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Measurement of Mycophenolic Acid and Its Glucuronide in the Plasma and Study on Gender-related
Pharmacokinetics Based on UGTs Enzymes

WU Lili', XIA Chen', LI Qiaoxi!, LIU Bihao?>, ZHANG Hongyu!, WANG Yan'"(1.Department of Pharmacy, The
First People’s Hospital of Foshan, Foshan 528000, China; 2.Foshan Blink Biomedical Research Co., Ltd., Foshan 528251,
China)

ABSTRACT: OBJECTIVE To establish a UPLC detection method for simultaneous determination of mycophenolic
acid(MPA) and its glucuronide(MPAG) in plasma of rats, and to investigate gender-related pharmacokinetic characteristics of
mycophenolic acid. METHODS Twelve SD rats(half male and half female) were intragastrically administrated with
90 mg-kg!-d~! mycophenolate acetate, and blood was collected from periorbital vein at different time points after administration.
Plasma samples were extracted by liquid-liquid extraction and drug concentrations of MPA and metabolite MPAG in plasma were
determined using UPLC. The method was developed using Waters BEH Cis column. The gradient elution was performed at a
flow rate of 0.35 mL-min~" with the mobile phase acetonitrile solution (A)-0.1% formic acid aqueous solution(B). The detection
wavelength was at 266 nm and column oven temperature was maintained at 40 °C. The pharmacokinetic parameters were
calculated by using DAS 2.0 software. RESULTS The linear relationship between peak area and concentrations of MPA and
MPAG were good in the ranges of 0.31-160 ug-mL"'(R*=0.999 8) and 0.62-320 ug-mL'(R?>=0.999 4), respectively. Analytical
methods of MPA and MPAG all met the requirements of the methodology. Pharmacokinetic parameters AUCo-rand Cmax of MPA
and MPAG in female rats were higher than that in male rats(P<0.05 or P<0.01). In addition, the metabolic rate of
genistein[ UDP-glucuronosyltransferases(UGT)s substrate] and MPA in male rat liver microsomes were significantly faster than
that in female rat liver microsomes. CONCLUSION This developed UPLC method is sensitive, accurate and specific, which is
suitable to detect the concentrations of MPA and MPAG in the plasma. The pharmacokinetics of MPA and MPAG in rats are
gender different, which may be related to the sex difference of UGTs metabolic enzyme activity.

KEYWORDS: mycophenolic acid; mycophenolic acid glucuronide; UGTs; gender difference

EETUE : 2022 45 b 1L 7 DA {5 5 R R HRE(20220379) 5 ) A48 P B 24 )5 1T 130 [ (20241299) 5 |7 AR 48 BE e 22455 2 4 (2024 A18)
TEEE N RFH, &, Hl, FELW E-mail: xnwll668@126.com BEEE: EUF, &, W, Rl FTZE E-mail:
77565663 @qq.com

v B R 22 2023 4E 10 A4 40 3556 19 1 Chin J Mod Appl Pharm, 2023 October, Vol.40 No.19 -2659 -




%5 W iR I (mycophenolate mofetil, MMF)/2&#r
TGS, 5 7 A PN P A 36 P 0 B 1 TR
(mycophenolic acid, MPA) A RE & % e 2 M VEH
FETHHE B AR BTHET 50 SR P B
R (UL BT IV BHRIRIFI21, MPA BUHTHERF SR
B BN ) A 5 Hok B B B0 K &%
M M 0 24 e B X T T L A A TR L
BT FEPRPY MPA o B 20 ) 4 0 1 TR e B Il
(UDP-glucuronosyltransferases, UGT)1A8 #1 1A9
A S AN HL 2 B P 00 T R A A0 T R
(MPA-glucuronide, MPAG)*, MPAG £:4%iz [
HeM B ARV b, RS LR IE ERE VR T 2 T
PEIR AT BRI L AE ) MPA, i MPA 115 8 =19 i,
(7] -t 18 i 7 BRI S R K AR B, AR Z I PR IE S 3R
B MPA 124 8l 74 A 28 5 LUK, 00 L i
BEIN 22 2555 Z Rl D R AR 2 o i L2 ik e 1671
MPAG TE il B REE T K, feik T MPA 17
WG, B RG34 MPA {4 N % 88 STHk 294
40%"), [H 1tk MPAG F¥ B2 25 St 2 5 MPA 24
EMEEF RPN RZ—, HXT MPAG [fi2h
W BE e 2 82 n M 1) 22 S 5 1 SCRR A 3
AR S TEHE ST BE [A) I I 5E 1% vh MPA B A5
MPAG ¥ FE ) UPLC il 5k, -0 FH T
5% UGTs RGN T MPA 24 8l 114 51 25 5
AMTIE T MPA WIRIRGELHZS, b MPA 91
AR PR BEHIR A o

