (TI) 
Ostruthin 
Xanrhotoxin (T2) 
Angelicin (brown) 
Umbelliferone (T3) 
Scopoletin 
Oxypeucedanin hydrate 

Plant acids 

X 

X X X 

X X 

X 

X 
X 

X X X 

X X X  

X X 

X X X  

To distinguislz the three Apiaceae roots, the different amount of quenching zones of the 
samples 1-3 can be used (+A). To characterize the single drug extract, the contribution 
of the blue, violet and brown fluorescent coumarin zones before (+B) and after spraying 
with the KOH reagent (+C) has to be considered. The originally pale-brown zones such 
as imperatorin TI and xanthotoxin T2 become light brown, and the blue fluorescenr 
zones become bright blue after spraying. They then form a band of strongly fluorescent 
zones from the start up to R, - 0.8, often overlapping the brown adjacent zones, as seen 
with the sample 2. 
In the R, range 0.55-0.65, the main blue fluorescent ostruthin and the brown imperatorin 
zone dominate the TLC picture of Imperatoriae radix (1)) while in Angelicae radix 2 two 
prominent bright fluorescent zones of that R, range contain angelicin, imperatorin, 
xanthotoxin, bergapten and osthenol. 
Levistici radix (3).  The KOH detection (+C) reveals five to seven clearly visible zones in 
the R, range 0.25-0.9, with three zones at R, 0.25-0.4 (e.g. umbelliferone/T3), two zones 
in the K,range of T1 and T2 with bergapten close to the irnperatorin test T1 and the paIe 
blue fluorescent 3-butylidenphthalide (ligusticum lactone) at R, - 0.85. 
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Rutae herba 

Drug sample 1 Rutae herba (methanolic extract, 20 p1) 

Reference 
compound 

Solverlt system 

Description 

Fig. 13A 

Fig. 14C 

D 

T1 rutarin T3 kokusaginine T5 xanthotoxin 
T2 y-fagarine T4 scopoletin T6 umbelIiferone 

Fig. 13 A ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) + system I 
B toluene-ether (1:ltsaturated with 10% acetic acid) + system 11 

Pig. 14 C,D toluene-ether (1:llsaturated with 10% acetic acid) 4 system 11 

A 5% ethanolic 1COH reagent (No. 35) + UV-365 nm 
B UV-365 nm (without chemical treatment) 
C UV-254nrn (without chemical treatment) 
D Dragendorff reagent (DRG No. 13) i, vis 

Rutae herba can be characterized by its coumarins (e.g. rutamarin), the furano- 
cournarins (e.g. bergapten, psoralen) as well as the fi~ranoquinoline allcaloids (e.g. 
kokusagine, y-fagarine) and the Aavonol glycoside rutin. 

Rutae herba (1) genera.tes with KOH reagent in solvent system I a band of ten to 12 violet 
and blue fluorescent zones from R, - 0.2 up to the solvent front. Rutarin (TI) forms a 
~tlajor white-blue fluorescent zone at R, - 0.35. 
The lipophilic coumarins and furanoquinolin alkaloids (T2tT3) migrate in one blue 
fluorescent major zone up ro the solvent front. 
The dark zone (>) directly above rutarin derives from the Aavonol glycoside rutin, 
which develops a bright orange fluorescence in UV-365 nrn when treated with the Natu- 
ral productIPEG reagent (Appendix A, No. 28; Rutin see 7.1.7, Fig. 4). 

Separation of Rutae herba (1) extract in solvent system IT yields more than ten blue 
fluorescent zones from the start up to R, - 0.9. Red zones are chlorophyll compounds. 

Compounds 
dimethyl-allyl-herniarin 
isaimperatorin 
rutamarin 
psoralen, bergapten 
xanthotoxin test 
urnbeliferone 
kokusaginin 
scopoletin 
y-hgarine 
daphnetin 

I?, value 

as partly overlapping zones 
R, range 0.55-0.85 

-0.55 (T5) 
-0.4 (T6) 
-0.35 (T3) 
-0.3 (T4) 
-0.25 (T2) 
-0.2 

All coumarin and alkaloid zones show prominent quenching in UV-254 nm, 

Wit11 Dragendorff's reagent, the alkaloids T2 and T3 form brown zones (vis). Coumarins 
also can give a weak, nonspecific reaction ("false positive Dragendorff reaction") due to 
the a$-insaturated lactone structure. 



Fig. 13 

Fig. 1.1 



Herniariae herba 

Drug sample 

Reference 
co~npound 

Solvent system 

Description 

Fig. 15 

A 

Fig. 16 

C 

l Herniariae herba (H.  glabra) 
2 Herniariae herba (H. hirsuta) 
3 Herniariae herba (trade sample) (merhanolic extracts, 20 PI) 

T1 herniarin 
T2 rutin (R, - 0.4) b chlorogenic acid (R, - 0.45) b hyperoside (R, - 0.6) 
T3 aescin 

Fig. 15 A,B toluene-ether (1:llsaturated with 10% acetic acid) b system I 
Fig. 16 C,D ethyl acetate-glacial acetic acid-formic acid-water (100: 11:11:26) b system I1 

A UV-365 nm (without chemical treatment) 
B 5 % ethanolic KOEI reagent (No. 35) b UV-365 nm 
C Natural products-polyethylene glycol reagent (NPIPEG No. 28) b UV-365 nrn 
D Anisaldehyde-sulphuric acid reagent (AS No. 3) b vis 

Herniariae herba can be identified not only by its coumarins but also by its flavonoid 
and saponin pattern. 

Coumatins (solvent system I )  

Methanolic extracts of Herniariae herba (1) and (2) show five violet fluorescent zones in 
the R,range 0.25-0.55, with two pronlinent zones at R,0.25 and R,0.55 due to scopoletin 
(R, - 0.25) and herniarin (RI 0.55/T1), respectively. In the commercial sample 3, 
both coumarins are hard to detect. 

KOH reagent intensifies the fluorescence of herniarin and scopoletin to a bright blue. 
Both compounds are detectable in samples (1)-(3). 

Flavonoids (solvent system 11) 

The extracts 1-3 generate with NPlPEG reagent three to five orange fluorescent quercetin 
and yellow isorhamnetin glycosides in the R, range 0.2-0.4, with the prominent orange 
zone of rutin (T2) at K, 0.4 and the yellow zone of narcissin at. R, 0.45 directly above. 
'The number of additional orange and yellow flavonoid glycoside zones in the Rf range 
0.25-0.35 varies in the samples 1-3. Trade sample 3 shows a marked number of blue 
fluorescent zones in the R, range of cl~lorogenic acid (R, - 0.45lT2) and above. 
The lipophilic cournarins, such as herniarin, migrate as blue fluorescent zones up to the 
solveilt front. 

Saponins (solvent system 11) 
Detection with AS reagent reveals one or two prominent yellow flavonoid zones at R, 0.4- 
0.45 and up to five small, dark yellow-brown zones in h e  R,range 0.1-0.3 due to saponin 
glycosides derived from medicagenic, 16-hydroxy-medicagenic acid and gypsogenin, 
with the main zones in and below the R, range of the reference compound aescin (T31 R, 
- 0.2). 



 



6 Drugs Containing Essential Oils (Aetherolea), Balsams 
and Oleo-Gum-Resins 

Essential oils are volatile, odorous principles consisting of terpene alcohols, aldehydes, 
ketones and esters (>go%) andlor phenylpropane derivatives. Aetherolea are soluble in 
ethanol, but only to a very limited extent in water. They are mostly obtained by steam 
distillation of plant material. 
Balsams, e.g. tolu balsam, are exudates obtained by incision into stems or trunks of 
plants or trees, respectively. They are water-insoluble resinous solids or viscous liquids 
with a11 aro~natic odour, their constituents being 40%-60% of balsamic esters. 
The oleo-gum-resin myrrh contains resins, gums and 7%- 17Yn of volatile oil and is about 
50Y0 water soluble. 

6.1 Determination of Essential Oils 

A steam distillation is carried out with a modified distillation apparatus, as described in Steam Distillation 
marly pharmacopoeias (e.g. Cocking and Middleton Ph. Eur.). 
The quantity of drug used must be sufficient to yield 0.1-0.3 ml essential oil. Therefore, 
10-50 g sample weight and 200-500 in1 water are needed, depending on the nature of the 
drug to be examined. Normally I. ml xylene is added in the distillation flask before 
starting the distillation. The rate of distillation has to be adjusted to 2-3mllmin. The 
distillate is collected in a graduated tube using xylene to take up the essential oil. For 
quantitative analysis of the essentiaI oil, a blank xylene value has to be determined in a 
parallel distillation in the absence of the vegetable drug. 
Table 1 shows the conditions for the quantitative determination of essential oils accord- 
ing to the German pharmacopoeia DAB 10. 
For the qualitative investigation of an essential oil by TLC, the distillation period can be 
reduced to 1 h and can be performed in most cases without xylene. The resulting oil is 
dilured in the graduated tube with xylene (1:9) and used directly for ?'LC investigation. 
Esserltial oils with a density greater t l~an 1.0, such as eugenol-containing oils, still need 
xylerle for distillation. 

Micromethods 

A 50-ml Erlenmeyer flask is connected with a glass tube (U-shaped, 10- to 15-cm long, Microsteam 
5 mrn in diameter). 1 g powdered drug and 10 ml water are then heated to boiling in the distillation 
flask and a distillation via the U-tube is performed slowly until about 1 ml of the water- 
essential oil mixture I~as  been colIected in the test tube. With 1 ml pentane, the lipophilic 
compounds are dissolved by shaking in the upper phase; the lipophilic solution is 
removed with a pipette and 20-100 pl is used for TLC investigation. 



Table 1 

Drug Content of Sample Water Time Hate 
essential oil weight (mu (hr) (rnltm in) 
(ml/100 g) (%) 

Absi~lthii herba 0.3 50 300 3 2 -3  
Anisi fructus 2.0 - 25 200 2 2-3  
Anthemidis flos 0.7 30 300 3 3 - 5.5 
Aurantii yericarpium 1.0 20 250 1.5 2-3 
Carvi fructus 4.0 LO 200 1.5 2 -3  
Curcumae rhizoma 3.5 10 200 3 3 -4  
Foeniculi h-uctus 4.0 10 200 2 2-3 
Junipcri  fructus I .O 20 200 1.5 3-4  
Marricariau flos 0.4 50 500" 4 3 -4 
Melissae folium 0.05 40 400 2 2-3 
Mentllae folium 1.2 50 500 2 3-3.5 
Salviae offrc. folium 1.5 50 500 1.5 2-3  
Salviae trilobae foliuln 1.8 50 500 1.5 2-3 
Thymi herba 1.2 20 300 2 2-3  

distilled from 1Yo NaCl solution. 

b The microsteam distillation method gives a preliminary indication of the con~posirion 
of the essential oil, but TLC of differenr sample concentrations is needed. 

Thcrmomicro- The use of a so-called TAS oven (Desaga, Germany) allows the direct application of 
distillation vegetable drug compounds that volatilize at a fairly high temperature (220"-260°C) 

(TAS Method) without decomposition. 
A glass cart.ridge is filled at the tapered end with a small amount ofquarrz wool, followed 
by about 50 mg powdered drug and about 50 mg starch. The cartridge is sealed with a 
clanly and placed in the oven block ofthe TAS apparatus, which is heated to about 220°C. 
The open end of the cartridge points directly to the TLC plate, Volatile compounds at the 
given temperature then distil onto the starting zone of the TLC plate in about 1.5 min. 
Immediately afterwards, the plate can be placed in a solvent system sufficient for TLC 
separation. 

b A1.I coinponents of essential oils and some other volatile compounds, e.g. coumarins, 
are obtained by this method. 

Extraction with 1 g powdered drug is extracted by shaking for 15 min with 10 ml dichloromethane. The 
dichlorotnetI~ane suspension is filtered and the clear filtrate evaporated to dryness. The residue is dis- 

(DCM extract) solved in 1 ml toluene, and 30-100 pl is used for TLC. 

b This method also extracts other, often irlterfering ljpophilic substances. 

Cinnan~oyl Curcumae rhizoma: 1 g powdered drug is extracted by shaking for 5 rnin with 5 ml MeOI-I 
pigtnenrs at a b o u ~  60°C; 10 111 of the filtrate is used for TLC. 

Myrrha 0.5 g powdered Oleo-gum-resin is extracted by shaking for 5 min with 5 ml96% ethanol, 
20 pl of the supernatant o r  filtrate is used for TLC. 
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0.5 g Peru balm is dissolved in IOml ethyl acetate, and lop1 of this solution is used for I%alsa~n 
TLC. For tolu balm, 10 kd of a 1:10 dilution in toIuene is used for TLC. 

6.2 Thin Layer Chromatography 

1 ml essential oil is diluted with 9 ml toluene; 5 ,ul is used for TLC. Essential oil 

Solutions of cornmercially available compounds are prepared in toluene (1:30). Reference 
3 pl (A 100 ~ i g )  of each reference solution is used. These quantities applied to the TLC solutio~ls 
plate are sufficient for detection of essential oil compounds. Thymol and anethole are 
detectable in quantities of 10 yg and less. 

Alcohols: borneol, geraniol, lirlalool, tnenthol 
Phenols: thymol, carvacrol 
Aldehydes: anisaldehyde, citral, citronella1 
Ketones: carvone, fenchone, menthone, piperitone, thujone 
Oxides: 13-cineole 
Esters: bornyl acetate, geranyl acetate, linaly acetate, menthyl 

acetate 
Phenylpropanoids: anethole, apiole, allyltetramerhoxybenzene, eugenol, 

myristicin, safrole 

Silica gel 60P ,,,-precoated TLC plates (Merck, Germany) Adsorbent 

Toluene-ethyl acetate (93:7) Chromatography 
This system is suitable for the analysis and comparison of all important essential oils. solvents 

The pharmacopoeias describe various other solvent systems for individual drugs or their 
essential oils: 

Chloroform: Curcumae xanth. rhizorna, Melissae folium 
Dichloro~netl~ane: Ailisi -, Carvi -, Caryophylli -, Foeniculiaeth. 

Lavandulae and Rosmarini aetl~.; 
Salviae fol. and Juniperi frucrus; 

Toluene-ethyl acetate (90:lO): Eucalypti aeth. 
Toluene-ethyl acetate (955): Menthae piperitae aeth. 
Chlorofol-m-toluene (75:25): Absinthii herba, Matricariae flos, Thytni herba 

6.3 Detection 

Without chemical treat.rnent 
UV-254nm Compou~lds containing at least two conjugated doilble bonds quencl~ 

fluorescence and appear as dark zones against the light-green fluorescent 
background of the TLC plate. 
b a11 phenylyropane derivatives (e.g. anethole, safrole, apiole, myristicin, 
eugenol) 



or compounds such as rhymol and piperitone. 
UV-365nin No characteristic Ruorescence of terpenoids and propylphenols is 

noticed. 

Spray reagents (see list Appendix A) 
- Anisaldehyde-sulphuric acid (AS No.3) 

10 minil 10°C; evaluation in vis.: essential oil compounds s l ~ o w  strong blue, green, red 
and brow11 colouration. Most of the compounds develop fluorescence under UV- 
365 nm. 

- Vanillin-sulphuric acid (VS No.42) 
10 mint1 10°C; evaluation in vis.: colourations very similar to those obtained with the 
AS reagent, but n o  fluorescence at all under UV-365 nm. 
Exceprions: Anisaldehyde and thujone only give very weal< daylight colour with AS or 
VS reagent and should be treated with PMA o r  concentrated H,SO,,. Ferlchone needs 
special treatment (see below). 

- Phosphornolybdic acid (PMA No.34) 
Immediately after spraying, evaluation in vis.: the constituents of essential oils show 
uniform blue zones on  a yellow background, with the exeption of thujone, 
anisaldehyde and fenchone. 
Thujone: The TLC plate has to be heated for 5 lnin ar 100°C. Thujone then sliows an 
intense blue-violet colour in the visible. 
Artisaldehyde appears blue with PMA reagent only when present in concentrations 
higher than 100 pg; at  lower concentrations, its colour response varies from whitish to 
pale green (vis.). When sprayed with concentrated HISO., and heated at  about 100°C 
for 3-5 rnin, anisaldehyde appears red (vis.). 
Fenchone: The ?'LC plate has to be sprayed first with PMA reagent, then with a 
solution of 0.5 g potassiuln permanganate in 5 rnl concentrated sulphuric acid. After 
heating for 5 ~ n i n  at 100°C, fenchone appears dark blue (vis.). 
Spraying of rhe TLC ptate with concentrated H,SO, and heating for 3-5 tnin at I 10°C 
yields a lemon-yellow (vis.) zone of fenchon, but only when applied in quantities 
greater than 100 pg; 

6.4 List of Essential Oil Drugs, Gums and Resins 

Reference compounds: Fig. 1,2, Sect. 6.6 
Chromatograms of essential oils with yhenylpropanoids: Pig. 3- 11, Sect. 6.7 
Chromatograms of essential oils with terpenoids: Fig. 12-28, Sect. 6.7 

Drugplant source/familyl Content of essential oillmain constituents 
pharmacopoeia THC = Terpene hydrocarbon(s) 

Fig. 3,4 Anisi fructus 2%-6% essential oil 
Anise Trans-anethole (80%-go%), methyl chavicol 
Pimpinella anisum L. (=estragol; 1-2%), anisaldehyde (1%)) ester 
Apiaceae of 4-inethoxy-2-(1-propeny1)-phenol (+5%), 
DAB 10 (oil), PhEur 111, y-himachalen 
OAB 90 (ail), I-Ielv VII Adulteration: Conii maculari fructus (alkaloid 
(ciil), BP'88 (oil), M D  coniin); Aethusae cynap. fructus 
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Druglplant source/family/ Content of essential oillmain constituents 
pharn~acopoeia THC = Terpene hydrocarbon(s) 

Anisi stellati fructus 5% - 8% essential oil Fig. 4 
Star anise Anethole (85%-go%), terpineol, phellandren 
Illicium verum I-100K. fil and up to 5% THC (limone, a-pinene) 
Illiciaceae Adulteration: Illicium anisatum L. (fructus 
~ A B  90, MD, mostly safrole, cineole and linalool) 

Foeniculi fructus ssp. vulgare-french bitter fennel: Fig. 3, 
Fennel seed 4%-6% essential oil 
Foeniculum vulgare MILL. Trans-anethole (60%-80%), (methyl chavicol), 
ssp. vulgare anisaldehyde, (-I-)-fenchone (12-22%), THC 
Apiaceae ssp. vulgare var. dulce: 
DAB 10 (oil), OAB 90 (oil), french sweet or roman fennel: 
Helv VTl (oil), MD, Japan 2%-6% essential oil 

Trans-anethole (50%-60%), (methyl chavicol), 
anisaldehyde, (-t)-fenchone (0.4%-0.8%), 
THC (e.g. limonene, p-niyrcene) 

Basilici herba 0.1 %-0.45% essential oil Fig. 3 
Basil Methyl chavicol (up to 55%) and li~ialool or 
Ocimurn basilicum L. linalool (up to 70%) and methyl chavicol 
Lamiaceae (chemotype or geographic type?) 

Sassafras lignum 1%-2% essential oil Fig. 3 
Sassafras wood, root Safrole (about 80%), eugenol (about O.SOh) 
Sassafras albidum (NUTT) 
NEES var. molle 
(RAF) FERN 
Lauraceae 
MD 

Cinnamomi cortex 
Cinnamon bark 
Cinnamornum verurn 
J.S. PRESL 
(syn. C. zeylanicum BLUME) 

Cinnamornum aromaticum 
NEES (syn. C. cassia BLUME) 
Chinese or cassia cinnamom 
Lauraceae 
DAB 10, ~ A B  90 (oil), Helv 
Vll (oil), BP 88 (oil), MD, 
DAC 86, japan, China (C. cassia) 

0.5%-2.5% essential oil b Ceylon cinnamon Pig. 5 
Cinnamic aldehyde (65%-80%), hydroxymetll- 
oxy- and metboxy cinnamic aldehyde, 
trans-cinnamic acid, eugenol (4%-lo%), 
a-terpineol, THC (e.g. p-caryophyllene, 
a-y inene, liinonene) 
1%-2% essential oil b Chinese cinnanion: \ 

Cinnamic aldehyde (75%-90%); only traces of 
eugenol (0-lo%, chemotype) 
(Unsu bstituted coumarin) 



Drug/plant sourcelfamilyl 
pharrnacop oeia 

- 
Fig. 5,6 Caryophylli flos 

Cloves 
Syzygium aromaticum (L.) 
MERR. et PERKY 
Myrtaceae 
DAB 10 (oil), OAB YO, Helv 
VII,  BP 88 (oil), 
MD, Japan 

Fig. 7,8 Calami rhizoma 
Sweet flag (Acorus) root 
Acorus calamus L. 
Araceae 
OAB 90, Helv VII, MD 
Acorus cslamus L. 
var. anlerjcanus WULFF 
(diploid) 
var. calamus L. (triploid) 
var. angustata ENGLER 
(tetraploid) 

Fig. 8 Asari radix 
Hazelwort, wild nard 
Asarum europaeum L. 
A ris tolochjaceae 
M D  

Fig. 9,10 Petroselini fructus 
Parsley fruits 
Petroselinum crispum 
(MILL.) 
ssp. crispum 
leaf parsley 
var. tuberosurn BERNH. 
ex RCHB. 
Root parsley 
Apiaceae 

Fig. 9 Myristicae semen 
Nut~neg 
Myristica fragrans HOUTT. 
Myrisricaceae 

Content of essential oillmain constituents 
THC = Terpene hydrocarbon(s) 

14%-20% essential oil 
Eugenol (= 4-allyl-2-methoxyphenol; 
72%-go%), aceteugenol (10%-15%), 
P-caryophyllene (> 12%) 
Clove stalks contain 5%-6% 
essential oil, "mother cloves", 
anthophylli 2%-9% essential oil 

1.7%-9.3% essential oil 
Triploid race (East Europe): 3% essential oil 
variable content of a-, p-asarones 
(3.3%-14%, average 8%), acoron 
(sesquiterpene ketone) 
Diploid race: 2.7%-5% essential oil, 
p-asarone absent or in low concentration; 
30 compoullds (e.g. isoeugenol, 
methyl-isoeugenol, 2.4.5. trimethoxy-benzaldehyde 
and artefacts formed during distillation). 
Ilelv. VII (maximum 0.5% asarone). 

0.7%-4% essential oil, 
cr-asarone (= trans-isoasarone), 
~ n e t l ~ y l  eugenol (0.5%-40%) or 
transisoelernicin (0.5%-70%) 
(cliemovariant) 

3%-6% essential oil 
apiol, myristicin and 
1 -allyl-2,3,4,5- tetramethoxybenzene (ATMB); 
chemotyye: 60%-80% apiol or 
50%-75% rnyristicin or 50%-60% ATMB 

Remarks: Petroselini radix also contains 
essential oil (0.2%-0.3%) with apiol and 
rnyristicin 

6%-10% essential oil (nutmeg) 
Phenylpropane derivatives: myristicin 
(50%-75%), safrole, eugenole, elemicin; 
T1-IC: a-pinene, limonene, p-cymene 
terpene alcohols in low concentration, 
geraniol, borneol, linalool and 
a-terpineol 
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Druglplant source/family/ 
pharmacopoeia 

Myristicae arillus 
Macis, Mace 
Myristica lragrans I-IOUTT 
Myristicaceae 
MD (oil), O A B  90, Helv 
V11, BP 88 (oil), USP XXI 

Ajowani frr~ctus 
Ajowan fruits 
Trachysyermum ammi (L.) 
SPRAGUE 

iaceae AP' 

Thymi herba 
Thyme 
Thynlus vulgaris L. 
Lamiaceae 
DAB 10, Helv VL1, MD 
t)AB 90 (oil) 
Thytnus zygis L. 
Spanish thyme 
Lamiaceae 
DAB 10, MD 

Serpylli herba 
Wild thyme 
Thymus pulegioides L. 
Lamiaceae 

Carvi fructus 
Caraway fruits 
Carum carvi L. 
Apiaceae 
DAB 10 (oil), t)AB 90 
(oil), Helv VII, 
R P  88 (oil), MD 

Menrhae crispae folium 
S yearmint leaves 
Mentha spicala L. BENTI-I. 
var, crispa 
Lamiaceae 
MD, + DAC 86, B13 88 oil 
only 

Content of essential oillmain constituents 
THC = Terpene -hydrocarbon(s) 

4%-12% essential oil (mace); qualitatively similar 
to nutmeg oil; safrole is absent 

2.6%-4.5% essential oil 
Tllymol (45%-60%) with small amounts of 
carvacral 

1%-2.5% essential oil 
Thymol (30%-70%), carvacrol (3%-15%), 
thymol-monomethyletl~er (1.5%-2.5%) 
1,s-cineole (2%-14%); geraniol, linalool, 
bornyl and linalyl acetate (1940-2.596) 
cx-pinene 
Content and composition of essential oil sinlilar 
to that of Thymus vulgaris, but higher 
amount of carvacrol and less thymolmono- 
methylether (0.3%). 

0.1%-0.6% essential oil 
Thymol (l%-4%), carvacrol (5%-33%) 
geraniol (3%-100/0), lioalool, linalyl acetate 
(20%-40%), cineole (+70/0), borne01 ( 1  %- 
15%) and bornyl acetate (-+5%) 

3%-7% essential oil (DAB 10: 4%) 
(s)(-l-)-Carvone (50%-85%), dihydrocarvone, 
carveol, diliyclrocarveol, up to 50% lilnonene 

1%-2% essential oil 
L-Carvone (42%-80%) acetates O F  dihydro- 
carveol and dihydrocuminyl alcohol, 
THC (pinene, lirnonene, phellandrene) 

Fig. 11 

Fig. 1 1  

Fig. 1 1  

Fig. 12 

Fig. 12 



Druglylant source/family/ 
pharmacopoeia 

pig. 12 Coriandri fructus 
Coriander fruits 
Coriandrum sativurn L. 
var. vulgare ALEF. 
large Indian coriander 
var. microcarpum DC. 
small Russian coriander 
Apiaceae 
C)AB 90, BP 88 (oil), MD (oil) 
USP XX (oil) 

Fig. 12 Cardamomi fructus 
Cardamoms 
Elletaria cardamomurn (L.) 
MATON 
Zingiberaceae 
DAC 86, BP 88 (oil), 
MD (oil), Japan, USP XXI 

Fig. 13 Menthae piperitae folium 
Peyperrnint leaves 
Menrha piperita (L.) HULIS. 
Lamiaceae 
DAB 10 (oil), OAR 90 
(oil), Helv VII (oil), 
Ph. Eur. 111, BP 88 (oil), 
M D  (oil), USP XXIl 

M. arvensis L. 
var. piperascens (L.) 
I-IOLMES ex CHRISTY 
Lamiaceae 
MD, Japan, DAB 10 (oil) 

Mentha pulegium L. 
Lamiaceae 
MD 

Fig. 14 Rosmarini folium 
Roserilary leaves 
Rosmarinus officinalis L. 
Lamiaceae 
DAC 86, MD (oil) 
-> DAB 10, OAB 90, Helv VII 
oil only 

Content of essential oillmain constituents 
THC = Terpene hydrocarbon(s) 

0.2%-0.4% essential oil (Indian coriander) 
0.8%-1% essential oil (Russian coriander) 
(+)-LinalooI (50%-80%), small amounts of 
geraniol and geranyl acetate, about 20Yo 
THC (a-pinene, y-terpinene -lo%, myrcene, 
limonene -10% and can~phene <5%) 
borneol (Russian coriander only) 
thymol (Indian coriander only) 

Essential oil: fruits (3'Yo-8%), seeds (4%-9%), 
yericarp (0.5%-1%) 
a-Terpinyl acetate (30%), 1,8-cineole (20%-40%); 
small amounts of borneol, linnlool, 
linalyl acetate and limonene (2%-14%) 

0.5%-4% essential oil 
Menthol (35%-45%), (-)menlhone (10%-30%) 
with small amounts of isomenrhone, 
illenthy1 acetate (3%-5%), menthofuran 
(2.5%-5%) pulegone, piperitone (10/0), 
cineole (8%)) pinene, limonene, jasrnone (0.1%), 
sabinenhydrate 

1%-2% essential oil (corn mint oil), 
similar composition as the oil from Mentha 
piperita, but menthofuran and cineole are absent 

1%-2% essential oil (Pulegii folium aeth.) 
Pulegone (80%-95%) with small amounts of 
piperitone, menthol and THC 
adulterant of M. piperita, M. arvensis 

1%-2% essential oil (oil composition varies due 
to drug origin). 1,8-Cineole (15%-30%), 
borne01 (10%-20%), bornyl acerate, 
a-yinene (up to 25%)) camphene (15%-25%) 
b rosmarinic acid, picrosalvin, 
carnosolic acid 
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Dr~iglplant sourcelfamilyl 
pharnlacoyoeia 

Melissae folium 
Balm leaves, honeyplant or 
Lemon balm 
Melissa officinalis L. 
Lamiaceae 
DAB 10, OAB 90, Helv VII, MD 
Cymbobogon nardus 
RENDLE 
Cy~nbobogon winterianus 
JOWITT 

Cymbobogon flexuosus 
TUND. et STEUD. 
Poaceae 

Lavandulae flos 
Lavender flowers 
Lavandula angustifolia MILL. 
La~niaceae 
DAC 86, MD (oil) 
+ DAB 10, OAB 90, Helv VII  
Lavandula latifolia MED. 

Lavandula hybrida REV 

Aurantii pericarpiurn 
Bitter orange peel 
Citrus auranti~un L. ssp. 
aurantium 
Rutaceae 
DAB 10, MD, Japan, China 
OAB 90, I-Ielv VII, BP 88 

Aurantii flos 
Orange flowers 
Citrus sinensis (L.) 
PERSOON ENGL. 
Rutaceae 
Melv VII (oil), O A R  90 (oil) 

Content of essential oillmain constituents 
THC = l'erpene hydrocarbon(s) 

0.01%-0.20% essential oil 
Citronella1 (30%-40%), cirral (20%-30%)) 
citronellol, nerol, geraniol and THC (lo%, 
e.g. P-caryophyllene) 
b 4% rosmarinic acid 
Melissa oil substitutes: 
Java Citronella oil (Ceylon type) 
Citronellae aetheroleum 
Java Citronella oil (Java type) 
0.5%-1.2% essential oil with citronella1 
(24,%-25%) and gerianol (16%-45%) 
Lemon grass oil 
53%-83% citral (West Indian type) 
70%-85% citral (East Indian type) 
80%-84% citral (Angola type; odourless) 

1%-3% essential oil 
Linalyl acetate (30%-55%), linalaal (20%-35%), 
with small quantities of nerol, borneol, 
p-ocimen, geraniol, cineole, caryophyllene- 
epoxide, campherle 

Spike lavender oil (0.5%-I%), 
linalool (30%-50%), cineole (>20%), ester absent 
"Lavandin oils" 20%-24% or 30%-32% linalyl 
acetate, linalool, TI-IC 
Comrnewcial "Lavandin" oils; mixture with 
oil of spike lavender possible 

Fig. 15,16 

Pig. 16 

0.6%-2.2% essential oil Pig. 17,18 
(-k)-Limonene (go%), linalool, linalyl acetate, 
neryl and citronellyl acetate, citral 
b anthranile methylate, couxnarins 
b flavonoids: rutin, eriocirrin, naringin, 
neohesperidin, nobiletin, sinensetin 
(see Sect. 7.1,8 Fig. 23/24 p. 232) 

0.2%-0.5% essential oil (oil of neroli) Fig. 17 
Linalyl acetate (8%-25%), linalool (about 30%), 
geraniol, farnesol, limonene 
b anthranile methylate 



Druglplant sourcelfamilyl 
pharrnacoy oeia 

Fig. 17,18 Citri pericarpium 
Lemon peel, Limon 
Cirrus limon (L.) BWRM 
Rutaceae 
BP 88 (+ oil); oil only: 
DAB 10, OAB 90, MD 

Citrus aurantium (L.) ssp. 
bergamia (RISSO et 
POIT.) ENGL. 
MD 
Citrus aurantium var. amara 
Rutaceae 

Fig. 19,20 Salviae folium 
Sage leaves 
Salvia officinalis L. 
ssp. minor 
ssp. major 
Dalrnatian sage 

Salvia lavandulifolia VAHL 
Spanish sage 
Lamiaceae 
DAB 10, OAi3 90, Helv VII 
(+oil), MD (+oil) 

Fig. 19,20 Salviae trilobae folium 
Greek sage 
Salvia triloba L. fil. 
Lamiaceae 
DAB 10, Helv VII, MD 

Fig. 20 Eucalypti folium 
Euc:\lyptus, bluegum leaves 
Eucalyptus globulus LABILL. 
E, fruticetorum MUELLER 
E. srnithii R.T. BAKER 
Myrlaceae 
DAB 10, USP XXI 
oil: OAB 90, Helv VII, BP'88, 
MD 

Content of essential oillmain constituents 
TI'IC = Terpene hydrocarbon(s) 

0.1%-6% essential oiI 
(+S)-Lirnonene (go%), citral (3.5%-5%), 
small amounts of teryineol, linalyl and 
geranyl acetate 
Cournarins: geranylmethoxycoumat~in, 
citroptenc, bergamottin 
b f avonoids: rucin, eriocitrin, neohesyeridin 
(see Sect. 7.1.8). 
"Bergamot oil" (fruit peel oil): 
linalyl acetate (35%-40%), linalool 
(20%-30%); dihydrocurnin alcohol 

"Oil of Petit Grain" (leaf oil) 
>GO% linalyl acetate 

1.596-2.596 essential oil 
Colnposition varies, depending on origin: 
thujone (22%-37%; ssp. minor or  major), 
cirleole (8%-24%), ca~nphor  (30%), 
borneol (5%-8%), bornyl acetate and THC 
(e.g. a-pinene) 
b Aavonoids: 1%-3% 
b rosrnarinic acid (2%-3%) 
Diterpene bitter pinciples: picrosalvin 
1%-1.5% essential oil 
cineole (20%), thujone ( < I % ) ,  
carnpher (26%) 

2%-3% essential oil 
1,8-Cineole (40%-70%), tl~ujone (about 5%), 
borneol, bornyl acetate, THC 
b Diterpene carnosol 

1.5%-3.5% essential oil 
1,s-Cineole (eucalyp tol; 70%-90%); 
piperiton, cx-pinene, phellandrei~e 
b Non-official oils can contain 
cineole (40%-50%), piperitone (10%-20%) 
andlor phellandrene (40%-50%), 
e.g. Eucalyptus dives SCHAUER 
b Non-rectified oils contain e.g. butyraldehyde 
and caprylaldehyde, which cause bronchial 
irritation 



6 Drugs Containing Essential Oils (Aetherolea), Balsams and Oleo-Gum-Iicsins 159 

Druglplant sourcelfamily/ 
pharmacopoeia 

Matricariae flos 
ChamomilIae flos 
Camomile flowers 
Matricaria recutita (L.) 
Chamomilla recuti ta (L.) 
RAUSCHERT 
Asteraceae 
DAB 10, Ph. Eur. 111, O A B  90, 
Helv VII, BY 88, MD 

Anthemidis flos 
Roman camomile flowers 
Chamaemelum nobile (L.) 
ALL. 
Asteraceae 
DAB 10, Ph. Eur. Ill ,  OAB 90, 
I-Ielv VII, BP 88, MD 

Cinae flos 
Wormseed 
Artemisia cina O.C. BERG 
et C.F. SCHMIDT 
Asteraceae 
MD, OAB 9 

Curcumae rhizoma 
Turmeric 
Curcuma zanthorriza ROXB. 
Round turmeric 
Zingiberaceae 
DAB 10 
Curcuma dornestica VAHL 
Finger or long turmeric 
Zingiberaceae 
DAC 86, MD 

Juniperi fructus 
Juniper berries 
Juniperus colllmunis L. 
ssp. c o m m i ~ n ~ s  
Cupressaceae 
DAB 10, UAB 90, Helv 
VII, M D  

Content of essential oillmain constituents 
'1'14C = Terpene hydrocarbon(s) 

0.5%-1.5% essential oil 
Chamazulene (0%-15%) 
(-)-a-Bisabolol (10%-25%) 
Risabolol oxide A, B, C (10%-25%); acetylenes 
(cis- and trans-ene-ine-dicycloether, 1 %-40%); 
farnesene (15%) 
Bisabolon oxide A, syathulenol 
Flavonoids: see Sect. 7.1.7, Fig. 3 

0.6%-2.4% essential oil 
esters of angelic, methacrylic, tiglic and 
isobutyric acids: n-butylangelat (34%); 
polyacetylenes 
Flavonoids: see Sect. 7.1.7, Fig. 3, 4 

2%-3% essential oil 
1,R-Cineole (about 80%) with small amounts of 
a-terpineole, carvacrole, THC; 
sesquiterpene lacrone: 
L-a-santonin (6%), a-hydroxy-santonin 
(artemisin) - bitter principle 

3%-12% essential oil 
Zingiberene (30%), xanthorrhizol 
(pl~enolic sesquiterpene, 20%), cineol, 
borneol, camphor (1%-5%) 
1%-2% pigments (curcumin, monodemetliaxy- 
curcumin 
0.3%-5% essential oil 
Sesquiterpenes ketone (65%; e.g. turmerone), 
zingiberene (about 25%), phellandrene, 
sabinene, borne01 and cineole 
3%-4% pigments curcumin, monodeinethoxy 
curcumin, bisdemethoxycurcu~nin, 
di-p-coumaroylmethane 

0.3%-1.5% essential oil with varying 
composition of terpinene-4-01 (-5%), 
terpineol, terpinyl acetate, borneol, 
bornyl acetate, caryophyllene, 
epoxydihydrocaryopl1y1Iene, 
camphor, u- and (3-pinene (50%), myrcene 

Pig. 21 

Fig. 22 

Fig. 22 

Fig. 23,24 

Fig. 25 



~ r ~ g / p l ~ , ~ ~ ~ r ~ e / f a m a ~ /  I- ~outent?ofieakntial oiVrn&wi~on~tltuents , t i r  6 .  

pharmacopoeia - . : . THG = Tc~pen~&ydro~bo,~~s)  >ii- -.q 

Pine Oils 

These are essential oils from the needles and branch tips of Abies, Picea and Pinus 
species (4%-IOYo, Pinaceae family). 

Fig. 27,28 Pini pumilionis aeth. 
Mountain pilie oil 
Pinus mugo TURRA 
ssp. muga 
ssp. puinilio 
(HAENKE) FRANC0 
OAB, Helv VIT, MD 

Pinus silvestris aeth. 
Scots pine needie oil 
Pinus silvestris I.. 
DAB 10 

Piceae aeth. 
Pine needle oil 
Picea ~nariana B.S.P. 
Picea abies (L.) KARSTEN 

Pini silvestris aeth. 
Siberian spruce oil 
Abies sibirica LEDEB. 

3%-10% esters, calc. als bornyl acetate 
and bornyl formiate; a- and (3-yhellandrene 
(60%), a- and fi-pinene (10%-20%)) 
anisaldehyde 

1.5%-5% esters calc. as bornyl acetate 
10%-50% a-, P-pinene, limonene 

37-45% bornyl acetate 

10% bornyl acetate, borne01 
32%-44% bornyl acetate (I-, P-pinene 

Fig. 27,28 Terebinthu~ae aetheroleum Distillate of turpentine (oleoresin) 
T. rectilicatum aeth. from various Pinus ssp. 
Turpentine oil 80%-90% THC (a-, b-pinene, limonene, 
Pin~ls palustris MILLER phellandrene); autoxidation produces 
13inus pinaster AlTON et al. a-pinene peroxides and subseque~~tly 
dAB 90, Helv VTT, RP 88, verbenol and pinol hydrate (=sorbenol) 
MD (resin), Japan 

Oleo-Gum-Resins 

Fig. 25 Myrrha 
Gum myrrh 
Commiphora rnolrnol ENGL 
and Commiphora ssp. 
Burseraceae 
DAB 10, OAB 90, Helv VII, 
MD, BHP 90 

2%-10% essential oil, complex mixture 
Sesquiterpenes: germacran-type, 
furanoeleman, furanoeudesman type 
2-methoxyfuranodien, curzerenone 
Cinnamic and cumit~aldehyde, eugenol, 
m-cresol and alcohols; 
25%-40% ethanol-soluble resin fraction 
with a-, p- and y-comrniphoric acids and 
esters 
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Druglplant sourcelfamilyl 
pharmacopoeia 

Benzresins and balsams 

Benzoe tonkinensis 
Siarn-benzoin, gum benjamin 
Styrax tonkinensis (PIERRE) 
CKAIB ex HARTWICW 
Styracaceae 
~ h .  E U ~ .  111, OAB go, 
Helv VII, USP XXII, MD 

Benzoe strmatra 
Sumatra-benzoin 
Styrax benzoin DRYAND. 
Styracaceae 
l3P 93, USP XXII, MD 

Tolutanum balsamum 
Tolu balsam 
Myroxylon balsamum (L.) 
HARMS var. balsarnum 
Fabaceae 
Legurninosae 
HELV VII, USP XXII, MD 

Peruvianurn balsamum 
Peru balsam 
Myroxylon balsamum (L.) 
HARMS var. pereirae 
Fabaceae 
DAB 10, i)AB 90, Helv VII, 
MD 

Content of essential oillmain constituents 
THC = Terpene hydrocarbon(s) 

25% free or combined acids, Fig. 26 
determined as benzoic acid (Ph. Eur. Ill). 
Coniferyl benzoate (60%-go%), cournaryl 
benzoate (10-15%), benzoic acid 
(10%-20%), vanillin (about 0.3%), 
a-siaresinolic acid (= 19-hydroxyoleanolic 
acid) 

Cinnamoyl benzoate and coniferyl benzoate 
(70%-SO%), cinnamic acid esters, styracin, 
cinnamic acid (about IOYo), cinnamic acjd 
phenylpropyl ester (about 1%), vanillin 
(about 1 %), sumaresinolic acid 
( = 6-hydroxyoleanolic acid) 

About 7.5% "cinnamein", a mixture of benzoyl Fig. 26 
benzoate (4%-13%) and cinnamoyl benzoate; 
(1-3%); about 80% resin (mostly cinnamic esters 
of toluresitannol), cinnamic acid, benzoic acid, 
vanillin, eugenol 

50%-70% esters: 
benzoyl benzoate (25%-40%) and cinnamoyl 
benzoate (10%-25%) 
20%-28% resin (mostly cinnamicesters 
of peresitannol), cinnamic acid (about lo%), 
benzoic and dihydrobenzoic acid, 
a-nerolidol (3%-5%) 



6.5 Formulae 

Caryophyllene 

Limonene 

Camphene 

Caryophyllene epoxide 

Gerianiol Nerol Linalool Terpineol 
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Borneol Bornyl acetate Linalyl acetate 

Cineole 

Citral 

Carvone 

A 

Thymol 

Piperitone 

A 
Carvacrol 

Thujone Fenchone 



OCOCH, 

0 

Matricin (Proazulene ) 

Menthofuran Jasmone 

Chamazulene 

(-)-a-Bisabolol (-)-a-Bisabolol oxide A (-)-a-Bisabolol oxide B (-)-a-Bisabolon oxide A 

Cinnamic aldehyde trans-Anethole Methyl chaviol Eugenol 
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lsoeugenol Safrole Myristicin 

O 1  OCH, 
H~~~~ OCH, H3c0y!f0c~3 OCH, 

Apiol Allyltetramethoxybenzene 

Xanthorrhizal 

Elernicin 

Curcumin R, = Re = OCH, 
Bisdesmethoxycurcumin R, = I?, = H 



6.6 Terpene and Phenylpropane Reference Compounds 

Reference compound1 R, value Colour 

Fig. 1 Coinpounds applied in  order of increasing R, value and 
decreasing polarity 

I bor~leol 0.24 violet-blue 
2 linalool 0.30 blue 
3 piperitone 0.35 orange-red 
4 cineole 0.40 blue 
5 citral 0.42 blue-violet 
6 carvone 0.46 red-violet 
7 eugenol 0.47 yellow-brown 
8 thymol 0.52 red-violet 
9 citronella1 0.65 blue 

10 apiol 0.65 red-brown 
11  mytisticin 0.75 red-brown 
12 anethole 0.85 red-brown 
13 safrole 0.87 red-brown 

Fig. 2 Monoteryene aIcohols and their esters 
14 geraniol 0.22 
15 geranyl acetate 0.64 
16 nerol 0.24 
17 neryl acetate 0.66 
18 borne01 0.24 
19 bornyl acetate 0.65 
20 menthol 0.28 
35 menrhyl acetate 0.72 
22 linalool 0.33 
23 linalyl acetate 0.68 

blue 
blue 
blue 
blue 
blue-violet 
blue-violet 
blue 
blue 
blue 
blue 

Solvent system toluene-ethyl acetate (93:7) 
Detection Vanillin-sulphuric acid reagent (VS No.42) ->vis 

After treatment with the VS reagent the monotexpene alcohols and their esters, cineole, 
the aldehyde citral and citronella1 show blue or blue-violet colour in vis. The pl~enyl- 
propane derivatives safrole, anethole, myristicin, apiol and eugenol are brown-redl 
violet, while thymol and carvon are red to red-violet; piperitone shows a typical orange 
colour. 
Commercially available reference compounds often show additional zones at the start o r  
in the low R,range. This can be due to resinification, decomposition products or incom- 
pletely removed impurities. 
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Fig. I 

Fig. 2 



6.7 Chromatograms 

Drug sample 
(essential oil) 

Reference 
compound 

Solvent system 

Detection 

Anisi fructus, Foeniculi fructus, Basicili herba, Sassafras lignum 
Essential oils with anetholelmethylchavicol or safrole 

1 Anisi fruct. aeth. (anise) 5 Basilici herba aeth. (basil) 
2 Anisi stellati fruct. aeth. (staranise) 6 Sassafras lignum aeth. (sassafras) 
3 Foeniculi fruct. aeth. (bitter fennel) 7 Anisi fruct. (DCM-extract) 
4 Foeniculi fruct. aeth. (sweet fennel) 8 Anisi stelIati fruct. (DCM-extract) 

T1 anethole T3 eugenol 
T2 safrole T4 fenchone 

Fig. 3A+B toluene-ethyl acetate (93:7) 
Fig. 4A+B toluene-ethyl acetate (93:7) 
Fig. 4C toluene 

Fig. 3 A t B  Vanillin-sulphuric acid reagent (VS No. 42) +vis 
Fig. 4A Concentrated sulphuric acid +vis. 

