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Abstract: Objective To study the pharmacokinetics of four active ingredients (paeoniflorin, albiflorin, galloylpaeoniflorin and
benzoylpaeoniflorin) of total glucosides of paeony (TGP) in normal and carbon tetrachloride (CCls)-induced acute hepatic injury rats,
and then compare their differences in pharmacokinetic parameters. Methods TGP was intragastrically administered to SD rats with
the reference of its clinical dosage. After administration, serum of rats was collected in planed interval time points. LC-MS method
was established to determine drug concentrations in serum. The pharmacokinetic parameters were calculated using WinNonlin 5.3
pharmacokinetic software, and their difference in normal and hepatic injury rats were statistically analyzed. Results The
concentration of galloylpaeoniflorin and benzoylpaeoniflorin were relatively lower than paeoniflorin in blood because they might
mainly be metabolized to the intermediate compound paeoniflorin. For the main ingredients of paeoniflorin and albiflorin, their half-
life (#12) and mean residence times (MRT) were significantly extended (P < 0.05, 0.01), area under drug-time curve (AUC) were

significantly increased (P < 0.05, 0.01), and clearance (CL/F) were significantly reduced in hepatic injury rats when comparing with
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normal rats (P <0.05, 0.01). For galloylpaeoniflorin, there were no significant differences of pharmacokinetic parameters in two groups

of rats, but it presented double peak of drug-time curve in hepatic injury rats. For benzoylpaeoniflorin, there were no significant

differences of #12 and MRTo-« in two groups of rats, but its AUCs were significantly increased in hepatic injury rats than in normal rats

(P <0.01). Conclusion This study would provide an experimental basis for further exploring the liver protective mechanism of the

synergistic effect of TGP and provide guidance and reference for its clinical rational use.
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W (2mL/kg) FFRESPEF AT, G 24 h
Jei s R IE H AH AR AL A 0 3 AT Dh RE AR (ALT.
AST. TBA), ZEFR LK 1, 20U ¢ k656 53 A Y
HK R IME & TR B EEHEE S (P<

16 *%
* i
IEH

e B

*P<0.01

TBA/(umol-L™")
cCv bk owS LR

**P <0.01 vs normal group

1 IERBAFEREKARIE ALT. AST 5EMEHM TBA KF (X+s,n=8)
Fig. 1 ALT, AST activities and TBA level in serum of rats in normal and model groups (X + s, n =8)
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Fig. 2 Specific chromatograms of component to be tested and internal standard

*1 BEHFEVMHZMERE. BR5GE. RREER

Table 1 Linear range, regression equation, R* and lower limit of quantification of component to be tested

ARl LR (ng-mL ™Y EYEpapE R SE R /(ng-mL™Y)
AJLNBEE 7.03~1 800.00 »=0.006 2 x—0.018 2 0.999 9 0.70
AJUHE 30.47~7 800.00 »=0.007 9 x+1.168 7 0.995 5 0.30
BETIATAE 0.31~10.00 »=0.024 x—0.003 6 0.997 0 0.31
BRI A 0.13~8.00 »=0.0212 x—0.001 3 0.996 0 0.13
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x2 ZHNHHBEAR. BEEBEFBEZEE (Xts,n=6)

Table 2 Accuracy and precision of intra-day and inter-day for components to be tested (X + s, n =6)

HH H Al
s PSRBT — =0 ——
e myMﬂf WERERIE o poppe  WERRIRE e D%
(ng'mL™") (ng'mL")
Sl ERES 25 21.6+1.03 86.3 478 23.4+2.30 93.7 9.82
125 120.0+3.76 96.0 3.14 118.6%+7.35 94.9 6.20
500 501.2+13.32 100.2 2.66 481.3+29.45 96.3 6.12
SEoR=3 100 91.3+3.55 91.3 3.89 94.6+7.80 94.6 8.24
500 502.2413.19 100.4 2.63 506.61+28.25 101.3 5.58
2000 2012.8+62.91 100.6 3.13 1974.84+127.56 98.7 6.46
BETFBATAH 0.5 0.524+0.02 103.1 3.71 0.51+0.02 102.6 438
25 2.42+0.13 96.8 5.25 2.43+0.11 97.3 4.34
10.0 10.4+0.53 103.9 5.10 9.53+0.25 95.3 2.66
KB~ 25 0.25 0.24+0.01 96.8 3.03 0.2340.01 96.8 3.43
1.25 1.3240.07 105.7 5.31 1.31£0.07 104.4 5.69
5.00 5.1240.26 102.5 5.06 4.9340.42 98.6 8.57
3 SEFENAIAEE R EFERME (X+s,n=6)
Table 3 Extraction recovery and matrix effect for components to be tested (X £ s, n =6)

