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Abstract: Study on the integrated pharmacokinetics/pharmacodynamics (PK/PD) model of rhubarb in rats
with yang-deficiency constipation based on the principle of traditional Chinese medicine system. The rat model
of yang-deficiency constipation was established using vinegar and ice water containing activated carbon. The
blood samples with 0.5 mL were collected from orbital venous plexus at 0, 5, 10, 15, 30, 60, 120, 240, 480, 720,
1440 min time points after oral administration of rhubarb decoction, and the dosage is equivalent to crude drug
25gkg™’. The concentration of aloe-emodin, rhein, emodin and chrysophanol in rat plasma were determined
by HPLC, and ELISA method was used to detect the activities of motilin (MTL), gastrin (GT), endothelin (ET)
and vasoactive intestinal peptide (VIP) at different time points in serum. SPSS 21.0 software was used for
analysis of component correlation and principal component, and WinNonlin 6.30 software was used to fit PK/PD
model. Compared with the pharmacokinetic parameters of normal rats, in addition to emodin in the model
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rats showed characteristics of good absorption and slow to elimination; the content of MTL in model rats was
significantly lower than that in normal rats. The composite values of the concentration and effect obtained by
principal component analysis were connected by Sigmoid-E;,,x model. We established the integrated PK/PD
model of rhubarb in treating yang-deficiency constipation to provide a new research direction for the material
basis and mechanism of rhubarb treatment of yang deficiency constipation.
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Figurel Mean plasma concentration-time curves of aloe-emodin, rhein, emodin and chrysophanol respectively in normal and constipa-
tion rats after intragastric administration rhubarb decoction at dose of 0.5g-kg™>. n=6

Table 1 Pharmacokinetic parameters rhubarb of aloe-emodin, rhein, emodin and chrysophanol in normal and constipation rats after
intragastric administration rhubarb decoction. n=6, X+s. "P<0.05 vs norma group

Parameter Aloe-emodin Rhein Emodin Chrysophanol

Normal Constipation Normal Constipation Normal Constipation Normal Constipation
Crac/ugmL™ 041+ 0.09 0.44+0.19 018+0.034  013+003 242 +1.40 3.16+1.34" 0.17 +0.02 0.12+0.03
AUCo., 107.63+29.04 8490+2816 6868+828  4277+2157 354.62+16580 410.81+158.10° 6551+31.88 54.62+1354
Imin-ug-mL?
MRT /min 32051+ 54.31 369.66+ 178.73 496.34 + 3544 429,97 +210.97 363.96 + 106.22 452.38+ 113.07° 417.51+202.00 452.32 + 76.71
ty2/min 44368 + 172.40 416,50 + 202.78 576.41 + 111,12 543.92 + 272.12 382.37 + 124.75 491.07 + 3955  491.51 + 233.32 550.22 + 101.51
tmax /Min 40.00+518  39.00+822  3600+1342 4100+912  3300+1043 3600+1342  3000+1061 38.00+891

Table 2 Pharmacodynamics indicators content of vasoactive intestinal peptide (VIP), motilin (MTL), gastrin (GT) and endothelin
(ET) in normal and constipation rats plasma at different time points after intragastric administration of rhubarb decoction. n=6, Xzs.
"P<0.01 vs normal group

MTL/pg-mL™* GTing-L™* ET/ugL? VIPIng-L™*

Normal Constipation Normal Constipation Normal Constipation Normal Constipation
3113+ 065 10.82+1.32"  3.65+054 2.92+0.36 7.69+0.19 7.00+ 0.24 420+ 0.29 3.45+0.19
3031+078 21.33+177"  421+076 3.25+0.39 7.72+0.34 7.54+ 051 465+ 0.39 3.68+0.15

10 31.30+120 2205+074"  4.42+106 3.44+0.34 7.66+0.32 7.87+052 4.82+ 047 3.92+0.29

15 3119+1.17 2156+159"  4.65+0.74 3224041 8.11+0.86 8.07 + 0.44 5.14 + 0.69 4.14+0.38