I3 Phosphormolybic acid/K permanganate (PMSIPM No. 34 + 36) +vis 
C Vanillin-sulphuric acid (No.42) + vis 

Fig. 3A, B 

Fig. 4A 

The major constituent of the essential oils 1-6 is detectable VS reagent as a red-violet to 
brown-violet zone at Rf 0.9-0.95. In the essential oil of anise (I) ,  staranise (2), bitter 
fennel (3) or sweet fennel (4) it is anethole (Tl) with small amounts of the isomer 
methyIchavicol, while basil (5) has predominantly methylchavicol which has rhe same R, 
value as anethole. The prominent zone of sassafras oil ( 6 )  is safrole (T2). Anethole (TI) 
and safrole (T2) can be separated in the solvent toluene (see Fig. 4C), where safrole then 
shows a higher R, value. 
The blue zones in the R,range 0.1-0.4 of the oils 1-6 are terpene alcohols (e.g. linalool at 
R, 0.4) at a very low concentration in the samples 1-2, slightly higher in bitter fennel (3) 
and sweet fennel (4), while basil (5) shows three intensive bIue terpene alcohols with 
linalool as a major compound. In basil oils, linalool can be the predominant compound 
with very little methylchavicol (chemo- or geotype). A red-violet zone at R,- 0.5, as in 
samples 2-5, can occur (e.g. epoxidihydrocaryophyllene). 

Anethole at R, - 0.9 and anisaldehyde at R, - 0.45 with concentrated sulphuric acid 
immediately give a red to red-violet colour. Fenchone is detected as a yellow ochre zone 
at R,-- 0.5 after being heated at llO°C for about 5 min andat a concentration greater than 
> 100 pg. 

Fenchone, if present in a lower concentration, can be detected by the PMAIPM reagent 
only. The dark blue-coloured zone of fenchone (T4) is seen in the sample of bitter fennel 
(3) (12%-22% fenchone), whereas a weak whitish zone is detected in sweet fennel (4) 
(0.4%-0.8% fenchone). Fenchone is absent in anise ( I )  or star anise. 

Detection with VS reagent (1 1O0C15 min) reveals in anise (7) and staranise (8) the grey- 
violet zones of anethole (Tl)  at R, 0.8 and of triglycerides (in DCM extracts only) at R, 
0.2-0.3. In  the R, range above anethole, no prominent zone should be present. A high 
amount of safrole (T2) instead of anethole might indicate an adulteration with the 
poisonous Illicium anisaturn (syn.1. religiosum). 
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Fig. 3 

Fig. 4 



Drug sample 
(essential oil) 

Reference 
compound 

Solvent system 

Detection 

Fig. 5A 

C 

Fig. 6A 

Cinnamomi cortex, Caryophylli flos Essential oils with eugenol 

1 Cinnalnomi ceylanici cortex aeth. 
2 Cinnamomi aromaticae cortex aeth. 
3 Cinnamomi ceyl. cortex (DCM extract) 
4 Cinnamomi aromat. cortex (DCM extract) 
5 Caryophylli flos aeth. 

TI linalool 
T2 cinnamic aldehyde (=cinnamaldehyde) 
T3 eugenol 
T4 coumarin 

Fig. 5A-C toluene-ethyl acetate (93:7) 
Fig. 6A+B dichloromethane 

C toluene 

Fig. 5A+C Vanillin-sulphuric acid (VS No. 42) +vis 
B KOH reagent (KOH No.35) + UV-365 nm 

Fig. 6A-t-C Vanillin-sulphuric acid (VS No. 42) +vis 
B UV-254nm 

Cinnamon oils (1,2) are characterized by cinnamic aldehyde (T2), seen as major grey- 
blue zone at R, - 0.5 (VS reagent, vis). 
Ceylon cinnamon oil (1) shows an additional violet-blue zone at R, - 0.2, a blue zone at 
R, - 0.4 (linalool/Tl), and the tetpene ester at R,. - 0.65. 
Cassia cinnamon oil (2) has a prominent blue zone of terpene hydrocarbons 
(e.g. caryophyllene, a-pinene) at the solvent front as well as two minor blue zones at 
R1 0.25-0.3. 

Development of DCM extracts in dichloromethane and detection with KOH reagent in 
UV-365 nm shows in the R, range of cinnamic aldehyde at R, - 0.5 a green and directly 
below at R,- 0.45 the blue fluorescent zone of o-rnethoxycinnamic aldehyde. Besides a 
higher amount of the aldehyde, the cassia cinnamon bark (4) also contains cou~narin 
(T4), which is found as a blue fluorescent zone below the aldehyde (see note below). 

Essential oil of'caryophyui flos (clove oil, 5) shows as major compound the orange- 
brown zone of eugenol (T3, R, - 0.5) and the violet zone of P-caryophyl.lene at the 
solvent front. 

A TLC development of cinnamon oils (1,2) with dichloromethane separates cinnamic 
aldehyde (T2) and the eugenol zone (T3). Eugenol is present in Cinnamomi ceylani 
cortex only and is found as a brown zone directly above cinnainic aldehyde, followed by 
the blue ester zone (VS reagent, vis) (see note below). 

The phenyl propane derivatives as well as coumarin (T4) are seen in UV-254nm as 
prominent quenching zones at R,0.45-0.55. 

In the solvent toluene eugenol is found in a lower R,range. 

Note: Eugenol (<5%) is reported in Cinnamomi ceylanicj cortex only, while coumarin 
is found in C. aromaticae cortex only. Very ohen the powdered trade samples of cinna- 
mon bark are mixtures af both species and therefore both compounds are present. 
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['Ti- 

Fig. 5 

Fig. 6 



Calami rhizoma, Asari radix Essential oils with asarone 

Drug sample 1,2 Calami rhizoma (without bark) 
3 Calami rhizoma (USAIwith bark) 
4 Calami extract (5:1/40% EtOH) 
5 Asari europaeae radix 
6 Asari canadensis radix 

Reference T1 trans-isoasarone 
compound T2 eugenol 

T3 bornyl acetate 

Solvent system toluene-ethyl acetate (93:7) 

Detection Fig. 7 A W-365 nm B UV-254nm 
Fig. 8 Vanillin-H,SO, reagent (VS No. 42) vis 

Fig. 7A DCM extracts or TAS distillates of Calami rhizoma (1-3) show in UV-365 nm at least 
seven blue or violet-blue fluorescent zones from the start up to R,- 0.55 and additional 
zones in the R, range 0.75 and at the solvent front. Their concentration is low in the 
commercial extract (4). The zone ar R, - 0.4 in the samples 1-4 fluoresces blue and 
violet-blue, due to the a-p-asarone mixture (Tl, violet-blue). 

B The samples 1-3 show prominent quenching zones (UV-254 nm) from the start up to R, 
0.65, with two major zones at R,- 0.4 (a-p-asarone, T1) and R,- 0.65. 

Fig. 8 Treatment with the VS reagent characterizes the chromatogram of Calami rhizoma 
samples 1-3 by a series ofviolet, blue and brown-violet zones (vis.), extending from R, - 
0.05 up to the solvent front. The asarone (TI) appears as a red-violet zone at R,- 0.4. In 
the R, range of eugenol (T2) all oils show one to two weak zones folIowed by a prominent 
blue zone at R, 0.75 (R, range of bornyl acetate) and a blue zone at the solvent front. 

The TLC pattern of Calami rhizoma samples varies according to the origin of the drug, 
the vegetation period and the extraction method (sample 4). Some compounds are 
unstable and form artefacts. The amount of a-p-asarone depends on the genetic origin 
(di-, tri- or tetraploid) but should not exceed 0.5%, because of its carcinogenic potential. 

DCM extracts or TAS distillates of Asari europ. radix ( 5 )  show a relatively high amount 
of asarones (TI), accompanied by four weaker blue zones in the R, range 0.1-0.3, while 
in Asari canadensis radix (6) only traces of asarones are found. Sample 6 is characterized 
by a major dark-blue zone in the R, range of bornyl acetate (T3), a yellow-brown zone of 
eugenol (T2) at RI- 0.5 and five to six dark-blue zones from the start up to R,- 0.35. 
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Fig. 7 



Myristicae semen, Petroselini fructus Essential oils with apiole and 
myristicin 

Drug sarnple 1 Myristicae aeth. (commercial oil) 
(essential oil) 2 Petroselini fructus (rnyristicin race) 

3 Petroselini fructus (steam distillate) 
4 Petroseli fructus (apiol race) 
5-7 Petroselini aeth. (commercial oils) 

Reference TI m yristicin 
cornpourid 'I'2 eugenol 

T3 apiol 

T4 allyltetrametlioxybenzene (ATMB) 
T5 elemicin 

Solvent system Figs. 9, 10 toluene-ethyl acetate (93:7) 

Detectio~i Fig. 9 A  UV-254 nm 
B Vanillin-sulphuric acid reagent (VS No. 42) +vis 

Fig. 10A+B Vanillin-sulyhuric acid reagent (VS No. 42) +vis 

Fig. 9 All phenylpropane derivatives of Myristicae ( 1 )  and Petroselilli aeth. (2) are seen as 
quenching zones in UV-254 nm (+A) and as brown to red-brown-coloured zones with 
VS reagent in vis. (+B). 

Compound R, Essential oil Fig. 9 Fig. 10 

safrole (T13, p. 166) 0.95 1 Myrisricae aeth. 6 Perroselini aeth. 
myristicin T 1 0.80 1 Myristicae aeth. 2-7 Petroselini aeth. 
apiol T3 0.75 2 Petroselini aeth. 3-7 Pctroselini aerh. 
eugenol T2 0.55 1 Myristicae aetl~.  6-7 Petroselini aetli. 
allyltetramethoxy- 
benzene T4 0.45 2 Petroselini aeth. 3-7 Petroselini aeth. 
elemicin T5 0.40 2 Pelroselini aeth. 3-7 Petroselini aeth. 

Myristicae aeth. (1) is characterized by the major zone of myristicin (Tl), smaller 
amounts of safrole directly above, traces of eugenol (T2) and two to three zones of 
terpene alcohols (R,0.15-0.25). Depending on the origin of the oil (semen or  macis), the 
amount of TI-IC at  the solvent front can be more I~ighly concentrated and at  the same 
time safrole can be absent. 
Petroselini aeth. (2). This oil shows myristicin (TI) as its major compound (myristicin 
race). 

Fig. 10 TLC synopsis of parsley oils 
Petroselinum can occur as chemical race (chemorype), in which the predominant com- 
pound is either myristicin (2,3) or apiol (4). In rare cases allyltetramethoxy benzene is 
the major compound. Comniercial parsley oils from cultivated plants (5,6,7) contain 
myristicin and apiol in various, sometimes in approximately equal concentrations (6). 
'The parsley oils 2-7 also show sliglit variations of minor phenylpropanoids in the R, 
range 0.4-0.5 (eugenollT2, allytetrarnerhoxy benzenelT4, elemicinlT5) 
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Ajowani fructus, Thymi and Serpylli herba Essential oils with thymoll 
carvacrol 

Drug sample 1 Ajowani fructus aeth. 
(essential oil) 2,4,5,7,8 Thymi herba aeth. 

3,6 Serpylli l~erba aeth. 

Reference TI thymol T2 carvacrol 

Solvent system Fig. 1 1  toluene-ethyl acetate (93:7) 

Detection Vanillin-sulphuric acid reagent (VS NO. 42) +vis 

Fig. 1 1  The essential oil of Ajowani fructus ( I )  contains mainly thyrnol (TI), seen as a 
characteristic red zone at R, - 0.5. Indian Ajowan is known as an adulterant of 
Petroselini fructus. 
The essential oils Thymi aeth. (2,4) from Thymus vulgaris and Thymus zygis show 
thymol and its isomer carvacrol(5,7) (see note) as one red zone at R,- 0.55, three weak 
blue and grey zones of terpene alcohols (e.g. borneol, geraniol, linalool) in the R, range 
0.15-0.35 and terpene esters (e.g. bornyl and linalyl acetate) in the R, range 0.7-0.8. 
Serpylli aeth. (3,6) (Thymus pulegioides) has two additional terpene ester zones directly 
above thymol. A rectified commercial thyme oil (8) shows, besides thymol, additional 
red zones in the R,. range 0.3-0.4, and 0.65-0.95. 

Note: A separation of the isomers thymollcarvacrol is achieved by two-dimensional 
TLC with toluene-ethyI acetate (93:7) in the first and toluene-carbon tetrachloride-o- 
nitrotoluene (33:33:33) in the second dimension. 

Carvi, Coriandri, Cardamomi fructus 
Menthae crispae folium Essential oils with terpenes 

Drug sample 1 Carvi fructus aeth. 
(essential oil) 2 Menthae crispae folium aeth. 

3 Coriandri Guctus aeth. 

4 Coriandri semen aeth. 
5 Cardamomi fructus aeth. 

Reference T1 cdrvone 
compou~id T2 linalool 

T3 cineole 

T4 a-terpineol (R, 0.25) b terpinyl acetate (R, 0.75) 

Solve~~t system Fig. 12 toluene-ethy 1 acetate (93~7) 

Detection Vanillin-sulphuric acid reagent (VS No. 42)-+vis A-C 

Fig. 12A Carvi aeth. ( 1 )  is characterized by the intense raspberry-red zone of D-carvone (Tl)  at Ri 
- 0.5. Terpene alcohols migrate in rhe R, range 0.2-0.25 (e.g. carveol). 
Menthae crispae folium aeth. (2) contains, besides L-carvone (red-violet, R, - 0.5), 
higher amounts of terpene alcollols in the &range 0.2-0.3 (e.g. dihydrocirminyl alcohol) 
and terpene esters at R, 0.7 (e.g. dihydrocuminyl acetate). 
Essential oils of Menthae piperitae folium show a totally different terpeneoid pattern 
(see fig. 13 y. 178). 

B Coriandri fructus (3) and C. semen (4). Linalool (7'2) is the major compound in both 
essential oils. Commercial seed oil can have a higher amount of linalool and in addition 
geraniol (R, 0.2) and geranyl acetate (R, 0.7), detected as grey zones. 

C Cardamon oil (5)  shows the prominent blue zone of a-terpinyl acetate (R, - 0.75/T4), 
cineole (RI 0.5lT3) and three minor terpene alcohols such as borneol, terpineol (R, 0.2- 
0.25), linalool (K,. - 0.351T2) and limonene at the solvent front. 
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Menthae folium (Lamiaceae) 

Drug sample 1 Menthae piperitae aeth. 
(essential oil) 2 Menthae arvensis aeeh. 

Reference TI menthol T2 mentl~one/isomenthone 
conipound T3 menthyl acetate T4 menthofitran 

Solvent system Fig.l3A,B toluene-ethyl acetate (93:7) 
C dichloxmethane (100) 

Detection A Vanillin-sulphuric acid reagent (VS No. 42) + vis 
B Phosphomolybdic acid reagent (PMA No. 34) ?, vis 
C Anisaldehyde-sulphuric acid reagent (AS No. 3) + vis 

Fig. 13A Official peppermint oil 1 is characterized by the following terpenes: 
I menthol Rf - 0.30 (TI) blue 
I1 piperitone Rf - 0.35 orange 
111 cineole R, -- 0.40 blue 
IV pulegone (?) Rr - 0.48 blue 
V isornenthone R, - 0.55 (T2) blue-green 
VI menthone R, - 0.70 (T2) blue-green 
VII menthyl acetate Ri - 0.75 (T3) blue 
F THC solvent front violet-blue 
F menthofuran below THC (T4) red-violet 

B Even with low concentrations of terpenes, such as menthyl acetate (T3) or THC in 
sample 1, the P M A  reagent produces intense, uniform blue-black-coloured zones. 

c For Mentl~ae arvensis aeth. (2) the German pharmacopoeia DAB 10 describes the sepa- 
ration in dichloxomethane. The prominent terpenes I-VT1 are detected with AS reagent. 
Cineole and menthofuran are absent, Menthofuran (T4) is detectable in freshly distilled 
pepperillint oil only (instable coxnpound). 

Rosmarini and Melissae folium (Lamiaceae) 

Drug sample 1 R0smari.n; aetl-I. 3 Melissae fol. (MeOH extract) 
(essential oil) 2 Rosmarini fol. (MeOH extract) 4,5 Melissae aeth. 

lteferencc T1 I $-cineole T2 borne01 
compound T3 rosmarinic acid T4 citral 

Solvent system Fig. 14A+ C toluene-ethyl acetare (93:7) 
B toluene-ethyl fomiate-formic acid (50:40:10) 

Detection A + C  Vanillin-sulphuric acid reagent (VS No. 42) +vis 
B Natural products reagent (NPIPEG No. 28)+ UV-365 nrn 

Fig. I ~ A  Rosmarini aeth. (1) shows with VS reagent six mainly blue zones (vis.) in the R, range 
0.25-0.45 with cineole as the major zone (TI). Due to plant origin the amount of teryene 
alcohols in the R, range below cineole differs (e.g. borneol, T2 > 20%). 

B A methanolic extract of Rosmarini folium (2) and Melissae folium (3) contains up to 5% 
rosmarinis acid (T3). 

C Oil of Melissa balm (4,5) shows as main blue zone citronella1 at R, 0.75, citral at R, 0.45 
and terpene alcohols at R, 0.15-0.3. The quality of rhe oils varies, as explained in Fig. 15. 



6 Drugs Containing Essenlial Oils (Aetherolea), Balsams and Oleo-Gum-Resins 179 

Fig. 13 



Melissae folium and substitutes (Lamiaceae) 

Commercial oils 1 Melissae fol. aeth. 3 Citri aetheroleurn 
2 Citronellae aeth. 4 Lemon grass oil 

Reference T1 citronella1 
compound T2 citral 

Solvent system Fig. 15 toluene-ethyl acetate (93:7) 

Detection Vanillin-sulphuric acid (VS No. 42) +vis 

Fig. 15 The amount of volatile oil gained by steam distillation of Melissae foliurn (I) ,  as well as 
the amount of the oil constituents citronellal (TlIR, - 0.75), citral (T2/RI - 0.5 and 
terpene alcohols (R,0.2-0.4, e.g. nerol, citronellol) depends on plant origin and harvest- 
ing time. 
Good-quality drugs should yield up to 0.2% essential oil with 30%-40% citronella1 and 
20%-30% citral (see Fig. 14, track 2). In lower-quality oils,.such as sample 1, the amount 
of terpene alcohols dominate. 
Java citronella oil (2) resembles official melissa oil I in its chromatographic picture, but 
has a higher content of citronella1 (Tl)  and geraniol (R, - 0.2). 
Commercial lemon oil (see note) (3) and lemon grass oil (4) are characterized by citral 
(R,- 0.5IT2). The oils 2 and 4 are used as substitutes of Melissae aetheroleum. 

Note: A TLC comparison between the different qualities of distilled and squeezed lernon 
oils is given in Figs. 17 and 18. 

Lavandulae flos and commercial oils (Lamiaceae) 

Essential oil 1 Lavandulae flos (steam distillate) 4 French Mt. Blanc oil (commercial oil) 
2 Lavandin oil (commercial oil) 5 Spike Lavender (commercial oil) 
3 Barr&me oil (commercial oil) 6 Lavender oil (L. angustifolium) 

Reference TI linalyl acetate 
compound T2 linalool 

T3 linalool b linalyl acetate 

Solvent system Fig. 16 toluene-erhyl acetate (93:7) 

Detection Vanillin-sulphuric acid reagent (VS No. 42)+ vis 

Fig. 16A Lavandulae aeth. (1) of fresh distilled Lavandulae flos is characterized by the prominent 
blue zones of linalyl acetate (R, - 0.75/T1), linalool (Rf - 0.3/T2) and a further terpene 
alcohol at R, - 0.2 (e.g. nerol, geraniol). 
Commercial lavandin oil (2) contains cineole, a blue zone directly above linalool, in 
almost equal concentration as linalool and linalyl acetate. 

B Lavandin (2), Barrkme (3), French Mt. Blanc (4) and lavender oil ( 6 )  are qualitatively 
alike in the main zones, with quantitative differences in the amount of linalyl acetate, 
l i~~alool,  cineole and epoxidihydrocaryophyllene at R, 0.5-0.55 characteristic red-violet 
zone in the commercial oil samples 2-6. Spike lavender oil ( 5 )  has an almost equal 
linalool and cine01 content. Linalyl acetate is absent. 
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Aurantii and Citri pericarpium 

Drug sample 1 Aurantii peric. (steam distillate) 8 Citri var. bergamiae aetli. (bergamot) 
(essential oils) 2 Aurantii peric. (oil, bitter) 9 Citri var. bergamiae aeth. (petit grain) 

3 Aurantii peric. (oil, sweet) 10 Aurantii pericarpiuni (MeOI-I extract 
4 Cirri peric. (steam distillate) 1 gllO ml, 20 p1) 
5 Citri aeth. (oil, squeezed) I I Citri pericarpium (MeOH extract 
G Citri aeth. (messina oil) 1 gI10 ml, 20 111) 
7 Aurantii flos aeth. (neroli oil) 

Reference . citral 

Solvent system Fig. 17 toluene-ethyl acetate (93:7) 
Fig. 18A toluene-ethyl acetale (93:7) 

B ethyl acetate-formic acid-water (67:7:26/upper phase) - polar systetn 

Detection Fig. 17 Vanillin-sulphuric acid reagent (VS No. 42) +vis 
Fig. 18A UV-365 nm 

B Natural products reagent (NPIPEG No. 28)- UV-365 nm 

Fig. 17A Aurantii pericarpium (2,3) and Citri pericarpium sample (5) are volatile oils squeezed 
from fresh peels. They contain a higher amount of limonene, seen as a grey-violet zone 
at the solvent front, than their steam distillates (1,4). 
The oil samples 1-3 show up to ten minor grey and red-violet zones of terpene alcohols 
(R, 0.1-0.4) and terpene aldehydes (R, 0.5-0.65). 
Citri oil (4) has four prominent greyish-blue zones (R, 0.2/0.3/0.45/0.6), while in Citri 
sample(5) citral (Ri - 0.45lT1) and limonene at  the solvent front are equally concen- 
trated. Commercial Messiila oil (6) shows a deviating TLC pattern with approximately 
ten zones in the R, range 0.1-0.6. 

I3 Neroli oil (7), obtained either by extraction, the enfleurage process or by distillation 
from fresh orange b l o s s o ~ ~ ~ s ,  contains like the lavender oils (see Fig. IG) the blue zones 
of linalyl acerate (R, - 0.6) and linalool (R ,  - 0.3) as main constituents, a further terpene 
alcohol at  R, - 0.15 and a yellow-red pigment zone at R, - 0.45. 
Bergamot oil (8) also has linalyl acetate and linalool as major compounds, whereas petit 
grain oil (9) contains mainly linalyl acetate besides a minor terpene alcol~ol (RI - 0.15). 

Fig. 18 Aurantii pericarpium (1-3) 
A For essential oils squeezed from fresh peels, such as samples (2) and ( 3 ) ,  the blue 

fluorescent zones of methyl anthranilates, coumarins and methoxylated lipophilic 
flavonoids (e.g. sinensetin) are characteristic. Sample 2 has up to six, sample 3 shows two 
to three blue fluorescent zones, while in distillate 1 only one weak zone at R, - 0.4 is 
seen. 

Citri pericarpium (5-6) 
The samples 5 and 6 show the coumarins bergarnottin (a), geranyl rnethoxy coumarin 
(b), citropten (c) and a psoralen derivative (d) in the R, range 0.1-0.5. 

B Flavonoids 
A rnethanolic extract of Aurantii pericarpium (10)) developed in the polar solvent systetn 
shows the blue fluorescent anthranilate and coumarin zones in the R, range 0.8-0.99. 
Additional blue and orange-yellow fluorescent zones of flavanon and flavanonol glyco- 
sides are seen at R, 0.05-0.25. (For separation of flavonoid glycosides, see Section 7.1.7, 
Fig. 23).The flavonoid zones of the Citri pericarp methanolic extract 11 are less promi- 
nent than those in extract 10. The blue counlarin zones are found at the solvenr front. 
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Salviae folium 
Eucalypti folium Essential oils with cineole 

Drug sample 1,2 Salviae aeth. (Dalmatian oil 1/11) 
(essential oil) 3 Salviae aeth. (Greek oil, DAB 10) 

4 Salviae aeth. (commercial sage oil) 
5 Salviae aeth. (Spanish oil) 
6,7 Salviae aeth. (Greek oil 1/11) 
8 Eucalypti aeth. 

Reference TI a-fi-thujone = ((-)-thujone > 3596, (+)-thujone > 65%) 
compound T2 cineole 

Solvent system Fig. 19,20 toluene-ethyl acetate (93:7) 

Detection V Vanillin-sulphuric acid reagent (VS No. 42) +vis 
P Phosphomolybdic acid reagent (PMA No. 34) +vis 

Fig. 19 Commercial Salviae aetherolea (1-3) (sage oils) can be classified according to their 
content and percentage of thujone (Tlla), cineole (T2fc) and bornyl acetate (b). 
The essential oil constituents react with VS reagent as blue or violet-blue zones. Thujone 
(a) is more easily detectable as a violet-blue zone with PMA reagent. All terpenes show 
a blue to violet-blue calour in vis. 

VS reagent in combination with PMA reagent, vis 
Dalmatian sage oil (1,2) contains thujone (a) as major constituent with lower amounts 
of cineole ( c ) ,  two terpene alcoholes (R, 0.2-0.4) and THC at the solvent front. 
Greek sage oil (3) contains mainly cineole (c), only traces of thujone (a), two to three 
terpene alcohols (R, 0.2-0.4) and THC at the solvent front. Bornyl acetate (b) moves 
directly ahead of the thujone zone (a). 

Fig. 20 TLC synopsis of sage oils (PMA reagent, vis) 
In many commercial salvia drug preparations or essential oils, thujone and cineole are 
present in approximately equal concentrations (4). 
Spanish oil (5) can be differentiated from the Greek oil 6 by a lower content of cineole (c) 
and by the absence of thujone (a). Bornyl acetate (b) and four terpene alcohols are 
detectable in the R, range 0.2-0.4. 
Greek oil (6) shows cineole (c) as major zone, traces of thujone (a) and bornyl acetate 
(b), two to three terpene alcohols (R(0.2-0.4) and THC at the solvent front. In Greek oil 
sample (7) thujone is missing and cineole is less concentrated than in (6). 

Eucalypti folium aeth. 
Sample (8) is characterized by the major zone of cineole at Rf - 0.5 (T21a), two minor 
zones of terpene alcohols (R, - 0.25-0.35) and THC at the solvent front. In the R, range 
of thujone and bornyl acetate no prominent zones are found. 
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Matricariae f l o ~  Essential oils with sesquiterpenes 

Drug sample 1 Matricariae flos (steam distillate15 pl) 
(essential oil) 2-13 Matricariae flos (steam distillates15 p1 various origin of drugs) 

Reference T1 bisabolol oxide A 
compou~~d T2 bisabolol (R, 0.35) b azulene (R, 0.85) T3 bisabolol oxide A (I)  b bisabolol (Ill) 

(R, - 0.35) 

Sohent system Fig. 21, toluene-ethyl acetate (93:7) 

Detection Vanillin-sulphuric acid reagent (VS No. 42) +vis 

Fig. 21 Official Matricariae flos aetheroleum (1) is characterized by the following zones: 

1 bisabolol oxide A/B RI - 0.2 yellow-green 
I1 spatiiulenoI Rf - 0.25 violet 
111 bisabolol R, - 0.35 violet 
IV y olyines R, - 0.5 - 0.6 brown 
V azulene R, - 0.95 red-violet 
V I  THC, farnesene R, - 0.99 blue-violet 

TLC synopsis: The steam distillates of 13 chamomile flowers of the trade market show a 
different qualitative pattern of the main constituents. 
All oils of good quality, accordiilg to most pharmacopoeias, contains the compounds I- 
VI in high concentration, e.g. oils 1 and 6. 
'The oils 8-1 0 have less concentrated zones in tile R, range 0.2-0.5, but prominent zones 
of azulene and THC at the solvent fronr. Oils 5 and 13 show a high yolyine (IV) content, 
while oils 8 and 9 have hardly any polyines, but a relatively high amount of azulene (V) 
and bisabolol oxides A/B (I). Oil 12 has a higher amount of bisabolol. 
Oils with a generally low concentration of the constituents IT, I V  and V (e.g. oils 2-4) or 
azulene free (e.g. 7) are considered as oils of inferior quality and are not accepted by 
most of the pharmacopoeias. 

Anthemidis and Cinae flos 

Drug sanrple 1 Anthemidis flos (DCM exrrdct) 2 Cinae flos (DCM extract) 

Reference compound TI linalool T2 cineole T3 a-santonin 

Solvent system Fig. 22 A-C toluene-ethyl acetate (93:7) 
D dichloromethane 

Detection A + B  Vanillin-sulphuric acid reagent (VS No. 42) +vis 
C-I-D Pl~oshormolybdic acid reagent (PMA No. 27) +vis 

Fig. 22A Anthemidis flos (1) is characterized by prominent grey-violet ester zones at R, 0.8-0.9 
(e.g. butylangelat) and a blue zone at R, 0.2 in the range of linalool (TI). The drug is 
sometimes used as a substitute for Matricariae flos. 

I3 Cinae flos (2) shows cineole as the major blue zone at R, 0.45 (T2) and a-santonin at R, 
0.1 (T3) (VS reagent). 

c With PMA reagent thujorle is detectable at R, - 0.55 as a violet-blue zone; a-santonin 
and cineole (T2) get dark blue. 

D Separation in dichIoromethane shows u-santonin at K, - 0.3 (T2), cineole at I<,-. 0.7 and 
thujone at R, - 0.85. 
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Drug sample 
(essential oil) 

Reference 
compound 

Solvent system 

Detection 

Fig. 23A 

Fig. 24A 

Fig. 23,24B 

Curcumae rhizoma Essential oils with sesquiterpenes 

1 Curcumae domesticae rhizoma (steam distillate) 
2-4 Curcurnae xanthorrhizae rhizoma (steam distillate) 
5 Curcumae domesticae rhizoma (MeOH extract, I g/5 ml; 5 min160: 15 yl) 
6 Curcumae xanthorrhizae rhizoma (MeOH extract, 1 gl5 ml; 5 rnin160°, 15 yl) 

T1 thymol (-R, range of xanthorrhizol) 
T2 curcumin 
T3 fluorescein (-R, range of bisdemethoxycurcumin) 

Fig. 23A, 24A toluene-ethyl acetate (93:7) 
Fig. 230, 24B chloroform-ethanol-glacial acetic acid (95:5:1) 

Fig. 23A Vanillin-sulphuric acid reagent (VS No. 42) +vis 
Fig. 24A Fast blue salt reagentINH, vapour (FBS No. 15) j v i s  
Fig. 233, 24B UV-365 nm (without chemical treatment) 

Essential oils (VS reagent, vis) 
The curcuma oils 1-4 show seven to eight blue, red or violet-blue zones in the K, range 
0.3 up to the solvent front with a y romi~~ent  sesquiterpene zone at R, - 0.8 and at the 
solvent front. Oils 2 and 4 have a characteristic high concentration of zingiberene at the 
solvent front. THC is present at a low concentration in oils 1 and 3. 
The phenolic sesquiterpene xanthorrhizol is found as a blue-violet zone at R, - 0.55, 
directly above the reference compound t,hymol (Tl) .  

Essential oils (FBS reagent, vis) 
Xanthorrhizol is a characteristic constituent of C. zanthorrhiza. Due to the phenolic 
structure xanthorrhizol and the reference compound thymol (TI) react to give an in- 
tense violet-red when treated with the FBS reagent. 
The distillates 2 and 4 from C. zanthorrhiza show xanthorrhizol as a prominent zone at  
R, - 0.55, in  lower concentration in oil 3, distilled from commercial C. xanthorrhiza. In 
oil 1. from Curcuma domestica, only weak red zones can be detected. Very often trade 
samples are mixtures of both turmeric rhizomes. 

Pigments (UV-365 nm) 
Another identification method of turmeric is by the detection of the characteristic yellow 
pigments in rnethanolic extracts. 
Curcuma domestica extract (5) shows five yellow-white fluorescent zones (yellowlvis) 
with curcumin (T2) at R, - 0.6, demethoxycurcu~nin directly below (R, 0.5-0.55) and 
bisdemethoxycurcu~nin at R, - 0.3 (T3). 
Curcuma zanthorrhiza extracts (6) contain mainly curcumin (T2) with a small amount 
of demethoxycurcumin. No prominent zone should be present in the R, range of the 
reference compound fluorescein (T3). 
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Juniperi aetherolea, Myrrha 

Drug sample 1 Juniperi aetherol. (ex fructu) 3 Juniyeri aetherol. (commercial oil) 
(essential oil) 2 Juniperi aetherol. (ex ligno) 4,5 Myrrha 

Test Tl linalool b carvon b thymol blinalyl acetate b a~lethole 

Solvelit system Fig. 25 toluene-ethyl acetate (93:7) 

Detection Anisaldehyde-sulphuric acid reagent (AS No. 3) A vis B UV-365 nm 

Fig. 25A Juniperi fructus aeth. (1) generates six to seven blue, grey or violet zones in the K, range 
0.2-0.7: 
terpene alcohols (e.g. borneol, terpineol; R, 0.15-0.25; Tl/linalool), terpene aldehydes 
and ketones R, 0.45; Tllcaxvon, terpene esters (e.g. bornyl and terpinyl acetate; R, 0.65; 
Tl/linalyl acetate) and terpene hydrocarbons at the solvent front. 
Juniperi 1Ignum aeth. (2) shows a similar pattern, but tlie esterzone (RI 0.65) compared 
to 1 is missing. Commercial Juniperi fructus oil (3) is comparable to 1, but the terpene 
compounds are present in a slightly lower concentration. 
Myrrha (4, 5) are characterized by furano sesquiterpenes seen as violet zones at R,. 0.6- 
0.7 and at R, 0.25 (vis). 

B All zones can be more easily detected under UV-365 nm. A band of blue and violet-pink 
fluorescent zones, mainly in the R, range 0.2-0.75 with three pairs of zones in the R, range 
0.1-0.15 and 0.2-0.25 (e.g. curzerenone, methoxyfuranodiene) and at R, 0.55-0.65 (e.g. 
furanoeudesma-1,3-diene) are seen. 

Benzoin and Balms 

Drug sample 1 Banzoe Sumatra 3 Tolutanum balsamum 
(essential oil) 2 Benzoe tonltinemsis (Siam) 4 Peruvianum balsamum 

Referer~ce co~npoul~d T1 eugenol 

Solvent system Fig. 26 toluene-ethyl acetate (935') 

Detection A UV-254nm B Vanillin-sulyhuric acid reagent (VS No. 42) +vis 
C Pliospl~omolybdic acid reag. (PMS No. 34) + vis 

Fig. 26 Benzoins (1,Z) and balms (3,4) are characterized by a series of free acids and esters: 

benzoic acid, cinnamic acid R, - 0.05-0.1 
coniferyl cinnamate, cinnarnoyl cinnamate, propyl cinnamate R, - 0.25-0.3 
cinnamoyl benzoate, cou~naroyl benzoate, benzoyl benzoate Rf - 0.7-0.8 

These compounds show pxorninenr quenching in UV-254nm (A), alI rurn violet blue 
with VS-reagent (B)  or get dark blue with the PMS-reagent (C) 

In the samples 1, 3 and 4, the benzoates in the R, range 0.7-0.8 dominate, while in (2) 
coniferyl benzoate in the R, - range 0.35 is the major zone. In Peru balm 4, the benzoyl 
benzoate and benzoyl cinnamate mixture (= cinnamein) is more highly concentrated 
and, in addition, nerolidol at. R, - 0.35 is detectable (4 C). 





Pini aetherolea 
Terebinthinae aetherolea 

Commercial oil 1 Pini sibirici aetheroleum 
2 Pini pumilonis aetheroleum 
3-5 Pini aerheroleum 
6,7 Terebinthinae aetheroleum 

Reference T1 bornyl acetate 
compound T2 borneol 

T3 linalool (R, - 0.35) b carvon (R, - 0.5) b thyno1 (R,-0.55) b 
linalyl acetate (R, - 0.7) b anethole (R, - 0.9) 

Solvent system Fig. 27, 28 toluene-ethyl acetate (93:7) 

Detection Anisaldehyde-sulphuric acid reagenr (AS No. 3) 
Fig. 27 b vis. 
Fig. 28 b UV-365 nm 

Fig. 27 Pini aetherolea (1-5) 
All samples are characterized by a prominent brown ester zone at R, - 0.75 due to bornyl 
and/or terpinyl acetate and the violet zones of terpenes (e.g. cadinene) at the solvent 
front. The pattern and amount of blue and violet-blue zones in the R, range 0.4-0.6 and 
the zones of terpene alcohols (e.g. borneol T2, terpineol) in the R, range 0.25-0.4 varies 
in the commercial oil samples 1-5. 

Therebinthinae aetherolea (6-7) 
The commercial oil sample 7 shows three blue to red-violet terpene alcohols at b0.2-0.3; 
a prominent violet-brown zone at R, - 0.5 in the R, range of the carvon test (T3), two 
minor grey zones in the R, range of terpene esters (T3llinalyl acetate) and terpene zones 
at the solvent front. 

Fig. 28 Pini aetherolea (1-5) 
The THC zone at the solvent front, the prominent ester zone at R,- 0.75 and some 
terpene alcohols in the lower R, range show a red-brown fluorescence. In addition red, 
violet, blue and green-blue fluorescent zones in the lower Rf range are seen. 
The fluorescence of the zones changes after spraying with the AS reagent, but reaches 
stable fluorescence after 30-60 min. 

Therebinthinae aetherolea (6-7) 
The zones fluoresce in UV-365 nm mostly light yellow-brown in the upper R, range and 
more red or blue-violet and red-brown in the lower R, range. 
Oils of good quality are characterized by a relatively prominent THC zone, e.g. a-pinene, 
a-/fi-phellandren, limonene and a lower content of terpene alcohols in h e  R, range 
0.2-0.4. 



 



7 Flavonoid Drugs Including Ginkgo Biloba 
and Echinaceae Species 

7.1 Flavonoids 

The main constituents of ffavonoid drugs are 2-phenyl-y-benzopyrones (2-phenyl- 
chromones) or structurally related, mostly phenolic, compounds. 
The various structure types of flavonoids differ in the degree of oxidation of the 
C ring and in the substitution pattern in the A andlor R rings (see 7.1.5 Formulae). Most 
of these compounds are present in the drugs as mono- or diglycosides. 

7.1 .I Preparation of Extracts 

Powdered drug ( I  g) is extracted with lOml methanol for 5min on a water bath at General Method 
about 60°C and then filtered; 20-30111 is used for chromatography (8avonoid 
content, 0.5%-1.5%). This rapid method extracts both lipophilic and hydrophilic 
flavonoids. 

A total of 5 ml of the methanolic extract (see "General method") is concentrated to about Enrichment with 
2 ml; 1 ml water and 10 rnl ethyl acetate are added and shaken several times. The ethyl ethyl acetate 
acetate phase is separated and reduced .to a volume of 1 ml, and 10pl is used for TLC 
investigation. 

Powdered drug (1 g) is first defatted by heating under reflux for 30 min with 50 ml light Cardui ~nariac 
petroleum. The petroleum extract is discarded and the drug residue is heated under Fructus 
reflux for 15 min with 10 ml methanol. The filtrate is concentrated to 5 rnl, and 30 pl is 
used for chromatography. 

Powdered drug (1  g) is extracted by shaking for 15 min with 10 ml dichloromethane; 30 p1 Orthosiphonidis 
of the filtrate is used for chromatography. folium 

a 

Powdered drug (2g) is extracted by heating under reflux for about 20min wit11 about Farfarae folium, 
40 ml light petroleum on a water bath. The clear filtrate is concentrated to about 1 ml, Petasitidis folium 
and 30 1.11 is used for chromatography. (test for petasins) 

A total of 30 ml hot water is added to 2.5 g powdered drug. After 5 min, the mixture is Arnicae flos (test 
filtered through a wet filter with additional washing of the filter with 10 ml water; 15 ml for sesquiterpene 
CHCl, is then added to the water extract and sfialcen carefully several times. The CHCI, Iactones) 
phase js separated and reduced to dryness. The residue is dissolved in 0.5 ml CI-ICI, and 
10-30 111 is used for TLC. 



Crataegi folium Powdered drug (5g) is extracted with 75 ml ethanol (45%) for 1 h under reflux. The 
Lespedezae herba filtrate is evaporated to approximately 20ml and transferred into a separation funnel; 
(Pxocyanidines) 30 ml dichloromethane and 2 ml ethanol are added and shaken for 5 min, and the lower 

phase is discarded. Another 20 ml dichloromethane is added, and after shaking the lower 
phase is removed. This is repeated twice. The resulting extract is evaporated to approxi- 
mately 10 m1. 
A total of 5 g yolyamide powder (rrade quality) is added to the extract and thoroughly 
mixed, and the mixture is filled in a glass column (diameter, I cm; length, l5cm) and 
eluted in three steps: 

fraction 1: elution with 300 ml ethanol + contains mostly flavonoids. 
fraction 2: elution with lO01nl ethanol-acetone-water (80:16:4) + contains mostly 

dimeric and oligomeric procyanidines. 
fraction 3: elution with 120ml of acetone-water (7:3) + contains polymeric 

procyanidines. 

Each fraction is evaporated to dryness and dissolved in 5 ml ethanol; 10-30 111 is used for 
TLC comparison. 

7.1.2 Thin-Layer Chromatography 

Reference Standard compounds are prepared as 0.05% solutions in methanol, and lop1 is used for 
compounds chromatography. The average detection limit for flavonoids is 5-10 yg. 

For a general description of the flavonoid pattern of a drug, 10 p1 of a mixture of the 
compounds rutin, chlorogenic acid and hyperoside is used for TLC (test mixture TI). 

Adsorbent Silica gel 60 F,,,,-precoated TLC plates (Merck, Germany). 

Chromatography Ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) 
solvents b suitable as a screening system for the TLC investigation of flavonoid glycosides. 

