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Fig. 2. Three-dimensional plot (90" and contour line map of rhubarb extract. Retention times (min) are
indicated in parentheses. Chrysophanol and physcion (3.52); emodin (3.80); aloe-emodin (4.18); chryso
phanol-I- and -8-glucoside (9.48); aloe-emodin-Ssglucoside (9.91); citreorosein (13.67); emodin-I-glucoside
(14.53); rhein (27.25); rhein-8-glucoside(34.99); sennoside C (36.44); sennoside A (47.18); sennoside B
(53:44).
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RESULTS AND DISCUSSION 

We have previously reported the HPLC separation of sennoside1-3, and have 
now developed a simultaneous separation procedure for monomeric anthraquinones, 
their glycosides and dimeric anthrone glycosides (sennosides) by using a dimethyl- 
amino-bonded silica gel column and a gradient solvent system (Figs. 1 and 2). To 
separate most efficiently the monomeric anthraquinones and the glucosides of rhu- 
barb, aloe-emodin, emodin, aloe-emodin-8-glucoside, citreorosein and emodin- l-glu- 
coside, a slow linear increase of the proportion of 15% acetic acid in THF in the 
gradient system was applied, reaching the final ratio of 1:9 within 25 min. 

Using this system, chrysophanol and physcion or chrysophanol 8-glucoside 
and chrysophanol I-glucoside were not clearly separated. Rhein and rhein 8-gluco- 
side were detected at retention times (tR) of 27.25 min and 34.99 min, respectively. 
In the final stage of the gradient elution, where the proportion of THF in the solvent 
system reached 40%, more acidic monomeric anthraquinones and dimeric anthrones, 
such as sennosides C (tR 36.48 min), A (tR 47.18 min), B (tR 53.44 min) and E (fR 
63.76 min) were eluted in this sequence. 

This three-dimensional HPLC display combined with contour map graphics 
(Fig. 2) was advantageous in identifying the chemical skeleton of the constituents 
from the shape of the peaks and in locating minor components in the shadow of 
larger peaks. Indeed, the presence of several unidentified new sennoside analogues 
was revealed in the retention time range 3650 min. 

This procedure can usefully be applied to the practical evaluation of rhubarb 
and senna by determination of sennoside as well as other chemical constituents. 
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