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SUMMARY 

The most important saponins conktined in Paax ginseng were determined by 
gas-liquid chromatography after trimethylsilylation. Results are reported for the 
analysis of ginseng roots, leaves and flowers of different origin. 

INTRODUCTION 

Ginseng was in ancient times claimed to be a divine herb for retaining youth 
and prolonging life, and detailed statements have appeared in many oriental materia 
medica for at least 2000 years_ 

The pharmacological e&ct of ginseng roots has been tested in recent years by 
various techniques, and research being concentrated on the sapon&, which are 
responsible for the anti-stress and anti-fatigue activity_ In accordance with the 
literature, we have ken able to verify that they induce az~ action at the adrenal 
cortex level, analogous to certain steroids but through a different mecb.anism_ 

The most abundant saponins c~ntaiued in Pmtcxgke~g roots are divided into 
two groups: ginsenoside Rd, Rc, Rb, and Rb,, which possess 20 (s)-protopanaxadiol 
as aglycone, and ginsenoside RgI, Rg% Rf and Re, which, possess 20 (S)-proto- 
panaxatriol as aglycone. Their structures (fig. I) have been determined by Shibata 
and co-workersrJ. IQ addition to these compounds other minor sqxmins have been 
isoolated from Pamzx e~eng, such as giusenoside Rh,+ (ii a yield of 04015 %) and 
ginsenoside Rb, possessing a protopanaxatriol unit. In addition, the ginsenoside 
Ro, containing an okanolic acid as aglycone, has been identifkF_ From the leaves 
and ffowers of Pamzx gkwrg, in addition to the saponins Rd, Re, Rgr, Rc, Rb, and 
RbI, three new saponins, F,, Fz and F3, have been isolateds. 

As the saponins constitute one of the active principks of the drug, the fkst 
problem to be faced tc day for the therapeutic utilkmtion of ginseng extracts field is 
the establishment of the relative abundance of the constituents_ 

Recently, the qualitative and quantiative analysis of crude ginseng drugs has 
been investigated. Such tnethods are based’on calorimetric procedures or UV 
absorption of derivatizd panaxatriol and panaxadiol obtained on hydrolysis of the 
saponin?. In addition, some workers have reported the determination of panaxadiol 
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Fig. 1. Ginseng saponius. Glc = #?-u-glucop~ranosyl; rbam = a-L-rhamnopyranosyl; xyl = &u- 
xylo~YraIlosyl; ara (py) = a-L-arabiiopYranosY1; ara (fu) = a-L-Ezrabii0furanosy1. 

and panaxatriol as trimethylsilyl ethers by gas-liquid chromatography (GLC)‘.*. 
However, these procedures are not able to give the percentage of certain giusenosides. 
More recently, a high-performance liquid chromatographic (HPLC) method was 
reported by Sticher and Soldati9 for separating and determining ginsenosides Rg,, 
Rgr, Rf, Re and Rd in ginseng extracts. 

In this paper, we report a GLC procedure for the determination of the most 
abundant saponins of ginseng. In addition to the assay of the ginsenosides in 
different drugs, the aim of this work was also to define the instrumental parameters 
and the analytical procedures necessary to avoid decomposition of the trimethylsilyl- 
saponinsi which can occur on active surfaces at the high temperatures that are 
necessary to ensure reasonable elution times. 

In previous worklo we studied the qualitative behaviour of ginseng saponins 
after derivatization with the silylating reagents, and the components were identified 
by GLC-mass spectrometry (MS). The mass spectra of the saponins, as the TMS- 
ethers, have been reported elsewhere after GLC or by direct inlet system (DIS) in- 
troduction1Q-12. In a preliminary study’r we suggested the determination of each 
saponin by GLC, but only the calibration graph for ginsenoside Rgr (for which the 
problems of decomposition are less critical) was reported and no quantitative eval- 
uation of the high-molecular-weight sapouins was considered. 

Here, in addition to the ginsenoside contents of different ginseng components 
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and varieties, we report the strictly defined analytical conditions that are necessary to 
obtain reproducible resuits. 

EXP-AL 

Materials 
All of the solvents were of analytical-reagent grade and were used as received_ 

Pyridiue and Sylon BTZ [consisting of trimethylchlorosihme, N,O-bis(trimethylsiIyl)- 
a&amide and trimethylsiIyhmidazoIe (2:3 :3)] were of sifylation grade (Supeko, 
Rel!efonte, PA, U.S.A.). Pure samples of ginsenosides Rgl, Re, Rd, Rc, Rb,, Rbl 
and F, were used as obtained in our laboratories. The stachiose internal standard 
and Q&orb gas driers were supplied by Supeko. 