Ethyl acetate-formic acid-glaciaI acetic acid-ethylmethyl ketone-water (50:7:3:30:10) 
b by addition of erhylmethyl ketone rutin and vitexin-2"-0-rhamnoside can be 
separated. 

Chloroform-acetone-formic acid (75:16.5:8.5) 
b separation of flavanolignans of Cardui mariae fructus and amentoflavone, 
scopoleti~l and catechin of Viburni cortex. 

Chloroform-ethyl acetate (60:40) 
b separation of flavonoid aglycones of 01-thosiphonidis folium or Aurantii 
pericarpium. 

Chloroform (100) 
b separation of petasines in Petasitidis species, adulterants of Farfarae folium. 

benzene-pyridine-formic acid (72: 18:lO) 
toluene-ethyl formiate-formic acid (50:40:10) 
toluene-dioxan-glacial acetic acid (90:25:4) 
b separation of flavonoid aglycones. 

7.1.3 Detection 

The solvent (acids) must be thoroughly removed from the silica gel layer before 
detecrion. 
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UV-254 nnl All flavonoids cause fluorescence quenching. 
UV-365 nrn Depending on the structural type, flavonoids show dark yellow, green 

or blue fluorescence, which is intensified and changed by the use of 
various spray reagents. 

Flavonoid extracts often contain phenol carboxylic acids (e.g. caffeic acid, chlorogenic 
acids) and coumarins (e.g. scopoletin), which form blue fluorescent zones. 

Spray reagents (see Appendix A) 

Natural products reagent (NPIPEG No. 28) 
- Typical intense fluorescence in UV-365 nm is produced immediately on spraying. 

Addition of polyerhylene glycol solution lowers the detection limit and intensifies 
the fluorescence behaviour, which is structure dependent. 

Flavonols: quercetin, rnyricetin and their glycosides orange-yellow 
kaempfero1, isorhamnetin and their glycosides yellow-green 

Flavones: luteolin and their glycosides orange 
apigenin and their glycosides yellow-green 

- Fast blue salt B (FBS No. 15) 
Blue or blue-violet (vis) azo-dyes are formed. The colour can be intensified by 
fi~rther spraying with 10% sodium hydroxide o r  potassium hydroxide solution. 

7.1.4 Drug List 

Grouping of drug cl~rornatograrns according to plant parts and in alphabetical order: 

Flos: Figs. 3-11 
Foliutn, Herba: Figs. 11-22 
Gemma, Pericarpium: Figs. 2 1-24 
Drugs with aglycones: Figs. 24-26 

For explanation of trivial names see 7.1.5 Formulae. 

Druglplant source Main flavonoids and other 
Familylpharrnacopoeia specific constituents 

Arnicae flos 
Arnica, celtic bane 
Arnica montana L. 
Arnica chamissonis LESS 
ssp. foliosa ssp. chamissonis 
Asteraceae 
DAB 10, OAB 90, 
Helv VII, MD 

0.4%-0.6% total flavonoids Fig. 3,5,6 
Quercetin-3-0-glucoside and 
-3-0-glucogalacturonide, luteolin-7-0-glucoside, 
kaempferol-3-0-glucoside 
0.2%- 1.5% sescluiterpene lactones 
(pseudoguainolide type) helenaline, 
l la,  13-dihydrohelenaline and esters 
Adulterants: e.g. Calendulae, Farfarae flos 
Heterothecae inuloidis flos, (see Figs. 5,6) 

Acaciae robirliae flos Kaempferol-3-O-rhar.nnosylgalactosyl-7- 
Acacia flowers rhamnoside (=robinin), acacetin-7-0- 
Robinia pseudoacacia L. rutinoside, acaciin 
Pabaceae (Acaciae farnesinae flos, true Acaciae flos) 

Adulterant: Pruni spinosae flos (see Fig. 9) 

Fig. 9 



Drug/pIant source 
Family/pl~armacopoeia 

Fig. 4 Anthemidis Aos 
Chamomile (Roman) 
Cha~naemelum nobile (L.) 
ALL. (syn. Anthetnis 
nobilis L.) 
Asteraceae 
DAB 10, 6 A B  90, Helv VII, 
BP 88, MD 

Fig. 7,8 Cacti flos 
Night-blooming Cereus 
Selenicereus grandiflorus (L.) 
BRITT. et ROSE 
Cactaceae 

Fig. 7,s Calendulae flos 
Marigold flowers 
Calendula officinalis L. 
Asteraceae 

Fig. 15 Crataegi flos, C. folium 
Hawthorn flowers DAC 86 
Hawthorn leaves, Helv VII 
Craraegi foliurn C. flore 
Hawthorn herb DAB 10 
Crataegi fructus 
Hawthorn fruits M D  
Crataegus species e.g. 
Crataegus laevigata DC 
Crataegus azarolus L. 
Crataegus yentagyna, C. nigra 
WALDST. et KIT. 
Rosaceae 

Pig. 11,12 Farfarae flos 
Coltsfoot flowers 
Helv VJI, China 
Farfarae folium 
Coltsfoot leaves DAB 10 
Tussilago farfara L. 
Asteraceae 

Main flavonoids and otlier 
specific constituents 

0.5%- 1 %  total flavonoids 
Apigenin-7-0-glucoside and-7-apiosyl- 
glucoside (=apiin) 
Quercetin-3-0-rhamnoside (=quercitrin), 
luteolin-7-0-glucoside, caffeic and ferulic 
acid (free acids and as glucosides) 

Coumarins: scopoletin-7-o-glucoside 
b Essential oil (see Chap. 6 )  

1%-1.5% total flavonoids 
Isorharnnetin-3-0-galactoside (=cacticin), -3 -0 -  
galactosyl-rutinoside, -3-0-rutinoside 
(=narcissin), -3-0-xylosyl-rutinaside 
Rutin 

0.3%-0.6% Isorhamnetin glycosides 
I-3-0-glucoside, I-3-0-rutinoside 
( =narcissin), I-3-0-ru.tinosy1-rl~ami~oside 
Quercetin-3-0-glucoside and 3-0-gluco- 
rl~amnoside (<0.2%) 

Saponins: oleanolic acid glycosides 
(= calendulosides) 

1 %-2% total flavonoids 
0.25% quercetin glycosides: hyperoside, rutin, 
quercetin-rharnnogalactoside and-4'- 
glucoside (=syiraeoside); 
metl~oxyltaempferol-3-0-glucoside 
Flavon-C-glycosides: vitexin, vitexin-2"-0- 
rhamnoside, monoacetyl-vitexin- 
rhamnoside, isovitexin-rhamnoside, 
vincenin-2, schaftoside, isoschaftoside 
1%-3% yrocyanidi~zes: e.g. dimeric 
yrocyanidine B-2 (0.05%-0.2596, leaves) 

0.05%-0.2% Quercetin glycosides: 
rutin, hyperoside and isoquercetin in varying 
concenrratioris in both drug par1.s 
Phenol carboxylic acids 
Adulterant: Petasitidis folium (see Fig. 12, 
7.1.4 Drug List) 
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Druglplant source 
Family/yharmacopoeia 

Heterothecae flos 

Matricariae flos 
Chamomillae flos 
German chamomile flowers 
Charnomilla recutita (L.) 
S. RAUSCHERT (syn. 
Matricaria charnomilla L.) 
Asteraceae 
DAB 10, OAB 90, I-Ielv VII, 
BP 88, MD 

Prilnulae flos 
Primrose flowers, cowslip 
Primula veris L. 
Primula elatior (L.) HILL 
Primulaceae 

Prilnulae radix 

Pruni spinosae flos 
Acaciae germanicae flos 
Blackthorn flowers 
Prunus spinosa L. 
Rosaceae 
DAC 86 

Robiniae flos 

Sambuci flos 
Elder flowers 
Sambucus nigra L. 
Sarnbucaceae (Caprifoliaceae) 
OAB 90, Helv VII, DAC 86, 
MD (fruit), BHP 83 

Spiraeae flos 
Meadow-sweet flowers 
Filipendula ulmaria (L.) 
MAXIM 
Rosaceae 
Helv V 

Main flavonoids and other 
specific constituents 

b see Arnicae flos 

0.5%-3% total flavonoids 
Apigenin-7-0-glucoside (- 0.45%), 
querci~neritrin, luteolin-7-0-glucoside, 
patuletin-7-0-glucoside, and seven 
flavonoid aglycones 
Adulterant: Anthemidis flos 
b Essential oil (see Chap. 6 )  

Quercetin and ltaempferol glycosides (0.05%): 
ltaempferol-0-dirhamnoside, k-3-0- 
gentiotrioside, k-triglucoside; 
gossypetin-dimethylether 

Saponins (see Chap. 14, Fig. 3) 

Quercetin glycosides: rutin, l~yperoside, 
quercitrin, quercetin-3-0-arabinoside 
Kaempferol -3,7-0-dirhamnoside, 
k-3-0-rhamnoside and -3-0-arabinoside 

b see Acaciae flos 

1.5%-2% total flavonoids 
Quercetin glycosides: hyperoside, rutin, 
quercitrin, isoquercitrin 
Kaempferol-7-0-rhamnoside 
b 3% phenol carboxylic acids: clilorogenic, 
caffeic and ferulic acid and their esters 

Fig. 5,6 

Fig. 4 

Fig. 7,8 

Fig. 9 

Fig. 9 

Fig. 9 

3%-5% total flavonoids Fig. 9 
Quercetin-4'-0-glucoside (=spiraeoside 3%), 
hyperoside, quercetin-3-0-arabinoside, 
-3-0-glucuronide, rutin 
Kaempferol glycosides 
b 0.6%-0.8% salicylic acid and its 
methylester (0.14?40) 



Drugjplant source Main fla 
Family/pharmacopoeia specific 

~vonoids i 

constitue 
and other 
nts 

Fig. 3,4 Stoechados Aos >0.4% total flavonoids 
(syn. Helichrysi flos) Kaempferol-3-0-glucoside and -3-0- 
Yellow chaste weed diglucoside; quercetin-3-0-glucoside; 
Everlasting Cats foot, luteolin-7-0- and apigenin-7-0-glucoside 
Helichrysun~ arenarium (L.) Helichrysin A, B: 
MOENCH A = (+)-naringenin-5-P-0-D-glucoside 
Asteraceae B = (-)-naringenin-5-p-0-D-glucoside 

(syn. salipurposide) 
21,4,41,61-tetral~ydroxycl).alcon-60-glucoside 
(=isosalipurposide) 

Fig. 10 Tiliae flos - 1% total fiavonoids 
Lime flowers Quercetin glycosides: quercitrin, 
Tilia coxdata MILL. isoquercitrin, q-3-0-glucosyl-7-0- 
Tilia platyphyllos SCOP. rhamnoside 
Tiliaceae Kaempferol glycosides: k-3-0-glucoside, 
DAB 10, i)AB 90, -3-0-rhamnoside, -3-O-glucosyl-7-0- 
Helv VXI, MD rhamnoside, -3,7-0-dirhamnoside, 

k-3-0-[6-(p-coumaroy1)J-glucoside (= tiliroside) 
Myricetin -3-0-glucoside, -3-0-rhainnoside 
Adulterant: Tilia argentea 

Fig. 3,4 Verbasci Aos 1.5%-4% total flavonoids 
Mullein, torch weed flowers Rutin, hesperidin, apigenin-, luteolin-7-0- 
Verbascum densiflorum glucoside, kaempferol; 
BERTOL. Phenol carboxylic acids 
Scrophulariaceae Adulterant: Primulae and Genistae Ros 
DAC 86, OAB 90, Helv VI I  b Bitter principle; Aucubin (see Fig. 5,6, 

Sect. 3.7) 

Folium 

Fig. 13 Betulae folium 
Birch leaves 
Betula pendula ROTH 
B. pubescens EHRHART 
Betulaceae 
DAB 10, OAB 90, Helv VII 

1.5%-3% total flavonoids 
> 1.5% Quercetin glycosides: 
Quercitrin, isoquercitrin, hyperoside, rutin, 
quercetin-3-0-arabinoside (=avicularin) 
Myricetin-3-0-galactoside and -digalactoside 
Kaempferol-3-0-glucoside and rharnnoside 
Isorhamnetin-3-0-galactoside, hesperidin 
Chlorogenic and caffeic acid 
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Drugjplant source 
Family/pharmacopoeia 

Castaneae folium 
Chestnut leaves 
Castanea sativa MILL. 
Fagaceae 
(Cupuliferae) 

Crataegi folium 

Farfarae folium 

Juglandis folium 
Walnut leaves 
Juglans regia L. 
Juglandaceae 
DAC 86, MD (oil) 

Petasitidis folium 
Butter bur or umbrella leaves 
Petasites hybridus (L.) 
GAERTN., 
MEYER et SCH ERB. 
Asteraceae 
Petasitidis rad.ix 

Rubi fruticosi folium 
Bramble (Blackberry) leaves 
Rubus fruticosus L. 
Rosaceae DAC 86 

Rubi idaei folium 
Raspberry leaves 
Kubus idaeus L. 
Rosaceae 

Ribis nigri fo1iu.m 
Black current Ieaves 
Ribes nigrurn L. 
GrossuIariaceae 

Main flavonoids and other 
specific constituents 

> 1% total flavonoids 
Quercetin gtycosides: isoquercitrin, rutin, 
q-3-0-glucuronide (= miquelianin), 
q-3-0-galactopyranoside (=hyperin) 
Kaempferol-glycosides: astragalin, k-3-0-16- 
(p-coumaroyl)]-glucopyranoside 
(=tiliroside), k-3-0-[6-(p-coumaroyl)]- 
rharnnoglucoside; 3-0-p-coumaroylquinic 
acid 
6%-8% Tannins 

see Crataegi flos 

b see Farfarae flos 

2%-3% total flavonoids 
Quercetin glycosides: hyperoside (>0.2%), 
quercitrin, avicularin 
Kaempferol-3-0-arabinoside 
Neochlorogenic, caffeic and gallic acid 

Fig. 14 

Fig. I5 

Fig. 11,12 

Fig. I3 

FIavonol glycosides: isoquercitrin, astragalin Fig. 12 
Ester of sesquiterpene alkohols (eremaphilans), 
petasol, neo- and isopetasol, rnethacrylpetasol, 
angeloylneopetasol, petasin, isopetasin 
Petasin-free race pe furan-race) contains 
furanoerernophilanes 
-20 petasins (e.g. petasin, iso and S-yetasin) 

Flavonol glycosides 
Phenol carboxylic acids 
Gallotannins (> 10%) 

-0.2% total flavonoids 
Quercetin glycosides 
Gallo-, ellag tannins 

Fig. 13 

Fig. 13 

1%-1.5% total flavonoids Fig. 13 
Quercetin-, kaempferol-, myricetin and 
isorhamnetin glycosides 
Procyanidines (dirneric, trimeric) 



Druglyiant source Main flavnnoids and other 
Familyfpharmacopoeia specific col~stituents 

Herba 

Fig. 21 Ansexinae herba Quercetin-3-0-glucoside and -3-0- 
Silverweed rhamnoside 
Potentilla anserina L. Myricetin and myricetin-rhamr~oside 
Rosaceae Ellagtannins (6%-10%) 
DAC 86 

Fig. 17,18 Equiseti herba Flavonoids: luteolin-5-0-glucoside 
Common horsetail (=galuteolin), kaempferol-3-0- and 
Equisetum arvense L. 7-0-diglucoside (=equisetrin), k-3,7-diglucoside, 
Equisetaceae quercetin-3-0-glucoside (=isoquercitrin) 
DAB 10, Helv VII, Adulterant: E. palustre: 0.1%-0.3% 
MD palustrille (alltaloid) 

Fig. 18 Flavonoid pattern of Equisetum species (see Fig. 18, samples 1-7) 

E. arvense L. (1,2): IZaempferol-3-glucoside, k-7-glucoside, li-3,7-diglucoside; 
quercetin-3-glucoside 

E. palustre L. (3,4): IZaempferol-3,7-diglucosidc, k-3-diglucosyl-7-glucoside, 
lz-3-rutinosyl-7-glucoside 

E, fluvarile L. (5): Kaempferol-3-glucoside, k-7-glucoside, k-3,7-diglucoside, 
k-3-diglucosyl-7-glucoside; ayigenin-4'-glucoside, 
herbacetin-7-glucoside (=herbacitrin); quercetin-7- 
glucoside, gossypetin-7-glucoside (=gossypitrin) 

E. sylvaticum L. (6) :  Kaen~pferol-3-glucoside, k-7-glucoside, lz-3-diglucoside, 
k-3,7-diglucoside; herbacitrin, quercetin-3,7-diglucoside 

E. telrnateia EI-IRH. (7): Kaemyferol-3-glucoside, k-7-glucoside, k-3-rutinoside, 
k-3,7-diglucoside, k-3-rutinasyl-7-glucoside 

Fig. 16 Lespedezae herba -1% total flavonoids 
Round-headed bush clover Flavon-C-glycosides: orientin, iso-orientin, 
Lespedeza capirata MICHX. vitexin, isovitexin, schaftoside 
Fabaceae Flavonol-0-glycosides: rutin, hyperoside, 

isoquercitrin, isorhamnetin-, kaempferol-3- 
rhamnoglucoside, lcaemyferol-3,7- 
dirhamnoside (=lespedin), ast-ragdin 
Procyanidines di-, trimeric 

Fig. 21 Passiflorae herba 
Passion flower, Maypop 
Passiflora iiicarnata L. 
Passifloraceae 
DAB 10, I-lelv VII, M D  

0.4%-1.2% rota1 flavon-C-glycosides 
isovitexin and -glucoside (25%), vitexin, 
orientin, iso-orientin, iso-scl~aftoside, 
schaftoside 
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Druglplant source 
Farnily/pharmacopoeia 

Virgaureae herba 
(Solidaginis virgaureae herba) 
Golden-rod BHP 83 
Solidago virgaurea L. 
Solidaginis (giganteae) herba 
Solidago gigantea All'. 
Asteraceae 

Violae tricoloris herba 
Whild pansy, heart sease herb 
Viola tricolor L. 
ssp. tricolor OBORNY 
ssp. arvensis GAUDTN 
Violaceae 
DAC 86, OAB 90 

Sophorae gemma 
Sophora buds 
Sophora japonica L. 
Pabaceae 
MD, China (flos, fructus) 

Atrrantii pericarpium 
Seville orange peel 
Citrus aurantium L. 
ssp. aurwitium 
Rutaceae 
DAB 10, MD, 
Japan, China 

Citri pericarpium 
Lemon peel 
Citrus limon (L.) 
BURMAN fi1. 
Rutaceae 

Main flavonoids and other 
specific constiruellts 

1%-3.85% Flavo~~olglycosides 
1 %-1.5% (rutin 0.8%): S. virgaurea 
3%-3.85% (quercitrin 1.3%): S. gigantea 
Isoquercitrin, hyperoside 
Kaernpferol glycosides: k-3-0-glucoside and 
-galacroside, k-rutinosid (=nicotiHorin) 
rhamnetin-3-0-glucoside and -galactoside 
>0.4% chlorogenic acid, caffeic acid glucosylester 
Estersaponins (>2.4%), Virgaurea saponin 1-3 

Fig. 19 

0.4%-0.6% total flavonoids 'Fig. 20 
Quercetin, ltaempferol or isorhamnetin 
glycosides; Luteolin -7-0-glucoside, violantl~in, 
saponarin; rutin (0.15% white-yellow flowers) 
Salicylic acid (0.06%-0.3%), methylester and 
glucosides 

Flavonol glycosides 
Rutin (about 20%) 

Flavanon glycosides: 
eriodictyol-7-0-rutinoside (=eriocitrin), 
naringenin-7-0-neohesperidosid e 
(=naringin), hesperetin-7-0- 
neohesperidoside (= neol~esperidin), 
hesyeretin-7-0-rutinoside (=hesperidin) 
Flavonol glycoside: rutin. Sinensetin 
Bitter principles: see Fig. 1,2, 3.5 Formulae 
Essential oils: see Fig. 17,18, 6.7 

Flavanon glycosides: 
eriocitrin, naringin, hesperidin 
(see Aurantii pericarpiurn) 
Flavonoid glycosides: luteolin-7-0-rutinoside, 
isorl~am11etir1-3-arabino-glucoside, 
apigenin-C-glucoside; limocitrin glycosides 
Essential oil: see Fig. 17,18, 6.7 

Fig. 21 

Fig. 23,24 

Pig. 23 



Druglplant source Main flavonoids and other 
Falnilylpharmacopoeia specific coilstitue~lts 

Drugs containing predominantly flavonoid aglycones 

Fig. 24 Eriodictyonidis herba 
Yerba Santa 
Eriodictyon californicum 
(HOOK et ARNTT.) 
J. TORREY 
Hydrophyllaceae M D  

Fig. 24 Orthosiphonis folium 
Orthosiphon leaves 
Ortl~osiphon aristatus 
(BLUME) MIQUEL 
Lamiaceae 
DAB 10, Helv VII 

Fig. 25 Cardui nlariae frucfus 
Milk-thistle fruits 
Silybilm marianurn 
GAERTNER 
Asteraceae 
DAB 10, M D  

Fig. 26 Viburni prunifolii cortex 
Black haw bark 
Viburnum prul~ifolium L. 
Cayrifoliaceae 

Flavanones: 
homoeriodictyol (=eriodictyone), eriodictyol, 
chrysoeriodictyol, xanthoeriodictyol 
Adulterant: 
Eriodictyon crassifolium BENTH. 

0.1 9%-0.22% total flavonoids 
sinensetin (3',4',5,6,7-pentamethoxy-flavone), 
scutellarein tetramethyl ether, eupatorin 
(3',5-dil1ydroxy-4',6,7-trimetl10xyflavone) 

1.5%-3% Flavanolignans: 
silybin, silychristin, silydianin and 2,3- 
del~ydroderivatives 
Flavanonol taxifolin 

Amentoflavone, bi-apigenin, 
scoyoletin, hydroquinone (€0.596) 
Adulterant: Viburni opuli cortex 

7.1.5 Formulae 

Flavonols R I Rz Aglycone 

OH H Quercetirl 
H 1-1 Kaelnpferol 
OH OH Myricetin 

HO OCH, 1-1 Isorhamnetin 

OH 0 
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Com~non glycosides: 

8-Hydroxy-quercetin = gossypetin 
OH 6-I-lydroxy-quercetin = quercetagetin 

Quercetagetin-6-methylether = patuletin 

HO KaernpferoI-7-0-methylether = rhamnocitrin 
Rhamnocitrin-4'-rhamnosyl (1  + 4) rhamnosyl 
( I  + 6) galactoside = catharticin 

OH 
OH 0 

Gossypetin 

Myricetin 

M-3-0-glucoside 
M-3-0-galactoside 
M-3-0-rhaninoside 

(myricitrin) 

Isorhamnetin 

I-3-0-galactoside 
(cacricin) 

I-3-0-glucoside 
I-3-0-galactosyl- 

ruti noside 
I-3-0-rutinoside 

(narcissin) 
I-3-0-rutino- 

rhamnoside 

Quercetin 

Q-3-0-glucoside 
(isoquercitrin) 

Q-3-0-rhamnoside 
(quercitrin) 

Q-3-0- 
arabinofuranoside 
(avicularin) 

Q-3-0-galactoside 
(hyperoside) 

Q-3-0-glucuronide 
(rniquelianin) 

Q-3-0-rutinoside 
(rutin) 

Q-4'-0-glucoside 
(syiraeoside) 

Q-7-0-glucoside 
(quercimeritrin) 

Flavones Aglycone Glycoside 

Kaen~pferol 

K-3-0-galactoside 
(rrifoliin) 

K-3-0-glucoside 
(astragalin) 

I<-3-0-rhamnoside 
(afzelin) 

K-3-0-arabitiof~~ranoside 
(juglanin) 

I<-3-0-diglucoside 
I<-7-0-rhamnoside 
K-7-0-diglucoside 

(equisetrin) 
K-3,7-0-dirhamnoside 

(lespedin) 
K-3-0-rutinoside 

(nicotiflorin) 
K-3-(6"-p-coumaroyl-glucoside 

(tiliroside) 

Ay igenin A-8-C-glucoside (vitexin) 
R = H  A-6-C-glucoside (isovitexin) 

A-7-0-apiosyl-glucoside (ayiin) 
A-6-a-L-arabinopyranoside-8- 
C-glucoside (schaftoside) 

Luteolin L-5-0-glucoside (galuteolin) 
OH 0 R = OH L-8-C-glucoside (orientin) 

L-6-C-glucoside (iso-orientin) 



Flavones 
&OCH3 R, R2 

Aglycone 

OCH, OCH3 Sinensetin 
OCM, H Scutellarein 

H,CO tetramethyletl~er 

R, 0 OH OH Eupatorin 

R ,  Rz R, Aglycone 
-7-0-Glycoside 

Flavanon(o1)s H H 0l-I Naringenin 

H o d H 3  H H OCW, OH OH OH Naringin Eriodyctiol Eriocitrin Homoeriodyctiol (a) (b) 

H OH OCH, Hesperetin 
Neohesperidin (a) 

OH 0 R1 
Hesperidin (b) 

OH OH OH Taxifolin 

(a) = Neohesperidose 
(b) = Rutinose 

Flavanolignan 

~ ~ ~ 0 c H 3  

'. "q> HO 0 OH \ OH Silybin (=Silybinin) 

Amentoflavone lsosalipuryoside 
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Helichrysin A (2R), B (&form) 

Miscellaneous compounds 

(+) Catechin 

Helenalin (sesquiterpene lacton) 

Petasin 

Palustrin (alkaloid) 

Iso- Neo- 
Perasin 



HO 

0 

- - 

"OH 

OH 0 

Procyanidin 3-2 Al.kylamides 

Phenol carboxylic acids (PCAJs) 

R, R, R, R, caffeoyl quinic acids: 

R H H H pseudo chlorogenic acid (1-0-caffeoyl quinic acid) 
H R H H cl~lorogenic acid (3-0-caffeoyl quinic acid) 
H H R H cryptochlorogenic acid (4-0-caffeoyl quinic acid) 
H H H R neochlorogenic acid (5-0-caffeoyl quir~ic acid) 

dicaffeoyl quinic acids 

R R H H 1  1,3-dicaffeoyl quinic acid 
H R ,, irorhlorogmic acids 3,4-dicaffeoyl quinic acid 

3,5-dicaffeoyl quinic acid 
H H R R  4,5-dicaffeoyl quinic acid 
R H H R cynarin (isolated) 1,5-dicaffeoyl quinic acid 

cynarin (native) I ,3-dicaffeoyl cluinic acid 
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Caffeoyl tartaric acids 

H H O H H -  - 2-0-caffeoyl tartaric acid 
H R' OH H OH H 2,3-0-di-caffeoyl tartaric acid-cichoric acid 
CH, R' OH H 01-1 H 2'3-0-di-caffeoyl tartaric acid methyl ester 

R R ' dicaffeoyl gl ycosides 

glucose ( I  ,6-) rhamnose (1,3-) echinacoside 
6-0-caffeoyl-glucoside (1,6-) rl~atnnose ( l ,3-)  6-0-caffeoy1-echinacoside 
H rhamnose (1,3-) verbascoside 
H H desrhamnosyl-vel-bascoside 



Fig. 1 Reference 
compound 

series A 

Fig. 2 Reference 
compound 

series B 

Solvent system 

Detection 

Fig. 1 

Fig. 2 

7.1.6 Reference Compounds 

I = quercetin-3-0-gentiobioside 
2 = kaempferol-3-0-gentiobioside 
3 = quercetin-3-0-rutinoside (rutin) 
4 = vitexin-2"-0-rhamnoside 
5 = naringirl and neohesperidin 
6 = chlorogenic acid (R, - 0.45) 
7 = luteolin-8-C-giucoside (orientin) 
8 = apigenin-8-C-glucoside (vitexin) 
9 = isorhamnetin-3-0-glucoside (wit11 isoquercitrin, see Fig. 2) 

10 = chlorogenic acid b isochlorogenic acid (R, - 0.8) b caffeic acid (R, - 0.9) 
11 = isorhamnetin-3-0-galactoside (cacticin) 
12 = quercetin-3-0-rhamnoside (quercitrin, traces of kaernpferol-3-0-rhamnoside) 
13 = kaempferol-3-0-arabinofuranoside (juglanin) 
14 = caffeic acid and ferulic acid (R,. 0.9-0.95) 
15 = rutin (Rf - 0.4) b chlorogenic acid (R, - 0.45) b hyperoside (R, - 0.6) test mixture 

TI: these three commercially avaiiable compounds are used to characterize the 
chromatograms of flavonoid drugs 

1 = quercetin-3-0-gentiobioside 
2 = quercetin-3-0-sophoroside 
3 = quercetin-3-0-galactosyl-7-0-rhamnoside 
4 = kaempferol-3-0-gentiobioside 
5 = quercetin-3-0-rutinoside (rutin) 
6 = kaempferol-3-0-rhamnoglucoside 
7 = quercetin-3-0-glucuronide 
8 = quercetin-3-0-galactoside (hyyeroside) 
9 = quercetin-3-0-glucoside (isoquercitrin) 

10 = kaempferol-3,7-0-dirhamnoside (lespedin) 
11 = quercetin-3-0-rhamnoside (quercitrin) 
12 = kaempferol-3-0-arabinoside 
13 = quercetin 
14 = kaempferol 
15 = mixture of 1-14 

Fig. 1,2 ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) 

Natural products-yolyerhylene glycol reagent (NPIPEG No.28) + UV-365 nm 

Glycosides of the flavone, flavonol and flavanone type 
Treatment with NP/PEG reagent generates in UV-365 nrn predominantly orange and 
yellow-green fluorescences for the flavone and flavanol type and a dark-green one for the 
flavanone type. Phenol carboxylic acids, which frequently occur in flavonoid drugs, 
appear as intense, light-blue zones. 

Various quercetin- and kaempferol-0-glycosides 
Orange or yellow-green fluorescences in UV-365 ntn, folIowing NPIPEC treatment, are 
related to the specific substitution pattern in ring B: two adjacent hydroxyl groups in ring 
B (e-g. quercetin) give rise to orange fluorescence, whereas a single free hydroxyl group 
(e.g. kaempferol) results in yellow-green fluorescence. 
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Fig. 1 

1 2 3 4 5 6 7 8 9 1011 1213 14 15 test series B Pig. 2 



7.1.7 TLC Synopsis "Flos" 

Drug sample 1 Tiliae flos 6 Calendulae flos 
2 Ainicae flos 7 Cacti flos 
3 Stoechados flos 8 Primulae flos 
4 Sambuci flos 9 Anthemidis flos 
5 Verbasci flos 10 Matricariae flos (methanolic extracts, 20-30 p1) 

Reference TI rutin (R,  - 0.4) b chlorogenic acid (R, - 0.5) b hyyeroside (R, - 0.6) 
compound T2 apigenin-7-0-glucoside 

Solvent system Fig. 3,4 ethyl acetate-formic acid-glacial acetic acid-water (100: 11:11:26) 

Detection A, C Natural products/polyethylene glycol reagent (NPIPEG No. 28) + UV-365 nm 
B Natural products reagent (NP No. 28) + W 365 nm 

Description Each extract shows a characteristic TLC fingerprint of yellow-orange or yellow-green 
flavonoid glycosides (fl.gI) and blue fluorescent phenol carboxylic acids (PCA). The 
major flavonoids of the individual drugs are identified in Figs. 4-10. 

Fig. 3A Tiliae flos ( I ) :  six orange fl.gl zones (R, 0.4-0.8) (see Fig. 10) 
Arnicae flos (2):  three orange fl.gl zones (R, 0.5-0.7) (see Fig. 5,6)  
Stoechados flos (3): three prominent yellow or orange fl.gl zones (R, 0.6-0.95) accompa- 
nied by four major blue fluorescent zones (R, 0.4-0.95). Directly below the helichrysin 
(>) zone (R, 0.85), which appears almost dark brown, there is a yellow-green zone of 
apigenin-7-0- and kaempferol-3-0-glucoside and an orange zone (e.g. isoquercitrin) 
(see Fig. 4) 
Sarnbuci flos (4): one major orange fl.gl zone above and below chlorogenic acid (Fig. 9) 
Verbasci flos (5): three almost equally concentrated orange fl.gI zones (R, 0.410.510.6) 
(see Fig. 4) 
Calendulae (6), Cacti (7) and Primulae flos (8): characteristic pairs of fl.gl zones (R,0.1- 
0.4) (see Fig. 7,s) 

Phenol carboxylic acids: absent in samples 7,8; small amounts in 1,5,6; high concentra- 
tion in 2-4 (e.g. chlorogenic acid, R, - 0.5, or caffeic acid, R, - 0.9). 

Fig. 4B Stoechados flos (3). Treatment with NP reagent reveals helichrysin AIE (see fig. 3) as an 
olive-green zone at R, - 0.85 and apigenin-7-0- and kaempferol-3-0-glucoside as green 
zones below. 
Verbasci flos (5). Two almost equally concentrated flavonoid glycosides are found at R, 
0.60 and 0.75 (e.g. apigenin and luteolin glucoside). The green hesperidin zone at R, - 
0.45 is more easily detectable with NP than with NPlPEG reagent (see Fig. 3). 

C Anthemidis flos (9) is characterized by two and Matricariae flos (10) by three yellow- 
orange or yellow-green major zones in the R,range 0.55-0.75 and four to six almost white 
fluorescent PCB andlor coumarins (Rf0.45-0.95). Apigenin-7-0-glucoside (R, 0.751T2) is 
present in both samples, but is more concentrated in (9). The zones directly below are 
due to luteolin-7-0-glucoside (sample 9/R, - 0.7) and in the chamomile sample (10) due 
to quercerin-3-0-galactoside, -7-0-glucoside, 1uteoIin-7-0- and patuletin-7-0-gluco- 
side. Sample (9) has the more prominent aglycone zone at the solvent front and a higher 
concentration and variety of blue fluorescent PCA zones (glucosides of caffeic and 
ferulic acid) and the cournarin scopoletin-7-0-glucosid at R, - 0.45. 
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Fig. 3 



7.1.8 Chromatograms 

Arnicae flos and adulterants 

Drug sample 1 Arilicae flos (official drug) 5-8 Arnicae flos (rich in astragalin) 
2 Calendulae flos (1.8: MeOM extracts, 30 y.1) 
3 Heterothecae flos (H. inuloides) 5a-8a Arnicae flos (CHCI, extract, 30 yl) 
4 Arnicae flos (poor in astragalin) 

Reference TI rutin (R, 0.35) b chloroge~~ic acid (R, 0.45) b hyperoside (R, 0.6) b isochlorogenic 
co~npound acids (R, 0.75-0.95) 

T2 rutin b chlorogenic acid b hyperoside 
7'3 quercetin T4 luteolin-7-0-glucoside T5 astragalin 

Solve~lt  systenl Fig. 5, 6 AethyI acetate - formic acid - glacial acetic acid - water (100:11:11:26) 
Fig. GB n - pentane - ether (25:75) +J system PE 

Detection Fig. 5, 6A Natural products-(polyethylene glycol) reag. (NPIPEG No.28) UV-365 nm 
Fig. 6B Zimmermann reagent (ZM No. 44) + vjs 

Fig. 5A,B Arnicae flos (I,$). Arnica montana (1) and Arnica chamissonis (4) show a similar TLC 
pattern of three orange-yellow flavonoid zones between the blue zones of chlorogenic 
acid (R, - 0.45lT1) and isochlorogenic acids (R, 0.7-0.95ITl). The upper zone is due to 
isoquercitrin and luteolin-7-0-glucoside (T4). The flavonoid glycoside zone in the R, 
range of hyperoside (Tl/T2) is more highly concentrated in sample (4). 
Calendulae flos (2) is characterized by pairs of yellow-orange isorhamnetin and querce- 
tin glycosides. The major zones are due to rutin (R, 0.4) and narcissin (R, 0.45), 
isorhamnetin- and quercetin-3-0-glucoside (R, 0.6-0.7) and isorharnnetin-rutinosyl- 
glucoside at R,. - 0.2. 
Heterothecae flos (3) has a similar TLC pattern with Arnicae flos (4). Together with 
Calendulae Aos (2), it counts as an adulterant of Arnicae flos. The adulterants can be 
easily detected by the presence of rutin (R, - 0.4/TlIT2) ( b  see also Fig. 7). 

Fig. 6A Detection with NP reagent only: Arnicae flos (A. montana, A. chamissonis; 5-8) 
Astragalin is found as a bright green fluorescent zone at R, - 0.8 (T5), while the other 
flavonoid glycosides below only appear pale orange-brown (see fig. 5). Blue fluorescenr 
chlorogenic acid a t  R, 0.45 and caffeic acid a t  R, 0.9 are detectable. 

B Arnicae flos (A. rnontana, A. chamissonis; 5a-8a). The CHCI, extracts of Arnicae flos 
(method see Sect. 7.1.1), developed in system PE, contain sesquiterpene lactones, detect- 
able as violet-grey zones with ZM reagent (vis). 
11, 13-Dihydxohelenalin (DH), helenaline (H) and their esters are major compounds 
in A. montana and A. chamissonis. DH and Higrate in the lower R, range. The 
isobutyryl-, methacryl-, tigloyl- and isovaleryl-helenalii~e and -1 1,13-dihydrobelenaline, 
respectively, are found in the upper R, range. DH and H are always present, whereas the 
amount of their esters varies. No sesquiteryenes are found in Heterotheca. 

Sesquiteryene lactones A. montana A. chamissonis 

I I, 13-dihydrohelenalin (DH) <3.6% 2%-7% 
helenalin (H) <I% 2%-8% 
6-0-tigloyl-11, 13-dihydrohelenalin < I l %  20%-26% 
6-0-tigloyl-helenalin <37% 17%-30% 
chamissonolidelG-0-acetyl-charnjssonolide - 0.8%-9.5% 
arnifolinel dihydroarnifoline - 3%-I 2% 
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Fig. 5 

Fig. 6 



Calendulae, Cacti, Primulae flos 

Drug sample 1 Calendulae flos 
2-2b Cacti flos (trade samples) (methanolic extracts, 20 1.11) 
3-3b Primulae flos (trade samples) 
3c Primulae flos (high am0un.t of calycibus) 

Reference T1 rutin (R, - 0.4) b chlorogenic acid (R, - 0.5) b hyperoside (R, - 0.6) 
compound T2 narcissin ( =isorhamnetin-3-0-rutinoside) 

Solvent system Fig. 7,8A ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) + system 1 
Fig. 8B,C chloroform-acid-glacial acetic acid-methanol-water (60:32:12:8) + system 2 

Detection Fig. 7A,B Fatural products-polyethylene glycol reagent (NPtPEG No. 28) + UV-365 nm 
Fig. 8A,B tNPIPEG No. 28) + UV-365 nm 

C Anisaldehyde-H,SO, reagenr (AS No. 3) vis 

Fig. 7A Calendulae (1) and Cacti flos (2) are both characterized by orange-yellow quercetin and 
yellow-(green) fluorescent isorhamnetin glycosides in the R, range 0.2/0.4/0.7 with rutin 
and narcissin as major compounds (R, 0.4-0.45 /TlIT2). 
Cacti flos (2) contains more monoglycosides (R, 0.6-0.7), e.g. cacticin an isorhamnetin- 
3-0-glucoside at Rr - 0.7, while Calendulae 00s ( I )  has more triglycosides (R, 0.2-0.25) 
and additional blue fluorescent zones of phenol carboxylic acids at the solvent front and 
chlorogenic acid at R, 0.5 (TI). 
Primulae flos (3) shows predominantly di- and triglycosides of quercetin and 
kaempferol in the R, range 0.1-0.5 (e.g. kaemyferol-gentiotrioside). 

B The quantitative distribution of individual flavonoid compounds in Primulae flos are 
due to the varying quantities of flower and calicybes in trade samples (3a, 3b). 

Fig. 8A Cacti flos. Variations in the flavonoid pattern are demonstrated (Za, 2b). 
Cacti Aos trade samples (e.g. 2a) normally show the orange zone of rutin and the green 
one of narcissin in the R, range 0.4-0.45 (T2 see also Fig. 7). 
Sample (2b) is freshly collected material of Selenicereus grandiflorus, which contains 
mainly narcissin and only traces of rutin and monoglycosides in the upper R, range. 

B Saponins in Calendulae and PrimuIae flos: For the separation of saponin glycosides, the 
more polar solvent system 2 is recommended. In this system, the flavonoids of Primulae 
flos (3c) show a similar separation pattern co~npared to system I, while the separation of 
flavonoid and phenol carboxyiic acids of Calendulae flos ( I )  is different (detection NPI 
PEG reagent. W-365 nm). 

C Detection with the AS reagent reveals three prominent grey-blue oleanolic acid glyco- 
sides (R, - 0.210.410.6) which characterize the saponin pattern of Calendulae flos (I) .  
Primulae flos (3c) shows weak yellow-brown zones in the R, range 0.05-0.4, mostly due 
to flavonoid glycosides. According to the literature, saponins might be present 
preferrably in the calicybes of the drug. 
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Pruni spinosae, Robiniae, Acaciae, Sambuci, Spiraeae and 
Tiliae flos 

Drug sample 1 Pruni spinosae flos 4 Robiniae (Acaciae) flos 
2 Sambuci flos 5 Acaciae verticil. flos 
3 Spiraeae Aos 6-10 Tiliae flos (commercial drugs) 
(methanolic extracts, 20 yl) 

~ c s t  mixture T1 rutin (R, - 0.4) b cblorogenic acid (R, - 0.5) b hyperoside (R, - 0.6) 

Solvent systenr Fig. 9,10 ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) 

Detection Natural products-polyethylene glycol reagent (NPIPEG No. 28) + UV-365 nm 

Fig. 9 Pruni spinosae flos (1) shows eight prominent orange or green flavanoid zones between 
R, - 0.35 and the solvent front and two blue zones in rhe R, range of chlorogenic acid 
(TI): 

R, - 0.35 rutin 
R, - 0.4 kaempierol-diglycoside 
R, 0.6-0.7 isoquercitrin, kaempferol-3, 7-dirhamnoside 
R, 0.75-0.8 quercetin-3-0- and kaempferol-3-0-rhamnoside 
Rf - 0.85 avicularin (quercetin-3-0-arabinoside) 
R, -. 0.9 kaempferol-3-0-arabirloside 
front quercetin 

Sambuci flos (2) is characterized by a pair of orange and green zones above and below 
the blue chlorogenic acid of almost equal intensity: rutin (Tl) and isoquercitri~~ 
(R, - 0.65) as major constituents, caffeic acid at R, - 0.9. 
Spiraeae flos (3) shows its main constituents as blue fluorescenr zones above the 
hyperoside test (Tl) .  In this R, range spiraeoside (quercetin-4'-0-glucoside) is found. 
Robiniae (Acaciae) flos (4) has predominantly green-yellow zones in the lower 
R, range 0.2-0.45 with robinin (kaempferol-3-O-rhamnosyl-galactosyl-7-rhamnoside) as 
the main compound at R, - 0.2. Acacetin-7-0-rutinoside migrates directly above rutin 
(TI). 
Acaciae vert. flos (5) shows additional high amounts of flavonoid glycosides in and 
above the R, range of the hyperoside test. 

Fig. 10 Tiliae flos has a complexflavonoid pattern consisting of at least eight different glycosides 
derived from quercetin, myricetin and kaempferol: 

R, - 0.9 tilirosid 
R, - 0.8 Q-3-0-rhamnoside M-3-0-rhamnoside K-3-0-rhamnoside 
R, - 0.7 Q-3-0-glucoside M-3-0-glucoside K-3-0-glucoside 
R, - 0.7 Q-3,7-dirhamnoside K-3, 7-dirhamnoside 
R, - 0.4 rutin (T l )  

The Tiliae flos samples 6-10 show quantitative differences in their flavonoid content, 
depending on the corresponding Tilia species (T. cordata, T. platyphyllos or a mixture of 
both). The main zones in all samples are in the R, range of hyperoside (Tl). Blue and 
orange zones in the R, range of chlorogenic acid (TI) can be absent. 

