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HIGH PERFORMANCE LIQUID 
CHROMATOGRAPHIC DETERMINATION OF 
GINSENOSIDES USING PHOTOREDUCTION 

FLUORESCENCE DETECTION 

MAN KI PARK, BAK KWANG KIM, JEONG HILL PARK, 
YOUNG GEUN SHIN, AND KYUNG HEE CHO 

College of Pharmacy 
Seoul National University 

Seoul 151-742, South Korea 

ABSTRACT 

A high performance liquid chromatographic method using photoreduction 

fluorescence detection was described for the analysis of ginsenosides. 

Ginsenosides were separated on an amino column using acetonitrile and 

aqueous 2-terf-butylanthraquinone(t-BAQ) solution. Column effluent was 

passed through a 45cm-PTFE capillary tube coiled around a IOW-UV lamp 

to reduce t-BAQ to a highly fluorescent dihydroxy anthracene derivative 

which was detected by a fluorescence detector. The detection limit for the 

ginsenoside Rg, by this method was found to be about 130ng. This method 

is less influenced by other UV-absorbing compounds compared to the 

conventional HPLC-UV detection method. 
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INTRODUCTIO N 

PARK ET AL. 

Ginseng has been widely used as a tonic and restorative agent in 

Oriental cultures. Ginsenosides are known to be the major constituents of 

ginseng. Many research papers describe analytical methods of 

ginsenosides. They include gravimetry, colorimetry, TLC-densitometry, 

radioimmunoassay, GC and HPLC methods. Among them GC and HPLC 

methods are commonly adapted for the quantitative analysis of ginsenosides 

(1-4). 

Two advantages of GC are good sensitivity and resolution, however it 

requires a time-consuming sample preparation step involving hydrolysis and 

trimethylsilylation(4). The major disadvantage of current GC method is that 

the individual gisenosides are not quantitated, i.e. only two broad group, 

panaxadiols and panaxatriols, can be analyzed. Bombardelli et. al. reported 

direct trimethylsilylation of intact ginsenosides and subsequent GC analysis 

using harsh GC condition(5). 

HPLC methods afford simple sample preparation, however they lack the 

sensitivity of flame ionization detection(F1D) as in GC. Ginseng saponin is 

a poor chromophore and consequently UV detection is limited to short 

wavelengths, typically 203 nm. However, many compounds absorb at this 

wavelengths and interfere with the analysis and the detection sensitivity is 

not good. The refractive index(R1) detector is much less sensitive. 

Post-column photochemical reactions have recently been applied 

successfully to LC detection, since these methods have demonstrated the 

selectivity and sensitivity needed for modern analyses( 12-1 5). 

Photochemical reactions have many advantages over normal thermal 

post-column reactions (6-8). Since photochemical reactions proceed via 
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DETERMINATION OF GINSENOSIDES 2079 

free radical intermediates, the reaction rates are very fast (9-14). 

Photoreactions require photons instead of chemical reagents, which makes 

the reaction device more simple and minimizes band broadening. 

Furthermore, these methods have good selectivity because only a narrow 

range of analytes can undergo photoreaction (1 5-17). 

In photoreduction detection, a photoreductive compound is usually 

added to the HPLC eluent. t-BAQ was used in this study, the photoreduction 

process is illustrated in SCHEME. t-BAQ itself is very weakly fluorescent 

but is converted to a highly fluorescent 2-tert-butyldihydroxyanthracene upon 

irradiation by UV light in the presence of proton-donating substrates. 

Birks and Gandelman applied this method to the analysis of 

monosaccharides and cardiac glycosides (1 8,19). They used a 1 Om-knitted 

PTFE tubing coiled around the fluorescence black lamp and used 

anthraquinone-2,6-disulfonate (AQDS) or t-BAQ as the photoreactive 

additive. Their reported detection limits for monosaccharide and cardiac 

glycoside were about 80ng and 2ng respectively. In this paper, we report 

the application of this method to the analysis of ginseng saponins. 

FXPFRIWNTU MFTHODS 

Materials 

2-ferf-butylanthraquinone (FW 264.32, mp 98-1 00°C) was purchased 

from Aldrich and recrystallized from acetonitrile. HPLC grade water was 

prepared by using a Milli-Q system(Mil1ipore). Acetonitrile (Merck, Germany) 

was of HPLC grade. Other chemicals were of analytical reagent grade. 

