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The Effect of Famotidine on the Metabolism of Metoprolol
Tartrate in Human Liver Microsomes

XU Ran, FENG Enfu, XIONG Yuyu, ZHU Jiade, HE Gonghao
(Department of Clinical Pharmacy, 920th Hospital of Joint Logistics Support Force of People’s
Liberation Army, Kunming Yunan 650032, China)

[Abstract] Objective To explore the enzymatic reaction kinetics of metoprolol tartrate in an in vitro human
liver microsome incubation experiment and to explore the effect of famotidine on the metabolism of metoprolol
tartrate. Methods An LC-MS/MS method was developed to accurately measure the concentration of metoprolol
tartrate in a human liver microsomal incubation system. A human liver microsome incubation system was established
to determine the optimal incubation time and protein concentration; using the substrate depletion method, the
enzymatic reaction kinetics parameters of metoprolol tartrate (such as V  and K ). Series concentrations of
famotidine were co—incubated with metoprolol tartrate, and the concentration of metoprolol tartrate was measured to
evaluate the effect of famotidine on its metabolism. Results  The optimal incubation time for metoprolol tartrate in
human liver microsomes was found to be 60 minutes, with an optimal protein concentration of 1.0 mg/mL. The
enzymatic reaction kinetics parameters were V. =0.07 pmol/min/mg protein and K = 7.84 umol/L. Conclusion
The results indicated that famotidine did not produce a significant inhibitory effect on the metabolism of metoprolol
tartrate in human liver microsome incubation system, suggesting that the combination of these two drugs may be
relatively safe.

[ Key words] Metoprolol tartrate; Famotidine; Human liver microsomes; LC-MS/MS; Kinetics of
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2H Wit H2 = K F5 $1 7 ( histamine H2 receptor
antagonists, H2RAs) 2097 B 148 S s A1TH 1k
PRI Z 90 B 2591, (T AF SR T 5T 3% I HL
ELIME RS W EER BN ZHEER . JEHiE
H2RAs 7] DAglsg O g e R AR S i 24 edh,
SEH L E TIPS & B H2RAs PO R A A
ORI VERT, Al DABEAR T GE O 2 B 2 AT
O H A VET I SRS AE RN H2RAs
AIBERCA ORI 2 . i, 20
H2RAs 5 HA—Zehi.0 w3k H ) % 2t B A
HEE L,

B ZARBHA I H AR T IR R A A —
gy, AR EN, H2RAsH B =1k
REL 4 77 EL A FE 0L 24 B 71 7R BRAIG EE O
FRFERW (> 14F) 2 FIET-F ) H, H2RAs 1Y
SPE B ZARBLEFIA Y, H B B RCE
2l X Begk PR | H2RAs Fil B 32 44 BH s 71
BAA EACIBIT O IR AR RIS . SR, X
b 25 W B FH () 245 8l A AR FH RN 2 4 i AS I
I, AAFFE R A EYER H2RAs GRS T) Al
B ZARBH AR ) (B A1 FR FEFEI /KD, S AR
IRMEAR R, ] LC-MS/MS Wl 5E 25 Wk i, %
FEAE N IOREAAR vk B8 T X A R S FE 1% R AR
WIS, A 245 Y 2 A PR AR

1 MR5EFE

1.1 XS

T SRR (8 1S - BB R T 1A (Agilent 120081~
G6410B), JR i {X i G1322A B HL, G1312B-
SL#E, GI1367C #EAE#S A1 G1316B A% A8 JL B 4
o A R IS HE K R X B (4L : 100084~
202204; 5 HE 99.9%), IEFEERT XM (S .
100305-202105; 5 & 99.6%) ¥4 i v [ £ 5 24 5
K oE b r= . D AR IFZFCIKE /RS 1-
OMK-160-1) 5 il & K Toronto Research Chemicals
OSEVEFE S IRA B A RORI A, 38 I R4 ok R
i N A — 4% T 1R W iR ( Nicotinamide adenine dinu—
cleotide phosphate, NADPH) &4 R 45 (HA A1 B
WA ) 1) v D S A W B 2 PR | AR 7=
1.2 THR @A R NARA KAV EL