Note: The adulterant Tilia argentea contains, instead of rutin, a prominent flavonoid 
glycoside zone in the R, range 0.2-0.3. 
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Fig. 9 

Fig. 10 



Farfarae folium, flos; Petasitidis folium, radix 

1,2 Farfarae foliurn 5-7 Petasitidis folium (P. hybridus 
Drug sampIe 3 Farfarae Elos different origin) 

4 Farfarae folium (trade sample) 8 Petasitidis radix 
(extracts, 2 0 ~ 1 ,  preparation see 7.1.1) 

Reference T1 rutin (R, - 0.4) b chlorogenic acid (R, - 0.5) b hyperoside (R, - 0.6) 
compound T2 eugenol 

T3 petasin 

Solvent system Fig. l lA,  12C ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) b 
flavonoids, phenol carboxylic acids 

Fig. 1 1B, 12D chloroform F fipophilic compounds (e.g. petasin) 

Detection Fig. llA, 12C Natural products-polyethylene glycol reagent (NPIPEG NO. 38) -t 

UV-365 nm b flavonoids, phenol carboxylic acids 
Fig. 11B Anisaldehyde-H,SO, reagent (AS No. 3) -+ vis b petasin 
Fig. 12D Concentrated H,SO, + vis petasin 

Fig. I I A  Fnrfarae folium (1,2) and flos (3).  Methanolic extracts show mainly blue fluorescent 
zones of phetlol carboxylic acids e.g. chlorogenic acid (R,- 0.5/T1), isochlorogenic acids 
(R,0.7-0.75) and caffeic acid (R, - 0.9). Rutin is detectable as an orange fluorescent zone 
jn (2) and (3) (R, - 0.41T1); traces in (1). Isoquercitrin and astragalin are found in low 
corlcentrations above the hyperoside test (TI) in samples 1 and 3. 

B Petrol ether extracts of Farfara samples 1-3, developed in CHCI, and detected with AS 
reagent, do not show prominent zones (vis) below the R, range of the reference com- 
pound eugenol (T2). The German pharmacopoeia DAB 10 requires this TLC character- 
ization of authei~tic Parhrae folium (1,2). 

Fig. IZC Methanolic extracts of Farfarae folium (4) and the adulterant Petasitidis folium (5-7) 
have a very similar pattern of blue fluorescent phenol carboxylic acids. Flavonoid 
monoglycosides (R, range 0.5-0.65) are present in varying concentrations in Petasites 
species, while rutin is nor detectable in the samples 5,G and there are only traces in 
sainple 7. 

D For the detection of tbe sesquiterpenes e.g. petasol, neo- and isopetasol derivatives, a 
petrol ether extract has to be prepared. TLC development in CHC1, and detection with 
concentrated I-I,SO, (98%) reveals the lipophilic compounds of Farfarae (4) and 
Petasitidis folium (5-7) as white-blue, red or green-blue zones over the whole R, range. 
The sesquiterpene petasintisopetasin are found in the R, range 0.4-0.45 as green-blue 
fluorescent zones. The concentration of the esters (e.g. methacryl petasol) varies, de- 
pending on the Petasites species. 
Petasites sample (7) shows the petasinlisopetasin as promillent zones, while in 
Petasitidis folium samples 5 and 6 the petasin is present in low concentration. Petasin- 
free chemical races also exist. In these cases Patasitidis and Farfarae folium extracts are 
hardly distinguishable. The red zones are due to furanoeremophilanes. 
CHCl, extracts of Petasitidis radix (8) show mostly blue fluorescent zones from the start 
up to the solvent front, due to more than 20 sesquiterpenes. 
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Fig. 1 1  

Fig. 12 



Betulae, Juglandis, Rubi and Ribis folium 

Drug sample 1 Betulae folium 
2 Juglandis foliurn 

3 Rubi fruticosi folium 
4 Rubi idaei folium 

5 Ribis nigri folium 
(rnethanolic extracts, 20 pl) 

Reference T1 quercitrin 
compound T2 rutin (R, - 0.4) b chlorogenic acid (R, - 0.5) b hyperoside (R, - 0.6) + test mixture 

Solvent system Fig. 13A,B ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) 

Detection Natural products-polyetl~ylene glycol reagent (NPIPEG No. 28) + UV-365 nrn 

Fig. 13A Betulae (1) and Juglandis (2) folium. 
Borh extracts show a similar flavonoid pattern in the R, range 0.55-0.85 with five to six 
prominent orange flavonoid glycoside zones: hyperoside (T2) as major compound (R, - 
0.6), followed by isoquercitrin, quercitrin (R, - 0.8ITl) and avicularin (R, - 0.85). They 
are distinguished by the orange myricetin-digalacroside, only present in (I ) ,  R, range of 
chlorogenic acid, and rutin (T2), which can be present in higher concentrations in other 
Betula species, and the green zone of kaempferol-3-arabinoside (R, - 0.95) and 
neochlorogenic acid as a blue zone at R, - 0.55, detectably only in 2. 

B Rubi (3,4) and Ribis (5) folium. They are easily distinguishable by their different quali- 
tative and quantitative flavonoid-pattern. 
Rubi fruticosi fol. (3) has two prominent blue besides three weak green fluorescent zones 
(R, 0.5-0.95), while Rubi idaei folium (4) shows five orange flavonoid glycoside zones (R, 
range 0.3-0.75). 
Ribis nigri folium (5). One major orange flavonoid glycoside above the byyeroside test 
(e.6. myricetin and quercetin glycoside), followed by agree11 zone (e.g. isorhamnetin and 
kaernpferol monoglycosides); n minor zone of rutin (T2) is seen at R, 0.4. 

Castaneae folium 

Drug satnple I. Castaneae folium (methanolic extract, 20 p1) 

Reference TI rutin (R, - 0.4) b chlorogenic acid (R, - 0.5) b hyperoside (R, - 0.6) 
compot~nd T2 fructose T3 rutin 

Solvent syste~n Pig. 14A ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) + system 1 
B,C chloroform-glacial acetic acid-methanol-water (60:32:12:8) + system 2 

Detection A,C Natural products-polyethylene glycol reagent (NPIPEG No. 28) + UV-365 nm 
B Anisaldehyde-H,SO, reagent (AS No. 3) + vis 

Fig. 14A Castaneae foIium ( 6 )  is characterized in system 1 (NPIPEG) by the yellow zone of rutin 
(R, - 0.4), blue 0-p-coumaroyl quinic acid (R, - 0.45) followed by two prominent 
orange-yellow zones of isoquercitrin and quercetin galacturonide (=miquelianin). 
Traces of asrragalin are found at R, - 0.75. 

B Separation in system 2 and treatment with the AS reagent are efficient for the detection 
of e.g. saponins and sugars. The black-brown zone of fructose (T3) is followed by three 
brown Aavonoid glycoside zones, five additional violet-blue zones (R,0.55-0.75; saponi~i 
glycosides ?) and rhe prominent violet zone of lipophilic compounds (e.g. ursolic acid, 
lupeol) at the solvent fronr. 

C Detectio~l with NPIPEG reagent shows the rhree flavonoid glycosides as orange-yellow 
and the phenol carboxylic acids as blue fluorescent zones at lower R, values compared 
with system I (+ A). 
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Fig. 13 

Fig. 14 



Drug sample 

Reference 
compound 

Solvent system 

Detection 

Description 

Fig. 15A 

Fig. 16A 

Crataegi folium, fructus, flos; Lespedezae herba 

1 Crataegi foliurn (MeOH extract 20, pl) la  C. folium (fraction 1 )  
2 Crataegi frucrus (Me013 extract 2 0 , ~ l )  l b  C. folium (fraction 2) 
3 Crataegi flos (MeOH extract 20, PI) l c  C. folium (fractions 3) 
4 Lespedezae herba (MeOH extract 20, yl) 
5 Lesp.herba (1O:ltEtAc enrichment 10, PI) 5a procyanidi~l fraction of (5) 
6 Lesp.lzerba (5:1/EtAc enrichment 1,O yl) 6a procyanidin fraction of (6) 

T1 rutin (R, - 0.3) b chlorogenic acid (R, - 0.4) b hyperoside (RI - 0.55) 
T2 vitexin-2"-rhamnoside (R, - 0.45) b vitexin (R, - 0.7) 
'I'3 isoorientin (R, - 0.5) T4 orientin (R, - 0.6) 

Fig. 15,16A ethyl acetate-formic acid-glacial acetic acid-water (100: I. 1:l. 1:26) flavonoids 
B ethyl acetate-glacial acetic acid-water (100:20:30/upper phase) procyanidins 

A Natural products-polyethylene glycol reagent (NP/PEG No. 28) + UV-365 nm 
B Vanillin-phosphoric acid (VP reagent No. 41) +vis 

Crataegus and Lespedeza contain flavonoids (A) and procyanidins (13). The 
procyanidins can be separated from flavonoids over a polyamide column (see Sect. 
7.1.1). 

Methanolic extracts of Crataegi folium ( I )  and C. flas (3) have almost identical TLC 
flavonoid patterns in UV-365 nm (NPIPEG reagent): 

R1 0.3 orange rutin (TI) 
R1 0.35 yellow-green vitexin-2"-0-rhamnoside (T2) 
R, 0.4-0.5 blue caffeoyl quinic acids (e.g. chlorogenic acid, TI) 
R, 0.5-0.6 orange hyperoside (TI), luteolin-5-0-glucoside 
R, 0.6-0.65 yellow-green vitexin (T2), overlapped by blue spiraeoside 
R, 0.9 blue caffeic acid 

C. fructus (2) shows very weak zones of caffeoyl quinic acids and hyperoside only. 

Procyanidins in Crataegi folium (la-lc) can be separated from flavonoids (VP reagenr 
vis.): 

la: EtOH eluate with flavonoids (yellowlR, 0.3-0.5) and red zones of di- and trimeric 
procyanidines (R, 0.7-0.8) 
b lb: EtOHlacetone (8:2) eluate with tri- and tetrameric procyanidins (R, 0.5-0.7). 
b Ic: acetone eluate with the enriched terra- and hexa polymeric pxocyanidins (R, range 
0.05-0.5). 

A methanolic extract of Lespedezae herba (4) contains more highly glycosidated 
flavonoids (R, range 0.05-0.35) such as kaempferol- and/or isorhamnetin-rbamno- 
glucoside and rutin (Tl). The EtAc extract (5,6) contains the enriched yellow zones 
of flavon-C-glycosides such as isoorientin (R, - 0.5/T3), orientin (R, - 0.65tT3) over- 
lapped by isovitexin, as well as flavonol-0-glycosides such as lespedin, hyperoside, 
isoquercitrin and quercitrin (R, 0.6-0.8). 
After treatment with the VP reagent, Lespedezae herba (5a, 6b) shows the phenolic 
conlyounds as red-brown zones (vis.). In addition to free carechin, epicatechin (R, - 
0.9), the dimeric procyanidins migrate into the upper R,range and trimeric procyanidins 
are found in the lower RI range. 



Fig. 15 

Fig. I6 



Equiseti herba 

Drug samples 1 Equisetum arvense (origin Germany) 
"Equiseti herba" 2 Equisetum arvense (origin Sweden) 

3,4 Equisetum palustre 
5 Equisetuln fluvatile 
6 Equisetum silvaticum 
7 Equisetum telmateia 
8,9 Equiseti herba (trade sample) (methanolic extracts, 20 pl) 

Reference T1 isoquercitrin 
co~~lpau~ld T2 luteolin-5-0-glucoside (=galuteolin) 

T3 rutin (R, - 0.4) b chlorogenic acid (R, - 0.5) b hyperoside (Rf - 0.6) 
T4 brucine (R, - 0.2) b strychnine (R, - 0.4) b papaverine (R, - 0.6) 

Solvent system Fig. 17A,18 ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) + 
flavonoids 

Fig. 17B toluene-ethyl acetate-diethylamine (70:20: LO) + alkaloids 

Detection Fig. 17A,18 natural products-polyethylene glycol reagent (NPIPEG No. 28) + UV- 
365 nm 

Fig. 17B iodoplatiriate reagent (IP No. 21) + vis 

Fig. 17A Equisetum arvense ( I )  is characrerized by the yellow-orange zone ofisoquercitrin ((R, - 
0.6/T1), two blue zones above (e.g. caffeic acid) and three weak bIue or green zones blow 
(R, 0.4-0.55, e.g. galuteolinlT2). The official "horsetail" does not contain green 
ltaempferol glycoside zones in the lower R,range which indicate one of the adu1terant.s 
(see Fig. 18). Alkaloids are absent or in extremely law concentrations only. 

B Equisetum palustre (3,4) is a common adulterant of E. arvense but is easily distinguish- 
able by its alkaloid content. Four to seven zones respond to IP reagent, a major zone 
(palustrine) directly below the brucine test and very weak zones in the R, range of the 
allcaloid test mixture T4. 

Pig. 18 TEC synopsis of Equisetum species (see Drug list, 7.1.4, "flavonoid pattern"). 
Equisetum arvense (1,2): the same flavonoid glycoside pattern as shown in Fig. 17A, but 
with a better separation in the R, range of isoquercitrin, indicati-ng the presence of an 
additional flavonoid glycoside (luteolin-7-0-glucoside?). 
Equisetum palustre (3,4): six green zones of kaempferol glycosides in the R, range 
0.05-0.5, such as k-3-diglucosyl-7-glucoside, k-3-rutinosyl-7-glucoside and k-3, 7, 
diglucoside. 
Equisetum fluvatile (5): two prominent (R, 0.3/0.75), three weak green (R, 0.1/0.35/0.5) 
zones, no blue zones (R, 0.7510.85) and a prominent yellow-orange aglycone zone 
(solvent front). 
Equisetum silvaticum (6): similar pattern of green kaempferol glycoside zones as in 
sainple 5. In addition, the yellow-orange zones of quercetin-3, 7-diglucoside (R, - 0.4) 
and isoquercitrin (R, - 0.7) as in E. arvense (1,2). 
Equisetum telmateia (7): five green zones in the R, range 0.2-0.7 (e.g. k-3,7-diglucoside, 
k-3-rutinosyl-7-glucoside). 
"Equiseti herba" (8,9): Trade samples are often mixtures of various Equisetum species. 
In the upper R, range sample 8 shows identical zones with E. arvense, but additional 
zones in the lower R( range similar to Equisetu~n species (6,3,4). Drug sample 9 is almost 
a 1:l mixture of 1 and 3. 
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Fig. 17 

Pig. 18 



Virgaureae herba 

Drug sanlple 1,2 Virgaureae herba (trade sample) 
3 Solidaginis giganteae herba (methanolic extracts, 20 yl) 

Reference T1 rutin (R, - 0.4) b chlorogenic acid (R,. - 0.45) b hyperoside (R, - 0.55) 
compound T2 isoquercitrin T3 quercitrin T4 oleanolic acid 

Solvent systern Fig. 19A ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) 
B chloroform-methanol (90: 10) 

Detection A Natural products-polyethylene glycol reagent (NPIPEG No. 28) -, UV-365 nm 
B Anisaldehyde-H,SO, reagent (AS No. 3) + vis 

Fig. 19A Extracts from trade samples Virgaureae o r  Solidaginis herba (1-3), show three to four 
orange or yellow-green quercetin and kaempferol glycosides in varying concentrations 
in the R, range 0.4-0.75: quercetin andlor kaempferol rutinoside (R, - 0.4/T1), 
quercitrin as the main zone (R,. - 0.75tT3) and small amounts of isoquercitrin (R, - 0.6/ 
T2) and hyperoside. The blue zones (R, - 0.9 and R, - 0.5/T1) are due to phenol 
carboxylic acids. 
San~ple 3 shows the Iiighest flavonoid content and in addition astragalin (R, - 0.85). 

B Solidago species contain ester saponins (Virgaurea sayonin). Alkaline hydrolysis of the 
methanolic extract and detection with AS reagent yields five to six blue-violet zones (e.g. 
polygalic acid) in the R, range 0.4-0.9. 

Violae herba 

Drug sample 1 Violae herba (V. tricolor, blue flowers) 
2,3 Violae herba (V, tricolor, yellow-white flowers) 
(~nethanolic extracts, 20 pl) 

Reference T1 rutin (R, - 0.4) b chlorogenic acid (R, - 0.45) b hyperoside (R, - 0.55) 
compound T2 salicylic acid 

Solvent system Fig. 20A ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) 
B chloroform-toluene-ether-formic acid (60:60:15:5) 

Detection A Natural products-polyethylene glycol reagent (NPIPEG No. 28) + UV-365 nm 
B UV-365 nm 
C 10% FeC1, + vis 

Fig. 20A Violae tricoloris herba (1-3) shows in UV-365 nm mainly green fluorescent glycosides in 
the R, range 0.2-0.4. The major zone is due to violanthin, accompanied by lower concen- 
trated zones of sapoi~arin and scoparin below. The yellow-white flowers have rutin (2,3) 
while in extracts of the blue flowers (1) the orange zone of rutin (TI) is missing. 

B,C Violae tricoloris h e r b  contains salicylic acid and methylester. Salicylic acid is detectable 
in sample 2 at R, - 0.65 (system B) as a weak violet fluorescent zone in UV-365 nm and 
as a brownish zone after FeC1, treatment in vis (T2). 



Fig. 19 



Anserinae, Passiflorae herba; Sophorae gemmae 

Drug sample 1 Anserinae herba (rnethanolic extract, 30 11.1) 
2 Passiflorae herba (methanolic extract, 30 111) 
3 Sophorae geinmae (methanolic extract, 5 p1) 

Reference T1 rutin (R, - 0.4) b chlorogenic acid (R, - 0.45) b hyperoside (R, - 0.55) 
compound T2 vitexin 

T3 sayonarin 

Solvent systeltl Fig. 21 ethyl acetate-formic acid-glacial acetic acid-water (100:11:1 1:26) 

Detection Natural products-polyethylene glycol reagent (NPIPEG No. 28) + UV-365 nm 

Fig. 21 Anserinae herba (1) shows seven to eight orange-yellow zones of quercetin and 
myricetin glycosides in the R, range 0.35-0.75: isoquercitrin (R, - 0.6), myricetin- and 
quercetin-3-0-rhamoside migrate above the hyperoside test (TI), while the corre- 
sponding flavonol diglycosides are found in the R, range of the rutin test (TI). 
Passiflorae herba (2) is characterized by six to eight yellow-green zones of flavon-C- 
glycosides between the start and R, - 0.65: iso-orientin as major zone (R, - 0.45), the 
green zones of isovitexin and vitexin (T2/compound 18,191Fig. 22), isovitexin-2"-0- 
glucoside (Rf - 0.2) and additional zones above and below saponarin-test (T3) e.g. 
schaftoside. 
Sophorae geln~nae (3): a charactistically high amount of rutin as well as five flavonoid 
oligosides in the R, range 0.05-0.3 and three glycosides in the R, range 0.45-0.65. 

Flavon-C-glycosides as reference compounds 

1 sayonarin 8 adonivernith 15 vitexin-2"-0-glucoside 
2 sayonaretin 9 swertiajaponin 16 vitexin-2"-0-rharnnoside 
3 schaftoside 10 swertisin 17 isovitexin-2"-0- 
4 violanthill 11 aspalathin rhamnoside 
5 isoviolanthin 12 scoparin 18 isovitexin 
6 spinosirl 13 orientin 19 vitexin 
7 6"-0- feruloyl-violanthin 14 isoorientin 

Solvent system Fig. 22 ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) 

Detection Natural products-polyethylene glycol reagent (NP/PEG No. 28) + UV-365 nm 

Fig.22 The TLC synopsis shows the apigenin-C-glycosides (e.g. vitexin, isovitexin) with 
generally green and the luteolin-C-glycosides (e.g. orientin) with generally orange 
fluorescence. 
Flavonoid glycosides derived from the same aglycone show ascending R, values in the 
following order: galactose b glucose b rhamnose b ayiose; e.g. vitexin-2"-0-rhamnoside 
has a higher R, value than vitexin-2"-0-gl~zcoside. 



7 Flavor-toid Drugs Including Ginkgo Biloba and Echinaceae Species 231 

Fig. 21 

Fig. 22 



Citri, Aurantii pericarpium 
Orthosiphonis, Eriodictyonis folium 

Drug sample 1 Citri pericarpium (MeOH extract, 25 yl) 
2,3 Aurantii pericarpiurn (MeOH extract, 25 p1) 
4 Orthosiphonis folium (DCM extract, 20 p1) 
5 Eriodictyonis herba (DCM extract, 20 p1) 

Reference T1 rutin T3 eriodictyol 
compoulld T2 sinensetin T4 homoeriodictyol 

Solvent system Fig. 23A,B ethyl acetate-formic acid-glacial acetic acid-water (100:ll:l L:26), system 1 
Fig. 24C chloroform-ethyl acetate (60:4), system 2 

D,E chloroform-acetone-formic acid (75:16.5:8.5), system 3 

Detection Natural products-polyethylene glycol reagent (NPIPEG No. 28) 
b UV-365 nm (A,C,E) b vis (B,D) 

Fig, Z ~ A  Citri (1) and Aurantii pericarpium (2) are both characterized by the prominent yellow 
rutin (Rr - 0.35/T1) and the yellow-red eriocitrin zone at R, - 0.45. The broad, dark- 
green band directly above eriocitrin is due to the bitter-tasting naringin, neohesperidin 
and the non-bitter hesperidin in sample 2. In (I), only traces of hesperidin and 
neohesperidin are present. Auranrii pericarpium (2) shows a higher variety of yellow 
flavonoid glycosides below rutin and blue fluorescent zones in the upper R,range. These 
are separeated in system 2, as shown in Fig. 24(C). 

Eriocitrin is first seen as a yellow zone in UV-365 nm. After exposure (30-60 min) of the 
TLC plate to UV-365 nrn or daylight the zone turns red (UV-365nm) and violet (vis.), 
respectively. 

B Tbe higher amount of naringin, neohesperidin and hesperidin in Aurantii pericarpium 
(2) is seen as a broad yellow band directly above the violet-red eriocitrin. The R, value 
depression is caused by other plant products. 

Fig. 24C Developmerlt of DCM extracts of Aurantii pericarpium (3) and Orthosiphonis folium 
(4) in system 2 yields a series of blue fluorescent aglycones (UV-365 nm). 
Besides sinensetin (Rf - 0.35/T2), A. pericarpium (3) shows eight to ten blue to violet- 
blue zones of hydroxylated flavans (e.g. nobiletin, tangeritin), coumarins and 
methylanthranilate in the R,range 0.05-0.8 (see also Chap. 6, Fig. 17,18). 
Orthosiphonis foliurn (4); sinenseti-n (TI) is the major compound with scutellarein 
terramethyl ether directly above and eupatorin and 3'-hydroxy-5,6,7,4'-tetramethoxy- 
flavone below (R, 0.3-0.4). 

D Eriodictyonis herba (5). Treatment with NPIPEG reagent generates yellow and red zones 
(vis.) after 40-60 min exposure of the developed TLC plate (system 3) to UV-365 nm or 
daylight. 

E In UV-365 nm six yellow, orange-red or green fluorescent flavonoid aglycones are de- 
tectable: eriodictyol (R, - 0.31T3) followed by a yellow-green zone of chrysoeriodictyol, 
an orange-red zone of xanthoeriodictyol and the green zone of homoeriodictyol (Rf - 
0.55fT4). 
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Pig. 23 

Fig. 24 



Cardui mariae (Silybi) fructus 

Drug sample 1,2 Cardui mariae fructus (Silybi fructus) 
(rnethanolic extract, 20 @) 

Reference TI taxifolin (R, - 0.4) F silybin (R, - 0.6) 
compound T2 silychristin 

Solvent system Fig. 25 chlorofor~n-acetone-formic acid (75:16.5:8.5) 

Detection A Natural products-polyethylene glycol reagent (NPIPEG No. 28) + UV-365 nm 
B Fast blue salt reagent (FBS N o  15) + vis 

Fig. 25A Cardui mariae fructus (1,2) is characterized in UV-365 nm by two intense green-blue 
fluorescent zones of silybinlisosilybin (R, - 0.6/T1), silychristin (R, - 0.351T2) and the 
orange zone of taxifolin (R, - 0.4lT1). 
Between taxifolin and silybin, silydianin is present in the silydianin race (2) only. Thc 
minor zones above silybinlisosilybin are due to their dehydroderivatives. 

B All main zones become red-brown (vis) after treatment with the FBS reagent. 

Viburni cortex 

Drug sample 1 Vibiirni prunifoli cortex 
2 Viburni opuli cortex (rnethanolic extracts, 30 11) 

Reference T1 scopoletin 
cornpound T2 amentoflavone 

T3 catechinlepicarechin mixture 

Solvent system Fig. 26 chloroform-acetone-formic acid (75:16.5:8.5) 

Detection A I<OH reagent (No. 35) -+ UV-365 nm 
B Fnst blue salt reagent (FBS No. 15) + vis 

Fig. 26A Viburni cortex. The samples 1 and 2 show with [<OH reagent in UV-365 nrn seven to ten 
blue 01. greenish fluorescent zones distributed over the whole Rf range. 
The presence of the blue fluorescent scopoletin (R, - 0.7/T1) and the dark-green 
fluorescent biflavonoid amentoflavone (R, - 0.4/T2) is characteristic for Viburni 
prunifolii cortex (1). 

B With PBS reagent the Viburni cortex samples 1 and 2 develop four to six red-brown 
zones in the vis. Amentoflavone (T2) is a characteristic main red-brown zone in V. 
prunifolii cortex (I), while a high amount of catechinlepicatechin (R, - 0.151T3) charac- 
terizes Viburni opuli cortex (2). 
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Fig. 25 

Fig. 26 



7.2 Ginkgo biloba 

7.2.1 Preparation of Extracts 

Flavonoids A total of l o g  fresh leaves and 50 ml methanol are homogenized for 10 rnin in a Warren 
btender. The filtrate is evaporated to about 2m1, and IOl~1-20pl is used for TLC. 
A total of 1 g dried leaves is extracted with 30ml methanol for 30 min under reflux. The 
dear  filtrate is evaporated to dryness and, dissolved in 2ml methano1 and 10-20pI is 
used for TLC. 
Commercially available phartnaceuricals, such as Iiquid preparations, are used directly 
for TLC investigations (10-20~1) or one to two powdered tablets or dragees are extracted 
with 5 ml methanol for 5 inin on a water bath; 10-20 pl of the filtrate is used for TLC. 

Ginkgolides A total of 40g fresh leaves is boiled in water for 20 rnin, filtered through Whatman paper 
followed by Celite (Hyflosupercel). Activated charcoal is added to t h e  filtrate and stirred 
for 12 11 at room temperature. The mixture then is centrifuged, the supernatant discarded 
and the charcoal residue dissolved in 20 ml acetone after filtration through a glass filter. 
The filtrate is concentrated to about 1 ml, and IOpl is used for TLC. 

7.2.2 Thin-Layer Chromatography 

Reference solutions Test mixture A: 3 mg rutin, 2mg cl~lorogenic acid and 3 mg liyperoside in 10 ml 
methanol. 
Test mixture B: 1 mg bilobetin, ginkgetinlisoginkgetin and sciadopitysin in 3ml 
methanol. 
Ginkgolides A,B,C and bilobalide: 1 mg is dissolved in 1 ml methanol. 

Adsorbent Silica gel 60F,,,-precoated TLC plates (Merck, Darrnstadt). 

Chromatography Ethyl acetate-glacial acetic acid-formic acid-water flavonoid glycosides 
solvellts (100:11:11:26) 

Chloroform-acetone-formic acid (75:16.5:8.5) biflavonoids 
Toluene-acetone (70:30) ginkgolides 

7.2.3 Detection 

Flavonoids show quenching 
Flavonoids fluoresce brown, dark green 

Spray reagent (see Appendix A) 
- NaruraI products-polyethylene glycol reagent (NPIPEG No. 28) 
+ Flavonoids and biflavonoids: yellow-orange and green fluorescence in UV- 
365 nm. 

- Water or acetic anhydride -+ Ginkgolides 
The TLC plate is sprayed either with water or with acetic anhydride and heated for 
30-60 m i n  at 120°C. The ginkgolides and bilobalide then develop blue or green-blue 
fluorescence in UV-365 nm. 
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7.2.4 Drug Constituents 

Drug/plant source Main constituents 
Family 

Ginkgo bilobae folium 0.5%-1% total flavonoids: (-20 compounds) Fig. 27,28 
Ginkgo leafs Quercetin, kaempferol and isorhamnetin glycosides: 
Ginkgo biloba L. q-, k-, i-3-0-a-rhamnosyl-(1 + 2)-a-rhamnosyl- 
Ginkgoaceae ( I  + 6)-P-glucoside, quercitrin, isoquercitrin, 

rutin, k-7-0-glucoside, k-3-0-rutinoside, 
astragalin, dihydrokaempferol-7-0-glucoside, 
isorhalni~etin-3-0-rutinoside 
3'-0-methylmyricetin-3-0-glucoside, luteolin 
Flavonol acylglycosides: 
Q-, k-, i- O-cw-rhamnopyra11osy1-4-0-~-D- 
(6"'-trans-p-coumaroyl)-gliicopyranoside 
Biflavonoids: amentoflavone, bilobetin, 
5'-methoxybilobetin, ginkgetin, isoginkgetin, 
sciadoyitysin 
0.01%-0.04% girlkgolides A,B,C; bilobalide 
Ginkgolic acid, 6-hydroxykynurenic acid, 
shikimic acid, clilorogenic acid, y-coumaric acid, 
vanillic acid . (Ginkgol) 
Catechin, epi-, gallo- and epigalIocatechin 

7.2.5 Formulae 



Ginkgolide R ,  R, R, 

0 

Bilobalide 

Ginkgol 
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COOH 

6-Hydroxykynurenic acid Shikirnic acid 

OCH, 

OH ,O 
OH 0 

Bilobetin 



7.2.6 Chromatogram 

Ginkgo bilobae folium 

Leaf sample 1 Ginkgo biloba (origin Germany) 5 Ginkgo biloba (pharmaceutical 
2 Ginkgo biloba (origin Korea) preparation) 
3 Ginkgo biloba (origin Italy) 6 Ginkgo biloba (green IeafIGermany) 
4 Ginkgo biloba (commercial extract) (extract preparation see Secr. 7.2.1) 

Reference T1 rutin (R, - 0.45) b chlorogenic acid (R, - 0.5) T4 bilobalide 
compound b hyperoside (R, - 0.6) T5 ginkgolide A 

T2 bilobetin ( R t  - 0.45) T6 ginkgolide B 
T3 bilobetin (R, - 0.45) b ginkgetin (R, - 0.6) T7 ginkgolide C 

b sciadopitysin (R, - 0.8) 

Solvent system Fig. 27A, 28D ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) 
Fig. 27B chloroform-acetone-formic acid (75: 16.5:8.5) 
Fig. 28C toluene-acetone (70:30) 

Detectiotl A,B Natural producrs reagent (NP No. 28) + UV-365 nrn 
C Acetic anhydride reagent (AA No. 1) -+ UV-365 nm 
D Natural products-polyethylene glycol reagent (NPIPEG No. 28) -+ UV-365 nm 

Fig. 27A Ginkgo folium (1-3) is characterized in UV-365 nm (NP reagent) by eight to ten green- 
yellow or  orange-yellow fluorescent flavonol glycoside zones in t l ~ e  &range 0.2-0.75 and 
flavonol agIycones and biflavonoids at the solvent front: 

front 
0.75 
t 
0,6 
0,5 
T 

flavonol aglycones, biflavonoids 
isoquercitrin, astragalin, 
dihydrokaempferol-7-0-glucoside 
quercitrin 
6-hydroxykynurenic: acid 
kaempferol-, quercetin-3-0-(6"'-trans-p- 
couinaroyl-4"-glucosyl)-rhamnoside 
narcissin, isorhamnetin-rutinoside 
ru tin (TI), quercetin-, kaempferol-, 
isorhamnetin-3-0-(2"-6"-di-0-a-L- 
rhamnopyra11osyl)-f3-D-glucopyrax~oside 
flavonol triosides 

yellow-orange 
green-yellow 
green-yellow 
orange-yellow 
light blue 

green-yellow 
yellow-orangelgreen 

yellow-greenlorange 
yellow-greenlorange 

B The biflavonoids in Gingko folium (2,3) are separated in system B: bilobetin 
(R, - 0.45/T2), one zone of ginkgetintisoginkgetin (R, - 0.6) and sciadopitysin (R, - 0.81 
T3). T11e blue fluorescent hydroxykynurenic acid and yellow-orange fluorescent flavonol 
glycosides remain at  the start. 

Fig. 28C The reference compounds ginkgolide A-C and bilobalide are separated in system C and 
detected in WV-365 nm after spraying with acetanhydride and heating (30 minl120°C) as 
green and blue fluorescent zones. In Ginkgo leaf preparations, enriched with ginkgolides 
(see Sect. 7.2.1), these four compounds are present, but overlapped by various blue 
fluorescent zones and not reliably detectable by TLC methods. Therefore, for an 
unambigious detection of them the high-performance liquid chromatography (HPLC) 
method is recommended. 

D The enriched and standardized extracts of commercial Ginkgo preparations (4,5) are 
free of biflavonoids and therefore do not show yellow zones at the solvent front, as seen 
in extract 6. 
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rn 

Fig. 27 



7.3 Echinaceae radix 

7.3.1 Preparation of Extracts 

Powdered drug ( I  g) is extracted with 75 ml methanol under reflux for I h. The filtrate is 
evaporated to 5 ml, and 30 pl is used for TLC investigations. 

7.3.2 Solvent Systems and Detection 

Hydrophilic compounds such as caffeic acids derivatives are separated in toluene- 
ethylformiate-formic acid-water (5:100:10:10) over silica gel 60F,,, plates (Merck, Ger- 
many) and inspected in UV-254 nm (quenching zones) and, after treatment, with naturaI 
products-polyethylene glycol reagent (NPIPEG No. 28) detected in UV-365 nrn as blue 
fluorescent zones. 
Liyoyhilic compounds such as alkyl amides are separated over silica gel in the solvent 
system toluene-ethyl acetate (70:30) and detected with vanillin-sulphuric acid reagent 
(VS No. 42), vis. 

7.3.3 Drug List 

plant sc 
Y 

Fig. 29,30 Echinaceae radix 
E. angustifoliae radix 
(narrow-leaved) colleflower root 
Echinacea angustifolia DC 
Asteraceae 
b Iierba 
b Flos 

Fig. 29,30 E. paIlidae radix 
E. pallida NUTT. 
Asteraceae 
b Herba 

Pig. 29,30 E. purpureae radix 
black sanlpson root 
E. purpurea (L.) MOENCH 
Asteraceae 
b Herba 

Mai n constiti 

0.3%-1.3% ecl~inacoside 
Cynarin, traces of cichoric acid, caffeoyl 
quinic acid derivatives 
Alkylamides 
Verbascoside (=desglucosyl-echinacoside) 
Ecl~inacoside (0.1%-I%), rutin 

0.4%-1.7% echinacoside 
6-0-caffeoyl-verbascoside 
Caffeic acid derivatives; alkyl amides 
Desrhamnosyl-verbascoside; rutin 

0.6%-2.1% cichoric acid 
Cldorogenic acid, caffeic acid derivatives, 
no echinacoside; alkylalnides 

Cichoric acid and methylester, rurin 
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Drug/plant so. 
Family 

' ' ' 1 constituents 

Common substitute or adulterant of Echinaceae radix 

Parthenium integrifolium Sesquiterpene esters 
Cutting almond, wild quinine Echinadiol-, epoxyechinadiol-, 
Missouri snake root echinaxanthol- and 
Parthenium integrifolium L. dil~ydroxynardol-cinnamare 
Asteraceae Caffeic acid derivatives 

7.3.4 Formulae 

See Sect. 7.1.5 Formulae 

Fig. 29,30 



7.3.5 Chromatogram 

Echinaceae radix 

Radix samples 1 Echinacea angustifolia 
2 Echinacea pallida 
3 Echinacea purpurea 
4 Parthenium integrifolium (adulterant) (metlianolic extracts, 30 PI) 

Reference T 1 chlorogenic acid 
compounds T2 cichoric acid 

T3 caffeic acid 
T4 p-sirosterin 

Solvent system Fig. 29 toluene-ethyl formiate-formic acid-water (5:lOO:lO:lO) + caffeic acid derivatives 
Fig. 30 toluene-ethyl acetate (70:30) -+ sesquiterpenes, polyacetylenes. 

Detection Fig. 29.4 Natural products-polyethylene glycol reagent (NPIPEG No. 28) + UV- 
365 nm 

Fig. 30B,C Vanillin-sulphuric acid reagent (VC No. 42) -+ vis B 10O0C/1O min 
C 100°C15 min 

Fig. 29A Merhanolic extracts of the Echinaceae radix samples 1-3 and Partenium integrifolium 
(4) can be differentiated in UV-365 nm by their number, amount and R, range of blue 
fluorescent caffeic acid derivatives. 
E. angustifoliae radix ( 1 )  and E. pallidae radix (2) are characterized by ecI.linacoside, 
seen as rnain compound at R, - 0.1 besides five to six less concentrated zones in the R( 
range 0.2-0.8. Desglucosyl-echinacoside (=verbascoside) in (1) and desrhamnosyl- 
echinacoside in (2) are found in the R,range of chlorogenic acid (TI) and above. Cynarin 
(R, - 0.75) is found in (1) only. Cichoric acid (R, - 0.81T2) is present in low concentra- 
tions in (1)  and (2), while in E. purpureae radix (3) cichoric acid is the major compound. 
Chlorogenic acid is identified at R, - 0.45 (TI); ecllinacoside is not present in sample 3. 
Partheniu~nintegrifoliurn (4) as a common substitute of E. puryurea shows ten to twelve 
weaker blue zones of caffeic acid derivatives in the R,. range 0.2-0.8. 

Note: In the drug part "Herba" of Echinacea angustifolia verbascoside, of Echinacea 
pallida desrhamnosyl-verbascoside and of Echinacea purpurea cichoric acid and 
methylester are found. In addition, rutin is present in E. angustifoliae and E. pallidae 
herba. 
Echinacoside is unstable in solution and is missing in extracts that have been stored for 
a long time. 

Fig 30B The lipophilic compounds separated in solvent 2 and detected with VS reagent allow an 
easy differentiation of all four radix drugs: 
E. angustifolia (1): six to seven blue to violet-blue zones (R, 0.2-0.55) wit11 alkylamides 
at R, 0.35-0.55 (in the R, range of p-sitosterin-test T4 and below). 
E. pallida (2): two prominent grey zones in the R, range 0.8-0.85 due to ketoalkines, lteto 
alltanes and hydroxylated Itetoalkanes, grey zone al: R,. - 0.25. 
E. purpurea (3): two weak grey-blue zones at R, - 0.2 and R, - 0.5 (fi-sitosterinlT4) 
P. integrifolia (4): a dominating grey zone at R, 0.6 (see C). 

C Wit11 VS reagent (3-5 minl100") sample 4 reveals two blue and one orange zone (vis) due 
to echinadiol-cinnamate (blue/directly above the p-sitosterin rest, T4), epoxi-echinadiol 
cinnamate (orange) and echinaxanthol cinnamate (blue/ not always present). 



 



8 Drugs Containing Arbutin, Salicin 
and Salicoyl Derivatives 

8.1 Drugs with Arbutin (Hydroquinone derivatives) 

These drugs contain the hydroquinone-P-0-glucoside arbutin as their major compound, 
as well as small amounts of methyl-, 2-0-galloyl-arbutin, picein and free hydroquinone. 
Polyphenols (predominant, > 15%), galloyI esters of glucose (e.g. Uvae ursi folium) and 
ellagtannins are also present. Other plant constituents such as flavonoids, coumarins 
and phenol carboxylic acids can be used to identify and characterize the "arbutin 
drugs". 

8.1.1 Preparation of Extracts 

Powdered drug (0.5-1 g) is extracted under reflux for approximately 15 min with 51n1 General method 
50% methanol. The hot extract is filtered and the filter then washed with metl~anol up to 
a total of 5.0ml; 20-30 111 is used for TLC. 
To remove tannins the solution is treated with 0.5g basic lead acetate, vigorously shaken 
and then filtered. To remove interfering resins and lipids, the powdered drug can be 
extracted under reflux for about 15min with lighr petroleum before extraction with 
methanol. 

8.1.2 Thin-Layer Chromatography 

25 mg arbutin and 25 mg hydrochino~~e are dissolved in lOml 50% methanol; 10 p1 is Reference 
used for TLC. solutions 
A mixture of 1 mg rutin, chlorogenic acid and hyperoside in 5 ml methanol; 10 1 ~ 1  is used 
for TLC. 

Silica gel 60 P,,,-precoated TLC plates (Merck, Darmstadt) Adsorbet~t 

Etlzyl acetate-methanol-water (100:13.5:10) + arbutitl Chromatography 
Ethyl acetate-glacial acetic acid-formic acid-water (100:11.:11:26) -+ flavonoid glycosides solvents 

8.1.3 Detection 

UV-254nm Arbutin shows prominent quenching. 
UV-365 nm No fluorescence of arbutin. 
Spray reagents (see list Appendix A )  



- Berlin blue reaction (BB No. 7) 
All phenols appear as blue zones (vis). 

- Millons reagent (ML No. 27) 
Hydroquinone derivatives form yellow zones (vis). 

- Gibb's reagent (DCC No. 10) Arbutin becomes blue-violet (vis) when the TLC plate 
is sprayed with a 1% methanolic solution of 2,6-dichloro-p-benzoquinone-4- 
chloroin~ide and then exposed to ammonia vapour. 

8.1.4 Drug List 

Drug Plant of origin 
Family 

Total 
hydroquinones 

Fig. 1,2 Uvae ursi folium Arctostaphylos wa-ursi (L.) 4%- 15% 
Bearberry leaves SPRENGEL 

Ericaceae 

Vitis idaeae folium Vaccinum vitis idaea L. 5.5%-7% 
Cowberry leaves Ericaceae 

Myrtilli folium Vacciilium myrtillus L. 
Bilberry leaves Ericaceae 

Bergeniae foliurn Bergenia crassifolia 
Callunae herba Calluna vulgaris 
Pyri folium Pyrus cominunis 
Viburni cortex Viburnum prunifolium 

(see Fig. 26) 

8.1.5 Formulae 

Arbutin R = H 

Methytarbutin R = CH, 
Picein 
(Piceoside) 
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8.2 Drugs Containing Salicin and Its Derivatives 

Salicin, a (2-hydroxyrnethy1)-phenyl-f3-D-glucopyranoside, and its derivatives fragilin, 
salicortin, 2'-0-acetylsalicorti~~, tremulacin and salireposide are major constituents of 
various Salix species. Salicin, salicortin and tremulacin are also present in buds of 
Populus tremula L. 
Picein (piceoside), a p-hydroxyacetophenone glucoside, has been identified in Salix 
cinerea, Uvae ursi folium and in sprouts of Pinus picea L. and Picea species. 

8.2.1 Preparation of Extracts for TLC 

Powdered drug (1 g) is extracted with 50ml MeOH for 30 tnin under reflux. The filtrate General method 
is evaporated and the residue resolved in 3 rnl methanol; 20-40 pl is used for TLC. 

A total of I ml extract (see above) and 0.5 mlO.l N Na0I-I are stirred for 60min at  60°C; Hydrolysis 
0.5 ml 1 N HCl is added to stop hydrolysis, 5 ml methanol is added and 20-30~1 is used 
for TLC. 

8.2.2 Thin-Layer Chromatography 

2.5 rng salicin or derivatives are dissolved in 1 ml methanol, 
20 pl is used for TLC. 

Silica gel 60 F,,,-ysecoated TLC plates (Merck, Darrnstadt) 

Ethyl acetate-methanol-water (77:13:10) 

8.2.3 Detection 

UV-254 nrn Quenching of salicin and derivatives. 
Spray reagent (see Appendix A) 
- Vanillin-glacial acetic acid reagent (VGA No. 39) 

After spraying, the plate is heated for 3-5 min at llQoC under observation. Salicin 
and derivatives show grey, violet-grey and brown zones (vis). 

