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Summary

Twenty rats were divided equally into four groups, housed
separately in special metabolic cages. Animals of first, second and
third group injected S.C. with gentamicin sulphate alone at a dose of
S5mg/Kg (T,) or as a mixture with calcium at a dose of 7.5 mg/Kg
injected S.C. (T,) or separately with calcium given orally at a dose of
22.5 mg/Kg (T3). The fourth group considered as a control and
injected S.C. with distilled water (C). The experiment includes
samples analysis of sample of one week pre and post treatment and
three weeks daily treatment.

The results showed significant changes in studied parameters
proportional with treatment period in animals of first group (T)) in
comparison with other groups expressed metabolically as a decline in
body weight, increase in daily urine volume, biochemical as increase
in serum creatinine, BUN, AP, AST, as well as histopathological
changes in kidney nephrons and tubules.

Calcium therapy whether as a mixture (T,) or alone (T3) gave
nearly complete protection against gentamicin toxicity in the first and
second week and incomplete one in the third week of treatment that
could be attributed to the competitive interaction between calcium and
gentamicin due to the similarity in charges and binding site that may
cause a decline in gentamicin disposition in the target organ and tissue

cell and so reduce its toxic side effect.
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Introduction

Nephrotoxicity, ototoxicity and neuromuscular junction
blockade are the major limiting factors in the use of aminoglycoside
antibiotic for treatment of bacterial infection.

Kahmater and Dahlager " have reported that the average
frequency of gentamicin — induced nephrotoxicity is 14% while Su-
Hua and Schacht ® reported incidence of ototoxicity due to
gentamicin between 6-16% hearing loss and 9-15% impairment of
vestibular function. Aminoglycoside nephrotoxicity is manifested
functionally by decreased urine concentrating capacity, tubular
proteinenurea, mild glucosurea, decreased ammonium excretion
depression of GFR and electrolyte imbalance for cations + (Ca™ ,
Mg+2, Na', K") in urine and blood serum. ®),

Histopathologic lesions are confined primarily to the proximal
tubule and consist of increase in the number and size of secondary
lysosomes and cytosegresomes containing myeloid bodies,
disruption of brush border membranes, mitoctcondral swelling and

. (4
tubular cell necrosis, ¢ )

It is well reported that the use of gentamicin whether in
therapeutic or toxic doses caused hypercalcuria and hypocalcemia
proportional with the dose ®® and also it was noticed that calcium
channel blocker drugs increase the toxicity of gentamicin when used
together. 7.

Recent studies indicate that calcium intake by ingestion ® or
injection  offer protection for aminoglycoside toxicity.

The aim of the present study is to explore the possibility of
using calcium separately or as new formulating mixture with
gentamicin in order to minimize toxicity offer or complete protection

from gentamicin toxic side effect after prolonged therapentic use.
Materials And Methods

The experiment was designed to study changes in metabolic,
biochemical as well as histological parameters in Swiss Sprague rats
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housed individually in special metabolic cages with food and water
provided ad. libitum under controlled light and temperature.

Twenty albino rats with average weight (180-200)g were
divided into four groups each of five rats. The first group T, injected
S.C. with 5mg/Kg B.W. of gentamicin sulphate alone (Arab Pharma
Co. 80mg/2ml). The second group T, was injected S.C. with the same
dose of gentamicin formulated as mixture with calcium gluconate
(Mino Pharm Ind, Netherland, 10%) at a dose of 7.5mg/Kg. The third
group T; was injected S.C. with 5mg/Kg B.W. gentamicin + 22.5
mg/Kg calcium gluconate given orally. The fourth group was injected
with distilled water S.C. and served as a control group (C).

The experiment included samples analysis to studied parameters
during one week pre and post treatment and three weeks of daily
treatment. The daily assessment of metabolic parameters measured
that include, animal body weight, food and water intake as well as
measuring urine volume. The biochemical parameters were measured
weekly in blood serum at different experimental periods included
creatinene according to Jaffe method 19 blood urea nitrogen (BUN)
by using diacetyl monoxime method (1Y " alkaline phosphatase (AP)
according to two point Colormetric assay and aspartate trasaminase by
using Reitman and Frankel method &

One animal from each group at the end of the second, third and
post treatment week was killed and its kidney removed and fixed for
histological examination.

Two ways analysis of variance (ANOVA) and least significant
difference (LSD) were used to compare the results of all groups
statistically.

