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EFFECT OF METHIMAZOLE AND
FISH OIL TREATMENT ON
GENTAMICIN NEPHROTOXICITY IN RATS

EZZAT S. EL DALY*

SUMMARY: Gentamicin, a nephrotoxic aminoglycoside antibiotic, was injected into adult male albino rats,
alone or together with methimazole and fish oil. The effects on renal and liver functions and renal thiol status
were studied. Gentamicin was administered as two i.p. injections (40 mg/kg body weight) for 3, 7 and 10 con-
secutive days. The animals were sacrificed 12 hours after the last injection. In gentamicin-treated rats, for 7 and
10 days, blood urea nitrogen (BUN) and serum creatinine concentrations and urinary N-acetyl-beta-D-glu-
cosaminidase (NAG) activity were significantly increased compared with saline treated controls. Administra-
tion of methimazole (20 mg/kg) and fish oil (5 mi/kg) together with gentamicin partially protected against the
nephrotoxicity induced by gentamicin by returning the urea and creatinine concentrations and urinary NAG
activity to normal levels, despite having higher kidney gentamicin concentrations especially with methimazole.
Rats given gentamicin alone for 3 days exhibited no elevation of BUN, serum creatinine and urinary NAG
values, However, these rats exhibited an increase in nonprotein disulfide concentrations and a decrease in renal
protein thiol and protein disulfide concentrations, as opposed to rats given gentamicin and methimazole and
rats given gentamicin and fish oil. These results show that methimazole and fish oil were effective antagonists
of gentamicin-induced nephrotoxicity. Methimazole did not inhibit gentamicin renal uptake but may protect
against gentamicin-induced nephrotoxicity by acting as an antioxidant within the kidneys. On the other hand,
fish oil may protect against gentamicin-induced nephrotoxicity by counteracting the biochemical alterations
induced by the drug in the renal cortex.

We conclude the methimazole and fish oil may be compounds for reducing gentamicin-toxic side effects,
including nephrotoxicity, without compromising its antibiotic activity.
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INTRODUCTION

Various drugs and other useful chemicals are sirable restrictions on the amount and frequency with
known to have the side effect of causing renal damage which the drug can be used, and limits use of the drug
(5,18,20,40,44). In the case of drugs, this places unde- to patients who can tolerate its side effects. In the case

of nondrug chemicals (e.g. workplace chemicals),
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Canal University, Egypt. require that exposure to these chemicals be limited.
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Depending on the chemical, the mechanism of
nephrotoxicity may involve direct interference with
tubular or mitochondrial transport processes (44),
covalent modification of critical cellular constituents or
generation of free radicals (5,18). For the latter situa-
tions, cytotoxicity is usually observed only after cellular
defenses particularly glutathione (GSH), the major non-
protein thiol (NPT), are significantly depleted (37).
Indeed, a large body of in vivo and in vitro evidence
supports the concept that oxidative stress may play an
important role in the pathophysiology of chemically
induced acute renal failure. For example, cephalori-
dine, a nephrotoxic cephalosporin antibiotic (44), was
shown to change the thiol status in the renal cortex
before the development of significant morphological
changes.

Gentamicin is an aminoglycoside antibiotic, which is
commonly used in life-threatening gram negative bac-
terial infections. Nearly 10-25% of human patients
treated with gentamicin exhibit increased blood urea
nitrogen (BUN) concentrations subsequent to a reduc-
tion of glomerular filtration rate, which is closely asso-
ciated with acute tubular necrosis (15,24). A number of
biochemical alterations, including renal lysosomal
phospholipidosis, alteration of mitochondrial function,
alteration of glutathione disulfide (GSSG) concentra-
tions, and inhibition of active transport of organic
cations, have been observed before the changes in
renal morphology or the increase in BUN concentra-
tions (20,36,46), but it remains unclear how these
events lead to cell necrosis.