8.2.4 Drug List 

Reference 
compound 

Adsorbent 

Chromatography 
solvent 

Salicis cortex 0.2%-10% phenolic glycosides: depending on the species or season Fig. 3,4 
Willow bark Salicylates calculated as total salicins 
from various (after alkaline hydrolysis, for method see section 8.2.1) 
Salix species Salicin, triandrin, fragilin, salicortin, 3'- and 2'-0-acetyl- 
Salicaceae salicortin, viinalin, salireposide, tremulacin 
MD Isosalipurposide; tannins 



Salix alba L. white willow 0.5%-1% total salicins 
Salix cinerea L. grey willow -0.4% total saliciils 
Salix dayhnoides L. violet willow 4.9%-8.4% total salicins 
SaIix fragilis L. crack willow 4%-10% total salicins (e.g. 2 '-0- 

acetylsalicortin) 
Salix purpurea L. red willow 3.4%-7.4% total salicins (e.g. salicordn) 
Salix pentandra L. bay willow 0.9%-1.1% total salicins 
Salix viminalis L. common osier -0.2% total salicins (e.g. triandrin) 

8.2.5 Formulae 

Salicin 

Salicortin 
Tremulacin: 
2'-0-Benzoyl-Salicortin 

Fragilin R = 6'-0-Acetylglucose 
Poyulin R = 6'-0-Benzoylglucose 

Triandrin R = H 
Vimalin R = CH, 

HO 0 

Isosalipurposide Picein 
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8.3 Chromatograms 

Arbutin drugs 

Drug sample 1 Vitis idaeae folium 
2 Uvae ursi foliu~n 
3 Myrrilli folium (methanolic extracts, 20-30 yI) 

'rest mixture T1 arbutin (R,. - 0.4) b hydroquillone (front) 
T2 rutill (R, - 0.35) b chlorogenic acid (R, - 0.4) b hyperoside (R, - 0.55) 

Solvents system Fig. 1A-C ethyl acetate-methanol-water (100:13.5:10) 
Fig. 2D ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) 

Detection A Gibb's reagent (DCC No. 10) -+ vis. 
B Berlin blue reaction (BB No. 7) + vis 
C Millons reagent (ML No. 27) + vis 
D Natural products-polyethylene glycol reagent (NPIPEG No.28) + UV-365 nm 

Fig. 1 Ph~nolglucosides 
A Vitis idaeae folium ( 1 )  and Uvae ursi folium (2) are characterized by the prominent 

distinct blue arbutin zone at R, - 0.4 (TI). 
The arbutin content in the extract of Myrtilli folium (3) is too low for derection with the 
DCC reagent. Instead of arbutin, an indistinct grey zone at R, 0.4 is seen. 
Additional grey zones are fo~lnd below and above arbutin. Hydroquinone (TI) at the 
solvent front appears brown-violet. 

B,C The Berlin blue reaction shows arbutin as a blue (+B), the MilLons reagent as a yellow 
zone (+C) in sample 1. In sa~nple 3, in the R, range of arbutin two minor blue (+B) and 
yellow (+C) zones axe detectable. 

Fig. 2 Flavonoids 
D The three drug extracts can be distinguished by their different flavonoid and phenol 

carboxylic acid content when separated in the polar solvent system and detected with 
NP/PEG reagent in UV-365 nm. 
Vitis idaeae folium ( I )  is characterized by six yellow-orange fluorescent Aavonoid glyco- 
sides in the R, range 0.35-0.8. The major zones are found at R,. - 0.8 and in the R, range 
of the l~yperoside test (T2). As a minor zone rutin is detected at R, - 0.35 (T2). 
Uvae ursi folium (2) and Myrtilli foliuln (3) also show their principal flavonol glycosides 
in the R, range of the hyperoside test (T2) accompanied by minor orange zones directly 
below, as in sample 2, and above, as in sample 3. 
The flavonoid glycosides in Uvae ursi folium are due to quercetin-3-(3-D-6'-0-galloyl- 
galactoside, hyperoside (>I%) ,  isoquercitrin, quercitrin and myricetrin. 
The blue fluorescent zones in rhe R, range of the chlorogenic acid test (see T2) are 
prominent in sample 3, while 1 and 2 show more highly concentrated zones in the upper 
R, range. 
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Fig. 1 

Fig. 2 



Salicis cortex 

Salicis cortex 1 Salix- pentandra 
sample 2 Salix purpurea 

2a Salix purpurea (after alkaline hydrolysis) 
3 Salix alba 
4 Salix species (trade sample) 
5 Salix alba (freshly harvested bark) 
5a Salix alba (after alkaline hydrolysis) (methanolic extracts, 20-40 PI )  

Reference T1 salicin 
co~npoulld T2 salicortin 

T3 salireposide 
T4 isosalipurposide 
T5 triandrin 

Solvent system Fig. 3,4 ethyl acetate-methanol-water (77:13: 10) 

Delection Fig. 3A,4A Vanillin-glacial acetic acid (VGA No. 39) 5 mint1 10DC + vis 
Fig. 3B Natural products-polyethylene reagent (NPiPEG No.28) + UV-365 nm 
Fig. 4C Vanillin-glacial acetic acid (VGA No.39) 10 min/l 10°C + vis 

Fig. 3 The Salix species 1-3 can be distinguished after treatment with the VGA reagent (+A,  
vis) and the NPIPEG reagent (+ B, UV-365 nm). 

A Salix pentandra ( I )  and S. purpurea (2) show a similar TLC pattern of four weak grey 
and violet zones in the R,  range 0.25-0.45 with salicin at R, - 0.4 (Tl), a red-brown zone 
at R, - 0.85 and two grey zones at tbe solvent front. Salix purpurea (2) is distinguishable 
by two additional prominent red zones in the RI range 0.55-0.6. 
In S. alba (3), only three weak zones in the R, range 0.3-0.45 are detectable. 
Salicjn migrates as a grey-violet zone to RI - 0.45. The phenol glycosides salicortin (T2), 
salireposide (T3), isosalipurposide (T4lchalcone) and trialidrin (T5) are found as grey- 
violet zones in the R, range 0.45-0.55. 

B The Salix species 1-3 differ in their flavonoid glycoside content (1%-4%) and pattern. In 
the K, range 0.4-0.6, sample 1 has two yellow-green and sample 3 three wealter green- 
blue fluorescent zones. Sample 2 is characterized by the green zone of naringenin-7- 
glucoside directly above the prominent red-orange fluorescent zone (R, range of 
eriodictyol-7-0-glucoside) and the yellow isoquercitrin zone at R, - 0.4. 

Fig. 4A After treatment with the VGA reagent and heating of the TLC plate for 10 mill at 1 10QC, 
the samples 2,4,5 show up to seven grey, violet or prominent red zones in the R, range 
0.35-0.6. The zone of salicin (Tl)  can be overlapped by other compounds (e.g. sample 5). 

c The salicylates salicortin, tremulacjn, 6'-0-acetylsalicin and 2'-0-acetylsalicortin, which 
are naturally present in the drugs, are easily hydrolyzed to salicin (see Sect. 8.2.1). A 
comparative TLC anaIysis of a methanolic S. purpurea extract (2) and its hydrolysis 
product (2a) shows salicin as a prominent grey zone at R, - 0.4 &value depression). I n  
a l~ytlrolyzed extract (5a) of a Salix alba sample (5 ) ,  salicin was not detectable. 
The red zones rnay be due to dimeric and trimeric procyanidines, a biflavonoid catechin- 
taxifolin, catechin and gallotannins. 



 



9 Drugs Containing Cannabinoids and Kavapyrones 

9.1 Cannabis Herba, Cannabis sativa var. indica L., Cannabaceae 

The cannabinoids are benzopyran derivatives. Only A9,lO-tetrahydro-cannabinol (TI-IC) 
shows hallucinogenic activity. The type and quantity of the constituents depend on the 
geographical origin of the drug, climatic conditions of growth, time of harvesting and 
storage conditions. 
Marihuana: the flowering or seed-carrying, dried branch tips of the female plant. 
Hashish: the resin exuded from the leaves and flower stalks of the femaIe plant. 

9.1.1 Preparation of Drug Extracts 

Powdered drug (I g) is extracted by shaking at room temperature for 10 min with 10 ml 
methanol. The filtrate is evaporated and the residue dissolved in 1 ml toluene; depending 
on rhe cannabinoid concentration, 5-50 pl is used for TLC. 

9.1.2 Thin-Layer Chromatography 

10 mg thymol is dissolved in 10 rnl toluene; 5 p1 is used for TLC. 
1 mg synthetic tetrahydrocannabinol (THC) is dissolved in 5 ml CHCI,; 3 p.1 is used for Reference 
TLC. solutions 

Silica gel 60 F,,,-precoated TLC plates (Merck, Darmstadt) Adsorbent 

n-hexane-diethyl ether (80:20) or 
n-hexane-dioxane (90: 10) 

9.1.3 Detection 

Chromatography 
solvent 

UV-254 nm Prominent quenching of cannabinoids. 
Fast blue salt reagent Cannabinoids appear orange-red or carmine (vis); 
(FBS No.15) standard thpmol gives an orange colour. 



9.1.4 Formulae 

COOH 

Cannabidiol acid (CBDS) Cannabidiol (CBD) 

Cannabinol (CBN) A9,10-Tetrahydrocannabinol (THC) 

9.2 Kava-Kava, Piperis methystici rhizoma, 
Piper methysticum G. FORST., Piperaceae (MD, DAC 86) 

Depending on its geographical origin, the drug contains 5%-9% kavapyrones. These are 
derivatives of 6-styryl-4-rnethoxy-a-pyrones with anticonvulsive, muscle-relaxing and 
generally sedative effects. 

9.2.1 Preparation of Drug Extracts for TLC 

Powdered drug (0.6 g) is extracted with 10 ml dichloromethane for 10 min under reflux 
and 0.5 g of a commercial extract is dissolved in 5 ml methanol; 10 yl of each filtrate is 
used for TLC investigation. 

9.2.2 Thin-Layer Chromatography 

Reference 1 mg kawain is dissolved in 1 rnl MeOH; 10 p1 is used for TLC. 

Adsorbent Aluminium oxide 60 P,,, (Merck, Darmstadt) 

Chromatography n-hexane-ethyl acetate (70:30) (2 X 15 cm) 
solvent 
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9.2.3 Detection 

UV-254 nm Prominent quenching of all kawapyrones. 
Spray reagent Anisaldehyde sulphuric acid reagent (AS No.3) 
(see Appendix A )  Red to violet-red zones (vis.). 

9.2.4 Formulae 

Piperis methysrici rhizoma (Kava-Icava) 

OCH, 

@* '. 
R, 

R2 

Desniethoxy- 
yangonin (0,6-1%) R, = R, = H IZawain (t,8-2.1%) R, = R, = H 
Yanganin (1-1,7%) R, = OCH,; R, = H MetI~ysticin (1,2-2%) R,, R, = -OCM,O- 

Dihydrokawain (0,6-1%) R, = R, = H 
Dihydrometl~ysticin (0,5-0,896) R,, R, = -OCH,O- 



9.3 Chromatograms 

Cannabis herba, Hashish 

Drug sample 1 Hashish (Turkish, 1980) 3 Hashish cigarette 
2 Hashish (Iranian, 1980) 4-6 Cannabis herba (drug collection) 

Reference T thymol 
THC tetrahydrocannabinol (synthetic) 

Solvent system Fig. 1 n-hexane-diethyl erher (80:20) 

Detection Fast blue salt reagent (FBS No. 15) followed by 0.1 M NaOH+ vis 

Fig. I Treatment with FBS-NaOH reagent shows intense red-violet to red-orange zones (vis.). 
Hashish samples 1 and 3 show two prominent red zones in the R,range 0.45-0.55 due to 
cannabinol (CBN) and cannabidiol (CBD). 
Between CBS and CBN, sample 2 has the additional red-violet zone of tetrahydrocanna- 
binol (THC) at R, - 0.5. The three to four red zones from the start up to R,. - 0.1 5 are due 
to cannabidiol acid and other polar cannabinoids. 
Cannabis herba samples 4-6 contain cannabinoids in low concentrations only. 

Kava-Kava rhixoma, Piper methysticum 

Drug sample 1 Kava-kava rhizoma 
2 Kava-kava extracturn (trade sample) 

Reference TI kawain 

Adsorbent Fig. 2 aluminium oxide 60 F,,, plates 

Solvent system n-hexane-ethyl acetate (70:30) (+ 2 X 15 cm) 

Detection A without chemical treatment + UV-254, nm 
B Anisaldehyde-sulphuric acid reagent (AS No. 3) + vis 

Fig. 2A The Kava-extracts (1,2) are characterized in UV-254 nm by five lacrones in the R, range 
0.4-0.8: 

methysticin 
dihydromethysticin 
kawain (TI) 
dihydrokawain 
desmethoxyltawain 

B The quenching zones in Fig. 2 A appear red to blue-violet after treatment with-the AS 
reagent. Kawain (TI) is seen as a red-violet zone at R, - 0.55, followed by weaker violet 
zones of dihydrokawain (R, - 0.65) and desmethoxy1cawain ( R, - 0.75). In the R, range 
below kawain, the violet zone of dihydromethysticin (R, - 0.45) and methysticin (R, - 
0.4) are found. A very weak yellow zone of yangonine can overlap the kawain zone at R, - 0.6. 



 



10 Drugs Containing Lignans 

Lignans are formed by oxidative coupling of p-hydroxyphenylpropene units, often 
linked by an oxygen bridge. They are found in fruits, foliage, heartwood and 
roots. 

10.1 Preparation of Extracts 

Powdered drug (1 g) is extracted by heating under reflux for 10 ~ n i n  with 10 ~ n l  methanol. Cubebae fructus, 
The filtrate is evaporated to 3 rnl and 20-30 yl is used for TLC. Podophylli rhiz. 

Powdered drug (I. g) is extracted with I0 ml50% methanol by heating under reflux for Eleutherococci 
15 min; after cooling, 15 ml water-saturated n-butanol is added. After shaking for 5 min, radix, Visci albi 
the butanol phase is separated and evaporated to approximately 1 1nl; 20-40 1.~1 is used herba 
for TLC. 

Powdered drug (10 g) is extracted with 100 ml ethanol by slow percolation. The percolate Podophyllin resin 
is concentrated by evaporation until the residue has the consistency of a thin syrup and 
is then poured, with constant stirring, into loon11 water containing 1 ml HCI (38%), and 
precooled to a temperature below 10°C. The precipitate is decan.ted and washed with two 
100-ml portions of cold water; 0.1 g dried resin is dissolved in 2 ml methanol, and 20 ~ r l  
is used for TLC. 

10.2 Thin-Layer Chromatography 

Cubebin, podophyllotoxine, eleutherosides B, E, E,: 
I mg is dissolved in I. rnl methanol; 20 111 is used for TLC investigation. 

Reference 
solution 

Silica gel 60 F,,,-precoated plates (Merck, Darmstadt) Adsorbent 

Chloroform-methanol-water (70:30:4) + Eleutherococci radix, Visci albi herba Chromatography 
Cl~loroform-metllano1 (90:lO) + 6 cm -+ Podophylli rhizoma, Podophyllin solvents 
followed by toluene-acetone (65:35) 
Toluene-ethyl acetate (70330) + Cubebae fructus 



10.3 Detection 

UV-254 nm all lignans show prominent quenching. 
UV-365 nm e.g. eleutheroside E, gives blue fluorescence. 
Spray reage~lts (see Appendix A) 
50% ethanolic sulphuric acid + Cubebae fructus, 
Vanillin-phosphoric acid reagent: ( V P  No. 41) + Eleutherococci radix 
Fast blue salt reagent (FBS No. 15) + specific for peltatins 
Antimony-(111)-chloride reagent (SbCI, No. 4) + syringin1Eleutherococci 

radix 
Vanillin-sulphuric acid reagent (VS No. 42) + essential oil compoundsl 

Cubebae fructus 

10.4 Drug List 

Druglplant source 
Familylpharmacopoeia 

Main constituents 

Fig. 1,2 Eleutherococci radix (Rhizoma) 0.05%-0.1% lignans 
Siberian ginseng Eleutheroside E (syringaresinol-4', 
Eleutherococcus senticosus MAXIM 4"-0-di-p-glucopyranoside), 
Araliaceae eleutheroside E, (syringaresinol- 
MD 4'-0-P-D-monaglucopyranoside), 

( -)syringaresinol, sesamin 
Phenylpropane derivatives: 
eleutheraside B (= syringin, 
0%-0.5%). Caffeic acid ethyl ester, 
coniferylaldehyde, sinapyl alcohol 
Essential oil (-0.8%) 
Coumarins: isofraxidin, -7-0-glucoside 

Fig. 3 , 4  Visci albi herba 
White mistletoe 
Viscum alburn I,. vax. rnalus 
Deciduous mistletoe 
(on practically all European 
deciduous trees, except beech) 
var. abies (WIESB.) ABROMEIT 
Silver fir mistletoe (on Abies 
species) 
var. pinus syn. ssp, austriacum 
(WLESB.) VOLLMANN 
Scots pine mistletoe (on Pinus spp.; 
or Picea excelsa LINK) 
ViscaceaeILoranthaceae 
DAC 86, MD 

Lignans: eleutheroside E, E,, 
Phenylpropane derivatives: 
0.04%-0.07% syringin 
(= syringenin-4-0-13-D- 
glucopyranoside), 
syringenin-4-0-P-D- 
apiof~lranosyl-1-2-P-D- 
glucopyranoside 
Plant acids ( -  15): 
caffeic, sinapic, syringa, p-coumaric, 
prorocarechuic, chlorogenic, vanillic, 
ferulic, p-hydroxy, benzoic and 
shikimic acid 
Free amino acids <0.4% (leaves) (-18 
in fresh leaves): e.g. ~ ~ a r g i n i n e ,  
alanine, proline, L-serin, tyrosine 
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Druglplant source 
Familylpharrnacopoeia 

Main constituents 

Flavonoid pattern 
European mistletoes: 
Viscuin album L.: quercerin and its methylerl~ers (e.g. rhamnetin, isorhamnetin, 
rhamnazin) 
2'-hydroxy-4',6'-dimet1~oxy-chalcon-4-g1ucoside; 
 ora an thus europaeus L.: rhamnocitrin-3-0-rhamnoside, rhamnetin-3-0-glucoside, 
rhamnerin-3-0-rhamnoside 
Non-European mistletoe: 
Viscurn album var. coloraturn (Japan): 
flavoyadorinirr A (= 7,3'-di-0-methylquercetin (rharnnazin)-3-0-glucoside), 
flavoyadorinin B (= 7,3'-di-0-methylluteolin-4'43-mono-glucoside), 
homoflavoyadoritiin B (= 7,3'-di-0-tnethylluteolin-4'-0-glucoapioside) 
Psittacanthus cuneifolius (Argentinia): 
quercetin-3-0-rhamnoside (= quercitrin), quercetin-3-0-xyloside (reynoutrin), 
quercetin-3-0-cn-arabinofuranoside (avicularin) 
Loranthus parasiticus (China): quercetin, quercetin-3-0-arabirxoside 
Phoradendron tomentosum (Texas): vitexin, 6-C-glucosyl-8-C-arabinosylapigeiiin 
(= schaftoside), 6-C-arabinosyl-8-C-glucosylapigenin (= isoschaftoside), ayigenin-4'- 
0-glucoside, apigenin 

Podophylli rhizoma 
Podo phyllurn 
May apple, Mandrake root 
Podophyllum peltaturn L. 
Berberidaceae 

Podophyllum resin 
"Podophylline" 
MD 

Indian Podophyllum 
Podophyllum emodi WALL. 
Berberidaceae 
MD 

Cubebae fructus 
Cubeb, Java pepper 
Piper cubeba L. 
Piperaceae 

3%-6% resin (-16 cotnpounds) with Fig. 5 
0.2%-1% yodophyllotoxit~ and the 
13-D-glucoside; a-, 0-peltatine and 
their P-D-glucosides 
Picropodoyliyllin (an artefact due to 
extraction procedures) 

Only aglycones due to exrraction 
procedures: >20% podophyllotoxin, 
a-, 13-peltatines, desoxy and 
dehydro yodophylline 

6%-12% resin with 1%-4% 
podophyllotoxin, only traces of 
peltatines, berberine 

1.5%-2.5% cubebin 
10%-18% essential oil 
tricyclic sesquirerpene alcohols; 
1,4-cineol, terpineol-4, cadinol, 
cadinene 

Fig. 6 



10.5 Formulae 

e.g. Podophyllotoxin Cubebin 

CH, 
c'33 
CM, 
FI 
H 
H 
H 
CI-1, 
CH, 

Podophyllotoxin 
Podophyllotoxin glucoside 
Desoxypodophyllotoxin 
4.'-Desmetl1ylpodop~1yllotox.in 
4'-Desn~ethylpodophyllotoxin glucoside 
a-Peltatin (PI )  
n-Peltatin glucoside 
P-Peltatill (P2) 
p-Peltatin glucoside 

OCH, 

Eleutheroside E R = 0-D-Gluc 
Syringaresinol R - H 

Eteutheroside B R = p-D-Gluc 
Sinapyl alcohol R = H 



10.6 Chromatograms 

Eleutherococci radix (rhizoma) 

Drug sample 1 Eleutherococci radix (type A) 
2 Eleutherococci radix (type B) 
3 Eleutherococci radix (type C) 
4-12 Eleutherococci radix (commercial drug samples) (n-butanol extracts, 20 p1) 

Reference TI eleutheroside B (syringin) 
compound T2 eleutheroside E 

T3 syringaresinol inonoglucoside E, 
T4 syringaresinol 

Solvent system Fig. I, 2 chloroform-methanol-water (70:30:4) 

Detection A Without chemical treatment + UV-365 nm 
B Vanillin-phosphoric acid reagent (VPA No. 41) + vis 
C Antimony-(111)-chloride reagent (SbC1, No. 4) -+ UV-365 nm 

Fig. IA Eleutherococci radix sa~nples 1-3 show pllenol carboxylic acids and coumarins as blue 
fluorescent zones: chlorogenic acid at R, - 0.05, lipophilic plant acids and coumarins in 
the R, range 0.85-0.95, Their presence and amount varies according to plant origin. 

B Eleutherococci radix samples I and 3 are characterized by the blue to violet-red zones of 
eleritheroside B (syringin) (TI) at  R, - 0.5, eIeutheroside E (T2) at R, - 0.35 and 
eleutheroside E, (T3) at R, - 0.65. Syringin (TI) can be absent (e.g. sample 2)  or is found 
in extremely low concenrrations only. 
The amount of blue aglycone zones in the R, range 0.8-0.95 varies as do the grey zones 
in the R, 0.05-0.15, which are partly due to free sugars. 

c The zone of syringin (TI) fluoresces specifically orange-red with SbCI, reagent. Syringin 
is acco~npanied by a blue and yellow fluorescent zone directly above and below, 
respectively. 

Fig. 2 TLC Synopsis (VPA reagent, vis) 
As demonstrated with the Eleutherococcus samples 4-12, the amount and presence of 
eleutheroside B at R, - 0.5, as well as eleutheroside E at R, - 0.35 and its nlonoglucoside 
El at R, - 0.65, varies depending on origin of the plant and the part of the roots used for 
investigation. The grey zones in the R, range 0.05 and 0.2 (e.g. chlorogenic acid, free 
sugars) and the blue-grey and violet-zones in the upper R, range are present in varying 
amounts. 
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ill. r ,  *I141 

1 2 T1 1 2 3 'F2 T3 T1 1 Fig. 1 



Viscum album 

Drug sample 

Reference 
compound 

Soivent system 

Detection 

Fig. 3A 

Fig. 4 
A 

1 Viscum album (n-butanol extract) 
2 Viscum album (MeOH extract 1 g/10 mllfor flavonoids, 20~1)  
3 ,4 ,5  Viscum album (n-butanol extracts) 
6 Viscum album (pharmaceutical preparation) (n-butanol extracts, 20-40 PI) 

TI eleutheroside E 
T2 syringenin-apiosylglucosid (R, - 0.3) + syringin (R, - 0.4) 
T3 rutin (R, 0.35) b chlorogenic acid (R, 0.4) b hyperoside (R, 0.55) b isochlorogenic 

acid 
T4 eleutheroside B (syringin) 

Fig. 3 A chloroform-methanol-water (70:30:4) 
B ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) 

Fig. 4 A chloroform-methanol-water (70:30:4) 

A Vanillin-phosphoric acid reagent (VPA No. 41) + vis. 
B Natural-products-polyethylene glycol reagent (NPIPEG No. 28) + UV-365 nm 

Viscum album sample 1 represents the characteristic TLC pattern obtained from Visci 
albi herba of European origin. After treatment with the VPA reagent, more than ten red 
or blue-violet and brown zones are found in the R, range 0.4 up to the solvent front. 
Eleutheroside E (R, - 0.4IT1) is normally present in most samples as a minor 
compound. 
Eleutheroside B (syringin) (R, - 0.45lT4) has a medium concentration in (1) but can be 
more highly concentrated e.g. sample 3, Fig. 4A. 
Syringenin-4-0-(3-apiofuranosyl-glucoyyranoie can be found at R, - 0.25. This very 
unstable compound (T2) easily forms syringin. 

With the NPIPEG reagent, the methanolic Viscum album (2) extract develops a series of 
blue fluorescent zones from the start till up to R, - 0.55, due to various plant acids. The 
blue-green zones in  the higher R, range might derive from quercetin ethers and chalcon 
glucosides. 

TLC Synopsis 
Three Viscum samples (3-5) collected from different trees show syringin (T4) at R, - 
0.45, and a variation of blue-violet. and yellow zones due ro other lignans and various 
phenol carboxylic acids. The pharmaceutical preparation 6 has an additional prominent 
blue zone above the syringin test. 
The pattern of compounds changes according to the origin of the plant (e.g. Malus, 
Abies, Pinus). 
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Fig. 3 

Fig. 4 



Podophylli rhizoma 

Drug sample 1 Podophylli peltati rhizoma 
2 Podophylli emodi rhizoma 
3 Resin of Podophylli peltati rhizoma (methanolic extracts, 20-30 yl) 

Reference T1 podophyllotoxin 

Solvent system Pig. 5 chloroform-methanol (90:lO) + 6 crn * then toluene-acetone (65:35) + 15 crn 

Detection A Sulphuric acid 50% (H,SO, No. 37) + vis 
B Fast blue salt reagent (FBS No. 15) + vis 

Fig. 5 A  With 50% H,SO,, PodophyUi rhizoma ( l ,2)  shows the blue to violet-blue lignan zones of 
podophyllotoxin (R, - 0.71T1) and a- and p-peltatin (R, - 0.65/P,; R, - 0.8/P2), their 
corresponding glucosides at R, 0.05-0.15 and the aglycones at the solvent front. 
Podophyllotoxin (TI) is more highly concentrated in PodophyUi emodi rhizoma (2) 
than in Podophylli peltati rhizoma ( I ) .  
The resin "podophyllin" (3) contains podoyhyllotoxin, a- and p-peltatin, and very small 
amounts of ligrlan glucosides. 

B With FBS reagent the peltatins (Pl, P2) and tannins form red-brown zones in vis (1-3). 
Podophyllotoxin does not react. 

Cubebae fructus 

Drug sample 1 Cubebae fructus (methanoIic extract, 20 pl) 

Reference TI cubebin 

Solvent system Fig. 6 toluene-ethyl acetate (70:30) 

Detection A Sulphuric acid, 98% (H,SO, No. 37) + vis 
B Vanillin-sulphuric acid reagent (VS No. 42) -+ vis 

Fig. 6A A methanolic extract of Cubebae fructus A, B (1) is characterized by the lignan cubebin, 
which forms with H,SO, reagent a red-violet zone at R, - 0.45 (vis) besides diffuse brown 
zones. 

B Cubebin and the essential oil compounds, such as cadinol, a tricyclic sequiterpene 
alcohol, a mixture of isomer cadinenes, 1,Ccineol and terpineol-4, give prominent blue 
to violet-blue zones (B) with the VS reagent in the R, range 0.5 up to the solvent front. 



 



11 Drugs Containing 1,4-Naphthoquinones 
Droserae herba, Dionaeae herba 

1 1 .I Preparation of Extract 

1. Powdered drug (1 g) is extracted for 15 rnin with 10 rnl methanol on a water bath; 30 p1 
of the clear filtrate is used for TLC. 

2. Powdered drug (1 g) is distilled with 10 ml water and 1 m12 M H,PO, in a 50-ml flask 
through a glass pipe into a cllilled glass tube until 3 ml distillate has been collected 
(see microdistillation, Sect. 6.1). After cooling, the lipophilic compounds are ex- 
tracted with 1 rnl pentane; 10 y.l of this solution is used for TLC. 

The whole fresh plant is put through a tincture press until 1 ml plant juice has been 
collected. The juice is diluted with 9 ml CHC1, and 20 pl is used for TLC investigations. 

1 1.2 Thin-Layer Chromatography 

10 mg plumbagin and juglone are dissolved in 1 ml methanol and lop1 are used for 
TLC investigation. 

Silica gel 60F,,,-precoated TLC plates (Merck, Germany) 

Toluene-formic acid (99:l) +naphtoquinone aglycone 
Ethyl acetate-formic acid-glacial acetic acid-water (100:11:11:26) + glycosides 

11.3 Detection 

Droserae 
herba 

Dionaeae 
herba 

Reference 
solutions 

Adsorbent 

Solvent 
systefns 

All naphthoquinones show quenching in W-254nm. 
After spraying with 10% methanolic KOH reagent, naphtoquinones show red 
fluorescence in UV-365 nm and red to red-brown colour (vis). 



1 1.4 Drug List 

Druglplant source 
Familylpharmacopoeia 

Fig. I Droserae rotundifoliae herba 
Round-leafed sundew 
Drosera rotundifolia L. 
b protected plant 

Fig. 1 Droserae longifoliae herba 
Long-leafed sundew 
from various Drosera species e.g.: 
Drosera ramentacea BURCH. ex 
HARV. et SOND. 
Drosera longifolia, D. anglica 
D. intermedia, D. burmanii 
Droseraceae 
MD 

Main constituents 

>0.5% 1,4-naphthoquinones, 
plumbagin, 7-methyl-juglone, 
droserone 

>0.25% l,4-naphrhoquinones, 
plumbagin, ramentaceon and its 

glucoside rossoliside 

Fig. 2 Dionaeac muscipulae herba >0.85% total 1,4-naphthoquinones, 
Dionaea muscipula ELLIS pluinbagin (-0.2%), 
(syn. Drosera sessiliflora RAF.) hydroplumbagin-4-0-b-glucoside 
Droseraceae (-0.6%), 3-clloro-p1umbagi.n 

(-0.01%), droserone (-0.002%) 

11.5 Formulae 

Plumbagin R = H 
Droserone R = OH 

Juglone R = H 
Methyljuglone R = CH, 



11.6 Chromatograms 

Droserae herba, Dionaeae herba 

Drug sample 1 Droserae rotundifoliae herba (MeOH extract, 30 p1) 
2 Droserae rotundifoliae herba (distillate) 
3 Droserae rainentaceae herba (distillate) 
4 Dionaeae muscipulae herba (pressed juice, 20 pl) 

Reference T1 plumbagin 
con~pound T2 juglone 

T3 rutin (R, - 0.35) b cl~lorogenic acid (R, - 0.45) b hyperoside (R, - 0.6) 

Solvent system Fig. 1 A-D toluene-formic acid (99:l) + system I 
Fig. 2 A + R  toluene-formic acid (99:l) + system I 

C ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) 
+ system I1 

Detection Pig. 1A-D 10% methanolic potassium hydroxide 
A,D +vis B,C +UV-365 nm 

Fig. 2A,B 10% nlethanolic potassium hydroxide 
A + vis B +UV-365 nm 

Fig. 2C Natural products-polyethylene glycol reagent 
(NPIPEG No. 28) + UV-365 nm 

Fig. I All three Drosera samples show the violet-brown (vis) and brown-yellow (UV-365 nm) 
A-D fluorescent plumbagin (Tl)  as the main zone at R,-0.45. 

Plumbagin is accompanied in salnpIe 1 by 7-methyljuglone (the same R,. vaIue as 
plumbagin) and juglone (Rf - 0.4). Juglone is more highly concerltrated in sample 3 (D. 
ramentacea). Droserone (R, - 0.35) can be detected in sample 1.  

Fig. 2 Dionaea muscipula (4) shows the prominent blue (vis/A) and red-brown (UV-365 nmlB) 
A,B zone of plumbagin (TI) at K, - 0.5 in solvent system I. The hydroplumbagin-4-fi-D- 

glucoside re~na i~ l s  at the start. 

c (NPJPEG reagent, UV-365 nm): 
In solvent system I1 hydroplumbagin glucoside migrates as a blue-green band in to the R, 
range 0.85-0.9. Further blue to greenish-blue zones are found in low concentrations in 
the R, range of hyperoside (T3). 



 



12 Drugs Containing Pigments 

Anthocyanins (Flavylium salts): Anthyocyanidins are responsible for the red, violer and 
blue colours of flowers and other planr parts. They are mostly present in plants as 
glycosides of hydroxylated 2-phenylbenzopyrylium salts. Cleavage by acid hydrolysis 
produces the corresponding free flavylium salts. 
Crocus: Croci stigma contains crocetin, a 8,8'-diapocarotenedioic acid. The bright 
yellow digenriobiosyl ester crocin is water soluble. 

12.1 Preparation of Extracts 

Cyani, Hibisci and Malvae flos, Myrtilli fructus. Powdered drug ( 1  g) is extracted by Anthocyanins 
shaking for 15 min with 6 ml of a mixture of nine parts methanol and one part 25% HCi; 
25 pl of the filtrate is used for TLC investigation. 

Four or five crushed stigma are moistened with one drop of water. After about 3 min, Croci 
1 ml methanol is added and the extraction continued for about 20 min in the dark, with stigma 
occasior~al shaking; 10 p1 of the supernatant or filtrate is used for chromatograpl~y. 

12.2 Thin-Layer Chromatography 

Anthocyanins: 1 mg standard compound dissolved in 1 mI methanol; 
TLC sample, 5 yl. 

Methylene blue: 5 mg dissolved in 10 ml methanol; TLC sample, 10 yl. 
Naphthol yellow: 5 nlg dissolved in 5 ml methanol; TLC sample, 5 p1. 
Sudan red: 5 mg dissolved in 5 ml chloroform; TLC sample, 5 p1. 

Silica gel 60 F,,,-precoated TLC plates (Merclc, Germany). 
Cellulose-precoated TLC plates (Merck, Germany). 
Chromatography of flower pigments (anthocyanins) is performed on both silica gel and 
cellulose plates. Silica gel plates are used for TLC of Croci stigma extracts. 

Reference 
solutions 

Adsorbent 

Anthocyanins: Ethyl acetate-glacial acetic acid-formic acid water (100:11:11:26) Chromatography 
n-Butanol-glacial acetic acid-water (40:10:20) or (40:10:50) + solvents 
upper layer 

Croci stigma: Ethyl acetate-isopropanol-water (65:25:10) 



12.3 Detection 

Without chemical treatment 
Anthocyanins show red to blue-violet, Croci stigma constituents yellow colour (vis). 
Anisaldehyde-sulphuric acid reagent (AS No. 3) 
After spraying and heating (8 minll1OoC) the picrocrocin appears red-violet, crocin 
blue-violet (vis). 

12.4 Drug List 

Druglplant source 
Familylpharmacopoeia 

Fig. 1,2 Hibisci flos 
Hibiscus flowers 
I-Tibiscus sabdariffa L. 
Malvaceae 
DAB 10 

Fig. 3 Cyalli flos 
Cornflowers 
Centaurea cyanus L. 
Asteraceae 

Main compounds 
Anrhocyanins 

Delphinidin-3-glucosyl-xyloside 
(hibiscin), delphinidin-3-glucoside, 
cyanidin-3-glucosyl-xyloside, 
cyanidin-3-glucoside 

Cyanidin-3,s-diglucoside (cyanin), 
pelargonidin-3,5-diglucoside 
(pelargonin), pelargonin-3- 
caffeoylglucoside-5-glucoside 

Fig. 3 Malvae flos 6%-7% total anthocyanins 
Common mallow flowers Malvidin-3,5-diglucoside (~nalvin 50%) 
Malva sylvestris L. delphinidin glucosides; 
Mauretanian, dark-violet mallow petunidin-3-, cyanidin-3- and 
Malva sylvestris L. ssp. mauritania malvidin-3-0-glucoside 
(L.) ASCH. et GRAEBN. 
Malvaceae 
OAB 90, Helv. VII, MD 

Fig. 3 Malvae (arboreae) flos 
Hollyhock 
Althaea rosea (L.) CAV. 
var. iligra HORT. 
Ma1 vaceae 

Delyhinidin-3-glucoside, 
malvidin-3-glucoside, "althaein", 
the mixture of both glucosides; 

Pig. 4 Myrtilli fructus 0.5% total ailthocyanins 
Com~non blue berries Delphinidin-3-glucoside (myrtillin A), 
Vacci~iiurn myrtillus L. -3-galactoside, malvidin-3-glucoside; 
Ericaceae glycosides of pelargonidin, cyanidin 
DAC 86, O A B  90, Helv. VII, MD and petunidin 

Fig. 4 Croci stigma 
Saffron (crocus) 

1.9%-15% croci11 (digentiobiosyl ester of 
cxocetin) 
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Druglplant source Main compounds 
Familylpharmacopoeia Antlzocyanins 

Crocus sativus L. 2.7%-12.9% picrocrocin 
Iridaceae (p-hydroxycyclocitral glucoside) 
DAC 86, Ph.Eur.111, 6AB 90, MD, (3-hydroxycyclocitral and safranal 
Japan (dehydro-(3-cyclocitral) are formed 

from picrocrocin during storage or 
steam distillatio~~; carotene glycosides 

12.5 Formulae 

Pelargonidin H H 

Paeonidin H OCH3 
Cyanidin H OH 
Malvidin OCH3 OCH, 
Petunidin OH OCH, 
Delphinidin OH OH 

HO 

0 - E lucose 
I I 
OH Xylose 

Hibiscin 

Crocetin R = H 
Crocin R = Gentiobiosyl 



4-Hydroxycyclocitrai R = H 
Picrocrocin R = Glucosyl 

Safranal 



12.6 Chromatograms 

Hibisci flos 
Reference compounds 

Drug sample H Hibisci flos (methanolic extract, 25 pl) 

Reference 1 methylene blue 7 cyanidin-3-glucoside 
compound 2 delphinidin-3, 5-digIucoside 8 malvidin-3, 5-diglucoside 

3 delphinidin-3-glucoside 9 ~nalvidin-3-glucoside 
4 petunidin-3, 5-digIucoside 10 paeonidin-3,5-diglucoside 
5 petunidin-3-glucoside 11 paeonidin-3-glucoside 
6 cyanidin-3, 5-diglucoside (reference, 5 pl) 

Adsorbent Silicagel 60 F,,,, (Merck, Darmstadt) 

Solventsystein Fig. l,2 A,B ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) -+ 
system I 

C,D 11-butanol-glacial acetic acid-water (50:10:20) b upper layer + system I1 

Detection Withour chemical treatment -+ vis 

Fig. I A  The separation of Hibisci flos in solvelit system 1 reveals three clearly defined blue 
to violet-blue pigment zones in the R, range 0.15-0.25. The two major bands at R, 0.15- 
0.2 are probably due to delphinidin-3-glucosyl-xyloside (hibiscin) and cyanidin- 
3-glucosyl-xyloside, reported as major pigments. The monoglucosides delphinidine-3- 
glucoside (3) and cyanidin-3-glucoside (7) are found in the R, range 0.2-0.35. 

Note: Diglucosides such as delphinidin-3,5-glucoside (3) are found in a lower R, range 
than 3-glucosyl-xylosides. 

B The 3,5-diglucosides reference compounds of delphinidin, petunidin, cyanidin, 
malvidin and paeonidin (2,4,6,8,10) migrate wit11 low R,. values, slightly increasing in the 
R, range 0.05-0.1. The corresponding monoglucosides (3,5,7,9,11) are better separated 
and show higher R,values in the R, range 0.2-0.4. 

Fig. 2C,D Development in solvent system 2 shows the pigments of Hibisci flos as two major zones. 
A blue band at R,0.2, typical for the delphinidin, petunidin and cyanidin types (1-7), and 
a violet zone above (R, 0.35). The reference compounds of the malvidin and paeonidin 
types (8-11) show clearly defined zones and differences in the R, values of mono- and 
diglucosides. 
Wirh the TLC technique only a fingerprint of an anthocyanin-containing drug extract 
can be obtained. Similar pigments often overlap and have to be identified by other 
techniques. 
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Fig. I 



TLC Synopsis 

Drug sample 1 Cyani flos 3 Malvae arboreae flos 
2 Malvae silvestris Ros (Extracts, 25 111) 

Reference T1 methylene blue 

Adsorbent A,B Silica gel 60 P,,, 

Solvent system A ethyl acetate-glacial acetic acid-formic acid-water (100:11:11:26) -+ system A 
0 n-butanol-glacial acetic acid-water (50:10:20) + system B 

Detection vis (without chemical treatment) 

Fig. 3A In system A Cyani flos (1) and Malvae silvestris flos (2) show quite a similar TLC pattern 
with one prominent red zone at R,0.05-O.I. Malvae arboreae flos (3) is characterized by 
five distinct blue to violet-blue pigment zones in the R, range 0.05-0.3. 
The main zones are due to 3,5-diglucosides, e.g. cyanin, pelargonin in Cyani flos (1) and 
malvin in Malvae silv. flos (2). Anthocyanit~s isolated from Malvae arboreae flos (3) are 
delphinidin-3-, malvidin-3-0-glucoside and althaein, a glycoside mixture. 

B In system B, the prominent pigment zones of Cyani flos (1) and Malvae flos (2) show 
different R, values (R, 0.3 and R, 0.4) and colouration. The pigments of Malvae arborea 
flos (3) are separated into two violet zones (R, 0.4510.6, e.g. malvidin-3-glucoside), which 
migrate ahead of the broad blue pigment band (R, 0.1-0.4). 

MyrtilIi fructus, Croci stigma 

Drug sample 4 Myrtilli fructus 
5 Croci stigma (methanolic extracts, 10 p1) 

Reference T2 paeonidin-3-glucoside T5 delphinidin-3-glucoside 
compound T3 malvidin-3-glucoside T6 delphinidin-3,5-diglucoside 

T4 cyanidin-3,5-diglucoside T7 naphthol-yellow (R, 0.2) b Sudan red 

Solvent system Fig. 4 Cl+Si n-butanol-glacial acetic acid-water (50:10:20) (C1 Cellulose, Si Silica gel) 
C-E ethyl acetate-isopropanol-water (65:25:10) - Silica gel 60 F,,, (Merck) 

Detection A,B vis C UV-254 nm D vis 
CI+Si vis E Anisaldehyde H,SO, reagent (AS No. 3) + vis 

Pig. 4 Myrtilli fructus (4). Separation over cellulose plates (CI) yields four major clearly de- 
CltSi fined blue to violet zones in the R, range 0.2-0.5, whereas separation over silica gel (Si) 

shows cyanidin and delphinidin glycosides as a broad blue band between R, 0.05-0.45. 
Myrtylli fructus contains glucosides of the pelargonidin, cyanidin and petunidin types, 
delphinidin-3-galactoside and -3-glucoside (myrtillin A) as well as malvidin-3-gluco- 
side. 
The identificarion of a specific pigment by TLC only is limited. The separation with two 
adsorbents or different solvent systems, however, can give a helpful TLC lingerprint. 

C,D,E Croci stigma (5) is characterized by yellow-coloured crocin and crocetin (R, 0.15-0.25) 
in vis. Both show fluorescence-quenching in UV-254 nm, as well as picrocrocine (R, - 
0.55), and become dark violet-blue with AS reagent (vis). Weak zones in the R, range of 
Sudan red ( B ) ,  e.g. 4-hydroxy-cyclocitral or safranal can be present. 



 



13 Drugs with Pungent-Tasting Principles 

13.1 Pungent-Tasting Constituents 

These constituents belong mainly to one of the followil~g types: 
Amides: piperines (Piperis fructus) or capsaicin (Capsici fructus). 
0-Methoxyphenols and propylphenols: gingerols (Zingiberis and Galangae rhizoma), 
eugenol (Caryoyhylli flos and Myristicae semen1), elemicin and asarone (Calami and 
Asari rl.lizomal). 
Phenolic sesquiteryenes: xar~thorrhizol in Curcumae rhizoma'. 

13.1.1 Preparation of Extracts 

Powdered drug (1 g) is extracted by heating under reflux for 10 min with 10 ml methanol. Piperis 
The filtrate is evaporated to 3 ml, and 10 111 is used for chromatography. fructus 

Powdered drug ( I  g) is extracted by heating under reflux for 10 min with 10 ml CHCI, or Caysici fructus, 
dichloromethane. The filtrate is evaporated to 3 ml, and 20 yl is used for TLC. Galangae and 

Zingiberis rhiz. 