Results

The results showed that animal’s body weight of first group T,
declined significantly (P<0.05) during treatment period while in the
second and third groups (T, Ts), body weight main tend without any
increase in comparison with that of the control group that conserved
its normal gradual increase during this period (Figure 1).
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The food and water intake showed no significant increase
among the different groups during different experimental periods
(Figures 2 & 3).

Urine volume increased significantly (P<0.05) in the first group
(T,) from the second week treatment and returned to normal at the end
of the experiment in comparison with the other groups that showed no
significant changes in all experimental periods (Figure 4).

A significant gradual increase (P<0.05-0.01) in serum levels of
creatinine and BUN were seen in the animals of the first group in the
second week of treatment and in post treatment in comparison with
other groups.

However, there was an increase in serum creatinine and BUN
levels of T, and T; groups in the second and third week of treatment,
but they were not beyond the reported normal range 19 and they
returned to their normal levels after stopping treatment (Figure 5 & 6).

A significant gradual increases (P<0.05-0.01) in AST and AP
enzymes was recorded in animals of 1% group from the second week
of treatment. These levels did not return to normal after stopping
treatment in comparison with other groups (T, T3, and C) that showed
normal levels during all experimental periods (Figure 7 & 8).

The histological changes observed in kidney of T, group in the
second week of treatment included hydrobic degeneration in most of
renal tubular epithelium with different sizes of vacuolization and
cytoplasmic granulosis while the bowman capsule showed some
enlargement (Figure 9). All these observed changes were severely
observed in the third week (Figure 10), while no obvious histological
changes observed in kidneys of T, and T; group during all treatment
periods (Figure 11 & 12) in comparison with control group.
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Figure1:Rates of animals body weights (gram) of

different experimental groups
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Figur3:Daily water intake (ml)/wk of different

experimental groups
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Figure 4: Daily urine volume(ml/) week of different experimental
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Figure5: Serum creatinine levels of different

experimental groups
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Figure7: Serum alkaline phosphatase Ap levels

of differents experimental groups
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figure8: Serum aspartate transaminase (AST) levels of
different experimental groups
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Figure 9: Nephrotubules after 2 weeks treatment with
gentamicin (T,) ( X-130)

Figure 10: Nephrotubules after 3 weeks treatment with
gentamicin (T1) ( X-130)

209




Iraqi J. Vet. Med. 28, No.1, 2004

Figure 11: Nephrotubules of (T,) group after 3 weeks
treatment with gentamicin ( X-130)

Figure 12: Nephrotubules of (T;) group after 3 weeks
treatment with gentamicin ( X-130)
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Discussion

The results of the present study showed a decline in animal’s
body weight of the first group only T, during treatment period which
may represent a decline in food conversion ability since there was no
changes in their daily food consumption.

Previous studies reported an increase in proteinuria (**) and
decrease in protein synthesis (**) due to the toxic effect of gentamicin
that noticed in our study in the animals of the first group which may
influence their ability to gain weight.

There was also a significant increase in urine volume of the first
group T, only, which my attributed to their lower ability to
concentrate urine as a result of inhibition of water tubular re-
absorption as reported by (**) or due to interference of gentamicin with
vasopression effect on the collecting duct (*.

The biochemical parameters showed a significant gradual
increase in serum creatinine and BUN in animals of T; group during
treatment period which reflect the change in the kidney excretory
function due to the damage in the nephron after exposing to long
gentamicin therapy.

This was supported by the histopathological and enzymatic
results of animals of the first group only that showed a gradual but
significant increase for both AP and AST during treatment and post
treatment periods.

Alkaline phosphatase is considered as one of the nephrotubular
brush border enzymes so its increase reflects damage in these tubules
while the increase in AST could be extrapolated by the reported
gentamicin toxic effect in other organs and tissues. ().

One can conclude from these results that calcium treatment
whether alone T; or as a mixture T, with gentamicin gives nearly a
complete protection against gentamicin toxic effect in the first and
second week and incomplete protection in the third week of treatment
supported by the metabolic, biochemical and histological results that
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showed either a little change that did not reach the abnormal level or
no change at all in comparison with the control group.

The antagonizing effect of calcium to gentamicin toxicity could
be attributed to the reported competmve inhibitory interaction
between calcium and aminoglycoside (*®) due to the similarity in
charges and binding site that may lead to decrease in gentamicin
disposition in the cells of target organs and tissues and thus reduce its
toxic side effect.

Calcium therapy may also compensate the reported decline in
its level in serum and cellular site aiding inrepair of the damage
caused by its deficiency and regaining the normal cellular function of
cells of treated organs and tissues.
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