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SUMMARY

The influence of monensin + sulfadimethoxine on cytochrome P-
450 monooxygenase activity in broilers, and the possible con-
sequences of modification of this system, including changes in blood
levels of sulfadimethoxine, influence on the duration of xylazine-
ketamine anesthesia, total antioxidant status and superoxide dismutase
activity were studied.

The results indicate that the combination of monensin + sulfa-
dimethoxine gave a short-term inhibition of microsomal cytochrome
P-450 monooxygenase activity but apparently did not influence the
metabolism of other (exogenic) substances (ketamine, xylazine), and
did not change the state of antioxidant systems or the relative liver
weight. There was a rise in blood sulfadimethoxine levels.
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INTRODUCTION

Broiler chickens are raised under intensive conditions with the
emphasis on utilizing every day of their life span to realize the
potential of maximum weight gain. If bacterial disease is diagnosed,
the whole flock may be given feed or water medicated with an
antibacterial drug or a combination of drugs. The efficacy of these
drugs will depend on several factors, mainly the susceptibility of the
pathogenic organism to that drug, and the pharmacodynamics and
pharmacokinetics of the drug in the broiler. The last factor largely
involves Phase 1 metabolism in the liver mediated by enzymes, many
of which are microsomal cytochrome P-450 monooxygenases.
Changes in cytochrome P-450 monooxygenase activity could cause
unwanted complications, including lipid peroxidation resulting in
damage to cell membranes, drug accumulation in blood with
consequent toxic manifestations and possible undesirable tissue
residues, or lowered blood levels with consequent poor therapeutic
efficacy. Side reactions caused by the change of direction and velocity
of drug biotransformation may also be observed when a combination
of substances is used. It has been shown that tiamulin is capable of
inhibiting the oxidative metabolism of antipyrine /1/, and chloram-
phenicol inhibited microsomal cytochrome P-450 monooxygenase,
both leading to an accumulation of an ionophore in the blood, and
consequently clinical toxicity, although all dosages were at therapeutic
levels /2,3/.

Our literature search revealed few relevant publications on this
topic in broilers, although considerable data exist on laboratory rodent
cytochrome P-450 monooxygenases. Species differences preclude a
valid extrapolation to broilers and there clearly exists a knowledge
deficit on this topic.

Research trials have been conducted by this team on interactions
between drugs that are of much importance to the broiler industry,
including the ionophore coccidiostat monensin and the antibacterial
agent sulfadimethoxine (SM). The present study was carried out to
reveal the potential ability of these two drugs and their combination to
modify cytochrome P-450 monooxygenase activity in the broiler, to
assess possible harmful consequences of these modifications, includ-
ing changes in blood levels of SM, the influence of the drugs on the
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duration of xylazine-ketamine induced anesthesia, and changes in total
antioxidant status and superoxide dismutase activity.

MATERIALS AND METHODS
Chemicals

Commercial preparations of monensin (Bar Magen Ltd., Israel) and
sulfadimethoxine (Teva-Abic Ltd., Netanya, Israel) used for broilers
were utilized. Aminopyrine, aniline, nicotinamide adenine dinucle-
otide phosphate (reduced form), acetyl acetone, ammonium acetate
and bovine serum albumin were obtained from the Sigma Chemical
Company (St. Louis, MO, USA).

Animals, treatments, microsomes and enzyme assays

One day-old male commercial broiler chickens were housed in
electrically heated battery brooders. A broiler starter feed was supplied
ad libitum throughout. When the birds were 25 days old, they were
weighed and birds in a weight range of 560-650 g were divided into
three randomly constituted groups. Group 1 served as a control and
received no drug treatment. Group 2 was administered SM, given
orally to each bird at a dosage of 20 mg/kg body weight daily for a 5-
day period. Group 3 received monensin in the feed for 12 days at a
concentration of 99 mg/kg, and from the 8" to the 12" day (a period of
5 days) concomitantly with SM. At 1, 3, 5 and 7 days after the last
administration of SM, and 24 h after the last feed was given, six birds
in the appropriate group were killed for the determination of hepatic
microsomal cytochrome P-450 monooxygenases. Livers were immedi-
ately perfused with ice-cold 1.15% KCIl solution injected caudally into
the cranial vena cava, until the efferent perfusion fluid was blood-free.
Determination of aminopyrine N-demethylase (AD) activity /4/,
aniline hydroxylase (AH) activity /5/ and protein /6/ was made in the
9000 g and 100,000 g supernatant liver fractions /7/. SM concentration
in serum from blood taken immediately before slaughter was
determined by HPLC /8/. The total antioxidant level in the plasma was
determined using a kit (Randox Laboratories Ltd., Grumlin, Co.
Antrim, UK) /9/. Superoxide dismutase (SOD) activity in red blood
cells was determined using a specific kit from the same firm.