13.1.2 Thin-Layer Chromatography 

1 mg standard compound (capsaicin, piperine, vanillin) is dissolved in 1 ml MeOH; 10 111 Reference 
is used for TLC. solutions 

Silica gel 60 F,,,-precoated TLC plates (Merck, Germany). Adsorbent 

toluene-ethyl acetate (70:30) + Piperis and Capsici fructus, Galangae and Chromatography 
Zingiberis xhizoma solvents 

toluene-diethyl ether-dioxane + Piperis fructus 
(62.5:21.5: 16) 
dierhyl ether (100) 4 Capsici frucrus 
hexane-diethyl ether (40:60) + Galangae and Zingiberis rhizoma. 

I For volatile compounds, TLC separation, description of the drugs and formulae see Chap. 6 .  



13.1.3 Detection 

UV-254nm Capsaicin shows fluorescence quenching only at high col~cen- 
trations. Piperine and gingeroles cause distinct fluorescence 
quenching. 

UV 365 nm Piperine gives darlc blue, piperyline light blue fluorescence. 
Spray reagents (see Appendix A) 
- Vanillin-sulphuric acid reagent (VS No. 42) 

After spraying, the plate is heated for 10 min at 100°C, evaluation in vis.: 
piperine lemon yellow; gingeroles blue to violet. 

- Barton reagent (No. 5) 
After spraying and heating for 2-5min at 100°C, evaluation in vis.: 
gingeroles, shogaoles, galango1 bright blue (vis). 

- Dichloroquinone-chloroimide reagent (DCC No. 10) 
Irnrnediately after spraying, spontaneous reaction as blue-violet (vis) zones, evalu- 
ation in vis.: capsaicin and capsaicinoides, detection limit 0.1 pg. 

13.1.4 Drug List 

Druglplant source 
Farnilylpharmacopoeia 

Fig. 1 Piperis fructus 
(Black) pepper 
Piper nigrum L. 
Piperaceae 
OAE 

Fig. 1,2 Capsici fructus 
Capsicums 
Capsicum annum L. var. 
longum SENDTN. 
OAB, MD, Japan 
Capsici acris fructus 
Cayenne pepper, Chillies 
Capsicum frutescens L. 
Solanaceae 
DAB 10, Helv VII, MD, 
DAC 86 (tincture) 

Fig. 3,4 Galangae rhizoma 
Chinese ginger 
Alyiilia officinarurn HANCE 
Zingiberaceae 
Helv VII 

Pungent principles 
lipophilic, non-volatile 

4%-10% amides 
2%-5% trans-piperine 
(pungency index 1 :2 000 000) 
Piperettin, piperanin, piperaestin A, 
piperyline (about 5%) 
b Essential oil: 1%-2.5% (black pepper), 
>98% terpene hydrocarbons 

0.1%-0.5% capsaicinoids (C. annum) 
0.6%-0.9% (C. frutescens) 
>30% capsaicin (= vaniIlylamide of 
8-methyl-(trans)-non-6-enoic acid; 
pungency index 1 : 2 million) 
Homo-, dihydro-, homodihydro- 
and nor-dihydrocapsaicin (50%) 

0.1% essential oil 
b 0.8% carotinoids 
b Steroids 

Diarylhey tanoids, gingerols 
Galangol (= compIex mixture of 
diarylheptanoids), (8)-ginger01 
b 0.3%-1.5% essential oil with sesquiterpene 
hydrocarbons, 1,8 cineole, eugenol 
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Druglplant sou 
Familylpharmi 

Zingiberis rhizomatradix 
Ginger (root) 
Zingiber officinale ROSCOE 
Zingiberaceae 
UAB 90, Helv VII, BP, MD 
Japan, China 

Pungent principles 
lipophilic, non-volatile 

1%-2.5% gingerols, shogaols: Fig. 3,4 
5-hydroxy-1-(4-hydroxy-3-methoxy- 
pheny1)-3-decanone and homologues 
(= gingerols); (6)-gingerol; the 
corresponding anhydro-compounds 
(= shogaols) and vanillyl-acetone 
(= zingerone) 
b 1%-3% essential oil sesquiterpenes: (-) 
zingiberene (30%), P-bisabolene (> 10%) 
sesquiphellandrene (15%-20%) citral, 
citronellyl acetate 

b Pungent principles present in the essential oil b volatile (0-methoxyphenols or 
phenols): 
Calami rhizoma: 3%-5% essential oil with asarone (0%-95%) 
Caryophylli flos: 14%-20% essential oil with eugenol (90%) 
Myristicae semen: 12%-16% essential oil with myristicin (6%) 
Curcumae xanth. rhizoma: 6%-11% essential oil with xanthorrrhizol (5%) 
b For TLC separation, description, constituents, formulae see Chap. 6 

13.2 Drugs with Glucosinolates (Mustard Oils) 

Glucosinolates are p-S-glucosides ofisothiocyanates (ITC). They are non-volatile, water- 
soluble compounds, cleaved by the enzyme myrosinase, a P-thioglucosidase, when plant 
tissues are damaged to form isothiocyanates (mustard oils). 

13.2.1 Preparation of Extracts 

Ground seeds (10 g) are added to 50 ml boiling methanol, boile'd for 5 min and then General method 
allowed to stand for I h with occasional shaking. The filtrate is evaporated to 5ml 
and then applied to a column (length, about 20cm; diameter, about 1 cm) containing 
5 g  cellulose powder (cellulose MN 100, Machery and Nagel, Duren). The column is 
eluted with methanol and the first 20 ml eluate is discarded. The next 100 ml is collected 
and evaporated to about 1 ml at 20'-30°C under reduced pressure; 25pl is used for 
chromatography. 

13.2.2 Thin-Layer Chromatography and Detection Methods 

Separation over silica gel 60 F,,,-precoated TLC plates (Merck, Darmstadt) in the solvent 
system n-butanol-n-propanol-glacial acetic acid-water (30: 10: 10: 10). The developed 
TLC plate is dried and sprayed with 25% trichloracetic acid in chloroform. After heating 
for 10min at  140°C, the plate is sprayed with a 1 : l  mixture of 1% aqueous potassium 



hexacyanoferrate and 5% aqueous FeCl, (TPF No. 38). Sinigrin and sinalbin turn blue 
(vis). 

13.2.3 Drug List 

~ r u ~ / ~ l a n t  source Glucosinolates 
Family 

Sinapis nigrae semen 1 %-2% sinigrin 
Black mustard seeds (sinigrosidelpotassium 
Brassica nigra (L.) myronate/potassium 
KOCH ally1 glucosinolate) 
Brassicaceae Sinapin (choline ester 
DAC 86, C)AB 90, Helv. of 3,5-dirnethoxy- 
VII, M D  4-hydroxycinnamic acid 

Mustard oils 

AUylisothiocyanate 

Sinapis albae semen 2.5% Sinalbin p-Hydroxybenzyliso- 
(Erucae semen) (p-hydroxybenzoyl- thiocyanate 
White mustard seeds glucosinolate) 
Sinapis alba L. b Sinayin (1.2%) 
Brassicaceae 
MD 

13.3 Drugs with Cysteine sulphoxides and Thiosulphinates 
Allium sativum L., Allium ursinum L., Allium cepa L. - Alliaceae 

Alliurn sativurn and Allium ursinum preparations show a very similar qualitative com- 
position of sulphur-containing compounds. Quantitative differences are known for 
alliin/allicin and other cysteine sulphoxides and thiosulphinates, respectively. 
Alliin, the major compound in Allium sativum and A. ursinum, is unstable in water 
extracts. The enzyrne'alkylsulyl~inate lyase (allinase = allinlyase) splits alljin to allicin, 
which itself generates further sulphur-containing degradation or transformation 
products (e.g. ajoenes). 
Allicin is absent in Allium cepa preparations. Onions contain cepaenes and different 
cl~iosulphinares in comparison to garlic and wild garlic. 

13.3.1 Preparation of Extracts for TLC 

I .  Fresh planr bulbs are cut into small pieces. The fresh plant juice is obtained by 
pressing the pieces under pressure. The resulting juice is diluted with dichloro- 
methane (1: 10) and 20-40 1~1  i s  used for TLC investigations. 

2. Freshly cut drug (5 g) is extracted with 20 ml distilled water by standing at room 
temperature for about 30 min; alternatively, one part of drug and 3.5 parts water can 
be homogenized for 5 min in a blender (e.g. Warring blender). 
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After 30 min, the extract is filtered and the clear solution extracted with 100 rnl 
dichloromethane. The dichloromethane phase is separated, dried over Na,SO, and 
evaporated (<40°C) to dryness. The residue is dissolved in 2 mI methanol, and 
20-40 1~1 is used for TLC. 

13.3.2 Thin-Layer Chromatography and Detection 

Standard compound: aIlicin, diallylsul yhide, dipropyl- and dimethylsulphinate; 10 mg is Reference 
dissoIved in 2 rnl dichloromethane; 15 p1 is used for TLC. solutions 

Silica gel 60 F,,,,-precoared TLC plates (Merck, Germany). Adsorbent 

toluene-ethyl acetate (100:30) Chromatography 
solvent 

UV-254 nm: thiosulphinates and diallylsulphide show quenching Detection 
Spray reagent (see Appendix A) 
- Palladium-TI-chloride (PC No.32) + evaluation in vis.: yellow-brown zones 
- Vanillin-glacial acid reagent (VGA No.39) +evaluation in vis.: yellow, brown, blue 

and red zones 

13.4 Formulae of Pungent Principles 

Capsici fructus 

Piperis fructus 

Piperin 



Galangae rhizoma 

Diarylheptanoids 

Zingiberls rhizoma 

Gingerols Shogaols 

Allium species 

o0 
t NH2 Alliinase 0 I I 

~ s , ~ C O O H  
- . p - e s - s e  

Allicin 

0 

s- t I 

1 1  
I ?W--JS---f%. 

s--++- sv%-. 
Diailyldisulfid Ajoene 2-Vinyl-I ,3-dithiin 
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Allium cepa 

Cepaenes 
R : -CH2-CH2-CH3 
R : -CH=CH-CH, 

Thiosulphinates (TS) 
R = R,  : Dimethyl (TS) 
R : 1 -Propenyl R : 1 -Propenyl 
R ,  : Methyl R, : Propyl 

Sinapis semen 

r N-O-SO~-O'X@ Myrosinase 
R-C< 

S-Glucose ?, R-N=C=S + H,SO,~, X@ 
+ H20  

+ Glucose 
Glucosinolate Alkylisothiocyanate 

Sinigrin : ( R =-CH,-CH=CH, ) Allyl mustard oil 

Sinalbln : ( R =-CH,+OH p-Hydroxybenzoyl mustard oil 

H3C \ 
H3C-N-CH2-CH2-OOC-CH=CH 
/ 

H3C 
OCH, 

Sinapin (Sinapoylcholine) 



13.5 Chromatograms 

Capsici and Piperis fructus 

Drug sample 

(extracts, 10-20 pl) 

Reference 
compout~d 

Solvent system 

Detection 

Fig. 1A 

1 Capsici acris fructus 
2 Piperis nigri fructus 
3 Piperis albi fructus 

TI capsaicin 
T2 piperine 
T3 piperine-diperine mixture 

Fig. 1 A,B toluene-ethyl acetate (70: 3) 
C toluene-diethyl ether-dioxane (62.5:2 1.5: 16) 

A; C Vanillin sulphuric acid reagent (VS No. 42) +vis. 

Capsici fructus ( 1 )  shows three weak blue-violet zones in the Rr 0.01-0.2 with capsaicin 
at R, - 0.2 (Tl),  a violet-tailed band from R, - 0.25-0.5 (triglycerides?) and two weak 
blue-violet zones of capsacinoides at R, - 0.7-0.8 (see also Fig. 2A). 

Piperis nigri fructus (2) is characterized by the yellow piperille zone (T2) at  R, - 0.25. 
The essential oil compounds are seen as blue zones a t  R, - 0.6 and at the solvent front. 

Piperis albi (2) and Piperis nigri fructus (3) both contain piperine at R, - 0.5 (TI) and 
dipiperine at K, - 0.7. Pipexis fructus mainly differs in the contribution of minor 
compounds, such as piperyline (R, - 0.1 S), piperettine, piperine isomers (R, - 0.55) and 
piperaesthin A at Rf - 0.75. Different amounts of terpenes are detectable as violet-blue 
zones at the solvent front. 

Capsici fructus, Sinapis semen 

Drug sample 1 Capsici fructus (C. frutescens) 4 Sinapis albae semen 
la  Capsici fructus (C. annum) 5 Sinapis nigri semen 
(extracts, 10-20 pl) 

Reference T1 capsaicin T4 sinalbin (R, - 0.1) T5 sinigrin 
compound 

Solvent system 

Detection 

Fig. 2A diethyl ether (100) 
B n-butanol-n-propanol-glacial acetic acid-water (30: 10: 10: 10) 

A dichloroquinone chloroilnide (DCC No. 10) + vis 
B trichloroacetic acid-hexacyanoferrate-FeC1, reagent (TPF No.35) + vis 

Fig. 2A Development of Capsicum extracts (1,la) in diethyl ether and reaction with the very 
sensitive and specific DCC reagent reveals the characteristic blue-violet zone of capsaicin 
at R, - 0.35. 

B After treatment with the TPF reagent, the Sinapis extracts show four blue zones (vis.) in 
the R, range 0.1-0.5 and one at the solvent front. 
Sinapis albae semen (4) is characterized by two main zones in the R, range 0.3-0.5 and 
sinalbin at R, - 0.1 (T4), while Sinapis nigri semen (5) shows its two major zones at R, 
- 0.1 arrd 0.3 and the additional zone of sinigrin at R, - 0.4 (T5). 
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Fig. 1 

Pig. 2 



Galangae and Zingiberis rhizoma 

Drug sample 1 Galangae rhizoma (DCM extract) la Galangae aeth. (commercial oil) 
2 Zingiberis rhizoma (DCM extract) 2a Zingiberis aeth. (commercial oil) 
(extracts, 20 pl) 

Reference T1 vaniuin T3 borne01 
compound T2 capsaicin T4 cineol 

Solvent system Fig. 3 n-hexane-ether (40:60) Fig. 4 toluene-ethyl acetate (93:7) 

Detection Fig. 3A UV-254 nm Fig. 4A UV-365 nm 
B Bartons reagent (BT No. 5) B Anisaldehyde-sulphuric acid reagent 

+ vis (AS No.2) -+ vis 
C Vanillin sulphuric acid C Vanillin-sulphuric acid reagent 

reagent (VS No. 42) + vis (VS No. 42) + vis 

~ i g .  3A Galangae rhizoma (1) is characterized by strong quenching zones in the R, range 0.25- 
0.4. The vanillin test (Tl) serves as a guide compound for the major galangol. 
Zingiberis rhizoma (2) has weaker quenching zones at R, - 0.25 and 0.5. 

B With the Barton reagent Galangae rhizoma (1) shows two prominent dark-blue zones at 
R, - 0.15 and 0.45 as well as four to five weak blue zones in between. They represent the 
pungent principles such as galangols, a complex mixture of diarylheptanoids. 
Zingiberis rhizoma (2) develops its pungent principles as a prominent blue zone above 
the start (R, range of the capsaicin test, T2) and at R, - 0.2, due to the gingerols andlor 
shogaols, the corresponding anhydro compounds. 

c With VS reagent in addition to the pungent principles, terpenes are detectable mainly in 
the R, range 0.6 up to the solvent front. Both classes show blue to violet-blue colonrs. In 
1, further yellow zones in the lower R, range are found. 

Fig. 4A Galangae rhizoma (1,la). In W - 3 6 5  nm, the DCM extracr (1) and a commercially avail- 
able essential oil ( la)  show a similar sequence of blue fluorescent zones. 

B With AS reagent, the DCM-extract (1) and commercial oil (la) show a similar terpene 
pattern of brown and violet zones in the R, range 0.45 up to the solvent front: sesquiter- 
pene hydrocarbons (violetlfront), ester zones (brown R, - 0.75), 1,s-cineole (red-violet1 
T4). A different TLC pattern of 1 and la  is found in the lower R, range due to pungent 
principles, present only in the DCM extract (1) and e.g. terpene alcohols (T3lborneol) 
in (la). 

C Zingiberis rhizoma (2a). The commercial oil is characterized by the high amount of the 
blue THC zone at the solvent front (zingiberene, p-bisabolen, sesquiphellandrene) and 
the blue zones at R, 0.45-0.5 (e.g. citral). Pungent principles are not detectable in the 
essential oil (compare with sample 2, Pig. 3C). 
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Fig. 4 



Allium species 

Drug sample 1 Allium sativum - garlic 
2 Allium ursinurn - wild garlic 
3 Allium ceya -onion (dichloromethane extract, see Sect. 13.2.1) 

Reference T1 diallylsulyhide T2 allicin 
compound T3 dipropylthiosulphinate T4 dimethylthiosulphinate 

Solvent system Fig. 5,G toluene-ethyl acetate (100:30) 

Detection Fig, 5 palladium-11-chloride reagent (PC No. 32) + vis 
Fig. 6 vanillin-glacial acid reagent (VGA No. 42) -+ vis 

Fig. 5 DCM extracts of fresh bulb samples of Allium sativum (1) and Allium ursinum (2) show 
a similar qualitative pattern of four yellow-brown thiosulphinate (TS) zones in the R, 
range 0.2-0.45. The diallylthiosulphinate allicin (T2) at R, - 0.45 is the major compound 
in sample I, while in sample 2 the zone of allicin and three yellow-brown zones at R, - 
0.3, 0.25 and 0.20 (T4) are present in almost equal concentration. 
Allylmethyl (AMTS), methylallyl (MATS) and diallyltliio (DATS) sulphinates are re- 
ported as the main compounds in Alliurn ursinum (2). 
Additional zones at the solvei~t front are due to sulphides, such as diallysulphide; brown 
zones at R, - 0.05 are due to degradation products (see allicin test). 

Freshly prepared extracts of Allium cepa (3) show five to seven dark-brown zones in the 
Ri range 0.2-0.65 wit11 two prominent zones of lhiosulphinates a t  R, - 0.3 and R, - 0.45. 
The dipropylthiosulphinate (T3) at R, - 0.45 is the characteristic compound of onion 
extracts. A k i n  with almost the same R, value is absent. Other thiosulpbinates such as 
dimethylthiosulphinate (T4) at R, - 0.2 are present, which in contrast to garlic 
thiosulphinates (TS) show brown to brown-red colours (vis.). This is partly due to higher 
TS concentrations and to compounds which overlap the TS, as shown in Fig. 6.  

Fig. 6 After treatment with the VGA reagent, the extract of Alliumcepa (3) is distinguishable by 
the characteristic violet-brown major zones at  R, - 0.3 and at Rf - 0.45, with less 
concentrated zones at R, - 0.6-0.8, whereas extracts of Allium sativum (1) and Allium 
ursinu~n (2) mainly show grey, grey-violet or brown zones in the R, range 0.2-0.55. 
Allicin is seen as a grey-brown-coloured zone, the sulyhides at the solvent front as blue 
to grey-blue zones. 

The TLC pattern of various drug samples can vary according to the extraction methods. 
Stored powdered drug samples of Allium species can contain more degradation or 
transformation products such as ajoens and cepaenes, shown as yellow-brown (Fig. 5) or 
grey-blue (Fig. 6 )  zones in the low R, range of the TLC. 



 



14 Saponin Drugs 

Most of the saponins of official saponin drugs are triterpene glycosides. Some drugs also 
or only contain steroid saponins. 
Sugar residues may be linked via the OH group at C-3-OH of the aglycone 
(monodesrnosidic saponins) or more rarely via two OH groups or a single OH group and 
a carboxyl group of the aglycone moiety (bisdesmosidic saponins). 

Triterpene saponins. These saponins possess the oleanane or, more rarely, the 
ursane or darnrnarane ring system. Many have acidic properties, due to the presence 
of one or two carboxyl groups in the aglycone andlor sugar moiety. Other oxygen- 
containing groups may also be present in the sapogenin, e.g. -OH, -CH,OH or 
-CHO. 
The carboliydrate moiety usually co~ltains one to six monosaccharide units, the most 
common of these being glucose, galactose, rhamnose, arabinose, fucose, xylose, glucu- 
ronic and galacturonic acid. The horse chestnut saponins are partly esterified with 
aliphatic acids. 
Most triterpene saponins possess hemolytic activity, which varies from strong to weak, 
depending on the substitution pattern. 

Steroid saponins. The sapogenins of the steroid saponins are mostly spirostanols. 
Furostanol derivatives are usually converted into spirostanols during isolation proce- 
dures: these sapogenins do not carry carboxyl groups. Steroid saponins possess less 
sugar units than the triterpene saponins. In contrast to the monodesmosides, the 
bisdesmosidic furostanol glycosides exert no hemolytic activity. 

14.1 Preparation of Extracts 

Powdered drug (2g) is extracted by heating for lOmin under reflux with 101111 70% General method 
ethanol. The filtrate is evaporated to about 5 ml, and 20-40 p1 of this solution is used for 
TLC. 

A total of 3 ml of the ethanolic extract (see above) is shaken several times with 5 ml Enrichment 
water-saturated n-butanol. The n-butanol phase is separated and concentrated to about 
1 ml; 20 ~cl is used for TLC. 

Ginseng radix is extracted under the same conditions (see above), but with 90% Exceptions 
ethanol. 
Liquiritiae radix: an ethanolic extract (see above) is evaporated to dryness, and 
the residue is dissolved in 2.0 ml chloroform-methanol ( I : ] ) ;  2 0 ~ 1  is used for the detec- 
tion of glycyrrhizin. 



Hydrolysis of Powdered drug (2 g) is heated under reflux for 1 h with 30 m10.5 M sulphuric acid. The 
glycyrrhizin filtrate is shaken twice with 20-ml quantities of chloroform. Tlie combined chloroform 

extracts are dried over anhydrous sodium sulphare, filtered and evaporated to dryness. 
The residue is dissolved in 2.0 ml chlorofor~n-methanol (1 : I ) ,  and I0 111 of this solution 
is used for the detection of glycyrrhetic acid. 

14.2 Thin-Layer Chromatography 

Reference The commercially available reference compounds such as aescin, primula acid, 
solutions glycyrrhizin and standard saponin are each prepared as a 0.1% solution in methanol; 

10 111 is used for TLC. 

Adsorbent Silica gel 60 F,,,-precoated TLC plates (Merck, Darmstadt). 

Chromatography Chloroform-glacial acetic acid-metl~anol-water (64:32:12:8) 
solvents This system is suitable for separation of the saponin mixtures from the listed drugs. 

Chloroform-methanol-water (70:30:4) ginsenosides (Ginseng radix) 
Ethyl acetate-ethanol-water-ammonia (65:25:9:1) F glycyrrhetic acid (Liquiritiae 
radix). 

14.3 Detection 

Without chemical treatment 
With the exception of glycyrrhizin and glycyrrhetic acid (Liquiritiae radix), no 
saponins are detectable by exposure to UV-254 or UV-365 nm. 

Spray reagents (see Appendix A) 

- Blood reagent (BL No. 8) 
Hemolytically active sayonins are detected as white zones on a reddish background. 
Hernolysis may occur immediately, after allowing the TLC plate to stand or after 
drying the plate in a warm airstream. 

- Vanillin-sulphuric acid reagent (VS No. 42) 
Evaluation in vis.: saponins form mainly blue, blue-violet and sometimes red or 
yellow-brown zones (vis). 

- Anisaldehyde-sulphuric acid reagent (AS No. 3) 
Evaluation in vis.: colours are similar to those with VS reagent; inspection under UV- 
365 nm light results in blue, violet and green fluorescent zones. 

- Vanillin-phosphoric acid reagent (VPA No. 41) 
Ginsenosides give red-violet colours in vis. and reddish or blue fluorescence in UV- 
365 nm. 
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14.4 Drug List (in alphabetical order) 

With the exception of Avenae sativae herba, Rusci aculeati radix, Sarsaparillae radix 
(sreroid saponins) most saponin drugs contain a complex mixture of monodesmosidic 
or bidesmosidic triterpene glycosides. 

Druglplant source Main constitutents 
Familylpharmacopoeia Hemolytic index (HI) 

Avenae sativae herba Steroid saponins: avenacosides A and B with Fig. 9 
Avenae sativae fructus nuatigenin as aglycone and 
(excorticatus) glucose and rhamnose as sugars 
Oar, Kernel Avenacoside A: 0.025% semen, 0.3% herba 
Avena sativa L. Avenacoside B: 0.015% semen, 1.3% herba 
Poaceae 
MD, BI-IP 83 

Triterpene saponins: e.g. avenarin 
3%-4% free sugars: fructose, glucose 
Flavonoids: vitexin-2"-0-rhamnoside, 
isoorientin-2"-0-arabinoside 

Centellae herba Ester sayonins (monodesmosidic acyl- 
Indian pennywort glycosides) derived from asiatic and 
Centella asiatica (L.) URBAN 6-hydroxy asiatic acid, betulinic and 
(syn. Hydrocotyle asiatica) terlninoIic acid 
Apiaceae Asiaricoside A and B, "madecassoside" 
MD, BHP 83 (=mixture of A and B) 

Fig. 8 

Ginseng radix 2%-3% tetracyclic triterpene glycosides Fig. 1,2 
Ginseng root ginsenosides Rx (x = a, b,, b,, c, d, e, f, g,, h) 
Panax ginseng MEY. derived from 20-S-proto-panaxadiol and 20- 
and other Panax ssp. S-proro-panaxatriol (dammarane ring 
Araliaceae system; neutral bisdesmosides) 
DAB 10, OAB, Helv. VI1, Ginsenoside R,: oleanolic acid as aglycone 
MD, Jap XI, Chin PIX The glycosides contain glucose, arabinose, 

rhamnose and glucuronic acid 
131 (drug) < 1000 

Hederae foliurn 
Ivy leaves 
Hedera helix L. 
Araliaceae 

4%-5% hederasaponins (A-J) oleanolic and Fig. 5,6 
28-hydroxy oleanolic acid glycosides 
1.7%-4.8% hederacoside C, 
0.1%-0.2% hederacoside B as neutral 
bisdesmaside, 0.4%-0.8% hederasaponin D 
l~ederagenin-arabinoside 
In dried materia1 0.1%-0.3% a-hederin and 
0-hederin as acid monodes~nosides 
HI (drug) 1000-1500, HI (p-hederin) 15000 
b Flavonoids: rutin, kaempferol-rhannno- 
glucosid 
b Chlorogenic and isochlorogenic acid 
b Coumarins: scopoletin-7-0-glucaside 



Druglplant so 
Familylphar~~ 

Fig. 5,6 Hederae terrestris herba 
Glechomae hederaceae herba 
Ground ivy (Nepeta hederacea) 
Glechoma hederacea L. 
Lamiaceae 

Fig. 1,2,3 Hippocastani semen 
Horse chestnut seeds 
AescuIus hippocastanurn L. 
Hippocastanaceae 
DAB 10, MD 

Fig. 10 Liquiritiae radix 
Licorice root 
(peeledtunpeeled) 
Glycyrrhiza glabra L. 
Fabaceae 
DAB 10, DAC 86, Ph.Eur. 11, 
C)AB 90, Helv. VII, MD, USP XXI 
jap XI, Chin PIX 

Pig. 3 Primulae radix 
Primrose root 
Primlda elatior (L.) HILL. 
Primula veris L. 
Primulaceae 
DAB 10, C)AB 90, MD 

Main constitutents 
Hemolytic index (HI) 

0.5%-0.7% triterpene glycosides 
a-, p-ursolic acids, oleanolic acid 
b caffeic acid derivatives, chlorogenic acid 
b Flavonoids: luteolin-7-0-glucoside and 7-0- 
glucobioside, hyperoside, isoquercitrin 

3%-6% pentacyclic tri terpe~~e glycosides 
Aescins: a complex mixture of diesters of 
penta- and hexahydroxy-(3-arnyrine, 
linked to glucuro~lic acid and glucose 
and esterified with angelica, tiglic, 
a-butyric or isobutyric acetic acids; (aglycone 
protoaescigenin and barringtogenol C) 
(<15%) f3-aescin: C-21 and C-23 ester; 
kryptoaescin: C-21 and C-23 ester; 
a-aescin: mixture of (3-aescin-I-kryptoaescin 
(4:6) 
Aescinols (e.g. aescinol-21, 22, 28-trio1 deri- 
vatives) are artefacts, due to hydrolysis of 
aescins 
HI (drug) < 6000; HI (aescin) 9500-12500 
b 0.3% Flavonoids (biosides and triosides of 
quercetin and kaempferol) 

Saponins: 8%-12% glycyrrhizin 
calcium salt of glycyrrhizic acid 
no hemolytic activity; the aglycone 
glycyrrhetic acid is active. 
b Flavonoids: 1%-1.5% with liquiritin (4', 7- 
dihydroxy-flavanone-7-O-glucoside) as 
main compound, the corresponding 
chalcone; isoflavone (glabridin) 
HI (drug) 250-300 

5%-10% Tetra- and pentacyclic triterpene 
glycosides (monodesmosidic) 
Primula acids: 1%-6.5% pximula saponin I 
(-90% primula acid A, a protoprimulagenin- 
A-penta glycoside); 
I .9%-4.5% primula saponin 2 (a 
protoprimula-genin-A-tetra glycoside); 
Glycosides derived from 
priverogenin A-16- and -B-22-acetate 
HI 2500-5000 
Phenolglycosides: primulaverin 0.2%-2.3% 
primverine 0.4%-2.2%. 
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Druglplant sou 
Fainilylpharllls 

QuiIlajae cortex 
Quillaja bark 
Soap bark 
Quillaja saponaria MOLINA 
Rosaceae 
DAC 86,0AB, Helv. VII, MD 

Rusci aculeati rhizoma 
Butcher's broom 
Ruscus aculeatus L. 
Asparagaceae 
MD 

Saponariae radix 
S. rubrae radix 
Red soapwood root 
Saponaria officinalis L. 
CaryophyIlaceae 

Saponariae albae radix 
White soapwood root 
Gypsophila paniculata L., 
and other G. species 
Caryophyllaceae 
MD 

Sarsaparillae radix 
Sarsaparilla, Sarsa 
Smilax regelii KILLIP 
et MORTON (Honduras 
drug) 
S. aristolochiifolia MILL. 
(veracruz drug) 
LiliaceaeISmilaceae 
M D  

Main t 

Hem01 
:onstitute 
lytic inde: 

9%-10% "Quillaja saponin", a complex Fig. 4 
mixture derived from 16-a- 
hydroxygypsogenin (quillaic acid) with 
glucuronic or galacturonic acid as parts 
of the sugar moiety 
HI 3500-4500 

0.5%-1.5% Steroid saponi~ls Fig. 7,8 
Aglycone neoruscogenin and ruscogenin. 
Neoruscogenin glycosides: 
rnonodesmosidic spirostanol type: 
ruscin (trioside), desglucoruscin, 
desglucorharnnoruscin (=neo- 
ruscogenin-1-arabinoside); 
bisdesmosidic furostanol type: 
ruscoside (1 -OH-trioside/-26-OH-glucoside), 
desg.lucoruscoside 
Ruscogenin glycosides (1-fl-hydroxydiosgenin): 
present: in low concentrations only 

3%-5% bisdesmosidic triterpene saponins Fig. 3 
Saponin mixture derived from gypsogenin 
with saponaside A and D (two branched 
sugar chains with five monoses) 
HI 1200-2000 

15%-20% triterpene saponins 
G. paniculata: gypsoside A (with 
nine sugars) as a main compound 
HI 2600-3900 

1.8%-3% steroid saponins Fig. I 
("smilax sayonins"=bisdesmosidic 
furostanol saponins sarsaparillaside, 
easily cleaved (enzymes1H") into 
parillin, a monodesmosidic 
spirostanol saponin 
Aglycone: sarsapogenin ( =parigenin) and 
its isomer, smilagenin 
HI 3500-4200 



Druglplanr source 
Pamilylphartnacoyoeia 

Fig. 1 Senegae radix 
Polygalae radix 
Milkwort root 
Polygala sene&? L. or 
Polygala senega var. 
latifolia TORR et GREY 
Polygalaceae 
DAB 9, OAB, BP 88; 
MD, Japan 

Main constituterits 
Hemolytic index (HI) 

6%-10% triterpene ester saponins 
("senegines"); presenegine as aglycone; 
senegine I1 as main saponin (bisdesmosidic) 
with glucose, galactose, rhamnose, xylose 
and fucose; the h~cose is esterified with 
3,4-dimethoxy cinnamic acid; 
senegine IV: fucose is esterified with 4- 
methoxy-cinoarnic acid and contains 
additional rhamnose units; 
senegine lII=desrhamnosyl senegine IV 
HI  2500-4500 

Note: 
Herniarine herba is characterized on the basis of saponins, flavonoids and coumaxins; 
these chromatograms are shown in Chap. 5. 

Betulae folium and Verbasci flos, which contain saponins (betulin, verbascosaponin), 
with little or no hemolytic activity and Equiseti herba ("equisetonin") are easily iden- 
tified on the basis of their flavonoid compounds; the relevant chromatograms are repro- 
duced in Chap. 7. 
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14.5 Formulae 

R OH Agl ycon 

CH3 - Oleanolic acid 
CH, 16a Echinocystic acid 
CH,OH - Hederagenin 
CHO 16a Quillaic acid 

Primulae radix 

p q 1 + 2 D - D - G a l / l \  "OH 

Priverogenin B 

Primula acid I 



Ginseng radix 

(20 S - Protopanaxadiol) H 

Ginsenoside Re a-L-Rha (1+2) p-D-Glu 
Gi~lsenoside Rf P-D-Glu ( 1 4 2 )  13-D-Glu 
Ginsenoside Rg, P-D-Glu 
Ginsenoside Rg, a-L-Rha (l+2) P-D-Glu 
Ginsenoside Rh, b-D-Glu 

H 

Ginsenoside Rb, p-D-Glu (1+2) fi-D-GIu 
Ginsenoside Rb, P-D-Glu ( 1 4 2 )  fi-D-Glu 
Ginsenoside Rc p-D-Glu (1+2) p-D-Glu 
Ginsenoside Rd p-D-Glu (1+2) 0-D-Glu 

b-D-Glu ( 1 4 6 )  P-D-Glu 
a-L-Arap (1+6) P-D-Glu 
a-L-Araf (1+6) fl-D-Glu 
P-D-GIu 
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Hederae folium 

COOR, 

p i i G l l * 2  1 1 - * 3 - 0  

Bederacoside C R, = t l )  @-D-Glu (6 t 1) p-D-Glu (4 t 1) R, = -CH,OH 
(Hederasaponin C) -a-L-Rha 
a-Hederin R, = -H R1 = -CH,OH 
Hederacoside I3 R, = c l )  (3-D-Glu (6 c 1) p-D-Glu (4 +- 1) R, = -CH, 
(Hederasaponin B) -a-L-Rha 

Hippocastani semen 

"Escin" [Aescin] 

R, = OH Aglycone: Barringtogenol C 
R, = H Aglycone: Pxotoaescigenin 
R, = Tigloyl-, Angelicoyl-, 2-MethyIbutyryl- or Isobutyryl- 
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Centellae herba 

Asiatic acid -H -H -CH, -CH, -14 
Madecass(ic) acid -OH -14 -CH, -CH, -H 
Asiaticoside -H -+l)-(3-Gluc-(6+1)-~D-Gluc- -CI-I, -CH, -H 

(4+l)-a-L-Rha 
Asiaticoside A -OH + 1 ) - ( 3 - ~ l u c - ( ~ + l ) - ~ ~ - ~ l u c -  -CH, -CH, -H 

(4-+ 1 )-a-L-Rha 
(Terminolic acid -OH -H -H -CH, -CH,) 
(Asiaticoside B -OH -1)-P-Gluc-(6-+1)-(3-D-Gluc- -H -CH, -CH,) 

(4+ 1)-tr-L-Rha 

Liquiritiae radix 

Glycyrrhizic acid, Glycyrrhizin 

0-Gluc  

I I "W,OI'B 0 

lsoliquiritin Liquiritin 
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Saponariae radix 

Gypsogenin 

Gypsoside A 

Senegae radix 

COOH 

Presenegin 

3,4-Oimethoxycinnamic acid 

Senegin I1 



Rusci aculeati rhizoma 

Ruscogenin 

Neoruscogenin R = H 

Ruscin R = OP-D Gluc-(1-3)-0-a-L-Rha- 

(1 -2)-0-a-L-Ara(t+) 

Ruscoside R = 0-P-D-Gluc-(1-3)-0-a-L-Rha-(1-2)-0-a-L-Ara(l+) 

Furosta -5,25 (27)-dien-26-glucopyranosyloxy-1 p,3P,22a-triol R = H 

Sarsaparillae radix 

Sarsapogenin (513, 2513) 
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Sarsaparillae radix 

Sarsaparilloside Parillin 

Avenae sativae herbalfructus 

R: 

Avenacoside A -0-p-D-gluc-(4t l )  rham ( 2 t l )  gluc 

Avenacoside B -0-[3-D-gluc-(4tl) rham ( 2 t l )  gluc-(3tl)-gluc 



14.6 Chromatograms 

TLC Synopsis of Saponin Drugs 

Drug saniple 1 Senegae radix 3 Ginseng radix 
2 Sarsaparillae radix 4 Hippocastani semen (ethanolic extracts, 20 111) 

Reference T1 aescin 
compound 

Solve~~t  system Fig. 1 chloroform-glacial acetic acid-methanol-water (60: 32: 12:8) 

Detection A Anisaldehyde-sulphuric acid reagent (AS No. 3) + vis 
B Blood reagent (BL No.8) + vis. 

Fig. 1 This solvent system and the AS reagent are suitable for the separation and the detection 
of triterpene-saponins, e.g. senegins in Senegae radix (l),  as well as steroid (ester) 
saponins, e.g. Smilax saponins in  Sarsaparillae radix (2). 

A Senegae radix (1) is characterized by four to five red saponin zones (R, 0.2-0.4) with 
senegin I1 as the major compound at R, - 0.2. 
SarsaparilIae radix (2) generates six yellow-brown saponin zones (R, 0.2-0.75) such as 
sarsaparilloside and parillin. 
Ginseng radix (3) shows eight grey-blue zones of ginseng saponins in the Ri range 0.2- 
0.65 (+see also Fig. 2) 
Hippocnstani semen (4) is characterized by the violet-black zones of aescins (TI) in the 
R, range 0.4-0.5 (+see also Fig. 3). 

B All saponins of the drug samples 1-4 show white hemolysis zones on a red-brown 
background with the blood reagent. 

Ginseng radix 
Drug sample G = Ginseng radix (ethanolic extract, 20 p1) 

Reference 1 = RC 3 = R b ,  5 = R e  7 = Rh, 
compound 2 = Rb, 4 = Rd 6 = Rg, 

Solvent system Pig. 2 chloroform-methanol-water (70:30:4) 

Detection Vanillin-phosphoric acid reagent ( V  PA No. 41 A) 
A + vis. B + UV-365 nm 

Fig. zA,B Ginseng radix (G)  is characterized by the ginsenosides Rb,, Rb,, Rc, Rd, Re, Rg'. With VS 
reagent they form red zones (vis./-+A) and prominent red fluorescent zones in UV- 
365 nm (+E). The ginsenosides Rb,, Rb,, Rc (1-3) with four to five sugar units appear in 
the lower R, range 0.05-0.15, the less polar Rd, Re (4,5) at R, - 0.25, Rg' (6) with two 
sugars is found at R, 0.4 and Rh' (7) with one sugar at R, 0.55. 
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Pig. 1 

Fig. 2 



Hippocastani semen, Prirnulae radix 

Drug sample 1 Hippocastani semen 
2 Primulae radix (P. elatior) 
3 Primulae radix (P. veris) (ethanolic extracts, 20 pl) 

Reference TI  aescin 
compound T2 prirnula acid 

Solve~lt system Fig. 3 chloroform-glacial acetic acid-methanol-water (60:32:12:8) 

Detection A Anisaldehyde-sulphuric acid reagent (AS No. 3) -+ vis 
B Blood reagent (BL No. 8) + vis (documentation from the back of the TLC plate) 

Fig. 3 Hippocastani semen (I): The complex triterpene ester saponin mixture aescin (Tl)  
A generates a main blue-violet zone at R, - 0.45. A prominent zone at R, - 0.2 is due to 

glucose. 

B Treatment with blood reagent reveals the white zones of aescin at R, - 0.45. The addi- 
tional two weak hemolytic zones in test T1 at R, - 0.6 are aescinoles (artefacts). 

A Tile Primula species (2,3) show the saponin mixture primula acid (T2) as two to three 
red-violet zones in the R, range 0.25-0.35. 

B Primula acid responds to blood reagent with hemolysis, seen as white zones (vis.). 

Quillajae cortex, Saponariae radix 

Drug sample 1 Quillajae cortex 
2 Saponariae radix (S. alba) 
3 Saponariae radix (S. rubra) (ethanolic extracts, 30 111) 

Reference T1 standard saponin 
compound (Gypsophila saponin) 

Solvent system Fig. 4 chloroform-glacial acetic acid-methanol-water (60:32:12:8) 

Detection A Anisaldehyde-sulphuric acid reagent (AS No. 3) + vis 
B Blood reagent (BL No. 6 )  + vis (documentation from the back of the TLC plate) 

Fig. 4A, B The complex mixture of bisdesmosidic triterpene sayonins, derived from gypsogenin 
(quillaic acid), of the extracts 1-3 reveals major dark-brown bands in the R, range 0.05- 
0.15 four to eight minor brown or violet zones are found in the R, range 0.2-0.75 (+A). 
All zones are more easily characterized by their hemolytic reactions (+B). 
Quillajae cortex (1). The saponins (R,0.05-0.45) react with AS reagent as brown or violet 
zones (+A) and give strong hemolytic reactions (+B). 
Saponariae albae radix (2). One broad, brownish-black band at R, 0.05-0.1 is accompa- 
nied by five to six weak violet zones between R, 0.15 and 0.4 (+A). All react with blood 
reagent to give white zones (-8). 
Saponariae rubrae radix (3). Besides two main brownish-black zones at R, 0.05-0.1, 
some additional violet zones are seen in the R, range 0.75-0.8 (+A). The characteristic 
hemolytic zones are found between R, 0.05 and 0.1, at R, - 0.4 and at R, - 0.7 (+B). 
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Fig. 3 

Fig. 4 



Hederae folium 
Drug sample 1 Hederae folium (H. helix) 

2 Hederae terrestris herba (trade sample) 
3 Hederae foliurn (trade sample) 
4 Hederae folium (commercial ethanolic extract, 15%) 
5 Hederae folium (commercial ethanolic extract, 50%) 
(ethanolic extracts, 30 yl) 

Reference T1 p-hederin 
compound T2 chlorogenic acid 

Solvent system Fig. 5 chloroform-glacial acetic acid-methanol-water (60:32: 12:8) 
Fig. 6 ethyl acetate-formic acid-glacial acetic acid-water (1 00: 1 1 : 11 : 26) 

Detection Fig. 5 Vanillin-phosporic acid reagent (VPA No. 41) + vis. 
Fig. 6 Natural products-polyethylene glycol reagent (NPIPEG No.28) + UV-365 nm 

Fig. s VPA reagent vis. + Hederasaponins 
The bisdesmosidic triterpene glycosides of oleanolic and 28-hydroxy-oleanolic acids, 
such as hederacoside B and C, are found as dark grey-blue zones in the lower R, range 
0.15-0.2, whereas the monodesmosides a-, P-hederin (Tl)  migrate up to R, 0.7-0.8. The 
weak yellow-brown zone at R,0.2 is due to quercetin-3-0-rutinoside rutin (+see Fig. 6). 
Hedera helix (ivy) drug (1) sample represents a good-quality drug with hederacosides B 
and C as the major compounds and smaller amounts of a-, f?-hederin. 
Hederae terrestris herba (ground ivy) (2) shows different and less concentrated 
triterpenoid zones in the R, range 0.15-0.2 and two additional weak grey-blue zones in 
tlie R, range 0.25-0.35 (ursolic and oleanolic acid derivatives). 
The Hederae folium trade sample 3 and commercial extract 5 show low concentrations 
of saponin zones at R, 0.2-0.3 and P-hederin at R, - 0.75. The commercial extract 4 is 
prepared From Hederae terrestris herba. 

