Pharmacologyonline 3: 858-863 (2008) Al-Dabagh and Mohammad

Pharmacokinetics and Distribution of Metronidazole
Administered Intraperitoneally in Mice

I. I. Al-Dabagh * and F. K. Mohammad °*

Nineveh Veterinary Hospital, ° Department of Physiology, Biochemistry and
Pharmacology, College of Veterinary Medicine, University of Mosul, P.O. Box
11136, Mosul, Iraq
(*Author for correspondence, E-mail: fouadmohammad@yahoo.com)

Summary

Female albino Swiss-derived mice were injected intraperitoneally (i.p.) with a
single dose of metronidazole at 100 mg/kg body weight. Blood samples, the liver and
whole brain were collected from mice (4/each time period) at time 0 (vehicle control)
and then at 0.25, 0.5, 1, 2, 4, 6, 8 and 24 h after the drug administration.
Metronidazole concentrations in the plasma and tissues were determined by a UV-
spectrophotometric method. The pharmacokinetic parameters of metronidazole were
calculated by a non-compartmental analysis. The elimination half-life of
metronidazole was 6.98 h with a steady state volume of distribution 1.72 L/kg and
total body clearance of 162 ml/h/kg. The mean residence time of the drug was 10.6 h
and its area under the plasma concentration-time curve (0-0) was 617 ug.h/ml. In
conclusion, the data show the pharmacokinetic profile of a single i.p. dose of
metronidazole in mice and suggest that liver and brain should be considered as
potential toxicity targets for the drug as it is well distributed and relatively slowly
cleared from the body.
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Introduction

Metronidazole is an antibacterial and antiprotozoal agent widely used in man
[1] with some therapeutic uses in veterinary medicine [2]. The drug may cause,
especially at high doses liver damage [3,4] and neurotoxic effects characterized by
peripheral neuropathy and central nervous effects causing ataxia, incoordination and
convulsions [5,6]. Metronidazole is well absorbed orally with a bioavailability of 90-
100% [1,7], distributing into different tissues of the body [8-10]. The pharmacokinetic
profile of metronidazole has been described in man and many animal species [11-16].
Metronidazole administered intravenously is widely distributed into different tissues
of mice [8,10]. Mice are frequently used to evaluate the toxicity potential toxicity of
drugs and chemicals including antibacterials. The present study was undertaken to
examine the pharmacokinetics and tissue (whole brain and liver) distribution of
metronidazole in mice following a single intraperitoneal (i.p.) administration at the
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dose rate of 100 mg/kg body weight. This dose of metronidazole was chosen because
it represents approximately one fifth of a toxic but non-lethal dose of the drug in mice
[17], and the i.p. route is one of the common routes of drug administration in this
species.

Materials and methods

Female albino Swiss-derived mice (body weight 20-30 g) were housed at a
temperature of 21-25 °C with water and food ad libitum. Metronidazole base (kindly
donated by the State Company for Drugs and Medical Appliances , Samarra ,Iraq)
was dissolved in distilled water at 100 mg/10 ml; the pH of the final solution was 3.4.
Mice were randomly divided into 9 groups of 4 animals each. The first group was
injected with the vehicle at 10 ml/kg body weight, i.p. (control) and the other groups
were treated with metronidazole at 100 mg/10ml/kg body weight, i.p. Mice were
anesthetized with ether to collect blood from the heart using heparinized syringes.
Blood samples were obtained from the vehicle-treated mice (0 time control) and then
from the metronidazole-treated ones (4 mice/each time period) at 0.25, 0.5, 1, 2, 4, 6,
8 and 24 h after the drug administration. Following the blood sampling, the mice were
killed by cervical dislocation to obtain the whole brain and liver. Plasma was
separated from erythrocytes by centrifugation of blood samples at 3000 rpm
(Centurion, U.K.) for 15 minutes. Plasma and tissues were stored at -18 °C pending
analysis within 48 h.

Metronidazole concentration in the plasma was determined using a U-V
spectrophotometric method [18]. Plasma sample (0.1 ml) was vortex mixed with 0.2
ml of methylcyanide (BDH, U.K.) and 1 ml of distilled water and the phases were
separated by centrifugation at 6000 rpm for 10 minutes. The absorbance of the
organic phase containing metronidazole was read at 318 nm using a
spectrophotometer (Cecil 1000, Cecil, U.K.). The calculation was based on readings
of standard solutions of metronidazole at concentrations ranging between 2.5 to 160
pg/ml. Brain or liver samples were individually homogenized at 100 mg/2 ml
buffered physiological saline solution (BPS) at pH 7.2. Then 1 ml of methylcyanide
was added and mixed. The tissue homogenate was centrifuged at 6000 rpm for 15
minutes and the absorbance of the organic phase was read at 318 nm with a
spectrophotometer. Standards of metronidazole were prepared from 0.1 ml of drug
solutions at concentrations of 2.5 to 160 pg/ml added to 1.9 ml PBS and 1 ml of
methylcyanide. The means of plasma concentrations of metronidazole at each
sampling time (0.25-24 h) were used to calculate the pharmacokinetic parameters by a
non-compartmental analysis [19] using a Windows-based computer program [20].
Calculations included the following pharmacokinetic variables: area under plasma
concentration-time curve (AUCy.,) and area under the moment curve (AUMCj.)
from time zero to infinity, elimination half-life (t;p), elimination rate constant
(ke=0.693/ t125), steady state volume of distribution (Vi=Dose. AUMC/ (AUC)Z),
mean residence time (MRT=AUMC/AUC) and total clearance (CL=Dose/AUC).