Preparation of ghseng sample from plant materials 
About 2 g, exactly weighed, of finely powdered roots were placed in a 

22 x 80 mm ceIIulose thimble. The plant material was placed in a So.xhlet extraction 
apparatus fitted with a round-bottomed boiling flask containing 150 ml of methanol 
and extracted for 4 h. The methanol extract was concentrated under vacuum and 
the residue transferred into a 20-ml volumetric flask with a mixture of 5 ml of 
methanol and 2 ml of water and subsequently with aliquots of methanol. The solu- 
tion was diluted to vo!ume with methanol and atered. An exactly measured volume of 
the resulting solution (from 0.20 to l_OO ml according to the total ginsenosides 
content) was transferred into a tapered Reacti-vial, and 0.25 ml of stachiose internal 
standard solution (1.00 mg/ml in methanol-water, 43) was added. The solvent was 
evapor&‘ad under a stream of nitrogen at 60°C on a heating block. TrimethyE 
siiylation was performed by adding 0.70 ml of anhydrous pyridine and 0.30 ml of 
Sylon BTZ The vial, sealed with a PTFE-lined cap, was heated for 30 min at 
60 “C. An 0.2~ml aliquot of hexamethyhWhtzane (HMDS) was then added and the 
solution was heated for 10 min at 60°C (EMUS was added to prevent reactivation, 
i.e., to keep glass surfaces and supports well deactivated_) After cooling, aliquots of 
I ~1 were injected. 

Preparation of ginseng samples from dry extracts 
About 500 mg of dry ginseng extract were transferred into a 20-ml volumetric 

flask and 2 ml of water were added. After stirrin g, 2 ml of methanol were added and 
the sample was heated on a water-bath at 60°C to dissolve as much as possible the 
product. After the addition of 10 ml of methanoI, the solution was heated at6O”C 
with stirring, then cooled and diluted to volume with the same solvent. After fika- 
tion, 0.5 mf of the resuhing solution was ‘Lransferred into a Reacti-vial and the 
solvent evaporated under a stream of nitrogen at 60°C. The sampIe was treated and 
silauizd as described above for the samples from plant materials. 

Stanahd sohtions 
A ginsenosides stock solution containing the ginsenosides Rg,, Re and Rbr 

at a concentration of 1.0 me/ml in methanol-water (9:l) was prepared. Known 
amounts of each component (e-g., 0.1, 02, 0.4 and 0.6 mg) were transferred into 
Reacti-vials by pipetting 0.10,0.20,0.40 and 0.60 ml of the solution. An aliquot of 



124 - E. BOh4l3ARDEL.LI et of. 

stachiose in@nal standard solution (0.25 ml of a LOO mg/ml solution inmethanol- 
_ water, 4:l) was added to each sample and the solvent evaporated under a stream of 

nitrogen at 60°C. me samples were treated with 0.7 ml of anhydrous pyridine and 
0.3 ml of Sylon BTZ and the vials were seaIed with PTFE-lined caps and heated for 
30 min at 60°C. The solution was heated for 10 min at 60°C after adding 0.2 ml of 
HMDS, Aliquots of 1 pl were then injected. 

GLC analysis was performed on a Hewlett-Packard Model 583OA gas 
chromatograph equipped with a 30 cm x 2 mm I.D.. glass column, contain&g 
0.5 % OV-101 on .Chromosorb W HP (100-120 mesh) The temperature progrre 
was 250-350°C at S’C/min with a hold at 350°C for 10 min; helium flow-rate, 
25 ml/mm; injector temperature, 350°C; and flame-ionization detector temperature 
350°C. Peak areas were measured with an Hewlett-Packard System 1885OA integrator. 
In order to prevent surfacecatalysed thermal decomposition of the components OQ 
the column the following procedure for column preparation and deactivation was 
used. The glass Column (Pyrex) was first washed with 20 oA hydrochloric acid solution 
and rinsed consecutively with distilkd water, methanol arid acetone. Then it was dried 
at 200°C under a nitrogen ffow and filled with the stationary phase. 

The column ends themselves, and not special connecting tubing (especially if 
made of stainless steel because of its high catalytic activity), must act as part of the 
injection system. In addition, the vaporisation zone of the column was f&d only 
with the support, Chromosorb W HP (100420 mesh). 

The column was conditioned under a helium flow from 50 to 360°C at 1°C/min, 
with the detector temperature at 370°C and the injection port temperature kept off. 
After the maximal temperature has been reached, the injection port temperature was 
set at 370°C and the column was kept under these conditions overuight. The deactiva- 
tion was executed by injecting 54 ahquots of HMDS at 180°C and during several 
programming runs carried out from 180 to 350°C. The injection port was maintained 
at 180°C and then 5% temperature increased gradually with coltimn temperature 
during this phase. Subsequently it was set at 370°C for about 5 h. This deactivation 
procedure probably involves irreversible thermal dehydration of the interacting 
silanols after their silanization at low temperature (180°C). 

