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Application of an effect-constituents index for the quality evaluation
of the traditional Chinese medicine rhubarb
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Abstract: To explore the application of an effect-constituents index (ECI) for the quality evaluation of
rhubarb, we carried out the simultaneous determination of 12 chemical components by ultra-performance liquid
chromatography and used the ICR mouse constipation model to determine the diarrhea biopotency of these 12
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components. With the diarrhea biopotency of sennoside A as a reference, the diarrhea biopotency weight coefficient
of each chemical component was obtained. A multi-component chemical quantitative analysis combined with the
biopotency weight coefficients for rhubarb was developed, named the diarrhea ECI. Animal experiment ethics
requirements were approved by the Animal Experimental Ethics Committee of the 302 Hospital of the People's
Liberation Army (Grant Number: TACUC-2015-012). The results showed that there were significant differences
in the content of the 12 chemical components in different batches of processed products of rhubarb. Especially
worthy of attention was the content of aloe-emodin-8-O-f-D-glucoside in sample Rh03, nearly 40-fold higher than
that in Rh07 (4.79 vs 0.12 mg-g"), and the content of rhein-8-O-B-D-glucoside in sample Rh03, nearly 45 times
higher than that in Rh07 (3.56 vs 0.08 mg-g"'). The actual measured diarrhea biopotencies of the 12 chemical
components ranged from 61.65 + 4.28 to 233.84 + 5.58 U-mg"". The calculated diarrhea effect-constituents indices
of 16 rhubarb samples ranged from 1.07 (Rh15) to 19.38 (Rh03), and the actual measured diarrhea biopotencies of
16 rhubarb samples based the ICR mouse constipation model ranged from 23.84 U-g' (Rh16) to 310.94 U-g"
(Rh05). The correlation between the diarrhea ECIs and the actual measured diarrhea biopotencies of 16 rhubarb
samples was good (» = 0.969 5), suggesting that the diarrhea effect-constituents indices may be the most suitable
for evaluating the quality of different rhubarbs with regard to diarrhea.

Key words: biological potency; chemical constituent; quantitative analysis; integrated quantification; effect-

constituents index; quality evaluation; rhubarb
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Table 2 Efficacy-calibrated factors of 12 bioactive components
(mean = SD, n = 6)

Measured Efficacy-
Component biological calibrated
potency/U-mg’! factor

Sennoside A 233.84 £5.58 1.00
Sennoside B 149.13 £ 12.51 0.63
Aloe-emodin-8-O-f-D-glucoside 156.48 £ 8.17 0.66
Rhein-8-0--D-glucoside 166.66 +9.48 0.71
Chrysophanol-8-O-f-D-glucoside ~ 108.88 + 10.91 0.45
Emodin-8-0-f-D-glucoside 11L.12+7.71 0.46
Physcion-8-O-f-D-glucoside 133.07 £5.98 0.56
Aloe-emodin 87.29+£1.62 0.36
Rhein 111.81+7.37 0.47
Chrysophanol 61.65+4.28 0.25
Emodin 63.99 +5.33 0.26
Physcion 124.33 £ 7.64 0.52
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Table 1 Results of 12 bioactive chemical constituents in16 rhubarb samples (mg- g, mean, n = 6). ND means that it has not been detected