The present study has been approved by the Scientific Committee of the
College of Veterinary Medicine at the University of Mosul (Iraq). All experiments
complied with regulations addressing animal use, and proper attention and care have
been given to the mice used in the study.
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Results

Metronidazole appeared in the plasma at mean concentrations of 140.6, 126.3,
98.8, 67, 45.3, 19.5, 15 and 12.3 pg/ml after 0.25, 0.5, 1, 2, 4, 6, 8 and 24 h post
injection, respectively (Table 1). At the same time intervals between 0.25 to 24 h, the
mean concentrations of metronidazole in the liver were 79, 70, 74, 68, 22, 44, 59 and
37 ng/g, respectively, whereas those of the whole brain were 94, 89, 66, 53, 29, 30, 21
and 8 pg/g, respectively (Table 1).

The log plasma concentrations vs. time of metronidazole are shown in figure 1
and the related pharmacokinetic variables of the drug are shown in table 2. The t;;,3 of
metronidazole was 6.98 h with a Vi 1.72 L/kg and CL of 162 ml/h/kg. The MRT of
the drug was 10.6 h and its AUC (o) was 617 pg.h/ml (Table 2). Other related
pharmacokinetic parameters are also shown in table 2.

Table 1: Metronidazole concentration (Mean + SE) in the plasma, liver and whole
brain of mice following a single intraperitoneal administration with metronidazole at a
dose of 100 mg/kg body weight

Time (h) Plasma (ug/ml) Liver (ug/g) Whole brain (ug/g)
0.25 140.6 + 13.0 79+ 17 94+9

0.5 126.3+9.2 70 + 21 89+ 14

1 98.8+5.8 74 + 24 66+ 3

2 67.0+8.3 68 + 32 53+ 8

4 453+4.0 22+ 4 29+ 7

6 19.5+4.5 44+ 5 30+ 5

8 15.0+4.5 59+14 21+ 3

24 12.34+4.0 3745 8+ 1

n =4 mice/each time.

Table 2: Pharmacokinetic parameters of metronidazole in mice following a single
intraperitoneal administration with metronidazole at a dose of 100 mg/kg body weight

Parameter* Unit Value
Mean residence time h 10.6
(MRT=AUMC/AUC)

Steady state volume of L/kg 1.72
distribution

(V=Dose. AUMC/ (AUC)?)

Elimination rate constant h! 0.0993
(ke=0.693/ t125)

Elimination half-life (t,5) h 6.98
Total clearance ml/h/kg 162
(CL=Dose/AUC).

Area under plasma pg.h/ml 617
concentration-time curve

(AUCo.)

Area under the moment pg.h/ml 6549
curve (AUMC_,)

* The means of plasma concentrations of metronidazole at each sampling time (0.25-
24 h) were used to calculate the pharmacokinetic parameters by non-compartmental
analysis using the Windows-based computer program.
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Figure 1: The log plasma concentrations vs. time of metronidazole in mice following
a single intraperitoneal administration with metronidazole at a dose of 100 mg/kg
body weight
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Discussion

The data of the present study suggest that metronidazole is well distributed
following i.p. administration in mice, since the Vg of the drug was 1.7 L/kg. Vg is
reliable estimate of volume of drug distribution, since it is calculated independent of
the ke; [19]. Metronidazole appeared in the liver and brain of the mice; these are two
vital organs implicated in some of the side effects of the drug [4-6]. In accordance
with the results of the present study, metronidazole has been reported to distribute into
various tissues of mice following intravenous administration [8]. Metronidazole is not
significantly bound to plasma proteins and together with its small molecular size favor
its wide distribution into different organs of the body [8,9,11,21]. However, the
elimination of metronidazole from the body via the bile and urine appears to be slow
which favors prolonged therapeutic or possible toxic actions of the drug [6,9,11,22].

The pharmacokinetic parameters of metronidazole (tijns, Vs or CL)
determined in the present study in mice are close to those reported in man [11,12],
buffaloes [14], camels and sheep [16] as well as in hens [23], but they are different
from those of rabbits [14] and horses [13,15]. These differences could be attributed
mainly to variations in the dose rate of metronidazole, route of administration, animal
species and the experimental protocol applied. Different pharmacokinetic models
(one, two or three compartments) have also been described for metronidazole
[11,12,14-16]. In the present study we used a non-compartmental analysis. The long
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t1s of metronidazole in the plasma of the mice favors the drug persistence as long as
24 h after the i.p. administration. However, the CL of metronidazole was not slow in
the mice. Therefore, the prolonged ti»p of the drug could be attributed to its wide
tissue distribution and possible persistence in the liver [8-10].

Metronidazole concentration in the liver gradually decreased reaching the
lowest point 4 h after the drug administration; thereafter it increased between 6-24 h
(Table 1). This increment could be attributed to the enterohepatic circulation and
intestinal reabsorption of metronidazole. Metronidazole is metabolized in the liver
and secreted in the bile [3,9,22]. The elimination of metronidazole from the body also
includes the renal system [9,22]. In conclusion, the data show the pharmacokinetic
profile of a single i.p. dose of metronidazole in mice and further suggest that liver and
brain should be considered as potential toxicity targets for the drug as it is well
distributed and relatively slowly cleared from the body.
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