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Summary: Effect of metronidazole (MNZ) treatment (oral and ip) on cClivities of cytochrome bs

and p·450 was studied in male. virgin and pregnant female mice. Activiti~ of both the cytochromes

incre2sed in virgin mice treated with 2 mg (ip or PO. per mouse) but not in male and pregnant Lmal's.

30 m{J dose (per mOLlse) was toxic in pregnant mice but increased thE; cytochromes activities in males

and virgin females. HPlC analysis of liver MNZ levels shnwed th?t viri]in femates I-jad highsr MI\JZ

co. tent than mare and prE;gnant females when treated with ip injection of MNZ (250 mglkg).
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INTRODUCTION

cytOchromes bs and P-450

Me+ronidazole (MI\lZ) has beer reported to be carcinogenic in mice and rats (1.2.
10.11) and mutagenic to thE> histidine auxotrophs of Salmonella typhimurium (5,9). In
our laboratory we conducted studies on its tumorigenic and teratogenic action (3). We
found it to be tumorigenic and teratogenic in female Swiss mice and mutagenic in strain
TA 100 of S. typhimurium.

Sufficient data pertaining to MNZ carcinogenicity and levers of Mixed Function
Oxygenases is yet not available. Studies were therefore designed to measure the levels
of Cyt. P-450 and Cyt. b5 in male. virgin females and pregnant Swiss mice exposed to two
doses of MNZ through different routes (viz .. PO and ip). We also studied the levels
of MNZ in liver tissue of rnice in the three types of groups following its ip injection (250
mg/kg to see if the activity of drug metabolizing enzymes can be correlated to the drug
levels in these three groups. The present paper reports our observations.

MATERfAL AND METHODS

Animals: Eight to twelve week-old virgin female, pregnant and male Swiss mice
housed at 20° C were used.
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Two doses of MNZ wew administered - 2 mg MNZ/mouse/day and 30 mg MNZ/
mouse/day - through two different routes i.e. oral and ip. The oral feeding was done
for the first 18 days of gestation in the pregnant mice and 18 consecutive days in the virgin
female and male mice. On the 18th rlay. the animals wer·) sacrificed after starving them
overnight. Single ip administration was done 24 hr prior to the time of sacrifice. These
animals were also starved overnight. Control (untreated) and treated mice wece killed
by cervical dislocation and 20% homogenate was made from livp in 1.15% potassium
chloride. After removal of cell debris by centrifugafon at 9000 x g fo~ 15 min the micro­
somal fraction was pelleted by centrifugation of the supernatant at 105.000 X g for 1 h at
4°C and resuspended in 0.1 M phosphate buffer (pH 7.4) to give protein concentration
of 2 mg/m/. The protein was estimated by the mE'thod of Lowry et a/. (6). Activities
of Cyt bs and P-450 were determined by the method of Omura and Sato (12), using
molar. absorption coefficient of 171 cm- 1 and 91 cm-1 mM-l respectively. The activities
were expressed in nmoles per mg protein.

Analysis of Mf'\Z in liver tissue in mice injected with 250 mg/kg weight was carried
out by homogenizing the tissue in methanol (7 ml/g tissue) at 4°C using potter Elvehjem
Homogenizer. Homogenate was centrifuged at 2000 r.pm for about 10 min and the pAllet
was washed thrice in methanol. Supernatants were pooled, flash evaporated at 50°C to
concentrate to 1.00 ml, kept at _40° C for 30 min, centrifuged at 2000 rpm and fi Itered through
millipore filter (filter type HT; FITLP 13 mm diameter. 0.5 mm pore-size, Millipore Corp, USA).
Aft~r filtration the sample was injected into HPLC ~ystem (HPLC Associates. USA) fitted
with a model 6000 A solvent delivery system using close Bondapack reverse phase column,

U6K filter, Chromatographs were recorded on Omnischribe (Houston Instruments, USA)
stripchart recorder. The solvent system used was aceronitrile-acetic acid-water (90:0.5:
9.5) as a mobile phase. Using MNZ as a standard with a retention time of 7 min the amount
of MNZ present in the homogenate was calculated by measuring peak height and peak area.
The amount of MNZ was expresed in (.I.g of MNZ per g tissue. The results were expressed
as mean of 3 experiments with S.E.M. and analysed using '1' -test. MNZ was used as pure
compound (May & Baker Bombay, for higher doses) or injectable (Unique Pharmacy
Bombay, for lower doses).

