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[ Abstract]  Objective The plasma concentrations of 10 active components in Wuji Wan were measured at various

time points after single and multiple oral administrations to compare its pharmacokinetic characteristics in normal rats and

rats with chronic visceral hypersensitivity irritable bowel syndrome ( CVH-IBS) in different courses. Methods The CVH-

IBS rat model was established by the neonatal rat colon balloon stimulation method and visceral sensitivity was evaluated.

After single or multiple intragastric administrations of Wuji Wan, blood was collected from the jugular vein at various time

points. Ultra-performance liquid chromatography-MS/MS was used to simultaneously measure the plasma concentrations of

Visceral

10 active components of Wuji Wan in plasma and compare differences in pharmacokinetic parameters. Results

sensitivity was enhanced in CVH-IBS rats. Compared with a single dose, the peak time (t,, ) of multiple doses in normal

max

and model rats was earlier. The difference between model and normal rats after a single dose verified the previous

experimental results. Compared with normal rats, the active component C AUC,, and Cl of Wuji Wan in model rats were

of berberine hydrochloride, coptisine hydrochloride and
hydrochloride,

was decreased significantly.

changed significantly after multiple administrations. The C

max

epiberberine was increased significantly, while that of palmatine hydrochloride, jatrorrhizine

dihydroberberine, evodiamine and evodia lactone was decreased significantly. Epiberberine C
Coptisine hydrochloride and epiberberine AUC,, was increased significantly. Palmatine hydrochloride, dihydroberberine,
jatrorrhizine hydrochloride, evodiamine and evodia lactone AUC,, was decreased significantly. Coptisine hydrochloride and
evodia lactone Cl was increased significantly. Epiberberine Cl was reduced significantly. Palmatine hydrochloride and
albiflorin t,,, was reduced significantly. Jatrorrhizine hydrochloride V, was increased significantly. By comparing multiple

and single administrations in model rats, the C,  of active components coptidis berberine hydrochloride, jatrorrhizine

max

hydrochloride, epiberberine and dihydroberberine was decreased significantly and the C,, of jatrorrhizine hydrochloride was

decreased significantly. The t,,, and Cl of paeoniflorin, the active component of Radix Paeoniae Alba, were significantly
decreased and increased, respectively. Conclusions There are significant differences in the pharmacokinetic behaviors of
the active components in Wuji Wan in normal, CVH-IBS and CVH-IBS rats at the late stage of treatment with Wuji Wan.
This may be related to the disruption of the intestinal barrier in the early stage of IBS treatment, repair of the intestinal
barrier in the late stage of treatment, accumulation of drugs in hepatic and enteric circulation, the activity of liver enzymes,
and other metabolic changes.
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Note. A, 1 point, immobility and reduced head movement. B, 2 points, abdominal muscle contraction, but not lifted. C, 3 points, lifting the

abdomen. D, 4 points, the body is arched and the perineum is lifted.

Figure 1 AWR scoring criteria for rats



rpE A PR 2R 2 s 2022 4F 1 HEE 32 4855 1) Chin J Comp Med, January 2022, Vol. 32, No. 1 17

BERR, A/ INEER | S A B S S BT N R AT 2
A5 24 P TG A 000 2 R B A ARG
1.4 SitEH*

K DAS 2. 0 X SE 5 B AT 8L E o0 A, T
408 12 S8, D SRR TR (v, ), 2 AV
(Cow) s THEREZW (1), 24-0F il £ i -
(AUC,,) , T EFL(V,) FITEBRR (Cl) A E
Wit o FPA B FHE SRR IR 22 (xesx ) TR, R
H GraphPad Prism 8. 0 #K{4EHET ¢ K356, HEA MR 2,
YIEH A | 2 R A 2 1E Wl AR R 2] P
RS 2R 2] I 22 R 4 2R R 2 1) 4 ) 25 5, P<
0. 05 R &7n 25 57 HAT W8 1, I 45 i ] it i A v
e By e B | 25 25 -inpth 26