White ginseng and notoginseng was purchased from the local herbal drugs 
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C(CH3)3 w / /  

hv 
analyte. 

C(CH3)3 

0 OH 

2-rerr -butylanthraquinone 2-terf -butyldihydroxyanthcene 

SCHEME. Mechanism of photoreduction fluorescence detection. 

market in Seoul and ginseng saponin standards were obtained from Korea 

Ginseng and Tobacco Research Institute. 

Instruments 

An SLC-100 pump (Samsung, Korea) equipped with a 5014 loop injector 

(model 7125, Rheodyne, USA), Hitachi F-1050 fluorescence 

detector(excitati0n 400nm, emission 525nm), and Hitachi L-4200 UV 

detector was used. Chromatographic data was processed by a Shimadzu 

C-R4A Chromapac integrator. For the analysis of ginseng saponins, a 

Lichrosorb NH, column (250mm x 4mm i.d., 1 0 ~ m ,  Merck) was used and 

the eluent was acetonitrilehater (80/20) which contained a photoreactive 

additive. Figure 1 illustrates the overall photoreaction-HPLC system. 

i I  t 

A IOW-UV lamp was purchased at the local electronics market(2.5cm 

x 32cm, cylinder type, Sam-Gong Co., Korea). The 45cm PTFE capillary 

tube(0.3mm i.d. x 1.5 mm o.d., Alltech associates) was coiled around the 

lamp and was wrapped with aluminium foil to increase the photon flux of the 

lamp by reflection. The reactor was purged with nitrogen to remove oxygen. 

The photochemical reactor is shown in Figure 2. 
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wi th  1OW UV lamp 

Em: 525nrn I 
E l u e n t  
BOX Acei  Ll w i t h  1-8. ._  

N2 

toni tri 1 e 
A n  u 

FIGURE 1. Scheme of photoreduction fluorescence detection system. 

e l u e n t  eluent N2 

\ 

N2 

FIGURE 2. Schematic presentation of the photochemical reactor. 
1. 45cm PTFE coil; 2. 1OW UV lamp; 3. O-ring 
4. Polyvinyl Chloride(PVC) pipe. 
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AtuJysis of ainsenosidea 

White ginseng(3g) was extracted with hot methanol. The dried methanol 

extract was suspended in water and extracted with diethylether. The 

aqueous layer was extracted with water-saturated n-butanol(3 x 50 ml). 

Combined butanol extracts were dried under reduced pressure. The residue 

was dissolved in 10 ml ofwater, passed through a 0.45 pm membrane filter 

and subjected to HPLC analysis. Notoginseng radix was treated by the 

same method. The peaks were identified by co-injection with authentic 

samples. 

RFSUL TS AND D ISCUSS ION 

Optimbation of analytical cond itions 

Many factors affect the photoreaction. They include concentration of the 

photoreactive additive, irradiation time, photoreaction temperature, content 

of water in the effluent, and length of reactor coil. Among these concerns 

the concentration of photoreactive additive and irradiation time were the 

major factors which affect the S/N ratio. In order to optimize the 

photoreactive additive concentration, the concentration of t-BAQ was 

changed from 7.5 x 10-5M to 7.5 x I04M and added to the eluent of 

acetonitrile/water(80/20). The signals of ginsenoside Rg, or glucose was 

compared under these conditions. Figure 3 shows the effect of t-BAQ 

concentration on the signal intensity. The S/N ratio of ginsenoside Rg, 

increased with increased concentration of t-BAQ up to 4 .0~1  04M, however 

over this concentration the SIN ratio decreased. In fact, signal intensities 

of ginsenoside Rg, was increased even over 4.0 x lo4 M , but in proportion 
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DETERMINATION OF GINSENOSIDES 2083 

FIGURE 3. Effect of the concentration of t-BAQ on the peak response. 
conditions : 1OW UV lamp with 45cm PTFE tubing; column : Lichrosorb 
NH, column (250mm x 4mm i.d., 1 Opm); eluent : acetonitrile/water (80/20) 
with various concentration of t-BAQ; flow-rate : Iml/min; reaction time : 
4sec; detection : fluorescence (excitation : 400nm, emmition : 525nrn). 

to the concentration of t-BAQ, the fluorescence background signal intensity 

was also increased. Consequently, the optimal concentration of t-BAQ 

passing the reactor was found to be 3.0 x 104M. Fluorescence background 

and noise were reduced with purified and immediately prepared eluent. 