RESULTS

Table I shows the effect of ip injection of MNZ (2 mg/mouse) on live¢ microsomal
cytochromes b, and P-450 in virgin and pregnant females and in males of the same age
and strain. In virgin mice a significant increase in Cty. bl and Cty. P-450 was observed
whereas there was no significant difference in the activities of the two cytochromes of un­
treated and MI\lZ treated males and pregnant females. It may also be noted that untreated
female mice have relatively low cytochrome activity as compar~ d to untreated males and
pregnant females.
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2 mg MNZ was administered by gavage to pregnant females during gestation. Virgin
and male mice were also trEated by gavage by the same dose for 18 days for comparison.
The 30 mg dosp. of MNZ to pregnant females proved to be toxic. but was well tolerated by
male and virgin females. Table II shows that 2 mg dose caused an increase in activities only
in virgin females and had no effect on male and pregnant females. 30 mg dose increased
the activities both in males and virgin/females.,

TAB LE I r1ixed function oxydases in male. virgin and pregnant females
injected with metronidazole (2 mg/mouse. ip).

Group

Virgin

Pregnant

Male

Cyt bs (nmoles/mg protein) Cyt P-450 (nm?leslmg Drotein

Untreated Trepted Untreated Treated

0.18±0.01 0.35±0.02" 0.36±0.02 0.58±0.01"

o 2:J :i: 0 .02 OZ4±0.01 0.60±0.03 0.68±0.02

0.2 f.i±0.01 o.Zl ±0.01. 0.50±0.04 0.63±0.02

·Differ significantly (P<0.05) from value for the corresponding untreated mice.

TABLE II: Mixed function oxydases in male. virgin and pregnant females fed with MNZ for 19 daY'S.

•
Cyt b s (nmoles/mg protein) Cyt P-450 (nmoleslmg protein)

Group

Virgin

Pregnant
Male

Untreated

O.17±O.01

0.Z5±0.01
0.Z4±0.01

MNZ

O.23±O.OZ·

O.24±0.Ol
0.21±0.Ol

O.25±0.01"
TOXIC

O.Z5±0.OZ

Untreated

0.36±O.OZ

0.61±0.02

061 ±O.OZ

0.5S±0.OZ"

0.61±0.OZ

0.58±O.02

MNZ

O.Gl ±(\.O~"

TOXIC

o 86±0.03

• Values differ significantly (P<0.05) frOm corresponding groups of male and virgin mice.

TABLE III : The levels of Metronidazole in the liver tissue of virgin female. pregnant
and male Swiss mice at variou s times after its injection (Z50 mg/kg. ip).
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Since Mixed Function Oxydases activity did not inorease further on treatmsnt with
MNZ either by ip or oral route in males and pregnant females it seemad interesting
to see if the level of MNZ itself was of similar magnitude in males, pregnant females and
virgins. For that purpose mice were injected with MNZ (250 mg/kg, ip) and MNZ
levels in liver tissue of males, virgins and pregnant females ware m~asured.

Table III shows levels of MNZ at 1A and 18 hours after MNZ injection in all the
three groups of mice. MNZ content in liver tissue of virgin mice at all timas. was signi­
ficantly higher than that in m3le~ and pregnant females.

DISCUSSION

Above data show clearly that Cyt. b6 and Cyt. P-450 in liver tis~ue of pregnant and
male did not incraase further, after 2 mg Mf\JZ treatm,:mt. This was probably due to the fact
that basal levels of the two cytochromes in untreated pregnant and male mice were high
and they could act 01 relatively low amount of MNZ present in liver tissue. On the othe~

harod, virgins had ION enzym~ activities w:lich incr-eased in presence of relatively high level
of MNZ. This suggests that probably MNZ levels and the drug metabolising enzymes
are under horm:)nal influence and supports the earlier report that drug metabolizing enzymes
are modulated by hormones (13). In this study pregnant mice ware used on 18th day of
gestation when estrogen activity is known to be suppressed by progesterone (4). It is
possible that lack of estrogen activity in pregnant and male mice are for less absorption of
the drug as WJII as for non-inducibility of the drug metabolizing enzymes. Munir et al. (7)
have reported that host factors such as age and sex of the animal modulate the activity of
benzo (a) pyrene (BP) hydroxylase in Swiss mice. They showed that activity of hexachlo­
rocyclohexane-induced BP hydroxylase was greater in male than in female mice while in
sterilized females it was comparable to that in intact mice.

So far, there has been nO report on the effect of MNZ on Cyt P-450 and Cyt bij'
This is the first report on the effect of MNZ on the cytochromes b6 and P-450 activity in Swiss
mice. The function of Cyt bs working in concert with P-450 is not well-resolved. It has
been proposed that reduced b6 can denote an elect~on to only cytochr,ome P-450 (8).
Hence these two cytochromes seem to play an important role in the metabolism of MNZ.
It may have implication in MNZ carcinogenicity since the induction of tumors is seen only
in virgin females (3) where there is induction of cytochromes b6 and P-450 due to the drug
while males are resistant to MNZ carcinogenicity and also do not show induction of the two

enzymes.
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