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ABSTR&CT.-Three previously reported ginsenoside extraction methods were used 
to  extract Panax quinquefolius (American ginseng), Panax  ginseng (Oriental ginseng) 
and Panax  pseudogznseng var .  notoginseng (Sanchi ginseng). The ginsenoside con- 
centration present in the extracts was determined by weight and byspectrophotometry. 
-1 two-dimensional thin-layer chromatographic method was used t o  show concentration 
trends of the ginsenosides present in cultivated American and Canadian ginseng, wild 
American ginseng, Korean cultivated white and processed red ginseng, Chinese pro- 
cessed red ginseng, Sanchi ginseng, Japanese ginseng (Panax  pseudoginseng subsp. 
iaponiczis), ground-nut ginseng (Panax  trifolius), Siberian ginseng (Acanthopanax senti- 
cosus) and selected products. 

The (20S)-protopanaxadiol ginsenosides (Rbl, Rb2, Rc or Rd)  and the (205)- 
protopanaxatriol ginsenosides (Re, Rf, Rgl  or Rg2) were detected in both American 
Korean, Chinese and Sanchi ginseng. The highest total ginsenoside concentration 
--as observed in Sanchi ginseng. Japanese ginseng and ground-nut ginseng leaves 
contained high concentrations of Ro ginsenosides and panaxadiol ginsenosides. Panax- 
type ginsenosides were not detected in Siberian ginseng, ilmerican wild red ginseng 
( R i m e x  hymenosepalus)  and Korean ginseng cigarettes. 

Paiiaz. ginseng C .  A. Neyer (Oriental ginseng) or Panax quilzquefolius L. 
(American ginseng), Xraliaceae, roots are often used to  prepare a beverage to  
correct human physiological imbalances (adaptogenic) (1) and the leaves are 
occaqioiial1)- processed into cigaretteq. The American species is cultivated or 
collected nild in Sor th  America and the Oriental qpecies cultivated in either 
Korea. People’s Republic of China or Japan. The Paizar t olius L .  (ground-nut 
or dnarf ginseng) Specieq is indigenous to Sor th  America and is not presently 
used as either a food or drug. Other ginseng species sold for a diversit) of medical 
uses in Hong Iiong are Paizax pseudogiizseng var. uofogznse?zg (Burkill) Hoo and 
Tseng (Sanchi ginseng), Paizar pseudog imeng  subsp. japofLicus  (Sees) Hara 
(Japanese ginseng) and -4 carztlropanar seizficoszis Harmq. (Siberian ginseng). 

The ginsenoqides present in Paiiaa and it. commercial products have been 
separated and identified by one-dimensional (2-5) and two-dimensional (6) thin- 
layer chromatography. The ginqenoqideq have been quantified by gas chroma- 
tography (i). gas chromatograph) -mass qpectrometry ( S ) ,  high pressure liquid 
chromatography (9), droplet counter-current chroniatographj (DCC) (10) and 
spectrodensitonietry (1 1).  Ginsenosides are present in the above-ground and the 
belon--ground portions of Poizaz (12, 13). The ginsenoside genin is either oleanolic 
acid (Ro). (20S)-protopanaxadiol (Rbl .  Rb2, Re 8- Rd) or (20s)-protopanaxatriol 
(Re, Rf, Rgl & Rg2). The ginsenoside glj-cosides often separate chromatographic- 
ally in g r o u p  containing the same genin. 

The identity and or the aniouiit of ginseno-idei preient in American, Orieqtal 
and other ginseng plant- and proclmts is controverqial. This report shons the 
concentration trends of the ginsenosides present in various ginseng plant and 
products as deterniined b>- a qtandard extraction procedure, tn o-dimensional 
thin-layer chromatography, and spectrophotometry. The ginsenosides detected 
in the leaf and root of Pailax trif0lzus, nild American ginseng root, ginseng 
cigarette<, ginseng ampules. and in various geographical qources of .4 c a ~ ~ t h o p a m z x  
seiiticosus represents largely new and previouily unpublished data. 
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JIATERIALS ASD JIETHODS 
The sources of the botanical materials and products studied are reported in table 1 
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EKTF:iCTIOS.-~~merican, Korean and Sanclii ginsencsides were eltracted by Methods 1 
(l l) ,  I1 (121, and I11 (14). 