2 #R

2.1 CVH-IBS X RARE 57 KM

WK 2A iR, 4% 218K AR S T 0 22 5
CVH-IBS B K FUATE A Z s g, aniE 2B B
7N, KBS 6 JAPEST AWR PR, 1A BR4E 2R FEEL
JKEEH 0.6.,0.8 mL I A K L5 E K A
AWR VF53 b 251 1w 30 W58 12 55 K B P I Ak
PRy Fm BINEST T CVH-IBS ALK R,
22 XEABRHEEERSTHERNAKI NE
w3

KA IPRE Z R G2, e AL 10 S PE
B E R BRI R 25-a th Ze an 81 3 o, 455 n]
UL BRBE B 25T I E LS IEE R B 10 AN TE T
JICG3 S TR] 650 245 9 3R 21K TS Y 2 K B 7
IEH VBT R B P, 16 P A 0k R /DN BE L 2 iR
ELERYT ER R 3% e Eh R 2 AR B 3R /N BERE . — A
AINBERR | SR BB | 5% 2 B N T 1 24 -t 4 A
g s A7 245 52 UL 5 T AT 245 PN TR A 70 A8 0 KRR
AR P 2 R
A 250 Lo EWKRER&ZH

200 L ERKEL S

150 SN ER T
_a. PR LR 24
100

I (g)
Weight

50

0 T T T 1
0 2 4 6 8
JERY
Week

Normal rats multiple dose group

Normal rats single dose group
"2 Model rats multiple dose group

Model rats single dose group

HEHEEATIRC T d )5, &5 1 WA
A 24 - 2 S s« LE R 2K R PR ok 1 3 T 2R 2
BIAY 8 ANIEPERUAT 125 MR B K 2 v TREALAE R R
I HL4 3 30 A A B 22 06 A5 25 1 76 1E H K RRUA
IR . SEIRA LML, ZIRA 2 )EIEH K
BRI 5 T 1 B 1, AR

BRI ZUCHE B 2457 1L C AL , 10 TR
TEIEH A IBS KB N (9 2548 3h T 2= S 52 2R
%1,

FRHE B 4TI LR, 1BS AR RS 1E
L AH L 45 5 o - B T M R o B R /N BE AR . (P
<0.05) ,AUC,,(P<0.01) .t,,( P<0.001) . & F+ &,
CI(P<0.05) i PG h AR I Sh 7T $h R 4 % i L 16
FRZIRAK AUC,,(P<0.05) & i, ik iR I 57T Cl
(P<0.01) 35 TR, £R R #3508 C1(P<0.05) 3
TR F/NEER AUC,, ( P<0.05) i Th e, Cl(P<
0.01) i EFREAR; — A /NEEK C,,. (P<0.01) JAUC,,
(P<0.001) .t,,(P<0.05) &% CI(P<0.01) it & [#
1% RS RASTINER AUC,, (P<0.01) 5 Z T
11, CL(P<0.05) .3 T [ AT A BUR AT 1 5
AT IR A AR R BE RO (B AR R B o 5k

ZUHEB AT IR, IBS BRK LS IEH 4
HIEL, EhBR/NBERR C,, (P<0.01) B & Thm; $hR o
1T C,..(P<0.01) AUC,,(P<0.05) .t,,(P<0.01) i3
TR ERR B C,, (P<0.01) (AUG,,(P<0.05) &
Cl(P<0.05) 53 F+i; SR M 25 AR C,, (P<0.01) |
AUC,,(P<0.01) i AL, V,(P<0.01) W T %
JNEERF C (P<0.05) ,AUC,,(P<0.05) .3 T+, Cl
(P<0.01) i 3 FEAk; — /N BEfk C,,,, (P<0.01)
AUC,,(P<0.05) 2 TR ; RACH C,,.(P<0.001) |
AUC, (P<0.01) & FFE; RAEBNER C,, (P<
0.01) AUC,,( P<0.01) i A%, C1(P<0.01) %
T AT ERTT 1, (P<0. 05) BRI

B 4-
o LKA
3 - Normal rats group
ek
®
o] 24
g¢ N
<z Model rats group
1_

06mL 08mL 1.0mL 12mL
ENER

Inject volume

A ANRE 1~8 JAKE (n=5) ;B IEH KRS CVH-IBS KB AWR P43 (n=10) , S5IEH KERAMILL, “P<0.01,
B2 HHKEAREM AWR PE/345 R (225t )
Note. A, Weight of rats in each group at 1~8 weeks (n=>5). B, Normal rats and CVH-IBS rats AWR score (n=10). Compared with the normal rat group, *P<0.01.