1 #E
1.1 43

ACQUITY H-Class # i 2R AH 14X (35 [
Waters); Microfuge 20R 7Y &5 38 14 7 25 LML (G [E 1
B8 EJREE); Arium mini plus F R 4l K AL
BSA623S R 773 b KF- 2ok A T8 T2 H 3T ;
Research plus FEARBIEL Wy #% (12 = Eppendorf);
Vortex-Genie2 %I i i€ Ik ¥ % (3£ Scientific
Industries); AB33 %! pH {231 (3£E Ohaus),
WS27-2 fH iR /KK (3E [ Shellab),

1.2 259515

MPA F1 MPAG(Toronto Research Chemicals 7%
Al SN R 98% Fil 96% 5 it 5 4 Gk
3-BKG-19-1 FlI 2-FAI-5-1) ; MMF . 22 [
(testosterone, TES). JuRlARER ., WHEZER . B
A BERE . LT LR AR AL
BRI T AL PR IR AT, 2 1>98%;
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5 43 9o M302247, T102169, G106672,
A132913, P113045, P112221, E118595, M283904);
PRAY — WM A MR AN . D-#IbE R SR N R [P
& F0 LA L 23 () B2 2y A PR\, SRR 98%,
#5291 U6751 #1.S0375]; LM (o ity Hf
(54l Y0 F A5 E Merck 23T o
1.3 ¥

SPF %% SD KE, 3£ 12 H, MM, K5k
8 200~250 g, H) AR B 2E Sl G sh P s PR AR
YA AR . SCXK () 2019-0035, K EUTE
ST AT IE N BR R 1A, G IR R BE TR RN
(25+2)°C, FXHREN 40%~70%, RERAKK
HAZIRE], ES2HRT 12 h 288 (] A BKoK). %
WA P2 Sl BT A BB G s
RRE2ETIR
2 Hk
2.1 Rk

{35 F 4 Waters BEH Cis(2.1 mmx100 mm,
1.8 um), WahHH A HHA B A5 518 ZHEFT 0.1%
R KIS, WM 0.35 mL-min', KK N
266 nm, FEiRN 40 C, BEEEVEBL(0~0.1 min, 30%
A; 0.1~1.8 min, 30%—80%A ; 1.8~2.8 min, 80%—
70%A; 2.8~4.0 min, 70%—30%A).,
2.2 % A i A VP T

F5 BRI 10 mg MPA 1 10 mg MPAG, filA
SmL H BEE AR, FCHI A 2 mgmL™ MPA FI
2mg-mL" MPAG XA, ET 4 CH
1E. K% PRI TES 10 mg, JA 5 mL ZJERR,
WHERA], #4582 mgmL ' BINFREE &, BT
4 CHRAF. KiBEFRBRIAER 10 mg, A SmL
CNEGR, TATEIRST, Hil45 1 2 mg-mL™" I NARGE
/W, BT 4 CHRAT

a2 AR 240.17 mg Wi R — 40 A1 1.88 g B IR
A4 T 200 mL EAEK A, T pH £ 7.4,
R kpi BEFRGE P, TRAET 4 CH . KB FRIK
80.78 mg R 1T —BEMR E A BERE RSN, W T S mL
#Haikd, BP-A Solution A, 1#FET-20 °C. FREL
S5mgNHITEZ, T 100 pL B ET, AR EH
19.04 mg S LEEF 210 mg D-71E — W2 B N R 1 7K
WO, BAUKEARZE 40mL, WHERS, Bk
Solution B, 47 T-20 C# M.
2.3 IR S A AL 2

