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1 MZR BIHHFERR

1.1 WRir MZR oK SS B PEZ Y, IR ,
FEAE RS 2 301 32 & () = 9 R B ( bioavailability, F) ¥ {f 7E
4. 8% (WA TE FEITE 37. 8% ~61.5% ), 4 SCHRHRIE MZR
WTE bz 4R v B AR B 45 181K ( concentrative nucleoside
transporter, CNT)1 F1 CNT2 FJIEY) , X IAZ 225 W a0 35 Ve fib
BE(CNTL IR ) AR B 4K (CNT2 (IR ) 1T 58 5 A il
MZR (IATEMICT ™ —I54 A 8 9l e B Al R34 1 I R AE 5T
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Recent advances in research of gut microbiota and Alzheimer’s disease
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Abstract; Alzheimers disease ( AD) is a neurodegenerative dis-
ease of the central nervous system, and its pathogenesis is very
complex. As a large number of microorganisms in the human di-
gestive tract, intestinal flora is the important environmental fac-
tor in the process of human health and disease. The brain-gut
axis is a bidirectional information regulation system which con-
nects the brain and the gastrointestinal. The intestinal microbes
can participate in the brain-gut axis activity, and influence the
brain function and some related behaviors under physiological
and pathological conditions. Recent studies have shown that in-

testinal microorganisms are closely related to AD, and they in-

teract with each other through immune, endocrine and vagal
pathways to form complex networks. Many reports have shown
that probiotics or traditional Chinese medicine can regulate the
state of intestinal microflora and improve AD symptoms. There-
fore, in order to provide a new research idea and method for the
clinical prevention and treatment of AD, it is necessary to fur-
ther study the interaction between intestinal microbes, traditional
Chinese medicine and AD.
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6 mg « kg ALFIET 4255 d 5 ERRASIRIEIR I (peak con-
centration, C, )YIE} 4.6 mg - L7110
1.2 5% MZR KNI AL G REME(2.3%) , M5
Bl BRAR i MZR ARSI i 25 B R 0. 21 L
chh e kg KRR R, IR 2T B E A A
VR RE frciey  IF BRI /N LA J A A s T IRV B
25T iE R S AR, T A A K BRI FL T
TGN IL-F- BB 25 o0, 24T R MZR 21 d 5, R
WE,
1.3 i MZR ARZAFAEACHT , 76 40 i ) 22 M 1 g X
il 5" B MZR 25302
1.4 HEft 85% 1 MZR LUJ R 25908 X 48 IR WCHE
9.7% @I M HE A2 19 8 1 fHTHHEME ' D RE IR
FE R BB, TR MZR 100 mg J5,6 h YA SRHRE R
2980% ., B PRI R BR BE S R BRI 2 ~ 5
h, B B B WLET 35 4% K (creatinine clearance, CL,) 1% T
50 mL « min "B, AR FATEAR N I WA
2 MZR i) TDM U7 %
2.1 #WTFE RN e FE R T S I B
PSR B o LA B Sy H i TR T e 22 1 A TN 7 1 2 i
SO A 3% 75 (high performance liquid chromatography,
HPLC) 7% & HPLC-J i{¥ ( mass spectrometry, MS) 7%, Ren
ZE ST T IAE MR A MZR 19 HPLC J7 9% , 1 FH BB A
YER AR, R Cop 4, W30 AH A 2 10 mmol - L' & &
FRFY 10 mmol - L™ AR — VA1 % s (pH = 6. 3) , Hiid
1.5mL -« min ™" KK E N 280 nm, 1%k 8990 Bl 7E
0.02 ~10 mg « L™ SRR MR & 0 0. 02 mg - L™ i ik
BN T E B G B E B MZR 25322 FRAE 430, BEAh,
ST A LR HPLC YR E 32 44 falt B Ak P2 a2 o )
MZR ¥, P K22 0 280 nm, (iR & A, F A
NNE - 7K - VKEEER (30 : 70 = 0.3,V/V) , HLHE N
0.1~10 mg « L™ S fRAT AL A 0. 02 mg - L™, MR R
I A AR N bR SR SCHR T, Choi 4511 L2 ok
FHHPLC 3EIZE T 24 44 e BE 55 PR A5 I8 4 I rh MZR (9 7
J A TE S 275 nm , BEBE 3-FF LT IS S Py A, 3
N C b TR BIAR R R S — AN B (93 = 7,V/V,pH =
3) ,&MFEFE N0 1 ~4mg - L' EEFRRAO0. 1 mg- L',
Zhao 55" R ] LC-ESI-MS/MS ¥, LLIMLE R REAS, ARy
AR, RO C i IR BIAHCY 0. 1% B2 S K W -
FHEE(47 © 53,V/V) MZR IEWREEAE 0.02 ~2 mg - L' N2
Bt EEE70.02 mg - L', HPLC ¥ B R B 1k
SiR RGN R B BT A O (B R Bl A AR B 2 M A 44
I 2 F TR o7 s A R B e i %