Figure 2 Body weight and AWR score of rats in each group
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Figure 3 Plasma concentration-time curve of 10 active ingredients in different groups of rats after administratlon of Wuji Wan
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Table 1
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Pharmacokinetic parameters of 10 active ingredients in different groups of rats after administration of Wuji Wan
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22.00+17. 00

26. 00+16. 16

15. 00+0. 00

39.00£15.44 130.65£18.72 34606. 34+1650. 69"

45.00+24. 94

47.00+24. 22

60. 00+31. 10

27.00+8. 75

30. 00+22. 58

310. 00+23.91

18. 00+3. 00

15. 00+0. 00

10. 00+5. 00

39. 00+20. 82

18. 00+3. 00

15. 00+0. 00

32.00+22. 11

35.00+17. 10

12. 68+2. 50

31.49+6. 56"

25.15+7.33

1583. 87x105. 60

2564. 89+260. 15

3593.56+73. 49

10. 80£1. 132* 2474.06+252. 74

40.36+3. 88

72.36+5. 14

40. 11+5. 05 12049. 14+1232. 93"

66.03+5. 49

69. 66+4. 95

122.63+7.74

7054. 40+983. 93

16282. 47+1000. 46

12471. 69+963. 27

16202. 40+938. 40"

23914. 94+1520. 59

212.96+12. 81

341.11£17.77%

358. 66+54.43

422.02+154. 16

156. 55+17.20

117.04+11. 01

488.50+72. 94

185. 23+52.49%

206. 78+42. 18

246. 24+29. 56

308.55+73. 87

356. 06+12. 26% 85657. 94+1684. 67"1166. 93+39. 93

15.25+3. 80

19. 67+2. 57

22.06+2.32

717.77+97. 11

1008. 89+69. 17"

2619. 72+382. 51

10. 81+1. 70¥* 1238.90+95. 93%

65. 86+9. 50

84.76+9. 46

86.33=10. 88

7583. 44+620. 98

11151. 51£734. 31

16637. 64+1715. 11

94.38+43.22

90. 68+25. 33

103. 20+9. 06

204.71+61. 82

162.78+11. 43

156.28+17. 01

295.83+38.13

58.02+5.001*11234. 91£1069. 541 206. 33+42. 50

1526. 81+8317. 06

7527.07+1148. 01

4047.95+478. 34

6809. 27+1589. 13

351. 06£78. 02

65.99+10. 10

304. 97+62. 83

278.50+105. 18

254.35+48.26

219.97+31.78

151. 01+33. 69

1004. 64+35. 94

230. 23+49. 95

241.13+55.53

134. 96+26. 06

386. 03+67. 04

74.87+11.78

69. 62+21. 35

49.22+7.32

61.16+13. 86

1430. 96+195. 34

781. 07+79. 23V

536. 06+45. 05

738.15+77.51

90. 66+11. 38

21.24+0.97%

28.93+2.59

43.16+6. 38

48.00+4. 54

33.25+0.95"

23.18+2.32

172.30+3. 11V

188. 10+52. 34

124. 89+10. 53

56.77+7.73

84.69+11.78 "

19.67+1. 59

11.78+1. 30?

7.64+0. 94

12.96+1.21%
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43 Ingredients

203 Groups

£y (MiN)

max

Cha(pg/L) AUC, (min -

ne/L)

ty,,( min)

V,(L/kg)

CI(L/(h - kg))

S
Dihydroberberine

RAHIR

Evodiamine

RPN

Evodia lactone

gt

Paeoniflorin

AT BRTT
Albiflorin

NNON=E R e ]
Normal rats single
dose group
SN € i)
Model rats single
dose group
NNION=E2/ e tE]
Normal rats multiple
dose group
BEAIR W 252
Model rats multiple
dose group

IEH KRR SZ
Normal rats single
dose group
BRI B AR G 2
Model rats single
dose group
NN/}
Normal rats multiple
dose group
(SN E 2/ € Ed]
Model rats multiple
dose group