Fig. 6 NPIPEG reagent, UV-365 nm + Phenol carboxylic acids, coumarins, rutin 
The Hedera helix samples (1,3,5) are characterized by a series of prominent blue 
fluorescent zones of phenol carboxylic acids and coumarins in the R, range 0.45-0.95: 
e.g. chlorogenic acid (T2) and scopoletin-7-0-glucoside at R, 0.45-0.5, the 
isochlorogenic acids at R, - 0.75, scopoletin and caffeic acid near the solvent front and 
the yellow rutin zone at R, - 0.4. 
A prominent orange zone in the IZ, range of rutin found in Hederae terrestris herba (2) 
is probably due to luteolin-7-bioside, which is not extractable with 15% alcohol (see 
sample 4). Traces of yelIow fluorescent hyperoside, isoquercetin and luteolin-7-0- 
glucoside are found in the R, range 0.6-0.7. The pattern of the blue fluorescent zones in 
the R, range 0.6 up to the solvent front differs from that of Hedera helix (1,3,5). 
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Rusci rhiroma, Centellae herba 

Drug sample I Rusci aculeati rhizoma 
2 Centellae herba (ethanolic extracts, 20 p1) 

Reference TI aescin (R( - 0.35)/aescinol (R, 0.45-0.5) 
compound T2 asiaticoside 

T3 madecassoside (asiaticoside A,B) 

Solvent system Fig. 7,8 chloroform-glacial acetic acid-metl~anol-water (60:32:12:8) 

Detection Anisaldehyde-sulphuric acid reagent (AS No. 3) 
A + vis 
l3 -+ UV-365 nm 

Fig. 7A Rusci aculeati rhizoma (1) sl~ows six to eight yellow or green-brown saponin zones in the 
R, range 0.1-0.7 (+ AS reagent vis.). The two major green-brown (vis.) zones are found 
directly below and above the blue zone of the aescin rest (TI, R,. - 0.35). The brown zones 
in the R, range 0.4-0.6 are in the Rf range of aescinols (TI, K, - 0.45-0.5). 

B I n  UV-365 om the main zones of (1) develop a brownish-black (R,0.1-0.2) or violet-blue 
fluorescence (R(0.3-0.7). In the R, range 0.75-0.9, further zones of low concentration are 
detectable. 
According to the literature the bisdesmosidic, furosta~~ol-type saponins such as rus- 
coside and desglucoruscoside are found the Rf range 0.1-0.3. The monodesmosidic, 
spirostanol-type steroid saporxins s u d ~  as ruscin, desglucoruscin and desglucodes- 
rhamnoruscin migrate into the R,range 0.35-0.6, and the aglycones neoruscogenine and 
ruscogerline into the R, range 0.8-0.9. 

Note: The zones in the R, range 0.05-0.75 show strong hemolytic activity with blood 
reagent. (EL No. 8) 

Fig. 8A Centellae herba (2)  is characterized by the ester saponins asiaticoside (T2) and "made- 
cassoside", a mixture of asiaticoside A and B (T3) seen as brown-violet to violet zones 
in the Rf range 0.2-0.35 and the blue aglycone zone at R, - 0.85. 

B In UV-365 nm, the saponins appear with violet-blue (T11T2) or red-violet (aglycone) 
fluorescence. 
Depending on the drug origin (e.g. India or Africa), asiaticoside andlor madecassoside 
(asiaticoside A and 0 )  are present in various concentrations. 

Note: The ester saponins show only very weak helnolytic activity. 
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Fig. 7 

Fig. 8 



Avenae sativae 

Drug sample 1 Avenae sativae fructns 
2 Avenae sativae herba (n-BuOH enrichment, 30 p1) 

Reference TI avenacoside 13 
compound T2 avenacoside A 

T3 vanillin glucoside 

Solvent system Fig. 9 chloroform-glacial acetic acid-methanol-water (60:32:12:8) 

Detection A Anisaldehyde-sulphuric acid reagent (AS No. 3) + vis 
B UV-254 nm (without chemical treatment) 

Fig. 9A Avena sativa samples (1,2) reveal eight to ten grey-blue (vis.) zones in the R, range 0.15- 
0.9. Avenacoside A and B are found in the lower R, range (TllT2). The characteristic 
saponin avenacoside 0 is more concentrated in the herba sample 2, which also contains 
flavon glycosides (e.g. isoorientin-2"-0-arabinoside, vitexin-2"-0-rhainnoside) seen as 
one yellow zone at R, - 0.25. 

R VaniIlin glucoside (T3, grey zone at R - 0.5 +A) reported in the literature as well as the 
Aavnnoids show a strong quenching in UV-254nm. 

Liquiritiae radix 

Drug sample 1 Liquiritiae radix (ethanolic extract, 20 yl) 

Reference 'I7 glycyrrhizin T3 glycyrrhetic acid 
compound T2 aesci 11 T4 rutin (R, - 0.3) b hyperoside (R, - 0.55) 

Solvent system Fig. 10A chloroform-glacial acetic acid-metllanol- -+ saponins 
water (60:32: 12:s) 

R ethyl acetate-ethanol-water-ammonia (65:25:9:1) + glycyrrhetic acid 
C f D ethyl acetate-glacial acetic acid-formic acid- + flavonoids 

water (100:11:11:26) 

Detection A,B Anisaldehyde-sulphuric acid reagent (AS No. 3) + vis. 
C Natural products-polyethylene glycol reagent +UV-365 nm. 

(NPIPEG No. 28) 
D 50% ethanolic H,SO, (No. 37) -+vis. 

Fig. IOA Liquiritiae radix (1) shows six to seven blue, violet and brown zones in the R, range 0.1- 
0.65 in solvent system A. The main saponin glycyrrhizin is detected with AS reagenr as 
a violet zone in the R, range 0.35-0.4 (TI, R, similar to aescin/T2), directly beIow a major 
brown zone (Aavonoids and chalcones). 

B The aglycone glycyrrhetic acid (T3), which migrates in solvent system A to the solvent 
front, is found in solvent B at R, - 0.45. 

c The flavanon glycosides and chalcones are separated in solvent C. They fluoresce with 
NPIPEG reagent yellow-white (R, 0.15-0.3) and dark green (R( - 0.4 and R, - 0.75) in 
UV-365 nm. 

D With sulphuric acid the flavanon glycosides (e.g. liquiritin, liquiritoside) and the corre- 
sponding chalcones appear as characteristically orange-yellowish brown zones (vis). 

Note: For the detecrion of glycyrrhizin, see also Chap. 15. 



 



15 Drugs Containing Sweet-Tasting Terpene Glycosides 
(Steviae folium - Diterpene glycosides; Liquiritiae radix - Triteryene glycoside) 

15.1 Preparation of Extracts 

Powdered drug (1 g) is extracted for 15 min with 15ml methanol under reflux. The Steviae foliu~n 
filtrate is evaporated to 3 ml and 30 p1 is used for TLC. 

Powdered drug (1 g) is extracted for 2 h with 20ml water, with occasional shaking. For Enrichment 
further enrichment of the diterpene glycosides, the extract is shaken with 201111 n- 
butanol and the n-butanol-phase separated. The filtrate is evaporated to 3 ml and 20 pl is 
used for TLC. 

Powered drug (1 g) is extracted with 10 ml methanol (50%) for 1 h under reflux; 20 111 of Liquiritiae radix 
the filtrate is used for TLC. 

15.2 Thin-Layer Chromatography 

1 rng stevioside and rebaudioside A are dissolved in 1 ml methanol 3 Steviae fol. Reference 
2 mg glycyrrhizin is dissolved in 1 rnl methanol (50%) 4 Liquiritiae radix solutions 

Silica gel 60 F,,,-precoated plates (Merck, Germany) Adsorbent 

Chloroform-methanol-water (65:25:4) + Steviae fol. 
Chloroform-methanol-water (64:50: 10) + Liquiritiae rad. 

15.3 Detection 

Chromatography 
solvents 

UV-254 nrn + glycyrrhizin shows quenching 
Liebermann-Burchard reagent (LB No. 25) + Steviae folium 
The plate is heated for 5-10 lnin at  llO°C; evaluation in vis: grey to red-brown zones 



15.4 Drug List 

Druglplant source 
Familylpharmacopoeia 

Fig. I Liquiritiae radix 
Licorice root (peeledlunpeeled) 
Glycyrrliiza glabra L. 

var. typica 
var. glandulifera 
Fabaceae 
DAB 10, DAC 86, 
OAB, Helv. VII, MD 

Fig. 2 Steviae folium 
Yerba dulce, Azuci 
Stevia rebaudiana (BERT) 
I-IEMSL. 
Asteraceae 
MD 

Main constituents 
Sweetening agents 

6%-14% pentacyclic triterpene glycosides 
glycyrrhizinic acid (diglucuronide of 18- 
fi-glycyrrhetic acid), glycyrrhizin as 
Na-', Ki or CaZ-' salt 
111 addition, Aavonoids (liquiririgenine 
glycoside) 
+ Spanish licorice 
-> Russian licorice 
(see also Chap. 14, Fig. 10) 

5%- 14% diteryene glycosides 
stevioside (steviosin, phyllodulcin 5%-lo%), 
rebaudiosides A (2%-4%), B, C, D, E, 
dulcosides A (0.3%-0.7%) and B 
Aglycoile steviol (1 3-hydroxy-ltaur- 16-en- 
18-oic acid) 
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15.5 Formulae 

0 - Gluc 

Stevioside 

Gluc = glucose 
Gluc 1 + 2 Gtuc = sophorose 

Glycyrrhizinic acid, Glycyrrhizin 

Glr = galacturonic acid 



15.6 Chromatograms 

Liquiritiae radix 

Drug sample 1 Liquiritiae radix (methanolic extract, 20 p1) 

Reference T1 glycyrrhizin (K' salt) 
comporind 

Solvent system Fig. I chloroform-methanol-water (64:50: 10) 

Detectio~i A UV-254 nm 
B Anisaldehyde-sulphuric acid reagent (AS No. 3) + vis 

Fig. 1 A  Liquiritiae radix ( 1 )  shows glycyrrhizin (TI)  as a quenching band at R, 0.25-0.3, three 
quenching zones offlavonoid glycosides and chalcones in the R,range 0.65-0.75 and the 
aglycones at the solvent front. 

B With AS reagent, glycyrrhizin (Tl)  develops a pink-violet colour. Glucose, as a non- 
quenching compound ( U V  254 nm), reacts as a prominent black-grey zone at R, - 0.25, 
partly overlapping the broad band of glycyrrhiziii. The chalcones and flavanone glyco- 
sides, e.g. liquiritin, are seen as prominent yelIow bands in the R, range 0.6-0.8. 
Glycyrrhetic acid runs wirh the solvent fronr (+ identification, see Chap. 14, Fig. 10) 

Steviae folium 

Drug sample 1 Steviae folium (n-BuOH extract, 20 ~ 1 )  
2 Steviae folium (water extract, 30 yl) 
3 Steviae folium (methanol extract, 20 1~1) 

Reference T1 stevioside 
compound T2 rebaudioside A 

Solvent system Pig. 2 chloroform-methanol- water (65:25:4) 
A with chamber saturation B without chamber saturation 

Detection Liebermaiin-Burchard reagent (LB No. 25) -+ vis 
A 5 m i d l  10°C B 8min/l10°C 

Fig. ZA In a Steviae folium BuOH extract ( I )  the sweet-tasting diterpene glycosides are found as 
four grey zones in the R,range 0.1 -0.3 with rebaudioside A (T2) at Ri - 0.2 and stevioside 
(Tl)  a t  R, - 0.3. The three weak grey zones in the upper Rr range 0.75 up to the solvent 
front are due to less polar diterpene glycosides and aglycones. 

B Stevioside (Tl) and rebaudioside A (T2) are easily soluble and detectable in the water 
extract (2). 
The methanolic extract (3) also contains flavonoids (yellow-brown zones at  Ii,0.25-0.5), 
lipopliilic compounds (R, 0.8-0.9) and chlorophyll at the solvent front. 



 



16 Drugs Containing Triterpenes 

This drug group includes Cimicifugae rhizoma (Tetracyclic triterpene glycosides, 
actein, cimifugoside) and Ononidis radix (Triterpene a-onocerin = onocol). 

16.1 Preparation of Extracts 

Powdered drug (1 g) is extracted with I0 ml methanol for 15 min on a water bath; 30 PI of Ciicifugae 
the fltrate is used for TLC. rhizoma 

Powdered drug (1 g) is extracted with chloroform for 1 h under reflw; 20 ~1 of the filtrate Ononidis 
is used for TLC of terpenes. radix 
Powdered drug (1 g) is extracted with I0 mI methanol for 15 min on a water bath; 20 pl is 
used for TLC of flavonoid glycosides and terpenes. 

16.2 Thin-Layer Chromatography 

Caffeic and ferulic acid; ononin, rutin, chlorogenic acid, hy-peroside as a 0.1% solution in Reference 
methanol; 10 yl is used for TLC. solutions 

Silica gel 60 I?,,,-precoated plates (Merck, Germany) Adsorbent 

Ethyl formiate-toluene-formic acid (50:50: 15) + Cimicifugae rhizoms Chromatography 
Toluene-chloroform-ethanol (40:40:10) -+ Ononidis radix solvents 
Ethyl acetate-glacial acetic acid-formic acid-water + polar compounds 
(100:11:11:26) -+ ononin (isoflavone) 

16.3 Detection 

UV-254 n ~ n  calfeic acid, its derivatives and isoflavones show 
quenching 

UV-365 nm caffeic acid, its derivatives and isoflavones 
fluoresce blue 

Anisaldehyde-sulphuric Tile sprayed TLC is heated for 6 rnin at 100°C; 
acid reagent (AS No. 3) evaluation in vis.: triterpenes blue-violet 
(see Appendix A) (Cimicifugae rhizoma) and red to red-violet 

(Ononidis radix) 



16.4 Drug List 

Druglpla 
Familylpr~arrna~u, 

Main cor 

Fig. 1 Cimicifugae rhizoma b Tetracyclic triterpene glycosides: 
Cimicifuga, black cohosh actein (acetyl-acteol xyloside), 
Cimicifuga racemosa (L.) NUTT cimicifugoside (cimicigenol xyloside) 
(syn. Actaea racemosa L.) b Isoflavone: formononetin 
Ranunculaceae , Caffeic and isoferulic acid 
MD, Japan, China (other b 15%-20% resins (cimicifugin) 
Cimicifuga species) 

Pig. 2 Ononidis radix 
Restharrow root 
Ononis syinosa L. 
Fabaceae 
OAB, MD 

b Triterpenes: u-onocerin (= onocol) 
b Isoflavones: ononin (= formononetin- 
7-glucoside), formononetin-7-(6"- 
0-maloy1)-glucoside, biochanin A-7- 
glucoside 
b 0.02%-1% essential oil: anethole, carvon, 
menthol 

16.5 Formulae 

Cimifugoside R = Xylose 
Cimicigenol R = H  
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Actein R = Xylose 
Acetyl-acteol R = H 

Ononin R = Glucose 
Formononetin R = H 



16.6 Chromatograms 

Cimicifugae rhizoma 

Drug sample 1 Cimicifugae rhizoma (methanolic extract, 10 y1) 

Reference T1 caffeic acid (I- methylester of caffeic acid) 
cornpoul~d T2 formononetin 

Solvent system Fig, 1 ethyl formiate-toluene-formic acid (50:50:15) 

Detection A UV-254 nm 
B Natural product polyethylene reagent (NSTIPEG No. 28) 4 UV-365 nm 
C Anisaldehyde-sulphuric acid reagent (AS No. 3) + vis. 

Fig. I A  In UV-254nm Cimicifugae rhizoma (1) shows two prominent quenching zones at R, 
0.55-0.65 due to caffeic acid (TI) and the isoflavone formononetin (T2). The zones a t  
R, 0.05-0.1 are phenol carboxylic acids. 

n After treatment with the NSTIPEG reagent, the main zones develop a bright blue 
fluorescence in UV-365 nm. 

C Treatment with AS reagent reveals the violet zones of the triterpene glycosides in the R, 
range 0.3-0.55. The prominent zones are due to actein and cimifugoside. 

Ononidis radix 

Drug salllple I Ononidis radix (methanolic extract, 20 yl) 

Reference TL ononin 
compou~~d T2 rutin (R, - 0.4) F chlorogenic acid (R ,  - 0.5) b hyperoside (R, - 0.6) 

Solvent system Fig. 2 A ethyl acetate-glacial acetic acid-formic 
acid-water (100:ll:l l:26) 

B + C toluene-chloroform-ethanol (40:40: 10) 

Detection A UV-254 nm 
B UV-365 nm 
C Anisaldehyde-sulph~~ric acid reagent (AS No. 3) + vis 

4 system 1 
+ system 2 

Fig. 2 A  Ononidis radix (1). The characteristic isoflavone formononetin-7-0-glucoside (ononinl 
T I )  and its -8"-rnalonate are found as quenching zones in the R, range 0.65-0.75 in 
system 1. The terpenes move with the solvent front. 

B In the lipophilic solvent system 2 the green-blue fluorescent ononin (T1) remains close 
to the start; additional blue fluorescent zones are found in the R, range 0.2-0.45. The 
terpenes migrate to the lower Rr range, detectable after treatment with the AS reagent. 

c Treatment with AS reagent reveals five violet-red zones (R, 0.05-0.55) with onocerin as 
the major terpene zone at  R, - 0.4 (vis). 



 



18 Screening of Unknown Commercial Drugs 

With the following analytical procedure, a drug can be assigned to a group of plant 
constituents or identified on the basis of its constituents. Analyses are performed for the 
following main active constituents: 

alkaloids 
anthraglycosides 
arbutin 
cardiac glycosides 
bitter principles 

flavonoids, phenolcarboxylic acids 
saponins 
essential oils 
coumarins and phenol carboxylic acids 
valepotriates 

18.1 Preparation of Drug Extracts for Analysis 

Powdered drug ( 1  g) is extracted by heating on a water bath for lOmin with 5 ml merha- Anthraglycosides, 
nol; 20 p1 of the filtrate is used for TLC investigation. hitter principles, 

flavonofds and 
arbutirl 

Powdered drug (1 g) is moistened with about 1 ml 10% ammonia solution; 5 ml methanol Alkaloids 
is added and the drug is then extracted for 10 min on a water bath; 20 yl and 100 pl of the 
filtrate are used for TLC analyses. 

A methanolic extract is prepared according to method described for anthraglycosides. Saponins 
The exrract is evaporated to about 1 ml, mixed with 0.5 ml water and then extracted with 
3 ml n-butanol (saturated wirh water); 20 yl and 100 yl of the butanol phase are used for 
TLC investigation. 

Powdered drug (1 g) is mixed with 5 ml 50% methanol and 10 ml 10% lead (11) acetate Cardiac 
solution and then heated for 10min on the water bath. The filtrate is cooled to room glycosides 
temperature and then extracted twice wirh 10-ml quantities of dichloromethane. The 
combined DCM extracts are evaporated and the residue is dissolved in DCM-methanol 
(1: 1); 100 yl of this solution is used for TLC investigation. 

Dichloromethane extract (DCM extract) - for lipophilic compounds Terpenes, 
Powdered drug (1 g) is extracted by heating under reflux for 15 rnin with 10 ml DCM. coumarins, pl~enol 
The filtrate is evaporated to dryness, and the residue is dissolved in 0.5 ml toluene; 20- carboxylic acids, 
40 yl is used for TLC investigation. valepotriates 

Microdistillation of essential oils (LUCKNER or TAS method (see Chap. 6 ) .  Essential oils 
Using the TAS method, all those co~npounds that are volatile at about 200°C can be 
obtained, such as terpenes or  propylphenols in essential oils, naphthoquinones and 
coumarins. 



18.2 Thin-Layer Chromatography 

Absorbent From each extract, prepared according to the methods described above, 20p1 and, if 
indicated, 100 y.1 are applied to a TLC silica gel plate (60 F,,,, 10 cm X 10 cm). 

Ten such plates are prepared to cover each of the main classes of consrituents. A different 
selection of standard substances belonging to the class of constituents to be analyzed is 
also applied to each plate (see separation scheme Sect. 18.4). 

Screening system Chroinatography is performed in two solvent systems and both soIvents are allowed to 
run for a distance of 8 crn. 

System A Ethyl acetate-methanol-water (100:13.5:10) for the analysis of polar compounds 
(glycosides) 

b anthraglycosides, arbutin, alkaloids, cardiac glycosides, bitter principles, flavonoids, 
saponins. 

System B Toluene-ethyl acetate (93:7) for the analysis of lipoyhilic compounds (aglycones) 
b essential oils, terpenes, coumarins, naphthoquinons, valepotriates, liphophilic plant 

acids. 

18.3 Detection and Classification of Compounds 

Detectiorr The developed chromatograms are first inspected under UV-254 nrn and UV-365 nm 
light. 

UV-254 nrn Quenching zones are detected 
quenching is caused by all compounds with conjugated double bonds 

e.g. anthraglycosides, arbutin, cournarins, flavonoids, propylphenols in essential oils, 
some alkaloid types such as indole, isoquinoline and quinoline alkaloids 

UV-365 nm Fluorescent zones are detected 
b all anthragIycosides, coumarins, flavonoids, phenolcarboxylic acids 
k some alkaloid types (e.g. China, Rauwolfia, Ipecacuanha alkaloids) 

No fluorescence is observed 
b cardiac glycosides, bitter principles, sayonins, terpenoids in essential oils, 

valepotriates 

Spray reagents After preliminary inspection in UV-254 and UV-365 nm light, each chromatogram is 
analyzed for the presence of drug constituents by spraying with an appropriate group 
reagent (see separation scheme, section 18.4). The following reactions and spray re- 
agents (see Appendix A) can be used to determine the types of compounds present. 

10% ethanolic "Borntrager reaction" 
KOH reagent b red zones (vis); red fluorescence (UV-365 nm) -+ anthraquinones (e.g. frangulin A, 

(No.35) B; glucofrangulin A, B; emodin, rhein) 
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b yellow zones (vis); yellow fluorescence (UV-365 nm) 3 anthrones (e.g. aloin, 
cascarosides; sennosides do not react and need specific treatment) 
For further identification, see Chap. 2, Figs. 1-10. 

b bright-blue fluorescent zones in UV-365 nm + coumarins (e-g. scopoletin, 
umbelliferone) 

b green-blue, yellow, yellow-brown in UV-365 nm + furano- and pyranocournarins 
Remark: In the polar screening system A, coumarins aglycones migrate unresolved with 
the solvent front; in the liyophilic screening system B they are separated in the lower and  
middle R, range. 

For further identification, see Chap. 5, Figs. 1-16. 

b pink and blue-violet (vis) zones + very specific for cardenolides 
Remarks: Bufadienolides do not react. 
Detection with antimony-(111)-chloride reagent (SbCI,, No. 4) -+ blue (vis) zones (e.g. 
proscillaridin) 
Detection with anisaldehyde sulphuric acid reagent (AS No. 3) + blue (vis) zones (e-g. 
hellebrin) 

For further identification, see Chap. 4, Figs. 1-12. 

b red-brown (vis) zones; the colour may be unstable + alkaloids. 
Remark Some of the strongly basic allcaloids do not migrate in the screening system A; 
if at the start-line of the chromatogcam a positive DRG reaction is shown, a second 
chromatogram should be run in solvent system toluene-ethyl acetate-diethylamine 
(70:20: 10) 

For further identification, see Chap. 1, Figs. 1-32. 

b intense yellow, orange and green fluorescent zones in UV-365 nm + flavonoids. 
Without chemical treatment, flavonoids show a distinct quenching of fluorescence in 
UV-254 nm, and yellow, green or weak blue fluorecence in UV-365 nm. 
The screening system A does not produce sharply separated zones of flavonoid 
glycosides. For positive identification, chromatography should be repeated in the spe- 
cific flavonoid solvent system ethyI acetate-formic acid-glacial acetic acid-water 
(100:11:11:26). 
Chlorogenic acid, which is frequently present in flavonoid-containing extracts, remains 
at the start in the screening system A and migrates at R,- 0.5 in the flavonoid separation 
system. 

For further identification, see Chap. 7, Figs. 1-23. 

Most plant constituents react with VS and AS reagent with coloured zones in vis. Both 
reagents are sufficent to detect bitter principles, saponins and essential oil compounds. 

b Bitter principles 
I f  the extract tastes distinctly bitter and the screening system A shows red-brown, 
yellow-brown or dark green (vis.) zones in the R, range 0.3-0.6, the drug may be one of 
the known bitter principle drugs. 

10% ethanolic 
KOI-I reagetit 
(No.35) 

Kedde reagent 
(No.23) 

Drngendorff 
reagent (DRG 
No.13) 

Natural products- 
polyethylene 
glycol reagent 
(NPIPEG No.28) 

Vanillin-sulphuric 
acid (VS No.42) 
Anisaldehyde- 
sulphuric acid 
reagent (AS No.3) 



Very liyophilic bitter principles, such as quassin, absincl~in and cnicin migrate unre- 
solved up to the solvent front in screening system A; a lipophilic solvent system is 
appropriate. 

For further idenrificarion, see Chap. 3, Figs. 1-14. 
Remarks: Exrracts containing alkaloids or cardiac glycosides also taste bitter. 

b Saponins 
Saponins also form coloured (vis.) zones with VS or AS reagent. In the screening system, 
however, the known saponins (e.g. aescin, primulaic acids and the saponin test mixrure) 
do not migrate and remain at the start. 
For a precise differentiation, chromatography must be performed in the saponin solvent 
system chlorofor~n-glacial acetic acid-methanol-water (64:32:12:8). 

For further identification, see Chap. 14, Figs. 1-10. 

b Essential oils 
Blue, brown or red zones in vis. In the polar screening system A, essential oils migrate 
unresolved at the solvent front. 
Classification is possible after chromatography in the liyophilic solvent system toluene- 
ethyl acetate (93:7) 

For further identification, see Chap. 6, Figs. 1-28. 

Specific Berlin blue reaction (No. 7) + arbutin, blue in vis.; (see Chap. 8, Figs. 1,2)  Halazuchrom 
reactions reaction (HCl/AA No. 17) + valepotriates, blue (in vis) (see Chap. 17, Figs. 1, 2). 

18.4 Scheme of Separation and Identification 

Ethyl acetate-methanol-water (100:13.5:10) TLC 1-TLC 7 

TLC I. 

TLC 2 

Anthraglycosides 
Extract 20 p1 
Tests 
aloin 5 PI 
frangulin 10 yl 
Detection 
KOH reagent No.35 1 
Arbutin 
Extract 20 fi1 
Tests 
arbutin 10 111 
hydroquinone 10 p1 
Detection 
Berlin blue No.7 1 

+ red (vis): 
anthraquinones 
yeuow (vis): 
anthrones 

+ blue (vis) 

+ Identification: 
see 
Anthraquinone 
Drugs, Chap.2 

+ Identification: 
see Arbutin 
Drugs, Chap. 8 



18 Screenine of Unknown Commercial Drugs 353 

TLC 3 

TLC 4 

TLC 5 

TEC 6 

Cardiac glycosides 
Extract 20 ylllO0 1~1 
Tests 
lanatosides A-C 10 PI 
lr-strophanthin 10 kt1 
proscillaridin 10 yl 
Detection 
Icedde reagent No.23 
(SbCl, reagent No.4) 

Extract 20 1311 00 p1 
Tests 
naringin 10 p1 
(rutin 10 111) 
Detection 
VS reagent No.42 

Alkaloids 
Extract 20 p11100 111 
Tests 
atropine 10 pl 
reserpine 10 y.l 
papaverine 10 p1 
Detection 
Dragendorff 
reagent No.13 

Flavonoids 
Extract 20 p11100 pI 
Tests 
rutin 10 yl 
chlorogenic acid 10 111 
hyperoside 10 yl 
Detection 
NPIPEG reagent 
N0.28 

+ pinklviolet (vis) -+ Identificatior~: 
see Cardiac 
Glycoside 

+ blue (vis) Drugs, Chap. 4 
SbC1, 
reagent only -+ Identification: 

see 
Bufadienolides, 
Chap. 4 

+ redlyellow- + Identification: 
brownlblue-green see Uitrer 

Principle 
Drugs, Chap. 3 

+ orange-brown 
(vis) 

+ yellowlgreen/ 
orange 
(UV-365 nm) 

Solvent system 
+ toluene-ethyl 

acetate- 
diethylarnine 
(70:20: 10) 

1 
Identification: 
see Alkaloid 
Drugs, Chap. I 

Solvent system 
+ ethyl acetate- 

formic acid- 
glacial acetic 
acid-water 
(100:11:11:26) 

L 
Identification: 
see Flavonoid 
Drugs, Chap. 7 



 



1 9 Thin-Layer Chromatography Analysis 
of Herbal Drug Mixtures 

Many phytopreparations contain mixtures of drug extracts. Therefore, chrornatograms 
display a large number of more or less overlapping zones (UV and vis.) malung the 
identification or classification of the compounds present difficult or only partly success- 
ful. In such cases it is necessary to submit the preparation to column chromatographic 
fractionation or other special procedures for the separation of individual classes of 
compounds. 
If  the various drugs of the herbal formulation contain the same classes of compounds 
and active principles, identification of the characteristic components is usually possible. 
Salviathymol, a mixture of essential oil components (Fig. 1) and a laxative preparation 
containing various anthraglycosides (Fig. 2) are chosen as an example for the TLC of 
mixed herbal preparations. 

Salvinrhymol@ 
I g of the composition contains: 
2 mg Salviae aeth. (standardized at not less than 40% thujone); 2 mg Eucalypti aerh. (nor 
less than 75% cineole); 23mg Menthae pip. aeth. (not less than 50% menthol); 2mg 
Ci.nnarnorni aeth. (nor less than 75% cinnamaldehyde); 5 mg Caryoyhylli aeth. (not less 
than 80% eugenol); l01ng Foeniculi aeth. (not less than 60% anethole and 10% 
fenchone); 5 mg Anisi aeth. (not less than 90% anethole); 10 n ~ g  Myrrhae tincture (DAB 
10); 4 mg Rathanhiae tincture (DAB 10); 20 mg Alchemillae tincture (1 : 5); 20 mg 
menthol; 1 mg thymol; 6mg phenylsalicylate; 0.4mg guajazulene. 5 pI are applied for 
TLC investigation. 

Chromatography and detection 
Adsorbent Silica gel 60 F,,, precoated TLC plates (Merck, Germany) 
Solvent system toluene-ethyl acetate (93 : 7) 
Detection Vanillin-sulphuric acid reagent (VS No.42) or 

phosphomolybdic acid reagent (PMA No.34) 

CommerciaI laxative phytopreparations 
Mixed herbal preparation with anthraglycosides as the main coJnporlents 
Preparation of extracts 
Three finely powdered dragtes are extracted by heating on the water bath for 5 min with 
6 ml methanol; 10 p1 of the clear filtrate is used for chromatography. 

Chromatography and detection 
Adsorbent Silica gel 60 F,,.,-precoated TLC plates (Merck, Germany) 
Solvent system Ethyl acetate-methanol-water (100: 13.5: 10) + 10 cm 
Detection UV-365 nm 



Fig. 1 Salviathymol@ 
Interpretation of chromatograms 

Identifiable terpenoids -R, value VS (vis) PMA (vis) 

Azulene and terpene hydrocarbons 0.98 violet-blue blue 
AnethoIe ( b  T1) 0.9 violet-blue blue 
Thujone (after PMA) 0.7 - red-violet 
Thymol ( b  T2) 0.5 red-violet blue 
Cinnamaldehydeleuge~~ol 0.45 brown-orange blue 
cineole/piperitone 0.4 blue-orange blue 
Menthol ( b  T3) 0.2 blue blue 

Fig. 2 Laxans 
Nine commercial laxative for~nulations are used for TLC (samples 1-9). They all repre- 
sent mixtures of two to five anthraglycoside-containing drug extracts. In some cases, 
extracts of other drugs are also present (e.g. Gentianae radix, Bryoniae radix or 
Curcurnae rhizoma). 

The identifiable components are labelled I-VI 

I-VI -R, vaiue Samples 

I Anthraquinone aglycones 

I1 A-monoglycosides 
Frangulins A and B 

I11 DeoxyaIoin 

Rhein I V  I 
V Glucofrangulins 

Aloirlosides 1 
V1 Cascarosides A, B, C, D 

Sennosides 

Solvent front 1, 2, 3, 4, 5, 6, 7, 8, 9 

0.05-0.2 (11, 2,3, 4, (51, ( 6 ) ,  (7),8 
Start 3 ,4 ,8  
(UV-254 nm) 

For further differentiation, the TLC plates are sprayed with the KO14 reagent and NPI 
PEG reagent (see Chap. 2). 
For analysis of sennosides in Sennae folium or fructus, the solvent system and detection 
method descriped in Fig. 7, 8, chap. 2) should be used. 



 



Appendix A: Spray Reagents 

Acetic anhydride reagent (AN) No. 1 
The TLC plate is sprayed with lOml acetic anhydride, heated at 150°C for about 30 min 
and then inspected in UV-365 nm. 
b Detection of ginkgolides. 

Anisaldehyde-acetic acid reagent ( AA) 
0.5 rnl anisaldehyde is mixed with 10 ml glacial acetic acid. 
The plate is sprayed with 5-10ml and then heated at 120°C for 7-10 min. 

Detection of petasinlisopetasin. 

No. 2 

Anisaldehyde-sulphuric acid reagent (AS) No. 3 
0.5 ml anisaldehyde is mixed with I0 ml glacial acetic acid, foliowed by 85 ml methanol 
and 5ml concentrated sulphuric acid, in that order. 
The TLC plate is sprayed with about 10 ml, heated at 100°C for 5-10 min, then evaluated 
in vis. or UV-365 nm. 
The reagent has only limited stability and is no longer useable when the colour has 
turned to red-violet. 
b Detection of terpenoids, propylproyanoids, pungent and bitter principles, saponins. 

Antimony-111-chloride reagent (SbCl,) No. 4 
20% solution of antimony-Ill-chloride in chloroform (or ethanol). 
The TLC plate must be sprayed with 15-20mI of the reagent and then heated for 5-6 min 
at 1 10°C. Evaluation in vis. or UV-365nm. 
b Detection of cardiac glycosides, saponins. 

Bartons reagent No. 5 
(a) 1 g potassium hexacyanoferrate (111) in 1 . O O r n l  water. 
(b) 2g  iron-111-chloride in 100 ml water. 
The TLC plate is sprayed with a 1:l mixture of (a) and (b). Evaluation in vis. 
b Detection of gingeroles (Zingiberis rhizoma). 

Benzidine reagent (BZ) No. 6 
0.5 g benzidine is dissolved in 10 ml glacial acetic acid and the volume adjusted to 100 ml 
with ethanol. Evaluation in vis. 
b Detection of ailcubin (Plantaginis folium). 

Berlin blue reagent (BB) No. 7 
A freshly prepared soIurion of log iron-111-chloride and 0.5g potassium hexacyana- 
ferrate in 100 ml water. The plate is sprayed with 5-8ml. Evaluation in vis. 
b Detection of arbutin. 



No. 8 Blood reagent (BL) 
lOml of 3.6% sodium citrate solution is added to 90 ml fresh bovine blood; 2 ml blood is 
mixed with 30ml phospl~ate buffer pH 7.4. The plate is sprayed in a horizontal position. 
Phosphate buffer pH 7.4: 20.00 ml porassium dihydrogen phosphate solution (27.281 g 
potassium dihydrogen phosphate dissolved in double-distilled, C0,-free water and vol- 
ume adjusted to 10.00ml) mixed with 39.34 rnl O+I M sodium hydroxide, and volume 
made up to 100 ml with C0,-free, double-distilled water. 
F Detection of saponins: white zones are formed against the reddish background of the 
plate. Hemolysis may be immediate or may occur when the plate has been dried under 
slight warming. 

No. 9 Chloramine-trichloroacetic acid reagent (CTA) 
10 mI freshly prepared 3% aqueous chloramine T solution (syn. sodium sulphamide 
chloride or sodium tosylchIoramide) is mixed with 40ml 25% ethanolic trichloroacetic 
acid. 
The plate is sprayed with 101~11, heated at 10O0C for 5-10min; evaluated in UV-365nm. 
b Detection of cardiac glycosides. 

No. 10 Dichloroquinone chloroimide = Gibb's reagent (DCC) 
0.5% merhanolic solution of 2,G-dichloroquinone chloroiinide. 
The plate is sprayed with 10 ml, then immediately exposed to ammonia vapour. 
b Detection of arbutin, capsaicin. 

No. I I Dinitrophenylhydrazine reagent (DNPR) 
0.1 g 2,4-dinitrophenylhydrazine is dissolved in 100ml methanol, followed by the addi- 
tion of 1 ml of 36% hydrochloric acid. 
After spraying with about 10 ml, the plate is evaluated immediately in vis. 
F Detection of ketones and aldehydes. 

No. 12 DNPH-acetic acid-hydrochloric acid reagent 
0.2 g 2,4-dinitrophenylhydrazine in a solvent mixture consisting of 40 ml glacial acetic 
acid (98%), 40ml hydrochloric acid (25%) and 201-111 methanol. 
The plate is sprayed with lOml and evaluated in vis. It is then heated at 100QC for 5- 
10 niin and evaluated again in vis. 
F Detection of valepotriates (Valeriana). Chromogenic dienes react without warming. 
Dienes can also be detected with HCI-AA reagent (No. 17). 

No. 13 Dragendorff reagent (DRG; MUNIER and MACHEBOEUF) 
Solution (a): Dissolve O.85g basic bismuth nitrate in 10 ml glacial acetic acid and 40 ml 
water under heating. If necessary, filter. 
Solution (b): Dissolve 8 g potassium iodide in 30 ml water. 
Stock solution: (a) + (b) are mixed 1 : 1. 
Spray reagent: 1 ml stock solution is mixed with 2 ml glacial acetic acid and 10 ml water. 
b Detection of alkaloids, heterocyclic nitrogen compounds. 

Dragendorff reagent, followed by sodium nitrite or  H,SO, 
After treatment with Dragendorff reagent, the plate may be additionally sprayed with 
10% aqueous sodium nitrite or with 10% ethanolic sulphuric acid, thereby intensifying 
the coloured zones (4 NaNO,, dark brown; -+ H,SO,, bright orange). 
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EP reagent (EP) No. I 4  
0.25 g $-dimethylamino benzaldehyde is dissolved in a rnixture of 45 ml98% acetic acid, 
5 ml 85% o-phosphoric acid and 45 ml water, followed by 50 rnl concenrrated suiphuric 
acid (under cooling with ice). 
The sprayed plate is evaluated in vis. 
b Detection of proazulene (Matricariae flos); After heating at 100°C for 5-lomin, 
proazulene gives a blue-green colour (vis.) The blue colour of azulene is intensified by EP 
reagent. 

Fast blue salt reagent (FBS) No. 15 
0.5 g fast blue salt B is dissolved in 100 ml water. (Fast blue B = 3,3'-dimethoxybiphenyl- 
4,4'-bis(diazonium)-dichloride). 
The plate is sprayed with 6-8 ml, dried and inspected in vis. Spraying may be repeated, 
using 10% ethanolic NaOH, followed again by inspection in vis. 
b Detection of phenolic compounds. 

Fast red salt reagent (FRS) No. 16 
0.5% aqueous solution of fast red salt B (= diazotized 5-nitro-2-aminoanisole). 
The plate is spraed with 10m1, followed immediately by either 10% ethanolic NaOll or 
exposure to ammonia vapour. 
b Detection of amarogentin. 

Hydrochloric acid - glacial acetic acid reagent (HClJAA) No. 17 
Eight parts of concentrated hydrochloric acid and two parts of glacial acetic acid are 
mixed. 
After spraying, the plate is heated at llO°C for l0min. Evaluation in vis. or in UV- 
365 nm. 
b Detection of valepotriates with diene structure (halazuchrome reaction). 

Iodine reagent No. 18 
About 10 g solid iodine are spread on the bottom of a chromatograph tank; the devel- 
oped TLC plate is placed into the tank and exposed to iodine vapour. 
b all compounds containing conjugated double bonds give yellow-brown (vis.) zones. 

Iodine-chloroform reagent (IICBClJ No. 19 
0.5% Iodine in chloroform. 
The sprayed pIate is warmed at 60°C for about 5 min. The plate is evaluated after 20min 
at  room temperature in vis or in UV-365 nm. 
b Detection of lpecacuanha alltaloids. 

Iodine-hydrochloric acid reagent (IIBCI) 
(a) 1 g potassium iodide and 1 g iodine are dissolved in 100 mi ethanol. 
(b) 25 ml 25% HCI are mixed with 25 mI 96% ethanol. 
The plate is first sprayed with 5 ml of (a) followed by 5 ml of (b). 
b Detection of the purine derivatives (caffeine, tlieophylline, theobromine) 

No. 20 

Iodoplatinate reagent (IP) No. 21 
0.3 g hydrogen hexachloroplatinate (IV) hydrate is dissolved in 100 ml water and mixed 
with 100 1711 6% potassium iodide solution. 



The plate is sprayed with 10 ml and evaluated in vis. 
b Detection of nitrogen-containing compounds, e.g. alkaloids (blue-violet). 
b Detection of Cinchona alkaloids: the plate is first sprayed with 10% ethanolic H,SO, 
and then with IP reagent. 

No. 22 Iron-111-chloride reagent (FeCI,) 
10% aqueous solution. 
The plate is sprayed with 5-10ml and evaluated in vis. 
F Detection of oleuropeine and hop bitter principles. 

No. 23 Kedde reagent (Kedde) 
5ml freshly prepared 3% ethanolic 3,5-dinitrobenzoic acid is mixed with 5ml 2 M 
NaO H. 
The plate is sprayed with 5-8 ml and evaluated in vis. 
b Detection of cardenolides. 

No. 24 Komarowsky reagent (KOM) 
1 ml50% ethanolic sulphuric acid and lorn1 2% methanolic 4-hydroxybenzaldehyde are 
mixed shortly before use. 
The sprayed plate is heated at 100°C for 5-10 min. Evaluation in vis. 
b Detection of essential oils, pungent principles, bitter principles, saponins, etc. 

No. 25 Liebermann-Burchard reagent (LB) 
5 rnl acetic anhydride and 5 ml concentrated sulphuric acid are added carehlly to 50 ml 
absolute ethanol, while cooling in ice. The reagent must be freshly prepared. 
The sprayed plate is warmed at 100°C for 5-10 min and them inspected in UV-365 nm. 
b Detection of triterpenes, steroids (saponins, bitter principles). 

No. 26 Marquis reagent 
3 ml formaldehyde is diluted to 100 ml with corlcentrated sulphuric acid. The plate is 
evaluated in vis, immediately after spraying. 
b Detection of morphine, codeine, thebaine. 

No. 27 Miilons reagent (ML) 
3ml mercury is dissolved in 27ml fuming nitric acid and the solution diluted with an 
equal volume of water. 
b Detection of arbudn and phenolglycosides. 

No. 28 Natural products-polyethylene glycol reagent (NPIPEG) (=NEW-reagent) 
The plate is sprayed with 1% methanolic diphenylboric acid-p-ethylamino ester (= 
diphenylboryloxyethylamine, NY), followed by 5% ethanolic polyethylene glycol-4000 
(PEG) (10 ml and 8 ml, respectively). 
F Detection of flavonoids, aloin. Intense fluorescence is produced in UV-365 nm. PEG 
increases the sensitivity (from 10 kg to 2.5 pg). The fluorescence behaviour is structure 
dependent. 

No. 29 Ninhydrin reagent (NIH) 
30 rng ninhydrin is dissolved in lOml n-butanol, followed by 0.3 ml 98% acetic acid. After 
spraying (8-10 rnl), the plate is heated for 5-l0min under observation and evaluated in vis. 
b Detection of amino acids, biogenic arnines, ephedrine. 
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Nitric acid (HNO, concentrate) No. 30 
The TLC plate is inspected immediately after spraying. 
b Detection of ajmaline and brucine, red in vis. 
b Detection of sennosides: after spraying with HNO, concentrated the plate is heated for 
15 min at 120°C; the plate then is sprayed with 10% ethanolic KOH reagent. 
Red-brown (vis) or yellow-brown fluorescent (W-365 nm) zones are formed. 