HU 10 uL N FRIE I (50 pg-mL~" TES)fiN A 5
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90 uL FENIMAK T, WHERAT, MA 1 mL 44
fi , eI 2) 8 min, T4 “C .15 493 xg B.L» 20 min,
WEHZETHELENRN, B TE, REOH
100 uL RSIAHE R (0% LMEF 70%K)EH, T
4°C. 15493 xg B5.[» 30 min, B 7 UPLC i#HAE
3T
2.4 ZjEhFAE

fRFE LA SD KA 12 H, 7 AHEELL(Q . n=6)
FUEHEAL(S, n=6), OIRFEHE LT MMF, 44255
4 90 mg-kg d (P TR MMF & H 1 g), 52
B Y R HIEL25)5 0, 15, 30min )2 1, 2, 4, 6,
8, 12, 24 h REERIM, RUCKIM 150 pL, [FETHE
J T AR E BRER K, USRS i A e
41l 5867 xg B0 5min, B FIERASHIMYE, #%

“2.37 TR A I UPLC SRR 54T

2.5 RHAE

W “2.47 TR KBTI F 2 i RIS A
il & CRLARTE , 4 250 pL 19 kpi BEFRZE M
70 uL Solution B . 20 pL #i B J5 1Y SR 1K (24
0.2 mg-mL™"). 4 pL AN[FHREE 250 R (AR R
8¢ MPA) & 56 uL Solution A fRIKINA & B0,
RAJGET 37 CKBHRPIFEE 30min, H
Solution A F=%E H bR 1 W 25 M TS R M A
JE T MEIE R FE ) HLEMA . Solution B FEHN
R, S8 DR R NERdl R, 2 1
FHRNE) UGT WE 25, WEHRIFIMA 60 uL
F TES(MAR) B CHE WA L OB, IR TETR S
Smin, T 4°C. 15493 xg &.0> 30 min, i H
UPLC #5304 , AR (V) 1 53 B 22 Sl A=
AR Y B (nmol - mg ! min ) F R
2.6 HiterhbEd

K DAS 2.0 3RO A S 25 2538 By S AR
BN SH, FTSIN 28 F S8 BRI B
(Crma)« FHEH(1122) . I BT (MRTo.) . 250
it 2% F 1 AL (AUCo.) FIIEBR R (CLZ/F) . K] SPSS
20.0 Rl ST AR R IR EA TERRE 2 28 1] 1Y LA
P<0.05 £ AGEFE L
3 #R
3.1 RS
301 LEMERE RO R PR & 2
(% MPA , MPAG FINFR)T% “2.3” TR Ik B
Fie “2.17 WU OSSR, BRI EIEE, WA
1, MPAG HY{R-BEIHEZE 1.3 min, MPA FY{4 B it

P E AR F 252 2023 4 10 58 40 545 19 M

[H7E 2.1 min, AR TES AYAEEEIHEIZE 2.7 min,

MPA. MPAG 5WbrsrEs RAF, 3 i i
YA T-HOAE b 0 % , 25 AR ZE MPA L MPAG
HTN AR B € T I 6 BT I, R BT | 1 U ik
FrSrk RAT, & 0T MPA Fil MPAG B 5E 8047,

' A\

L 1 1 1 1 1 1 1 1

0 050 1.00 150 2.00 250 3.00 3.50 4.00
t/min

B MPA

MPAG H TES

0 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
t/min

1 Z a1 (A)RE MPA. MPAG #7147 TES # i1 %
(B)#7 UPLC i &

Fig. 1 UPLC chromatograms of blank plasma(A) and
plasma(B) containing MPA, MPAG and internal standard
TES

3.1.2 &MEEAEE TR CRADNEUR /N — 3
BT MPA e MPAG 7K Bl 3¢ rh A i 2
B, K2R AR AR (X)), K2R
bR TR LLAE AR AR AR (Y) , 7551 MPA 76K R
2% P AR e T2 5 B2 A ¥=0.086 4X+0.039 6, H
K FHR*=0.999 8, B MPA 7£ 0.31~160 pg-mL™!
WM RL, &8 FRA 031 pgmL!, 153
MPAG 78 K BRI 2% 09 b o dh 26 5 #2 ol Y=
0.050 1.X+0.029 3, #H KR E R=0.9994, £
MPAG 7E 0.62~320 pg'mL ' W& R, E&F
FR 4 0.62 png-mL™',