Methimazole, a sulfur-containing drug commonly
used to treat hyperthyroidism (34), was found to reduce
free radical metabolites of prostaglandin H synthase
(33), to inhibit hepatic and renal cysteine conjugates S-
oxidase activities (39) and to protect against kidney
damage induced in rats, mice, and dogs by cisplatin,
an antitumor drug (6,40,45). Furthermore, methimazole
protected rats against nephrotoxicity elicited by
cephaloridine, S-(1.2- dichlorovinyl)-L-cysteine, 2-bro-
mohydroquinone, bromobenzene and gentamicin
(20,40). Because these chemicals are known to require
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different mechanisms of activation, the methimazole
mechanism of protection was suggested to be inde-
pendent of the activation mechanisms of these chemi-
cals (19). Further evidence for this hypothesis was
provided by the findings that 1 h after cephaloridine
treatment, rats given cephaloridine and methimazole
had serum and kidney cephaloridine concentrations
similar to those of rats given cephaloridine only, but the
methimazole-pretreated rats were protected against
cephaloridine-induced oxidation of renal nonprotein
thiols (NPTS), an early event in cephaloridine induced
toxicity (40). Because the rat kidney was shown to
maintain the second highest percentage of the in vivo
administered methimazole dose per gram of wet tissue
and methimazole was also shown to be taken up by rat
kidney cortical slices in vitro in a concentration-and-
time-dependent manner (40,41), these results suggest
that methimazole may protect against chemically
induced renal damage by acting as an antioxidant
within the kidneys.

Fish oil

cyclosporine nephrotoxicity in rats (21) and in renal

has been shown to protect against

transplant recipients (22), and against proteinuria in
passive Heymann nephritis (47). In addition, fish oil
also has been reported to protect against acetamino-
phen (paracetamol)- induced hepatotoxicity (42),
ethanol-induced gastric mucosal injury in rats (26) and
in a number of inflammatory diseases (12).

Although several agents have been shown to
modify gentamicin nephrotoxicity (23) there is still a
need to search for safe, practical and effective agents
for reducing or preventing gentamicin nephrotoxicity.
Thus, in the present experiment, the effects of methi-
mazole and fish oil treatment on gentamicin-induced
nephrotoxicity, renal gentamicin concentration, and
renal thiol status were discussed to determine whether
methimazole and fish oil administration would reduce
gentamicin-induced nephrotoxicity, and to possibly pro-
vide new insights into the mechanism of gentamicin-
induced nephrotoxicity. The effects of methimazole and
fish oil liver function was also studied by determining
SGPT.
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MATERIALS AND METHODS

Animals

Male adult albino rats (Ratus norvegicus) weighing 150-
170 g were obtained from the experimental breeding station at
Helwan, Egypt, and were maintained with free access to stan-
dard laboratory chow and tap water. They were housed singly
in metabolic cages to permit collection of urine, at a room tem-
perature of 23 + 2°C and relative humidity of 55-65%. Rats
were accustomed to metabolic cages 7 days before experi-
mentation.

Chemicals

Gentamicin sulfate, glutathione (GSH), glutathione disul-
fide (GSSG), 5.5 -dithiobis (2-nitrobenzoic acid) (DTNB),
bovine serum albumin, Triton X-100 were purchased from
Sigma Chemical Company (st. Louis, Mo.). Methimazole and
NaBH, were purchased from Aldric Chemical Company (Mil-
waukee, Wisc.). Fish oil was obtained from Sigma; Lot 93 HO
538 from Menhaden, containing 25-30% or ®-3 octadecate-
traenoic, eicosapentaenoic and docosahexaenoic fatty acids
as triglycerides.

Most other chemicals used were of the highest grade com-
mercially available.

