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[Abstract] Objective: To investigate the intestinal absorption characteristics of multi-index components
in Danggui Buxuetang with drug absorption simulating system (DASS) established by everted intestinal sac
model. Method: The intestinal absorption solution at different time points after administration of Danggui

Buxuetang was collected and detected by high performance liquid chromatography (HPLC) , acetonitrile (A) -
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0.2% glacial acetic acid solution (B) was used as the mobile phase for gradient elution (0-16 min, 15%-23%A;
16-20 min, 23%-28%A; 20-25 min, 28%-30%A; 25-30 min, 30%A; 30-35 min, 30%-65%A; 35-45 min,
65%-95%A) , the detection wavelength was 302 nm. HPLC fingerprint of intestinal absorption solution was
established and the common peak was calibrated, and the relative cumulative absorption rate of each index
component was calculated. The relative cumulative absorption curves of components were fitted with various
mathematical models by DDSolver 1.0 to explore the absorption law of different components. Result: The
absorption process of C2 (calycosin-7-glucoside) and C6 in Danggui Buxuetang was in line with zero-order
equation, C9 was best fitted by Weibull equation, and the remaining 7 components were in line with Makoid-
Banakar equation. C1 with C2, C3, C5, C7 and C10, C2 with C5 and C7, C3 with C4, C5, C7 and C10, C4
with C6 and C10, C5 with C7, C6 with C10, C7 with C10, C8 with C9 were absorbed simultaneously during
the absorption process. With the prolongation of time, the overall cumulative absorption rate of Danggui
Buxuetang increased. At 120 min, the overall cumulative absorption rate of Danggui Buxuetang exceeded 38%,
and reached 49.14% at 180 min. Conclusion: Ten ingredients in Danggui Buxuetang are absorbed in the
jejunum, but absorption law of various components is different, which shows that the intestinal absorption of
compound preparations of traditional Chinese medicine (TCM ) has multiple characteristics. Intestinal absorption
study of TCM compound preparations with chemical composition as the index can reveal some of its absorption
law, but it is not complete.

[Keywords] drug absorption simulating system (DASS) ; Danggui Buxuetang; intestinal absorption;

high performance liquid chromatography (HPLC) fingerprint; cumulative absorption rate; model fitting;
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Fig. 1 Schematic diagram of everted intestinal sac experiment
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Table 1 Detection of LDH activity per unit area of intestinal

segment at different time points (x+s,n=3)
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Fig. 2 HPLC chromatograms of different samples
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Table 2 Relative cumulative absorption rate of ten components from Danggui Buxuetang in jejunum (x+s,7=3)