NN etr]
Normal rats single
dose group
B LR 452
Model rats single
dose group
IEH R Z L
Normal rats multiple
dose group
S
Model rats multiple
dose group

IEH Rk 2
Normal rats single
dose group
BERIIC BB A 25
Model rats single
dose group
IER R Z WG
Normal rats multiple
dose group
G EpNEA) €]
Model rats multiple
dose group

IEF R 24
Normal rats single
dose group
BRI BB 25
Model rats single
dose group
N ONEE2VE
Normal rats multiple
dose group
L iiPNTE 2/ e ]
Model rats multiple
dose group

75.00+0. 00

15. 00+0. 00

5.00+0. 00

24.

22.00«17.00 11.

15.00+0.00  22.

15.00+0.00  29.

47.00+24.22  48.

64.00+£24.67 17.

51.00+32.38  15.

11. 00+2. 45 24.

12.00+4. 90 29.

39.00£20.82  15.

234.00+80.55 141.

78.00+30.52 195.

68. 00+44. 18 162.

39.00+15. 44

139.00+115. 64

79.

53.

39+1. 82

99+9. 99

66+2. 17

2941. 98+68. 77

1592. 26+170. 74

2266. 24+235. 67

711,479 1350. 49+200. 74"

67+2. 68

15+6.73

49+4. 62

85+2. 30%

11+2.45

51+3.93

95+3.52

07+1.45%

52+26.34

15+25. 54

87+11.47

12.31+44. 28

3178.99+308. 26

3258. 08+251. 95

7622.24+765. 47

3800. 27+401. 26

1733. 69+97. 40

2532. 42+185. 477

4941. 06+265. 05

2832. 56+385. 807

47735. 36+6616. 66

46335. 61+£6455,73

41826. 79+5093. 07

130. 65+18. 72 34606. 34+1650. 69

15924. 69+1181. 25

345.00£30.59 312.08+13.63 79451. 56+1836. 06

52.00+47.00  70.24+9.59

40. 00+15. 57

20633. 96+2736. 92

49. 1747+5. 06 21470. 95+3245. 36

263.67+9. 18

113.57+15. 949

149. 89+48. 40

158. 87+41. 55

547. 08+267. 49

252.95+30. 54

214.72+16. 63

280. 84+58.91

226.76+43. 57

202. 65+26. 94

240. 62+22. 12

226. 15+46. 44

242.20+40. 03

200. 71£33. 53

221.08+94. 14

117.04+11.01"

553.37+185.58

2653.43+170. 16

1047. 66+245. 52

422. 86+44. 03V

1522. 87+41. 56

266.97+43.75

206. 61+21. 14

445.63+103. 08

5.97+0.93

4.98+0. 60

2.17+0.28

4. 43+0. 84

27.02+5. 30

23.91+5.23

12.91+1.73

18.61+3.33

77.46+19. 55

67.01+20. 81

76. 63+31. 40

65.99+10. 10

63.73x10. 14

286.44+7.20

56.94+7. 67

45.06+6. 15

1388. 68+38. 99

105.21+12. 627

70.64+14.71

100. 61+12. 13

0.82+0. 18

0. 80+0. 04

0.36+0. 04

0.71+0.09

5. 68+0. 46

4.05+0.23"

2.00+0. 12

3. 65+0. 40?

14.50+2.79

12. 86+2. 34

18.34+2.72

21.24£0.97"

5.86+1. 15

28.11+1. 14

4.68+1.70

5.36+0. 83

T IEH K BRI A 20 SR BRI 44 20 IE W R R A2 SR R 2 WA 2 M EE 1) P<0. 05,2 P<0. 01, P<0. 001 ; IE % K FLBIR 44
2SRRI G IR L, *P<0. 05, P<0. 01,

Note. Compared with single dose in normal rats and single dose in model rats, multiple dose in normal rats and multiple dose in model rats, " P<0. 05,2 P

<0.01,% P<0. 001. Compared with a single dose of normal rats and a single dose of model rats, *P<0. 05, **P<0. 01.
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PO AR AR K B 22 R 45 24 RN B AR 25 25 (R 45 SR
P AR /INEER, | £ R 25 AR AR e /NEEBRIY C L (P<
0.05) i & FRA%; — S /NEERR C, (P<0.01) I &%
1% SRBRZGARTE C1( P<0. 05) S35 A% 5 FI AT 36 P
ST t,,(P<0.05) B3 TR, Cl(P<0.05) B3
EF