Treatment of Animals

In these experiments, gentamicin was administered twice
daily for 3 or 7 or 10 days rather than by a single treatment to
more closely mimic its use in the clinical setting. The gentam-
icin dose (40 mg/kg) for coadministration with methimazole or
fish oil was chosen on the basis of nephrotoxicity results
obtained with a wide range of gentamicin doses (20-180
mg/kg) (20). The methimazole dose (20 mg/kg) and fish oil
dose (5 ml/kg) were selected on the basis of previous findings
that these doses were effective in reducing cisplatin-,
cephaloridine- and gentamicin-induced nephrotoxicity in rats
(2,20,40). Rats were cotreated with gentamicin (40 mg/kg)
and methimazole (20 mg/kg) dissolved in saline or given gen-
tamicin, methimazole (20 mg/kg), or saline only, i.p., twice
daily at 07:00-08:00 and 19:00-20:00 for 3 or 7 or 10 days. In
some experiments, animals were cotreated with gentamicin
(40 mg/kg, i.p.) and fish oil (5 ml/kg, orally) or given fish oil
only, twice daily for 3 or 7 or 10 days. All animals were killed
12 h after the last treatment. For all experiments, immediately
after decapitation, blood samples were collected in centrifuge
tubes and centrifuged at 3000 r.p.m for 15 min. The obtained
serum and urine samples were frozen at -80°C pending analy-
sis. Immediately after sacrifice, kidneys of rats also were
excised and frozen until needed for analyses. BUN and serum
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creatinine concentrations and serum glutamate-pyruvate
transaminase activity, indicators of glomerular filtration rate
and liver function respectively. To assess the renal tubular
damage, urinary NAG levels were determined in rats.

Methods

BUN, serum creatinine and urinary NAG were measured
because it was previously shown that it correlates with the
extent of gentamicin-induced proximal tubular necrosis (20).
Serum glutamate - pyruvate transaminase activity was deter-
mined on samples obtained from rats given methimazole or
fish oil only to ascertain whether the methimazole or fish oil
treatements are associated with hepatotoxicity since four
cases liver damage in humans after chronic methimazole
administration have been reported (29).

BUN, serum creatinine concentrations and serum gluta-
mate-pyruvate transaminase activity were analyzed using
reagent kits from Bio-Analytics Company (P.O. Box 388, Palm
City, Fl., U.S.A.). Total protein content was determined by the
method of Lowry et al. (27). Urinary NAG concentrations were
measured by MCP method (32).

Determination of Kidney Gentamicin Concentrations

A portion of the kidney was homogenized in 3 ml of buffer
(0.1 M KH5POy, 0.1 M KCI, 5 mM EDTA, pH 7.4) per gram of
tissue. Mixtures of 0.5 ml absolute ethanol and 0.5 ml kidney
homogenate were stirred using a vortex mixer, and the protein
was precipitated by centrifugation for 10 min in an Eppendorf
centrifuge. Gentamicin concentrations in the supernatants
were determined using the gentamicin fluorescence polariza-
tion immunoassay (Abbott Laboratories, North Chicago,111).

Determination of Renal Nonprotein (NPT), Nonprotein
Disulfides (NPT disulfide), Protein Thiols, and Protein
Disulfide Concentrations

Renal tissue (1g) was homogenized in a 10-ml solution
(pH 4.3) of KCI (0.15 mM) and EDTA (30 mM). To 2 ml
homogenate, 3 ml of a solution containing NaCl (0.3 g/ml),
metaphosphoric acid (0.017 g/ml), and EDTA (0.002 g/ml) was
added, and the solution was centrifuged for 20 min at 3000
rom. The supernatants were used for NPT and NPT disulfide
determinations as previously described (40); in the determina-
tion of NPT disulfide, a modification involving the inclusion of
20 pl n-octanol/ml supernatant was used to decrease foaming
after the addition of the NaBH, solution (10). Protein thiols
were determined as glutathione (GSH) equivalents by a mod-
ified assay based on previously published methods (11,17).
Briefly, the pellets obtained after the above-described cenrifu-
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Table 1: Effect of administration on methimazole and fish oil on glutamatepyruvate transaminase activity after 7 and 10 days in adult male

albino rats.
Treatment Enzyme (GPT) activity (U/ml
Days ofSacrifice 7 days 10 days
Saline 10.50£1.20 10.82£1.15
Methimazole (20 mg/kg) 10.99+1.38 11.21 +1.40
Fish ail (5ml/kg) 10.70+1.22 10.65+1.30

