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Effect of dose of m etoprolol on its elim ination by isolated perfused rat 

liver in ~itro 

SHEN Guo．Sheng，Z~IANG Yin．Di，LI M ing—Ya，SHEN Jian—Ping，DING Yong ，HU A NG Da· 

Kuang (Dep artme~t Pharmacology，Na~jin9 Medical Colle9 e，Nantis9 210029，China) 

^BSTRACT The effects of dose of metoprolol(M et) 

on hepatic elim ination was studied in 扭elated rat liver 

perfused at a flow of 25 m l·m in 一 ． The results 

showed that M et was eliminated by rat Hver in accor- 

dance with one-eom partment mode1． Linear kinetic 

elim inating processes (apparent first‘order kinetics) 

were 如und in doses of M et 0．2．0．5。 1．0．and 2．0 

mg， ； were 8．3，8．8， 9．6，and 10．6 min and the 

clearance rate were 11．7， l1．8． 9．6， and 8．6 ml 

~rain～ ·respectively- Nonlinear eliminating processes 

werefound in doses ofM et 4，8，an d 12m g． V and 

K were 0．98I 1．05．and 0．94 g·rain ·ml_。and 

l5．6， l6．9，and 14．6 g·ml～ ．respectively． h is 

concluded that hepatic M et elintination 扭 independent 

on lower doses，but rested upon hish doses- 

KEY W ORI~  metoprolol} liver i perfusion 

pharmaco kinetics 

Metoprolol(M et)is a selective B1-adreno- 

ceptor blocker·m ainly m etabolized in the Iiv- 

er ． Its pharm acokinetic properties have 

been studied extensively( 。 but its m odel of 

elim ination in isolated perfused liver was 

unknown． T he present |nvestigation dealt 

with the elim ination and pharm acokinetic pa- 

ram eters of M et in a fecircu1atjng isolated per- 

fused rat liver systern ． 

M ^TEm ALS AND M ETHODS 

Reagenla M et (Sigma)， dextran and bovine 

serum albumin powder(Shanghai Institute of Biochem- 

istry)． Other reagents were all in AR grade· 

Liver pertmion Sprague-DawIcy rats(n=38)of 

either sex walghin8 240士 0 30 g werefasted for 12 h 
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before liver perfusin n． Anesthesis was induced by ip 

20 urethane (1．0 g·kg_。) an d the abdomen w艄 

opened． The isolated liver system was set up accord- 

in g to the standard technique( ． The livers were per· 

fused in a recirculating system with an  inlet catheter 

advance d into the portal vein and an outlet c~theterin · 

to the superior vena cava· The viability of the liver 

wa monitored by bile flow ． The perfu sin n was car- 

tied out at 37℃ in a thermostatical c~tbinet using a re— 

circulating system ． The inferior vena ~~tva was 1iSat· 

ed． T he whole procedure was accomplished within 10 

m in． The perfusion m edium consj8ted of 20’m 1 

washed pig erythrocytes in 1 1 0 ml Krebs·Henseleit 

buffer with 1-5 g bovine serum album in powder and 

3．0 g dextron． A total volume of about 130 ml of the 

m edium was oxygenated by perfu sing it through a thin 

walled tube that pas sed 95 O2+ 5 CO：at a rate of 

2— 3 L·m ～ ． The pH was monitored by a pH meter 

(Orion 720。USA)and maintained between 7．35 an d 

7．d5 by sliBht adjustment in NaHCO3 375 mmol·L_。- 

The maximaJ flow rate of the perfusion was kept at a 

level of more than 25 ml*rain一 for 15 min ． Then the 

flow rate was adjustedto 25-- 30ml·min ‘with an ap· 

proprtate dose of M et added  into the reserveir． The 

reservoir were sampled 0．5— 1．5 ml each at 5．10．20． 

30，45．60，75．90．105，120，l35，150，165．an d 180 

m in and equal volume of drug medium  wB+s added- 

The flow rate was  kept constan t at 25 m l·min一’during 

a period of180min． 

Al~aly311 of M et In blood  Sam ples were cen． 

trifuged  at 1500× for 10min． Plasma 0．3-- 1．0ml 

was extracted  with 3．0 ml acetacetate after alkalizatinn 

with 0．1 ml NaOH 3 me1·L_。(∞H> 12)． The organ ~ 

layer w斛 evaporated at 60-- 70℃ under suction． The 

residue was disso1red with 0．5 to 1．0 ml mobile phase 

and then assayed by Shimad zu LC-4A HPLC with RF· 

530 fluorescence spe etromonitor。EM 302 nm ．EX 284 

nm ． The mobile phase co mprised of w ater 80 and 

tetra~Lydrofu ran 20 ． Flow rate was 0．4 m l*m in ～ ． 

Absolute reco veries were about 99士 d％ ． The co efit- 
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ciem s of variation of intra—and inter-assay were within 