CAR/%
%
0 min 15 min 30 min 60 min 90 min 120 min 150 min 180 min

C1 - - - - 12.86+5.21 21.27+0.76 27.714£5.70 34.84+7.76
Cc2 - 2.09+1.14 4.06+2.26 3.63+0.78 9.65+2.46 13.14+1.90 16.83+0.82 18.35+3.50
C3 - - - - 23.85+5.45 33.88+0.76 42.57+8.93 45.52+0.86
C4 - 2.42+1.90 7.27+0.66 13.95+1.77 27.814£2.05 40.16+0.23 49.82+6.19 53.57+£1.92
C5 - 1.12+0.10 3.86+0.16 4.34+1.07 12.04+0.98 17.54+0.11 23.74+4.56 26.33+0.63
Cc6 - - 15.23+0.75 14.314+2.27 29.01+3.13 41.03+2.49 51.39+7.14 55.59+2.33
Cc7 - - - - 13.45+0.01 21.97+2.79 31.24+1.35 25.69+3.87
C8 - - 8.28+2.88 16.05+1.40 48.05+3.82 86.93+0.57 88.98+3.45 94.01+£0.15
c9 - - 13.90+0.88 12.2340.71 49.97+0.82 80.35+1.82 81.02+0.56 91.42+2.83
C10 - 1.96+0.39 4.93+0.30 8.52+0.89 19.734+0.45 31.66+0.38 39.57+4.23 46.13+5.74
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Table 3 Mathematical fitting equations of relative cumulative absorption curve of each component in Danggui Buxuetang
% H 28 7 Ry AIC MSC
Cl FH CAR=0.172¢ 0.884 2 42.8819 13811
— CAR=100x(1-¢*"%) 0.856 1 44,6212 1.163 7
Weibull CAR=100x[ 1-exp(-#'*/53 266.834) ] 0.965 7 33.920 1 2.501 4
Korsmeyer-Peppas CAR=0.005¢""" 0.959 2 35.303 4 23285
Makoid-Banakar CAR=3.72x108785x ¢ 0024 0.982 4 29.113 3 3.1022
C2 EH CAR=0.105¢ 0.971 0 20.454 0 3.057 2
—%% CAR=100x(1-¢*"") 0.968 3 21.159 4 2.969 0
Weibull CAR=100x[ 1-exp(—¢"""*/1 531.430) ] 0.967 1 222225 2.836 1
Korsmeyer-Peppas CAR=0.0847""% 0.966 8 22.2862 2.8282
Makoid-Banakar CAR=0.0537"""*xg 000! 0.960 5 242205 2.586 4
C3 F CAR=0.253¢ 0.885 4 48.570 1 1.3153
—4 CAR=100x(1-¢*"") 0.853 4 50.540 7 1.069 0
Weibull CAR=100x[ 1-exp(~#"7%/12 425.668) ] 0.927 4 45.682 1 1.676 3
Korsmeyer-Peppas CAR=0.030¢"4%° 09116 47.260 8 1.479 0
Makoid-Banakar CAR=6.62x1077"x¢ % 0.973 2 38.2373 2.606 9
C4 EFH CAR=0.311¢ 0.982 9 34.1215 3.6149
—% CAR=100x(1-¢*"*) 0.963 1 40.260 2 2.847 5
Weibull CAR=100x[ 1-exp(—#'77*/1 493.634) ] 0.990 4 30.257 4 4.097 9
Korsmeyer-Peppas CAR=0.2027"7 0.982°8 34.940 3 35125
Makoid-Banakar CAR=0.0057"7x¢g 000 0.994 1 26.942 6 45122
C5 FH CAR=0.145¢ 0.966 3 27.879 9 2.962 6
—4 CAR=100x(1-¢*"%) 0.954 0 30.379 0 2.650 2
Weibull CAR=100x[ 1-exp(-£'7*/4 038.310) ] 0.981 1 24.035 1 3.443 2
Korsmeyer-Peppas CAR=0.041¢'7¢ 0.979 0 24.882 5 33373
Makoid-Banakar CAR=0.0017%0x¢ 00 0.9819 24.206 0 3.4218
Co FH CAR=0.323¢ 0.970 2 38.856 8 2.756 8
-G CAR=100x(1-¢**) 0.956 1 41.944 2 23709
Weibull CAR=100x[ 1-exp(—#'77°/882.230) ] 0.968 1 40.167 6 2.593 0
Korsmeyer-Peppas CAR=0.305¢"" 0.965 3 40.844 6 2.508 4
Makoid-Banakar CAR=0.0907"¥*x g 0003 0.961 7 42,1719 23425
Cc7 E% CAR=0.160¢ 0.844 7 44.045 0 1.046 2
— % CAR=100x(1-¢"") 0.830 1 44.764 0 0.956 4
Weibull CAR=100x[ 1-exp(~#'**"/8 467.036) ] 0.866 9 43.576 0 1.104 9
Korsmeyer-Peppas CAR=0.0247"% 0.855 6 44.2283 1.023 3
Makoid-Banakar CAR=5.13x107"% %0047 0.980 6 28.697 5 2.964 7
C8 TR CAR=0.563¢ 0.925 5 56.561 7 1.9939
—2 CAR=100x(1-¢*"") 0.841 0 62.626 9 1.2357
Weibull CAR=100x[ 1-exp(-£"*/1 289 570.220) | 0.984 6 44.726 0 3.4733
Korsmeyer-Peppas CAR=0.256¢"""° 0.9215 57.7453 1.8459
Makoid-Banakar CAR=3.66x1077700x 003 0.984 9 45.0813 3.4289
Cc9 E CAR=0.535¢ 0.929 7 54.987 4 2.024 5
—% CAR=100x(1-¢*") 0.858 1 60.600 6 13228
Weibull CAR=100x[ 1-exp(-**°/47 029.975) ] 0.963 6 50.477 4 2.588 2
Korsmeyer-Peppas CAR=0.279/""** 0.923 8 56.396 3 1.848 4
Makoid-Banakar CAR=0.000 005 36¢*°"xe02¥ 0.963 2 51.114 1 2.508 6
C10 FH CAR=0.250¢ 0.970 3 35.728 9 3.091 6
— % CAR=100x(1-¢*") 0.942 8 40.968 4 24367
Weibull CAR=100x[ 1-exp(-7"**°/4 494.060) ] 0.991 2 26.798 0 42080
Korsmeyer-Peppas CAR=0.0637""" 0.986 7 30.047 9 3.801 8
Makoid-Banakar CAR=0.0017"xe 0 0.992 8 25702 9 43449
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Table 4 Similarity factor values of relative cumulative absorption curves of various components in Danggui Buxuetang
%y Cl c2 c3 c4 Cs c6 c7 (ot c9 C10
C1 -
C2 54.917 -
C3 52.712 39.650 -
C4 41.936 33.934 56.654 -
C5 68.487 68.467 51.427 38.553 -
C6 39.586 32.565 45.845 74.203 36.799 -
Cc7 72.058 57.628 50.281 40.495 70.475 38.303 -
C8 19.612 16.174 24.681 28.517 18.091 29.231 19.118 -
C9 21.286 17.620 26.801 31.070 19.666 32.096 20.698 66.735 -
C10 54.431 41.403 68.921 59.252 48.385 53.973 51.015 24.124 26.202 -
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