PR BRI O LS, M B OE R sl
T AR N £35S 4 AUC AR (LI 4) 384T
ATLARI . GO AL IR 4 2455, B Z A/ N BE G R AS
25t A A TG R TBS K R N 2 52 LU IE#
KNI (LR Z R A E, (UA 1R
HEGIAE CVH-IBS KB4 9 19 2 88 LU 7E I % KRR
N, IEEKREZRG A, SR K2 —
FEFBR, FEAUC BN {H2 CVH-IBS KERZ K4S
255, BR T E A AR TE M B4 ) AUC R 3R
PN,

3 itig

YR E 425 % 2 U, CVH-IBS #8 K R 5
I KR 25 f 26 7R, CVH-IBS K R 10 4>
TP R A W ) s T IE W 4L X 5 AN TR 4 i 3
SUSEE R — 3, W IE BB AR P A R A B

6.00
5.00
4.00
3.00

2.00

1.00 -~ I““""‘
0.00

AR R WL R AR R 2 R AL R

R IKEE
Model rats single dose
group/normal rats single dose
group dose group

B 4 254

m L ER/NEE, Berberine hydrochloride
R ERZ M, Jatrorrhizine hydrochloride
RZEYHR Evodiamine

AJHNTETE Albiflorin

Model rats multiple dose
group/normal rats multiple
AR ST Palmatin hydrochloride
B K /NEERE Epiberberine

SEBNEE Evodia lactone

FH R 5 K Y BF 0w fE R T CVH-IBS K R
B BRBEREIR X8 AR I A N o A A Y Y i
PEREIN . LPS TRANEAE B &1 EAE Y v 5 38 2 3 i
W s A1 HE, 2 4 N i e B S A ) e i
B

HEETdEH G I, BF 1 KRG 4T,
CVH-IBS AR U5 TEH KB 245 -i it 4k 7 10
AR PR B3 Hh v AR B SR 2R B SR 2 B N TR
TELZ WA T IR E ALHY CVH-IBS K BUA Py R 1E i 3
HAMOE, 24T C ALK CVH-IBS KU
TEH K BRI 24 -Fof [l R AR A WU | T R 20 XL i
e R 3 B0 B S, AR 2 TR A X 2%, T B
WA T IR E AL CVH-IBS #18 K L5 1E & K BUA
PIAT 24 24515 il £ 35 S WL | 22 YRk 45 25 CVH-IBS
KRS IEH KA SR,

JY O LRI 25 24 T KB AT 24 A TR 1 1 24 -
I T 28 Ay B | TG A ARG L K ) S 1 24 Ik i R
Yo, i RE SATZ N BETE (0K s ek A wi
TE AR A4 AR R IR AT OG5 B 45 2 CVH-IBS
BERR B BRIR 25 25 1B 8 K BUM L, A 234 H.
RS T E S 1BS S U BB EA K, IR
CALZ R L 25T R B AT 247 P9 IR 17 14 25 -1 ittt 2

CEHRKRZREHANLE R BAKRZ KRG HEMRK
REIREG 2 R 24
Normal rats multiple dose Model rats multiple dose
group/normal rats single dose group/model rats single dose
group group

ERER ¥4, Berberine chloride
—&/EEt, Dihydroberberine

AjZiH Paeoniflorin

B4 SO ALAZYSE 10 FhIE 2k R TR AS R 2 5 0 1A PN B 58 7K SF- ( AUC) LR AE

Figure 4 Ratio of the in vivo exposure levels (AUC) of the 10 active ingredients in different groups after the administration

of Wuji Wan
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FEAR Ry B0 | W] RE S il R R BB 2R 2
EH KRS 2425 CVH-IBS K BUAH LA £ 14 #
BONREN ZIRA LI IR E L,