R AT £ P VPG Ay TR 9 4T 1% JR X HE N B
TXTRES, H 50% W EEE AR, i8] 1.46 x
10° umol/L 9 V8 A IR 35 FE 3% /R il 4 W AN 2.97 x
10° pmol/L Y 75 525 T fiff %5 W . FX B D611 A1
PR 55 4T % KO0 =, T PP I A AR TEC ) R vk RE R
144.71 pmol/L WURE#L, IMATRTFEE N 0.43 pmol/L

PV . L iRE R IE T -20 C IRAF -

1.3 BiESREEE

131 BEEH @00 R Gemini-NX Cj4
(48 mm x 50 mm, 1.8 pum){@i%f:, . 35 C;
WA A 0.1% HRZK, BAHMHIEE, HERE
NA 5uL; {RAEEEHE]: 8 min, JEH: 0.4 mL/min,
WHRA D61 A TR SEFEIS IR o R IR BEVEIBLRE T -
0.0~ 0.1 min, 95%—55%A; 0.1~3.0min, 55%A;
3.0 ~3.3min, 55% — 5% A; 3.3 ~43min, 5% A;
4.3~4.5min, 5% —>95%A; 4.5~8.0min, 95% A.
132 RiG&HF FiEo R HEBE &R
(ESD); 72 ) by Wi 52 (MRM) F #6475 1E 8 7
I, BAEHRE: 4000V; AT ST: 30 psi;
TEER PR . B 5 A . 350 °C. 12 L/ming
W A 1R 25 4B 1% R 1Y 0 & & 1 X A m/z 268.2 —
116.1; D6V £ R 92 FE 3% 7K 14 7 1 25 F X m/z
274.2 — 122.1; WA TR FEFEIK /K kit FE s S Ailf
FERES R 90 V, 16 eV; D6-T A IR FEFEIK IR 1K)
Wi SRR RE 2 95V, 15eV.

1.4 ABFRUALEGR NP 2 B9 22 57 R A fm b B8
141 BERERESL (RSP AR E AR
FH 8 B BTR A 55 A RORE AR 10 pl, W6
R 2546 R AWK 2 pl, NADPH R4 R4 A W
10 puL, B 2 pL, HANBEREEZ PR (PH 7.4),
AR R 200 pLo I TR LIRS 5 & T
37 C KB 5 min, IREEEIEMBAZR,
BT 37 CoARIBTHIREE RS, BOURFES,
SRR =20 °C VKFE V2R 5 min 28 1k RV
142 HELAE B EARBFEOEES, MEE
LB 0.43 pmol/L B NFREE IR 50 pL, iRETR
SIJE A 300 uL vKH EE, i EdR Y 2 min, LA
1.05 x 10* t/min &5.0> 10 min JUIEHE H, B W
W& 200 uL 1A HPLC /INH P #EFF LC-MS/MS 2347 .
1.5 S HAERIE

151 ETEMMEMHXREZR TS MR
& 10 uL, AT A R EFEIK /R TAEWE 2 pL,
T B 2 £k 2% vh ik (PH 7.4) i o5 AR A oy —
200 pL, WEEIRA] 1 min J5 A NARE I 50 uL,
P IR “1.427 TR W A B HERE I, B AR
TR R E M . KT A R 5 T U R i A TR
FH 50% W B AR U B i A5 21 R AT A TR 54t
WOR TAEW, PR A B R &R o A A R 55
FEUE IR TAEW 2 pL, e il vk B 0 51 4 0.36.,
0.72. 1.46. 292, 5.84 1 11.68 pumol/L A+ i ,
Fie “1.4.27 W B AR IERE S BT . DI A
PR JEFEI AR I MR M B4 A (x), GNARAR () AR
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AR IFEFCIK /R W T AL S N AR B I T R HAEL, 22 il
PRUERRZE, TR

