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[ Abstract |

(UPLC-MS/MS) for determining the plasma concentrations of 10 active ingredients in Wujiwan at different time

Objective: To establish an ultra-performance liquid chromatography-mass spectrometry

points after oral administration, and to compare the pharmacokinetic characteristics between normal rats and rats
with chronic visceral hypersensitive irritable bowel syndrome (CVH-IBS). Method: CVH-IBS rat model was
prepared by the neonatal rat colon percutaneous transluminal coronary angioplasty (PTCA) balloon stimulation
method. After intragastric administration of Wujiwan (0.245 g-kg'), blood was collected from the jugular vein
at different time points, and the plasma concentrations of 10 active ingredients (berberine hydrochloride,
palmatine hydrochloride, coptisine hydrochloride, jatrorrhizine hydrochloride, epiberberine, dihydroberberine,
evodiamine, evodine, paeoniflorin, albiflorin) in Wujiwan was detected simultaneously by UPLC-MS/MS, the
pharmacokinetic parameters of each component in normal rats and CVH-IBS rats were calculated. Result: The
established UPLC-MS/MS could sensitively and accurately detect the plasma concentrations of 10 active
ingredients of Wujiwan in rats. Compared with the normal group, the absorption rates of these 10 active
ingredients of Wujiwan in the blood of CVH-IBS rats all decreased to a certain extent, and the peak time (z,,,)
was prolonged. Among them, the ¢, of berberine hydrochloride and jatrorrhizine hydrochloride were
significantly prolonged from 54 minute and 39 minute to 90 minute, respectively (P<0.05, P<0.01). Area under
the plasma concentration-time curve (AUC,,) of each component increased, and evodiamine and paconiflorin
were significantly different (P<0.05, P<0.01). The clearance rates (CL/F) of these 10 active ingredients were
all decreased, among which berberine hydrochloride, palmatine hydrochloride and evodiamine had significant
differences (P<0.05, P<0.01). Conclusion: There are significant differences in the pharmacokinetic behavior
of the active ingredients in Wujiwan between normal rats and CVH-IBS rats, which may be related to the
destruction of microstructure of intestinal epithelial cells and the change of activity of liver enzymes under the
pathological state of IBS.

[Keywords] Wujiwan; irritable bowel syndrome (IBS) ; ultra-performance liquid chromatography-
(UPLC-MS/MS) ; method;

pharmacokinetics; chronic visceral hypersensitivity; alkaloids
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Table 1 MRM detection parameters of 10 active ingredients in

Wujiwan and internal standard

i %ix BT mz TETmz HFLRIE/V BiERERE/ eV

LR /N EE O 336.15 320.22 44 28
RO ST 352.24 337.02 44 20
EN U 320.12 262.04 66 38
EN R 338.16 279.32 44 42
F/NEERE 336.15 320.22 44 28
TEUNEER, 338.16 279.32 44 42
B 32 304.11 216.97 84 42
RN TR 352.16 294.50 42 40
SERES 481.26 105.02 16 20
AT N TR AT 481.26 104.96 18 20
HmAGHH 256.07 166.96 50 20
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Table 2 Regression equation,linear range and limit of quantification for determination of 10 active ingredients of Wujiwan in rat plasma

% mlE oy 2 R /ug- L TG E B PR /ug- L
ER TR /N BE B ¥=0.008 6X—0.000 15 0.999 2 0.312 5~200 03125
EN RN ¥=0.005 9X—0.009 7 0.997 6 0.312 5~200 0.156 25
N ST ¥=0.007 0X—0.003 3 0.995 8 0.312 5~200 03125
HR TR 24 AR ¥=0.004 8X—0.005 2 0.997 5 0.312 5~200 03125
F/N B ¥=0.006 0X—0.002 1 0.993 1 0.312 5~200 03125
TR/ NER ¥=0.006 4X—0.001 0 0.995 6 0.312 5~200 03125
2 2K Y, ¥=0.007 7X—0.000 7 0.991 8 0.312 5~100 03125
R8N R ¥=0.008 1.X—0.000 1 0.999 7 0.312 5~100 03125
AjE ¥=0.005 9X—0.001 4 0.999 9 0.625 0~200 0.6250
AF 2 TR ¥=0.007 8X—0.006 1 0.997 0 0.625 0~200 0.625 0
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F ) A %5 B R 0 32 5 & SRAIG v L o B AR B 4R