TG — T 8 O S VARSI 3 MZR A PR A )
5'-WEMR MZR W' 0y 1k B — P 2 RN,
PN ST A R S0 2H K, MZR 56 i R 4 £k 2B il 5 -
WElR MZR , J5 7 41 ) YK 25 VB2 4 B iR JE & i ( hypoxanthine
monosodium phosphate dehydrogenase, IMPDH ) , 1% i nl )& /b
A T AR A T e AR B S — AZ R (reduced form of nicotinamide-
adenine dinucleotid, NADH) (4 i, KA 5'-Bi R MZR #1

IMPDH A #e A M, BT LUAR IR 4306 5 B 15 % NADH 1)
TR, 1275 2 T4 B 3 I IR A B A, WeBE e L 0.1 ~
13.6 mg - L™, W EEUEME SRS BARREEL
) S 36 S BRI

2.2 BIERSETENERE X TEBHAENEE
7 ,MZR () TDM BHAILIE 8 275 B /RIS ) 220K 2 2 A
CHBAS BRIV 5 S W BR AN ) o E A AR ) B2 45 25 10
li1] MZR A4 P9 28 85 7T (9 W0 4 A 2 24 ) tf 26 1 1 AR ar-
ea under the curve, AUC) , %38 Fr X B BAE ARG B E HEF X
LR A B RAFIBOE . MZR B 2500K 1 d PRIR,
G HZ g AR T HEED AUC B9 ) 20T A 45 2 i
Oh DI K Z525)50.5.1.2.3.4.5.6.8 Fl12 h BoER™ , L
AUC 2 MEIMFE AR 1 18 97 8 1 T BB A 5%, )5 8415 7 58 2 i
FERAT

AUC TR M A8 b5, A A R AL B B IR A PE
G I PR RS (e S5 R 5, i, B A 4 2 G SR
£ FREUEE (limited sample strategy, LSS) A AUC fH, Ish-
ida 20 SE L 6 SRR 2GRN A ST AR 48 I B
JLZE MZR 19 175 e B W 28, 38 3 Bayesian AT LSS ¥ 4301 X
EL, AUC M TN AR TE 2 B E) A5 (3 h F1 6 h) BURE 5 B4R
fAifk AUC 38R . AUC = 0. 958 +2. 489 x C, +6. 038 x
Co(r*=0.991) ,

TR LSS IREAE i fai Ak T W8I 3R 35  HAASF T MZR
FENG IR L8 Bv . e 82058 2R B, BUS A W (rough
concentration, C,) AI1ER KA WEIMFEAR, Sonda £ 2] I
46 ] H A B BAHA S5 e e R 1 MZR 253245007, IF1T
i MZR 19 C, 7KF 5 AUC BYFHICPE, 45 R BoR Y CL, KT
50 mL + min~',r =0.87; 24 CL_%E 30 mL - min~' £l 50 mL -
min "' Z[H],r=0.93;2 CL, <30 mL » min~',r =0.94, X%
Wl C, 5 AUC WFHSCIE RAF, B, C, ATAE i LBt AUC
WEDFERR .