METHOD ~.--ii sample (2 gm) n-as placed in a 150 nil Erlenmel-er flask and water (40 ml) 
was added. A4fter shaking (30 min), additional water (80 ml) n-as added, and the shaking 
continued for an additional 30 min. The mixture was filtered, and the first 24-34 ml of filtrate 
was discarded. An aliquot (40 ml) of filtrate q-as collected and estracted with an equal volume 
of water-saturated +butanol for 30 niin with gentle shaking. The n-butanol estract n-as 
separated, evaporated to  dryness, and weighed. The residue was redissolved to  make a 
Sample Estract  (10 ml methanol 'gm sample) for twc-dimensional tlc and spectrophotometric 
a n a l p i s .  

METHOD II.--;~ sample (10 gni) was extracted in a Soshlet apparatus for 24 hrs n i t h  chloro- 
form. The residue &-as air-dried and estracted similarly for 24 hrs with methanol (100 nil). 
The methanol estract was diluted with water (500 nil) and estracted three times m-ith n-ater- 
water-snturated n-butanol (total vol. 350 ml). The ?!-butanol layers n-ere combined and 
processed as in Method I. 

METIIOD III.--.I sample 110 gni) was placed in a 150 ml Erlenmeyer flask and i 5  ml of chlorc- 
form-methanol-n-ater (1:2:0.81 n-as added. The mixture n-as shaken for two hrs and filtered. 
The residue was re-extracted n-ith the chloroform-methanol-water niisture 120 ml) for one hour 
and then filtered. The conibined filtrates n-ere diluted with v a t e r  125 nil) and separated into 
two phases ichloroforni and methanol-water). The methanol-n-ater phase was diluted 5-fold 
n-ith water and estracted three times n-ith n-ater-saturated n-butanol (total vol. 350 nil). 
The n-butanol laJ-ers were combined and processed as in 1Iethod I. 

IOS.IL TLc.-,Sample Extracts (15 p1) and the standard misture (10 plj n-ere 
applied to  siIica gel C; plates. The standard ginsenosides mixture contained Ro,  R b l ,  Rb2, 
Re ,  Rd,  Re, Rf, R g l  ,Rg2, F11 i l  mg ginsenoside,'ml methanol). Thin-layer plates n-ere first 
developed with solvent system I (chloroform-methanol-n-ater, G5:35:10, lon-er phase) and 
then solvent system I1 (11-butanol-ethylacetate-water, 4:1:5, upper phase). The plates were 
developed to  a solvent height of 10.5 cni in both solvent system I and 11. *Ifter development, 
the plates were air dried and sprayed n-ith freshyprepared anisaldehyde reagent [p-anisaldehyde 
(0.5 ml j ,  70% perchloric acid (5.0 nil), acetone (10 nil) and water (40 ml)]. 

~PECrRoPHoToUETRl-.-The spectrophot oniet ric method was used t o  determine the total 
ginsenosities present in each sample analyzed fl5). Each Sample Estract  (40 pl) was diluted 
to  0.5 ml with ethanol and reacted at GO' for 10 min with 8s vanillin solution (0.5 mlj  and 72% 
sulfuric acid (5  ml). The absorbance of the reaction mixture --as read a t  544 nm against a 
blank solution. The total amount of ginsenosides in each sample T\-as determined by the 
molar ratios. 

RESLXTS aISD DISCL-SSIOS 
The results of the three different ginsenoside extraction methods are sum- 

marized in table 2 .  The \yeight of the ginsenosides extracted (butanol extract) 
and the spectrophotometrical1)- determined ginsenosides from e.xtraction Nethod 
I1 \\-as considerablj- higher than that obtained from extraction Nethods I or 111. 
Estraction Method I1 was, therefore, used for all materials analyzed in table 1. 

Tu-o-dimensional thin-layer chromatography enabled the materials to be 
evaluated for individual ginaenosides (Fig. 1). (20S)-Protopanasadiol (Rbl ,  Rh2, 
Rc and Rd) and (20S)-protopanasatriol (Re? Rf, Rgl and Rg2) are separated 
chromatographicallj- in groups. In  general, the triol-type ginsenosides resolve 
in the one-dimensional systems between Rf 0.33-0.63 and the diol-type ginseno.sides 
betu-een Rf 0.25-0.47. I n  the same chromatographic sj-stem, oleanolic-acid-type 
ginsenosides (Ro type) resolve at approximately Rf 0.18 and the ocotillone t>-pe 
ginsenoside (F11) a t  approximately Rf 0 . i .  