3.1.3 EFEAERE RS SRR E [
il L AR 3 AR EE R BT A A, R (2.3
WU RTALFR T B “2.17 TR i (a3 S0k a4
W IREAS AT 6 IRHERE AT, 2L 3d, 1t
EHWAERRE . H IR AER R . i A RS
(AT %5 B 5 MEA 2 34 6 LR AR A R A BT K
G 1,

3.4 REURCRIR I ML AN, K “3.1.3”7
IR 3 N EE ) MPA Al MPAG T AR SEREIN 7545
e TR ALCBE MR BEHET 6 DMREAI 73HT)
s AR e “2.37 R kit AT Ak 3Us 9 -
H, AR T, ARHEEE R MPA Fil MPAG i
(EFER), B 6 4y, MASTEI P RFL A2,
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F1 AR MK T MPA R MPAG W1 % E ROE# &
Tab. 1 Precision and accuracy of MPA and MPAG in rats
plasma

21 b d5-4) H N (n=6) H [ (n=6)

j pgmL OREEE/%  HERIE/%  REEE/%  HERE/%

MPA 1.25 5.59 97.75 7.52 92.51
10 2.62 102.21 5.91 96.25
30 3.71 99.78 3.50 98.83

MPAG 2.50 3.62 94.11 4.59 97.26
20 5.33 104.54 4.03 101.79
160 6.79 98.37 5.52 103.21

WETAIFR L A1/A2 WTSRAS 3 Fhifk B AR A7 ) 4 i el g
R, MHERRGB% LG 70%A)EHE . 1.
IR EERERR T, BENRIE 6 NMRRIEES, FRiBZ
A, BSOS R AR A3, R
NiA A2 5 A3 BELME, 255N, MPA Fl MPAG
1 FE BRIl 90.45%~95.49% , & T RL W
95.54%~100.44%, ¥FFEIIEFEOR, W& 2,
T2 M+ MPA f1 MPAG Hy 32 B E ik 2 An 2 R 2% B (n=6)

Tab. 2 Recovery and matrix effect of of MPA and MPAG in
plasma (n=6)

2 WeRE /ug-mL! [T /% FE TR %%
MPA 1.25 92.77 95.54
10 94.49 98.81
80 90.45 100.06
MPAG 2.50 92.12 96.15
20 91.46 100.44
160 95.49 98.31

3.5 et s Amdk g s . g3
AMRBE RIS, BRESHTT 6 AR
Mr, BIEEE FHCE 6h, 754 C N 24,
520 C R AR 3 Wk, % “2.37 Wik kit
PR HEREDN 5 | 455 75 MPA Fil MPAG 7EAS 5256
SRR E M B E(95.23%~103.85%), L% 3.
=3 MPA f1 MPAG #y#2 = R 3 4 £ (n=6)

Tab. 3 Stability test result of MPA and MPAG in serum(n=6)
%

25y WE/ugmL!  F(@6h)  4°CQ4h) —20 CE G
MPA 1.25 98.96 99.13 98.43

10 98.68 95.23 99.39

80 102.48 99.68 99.18
MPAG 2.50 97.42 99.92 100.89

20 103.85 97.63 103.63

160 103.15 93.77 96.30

3.2 ZEEEAR
ML 253 FE - [E] il £k E] BT LA MPA 78
RN KRB 5675 5 MPAG, MPA (25t th & rE7e
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XU, $7R ] BEAEAE A G 20 o 26 T IRZ 25 0.5~1 h
J ML2% H MPA Fll MPAG ¥ i 35 2|16 {H , MPAG 1)
Cumax 2974 MPA 1) 8 135 ,MPAG 1) AUC,., 2] MPA
) 11 %5, MM AR MPA Fil MPAG (1) AUC.,
FI Conax Y9755 FHEE R FL(P<0.05 B, P<0.01), 45501
2 #1 4,