ZWFFTRIEAT MZR X TR A I B 200 6 A0 0 4] S 56 42
i MZR figf% & e i il I8 7 MR BV M 0.1 ~ 3 mg -
L™" fH/ MZR C, 7£0. 1.1 F1 5 mg - L™ B, HA g2 il 5k
A 36.4% (52, 6% F 62.2% , 3% $ 5 MZR K% i
I 25 R 0 o 2 L AR X A, (B IR 3] 509% LA 1 i) 2
B DT B EAERE 1 mg - L' DAEPY B — TS i
SEA I MZR ZEBIINH] 50% T bk EL 40 I3 Y FE R | Hok
FERITE 0.5 mg « L7 RA ™ A —J00il A B 40 A 90 i
MHAE B R B8 MZR 1 C, 465575 1 ~2 mg -
LB W) & #5230 43 04 G 58 S0 k) 20 R O 5 kAN R B R 1 R
AT AN, — PR MZR 24Pk 5 A ot (4R T 4R
MZR [ C, 7 3 mg « L™" DA LB, H BB BEMH] 5 Sk
YLAER R LRI B, 255 BUA 9T, MZR 1
Cy BT ELE | ~3 mg - LT B, EEATE
HE, T8 E MZR BB B RIR A 2RI EFE 2 ~3 mg -
kg ™! G T SCHkHGE H ARG RIS R H R SRR 6 ~8 mg

ckg™', BATETAET A2 ~3 mg - kg™ A7 B AHEA
1 mg- LW C,, Ft, 551 % EBLA 4 257 %, MZR 1)
Co WITH FBRATHIEMARZE 0.5 mg « L' 75 70 3 AT
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JE B BAEA G B B HE R R R, R T i A
i PK/PD BFSE KB E

THN MZR FEL B AEHEM, €, 5 CL, S BLH AR,
B R IRYT E AT B R AR 5 R CL A TR
K, M FEBEAG R EE, K CL A — AW L
FHOW SRR, 25 B B S 3 MZR ik B — 2> He R e 20
Pt . BIZIRYT B AN H T ARG R, sk B ) Ry 25
YWD P S B AN R R g &2

BREASWEI ¢, Sb, WA TR C,, 1E R W
B Tshida 257200 600 48 1) 'BF B JLZE MZR 1424 )2 4%
fiF, i 3 Bayesian F1 LSS iL#r%f b, L 25)5 3 h(C,) &
HIER C,, RN g5, AR MZR A &5
R G bk L A s L) L IRBETEREIN 3 ~6 mg - L7,
C T 6 mg - L7 B2 50 FECEREME >
3 MZR HMEREZEMHR

MZR F 3B 2 Mo 5L P 7 M3 b e 400 00 4 1
IE{K, Naito 25/ @K 24 h JREE & =E1EAL 34 flFa
W E A S B A 2 % IR MZR 19 F, 95400 SLC28A1 FI
SLC28A2 ByF R 2251, & B SLC28A1 565GG .GA Fll AA 1Y
LI R 43 51 R 20. 6% ,55. 9% F1 23.5% , Hirf SLC28A1
565GG 1 F 4 62. 4% B i 15 T SLC28 A1 565GA Hl AA i F
(42.0% F1 41.4% ) , 18 C, 7£ 3 P3[R AL ) 87 3 2 7] 22
JCEE, RIRFSE L & I SLC28A2 RN L Bt F #il ¢,
YIOMSE I WF 5T 4 /8 SLC28AL By JE IR £ 25 1 52
MZR I A BN REERFRZ —, J5AH—THA 30
1) H A e B 75 45 58 M A R 3 B9 I R B T A I T SLC28 AL
G565A . ABCG2 C421A Fl ABCC4 G2269A 13 £ 254k | [
FE R KL SLC28 AL M I Z A W MZR (W F, Hh
565GG FEF AW H F I8 5T S65AA (45124 90. 1%
FT75.4% )2 ) NS BIF 50 45 0 L k9, i R R
MZR /) F i B T EBAAAR R B H , HH A E R
B B B R PO TR X SLC28 AL 1Rk B LI e A 5%
Wi, HATSETF MZR HH 2380 AT 5T 45 AR 50 (0
W SLC28A1 G565A WYEEH L A4, IH45 & /5 220 TDM 45
AT AT bR PR AL MZR 4425057 RIS % |
4 MZR MBEAHEHR