The total ginsenoLde concentration and the relative amount of each ginsenoside 
is stated in table 1. The two-dimensional tlc patterns of -4merican ginseng. n-ild 
American ginseng and Canadian ginseng roots ]\-ere similar to each other and 
contained all of the known ginsenosides in the standard mixture except Rf and 
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TABLE 2. Comparison of ginsenoside extraction methods.' 

Method I 1 Method I1 ~ Method I11 

w t .  1 dp. 
1 

w t .  1 s p .  

Root samples2 

American mhlte ginseng 1 

Koreanwhite ginseng 
Sanchi ginseng 

(fibered) 4 0+0 2 ~ 2 2*0 1 ~ 28 8 1 1  1 ~ 4 7*0 2 I 4 9 + 0  2 ~ 4 @+O 1 
3 5 1 0  2 , 1 G + O  1 1 11 0*0 8 3 2+0  1 

~ 7 G*O 3 , 4 7 1 0  2 i 11 3 1 0  7 18  7*0 3 10 4*0 G 7 7=0  2 
3 7+0 1 1 4 2 + 0  3 

'The extraction procedures used -7ere those reported by  Der  hlarderosian (Method I ll),  
The total ginsenoside concentration 

Data  
Staha (Method 11; 12) and Chung (hlethod 111: 14). 
( w / ~ 7 ~ )  Tvas determined by  direct weighing (Wt.) or spectrophotometrically (Sp.) 
obtained from three replicates. 

ZThe root samples extracted m-ere items 1, 5 and 9 (table 1, Material Sources). 

S h l  

- ss-l 

+ 
SM 

FIG. 1. Thin-layer chromatogram. 
(a) One and two-dimensional resolution of standard ginsenoside mixture 

(Sill): Ro, R b l ,  Rb2, Rc, Rd, Re, Rf, Rgl ,  Rg2 and F11. 
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1 (b) 
(b) One-dimensional resolution of external standard ginsenoside mixture and 

one and tro-dimensional resolution of .Imerican ginseng root (AGR) 
est ract . 

+ 
A G R  

F11. The preqence ( 5 .  9, 10. 13) or absence (10, 11) of Rgl in American ginseng 
is controversial. The concentration of ~pectrophotometrical1~- assayed total 
ginsenosides in n ild -4nierican gin-eng root n-as higher (8.0 W/M %) than that 
in cultivated American ginseng root 15.9 n ~ 7 ~ )  and Canadian ginseng root 
(6.1 n '~5). 

American ginseng leaf extracts had a similar t~o-dimensional tlc pattern as 
that of its root and contained F11 but les. Ro and no Rb2. The result. for Ro, 
Rb2 and F11 are similar to those previouslj reported (12, 13). Ginseno4de F11 
mas a l a  iqolated from the leaves of Hinialjan ginseng (16). Interestinglj . no 
gineenoiides n ere detected in Korean ginseng cigarette-. 

Khi te  and red Korean giii.eng and Chineqe red ginseng have qimilar tuo- 
dimensional ginsenoqide pattern-. -411 the ginqenosides in the qtandard mixture 
n-ere present in these samples. Gincenoside F11, which is present in Pai fas  leaf 
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material, was also found in two Korean red ginseng (Material 6 & 16) and one 
Chinese red ginseng root (Material 7) samples. A trace amount of Rg2 was 
found in Korean white ginseng, and a large amount of Rg2 was found in Korean 
red or Chinese red ginseng. Ginsenoside Rg2 contains one less glucose residue 
than ginsenoside Re. The steaming and drying process used to manufacture red 
ginseng (17) may be responsible for the conversion of Re to Rg2. A larger total 
ginsenoside content was observed in Korean white ginseng (3.7 w/~7~) than the 
processed red form (2.3 TY/TT%). The two-dimensional ginsenoside pattern of 
Chinese Patiax ginseizg extract \vas similar to that of Chinese red ginseng root, 
but the total ginsenoside content was less than that of the root. 

Sanchi ginseng contained the largest total ginsenoside content (8.7 v--/w%) 
and larger proportions of Rbl ,  Re, and Rgl than Re, Rd and F11. Small amounts 
of Ro and Rb l  were detected in Pa?zax trijolius roots and large amounts of Ro, 
Rbl ,  Rb2 and Rc in its leaves. 

Althougli very high extract concentrations of Siberian ginseng and its com- 
mercial products v-ere applied to two-dimensional tlc, they did not contain ginseno- 
sides. S o  ginsenosides were found in American wild red ginseng (Rumex hymeno- 
sepalus) although Rgl is reported as present (18). 
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