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Effect of Shaofu Zhuyu Decoction on in vivo pharmacokinetics and metabolites
of Ibuprofen in rats
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Abstract: Objective To explore the effect of Shaofu Zhuyu Decoction (SZD) on in vivo pharmacokinetic characteristics and
metabolites of Ibuprofen in rats. Methods HPLC-DAD method was established to quantitatively analyze the pharmacokinetic
parameters of Ibuprofen combined with SZD. UHPLC-QTOF-MS, MS*, and mass defect filtering (MDF) were used to investigate
the metabolite changes of Ibuprofen in plasma, feces, and urine in rats after ig administration of Ibuprofen combined with SZD.
Results The in vivo absorption of single Ibuprofen in rats was quick, which could reach the peak in 0.5 h. After combined with SZD
at different concentration, #,,, was prolonging (P < 0.01) and Cy,,, was decreasing but no statistic significance was found compared
with the Ibuprofen group. When Ibuprofen was used with SZD at the clinical equivalent amount, AUC values were significantly
increased (P < 0.05), which showed that bioavailability was increased and the apparent clearance was decreased. When Ibuprofen was
used with SZD at five-fold clinical equivalent amount, the #,,, of Ibuprofen was decreased significantly (P < 0.05). The decreases of
blood-drug concentration after the administration for 2 h in Ibuprofen or Ibuprofen with SZD groups were slower than those in SZD
single group. These indicated that the pharmacokinetic characteristics of Ibuprofen were different from those in Ibuprofen with SZD
groups, which were dependent on the dosages of SZD. The metabolites of Ibuprofen used signally were 2'-hydroxy-Ibuprofen, 2'-
hydroxy-Ibuprofen-glucuronide, 2'-carboxy-Ibuprofen, and Ibuprofen-glucuronide. Total 17 metabolites of Ibuprofen were identified
from plasma, urine, and feces after combined with SZD. Hydroxylation, degradation, acetylation, and hydroxy-sulfate products were
identified in rat feces, methylation, hydroxylation, acetylation, and sulfation products were identified in rat plasma. There was no

significant difference of metabolites in urine except cysteine covalent conjugation. Conclusion The results provide the basis for the
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clinical use of Ibuprofen combined with SZD to illustrate the pharmacodynamic changes and mechanism.
Key words: Shaofu Zhuyu Decoction; Ibuprofen; pharmacokinetics; metabolite; UHPLC-QTOF-MS
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Table 1 Results of precision and accuracy

BRI 1 PSR HIR%E HEFIELRE) /
(ng'mL™") (RSD) / % (RSD) / % %
34 3.55 6.75 5.53
10.2 2.44 7.90 7.24
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Fig. 2 Concentration-time curves of Ibuprofen

in plasma of rats (x+s,n=6)
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Table 2 Main pharmacokinetic parameters of rats after ig administration of Ibuprofen (54 mg'kg_l) (x+s ,n=6)

S EEDA Ibu 4 Ibu-SZD 41 Ibu-SZD 41
AUC,-, mg'L"*h 70.04+12.74 76.46+16.40" 69.70+11.72
AUCy-., mg'L "*h 97.18+£16.63 107.04+21.13" 92.98+22.96
MRT-, h 5.07%+ 0.26 5.08% 0.18 483+ 0.20
MRTy-o h 10.52+ 1.08 10.75+ 1.05 8.18+ 1.09°
ts h 6.53%+ 0.56 6.78%+ 0.88 5.07+ 0.83"
fmax h 0.50% 0.05 2.00E= 0.14" 2.00= 049"
Vg Lkg' 6.19+ 1.41 587+ 1.11 455+ 036"
CL,r Lh kg 0.65+ 0.11 0.62% 0.12 0.70+ 0.13
Cnax mg L™ 1271+ 2.87 11474+ 2.42 10.61% 1.43

A4 "P<0.05 TP<0.01
"P<<0.05 *"P<0.01 vs Ibuprofen group
Tbu % Hit i TOF MS ES- 2 ALK 4 Tou TOF MS ES.
TIC 0.63 TIC
5.02¢4 0.96 2g.1p 6-85¢4
0.58
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t/ min
7 L3+ Tbu
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205
582
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26.932&59
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TOF MS ES-

306 494513
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Fig.3 UHPLC-QTOF-MS total ion chromatograms and MS of Ibuprofen reference substance

and blank plasma in negative ion mode
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Fig. 4 UHPLC-Q-TOF-MS total ion chromatograms of blank plasma, rat plasma

with drug, urine, and feces in negative ion mode
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Fig. 5 Main metabolic pathway and metabolites
of single Ibuprofen
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Table 3 Identified metabolites of Ibuprofen in rat plasma, urine, and feces

3% FEAE PRI
Yi'5 MXTTE R/ min AL I Vit b Ibu- Ibu- b Ibu- Ibu- b Ibu- Ibu-
SZDI1 SZD5 SZD1 SZD5 SZD1 SZD5
M1 161.1330 1145 R IE CpH,, - - - - - 4 4 4
M2 188.121 0 7.90 KFpH C5H;0 + o+ + + o+ + o+ o+ +
M3 190.1358 923 K& C;3H,0 - - - - - 4 4 +
M4 2061307 19.89  J5# C13H,50, + o+ o+ o+ o+ g ¥
M5 220.1463 1243 5L, C14H,00, - - -+ 4 L o4 4 4
M6 2221256  9.82 AL C13H,40; - - - - & L o4+ 4 4
M7 224.104 9 5.87 AR AL, C1,H,0, - = + o+ o+ + o+ o+ +
MS 236.1049 1030  EFERE C13H,40;4 + o+ + = % o+ 7 ¥
M9 2381205 690 XUk Cy3H,50;4 - -+ o+ o+ + o+ o+ +
MI10  248.1412 1171 Z WAL C,5H105 - -+ - -+ 4 n
M1l 2541154 1133 %k C13H 405 - - - - = L o4 4 +
M12  286.087 5 3.43 TR AL C3H 5058 - - + = = - - _ _
MI3  302.0824 891  FIEALHAEIRLL CHi0S — —  — — + -+ ¥ +
MI14  309.1399 522  ERERLSS C;3H,,0 - - - - - — +
MI15  313.1348 14.06 AL EY C;sHiuNOS  + o+ + - - = 4+ 4 +
M16  382.1628 1531  FHZIWHIER C1oH204 + o+ + - - = 4+ 4 +
MI17  398.1577 732 HZBERERABHIK C1oH2600 -+ + - = + o+ +
T RELFERAAEY): “— 7 REDIEWAAY

“+” represents the compounds existing; “—” stands for absent compounds
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SZD S A& S5 A G 5P T AT S5 B L, %)
TR EA PRI HEfE szD &M
G, RMERRFE T E, MR RRAG, R
AN, R gERE, AUC /. 7R SZD
LA &S5 a G BN v] B AR it T 2%
2y AR S N B IR A e A, 2R 2
AN R E RN SN o AR P )RR
A ANIEYED) TR AR A AR RS AT
SN, T AHAEY ROV B RE S NN, AR
EAG AR AR SN, AEL DR ERS R, Hrp
90% Hy 4a Ak S SO T A AR SN S A R
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AR PA PR RO T O A A o o 2 P PR (41
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