Values represent the mean S.D. for 5 rats.

gation step were washed twice by resuspension in 5 ml IM
HCIO4 and centrifugation for 10 min at 3000 rpm. The super-
natant was discarded, and the resulting pellet was resus-
pended in 9.9 ml Tris-HCI (0.5M) containing 5 M urea (pH 8.8
unadjusted) and 0.1 ml 10% Triton X-100. The resuspended
pellet solution (0.5 ml) was added to tubes containing 2 ml
Nay,HPOy,, followed by the addition of 0.5 ml of 0.04% DTNB
in 10% sodium citrate. The solution was stirred using a Vortex
mixer, and the absorbance at 412 nm was determined imme-
diately. Data were expressed as nanomoles protein, calcu-
lated on the basis of a GSH standard curve. For total protein
thiol (thiols and disulfides) determinations, similar assays
were performed with protein samples that were treated with
sodium borohydride to reduce disulfide linkages (11,40).

Statistics

Data are given as means + SD. All appropriate data were
analyzed by ANOVA, and when significant F values were
obtained, the two groups were subsequently anayzed with stu-
dent's t test. P < 0.05 was used as the criterion for signifi-
cance.

RESULTS

Figure 1 shows BUN and serum creatinine concen-
trations and urinary NAG activity following injection of
gentamicin (40 mg/kg), methimazole (20 mg/kg) and
methimazole and gentamicin twice daily for 3, 7 and 10
days. BUN, serum creatinine and urinary NAG levels in
rats treated with gentamicin or methimazole or gentam-
icin and methimazole twice daily for 3 consecutive days
showed no significant changes when compared to the
control saline animals. On the other hand, BUN and
serum creatinine concentrations and urinary NAG
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activity were significantly (P<0.001) lower following
administration of methimazole with gentamicin in rats
for 7 and 10 days when compared with rats given gen-
tamicin only.

As shown in Figure 2, the data of BUN, serum crea-
tinine and urinary NAG concentrations in rats treated
with gentamicin (40 mg/kg) or fish oil (5 ml/kg) or gen-
tamicin and fish oil twice daily for 3 consecutive days
reflect the occurrence of a non-significant (P>0.05)
changes as compared to the saline group. On the other
hand, BUN, serum creatinine and urinary NAG levels
on days 7 and 10 following injection of gentamicin or
fish oil with gentamicin are shown also Figure 2. These
parameters in rats given fish oil with gentamicin signif-
icantly (P<0.001) decreased on days 7 and 10 com-
pared with those in animals treated with gentamicin
only.

To determine whether methimazole or fish oil treat-
ments for 7 and 10 days causes toxicity, effects of
methimazole or fish oil treatment on kidney and liver
functions were evaluated. Rats given methimazole
alone or fish oil alone did not exhibit alterations of BUN,
serum creatinine and urinary NAG levels (Figures 1
and 2) or serum glutamate-pyruvate transaminase
activities (Table 1).

Effects of methimazole or fish oil administration on
renal gentamicin concentrations after gentamicin was
administered at 40 mg/kg twice daily for 7 and 10 days
were also investigated in an attempt to determine
whether the methimazole or fish oil mechanism of pro-

Journal of Islamic Academy of Sciences 9:2, 37-48, 1996



EFFECT OF ANTIOXIDANTS ON GENTAMICIN NEPHROTOXICITY

EL DALY

Figure 1: Effect of methimazole administration on GM-induced changes in BUN, creatinine and urinary NAG concentrations after 3, 7 and
10 days in adult male albino rats. Each bar represent mean = SD of 5 rats. *p<0.05, ***p<0.001 vs the saline-treated controls.