Ishida 25120 5 ot JF 26 1 1B & &% % 455 5 ( nonlinear
mixed effect model, NONMEM ) 43 5l 40 #Ir 114 541 51 1
B A S A BILH B H 2 8% ReiE, MZR R — %
RUFI—ZR 434, 40 Tab 1 /R, B B A B R 3 1971
A WAL i B 6] (absorption lag time , ALAG) 47 0. 581 h,~F-3IK
AL T R B ( absorption rate constant, K, ) >4 0. 983 h', 5
B R LEE R A ZS 3124 38 (ALAG,0. 363 h; K, ,0. 554
h™" ) A, BN B AR W B, A, MR EE (body
weight, WT) & 1E N (19 BLA B B 4 AR 3% 7 28 3R W 4 7 8 1
(apparent distribution volume, V/F) 4 0. 858 + WT L, CL, #
IE T B34 10 IR3EBE 2R (oral clearance, CL/F) 24 1.80 « CL,,
ml + min ™', LS BHEEH V/F H1.03 - WT L,CL/F
J92.81 « CL, mL - min~", #8758 JL3 B B 48 B 5 75 22 MZR
BIFIE TR, BT R BTG IS TE A XL T B R A+,

CI/F 5 V/F PR B IEAR G 1878 MZR 19 F N[ 22
SRR, BRI, DL A7 B H T 2R 0 i T AR R R
MZR M2y s 22 5 RN REZR R,

Tab 1 Population pharmacokinetics of MZR in adult

and pediatric renal transplant recipients

Adult recipients Pediatric recipients

Parameters of renal of renal

transplantation transplantation

Enrolled number( F/M) 114(48/66) 51(19/32)
ALAG(h) 0.581 0.363
K,(h™") 0.983 0.554
V/F(L) 0.858 « WT 1.03 - WT
CL/F(mL - min~) 1.80 - CL,, 2.81 - CL,,

5 #it

MZR 7 H ] e e o i — s DA 3 17 R Sy 0185 ' S A AR
JEHERR B, A BT RAK , 23001 PRI 2 B H MZR 2554
S5HFRZIY B W R AR, AHR B RN & A SRAR AR
R, MZR TEIG PR L 4 55 B R 09 AR 25 W, 1o P e ol e
7o MZR (AR AR 22 5 K, Rl IR YT 20 48, A5 I
R LA WEFFE MZR (9 TDM T4, {3 MZR % TDM T.4E
AR E R FF AR S o AR R e E U T R MZR #E
o S AR AT B Y PK/PD G PRBFSY , & BLE N 4h i 76
£HXF MZR 8 TDM AYL5ARGE

458 H B TAEZ5 K P4 SCiHk, 76 2 MZR /) TDM
77 Ze b, S I 7 R R AL ZG Y6 €y, A 1 ~3 mg - LTUYAR
7 RS (T B AT IR E MZR 255150, TR AT ik
£0.5mg - L) JFERZIBITEREEUEBHEAE S
UIREMR A& /K R aTHE . R 7 ¥5 IR A HPLC %5, A 4%
PR AT RSB R A . [FIE, MZR 76 % F MZR W iicad 72
W EREERMERZ S M, &AW
SLC28A1GS65A L P &I 48 5 MZR %) Uf 25 24 77 42 (0 il %
BEA , MZR A 25 324 R iEAE B RS A AR S BRI L 28 BB 35 vh
R ERNZER LB B RETE MZR MFEE R,

B2k

[1] Mizuno K, Tsujino M, Takada M, et al. Studies on bredinin. 1. I-
solation, characterization and biological properties[ J]. J Antibiot
(Tokyo) , 1974, 27(10) : 775 -82.

[2]  Yokota S. Mizoribine: mode of action and effects in clinical use
[J]. Pediatr Int, 2002, 44(2) . 196 -8.

[3] Fuke T, Abe Y, Hibino S, et al. Mizoribine requires individual
dosing due to variation of bioavailability[ J]. Pediatr Int, 2012, 54
(6):885-91.