Nitrosodimethylaniline reagent (NDA) No. 31 
10 mg nitrosodimethylaniline is dissolved in 10 ml pyridine and used immediately to 
spray the TLC plate. 
b Detection of anthrone derivatives (grey-blue zones, vis). 

Palladium-II-chloride reagent (PC) No. 32 
Solution of 0.5% palladium-11-chloride in water, with 1 ml concentrated HCI. 
b Detection of Allium species (yellow-brown zones in vis.). 

Phenylenediamine reagent (PD) No. 33 
0.5% ethanolic solution. 
Evaluation in vis. or in UV-365 nm. 
b Detection of constituents of Lichen islandicus (e.g. furnarprotocetraric acid). 

Phosphomolybdic acid reagent (PMA) No. 34 
20% ethanolic solution of phosphomoIybdic acid. The plate is sprayed with 10 ml and 
then heated at 100°C fox 5 min under observation. 
b Detection of constituents of essential oils. 
b Detection of rhaponticosides: 4 g phosphomolybdic acid is dissolved in 40 ml hot 
water; 60ml concentrated sulphuric acid is carefully added to the cooled solution. 
Rhaponticoside and deoxyrhaponticoside form strong, blue (vis.) zones. 

Potassium hydroxide reagent (KOH) No. 35 
5% or 10% ethanolic potassium hydroxide (Borntrager reaction). 
The plate is sprayed with lOml and evaluated in vis. or in UV-365 nrn, with or without 
warming. 
b Detection of anthraquinones (red), anthrones (yellow, UV-365 nm); b Detection of 
coumarins (blue, UV-365 nm). 

Potassium permaganate-sulphuric acid reagent (PPM) No. 36 
0.5 g potassium permanganate is dissolved carefully in 15 rnl concentrated sulphuric 
acid, while cooling in ice (warning: explosive manganese heptoxide is formed). 

Detection of fenchone; the plate is sprayed first with phosphomolybdic acid 
reagent (PMA No.34110 minll 10°C), followed by PPM reagent (5 minll 10°C; blue, 
vis.). 

Sulphuric acid (H,SO,) 
(a) (5%) 10% ethanolic H,SO, 
(b) 50% ethanolic H,SO, 
(c) concentrated H,SO, 
(a,b) The plate is heated at 100°C for 3-5 rnin, evaluation in vis. 
(c) coloured (vis.) zones appear immediately. 
b Detection of e.g. cardiac glycosides, lignans. 

No. 37 



NO. 38 Trichloroacetic acid-potassium hexaqanoferrate-iron-111-chloride reagent (TPF) 
(a) 25% tricl~loroacetic acid in chloroform. 
(b) I %  aqueous potassium hexacyanoferrate mi.xed with an equal volume of 5% aqueous 
iron-111-chloride. 
The plate is sprayed with solution (a) and heated at llO°C for 10 min. It is then sprayed 
with solution (b) and evaluated in vis. 
b Detection of sinalbin and sinigrin. 

No. 39 Vanillin-glacial acetic acid reagent (VGA) 
0.8g vanillin are dissolved in 40ml glacial acetic acid, 2ml collcentrated H,SO, are 
added. 
The plate is sprayed with lOml solution and heated for 3-5min (1 1o0C), evaluation in 
vis. 
b Detection of salicin and derivatives. 

No. 40 VaniIlin-hydrochloric acid reagent (VHCI) 
The plate is sprayed with 5 ml of 1% ethanolic vanillin solution, followed by 3 ml concen- 
trated HCI, then evaluated in vis. Colours are intensified by heating for 5 min at IOO°C. 
b Detection of myrrh constituents. 

No. 41 Vanillin-phosphoric acid reagent (VP) 
(a) Dissolve 1 g vanillin in 100 rnl of 50% phosphoric acid. 
(b) Two parts 24% phosphoric acid and eight parts 2% ethanolic vanillic acid. 
After spraying with either (a) or (b), the plate is heated for 10lnin at 10O0C, and evaluated 
in vis. or  in UV-365 nrn. 
b Detection of e.g. terpenoids, lignanes and cucurbitacins. 

No. 42 Vanillin-sulphuric acid reagent (VS) 
1% ethanolic vanillin (solution I). 
10% ethanolic sulphuric acid (solution 11). 
The plate is sprayed with 10 rnl solution I, followed immediately by 101n1 solution 11. 
After heating at 110°C for 5-10 rnin under observation, the plate is evaluated in vis. 
b Detection of e.g. components of essential oils (terpenoids, phenylpropanoids). 

No. 43 Van Urk reagent 
0.2 g of 4-dimethylaminobenzaldehyde is dissolved in I00 ml25% HCI with the addition 
of one drop of 10% iron-11-chloride solution. 
b Detection of Secale alkaloids. 

No. 44 Zi~nmermann reagent (ZM) 
(a) 10 g dinitro benzene -I- 90 ml of toluene. 
(b) 6 g NaOH + 25 ml water + 45 ml methanol. 
The TLC is first sprayed with (a), followed by (b). 
b Detection of sesquiterpenes (e.g. Arnica species). 



Appendix 0: Definitions 

TLC: thin layer chromatography 
Silica gel: specific surface area 500cm)Ig; pore volume 0.75 cm'lg; pore diameter 60 31. 
The TLC is performed on siliacagel 60 F,,, glas-coated TLC-plates from Merck (Ger- 
many), a company with world wide representation. 
The use of silicagel-coated plates on aluminium or plastic or the use ofmaterial of other 
companies can give slight variations in the Rf-values, or may alter the TLC-fingerprint of 
plant extracts. This is due to different binding agents, which can influence the phenolic 
compounds, for example. 

UV-254 nm: shorter wavelength ultraviolet light, used to detect substances that quench 
fluorescence. On TLC plates marked "60 F,,,", the compounds with C=C double-bonds 
in conjugation, appeaer as dark zones against a yellow-green fluorescent background. 
W-365 nm: for the detection of substances that fluoresce in long wave ullraviolet light. 
W-lamps: commercially available e.g. 8 W low pressure mercury vapour tubes with 
selected filters (e.g. SCHOTT) or 125 W high pressure mercury discharge lamp, 365 nm. 
vis.: visible light or daylight. 

General concepts without chamber saturation: the chromatography solvent is poured 
into the chromatography tank, and swirled around for a few seconds. The TLC plate is 
then placed in position, and chromatography allowed to proceed. 
With chamber saturation: the solvent is allowed to remain in the closed tank for 0.5-1 h 
before chromatography. The inside of the tank should be lined with filter paper. 
Volume of chromatography solvent: about 100 ml is normally used. Chormatography 
tank dimensions: 20 x 9 X 20 cm. 

Extraction procedures 
Powdered drugs are used for extraction e.g. "medium-fine powder" corresponds to mesh 
size 300. Sample weights quoted for drug extraction refer to the dried drug. 

Sample volume 
The volumes quoted are recommended averages. Depending on the quality of the drug, 
larger and smaller volumes should also be used. Exact volumes can be applied with the 
aid of comn~ercially available, standardized capillaries and application pipettes. If melt- 
ing point capillaries are used, it can be assumed that I cm is roughly equivalent to 4-5 yl. 
As a rule, the sample should be applied to the start as a line about 0.5-1 cm wide. SmaU 
sample volumes (1-31tI), however, are applied as a spot. 
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Preface to the Second Edition 

More than 12 years have passed since the first and very successf~~l attempt was made to 
reproduce the thin layer chro~natography (TLC) separation of 170 medicinal plant drugs 
in the form of color TLC fingerprints in a book. The reproduction of natural color 
photographs in UV 365 nm was a difficult undertaking at that time due to the relatively 
unsophisticated film and filter technology. The first German edition of this book with its 
appended English translation met with worldwide acceptance in the field of natural 
product chemistry and has remained an indispensable aid in the laboratory a~lalysis of 
nledicinal drugs. 
Due to the higher demands now placed on plant drug quality, the introduction of herbal 
preparations with medicinal significance, and the increasing number of yhytochemical 
preparations, the analytical and standardization procedures of the plants have gained 
even greater importance. We have tried to do justice to this development in this second 
edition. 
This TLC atlas now includes about 230 medicinal plants of worldwide interest. The 
photographs of the TLC fingerprints and the descriptions of the characteristic com- 
pounds of each plant extract are a quick and reliable source for the identification and 
purity check of plant material and phytopreparations. 
Most of the TLC systems are standard systems and have been optimized when necessary. 
In spite of other available analytic techniques, such as gas chromatography and high 
performance liquid chromatography, TLC still remains a most useful, quick, effective, 
and low-cost method for the separation and identification of complex mixtures ofherbal 
drug preparations and plant constituents. 
The authors are most gratef~11 to Ms. Ute Redl for her comprehensive technical assis- 
tance. We also thank Ms. Veronika Rick1 not only for the excellent quality of the photo- 
graphs, but also for the layout of the TLC fingerprint pages in the book and For [be 
drawing of the chemical formulae. 

Munich, March 1996 
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Introduction 

Thin-Layer Chromatographic Analysis of Drugs 

Of the many chromatographic methods presently available, thin-layer chromatography 
(TLC) is widely used for the rapid analysis of drugs and drug preparations. There are 
several reasons for this: 

The time required for the demonstration of most of the characteristic constituents of 
a drug by TLC is very short. 
In  addition to qualitative detection, TLC also provides semi-quantitative informatioli 
on the major active constituents of a drug or drug preparation, thus enabling an 
assessment of drug quality. 
TLC provides a cl~romatograyhic drug fingerprint. It is therefore suitable for monitor- 
ing the identity and purity of drugs and for detecting adulterations and substitutions. 
With the aid of appropriate separation procedures, TLC can be used to analyze drug 
combinations and phytochemical preparations. 

Photographic Record of Thin-Layer Separations of Drug Extracts 
(A Photographic TLC Drug Atlas) 

A photographic TLC atlas fulfils the same function and purpose as a catalogue of 
spectra. The identity or non-identity of an official drug can be established by cornpari- 
son with tlie cllrornatogram of the "standard drug". 
Unknown commercial drugs can be classified by comparison with the visual record in 
the TLC atlas. 
The photographic drug atlas is an aid to the routine identification and purity testing 
of drugs in control laboratories, and it can be used without previous pharmacognostic 
training. 
Photographic reproduction of thin-layer separations has a large didactic advantage 
over mere graphic representation. The TLC photo-drug atlas lias an immediate clarity 
of representation that facilitates the learning of TLC drug analysis for the student. 

Compilation of a TLC Drug Atlas 

Compilation of a TLC drug atlas was governed by certain preconditions, related to the 
source of the drugs, the TLC technique in general and the photographic reproduction of 
the thin-layer chromatograms. 



Source of the 
drugs 

Extraction 
conditions 

TLC 

Chromatography 
solvents 

Concentration of 
substances for TLC 

Detection methods 

Photography 

The drugs used in the compilation of a drug atlas must meet the standards of 
the official pharmacopoeia, and they must originate from a clearly identified botanical 
source. 
Slight variations in the chromatographic picture, due to botanical varieties or differ- 
ences in cultivation, climatic conditions, time of harvesting and drying and extraction 
methods are normal. 

The chosen extraction procedures should be fast, bur efficient, according to present 
scientific knowledge. They have often been adopted from the pharmacopoeias and 
modified when new drug substances or separation problems have been encountered. 

Reprodi~cible TLC separations can be guaranteed only if standardized adsorption layers 
are used. Commercially available TLC plates were therefore used (Silica gel 60 F,,.,- 
precoated TLC plates; Merck, Germany). Silica gel is an efficient adsorbent for the TLC 
separation of most of the drug extracts. In specific cases aluminium oxide- or  cellulose- 
precoated plates (Merck, Germany) have been used. 
Since special chromatography rooms are not always available, all TLC separations 
were performed at room temperature, i.e. 18"-22'C. Details of the TLC technique can 
be found in pharmacopoeias and books on methodology (see Standard Literature and 
Pharmacopoeias). Generally a distance of 15cm is used for the development of a 
chromatogram. 

In choosing suitable solvent systems, preference has been given to those which are not 
too complicated in their composition, which possess minimal temperature sensitivity 
and which give exact and sufficient separation of constituents, enough for a significant 
characterization of the drug. 

In order to obtain sharply resolved zones, the quantity of material applied to  the chro- 
matogram should .be as small as possible. Rather large sample volumes are, however, 
often necessary for the detection (by colour reactions) of substances that are present in 
low concentration; this inevitably results in broadening and overlapping of zones. 

For the detection of the main, characteristic compounds of a drug, methods were chosen 
that give the most striking colours. 
The active principles of a group ofdrugs may be very similar (e.g. drugs from Solanaceae 
or saponin drugs), so  that differentiation and identification are difficult or impossible on 
the basis of the active principles alone. In such cases, other classes of compounds have 
been exploited for the purposes of differentiation. 
For drugs with unknown or incompletely known active principles, identification has 
been based on other non-active, but easily detectable constituents that can be regarded 
as "guide substances". 

The developed chromatograms were photographed on Kodak Gold 100 (Negativfilm) or 
Kodak EPY (diapositive film). To achieve authentic colour reproduction, different com- 
mercially available yellow and ultraviolet (UV) filters (e.g. B+W 409) are used. Photo- 
graphy in UV-365nm needs a specific tech.nique of exposure, individual times for each 
type of fluorescent compound and, last but not least, a great deal of experience. Further 
information on photography is given in the publication by E. HAMN-DEINSTROP 
(Chromatographie, GIT Suppl. 311989, pp. 29-31). 
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Aj~naiine 24 
Ajowan fruits 155 
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Alkaloidal drugs 24 
Alkaloids 
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- cepa 294, 302 
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Benzoyl benzoate 161, 190 



Berbamin 10, 1 1 ,  42 
Berberidis radicis cortex 10, 42 
Rerberine 10, 11, 42 
Berberis 
- aquifolium 11 
- vulgnris 10 
Bergamot oil 182 
Bergamottin 182 
Bergapten 128, 130, 140, 142, 
Bergenia crassifolia 248 
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Bilbcrry leaves 248 
Bilobalide 237, 240 
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Boldo folium 11, 44 
Borneo1 163, 166 
Bornyl acetate 158, 163, 184 
Dmssica nigra 294 
Broom flower 10 
Brocine 7, 28, 226 
Bryonia 
- alba 77 
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Cascara sagrada 56 
Cascarae cortex 56, 64 
Cascarosides A-C 56, 64 
Cassia 
- angustifolia 57, 58 
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Castanea sativa 201 
Castaneae folium 201, 222 
Caralpal 75, 76, 88 
Catechin 207, 234 
Catharticin 57 
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Cayaponia tayuya 78 
Cayenne pepper 292 
Celtic bane 197 
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Centaurium 
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Centella asiatica 307 
Centellae herba 307, 314, 324 
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Cephaelis 
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Cimicifugoside 336, 338 
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Cineole 156, 158, 166, 178, 186 
Cinnamein 161 
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Cowslip 199 
Crataegi 
- flos 198, 224 
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Cubebae fructus 265, 272 
Cubebin 266, 272 
Cucurbitacins 77, 94 
Curacao aloes 56, 62 
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Dihydrocucurbitacins 77, 94 
Dihydromethysricin 259, 260 
Dionaea muscipula 276 
Dionaeae herba 276, 278 
Dipiperine 298 
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Drimia 
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- indica 104 
Drosera species 276 
Droserae herha 276, 278 
Droserone 276, 278 
Dulcoside A 330 
Dyers'sweed 10 

Ecballii fructus 78, 94 
Ecballium elaterium 78 
Ecdysone 120 
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Echinaceae 
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- Justiciae 8, 30 
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- Myrtilli 248, 252 
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- Petasitidis 201, 220 
- Plantaginis 76, 88 
- Pyri 248 
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- Rubi fruticosi 201, 222 
- Salviae 158, 184 
- Sennae 57, 68, 70 
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- Stramonii 12, 48 
- Theae 13, 50 
- Uvae ursi 248, 252 
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Foliamenthin 75, 84, 86 
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Frangula-emodin 56, 64 
Frangulae 
- fructus 57, 64 
- cortex 56, 64 
Frangulin A, B 56, 64 
Fraxidin 127, 136 
Praxin 127, 136 
Fraxini cortex 127, 136 
Fraxinol 127, 130, 136 
'Fraxinus excelsior 127 
Fructus 
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- Ammeos 128, 138 
- Ammi 128, 138 
- Anisi 153, 168 
- Anisi stellati 152, 168 
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- Cardui mariae 204, 234 
- Carvi 155, 176 
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- Piperis 292, 298 
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Fumaria officinalis 9 
Fulnariae Ilerba 9, 36 
Fumaritory herb 9 
Furanosesquiterpenes 190 
Furanocl~romones 128, 138 
Furanocoumarins 125, 128-131 
Furanoquinolines 129, 13 1, 144 

Galangae rhizoma 292, 300 
Galangol 292, 300 
Caleopsidis herba 76, 88 
Galeopsis segetum 76 
Galiurn odoraturn 126 
Galuteolin 226 
Garlic 294, 302 
Gelsemii radix 8, 28 
Celsemine 8, 28 
Celsemium species 8 
Cemmae Sophorae 203, 230 
Genista tinctoria 10 
Genistae herba 10, 38 
Genistin 38 
Gentian root 75 
Gentians species 75 
Gentianae radix 75, 84, 86 
Gentianoside 75 
Gentiobioside 75, 86 
Gentiopicrin 75, 84, 86 
Gentiopicroside 75, 84, 86 
Geraniol 162, 166 
Ginger 293 
Gingerols 293, 296, 300 
Ginkgetin 237, 240 
Ginkgo biloba 236, 240 
Ginkgo1 237, 238 
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Ginseng radix 307, 318 
Ginseng root 307 
Ginsenosides 307, 312, 318 
Gitoxin 102, 105, 112 
Glechoma hederacea 308 
Clucofrangdin A,B 56, 64 
Glucosinolate 293, 294 
Glycyrrhetic acid 308, 330 
Glycyrrhiza glabra 330 
Glycyrrhizic acid 308, 314, 326, 332 
Glycyrrhizin 308, 314, 326, 330, 332 
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Grape root 11 
Grapple plant 76 
Greater celandine 10 
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Helleborus species 104 
Hellebrin 104, 120 
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Heraclei radix 129, 140 
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- Abrotani 127, 132 
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- Cannabis 257, 260 
- Cardui benedicti 77 
- Centaurii 75, 84, 86 
- Centellae 307, 314, 324 
- Cheiranthii 103, 116 
- Chelidonii 10, 40 
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- glabra 129, 146 
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Herniarin 129, 134, 146 
I-lesperidin 203, 206 
tleterotheca inuloides 197, 214 
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Hibisci flos 282, 286 
Hibiscin 282 
Hibiscus sabdariffa 282 
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Hogweed root 129 
Hollowroot 9 
Hollyhock 282 
Homoeriodycfiol 204, 232 
Hops 78 
Morse chestnut seeds 308 
Horsetail 202, 226 
Humuli lupuli strobulus 78, 96 
Humulo,ne 78, 82, 96 
Humulus lupulus 78 
I-lydrasthe 10, 42 
Hydrastis 
- canadensis 10 
- rhiaoma 10, 42 
Hydrocotyle asiatica 307 
Hydroplumbagin-glucoside 276, 278 
Hydroqt~inone 247, 252 
Hydroxyaloins 56, 62 
Hyoscya~ni folirim 12, 48 
Hyoscyamjne 12, 48 
Hyoscyamus species 12 
Hyyaconitine 11, 46 
Hyperici herba 58, 70 
Hypericins 58, 70 
Hypericum perforaturn 58 
Hyperoside 205, 210 

Iberidis semen 78, 94 
Tberis amara 78 
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llex paraguariensis 13 
Illiciurn species 153 
Irnperatoriae radix 128, 140, 142 
Imperatorin 130, 134, 140, 142 
Indian pennywort 307 
Indian podophyllurn 265 
Indian coriander 156 
Indian tobacco 11 
Indian valeria11 342, 346 
Indole alkaloids 7, 14, 24 
Ipecacuanha root 8 
Ipecacuanhae radix 8, 32 
lridoid glycosides 76, 88 
Isoasarone, trans 154 
Isobarbdoin-test 54, 62 
Isobergapten 134 
Isofraxidin 127, 134, 136 
Isogelsemine 8, 28 
lsoginkgetin 237, 240 
Isomenthone 156, 178 

Isoorienti~~ 202, 230 
Isopelasin 201 
Isoperasol 201 
Isopimpinellin 130, 134 
Isoquercitrin 205, 210 
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Xsorharnnetin 205 
- glycosides 198, 205, 210, 216 
Isosalipurposide 200, 254 
Isovaltrare 342, 343, 346 
Isoviolanthin 230 
Isovitexin 230 
IVDH valtrate 342, 343, 346 
Ivy leaves 307 

Jasmone 156, 164 
Jateorhiza palmata 10 
jateorrhizine 10, 11, 42 
Jatrorrhizine 10, 11, 42 
Java pepper 265 
Java citronella oil 157, 180 
Jesuit's tea 13 
Juglandis folium 201, 222 
Juglans regia 201 
Juglone 276, 278 
Juniper berries 159 
Juniperi fructus 159, 190 
Juniperus communis 159 
Justiciae-adhaiodae folium 8, 30 

Kaempferol 
-formula 205 
- glycosides 197, 199, 202, 205, 210, 226 
Kava-Kava 258, 260 
Kawain 259, 260 
Kawapyrones 258 
Kernel 307 
Khellin 128, 131, 138 
Kokasagenine 129, 13 1, 144 
Kryptoaescin 308 

Lanatosides A-E 102, 105, 112 
Lavander flowers 157 
Lavandin oils 157, 180 
Lavandula species 157 
Lavandulae 00s 1 57, 180 
Laxative preparation 355, 356 
Lemon 
- balm 157 
- grass oi[ 157, 180 
- peel 158, 203 
Lespedeza capitata 202 
Lespedezae herba 202, 224 
Levistici radix 128, 140, 142 
Levisticum officinale 128 
Licorice root 308, 330 
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Lignans 263 
Lig~lum 
- Quassiae 77, 92 
- Sassafras 153, 168 
Ligusticurn lactone 140 
Lily of the valley 103 
Lime flowers 200 
Eirnon 158 
Linalool 153, 156, 157, 162, 166, 176, 180 
Linalyl acclate 163, 166, 180 
Liquiritiae radix 308, 314, 326, 330, 332 
Liquiritin 308, 314, 332 
Lobelia inflata 11 
Lobeliae herba 1 1, 46 
Lobeline 1 1 ,  46 
Loganin 75, 86 
Lovage 128 
Lupulone 78, 96 
Luteolin 205 
Luteolin glycosides 205, 212 
Luteolin-5-0-glycosides 205, 226 
Luteolin-8-C-glycosides 205, 210 
Lysergic acid 8 

Ma-huang I I 
Mace 155 
Macis 155, 174 
Madecassoside 307, 324 
Magnoflorine 10, 11, 42 
Mahonia 
- aquifolium 11 
- b a r k  11,42 
Mahoniae radicis cortex 1 1, 42 
Malabar nut 8 
Male speed well wort 76 
Mallow flowers 282 
Malva species 282 
Malvae flos 282, 288 
Malvidin, -glycosides 282, 288 
Marrdragorae radix 128, 138 
Mandrake 128 
Marigold flowers 198 
Marihuana 257 
Marquis reaction 6, 34 
Marrubii herba 77, 92 
Marrubiin 77, 92 
Marrubium vulgare 77 
Marsdenia cundurango 78 
Master-wort I28 
Mate 
- folium 13, 50 
- leaves 13 
Matricaria 
- recutita 159 
- charnomilla 199 
Matricariae flos 159, 186, 199, 212 

Malricin 164 
Mauretanian rnalIow 282 
May-apple root 265 
Maypop 202 
Meadow saffron 10 
Meadow-sweet flowers 199 
Meliloti herba 127, 132 
Melilotus oficinalis 127 
Melissa 
- M. ofl~cinalis 157 
- oil substitutes 157, 180 
Melissae folium 157, 178 
Mentha species 155, 156, 178 
Menthae foliurn 155, 156, 178 
Menthiafolin 75, 84, 86 
Menthohran 156, 164, 178, 
Menthol 156, 164, 166, 178, 
Menthone 156, 164, 178, 
Merithyl acetate 156, 164, 166, 178 
Menyanthes trifoliata 75 
Menynnthidis folium 75, 84, 86 
Methylallylthiosdphinates 302 
Methyl chavicol 152, 153, 164, 168 
Methylytisine 10, 38 
Melhysticin 259, 260 
Mexican valerian 342, 346 
Mezerei cortex 127, 136 
Mezereon bark 127 
Milk-thistle fruits 204 
Missouri snake root 243 
Mistletoe 264 
Morphine 9, 34 
Mountain pine oil 160 
Mullein 200 
Mustard oil drugs 293 
Myristica fragrnns 154, 155 
Myristicae 
- arillus 155 
- semen 154, 174, 293 
Myristicin 154, 155, 165, 166, 174, 293 
Myroxylnn species 161 
Myrrha 160, 190 
Myrlilli 
- foliu~n 248, 252 
- fructus 282, 288 
Myrtillin A 282 

Naph~oquinones 275, 276 
Narcissin 198, 205, 216 
Narcotine 9, 34 
Naringenin glycosides 206 
Naringin 78, 83, 84, 203, 206, 232 
Neohesperidin 78, 83, 84, 203, 232 
Neoquassin 77 
Nerii foliurn 114 
Nerium oleander 102 



Neroli oil 157 
Nicotiana species I 1  
Nicotianae folium 11, 44 
Nicotine 11, 44 
Night blooming cereus 198 
Noscapine 9, 34 
Nuatigenin 307, 317 
Nutmeg 154 
Nux vomica seeds 7 

Oat 307 
Ocimum basilicum 153 
Odoroside 102, 114 
Olea europaea 76 
Oleae folium 76, 92 
Oleander leaves 102 
Oleandri folium 102, 114 
Oleandrin 102, 114 
Oleanolic acid 311 
- glycosides 198, 216 
Oleaside 102, 114 
Oleoresins 160 
Oleuropein 76, 92 
Oleuropeoside 76, 92 
Olive 76 
Onion 294, 302 
Ononidis radix 336, 338 
Ononis spinosa 336 
Opium 9, 34 
- alkaloids 9, 34 
Orange flowers 157 
Oreoherzogiae cortex 57, 64 
Orientin 202, 205, 224 
Orthosiphon species 204 
Orthosiphonis folium 204, 232 
Osier 250 
Ostruthin 128, 140 
Oxyacanthine 11, 42 
Oxypeucedanin, -hydrate 128, 134 

Paeonidin,- glycosides 288 
Palmatirte 10, 1 1, 42 
Palustrine 207, 226 
Panax ginseng 307 
Papaver somniferum 9 
Payaverine 9, 34, 226 
Parillin 309, 317, 318 
Parsley oils 174 
Parsley fruits 154 
Parthenium integrifolium 243, 244 
Passiflora incarnata 202 
Passiflorae herba 202, 230 
Passion flower 202 
l'astinaca sativa 129 
Pastinaceae radix 129 
Pausinystalia johirnbe 7 
Peganum harmala 8 
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Pelargonidin-, glycosides 282, 283 
Peltarins 265, 266, 272 
Pepper 
- black 292, 298 
- white 298 
- cayenne 292, 298 
Peppermii~t leaves 156 
Peptide allialoids 8 
Pericarpium 
- Citri 158, 182, 203, 232 
- Aurantii 78, 84, 157, 182, 203, 232 
Peru balsam 161 
Peruvianum balsamum '1 61 
Petasin 201, 207, 220 
Petasites species 201 
Petasitidis 
- folium 201, 220 
- radix 201, 220 
Petasol 201, 207 
Petit grain oil 158, 182 
Petroselini 
- aetheroleum 154, 174 
- fructus 154, 174 
- radix 154 
Petroselinum species 154 
Petunidin 282 
Peucedanum ostruthium 128 
Peumus boldus 11 
Phenol carboxylic acids 208 
Phenylpropanoids 
- in essential oils 166 
- formulae 164 
Phloroglucides 78 
Phyllodulcin 330 
Physcion 56, 66 
Picea species 160 
Picein 248 
Piccaside 248 
Pichi-pichi 127, 134 
Picrasma excelsa 77 
Picrocrocin 284 
Picropodophyllin 265 
Picrosalvin 158 
Pigments 159, 188, 281, 286 
Pilocarpine 19, 22 
Pimpinella 
- anisum 152 
- major 129, 140 
- saxifraga 129, 140 
Pimpinellae radix 129, 140, 142 
Pimpinellin 129, 131, 140, 142 
Pine oils 160, 192 
Pinene 162, 192 
Pillus species 160 
Piper 
- cubeha 265 
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Piper (cont.) 
- nigrum 292 
Piperine 292, 295, 298 
Piperis 
- fructus 292, 298 
- methystici rhizoma 258, 260 
piperitone 163, 166 
Piperyline 292, 298 
Plantago lanceolata 76 
Plantaginis folium 76, 88 
Plumbagin 276, 278 
Podophylli 
- rhizorna 265, 272 
- resina 265, 272 
Podophyllin 265, 272 
Podophyllotoxi~l 265, 266, 272 
Podophyllum 
- emodi 265 
- peltaturn 265 
Polygala senega 310 
Polygalae radix 310 
Polyines 159, 186 
Potentilla anserina 202 
Prernarrubin 77, 92 
Presenegin 310, 315 
I'rirnrose flowers 199 
Primrose root 308 
Primula 
- acid 308, 3 1 1, 320 
- elatior 199, 308 
- saponin 308 
- veris 199, 308 
Primulae 
- n o s  199,212 
- radix 308, 3 1 1, 320 
Prirnulaverin 308 
Primverin 308 
Priverogenin 308, 31 1 
Procunlbid 76, 88 
Procyanidins 198, 208, 224 
Proscillaridiil 104, 109, 122 
Protoberberine 10 
Protohypericin 58 
Protropine 9, 10, 36 
Pruni spinosae nos 199, 218 
Prunus spinosa 199 
Pseudohypericin 58, 60 
Psychotrine 8, 32 
Pulegii aetheroleum 156 
Pulegone 156 
Pungenl principle 
- drugs 291, 298 
- formulae 295 
Purines 13, 20, 50 
Purpurea glycosides A,B 102, 105, 112 
Pyranocoumarins 125, 131 

Pyri folium 248 
Pyrus communis 248 

Quassia 
- amara 77 
- wood 77 
Quassiae lignum 77, 92 
Quassin 77, 92 
Quebrachamin 7 
Quebracho cortex 7, 24 
Quercetin 204 
- glycosides 205, 210 
- 4'-0-glucoside 199, 205, 218 
- galloyl-golactoside 252 
Quercimeritrin 205 
Quercitrin 205, 210, 222 
Quillaic acid 309, 31 1 
Qtlillaja 
- bark 309 
- saponin 309 
- saponaria 309 
Quillitjae cortex 309, 320 
Quinidine 9, 32 
Quinine 9, 32 
Qt~inolizidine alkaloids 9, 10, 32 

Radix 
- Angelicae 128, 140, 142 
- Asari 154, 172 
- Belladonnae 12, 48, 127, 138 
- Bryoniae 77, 94 
- Colombo 10, 42 
- Echinaceac 242, 244 
- Eleutherococci 263, 264, 268 
- Celsemii 8, 28 
- Centianae 75, 84, 86 
- Ginseng 307, 318 
- Harpagophyti 76, 88 
- Hellebori 104, 120 
- Heraclei 129, 140 
- Imperatoriae 128, 140, 142 
- Ipecacuanhae 8, 32 
- Levistici 128, 140, 142 
- Liquiritiae 308, 326, 330, 332 
- Mahoniae 1 1, 42 
- Mandragorae 128, 138 
- Pastinacae 129 
- Petasitidis 201, 220 
- Petroselini 154 
- Pirnpinellae 129, 140, 142 
- Polygalae 310 
- Primulae 308, 31 1, 320 
- Rauvolfiae 7, 24 
- Rehmanniae 76, 88 
- Rhei 57, 66 
- Saponariae 309, 320 
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- Sarsaparillae 309, 316, 318 
- Scopoliae 12, 48, 127, 138 
- Senegae 310, 3 18 
- uncariae radix 8, 30 
- Uzarae 114 
- Valeriaoae 341, 342, 346 
- Xysmalobii 102, 114 
Raspberry leaves 201 
Raubasine 7 
Raupine 7 
I<au\roIfia 
- alkaloids 7, 24 
- species 7, 24 
- radix 7, 24 
Rauwolfia root 7 ,  24 
Rauwolscine 7, 24 
Iiebaudiosides 330, 332 
Rehmannia glulinosa 76 
Rehmanniae radix 76, 88 
Rehmanniosides A-C 76, 88 
Rescinrramine 7, 24 
Reserpine 7, 24 
Rhamni 
- cathartici Fructus 57, 64 
- fallaci cortex 57, 64 
- purshiani cortex 56, 64 
Rhamnus species 56, 57, 64 
Rhaponticin 57, 66 
Khaponticoside 57, 66 
Rhei 
- radix 57, 66 
- rhapontici radix 57, 66 
Rliein 57, 59, 66, 68, 70 
Rheum species 57, 66 
Rheum-ernodin 57, 59, 66 
Rhizo~na 
- Calami 154, 172, 293 
- Cirnicifugae 336, 338 
- Corydalidis 9, 36 
- Curcumae 159, 188 
- Galangae 292, 300 
- Hydrastis 10, 42 
- Piperis methysrici 258, 260 
- Podophylli 265, 272 
- Rusci aculeati 309, 324 
- Zingiberis 293, 300 
Rhubarb rhizome 57 
Rhychnophylline 8, 30 
Rihes nigrum 201 
Ribis nigri folium 201, 222 
Ribwort leaf 76 
Robinia pseudoacacia 197 
Robiniae flos 197, 218 
Robinin 197, 218 
Roman c(h)amomille flowers 159 
Rosemary leaves 156 

Rosmarini folium 156, 178 
Rosniarinic acid 156, 158, 178, 209 
Rosmarinus oficinalis 156 
Kubi 
- fruticosi folium 201, 222 
- idaei folium 201, 222 
Rubus 
- fruticosus 201 
- idaeus 201 
Rue 129 
Rupture-wort 129 
Rusci aculeati rhizoma 309, 316, 324 
Ruscin 309, 316, 324, 
Ruscogenin 309, 316, 324 
Ruscoside 309, 316 
Ruscus aculeatus 309 
Russian coriander 156 
Ruta graveolens 129 
Rutae herba 129, 144 
Rutamarin 129 
Rutill 206, 210 

Sabadillae semen 1 I, 46 
Saffron 282 
Safrar~al 283, 284, 288 
Safrole 153,165, 166, 168 
Sage leaves 158 
Salicin 247, 249, 250, 254 
Salicis cortex 249, 254 
Salicortin 250, 254 
Salicoyl derivatives 247 
Sslipurposide 200 
Salireposide 254 
Salix species 249, 254 
Salvia species 158 
Salviae folium 158, 184 
Salviathymol 355, 356 
Sambuci flos 199, 212, 218 
Samhucus nigra 199 
Sanguinarine 10, 40 
Santonin, u- 159, 163, 186 
Sayonaria officinalis 309 
Saponariae radix 309, 320 
Saponin drugs 305, 318 
Sarmentosides 102, 116 
Sarotharnni (Cytisi) herba 9, 38 
Sarothamnus scoparia 9, 38 
Sarsa 309 
Sarsaparilla 309 
Sarsaparillae radix 309, 316, 318 
Sarsapogenin 309, 316, 
Sassafras 
- albidiurn 153 
- l ignu~n 153, 168 
- wood 153 
Schaftoside 202, 205, 230 
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Sciadopirysin 237, 240 
Scillae bulbus 104, 122 
Scillareri A 104, 122 
Scilliroside 104, 122 
Scoparoside 9, 38 
Scopolamine 12 
Scopoletin 12, 127, 138 
- 7-0-glucoside 12, 127, 138 
- 7-0-primveroside 127, 134 
Scopolia carniolica 12, 127 
Scopolia root 12, 127 
Scopoliae radix 12, 48, 127, 138 
Scopoline 138 
Screening methods 349 
Scraphularia nodasa 76 
Scrophulariae herba 76, 88 
Scutellarein tetramethylether 206 
Secale 
- alkaloids 8, 26 
- cornutum 8, 26 
Secoiridoids 75 
Selenicereus grandiflorus 198, 216 
Semen 
- Cacao 13, 50 
- Colfeae 13, 50 
- Colae 13 
- Colchici 10, 40 
- Coriandri 176 
- Erucae 294 
- Harmalae 8, 30 
- Hippocastani 308, 320 
- Ignatii 7, 28 
- Myristicae 154, 174, 293 
- Sabadillae 1 1, 46 
- Sinapis 294, 298 
- Strophanthi 102, 103, 116 
- Strychni 7, 28 
- Toncae 127, 132 
Sernpervirine 8, 28 
Senegae radix 310, 318 
Seneginsl-IV 310,315,318 
Senna 
- leaves 57 
- pods 58 
Sennac 
- foliuni 57, 68, 70 
- fructus 58, 68, 70 
Sennosides A-D 57, 59, 68, 70 
Serpentine 7, 24 
Serpylli I~erba 155, 176 
Sesquiterpene lactone 197, 214 
Seville orange peel 78 
Shogaols 293, 296, 300 
Siam-benzoin 161 
Siberian 
- spruce oil 160 

- ginseng 264 
Silverweed 202 
Silybin 204, 206, 234 
Silybu~n marianum 204 
Silychristin 204, 234 
Sinalbin 291, 297, 298 
Sinapin 294, 297, 298 
Sinapis 
- alba 294 
- nigrae setnen 294 
- semen 294, 298 
Sinensetin 203, 204, 206, 232 
Sinigrin 294, 298 
Smilagenin 309, 316 
Smilax 
- saponin 309 
- species 309 
Soap bark 309 
Socotrine aloes 56, 62 
Sola~laceae 
- alkaloids 48 
- drugs 12, 48 
Solidaginis herba 203, 228 
Solidago species 203 
Sophora 
- buds 203 
- japonica 203 
Sophorae genlmae 203, 230 
Southernwood 127 
Spanish sage 158 
Syarteine 9, 10, 38 
Spartii flos 10, 38 
Spartiurn junceunl 10 
Spathulenole 159 
Spearmint leaves 155 
Speedwell 76 
Spl~ondin 129, 131, 140 
Spike lavender oil 157, 180 
Spiraeae flos 199, 218 
Spiraeoside 9, 198, 199, 205, 224 
Spray reagents see Appendix A 
Squill 104, 122 
St. John's wort 58 
Star anise 153 
Steroid saponin 305, 307, 309 
Stevia rebaudiana 330 
Steviae foliurn 330, 332 
Stevioside 331, 332 
Stigma croci 281, 282, 288 
Stoechados flos 200, 212 
Stralnonii foliurn 12, 48 
Strobuli Hurnuli lupuli 78, 96 
Strophanthi sernen 102, 104, 116 
Strophanthin 102, 104, 116 
Strophanthus 
- gratiis 102 



- konlbe 103 
Strychni semen 7, 28 
Strychnit~e 7, 28, 226 
Strychnos species 7, 28 
Styrax species 161 
Sumatra benzoin 161 
Sweet flag 154 
Swerlialnari~l 75, 84, 86 
Syrian rue 8 
Sy ringin 264, 268 
Syzygium aromaticurn 154 

Tall melilot 127 
Taxifolin 206, 234 
Tayoyae radix 78, 94 
Tea, black 13 
Terebinthinae aetheroleum 160, 192 
Terpineol 162 
Terpinyl acetale 156, 176 
Tetrahydrocannabinol (THC) 258, 260 
Tetterwort 10 
Theae folium 13, 50 
Thebaine 9, 34 
Theobroma cacao 13 
Theobromine 13, 50 
Theophylline 13, 50 
Tliiosulphinates 294, 302 
Thornapple leaves 12 
Thujol 90 
Thujone 77, 90, 184 
Thyme 155 
Thy~ni  herba 155, 176 
Thymol 155, 156, 163, 166, 176 
Tliymus species 155, 176 
'I'ilia species 200 
'Tiliae flos 200, 212, 218 
Tiliroside 200, 201 
Tinnevelly senna 57, 58 
Tobacco leaves 1 1 
Tolu balsam 161 
Tolutanum balsamu~n 161, 190 
Tonca beans 127 
Toncae semen 127, 132 
Torch weed flowers 200 
Trachysper~nutn ammi 155 
Triandrin 249, 250, 254 
Trifolii fibrini folium 75 
Triterpene saponins 305 
Triterpenes 77, 335 
Tropine alkaloids 12, 48 
Tuber Aconiti 11, 46 
Turmeric 159 
Turpentine oil 160 
Tussilago Farfara 198 

Umbelliferone 127, 130, 132, 134 
Umbelliprenin 129, 142 

Subject Index 

Umbrella leaves 201 
Una de galo 8 
Uncaria 8, 30 
Uncariae radix 8, 30 
Urginea rnaritima 104 
Ursolic acid 308 
Uvae ursi folium 248, 252 
Uzara root 102 
Uzarae radix 102, 114 
Uzarin 102, 114 

Vaccinium species 248, 282 
Valepotriates 341-343, 346 
Valcrian 
- indian 346 
- mexican 346 
Valeriana species 342, 346 
Valerianae radix 341, 342, 346 
Valtrate 341, 342, 346 
Valtrathydrins 346 
Vanillin glucoside 326 
Vanillic acid 346 
Vasicinone 8, 16, 30 
Vasicine 8, 16, 30 
Veratrin 11, 46 
Verbasci flos 76, 88, 200, 212, 310 
Verbascosaponin 76, 88 
Verbascoside 209, 242, 244 
Verbascum dellsiflorum 76, 200 
Veronica officinalis 76 
Veronicae lierba 76, 88 
Veronicoside 76, 88 
Viburni cortex 204, 234, 248 
Viburnum species 204, 234, 248 
Vincae herba 7, 26 
Vincamajine 7, 26 
Vincamine 7, 26 
Vincine 7, 26 
Viola tricolor 203 
Violae herba 203, 228 
Violanthin 203, 228, 230 
Violier 103 
Virgaureae herba 203, 228 
Visci herba 264, 270 
Viscum album 264, 265 
Visnagin 128, 138 
Vitexin 198, 205, 224, 230 
- 2"-0-rhamnoside 198, 224, 230 
Vitis idaeae foliunl 248, 252 

Wall flower 103 
Walnut leaves 201 
White 
- mustard seed 294 
- horehound 77 
- foxglove 102 
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Wild Xysmalobii radix 102, 114 
- angelica 128 Xysrnalobium undulatum 102 
- thyrne 155 Xys~nnlorin 102, 114 
- nard 154 
- garlic 294, 302 Yangonine 259, 260 
- pansy 203 Yellow chaste weed 200 
- quinine 243 Yellow jasmine R 
Willow Yerba 
- bark 249 - duke 330 
- species 249, 250 - santa 204 
Woodruff 126 Yohimbe cortex 7, 24 
Wormseed 159 Yohimbehe bark 7 

Yohimbine 7, 24 
Xanthorhamnin 57, 64 
Xanthorrhizol 160, 188,293 Zingiber ofticinale 293 
Xanthotoxin 128, 129, 130, 134, 140, 142 Zingiberis rhizoma 293, 300 


	1_Alkaloids Drugs
	2 Drugs containing Anthracene derivates
	3_Bitter Drugs
	4_Cardiac Glycoside Drugs
	5_Cumarin drugs
	6_Drugs contEssential oils_Aetherolea_Balsams_ OleoGumResins
	7_Flavonoid Drugs Incl Ginkgo Biloba and Echinaceae Species
	8_Drugs containing arbutin Salicin and Salicoyl Derivatives
	9_Drugs containing Cannabinoids and Kavapyrones
	10_Drugs containing Lignans
	11_Drugs containing 1_4-Naphthoquinones Droserae herba Dionac
	12_Drugs containing pigments
	13_Drugs with Pungent-Tasting principles
	14_Saponin Drugs
	15_Drugs containing Sweet-Tasting Terpene Glycosides
	17_Drugs containing Valepotriates
	18_Screening Unknown commercial Drugs
	19_Thin-layer cromatography analisys of herbal drug Mixtures
	Appendix A SprayReagents_359
	Appendix B Definitions_365
	FM cont Introd
	Pharmacopeias_368
	Standard Literature_367
	Subject Index