+++p<0.001 vs the GM-treated rats.
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tection may involve inhibition of gentamicin renal
uptake by methimazole or fish oil. The data recorded in
Table 2 shows that rats given methimazole, paradoxi-
cally exhibited higher gentamicin concentrations than
rats given gentamicin only. On the other hand, a small
but significant (P<0.05) decrease were recorded in
renal gentamicin concentrations in animals cotreated
with gentamicin and fish oil compared with rats given
gentamicin only.
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The effects of the various treatments on renal thiol
status after 3 days were conducted in an attempt to
investigate its role in the mechanism of gentamicin-
induced nephrotoxicity. The 3-day dosage schedule
was selected because it was not associated with
nephrotoxicity as assessed by determinations of BUN,
serum creatinine and urinary NAG levels. Rats given
gentamicin, gentamicin and methimazole, gentamicin
and fish oil or methimazole or fish oil or saline only
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Figure 2: Effect of fish oil administration on GM-induced changes in BUN, creatinine and urinary NAG concentrations after 3, 7 and 10
days in adult male albino rats. Each bar represents mean + SD of 5 rats. *p<0.05, ***p <0.001 vs the saline - treated controls

+++p<0.001 vs the GM-treated rats.
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twice daily for 3 consecutive days exhibited non-signif-
icant (P>0.05) changes in BUN, serum creatinine and
urinary NAG values (Figures 1 and 2). In this 3-day
study, rats given gentamicin only, as opposed to rats
given gentamicin and methimazole, gentamicin and
fish oil or methimazole or fish oil only, exhibited signifi-
cant elevations in renal NPT disulfide concentrations
and reductions in both renal protein thiol and protein
disulfide concentrations, compared with rats given
saline only (Figure 3).
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DISCUSSION

The effects of methimazole and fish oil treatment on
gentamicin induced nephrotoxicity were studied using
previously established protocols to induce nephrotoxic-
ity (2,15,20). The nephrotoxic potential of gentamicin
limits its clinical use, especially in patients with preex-
isting renal dysfunction (15). The present data show
that treatment of rats with gentamicin, twice daily for 7
or 10 consecutive days, produced the typical pattern of
nephrotoxicity as shown by increases in BUN, serum
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creatinine concentrations and urinary NAG activity.
Conversely, rats given gentamicin for 3 days exhibited
similar BUN, serum creatinine and urinary NAG values
as compared to the saline control animals.

BUN and serum creatinine are very common
parameters for the evaluation of renal function. How-
ever, increases in BUN or creatinine levels are consid-
ered to be indirect findings of renal dysfunction,
because BUN and creatinine are waste products which
are cleared from the blood into the urine, and therefore,
a time lag is observed between the onset of renal
impairment and the elevation of BUN or serum creati-
nine. Histological examination demonstrated that the
kidneys of all rats given gentamicin exhibited severe
and virtually complete necrosis of the proximal tubules
throughout of the cortex with some extension into the
outer stripe of the medulla (2,20).

Also urinary NAG is a well known parameter for
early detection of renal toxicity induced by gentamicin
Previous studies indicated that the increase in this uri-

EL DALY

nary enzyme activity and in BUN and serum creatinine
concentrations appeared following gentamicin adminis-
tration in rats (2,20).

In contrast, the results of the present study indicate
that cotreatment of rats with methimazole protected
against the in vivo nephrotoxicity of gentamicin at 7
and 10 days, despite a paradoxical increase in renal
accumulation of gentamicin. Rats given gentamicin and
methimazole exhibited higher gentamicin concentra-
tions in their kidneys than rats given gentamicin only,
possibly because they were protected against gentam-
icin-induced renal damage, which may affect gentam-
icin uptake and (or) retention by the kidney. Similar
protection effects of methimazole against gentamicin,
cisplatin, cephaloridine, 2-bromohydroquinone- and S-
(1,2-dichlorovinyl) -L-cysteine-induced nephrotoxicity
has been observed in rats (20,40). The present obser-
vations which provide clear evidence that the methima-
zole mechanisms of protection does not involve
inhibition of gentamicin uptake by the kidney, is similar

Table 2: Effect of methimazole and fish oil administration on renal gentamicin (GM) concentration after 7 and 10 days.