[4] Kokado Y, Takahara S, Ishibashi M, et al. Pharmacokinetics of
mizoribine in renal transplant patients[ J]. Transplant Proc, 1994,
26(4) 2111 -3.

[5] Oshiro Y, Nakagawa K, Hoshinaga K, et al. A Japanese multi-
center study of high-dose mizoribine combined with cyclosporine,
basiliximab, and corticosteroid in renal transplantation ( the fourth

report) [ J]. Transplant Proc, 2013, 45(4) ;1476 - 80.


shiji.han
高亮

shiji.han
高亮

shiji.han
高亮

shiji.han
高亮


P E B FEIR  Chinese Pharmacological Bulletin 2017 Jul;33(7)

- 899 -

[6] Naito T, Tokashiki S, Mino Y, et al. Impact of concentrative nu-
cleoside transporter 1 gene polymorphism on oral bioavailability of
mizoribine in stable kidney transplant recipients [ J]. Basic Clin
Pharmacol Toxicol , 2010, 106(4) . 310 —6.

[7] Ishida K, Takaai M, Yotsutani A, et al. Membrane transport
mechanisms of mizoribine in the rat intestine and human epithelial
L5180 cells[ J]. Biol Pharm Bull, 2009, 32(4) . 741 -5.

[8] Ishida K, Fukao M, Watanabe H, et al. Effect of salt intake on
bioavailability of mizoribine in healthy Japanese males[ J]. Drug
Metab Pharmacokinet, 2013, 28(1) . 75 —80.

[9] Nagai T, Uemura O, Kaneda H, et al. The true distribution vol-
ume and bioavailability of mizoribine in children with chronic kid-
ney disease[ J]. Clin Exp Nephrol, 2016 [ Epub ahead of print].

[10] Stypinski D, Obaidi M, Combs M, et al. Safety, tolerability and
pharmacokinetics of higher-dose mizoribine in healthy male volun-
teers[ J]. Br J Clin Pharmacol, 2007, 63(4) : 459 —68.

[11] Liu D, Kobayashi T, Nagasaka T, et al. Potential value of high-
dose mizoribine as rescue therapy for ongoing acute humoral rejec-
tion[ J]. Transpl Int, 2005, 18(4) ; 401 -7.

[12] Kusumi T, Tsuda M, Katsunuma T, et al. Dual inhibitory effect of
bredinin[ J . Cell Biochem Funct, 1989, 7(3) :201 —4.

[13] Ren B, Fu X H, Zhang Z H, et al. Determination of mizoribine in
human plasma using high-performance liquid chromatography: ap-
plication to a pharmacokinetic study in Chinese renal transplant re-
cipients[ J |. Drug Res( Stuttg) ,2013,63(7) : 376 —81.

[14] 8 & XE, ZREIC, 55 S R0 65 00 e A4 1 3 h
WS T RS S WAL )]. F B E B 2 5 A &, 200,29
(20):1725 -17.

[14] Dai Q, Liu S Q, Xia P Y, et al. Determination of mizoribine in
human plasma by high performance liquid chromatography and its
pharmacokinetics study[ J]. Chin Hosp Pharm J, 2009,29(20) .
1725 -17.

[15] Choi SJ, Hur HJ, Lee S B, et al. A simple HPLC method for the
quantification of mizoribine in human serum: pharmacokinetic ap-
plications[ J |. Biomed Chromatogr, 2008, 22(11) ;1259 - 64.

[16] Zhao Y N, Yang J J, Li X H, et al. A sensitive and practical LC-
MS/MS method for the determination of mizoribine in human serum
and its bioequivalence study on Chinese healthy volunteers[J].
Yao Xue Xue Bao, 2010, 45(9) :1149 -54.

[17] B 25, 4l 96, 2250h, 55 CYP3AS JERIAL P B R A A

J5 B R B R BRI B2 B A S i [ T] . P E 2
22 3384k ,2016,32(11) ; 1592 -5.

[17] Chen P, Fu Q, LiJJ, et al. Impact of CYP3A5 genetic polymor-
phism on modified releasing tacrolimus pharmacokinetics in Chi-
nese renal transplant recipients[ J]. Chin Pharmacol Bull, 2016,
32(11): 1592 -5.