R JE IR /(ng-mL ™) FEEL A/ % RSD/% F T % RSD/%

SESI SR S 25 2234122 5.46 134.3+5.81 433

125 2454122 4.99 120.2+5.94 4.94

500 312+1.25 4.02 118.4+7.69 6.49

AP 100 313+1.81 5.77 126.0+4.35 3.45

500 38.3+2.10 5.48 117.5+5.45 4.64

2000 455+1.93 426 113.6+4.79 421

WEFBATAE 0.5 30.1£1.39 4.62 104.3+4.21 4.03

25 28.6+2.76 9.65 104.7+8.13 777

10.0 303+£2.72 8.97 100.3+9.28 9.25

IR A 25 0.25 83.8+5.71 6.82 108.0+7.34 6.80

1.25 96.448.69 9.01 108.5+8.31 7.66

5.00 7744128 1.65 109.448.01 7.32
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=4 BFNINFEEM (X+s,n=6)
Table 4 Stability for components to be tested (X £ s, n =6)
— — — — —
P B (g mL ) _ AR E M _ VREFRE M _ KRR E
HERA /% RSD/% HERA /% RSD/% WERIE /%  RSD/%

ST SlLERES 25 85.54+5.04 5.90 95.0+4.51 475 97.0+8.40 8.66
125 92.8+1.96 2.12 96.3+4.13 4.29 107.2+4.08 3.80
500 92.6+0.86 0.93 99.6+2.56 2.56 101.8+2.21 2.17
INEZRER 100 89.9+1.68 1.87 96.0+2.37 2.46 99.7+4.97 4.99
500 94.1+2.12 2.25 99.0+3.72 3.75 95.5+2.49 2.61
2000 92.3+1.66 1.80 101.5+2.64 2.60 105.4+3.00 2.84
WETBATZ T 0.5 100.8+8.43 8.36 9424398 423 100.1+6.89 6.88
2.5 88.1+£3.16 3.59 103.3+3.46 3.35 92.6+6.58 7.10
10.0 108.8+£2.18 2.18 100.9+4.12 4.08 88.8+7.57 8.53
K BEATZ T 0.25 100.1+7.07 7.06 91.5+4.41 4.82 98.7+4.03 4.08
1.25 952+6.13 6.44 103.6+£5.22 5.04 101.3+8.65 8.54
5.00 91.1+5.51 6.05 112.1+4.75 4.24 99.0+3.93 3.97

2.6 HENFEMR

KR ig TGP J& , ¥ B8 _E IR Fr g Sr it 77 vk 5 7%
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B (P<<0.05+ 0.01); 28 I MEAT 2451 78 45149 K B
RNt F1 MRTo—o L2352 1L, AUC 22538
(P<0.01), V4/F F1 CL/F & Z#{% (P<0.05.0.01);
BB T AT 25 R IR LRI R A K SRR N 1 253
SSHITRE MR U CCL 5 3 1 SR 5
PR RT TGP AS[RIE P o4 4 2530 2 0 2
(IR AETE 22 5
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g
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Fig.3 Plasma concentration-time curves of four components in TGP in normal and hepatic injury rats (X s, n=8)
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#z5 TGP HF 4 M RO ELEEMAFIRGARMBFNANFEH (X£s5,n=8)

Table 5 Pharmacokinetic parameters of four components in TGP in serum of normal and hepatic injury rats (X £s, n =38)

o . AJUIE AJE N BE T
S5 HAr s ™ - ™
IEWA PRI IEHH FERIZH
Crnax ng-mL™! 1315.4+4224 1490.8+712.3 382.9+148.9 487.4%219.4
T'max min 24.1+10.2 41.8+28.9 24.1+£10.2 52.5+38.1
tn min 140.3+43.6 361.8+176.5™ 167.8£91.1 321.4+152.0"
MRTo-» min 195.2+53.5 522.94255.0" 210.3£76.5 390.5+203.7"
AUCo-¢ min'ng'mL™" 203 136.01+46 598.6 309 629.9+123 095.2" 59559.6+20119.3 92 467.2+37 532.3"
AUCo-» min'ngmL™" 214 071.2446 652.4 437 720.9+191 986.2"" 63 686.61+20 804.5 116 569.1£54 181.6™
V«/F L 50.9+19.0 722+27.2" 63.71+33.0 75.0%+31.0
CL/F L-min™! 0.25+0.07 0.15+0.06™ 0.28+0.13 0.174+0.07"
S o B THATZT KB~ 2
ZH A o - = ™
IEHA PRI B P
Crnax ng-mL™! 2.08+1.02 2.1£0.9 1.06+0.28 3.71+£1.28"
Tmax min 10.6£5.8 35.0£31.5 143+£79 13.0£6.7
t2 min 124.7+41.8 135.8£79.5 88.31+44.6 77.9+46.2
MRTo-» min 196.3+76.1 237.9+112.9 131.4£69.6 128.9482.0
AUCo-¢ min-ng-mL"! 180.9+76.1 284.0+132.9 55.7£18.6 2323+742"
AUCo—» min-ng'mL™! 24524774 368.3+159.1 74.4+24.5 277.0£101.8*
V4/F L 855.7+189.9 765.5+377.4 1711.31+898.8 493.9+189.4"
CL/F L-min™ 5.19£2.03 4.49+2.80 13.68+2.78 5.30+£3.42"
SIE®EHER: *P<0.05 *P<0.01
*P<0.05 *"P<0.01 vs normal group
3 Wit E B A RN ZE T