5 and 6 ．respectively． 

Pharm acokinett~ analysis The first—order elim i— 

nation rate constant(Jr)wgs obtained froln the slope 

of the disappearance curve· The initial estimate of V‘ 

was calculated frOllfl dose／C 0． Clearance wgs est~ at— 

ed  from Jr× V d． Nonlinear processe$of drug ellm ina— 

t|0n were described by the M ichaelis—M enten expres — 

sion[ ： 

一 dC／df— V。C／(K -F c) 

W here V stood for tlie maximal elimination rate 

and Jr stood fo r the M icbael~ haIf saturation concen— 

trat~on· nd K _were estir~Rted by tke lesst sqlta~e 

method∞ ． The total clearance ．varying with the COlt— 

centration during M ichaeHs—M enten elim ination， was 

calculated as dose／AUC，where AUC wgs the area un— 

der the Plasma M et eoncentral ion ”s time curve． 

Clearance during the first—order phsse of elim ination 

was estimated fr011111 K × V d． 

Stati$ticsl analys is If a single factor anaJys ls of 

vari~Ice was significant (P < 0．05)， the differences 

between individual pairs of n'leans were evaluated  by 0 

test． 

RESULTS 

T he time course of elim ination of M et。a 

ter bolus injection of different doses M et into 

the perfusion fluid reservoir wRs ttlustrated in 

Fjg 1． To assess whether or not it possesses 

nonlinear kinetic properties at dosages from 

0．2 to 12．0 mg．the principle of superposition 

was used ”． Plots of concentration in FiE 1 

● 

were divided by its corresponding dose of M et． ’ 

T he results showed that plots of M et at doses 

of 0．2，0．5，1．0，and 2．0 mg were superpos一  ̂

able，but not superposable at doses of 4．0， 

8．0．and 12．0mg． 

FIg 1． M ct oprolol co n~entratlon in plu m a after dit- 

ferent do~en In Isolated perfumed rat Ifver． 0．2 m g 

(o)n—l，0．5mg(●)n—I，1．0mg(×)n=l-2．9 
mg(口 )n=；，4．0mg(■)n一；，8．0mg(△ ) 5． 

12．0mg(▲ ) 5． 

T he decrease in plasm a concentratjOn at 

doses of 0．2，0．5， 1．0，and 2．0 mg was in 

Sin ear kinetics fitted in first order—kinetics ac． 

cording to one-com partm enta1 m ode1． T he re— 

gresston coefficknts were all> 0．99 (P <  

0．01)． Pharmacokinetfc parameters were 

shown jn Tab 1． 1 and clearance values 
‘ 

were found to be 8．3— 10．6 min and l1．7— 

8．6 ml·min_。，respectively(P> 0．05)． 

' 

Tab 1· Linear phsrmscoklnetl~parsmeters with metoprolol 0．2— 2 mg in isolated perfused rat livers． i士 & ● 

‘P> O．05, P< 0．Ol 0．2 ms． 

● __言●喜___霉 

．-
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At doses of 4．0，8．0，and 12．0 mg，a 