152 HBEEFMAERE UL GREITIE /RS
Wik, H 50% Y EERR RS JE B 2 pl in A2 1
HIKZ, 558 %E 5 FR0.36 pmol/L) FE & . Kk
BE(0.72 pmol/L) . H R B (5.84 pmol/L) . &5 ¥ J&
(9.93 pmol/L) 4 AR 145 6 10 Biiate i, %
“1427 WM ERE 1 d NAEMESR 3 d b3
FEMEIE, PR H N H IR R e .
1.53 REEWERFMERYE 25 AR A H
TMAME . o, SR R AR, i “1.4.27 T
B AR BRE S R T LC-MS/MS S Hr g
T AR, L 0 T R S R RIS TN O 4 VS YRR PN A
Je 43 AT BT A5 e T R LU B R W e BRI ISR L il
RN SR ARG . . EIRIERE S K S s
F SO A R T ) R 0 5 e bR 22 e,
BT WEARWNT . HEFEHEF = (FekE
A 35 5 A3 AT 0 g e T AR PR AR UG T AR 2 L bR v
VW BT 0 e T RS b 0 R L) x
100%[13]O

1.5.4 FREME 435 B I A R 9% FE U R AR B
(0.72 pmol/L) . H ¥ J& (5.84 umol/L) . &5 He &
(9.93 umol/L) [ ¥ #E &, B MRBEF-1T 6 17,
P “1.427 WR AT AL H, B AR SRR AR E 3
HERERS R 12 h J5 3R T LC-MS/MS 434, %5
FERE S TE A shitReds AR e P

1.6 BEBRRRZh NEHAR

1.6.1 WEREMRL KIMNTFHROR ARER AR S,
T A7 B2 & FTIK IR X WA SV W 2 L, de Rk
4 5.84 pumol/L, fMA SR EE A 0.5 mg/mL A
FFMORAA R 1 2 pL, 37 C KBS, 49T 0.
30, 60, 90, 120. 150 min J5 KA H B AL S
P “1.4.27 TR BT E, BN EHA] 54T
FE 3. FE A IR IS HT I IR AR I Rt O 7 IS A] 1)
Ak, B S A T

1.62 AFFRAIEEAREMRL AR AR
Wk R, WA TR BRI R B R AW E R
5.84 umol/L, JITA 2 L Z 51 BE i A uichr 1k 25
H, m&W®ESH A0, 02, 05, 08, 1.0,
1.2 mg/mL, %7 37 C KIBFIEE 60 min, BPE
R AT 3 N REAS, 42 “1.4.27 TR BJ7
DAL B S HERE S BT, TR A R SE R AR v B
AL (AC), BEME KRR IR EE AW
1.63 EBREEHIAFZSHHOUE WEEKRD
WA TR I HE IR IR MR AR I Ol 0.73 . 146, 2.92,
584, 8.76, 11.68 umol/L, AT UKL A & & A

By BT M R 1.0 mg/mL, 37 CKBTHHE
60 min, FZHR “1.4.27 T 5%k B S JERE o
B, AR EESEATINE 3 AR, T A R
FCI IR I A i o RS AR R () FHTE A R 2 H03%
IRIVRBEFR R, INAeAs (p) IR EE AR, 22|l
PR RN 8 12 M4, THREE AR s 1 2E S
1.64 FEEEHTMEARBRELZRRIGFHOZIE
A3 VBT A7 R S TI% /R W TAE 2 pL, IMAEIE
A E R R, IR R PR TR E D
B h 741, 1482, 29.63. 74.09. 148.17 pmol/L,
37 C W% E 60 min, ALFEEES S IR, 1B
AR EATIR IR B A DAL SR T U B g B AL b
(x), WA IR EFCIK IR P bR () K, %
BRIE TR T ORI A TR I T3 R AR B 52
1.7 HiFFESH