Treatment

No. of days Gentamicin

Concentration

GM (40 mg/kg)

GM + fish ail
(5 mi/kg)

GM + methimazole
(200 mg/kg)

7 days GM
concentratiom

(ng/g tissue)

GM

concentratiom

(ug/mg protein)

240.35+25.18

2.75+0.25

635.19 + 69.15*** 200.91 +20.69*

8.17 £ 1.02%** 2.30£0.21*

10 days GM

concentratiom

(ng/g tissue)

GM

concentratiom

(ng/mg protein)

27218 +31.22

3.14+£0.48

720.21 + 80.12*** 225.18 £21.15*

9.20 £ 1.20*** 2.58 £0.30*

Values represent the mean + SD for 5 rats. *p<0.05, ***p<0.001 vs the GM-treated rats.
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to this reported previously be Elfarra et al. (20) and are
similar to the reported effects of poly-L-aspartic acid on
gentamicin-induced nephrotoxicity and on gentamicin
renal concentrations (7,35).

Our results indicate that fish oil at high doses has
exerted protection against gentamicin nephrotoxicity.
The mechanism(s) of this protective effect is not cer-
tain. However, fish oil may have antagonized the bio-
chemical action of gentamicin on phospholipids in the
proximal tubules. The antibiotic is known to cause a
number of morphological, metabolic and functional
alterations (23). Abdel Gayoum et al. (1) have reported
that gentamicin significantly increased plasma triglyc-
erides and decreased plasma phospholipid concentra-
tion. Fish oil, on the other hand, is known to be a major
source of w-3 fatty acids and alters membrane phos-
pholipid fatty acid composition and eicosanoid produc-
tion (4). It has been hypothesized that gentamicin may
cause nephrotoxicity by altering the metabolism of the
eicosanoid thromboxane A (38). Dietary fish oil alters
the fatty acid composition in various organs including
the kidney (3). Therefore it is possible that fish oil in
gentamicin-treated rats for 7 or 10 days has counter-
acted the biochemical alterations induced by the drug
in the renal cortex. Most of the protectant drugs
decrease gentamicin concentration in renal cortex (23).
Those results are in agreement with the present data,
which indicate that rats given gentamicin and fish oil
exhibited lower gentamicin concentrations in their kid-
neys than rats given gentamicin only (Table 2). Other
mechanisms may also be involved in this protective
effect of fish oil. The potential usefulness of fish oil in
ameliorating gentamicin nephrotoxicity may be limited
by the relatively high doses needed (2), which would
probably allow acute treatments only.

The methimazole and fish oil treatment did not
cause significant changes in liver or kidney functions
and morphology (2,20), whereas rats given poly-L-
aspartic acid were reported to have a large number of
apical vacuoles in their proximal tubules (7). Although
the toxicological significance of these vacuoles is
unknown, methimazole, a drug commonly used to treat
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hyperthyroidism, and fish oil which is known to be
useful clinically in preventing or ameliorating the tissue
damage in a number of important diseases and condi-
tions, may provide alternatives approach for the reduc-
tion of gentamicin-induced nephrotoxicity. Moreover,
the present observations revealed that methimazole
and fish oil doses needed to protect against nephrotox-
icity did not exhibit liver or kidney damage (Figures 1
and 2, Table 1). When methimazole is used as an
antithyroid drug in patients for 1-2 years, it is usually
tolerated well and subsequent hypothyroidism after this
long-term use is not observed (28). It has also been
shown that rats do not exhibit hypothyroidism until at
least 2-3 weeks after they have been on 0.025% methi-
mazole in drinking water (8). Thus, the relatively long
time needed for methimazole to cause antithyroid
effects may allow the use of this drug to selectively
block chemically induced nephrotoxicity with minimal or
no inhibition of the thyroid function.