phase of apparent zero—order M et disappear— 

ante was follow ed by a phase of apparent 

first—order disappearance． Plots of M et con— 

centration per unit dose 口 time were not su= 

perposable， consistent with the saturable 

(M iehaelis-Menten)elimination． The K and 

V values ranged from 14．6 to 16．9 vg·mr ， 

and 0．94 to 1．05 g·min一 ·ml～ ，respectively 

(Tab 2)． 

DISCUSSloN 

The results of superpOsi cion analysis in 

Fig 2 showed that linear kinetics were found 

with M et 0．2 to 2．0 mg，the initial eoneentra— 

tion being 1．4 to 15．0 vg·ml一1． The initial 

plasma concentration of M et in the rat given iv 

2 mg ·kg～ was less than I．0 g·ml一 ． 

The different doses did not affect the elimina．． 

tion rate of Met at sub-therapeutic and thera- 

peutic dose levels ． It w as reported that o— 

ral bioavailability of M et was about 4 ，T{ 

for the elim ination phase about 36．m in and 

was independent of the dosage and route of 

adm inistration[B]． During the first--order ki— 

netic processes，it was observed that T{ and 

the clearance of M et in this perfused rat liver 

were also independent of the dosage of perfu- 

sion． 

Nonlinear kinetics were observed with an 

Tab 2 

i士 & 

increasing dosage of M et from 4．0 to 12．0 

mg·the initial concentration being from 27．8 

to 78．2 g̈·mJ-1． There was a progressive 

decrease in the total clearance from 4．8 to 2．7 

m 1·m in～ ． Dose—dependent elim ination of 

M et by the isolated perfused rat liver was 

clearly indicated by the convex appearance of 

the plasma disappearance curves， as well as 

the lack of superpOsnion of the logarithm ic 

plasma concentration／dose time curves for 

doses from 4．0 to 12．0 mg． The clearance 

was greatest and constant at low plasm a con= 

centrations。 and decreased as the coneentra— 

tion increased and the elim in ating system be— 

cam e prOgressiveJy more saturated． T he rea- 

sons may be：1)Higher doses of Met made 

the capacity of the drug—metabolizing enzym e 

saturated． 2)The hepatic clearance was re— 

duced by B—adrenergic blocking activity of 

M et·as dl-propranolol also reduced its sys— 

temic clearance．but -propranolol did not J． 

A linear correlation w as found between the 

dose of M et and B_adrenergic blocking activi— 

ty ． 3)The metabolites of M et were almost 

totally excreted by the kidney(”． but no kid— 

ney existed in the recfrcu1ating isolated per- 

fused rat liver sys tem · Thus，the high con- 

centration of m etabolites m ay inhibit the act iv— 

ity of the m etabolizing enzy me． 

It was concluded that the elim ination of 

Nortllnear pharmaeoklnetlc parameter with metoprolol l一 12 mR in isoltted perftmed rat livera． tl 5· 

‘P> 0．05，。P< O．05，‘P< 0．01 4．0 mR 
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M et is independent of low er doses，but rested 

upon higher dosages． 
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@ 
的影响 ’ 

擒要 用0．2，0．5．1．0和2．0mg黄托洛尔进行离体 

大鼠肝灌流时，消除呈一级动力学． {分别为8．3， 

8—8，9—6和10．6 min． 用4．0．8．0和l2．0mg美托洛 

尔灌流时．消除呈零级动力学． 分别为0．98．1 05 

和0．94 Pg·min ·ml一． 分别为15．5．16．9和 

ld．6 Pg·ml—t． 提示低剂量美托洛尔肝消除无剂量依 

赖性 ．较高剂量呈荆量依赖性． 

关键调 美托洛尔 
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Antitum or activity and tumor necrosis factor production of 

Phytolacca acinosa p0lysaccharide0 I in m ice 

ZHANG Jun-Ping’QIAN Dins—Hua (Research Laboratory Natural and曲 n址“‘c Drugs，Col- 

lege Pharmac#，Second Military Medical U nive~uitg，ŝ 4n口̂ 4i 200433， îna) 

ABSTRACT The antitumor activities of P  ̂tvlacca 

口cI 0跗 polysaccharides I(PAP-I and its effects on the 

induction of tumor necros扭 王act or(TNF)an d ~m muno— 

logical cytotoxIm ， of peritoneal maerophage~ weTe 

studied- PAP-1 w siren ip 5— 20 mg·kg一 ·d × 7 

d to ICR mice 聃 primin$ a暮ent with subsequent 

lipopolysacchartdes(10~s／mouse)iv for TNF produc- 

tion— TNF act ivi ty was m easured by crystal violet 
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sta抽in皇 assay using L929 cells． PAP—I showed prim— 

ins activity for TNF production with hepto-splenic hy． ’ 

perpla~ia in a dose—dependent m anner． The peritoneal 

macrophases treated with PAP-I 10 and 20 mg·kg～ l 

showed 67 and 74 ，respectively，cytotoxlaity (the 

control 34 cytotoxiaity)against M eth A cells at of- 

lector=target一 40I I— PAp—I 10 and 20 mg·kg pro- 

longed the survival time of mice bearins ascites M eth A 

tumor from 2l士4 to 32士10 and 38士8 d and inhibited I 

the solid M eth A tumor growth w ith inhibition rate of 

28·5 and 55-7 ， respe ctively． These results su$- 
．  
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