MR IE Y Bk, W GraphPad Prism % f%:
WATGEIT b, A5 A1 R 55 0% IR A B2 S
SN SH, BFEORICE (K, 5K 5
(V) FEAFHERR(CL,,), AR ZESE T 1
A0 R A% AR Y TC, {8, 4H1A] Fe AR o
2257, P<0.05 WESAG% 532X,

2 H#R

2.1 SHAEWIEER

211 EEMM&ME I 15017 WTNEAER
HERE S AT, T A R 2 FE S R I AR B I R
4.55 min, D6- £ iR 32 F6 i /K 09 & B8 B (8]
4.56 min, I 40FN bR B €8 1 06 oy B B R4, IR
SRR 25 HP B PN TS A O RN A T B R . B
TR AR 9% 75 i AFDGT Lt I ) M R e g ], DL
B 1. WA RIFEZFCIEIRTE 0.36 ~ 11.68 pmol/L Nk
PERRRL, HEMHHRER Y =28.1207 x +0.2439
(R*=0.9996), &t FFRA 0.36 pmol/L.

212 RBEEMERE AR EBEFKR S
A TR 6 FE % 7K BN 9% B2 A MERA 45 R 0L 1.
AT . R B TR Y H RS %
(RSD) 1£2.26% ~ 4.60% =[] , H [6] 4% % J& (RSD)
1£0.52% ~ 9.59% Z [8], HEHAE (relative error, RE)
TE-2.65% ~ 3.08% Z [0 . W1 FRIEFEIE /KB H N .
H B85 % B FUMERR BE 39067 T = 15% K, &
CHYIRES T ATER SR K

213 ERBFBEEWE AR ELIENR
) o 355 N AN R DSR2 FEAR . P
BT (n = 6) 105 A R S FE 8% JR A9 38 5T R+ 433l
H97.22 + 0.01. 97.13 + 0.02, 9541 = 0.01, ¥
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Fig. 1 Typical chromatograms of metoprolol tartrate ( I ) and D6-metoprolol tartrate ( I )
A: ZSEBEEREM B WATREICHEAR + WhrEdh; C: ATROBARIEE G
x1 BABRERBERNBETESEBESER(X+s, n=6)
Tab.1 Results of precision and accuracy for metoprolol tartrate( X+ s, n=6)
. H AR 2 H (R 2 2 "
PRV (umol/L) — = —— - HER 2
LA (pmol/L) RSD(%) S (pmol/L) RSD(%)
0.36 0.37+0.02 4.60 0.38 +£0.02 2.51 3.08
0.73 0.70 £0.03 4.12 0.71 £0.05 0.52 —2.65
5.84 5.81+0.16 2.77 5.76 £0.26 9.59 -1.31
9.92 9.97+0.23 2.26 10.04 +0.39 4.86 1.13

A R 36 FE 3% IR 1Y 412 BT 22 55 ) 8 94.36% .
94.75% . 91.16%. %45 7810 A1 R JE FEI% R Y 1R
2 BABRERERORREKERSERYMER (X+s)
Tab.2 Results of extraction recovery and matrix effect for

metoprolol tartrate( X+ 5)

BGHR

(o) PEEURICE RSD(%) LR RSD(%)
0.73 9436+0.04 437 97.22+0.01 1.35
5.84 94.75+0.03 2.95 97.13£0.02 1.99
9.92 91.16+0.04  4.15 95.41 £0.01 1.10

B e sy, JoRH e 5L RN .