To avoid contact of oxygen and traces of water with the products and to 
extend the column life, the carrier gas was passed through a molecular sieve trap, 
followed by an oxygen trap. 

RESULTS AND DISCUSSION 

To develop a successful GLC method for the separation and determination 
of the ginsenosides in different ginseng drugs and extracts we employed a short 
column with improved temperature stability and deactivation. Several factors of 
importance for the preparation of such wlumns are still poorly understood, but the 
procedure described gives a satisfactory cohunn for the analysis of trimethylsilylated 
triterpenoidic gluwsides containing up to -four sugar units. To obtain the best 
reproducibihty.of the results, the vaporisation of the samples into the column must 
take place on the deactivated support, otherwise decomposition peaks may occur in 
S!E.SB~- 
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C’atumn ckxtivation by siimization with HMDS gave the best results. The 
eiktivemss of HMDS was shown by Grob et a1.r3, who used it to deactivate glass 
surf2ces at high temperatures_ Attempts to carry out deactivation with other silylatiug 
reagen& such as trimethylehlorosifan~he~e~y~d~s~~~e (I :3), trimethylsilyl- 
imidazole orN, ~bis@rimethylsiiyl)acetamide, or a mixture of them, proved unsuccess- 
ful_ In addition, columns that are used for analysis over extended periods may show 
a gradually k&red deactivation. To restore such cohmms, HMDS is iujected into 
the column during some temperature programming runs as for deactivation procedure. 
?The column is tested by injection of a standard solution iprepared as described 
under Experimental) containing the ginsenosides Rg,. Re and Rb,. Symmetrical peaks 
should be obtained_ In addition. every ginsenoside should give rise to only one peak 
in the gas chromatogram, as reported in Fig_ 2. 

Fig. 2. Gas chrouzatugsam of standard ginscnasides Rg,, Re ad Rbl as TMS derkxtivcs. 

The very small peaks at 22.77 and 23.52 min are impurities due to the 
ginsenosides Rc and Rb2, respectively. If decomposition peaks are observed with au 
activated or re-activated coIumu, reconditioning cau be achieved by injecting aliquots 
of HMDS during some pro gramming runs. Fig_ 3 shows a typical gas chromatogram, 
obtained as described under Experimental, due to a Panax glkseng root extract. The 
peaks of ginsenosides Rg, and Rfare superimposed_ 

The identity of the components was cotirmed by GLC-MS and from authen- 
tic sample retention times comparison as reported elsewhere’“. 

Calibration graphs for the giinsenosides Rg,, Re and Rbl are shown in Fig- 4. 
A linear detector response was found for all the standard data, which were fitted with 
a straight line by the least-squares technique. 

On the basis of the very close identity of responses of ginsenosides Rd and Re 
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Fig. 3. Gas chromatogram of Pmurr giitseng extract after treatment with silylatiog reagenis. 
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The mean calibration errors (Syx “%) calculated with the aid of a computerl( 
for the ginsenosides Rg,, Re and RbI were 1.70”/,, 1.13 % and 2.89 %, respe&veIy. 
To control the reproducibility of the method, six samples of the same batch of tpe 
drug were analysed. The results obtained for the ginsenosides Rg,, Re, Rd, Rc, Rb, 
and Rb, gave standard deviations of 4.0, 2.1, 4.1, 2.1, 2.8 and 3.6%, respectively. 
In spite of the variable total content of the ginsenosides in old Pmtcuc gtimg roots, 
the ratio of the amor;nt of the ginsenoside Rb, to that of the ginsenoside Rgl seems 
constant with a value of about 2. 

Very young roots (fasern) or slender tails show a lower content of the gin- 
senoside Rg,. Parrax qrrikquefoliwn (also called American ginseng) roots show a very 
different saponin composition and a characteristic absence of Rb, peak. 

In order to evaluate the amounts of the ginsenosides in the aereal part of 
Panw ghwzg, leaves and flowers were e xamined. The evaluation of the components 
was performed by using an external standard calibration graph (Fig. 6), due to. @e_ 
presence of an interfering peak (ginsenoside Fa near that of the internal stand+&d. 

The gas chromatograms are reported in Fig. 7. Calibration graphs ftir gin- 
senosides F,, Rg,, Re and Rb, also give good straight lines. The mean calibration 
errors (Syx %) are 1.54, 2.56,2.17 and 2.79, respectively. Results of the quantitative_. 
determinations are reported in Table II. 

CONCLUSIONS 

The results show that GLC can be used satisfactorily as a simple and rapid 
means for the determination of high-molecular-weight saponins. Further, the ap- 
plication of this method permits careful quantitative examination of the saponins in 
Pmax ginseng, which are considered to be the active principles of the extract. 
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