Authenticated | xajibim@mail.ru
Download Date | 6/16/12 12:19 AM



Vol. 16, No. 1, 2000 Interaction of Monensin and Sulfadimethoxine in Broilers

The duration of sleeping time as induced by xylazine + ketamine
/10/ was measured as the time from loss of the righting reflex to the
time the animal regained the reflex and returned to sternal recum-
bency.

Statistical analysis

Data were analyzed to test the difference between treatment and
control groups using Student’s t-test with P<0.05 taken as the
significance level. All tests and standard errors are based on inter-
assay variation.

RESULTS

The influence of monensin and SD individually on microsomal
monooxygenase activity and antioxidant status differed from the
action of the combination of the two drugs. Monensin administration
caused a significant rise in AH activity on the seventh day after the
last treatment (Fig. 1) and led to a significant lowering of the total
antioxidant status with a significant rise of SOD activity (Fig. 2). SM
significantly inhibited both cytochrome P-450 monooxygenases on the
first day (Fig. 3), but did not affect total antioxidant status or SOD
activity (Fig. 2). Administration of the monensin + sulfadimethoxine
combination significantly lowered AD and AH activity on the first day
after the last treatment; on the 3™ and 7™ day there were no differences
in enzyme activity (Fig. 4); there were no changes in the antioxidant
defense indices (Fig. 2).

The treatment of broilers with the combination of monensin +
sulfadimethoxine resulted in a rise in the level of SD in serum. No
significant effect was seen on the duration of ketamine-xylazine
anesthesia: the duration of sleeping time 1 day after the last dosage
was 52.6+21.7 min (control 63.5+25.5 min), and at 7 days after the
last dosage was 70.0+9.7 min (control 67.5+8.8 min). There were no
significant changes in relative liver weight when monensin,
sulfadimethoxine or the combination was given (Table 1).
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Effect of monensin on (A) aminopyrine N-demethylase and (B) aniline
hydroxylase activity in broiler chickens.
*Significant change (p<0.05). n=6 for each group.
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Effect of monensin, sulfadimethoxine and the combination of monensin +
sulfadimethoxine on (A) total antioxidant status in plasma and (B) super-
oxide dismutase activity in red blood cells in broiler chickens. 1 = control;
2 = monensin; 3 = sulfadimethoxine; 4 = monensin + sulfadimethoxine.
*Significant change (p<0.05). n=6 for each group.
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DISCUSSION

Interaction and incompatibility of ionophore coccidiostats with
other drugs, such as chloramphenicol /3,11/, tiamulin /12/ and various
sulfonamides /13/, have been defined and quantified mainly on the
level of gauging subsequent changes in apparent health, feed and
water intake, and weight gain. In some investigations, biochemical,
electrophysiological and morphological characteristics were exam-
ined, and changes in heart and nervous system function, degenerative
changes of the muscle fibers, and disturbances in calcium ion
exchange were found /14-16/.

Some investigations referred to the mechanism of action on a
molecular level, with estimation of the activity of hepatic cytochrome
P-450 monooxygenases /15,17,18/. The results of these studies have
been inconsistent, probably due to varying experimental conditions,
diverse dosages and different species of bird investigated. It was
shown that monensin given for 2 wk at 110 ppm induced hepatic
cytochrome P-450 (in quail) /18/, whereas at 330 ppm for 6 wk, it
inhibited the same enzymes. In broilers, when a dosage of 10 mg/kg
b.wt. was given for 3 days, monensin inhibited cytochrome P-450
activity, particularly that of AH /15/. The effect of monensin on
cytochrome P-450 activity in broilers when used in the diet at 120 and
160 ppm for 3-4 wk was not examined /17/. Combined administration
of monensin and tiamulin caused, in contrast to previous findings /19/,
a marked induction of representative hepatic cytochrome P-450 /15/.