(18] XI¥FdA, & P, BE 45,55, LC-MS/MS 0 2 A i i 1 ik
PRV W MR N2y 2 R (U], v B 2 2 aE
1% ,2016, 32(7): 1017 -22.

[18] Liu ZJ, Zhao P, Chen J, et al. Determination of rasagiline mesy-
late in human plasma by LC-MS/MS and its pharmacokinetics
study[ J]. Chin Pharmacol Bull, 2016, 32(7) ; 1017 -22.

[19] Hiramitsu T, Ota H, Watarai Y, et al. Enzymatic assay method for
measuring mizoribine levels in serum[ J ]. J Biosci Bioeng, 2011,
112(2) . 205 -7.

[20] Ishida K, Kaneda H, Uemura O, et al. Evaluation of limited sam-
pling designs to estimate maximal concentration and area under the
curve of mizoribine in pediatric patients with renal disease[J].
Drug Metab Pharmacokinet, 2011, 26(1); 71 -8.

[21] Sonda K, Takahashi K, Tanabe K, et al. Clinical pharmacokinetic
study of mizoribine in renal transplantation patients[ J]. Transplant
Proc, 1996, 28(6) . 3643 - 8.

[22] Turka L. A, Dayton J, Sinclair G, et al. Guanine ribonucleotide
depletion inhibits T cell activation. Mechanism of action of the im-
munosuppressive drug mizoribine [ J ]. J Clin Invest, 1991, 87
(3):940 -8.

[23] Nishimura K, Uchida K, Yuzawa K, et al. Excellent results with
high-dose mizoribine combined with cyclosporine, corticosteroid,
and basiliximab in renal transplant recipients: multicenter study in
Japan[ J]. Transplant Proc, 2012, 44(1) ; 147 -9.

[24] Fukao M, Ishida K, Sakamoto T, et al. Effect of genetic polymor-
phisms of SLC28A1, ABCG2, and ABCC4 on bioavailability of
mizoribine in healthy Japanese males[ J]. Drug Metab Pharmacoki-
net, 2011, 26(5) ; 538 —43.

[25] Ishida K, Motoyama O, Shishido S, et al. Population pharmacoki-
netics of mizoribine in pediatric recipients of renal transplantation
[J]. Clin Exp Nephrol, 2012, 16(5) ;: 799 —804.

[26] Ishida K, Okamoto M, Ishibashi M, et al. Population pharmacoki-
netics of mizoribine in adult recipients of renal transplantation[ J].

Clin Exp Nephrol, 2011, 15(6) : 900 —6.

Therapeutic drug monitoring of mizoribine in renal transplant recipients
CHEN Pan', FU Qian*, HUANG Qiu-ling', LI Jun®, CHEN Jie', CHEN Xiao', WANG Chang-xi*, LI Jing-jie’
(1. Dept of Pharmacy; 2. Organ Transplant Center, the First Affiliated Hospital of Sun Yat-sen University, Guangzhou 510080,
China ;3. Reproductive Medicine Center, the Sixth Affiliated Hospital of Sun Yat-sen University, Guangzhou 510655 ,China)

Abstract : Mizoribine( MZR ) , as an orally prescribed immuno-
suppressive agent, has been applied in the prevention of rejec-
tion after kidney transplantation. MZR requires individual dosing
due to the variation of bioavailability. However, therapeutic drug
monitoring (TDM) of MZR is not well developed in China, as
compared to other clinically used immunosuppressive agents. To
our knowledge, this is the first TDM review of MZR. Pharmaco-

kinetic characteristic, concentration determination methods and

sample selection of MZR were summarized, also the rational
therapeutic window was proposed. Furthermore, gene polymor-
phism and population pharmacokinetics of MZR were estimated.
This review will provide reference for TDM-based individual do-
sing of MZR in renal transplant recipients.

Key words: mizoribine; therapeutic drug monitoring; renal
transplantation; pharmacokinetics; gene polymorphism; popula-

tion pharmacokinetics ;immunosuppressor