HE i 22 (RSD) 0.8%~9.2%; H [d] #E i [ 92.37%~

114.11% , HoH5 % % RSD 0.04~19.8% , ¥ 55 & H: Wy b

A AT BT IR BRI 3R K 90 WL, A

i B Ji TR A % R 25 R 10 L, TE R BARG

T 3 I R R A RE S L 4 2.3 TR IR ERAE L F 2.2
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B T (P<0.05) . 5 1E % 4l He s, (AT I6 P R 43
A5 25 AR R BRI AUC,, 1 i T (P<0.05) ;
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£3 EEKXRMCVH-IBS X R

BARTREARI0NFEERSHERINFESE G+s,0=5)

Table 3 Pharmacokinetic parameters of ten ingredients in normal rats and CVH-IBS rats after oral administration of Wujiwan (x+s,n=5)

% 215 t . /min Cu/ng L' AUC, /min-pg-L"! t,,,/min V/L-kg" CL/F/L-h"'-kg"!
SRR NEER IEH 54.00+25.10 305.49+63.54 62 591.47+21 446.37 271.54+91.29 234.41+65.26 646.29+232.74
AR 90.00+0.00" 357.54+89.60 96 197.63+18 796.40  310.88+135.59)  146.65+46.08 339.41+64.95"
HRE ST IEW 27.00+6.71 175.16+47.23 25 594.06+9 036.45 229.62+55.27 130.43+48.30 413.67+190.10
ALY 90.00+24.49 215.98+62.31 42 634.72+5 994.39 444.58+115.00 112.31+37.64 172.46421.57
HmEEM IR 36.00+£22.75 225.33+£39.78 40 617.00+12 306.23 230.61£76.12 84.32+31.50 265.08+100.68
A 97.50+15.00 237.84+38.97 61 183.01+12 761.58 154.21+45.61 39.57+£16.65 173.78+30.82
AR IEHR 39.00+20.12 79.41+29.63 10 861.89+3 466.39 217.51+£90.94 72.09+34.75 236.69+100.58
A 90.00+0.00% 60.55+24.63 12 151.07+2 107.41 211.88+161.25 49.84+22.64 189.38+53.36
F/NBERH, EH 63.00+£37.35 157.86+36.87 28 790.09+9 268.94 195.14+57.40 25.38+10.72 92.12+40.75
A 90.00+24.49 197.19+46.24 47 183.92+14 844.86  246.82+70.07 18.29+8.02 51.50+15.58
TEUNEER IEH 51.00+£29.24 67.31+16.63 9902.35+3 915.47 263.54+136.90 105.55+33.75 317.51£157.90
LAY 97.50+15.00 64.75+20.03 11 818.70+2 303.43 256.48+72.93 78.51+£21.20 217.29+51.27
EY SR EH 30.00+18.37 189.17+67.30 18 409.45+6 513.82 236.11+172.74 1.97+1.25 6.25+2.94
L 105.00+17.32 142.91+£34.079 25834.36=1 838.532  288.77+40.11 1.42+0.10? 3.4440.31Y
RAEENEE  IER 39.00+20.12 76.54+28.68 10 140.81+3679.16 249.27+70.11 13.58+8.58 37.27£12.92
IR 112.50+51.23 78.70+4.97" 15 674.34+1 011.58 575.84+449 81" 12.85+6.60 18.10+4.57
SER ¢ EH 54.00+25.10 26.82+12.06 6791.32+1 625.64 220.29+103.46 121.32+32.13 418.86+112.21
(x| 97.50+15.00 107.39+25.93 18 375.85+3 800.60"  138.04+22.66 33.13+£7.99 166.81+£33.34
ATHINERTE IEW 75.00£45.00 20.63+3.74 7 170.80+2 881.33 340.84+144.84 34.15+19.87 72.77429.61
(% 86.25+49.56 34.33+14.61" 9 606.51+2 943.09 543.73+653.35" 21.62+13.21 41.54+17.61