A 4r - i
i
T 37
E
\j_ 2
=
® 1
0 ! I ]
0 5 10 15 20 25
t/h
B 25 -tk
= M
20

—_
W

e /umol-L!
=

W

t J
10 15 20 25
t/h

B 2 MEARDTR MMF &8 R# 4% MPAA) L &
MPAG(B)#Y 1 25 < Z - Bt [2] 1 & B (X £5, n=6)
Fig. 2 Plasma concentration-time curve of MPA(A) and

MPAG(B) after oral administration of MMF in male and
female rats (X s, n=6)

(=]

(=]
W

x4 HHEAROR MMF B8 R#4% MPA LXK MPAG
¥ S ¥ (xts, n=6)

Tab. 4 Pharmacokinetics parameters of MPA and MPAG
after oral administration of MMF in male and female rats
(xxs, n=6)

S s MPA MPAG
M e Ttk HEPE
Conax/pmol-L7! 1.67+0.35  2.65+0.49V 13.37+1.78 20.64+3.33D
tip/h 4.13£1.09  2.89+0.17 3.97+1.66 5.21£0.55
MRT,./h 4.61+0.87 4.84+0.57 5.10+0.19 5.94+0.77
AUCo./ug'hrmL™!  2.05£0.27  3.71+0.50% 23.28+3.90 41.48+1.94?

CLz/F/L-h™"kg™! 43.62+5.55 24.43+£3.07Y 3.84+0.56 0.46+0.02?

W SHEMALL, DP<0.05, 2P<0.01,
Note: Compared with male, VP<0.05, 2P<0.01.

3.3 UGTs /51 A5 M I R AL 1R gt
MPA %% UGTIA8 1 UGT1A9 Ui, ¥

UGTIAS8. UGTIA9 WS gekl R Z Ok
2 M B A AR SN R 5E UGTs B G A8 1k,
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1A MPA AR S 1A T 7 2 W TR IR Ak A3 s
WFFT . YR AR Z A MPA 78 K ST ok 1A il
(4 A I 3 3 457 T S PR M R BRSO (ARl 3
I MPA S MPAG 7 K LA A 1 245 40 J3E 1 o il 2
SPERTRE S UGTs B#E M. MPA R s my v
MEFA K, ZERIE 3,
4 it

H A A MPA 1l 259 B 5 H B 5 A e
$E: . HPLC K LC-MS/MSU-M - K HF 5% % i
UPLC, BCiAH Tk, B vl Rl Wil MPA
FAREY) MPAG PG A5 AR F TR0 (433 - o 3% 15k
Wik, BHANGE X gy R A
T HPLC, HARMIEHEMRAILR . AR
0.1% MMM NEE s, 5o mhEw k(W
PR ERSZ PO SIAHAR EL , AT sE X (U K i
FEME, R . EEENIEEYI BT TES
ER bR, Pt HgERhE R, Az
2 B T4 . ARSI 5% SR FH TR 2 BEURN 2500 1
JEERBRMEEN, EBREAEDR, AT
TR BT . ASIFSEEESL T 2K MPA il
MPAG 1 UPLC Kzl 51k, 1% 0 B AkEE =
EIELS, ArHTE B, AHOCH) B R B I ) Y
AT [F] I W MPA B AR, &5 iR

KEZy #4858 BoR, MPA 25 nf £ 77 7E
X, I ER . P-HEE e E A H
HEZs 18R ) B Il AE e Z W S S R R A =
i i Ze h BB FEfR N MPA =AY
S MPAGH, MPAG & f%iz & I HEM 2T
Wi J 7E W T8 TR AR VR T 28 M A 2 ] PR e A
i MPADPY, $7R T BOB I Y i R AT e A7 7E 1 i
T3 . W FE FF X MPA AUC 19 5T Bk R 20N
40%%1, MPAG ifiid 25 MPA W ia GRS 2
20 MPA 2538017, #ETTRZI MPA B9Y7 4k