AJEGFERNAT 25 NEE TN TGP 1) = B 258085,
HeaEm. i, Fk280E % TGP HI/ERNL
il A P I RE A AT RPN 81 LUK 2 AN R4 AR
T, B R HAR AR R . AR
TERTHIXS TGP YA s Fi b &K, B T A2
. AT AR AL, TGP ik & DR IME &1
AT, R BATAE R AT, S
MBS 53 58 R B B T e~ 245 AR FR AT 2458 1)
AR L H A7 2 AR R T
Tk A5 24 R B R AT 25 8 38 AT 25 s AT 4R
v, EERBEZMAIEHE R G R AR
RS EETE, B R BREME. JE/NH
3L i e AR I 55 LA V8 T BV T D010, BRT
A BEF R TGP 2 s M ik g,
2 By i FAE FH AL I FO SR AR - ASHIE 0 R I,
7E TGP MIRIRES 2570 T, AURTIN 2 /0 32 2N 1%
IATRAT G RIAT 25 AR, BB TEEA 2 AR
FIEAT 251 2R ZJ = 2 RN 251 I 1/50~1/100, {H
A IR IR FEAN 2 NATZ5H 1) 1/1000, 4347 S5 R AT
RESZIX 2 AN BRSNS DR 3 A A R oy v ]
WIATZGF T8, AR N LR B 258, Atk
INAEXT TGP 2 B Wil E F 2580 P ) R 78 53

W50 R IUTE TGP IRPRES 27, A2 AT
ZyN TR IR KRR 112 F1 MRT 235108 2~
3h fl 3~4h, 5ZHCHT AT, CCLFHFE
PERF A543 1T 35 G A 248 R0 A 24 Y TR 7 K R
W) 6 F1 MRT, FFR2EHN AUC, FEK CL/F,
Tt W TR B IR A TGP 5 AR g | 14
P il B IS [ M R R AR FE I o k1) BB 3 SR UMb B 42 T
CCly 15 T U JIF 403403 X A5 25 8 FNAT 24 3 s 1 72 K
AR N 2532 R, [ERE R I S R X 2
M Craxs AUCo— SE R, 11 1EK; Jiang
SRR G T IEH A AR IR BT R KR ig 7R
ATRII IS, AIETEMATA N BREAE 2 H R RAE N
WZBNFEZES, S5 R RoR SV 0 T 5 2 38
2 AN Toax A1 AUCo— 0 2585 SCRRARIE S ASHIE 7T
SE UL B S A R AR B B e RE Y 9] TGP
ICRAT 2520, AR Rl R b 8 i AR SE PR 175 L
BORVITH % FHIER 29 MTEAR N AR i AL AR 1Y)
OEEAE, s o] fe ol 52 RO A4
CYP450 Ff ()3 P T 8200 2544 N AR 21, B 9T
KIL CCls X 5 Ff P450 i (CYP1A2. CYP2C9.
CYP2C19. CYP2D6 Fll CYP3A4) ¥J45 &2 K3
PEFIR2, dbah, T e 51 B i 3E i i 2L
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P 245 i T e 38 DT SR A AR 23240, R
CCly 55 S 40 1 70 T d ik WIR LS 2R 5 5 ). TGP
P REIE 75 BEIRANIR T o A7 R B IR~
I AE IEH AR K R AR N I 28 S 50E 7+
LR, RS RRANMEER K. 2
WEIIREER R, Rsh, R e FIRAT 2
TE K SRR P (1) 2 -] 1l 28 52 B S TR DU IR 4, 15
B F 505 0 HAR P RR S N S 4%, AT REVS I
W REERE . B/ INE B R . B9 4 SRR TR
A AR 15 R 5 K SRR I I 212 T MR T G
R BRI AUC B8N, Vy/F fl CL/F
S E A, A3 DR AT BRS04 ) T 2 R
AJEGE AT 25 AR AR Ak, A8 L R oy AR Y
TR, (H AR RE B BRI A

AHFFE RN TGP 4 N5 BEREE 25 %
IYPTUIFE . ATEGNERTE . BRI 25 R K
AJLAF RIS I T 258h St 7, ST 17 4 A
FRATTEIEH AN CCly 55 2 045 K Bk P9 1 24
BE 7S, WUONEE— DRI TGP 2 o th IR AR T
VEFIMLHI PR AL SR a0 Bemt, R iz b 25 i PR & 3
MR 2 5% .
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