Sample 1 2 3 4 5 6 7 8 9 10 11 12
RhO1 2.15 1.61 5.63 2.54 4.49 1.72 0.79 0.93 2.81 2.68 2.62 1.83
Rh02 2.04 1.37 5.22 2.42 4.66 2.36 1.03 1.48 2.62 2.71 2.49 1.71
Rh03 4.51 3.56 5.08 4.79 5.77 1.61 0.55 0.75 1.22 1.72 1.83 0.68
Rh04 4.07 2.43 5.21 4.62 4.73 1.37 0.76 0.99 1.17 1.59 1.79 0.72
RhO5 7.72 1.68 4.34 3.41 3.78 1.24 0.98 0.64 2.55 1.83 1.12 0.91
Rh06 1.81 0.57 2.03 0.69 1.29 1.46 2.17 1.68 1.41 1.07 2.65 1.44
Rh07 1.23 0.19 1.14 0.12 0.47 0.15 0.27 1.35 0.92 1.03 1.67 0.45
RhO8 1.05 ND 1.17 0.15 0.13 0.79 0.06 1.54 0.95 0.81 1.04 0.59
Rh09 1.26 0.15 1.06 0.19 1.19 0.37 0.41 1.49 0.74 0.69 0.77 0.46
Rh10 1.31 0.08 1.63 0.23 1.84 0.53 0.31 1.36 0.76 0.72 0.82 0.67
Rhl11 1.04 0.52 0.97 1.02 1.53 0.71 0.38 1.42 1.37 1.06 1.48 0.32
Rh12 0.72 0.46 0.39 1.15 1.46 0.83 0.34 1.79 1.04 1.11 1.35 0.44
Rh13 0.18 ND 0.26 0.14 0.64 0.21 0.23 2.42 3.28 1.59 2.57 0.23
Rh14 0.34 ND 0.32 0.17 0.75 0.23 0.27 2.13 3.13 1.26 2.39 0.22
Rh15 ND ND ND ND ND ND ND 0.61 0.97 0.65 0.92 ND
Rh16 ND ND ND ND ND ND ND 0.74 1.04 0.81 0.35 0.11
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Figure 1  Typical UPLC chromatograms. A: Mixed standard
solution; B: Rh05 sample solution (R. tanguticum); C: Rh06 sample
solution (R. palmatum); D: Rh16 sample solution (wine steamed
sample). 1: Aloe-emodin-8-O- 5 -D-glucoside; 2: Sennoside B; 3:
Rhein-8-0-f-D-glucoside; 4: Sennoside A; 5: Chrysophanol-8-O-
p-D-glucoside; 6: Emodin-8-O-f-D-glucoside; 7: Physcion-8-O-f-
D-glucoside; 8: Aloe-emodin; 9: Rhein; 10: Emodin; 11: Chryso-
phanol; 12: Physcion

Table 3 The actual measured laxative biological potencies and

effect-constituent index (ECI) of 16 rhubarb samples (mean, n = 6)

Measured Measured
Sample  biological ECI Sample biological ECI
potency/U-g! potency/U-g’!
RhO1 196.35 16.18 Rh09 110.22 6.31
Rh02 215.78 16.08 Rh10 89.68 5.14
RhO03 273.85 19.38 Rh11 73.55 5.92
Rh04 301.24 17.87 Rh12 85.76 5.42
RhO5 310.94 18.13 Rh13 78.39 4.54
Rh06 180.39 9.13 Rh14 55.23 4.49
Rh07 70.48 4.13 Rh15 27.71 1.07
Rh08 76.66 3.91 Rh16 23.84 1.11
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Figure 2 The heatmap analysis of 12 bioactive chemical constit-

uents in 16 batches of rhubarbs
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Figure 3 The correlation analysis among content of each bioactive component and actual measured laxative biological potencies of all
rhubarb samples, respectively. Note: Blue lines represent linear fits, red lines represent confidence bands, and black lines represent predic-
tion bands. 1: Aloe-emodin-8-0O-f-D-glucoside, » = 0.899 7, “P<0.01 vs Sennoside A; 2: Sennoside B, = 0.878 4, “P<0.01 vs Sennoside A;
3: Rhein-8-0-f-D-glucoside, » = 0.825 1, “P<0.01 vs Sennoside A; 4: Sennoside A, = 0.908 4, “"P<0.01 vs Sennoside A; 5: Chrysophanol-
8-0-p-D-glucoside, r = 0.895 0, "“P<0.01 vs Sennoside A; 6: Emodin-8-0O-B-D-glucoside, » = 0.799 9, ""P<0.01 vs Sennoside A; 7: Physcion-
8-0-p-D-glucoside, r = 0.612 1, "P<0.05 vs Sennoside A; 8: Aloe-emodin, » = 0.370 4, P>0.05 vs Sennoside A; 9: Rhein, = 0.217 7, P>0.05
vs Sennoside A; 10: Emodin, = 0.647 7, *"P<0.01 vs Sennoside A; 11: Chrysophanol, » = 0.328 2, P>0.05 vs Sennoside A; 12: Physcion, r =
0.621 1, "P<0.05 vs Sennoside A

Figure 4 The detailed result of statistical analysis. A represents the correlation analysis between ECI and actual measured biopotencies of

all thubarb samples, » = 0.969 5, “"P<0.01; B represents the standardized residual distribution diagram of ECI; C represents residual sum of
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Figure 5 The comparison of quality controllability of four

different analysis methods. Each of the different color circles
represents the quality evaluation index provided by the official
pharmacopoeias, and the area of the circle is closer to the actual

measured biopotency of the rhubarb
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