—_
(=]
1

.
O ik

D

AR15+% % /mmol-mg"-min!
o v & o ®
T

10 20 40 60 80
HERIA 2 /pmol L

5 2% BB n 30 Ao 5 ) AR 0 e S0 1T 5 | B
TEIREIARAL, (75 MPA AYZREE & & A AR R3],
THIHHGE S S MPAG 454k 55 iz A6 340 1 [ 1K
MPA ()2 U4, BF5E & BUPL B 259 v i i i
RS2 T Jg SEE DG B , 22 T 46 MPA 1A PR 2 58 1 R0,
it MPAG FOREZGHEM:, (HHAE I iE R
KSR, RUET MPA BIBRFAEIR, XF MPA 4
TR [R) 24 Bl 25 S W R

SCHRARIE MMF (R AR FEPE R 22 52, Lok
) 5 MPA AUCo-nw B E® THME, m
MPAG/MPA 1) AUCo-12n HUAE B (IR F B HETT, A
W5 [RIRE & L MPA FIl MPAG 24 5 2508 HoA
PRI 2E S, MEPER BUAP) MPA FI MPAG 1)
AUCo.; Ml Conaxe 21558 THEMER BU(ZI4 1.54~1.81 17,
P<0.05 5 P<0.01), HEPESREUAN MPA KA
B L, kiAo B H MPA I EEME RN &R
RILHME S, EETEMERN R B Wi RN K
X2 RGN, B SR MPA ¥
i PR U, FEMEE R AR MPAG 1924
Y R R o TR R B, fH45 MPA (W24 3))
SESROE HARN 22 5 . B IR 259 A W R A
JEARHN, CLZ/F ik n HIERYIHBR %, B8 MPA
HI MPAG 1 CLZ/F I F K B(P<0.01), HA
FIE R A A5 M LU e HE T 1 ) 2 S A 0

250 25 8l 2 SR RN 25 S5 B R BLAE I
W a3AE . ARERHERE 4 ST, AT B,
e SRR, NIRERD, IRIFHARZ,
PRI 20 B P 2 0 0 SR o3 A A5 R K, (B4 Pk
Mo, HHER BN, Ml 5 5
A7 AR e R 22 5 08 seah, 25t A
i B PR ) 2 Sl 2 S S AR R HE T A AR
PR ZE TSR, ASSE e N UGT AR HAH G 1)

S 10
g 8 I -71'&@ 2)
'T;D I M 1
1

Eer
] »
Eab
Hr 1)
= 2
=
s

6.25 125 25 50 100 200

MPA FE/umol-L!

3 FMARFEA MPA 74 A RAT Mok i B B Rt R L R(T £5, n=6)

SkferEA L, DP<0.05, YP<0.01,

Fig. 3 Comparison of glucuronidation rate of genistein and MPA in male and female rat liver microsomes( x £ s, n=6)

Compared with male, "P<0.05, ?P<0.01.
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PR ZE ST SE, T — R S M, 2
VI LA | TR B S SRR (1 55 7 T MPA
J MPAG #& % i HAE ) 22 5 AL A Tl
‘z”i%E@‘/&E%iﬂﬁm’éﬁ%B@ﬁiﬁi%%ﬂ/\,
25 A Tl T 245 9 A PN ) A e R %Kﬂﬁﬁk
MVER, EZiahieh i sE EEME, HFgmE
NN FFEME . MPA K MPAG 24312411 22 3]
fE -5 25 ARG AR AH T, T MMIF FEAR N 42

Pk ff 1 SR S R TEMEI T MPA, MPA F %48
UGTI1AS 1 UGT1A9 XUl i MPAG., AHFoE 2
F UGTs 1CI R MPA 1925324 5 22 S HL
il 3R oS T HR B IR MPA 2455024531
ZESEMIHLH . UGTs BEFE A [R14: 51 9 K U o 3%
IEATE], ABFFEIESE T UGTSs JIEH 4R A 2 Al MPA
FEMEPER B UGTs AR 5428 5 TR R
L, JURIR R AR MM/ U 1 UGTs AR R 2 5
TMEPE/NELRO, S8 UGTs BTE PR ELME 922 5
Al AR AR E R P22 I, UGTS RIS M
(AP 1) 2 5 T B -3 T MPA Il MPAG 1 2 8))2%
SRR 25, X W RTEIG R MPA
B 5 BRI 2, AN R 31 1) 8 3 i 1
LAEREZ Y
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