214 FEEM MW “1547 TUNERAE, S45R0
23, WAMREFIE/RIIR, T, EkE B
i, TCE A ShIERERS 12 h SRR, RSD (Y
INT10%, FFEE0K, FREERL .

2.2 BABREER/REA A PEME R M Eh /1%
221 REWEERE  AFRORR I AR
1 R TR A% vk BE R R I R A ARk, WL 20 7
0 ~ 60 min N, W% & 1K 5 il A 2 56 FE 7% 7K 19 3
A iR EZ BT R, 60 min 5 F &8 T2,
PRI, e 20 5 0 B B R 60 min.
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RI BOAOBRERBERORVEMHKLRBRER(X£s, n=6)

Tab.3 Stability test results of metoprolol tartrate( X+ s,

n=6)
HBHe R (umol/L) S (pmol/L)  RSD(%)
0.73 0.69 + 0.02 2.76
5.84 5.74 +0.01 1.05
9.92 9.81 +0.08 0.86
72
6.0
4.8 \
)
=2 36}
g
=24}
O
12F
0 . . , \ ,
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T (time)

B2 BEEXEAEEEE /R AR
Fig.2 Effect of incubation time on the metabolism of

metoprolol tartrate in liver microsomes
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TR R B P e 8 OV A TR 9% FE % AR AR 1 5 i)
5L 3, T A PR S5 FEIE R A e D i R I RORE
A B 1 3Bk BN 0.0~1.0 mg/mLL PN 32 ¥ 4 i
1.0 mg/mL J5, J/A#EFGE THM, FHiL, &%
i N R AR R A EE R 1.0 mg/mLs

20r

1.6
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e =
o] 38
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(=}
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Fig.3 Effect of protein concentration on the metabolism of

metoprolol tartrate in liver microsomes

223 ERRMEFANFZFSHONE HAMREIT
ORI SO 3 2 i £, IR 4. 235
A1 R AT I IR YK [CH (K, H7.84 pmol/L,
WAMREICE RN R R EFCV, )N
0.07 pumol/min/mg protein, V& Bi % ( CLim) 1 8.49 x
102 mL™" » min™' - mg™',

224 EEBT I AFMBEPBEARERER
BRI A R IR BE B ¥R 508 T X0 Bl o
VO JHF O AR 07 75 44 2R b RIS A 1R 26 4T /R L [R]
WEE S, ME AR IEFCIR KR, 15 s

A, SRR LS T O A PR R AE IR AR AN
R, WK S5,
25¢

20¢

W

AC (umol/L)
=

o
[

0

0 2 4 6 8§ 10 12 14
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B 4 HAEREEE/RE LK A B (R & R 5h 115 th 2
Fig. 4 Enzymatic reaction Kinetics curve of metoprolol

tartrate in liver microsomes
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Fig.5 Effect of famotidine on the metabolism of

metoprolol tartrate in human liver microsomes
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. SRR, WARELE RN K, R
7.84 pmol/L, EBLE T 7E 7.41 ~ 148.17 pmol/L P,
X0 A 1R S 6 1 JR FE N oRL A4 o 1y A8 T ] J
0, 10 pmol/L < 1C4, < 50 pmol/L, Bl 4 55410
HIVEFN SOk SR T I A R 3 R LT A
FEAEIE T . X EEERAR R, A TR SEFEIRR
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12 18] AT BE AN A7 75 2 35 19 25 W AR P AR A
MR 25 A BB RCR i RIK S 25 42
N EATIE =
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TS B B2 e, (B AE—E 1R R
Moo B, WROMEIRIAET SR AR RN A B
ZIAFTEA T 22 57, IR ST 45 SR B 1 4%
SRR TR N SEBRBONE , i ek PRS0 K o — 20 56
IEPIZGER S 2t o, 25 iR ARt
PR IZZ MR, . B Z AR
ZE5e . EBUIRZS L IFAFBN X 25 Ta] B AR AR
S, BynlRgsma 25 ARt AAh s AT LU R
BT3B BE Al B A FHBILAR 20 A, e A<
FAAEEZ L, 7 EAER AL A R 54T
HOREIE R T e LS 8 P A N ACR
s IR AT RN, LR A £
Hol . BEHLA I RIS, 4215 25 M 25 5 FH T
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