30 31.75+125 2151+1.81"  4.22+056 3.25+0.37 7.69 + 0.45 7.86+0.52 5.24 +0.42 3.82+0.29

60 3126+ 040 1974+1.33"  4.13+0.60 3.37+0.37 7.96+0.90 7.28+0.19 450+ 0.63 358+0.11

120 3128+123 2023+121"  3.93+0.69 3.24+037 7.83+0.43 7.14+0.35 451+052 3.45+0.15
240 3154088 1946+ 1.14" 357+ 053 317+ 041 8.00+0.78 6.92+0.33 430+ 047 3.37+025
480 31.03+0.87 1765+061"  3.01+0.29 3.02+0.35 8.04+0.71 6.85+0.18 4.22+0.45 3.24+0.34
720 3097+140 17.06+0.72"  3.07+041 3.21+0.40 7.62+0.56 6.76 + 0.22 4.05+ 0.29 3.41+0.36
1440 2930+301 1640+0.86"  2.77+0.18 2.77+0.25 7.69+ 0.60 6.74+ 0.14 3.94+0.19 3.26+0.34

t/min

KA 4 i, 25 RAT B KB IR B AR R B A A 0.011 F1 0.022.

KMO 433y 0.788 Al 0.746; Barlett #3614 %) %N 3.2 HIERIFE%E KA SPSS 21.0 #iEK AR —=&
0.034 fi1 0.012, Zj% 484k MTL. GT. ET L) VIP R B o KRR . R KEMy ., /2
(R RH S A 4 A 85 A 31 DR B 1 AR R S A Y A 1) K FB I F 0 4 ab B, DL R4 R DT R
KMO 184> %~ 0.785 Al 0.843, Barlett #5614 7 51l > 90% HEHL 2 A LM Ak M Apka, WIGEHRFAELE Fexy
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2 15 R0 PH B (AL 2 K UM S PK 24, LK 3.

Table 3 Integrate pharmacokinetic parameters in normal and
constipation rats after after principal component analysis. n=6,
X+S

Parameter Normal Constipation
Crnax/pg-mL " 0.43+0.13 0.41 + 0.49
AUCo., /min-pg-mL™* 136.10 + 8.10 102.71 + 73.99
MRT/min 616.69 + 88.78 680.23 + 293.74
tyz/min 550.24 + 67.36 528.62 + 169.82
tmac/min 26.25 + 14.36 30.00 + 12.24

34 EARPD ¥ VIP. MTL. GT. ETKEH Y
I i A 2 (X R 3 B BEAE AR, 15 2 fE, B
TR T I RN FT S B VIP, MTL. GT.
ET & BALAR, W& 4

Table 4 Integrate pharmacodynamic values in norma and
constipation rats at different time points after principal component
anadysis. n=6, X+S

t/min - Constipation  Normal | t/min  Constipation ~ Normal
5 0.07+0.37 017+020| 120 0.26+0.73 022+0.74
10 0.17+056 020+037 | 240 0.15+0.59 -0.10+0.42
15 0.18+0.71 033+052 | 480 -0.13+0.20 —0.08+0.40
30 0.38+0.85 036+045| 720 -0.16+0.30 —0.17+0.46
60 056+ 0.60 042+043 (1440 -0.40+0.32 —0.23+0.71
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Figure 2 Integrate concentration and effect profiles after oral
administration of rhubarb decoction in yang-deficiency constipa-
tion model rats. n=6

Table 5 Integrate PK-PD model parameters in normal and

congtipationrats. Cl: Confidenceinterval. n=6, X+s
. Lower _Up_per
Group Parameter Estimate CV% limit of CI I|m(|:tI of
Normal Emax /ng-L7t 042 216835 -1742 1827
ECso/ugmL™* 023 58655 242 2.87
Keo /N2 4.02 19.64 —-2.47 5.58
S 0.86 24.33 -0.45 1.29
Constipation Eje /NQ- L? 0.39 153460 -11.33 12.14
ECs /ug~mL’1 0.21 892.25 -3.45 3.87
Keo /07t 4.73 7571 -229 1175
S 0.46 61.58 —0.095 1.02
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