The cytochrome P-450 monooxygenases of birds show some
differences in comparison with this system in mammals /20,21/. Birds
have lower levels of cytochrome P-450, and total liver microsomal
enzyme activity is about 80% lower than that of rats /22/. Birds are
more reactive to inducers of the 3-methylcholanthrene type /23/; the
classic inducer phenobarbital induces fewer cytochrome P-450 iso-
enzymes in birds (2 isoenzymes) than in rats (4 isoenzymes) and in
rabbits (6 isoenzymes) /24/. There are also interspecies differences in
hepatic cytochrome P-450 activity in avians /25/. There has been much
interest in the monooxygenase system of poultry as they are the
preferred model for research on delayed neurotoxicity, and this has led
to the necessity for identification, purification and detailed examin-
ation of some cytochrome P-450 isoforms /26-28/. The results
obtained give a better understanding of the pharmacokinetics and
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specificity of biotransformation of drugs (and their combination) in
hens.

It is often possible, on the basis of knowledge of the metabolism of
particular drugs, to predict the character of their combined action, but
there are exceptions to this. Such cases may be explained by the
possibility of superoxide oxygen radical generation when xenobiotic
metabolism occurs. Induction may cause drug biotransformation to be
accelerated, with the formation of biotransformation products of
reduced toxicity. However, there is no real lowering of toxicity
because simultaneously the generation of oxygen active forms takes
place giving hydrogen peroxide. Peroxide oxidation of lipids is
enhanced, and the permeability of biological membranes may be partly
damaged /29/. The yield of toxic products such as superoxide oxygen
anion, singlet oxygen, H,O, and lipid peroxides during xenobiotic
biotransformation with cytochrome P-450 participation may be so
high that this process may predetermine the result of combined
xenobiotic action. In order to prevent and eliminate the toxic effects of
free radicals, biochemical systems exist to ensure homeostasis /29/. It
is known that one of the reasons for toxicosis in cases of monensin
and salinomycin usage is free radical generation and lowering of anti-
oxidant defenses /30-32/. Analogous changes have been revealed in
cases of incompatibility between ionophores and tiamulin /30/. Oxid-
ation of lipids by peroxides may be a consequence of cytochrome P-
450 activity modification /33/.

The MFOQO activity inhibition when broilers are treated with the
monensin + SM combination may lead to delay of SM metabolism and
may be the reason for its accumulation in the blood. The rise of SM
levels in blood possibly enhances its antibacterial action, but, on the
other hand, could give a subtoxic or even toxic effect. However, when
the monensin + SM combination is assessed, it should be taken into
consideration that the resultant reduction of cytochrome P-450 activity
is rather short term (only 1 day after the last dosage). There were no
changes in indices characterizing the influence of monensin + SM on
the metabolism of exogenic substances (ketamine, xylazine), or anti-
oxidant system status. The components of the monensin + SM
combination have different effects on the cytochrome P-450 and the
antioxidant systems. Monensin elevates AH activity, lowers the total
antioxidant status, and raises SOD activity (evidently, as compen-
sation). SM acts as a cytochrome P-450 inhibitor, but did not affect
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the antioxidant system. It is possible to compare the combination of
monensin + SM with another drug combination used in broilers,
monensin + sulfadimidine /34/. Broilers treated with monensin +
sulfadimidine showed short-term (1 day) inhibition of cytochrome P-
450, followed by a steady (up to 7 days) induction of the enzyme
system, accompanied by a lowering of total antioxidant status. The
negative effects of the influence of monensin + sulfadimethoxine were
less manifested, and usage of this combination is therefore preferable.
The rise of blood sulfadimethoxine levels, with the absence of other
changes, may be considered as the factor that raises the efficacy of the
antibacterial action of the combination of monensin + sulfadi-
methoxine.
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