ZW 4T IO HLE IEH KRB A 10 15 PE K
A3 1.2 e BE RE A= T CVH-IBS #EA K KL, ER T34
J7 ) CVH-IBS KR Bt Bz 2K E e G
W IR 25 Py b, 20 E % C AL CVH-IBS
BRI K F5 BARE 8  2 AL CVH-IBS #5580 K A
L, 24T O AUIEH K BAIEIR 245 7 1 2 AL IE
R v, BB AT, M H 6] 2 Ik 4 2 )5
TP 7E CVH-IBS K EUFIIE & R B IR N 3 %
EERORRSE R IR 25,

RN B HO TR R BoR, R E
JLAY CVH-IBS BRI BRL5 1 5 4K BRUMH B, B0 T
PRI R R/ INEER I Il 245k 5 8 2 T R 20
BRETEI3E I, Eh AR /N BEGR  Fh iR [ 57T | R R o 3%
Bl ER IR 2T AR AR | 2% /)N B 6l W82 o5, et S ) R s i
EHw, ARSI ET Y S g R — 2, RN BE
B ERAR L T R R VTR /N EETE B R B
TR AN BE R I R I 2 VR R T R IR A
T R, T PRI R 45 VR OR W TR, R
BB A A3 S A B P TR TR A A e W S T Y R R A
BT, REBE HATA SO A 251 5AT 2
PTG A AN )RR B A (HR A

LW T I C AL CVH-IBS 8K B F %
KEAH EL , SRR /N | 5k 2 9 3% I, 26 /N BE I e K
I 245 9 5 3 T R 5 TR G /0N B A A
RN GE B 2 R 4 2 i AR 2 R RN B A A
Vsl W £ ] RE R T A R A 25 M R st &
PR AR RV, s 5 IR AR
BN TFSHASH RS, hRE DT &
FRETARAE , — S/ NS, S 2R B, 5= 2 B N I 1 A
K 2 B WS A i A T R AT 013 1k &R
GLIhBETE PR T BOILAR X 25 W () I Ak Wl BE R
W, REFENETERF D E LT, SRRRESIT A
245 PN T T 54 T ) 3 4

LWL T IR C LI CVH-IBS A58 K B 5 Bk
Y5 1% O LAY CVH-IBS AR K FRUA E, 26 iR /)N B
Bl R TR 2 AR, 3 /)N B Bl A Kl 24 vk 5 ) 4 AT
FRR W 2 R G 259697 )5 CVH-IBS KR 1Y iE
BB TR A, /N B A R Il 24 R
11 5 R TR 25 AR B 1 3 R W S PR AIG, IR 22 S
G Jc A W R . AT 6 PR 53~ 245 1 T

BRESIRIBH & F B v BR 380 B 7, 4 2R 97 s
IR RARE D e A iR A

R Z R TR UG, IE# 3 CVH-IBS
IR FUAR N 235 P2 AUC KA 728fk, T E ALBR
W2, B S/ INBE B A AT 257 A1 B4 SH Al 75 P
S3TE IBS KRR PN 5 5 Lb I 7 R U P9 2 55 34
HRAEZIRG )G , U ShRR ¥ 4 i 7F CVH-IBS K
B PN ) 2 8 LU AR IR KRR B, IEw KR Z
WL WG RE2H —E &M, 8 AUC 1
I {HJE CVH-IBS KERZ WA 2 )5, b T bR i i%
BN , AR PRI A AUC FEAR R B 58 fim )
Al g TR BS80S M 18 v R AR B
FH, #E P 38 Bt ik 52 Ja MR R4 45 4 5 TR W I 7
Rk O HER PR A 32 AR A M I £
WA e &I,

Zi Lk, CVH-IBS 278 K B 9 IR S A
[ R AT 265 245 U B0 136 8 L R 3 1 i 43 245 1R 80
SERRIE AR T BE R, $E R IBS R R T HA AR YT
J 011 3 B B0 O A BT AR R R 1 B T ek
e, R 2 5 M I 06 A U R R 8 R 255,
A BTkt IBS, &FxF IBS K B 8 B i i sh
A Y ELAA i 38 155 150 0 1 L AL X P 3 5 o 2 4 25 5K
YEFRMIMLTIEAS F — LR ABFST, LB T3 4 1h
Hb T 52 R R A A A P el R R T e 1Y)
S, Ay 25 5 I R N FH B A S AR AR
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