5 IEH 4 % V' P<0.05,% P<0.01,

LR RE T BN T = AR H B RN 5T 1BS K
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KEBAR AR, BE 2K S B al b5 & 3 1BS
551 RGN L e 20 M S5 % 3 0 A5 R R SRR OG5 an kAT
M (occludin) , B % % #2245 1 1 (claudin-1) A1 [4] 41
/N B 1 1(Z0-1) %5 5 IR 1 3R R AR, S 80U
Ji 5 21 B8 6 I, 4 G 5% % 3 0 P 3, 4k i
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Fig. 1 Plasma concentration-time curves of 10 active ingredients of Wujiwan in rats (x+s,n=5)
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B 455 3 mT 6 5 i T 20 M 5% I 2k A0 X 3 5 i)
BNE P, AN EEE AT AT MRS,
AT A P R AR AR SRR R S
TEH R R, A5 259 76 CVH-IBS K FUIA P 52 58 5
AR FEWINT 3465, B R R B I # K RN
- 130 -

) R0 G2 5 ¢, U /D, WROAC R SRR 2 o, SR 5 ARG
HORIEAG , VR CL/F ¥/ . AJ25 MR T SRR &
B T 5AT G U R R R 24 AR B AN AT 24
DAY T D) 5 A A AR PN A L B 423X 5 S
kR E AR — 0, e T BE 5 iR N B 1 B
X

25 Tk, CVH-IBS (145 BRI & e b i
PE AT 2548 3 g 2 R AR = A T R {H S
AR B AN [R] 23 5% e L My 25 40 30 ) A e AR
(3R 55 o FF X IBS R BUAS [R5 B2 (4N ¥R 97 91 39 A G
I7 5 1) 0 2540 8l 7 2% A8 A R 5 280 A DG M
BT =2 WA, LB T Ry &b 1 &
T T BG4 1 R D o A R HL X 5 0 1 s L S vh 25 52



H27 B 17
20214E9 H

[ 5238 75

Chinese Journal of Experimental Traditional Medical Formulae

"
FAE

Vol. 27,No. 17
Sept. ,2021

7 B4 e A RO 3 52 B AR 0

(1]

[2]

[10]

[11]

[13]

[FlEFmh=R]

AXRBHEAEATH B0 R,

(&% k]

PEOER S, RGE] A BT 3 D) B R
I G T IR YT S Y B W LR A AE BILR) B Y
(3] op 9236 05 77 2 4% 3, 2020, 26(20) :229-234.
UDAY C G. Marshall and Warren Lecture 2019: a
paradigm shift in pathophysiological basis of irritable
bowel syndrome and its implication on treatment[J]. J
Gastroen Hepatol,2020,35(5):712-721.
RHE A% 8. 7 5 P T N JUE v R 3 A L
W sE R (1], BRI AL e/ A 297, 2020,25(3)
407-410.

MOAYYEDI P, SIMREN M, BERCIK P. Evidence-
based and mechanistic insights into exclusion diets for
IBS[J]. Nat Rev Gastro Hepat,2020,17(7):406-413.
SRS TR M, BRI , 45 . 0 18 S DY 1 el o
68 28 fi ) W 2 O S /< S - ol 1 S o [
r ] S5 ) 2 4R AR, 2020,26(22) £ 53-58.