The optimal irradiation time was checked by varying the flow rate of 

eluent or the length of reactor coil. The irradiation time was calculated from 

the flow rate of the eluent and the internal volume of the capillary PTFE 

reaction coil. The internal volume of the reaction coil was calculated from 

the differance of retention time of salicylic acid with and without the reaction 
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2 
reaction time(sec) 

1 8  3.0 x l6'M t-EAQ x 4.5 x I6'M t-BAQ ic 6.0 x lddM t-BAO I 

FIGURE 4. Effect of the photoreaction time to the signal-to-noise ratio of 
ginsenoside Rg, (conditions are same as in FIGURE 3). 

coil. FIGURE 4 shows the effect of photoreaction time on the signal-to- 

noise ratio of ginsenoside Rg,. The highest SIN ratio was observed at 2 

sec of reaction time with a 3.0~10~ M t-BAQ solution. Both the SIN ratio 

and peak area were reduced with longer reaction times due to the 

degradation of the dihydroxyanthracene compound( 18-1 9). 

Atmospheric oxygen can penetrate the PTFE capillary resulting in noisy 

signals. Nitrogen purging of the reactor was very important as Birks et. al. 

reported (18,19). A Nitrogen purge also acts as a cooling flow of the 

reactor. 

The percent water in the eluent also affected the signal response. An 

increased signal was observed using a low O h  water eluent. Also the amino 
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................................ __.._ ................... ..................... 

m) 

0 N * - * 0 

.............. .......... 1 L L L.... 1 .............. r .............. ............. 

FIGURE 5. Chromatogram of white ginseng : photoreaction (A) and UV (B) 
detection. 
conditions of (A) : 1OW UV lamp with 45cm PTFE tubing; column : 
Lichrosorb NH, (250mm x 4mm i.d., 10pm); eluent : 80% acetonitrile with 
3.03 x 1 04M t-BAQ; detection : fluorescence (excitation : 400nm, emmition 
: 525nm). 
conditions of (B) : column : Lichrosorb NH2 (250mm x 4mm i.d., 10pm); 
eluent : 80% acetonitrile; flow-rate : 0.7ml/min; detection : UV 203nm. 
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CI 
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........ ............................................. ‘r (A] 

1, ,! - 
T 

0 N T 
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FIGURE 6. Chromatogram of Notoginseng root in photoreaction (A) and UV 
(B). Conditions are same as in FIGURE 5. 

column was more efficient than an ODS column since the former can 

separate ginsenosides with a low-water percent eluent. 

. . .  Calibration curve. de tection limit and rep roducibilitv 

The linearity of response was examined with ginsenoside Rg,. The 

correlation coefficient of the calibration curve of ginsenoside Rg, and Rb, 

was 0.9993 in the range of 1 - 100 crg. The detection limit(S/N=3) of 

ginsenoside Rg, was 125ng which was almost same as UV detection. 
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Detection limits of ginsenoside Rb,, Rb,, Rc, Rd, Re and Rg, were 500ng, 

100ng, 250ng, 1000ng, 125ng and 1 OOOng, respectively. The sensitivity of 

the photoreaction fluorescence detection method was better than the RI 

detection method and similar to the UV detection method. However this 

method shows good selectivity for the ginsenosides. 

RSD(relative standard deviation) of peak areas for the repeated 

injections of ginsenoside Rg, was ca. 2.3%(n=12). 

Chromatoa raohv 

Figures 5 and 6 represent the chromatograms of white ginseng and 

notoginseng root. Compared to UV detection, the PRF method shows good 

selectivity for ginsenosides. UV-absorbing impurities are not detected by 

using PRF. Most notables are the peaks which interfere with the signals for 

ginsenoside Rg, and ginsenoside Re when UV detection is employed. 

These impurity peaks are greatly attenuated or absent when PRF is the 

method of dection. 
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