P IRFH BRSO R AR T IS
R b Wi B AR 28 B —— A /bR =R/ I A (T,
WA 25,2020,40(10) : 1270-1272.

HiER, £, BOCE L R E LB TR E AT S
WaFFE(T]. P E T E 2GR, 1998,5(3) : 147-148.
ARAGMEG . PEANRILMEZL M. —F[M].
Jeat AL Tl AL, 2005 : 416-417.

JUFIS . 56T 10 5 Bss AR AL i i 2 L2y AR sl
SEHFFEID ] st E R B, 2014
FEREAFTLORBER . O ALY B A [H) Be AL J7 X
JIR B8 IR 85 1 328 Sl 5 Wi ) SE SR IE S [0 ). b P 2 e
#£,2007,32(20):2161-2165.

CHEN J Y, CHEN Z, MA L, et al. Development of
determination of four analytes of Zhi-Shao-San
decoction using LC-MS/MS and its application to
comparative pharmacokinetics in normal and irritable
bowel syndrome rat plasma[]]. Biomed Chromatogr,
2014,28(10):1384-1392.

HOU Q K,ZHU S L, ZHANG C R, et al. Berberine
improves intestinal epithelial tight junctions by
upregulating A20 expression in IBS-D mice [J].
Biomed Pharmacother,2019,118:109206.

ZHANG C R, HUANG Y Q, LI P W, et al. Ginger
intestinal diarrhea

relieves hypersensitivity ~ of

[14]

[16]

[18]

[20]

[21]

[22]

[23]

predominant irritable bowel syndrome by inhibiting
proinflammatory reaction [J]. BMC Complem Altern
M,2020,20(1):279.

ol Jy 4y, v R dE 55 . T 22 AL IR I 1
AR W VT 1B S-D P MIE o B0 A o i e (D). b [
B 7 724 2 75,2019, 25(11) :224-229.
SCALDAFERRI F, PIZZOFERRATO M, GERARDI
V, et al. The gut barrier: new acquisitions and
therapeutic approaches[J]. J Clin Gastroenterol, 2012,
46(Suppl):S12-S17.

DARKOH C, COMER L, ZEWDIE G,

Chemotactic

et al.

chemokines are important in the

pathogenesis of irritable bowel syndrome [J]. PLoS
One,2014,9(3):¢93144.
GONG Z P, CHEN Y, ZHANG R J, et al

Pharmacokinetic difference of berberine between
normal and chronic visceral hypersensitivity irritable
bowel syndrome rats and its mechanism [J]. Arch
Pharm Res,2015,38(10):1888-1896.

PR XA KA, S BOE B RO 2 B EOR
BT RS 3 A O A A P R AL SRR (0] P
227 ,2006,31(1):51-54.

MA B L, YAO M K, ZHONG J, et al. Increased
systemic exposure to rhizoma coptidis alkaloids in
lipopolysaccharide-pretreated  rats  attributable to
enhanced intestinal absorption[J]. Drug Metab Dispos,
2012,40(2):381-388.

Y. Bk SRR IR SR M) RE M AL AN RO
B HEzs KOS IR R (D] s s s 2y
K2%,2013.

JEFE TR A A S R TG SR A B 2 A
3 WM Y 52 i K T RE ML ST L), TL W BE 2y,
2013,44(9):59-62.

SRR WD XNEYE iR B IR I R 8
e (JF B ASFUEL) {16 PR 97 20 B % 1l 1 20 3% A 5 ol
[J]. A A g B2 45 4 2% 36,2020, 15(10) : 1765-1768 ,
1818.

YUAN J, WANG Y, AN R, et al. Simultaneous
determination of six alkaloids and one monoterpene in
rat plasma by liquid chromatography-tandem mass
spectrometry and pharmacokinetic study after oral
administration of a Chinese medicine Wuji pill [T].7
Chromatogr B,2012,895/896:154-161.

[=fEHmiE XEX]

- 131 -