The methimazole mechanism of protection against
gentamicin-induced nephrotoxicity is unlikely to be
related to inhibition of thyroid hormone biosynthesis,
since exogenous thyroxine treatment for 10 days prior
to gentamicin administration protected against gentam-
icin-induced nephrotoxicity (14). Because hypothy-
roidism is commonly associated with a decrease in
glomeular filtration rate, which can lead to an increase
in BUN concentrations (9), the finding that rats given
methimazole only did not exhibit changes in BUN,
serum creatinine concentrations and urinary NAG
activity (Figure 1) provides further support for the
hypothesis that the methimazole mechanism of protec-
tion is not related to its inhibition of thyroid function.

Our results about the reductions in both protein
thiols and protein disulfide concentrations in rats given
gentamicin only, twice daily for 3 days, are similar to
those of Elfarra et al. (20). Loss of protein thiols, a con-
sequence of oxidative stress by many chemicals, was
suggested as one of the critical factors leading to cell
death after acetaminophen exposure (30,43). Our find-
ings that rats given gentamicin only exhibited reduc-

tions in both protein thiol and protein disulfide
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Figure 3: Effect of methimazole and fish oil administration on GM-induced changes in renal thiol status after 3 days in adult male albino
rats.Each bar represent mean + SD of 5 rats. *p<0.05, **p<0.01, ***p<0.001 vs the saline-treated controls. *p<0.05, +*p<0.01,

+++p<0.001 vs the GM-treated rats.
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concentrations before the development of celluar
necrosis (20) suggests a role for irreversible protein
thiol oxidation in the mechanism of gentamicin -
induced nephrotoxicity. The data that methimazole pro-
tected rats against gentamicin-induced irreversible loss
of renal protein thiols provides further evidence for this
hypothesis.

It is therefore reasonable to suggest that gentam-
icin-induced irreversible loss of protein thiols may lead
to renal tubular necrosis (20) and renal dysfunction as

shown by increases in BUN and serum creatinine con-
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centrations, and urinary NAG activity after 7 and 10
days of gentamicin injection in the present work. Irre-
versible peroxide-dependent oxidation of protein thiols
with formation of products other than disulfides similar
to that proposed here for gentamicin, has been
reported (13).

Rats given methimazole or fish oil only have signifi-
cant changes in the renal thiol status (Figure 3)
(2,20,40). However, the small decline in protein thiol
and protein disulfide concentrations observed in rats

given methimazole only may have been a conse-
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quence of a small portion of the methimazole dose
being oxidized in the presence of NADPH in micro-
somes to yield reactive metabolites that modify protein
thiols (16).

Further evidence for the formation of reactive
oxygen species by gentamicin was obtained by the
finding that renal nonprotein thiol (NPT) disulfide con-
centrations were elevated in rats given gentamicin for 3
days compared to saline-treated controls (Figure 3).
Similarly, Wu et al. (48) and Elfarra et al. (20) reported
an increase in the NPT status in the kidneys of rats
given gentamicin in doses of 75 mg/kg and 40 mg/kg,
respectively, twice daily for 3 days. Additionally, Ram-
sammy et al. (36) established that 24 h after rats were
given GM, 100 mg/kg per day for 4 days, exhibited an
increase in renal glutathione disulfide (GSSG). In sup-
port of the hypothesis that alteration of the renal protein
thiol status plays an important role in the mechanism of
gentamicin-induced nephrotoxicity, in vitro gentamicin-
dependent enhancement of H,O, generation by renal
cortical mitochondria was reported previously by
Walker and Shah (46). In addition, Nakajima et al. (31)
established that rats treated with hydroxyl radical scav-
engers or iron chelators were significantly protected
against gentamicin-induced nephrotoxicity. Moreover,
Kays et al., (25) reported that high dietary iron potenti-
ated gentamicin-induced nephrotoxicity.

The proposed role of irreversible oxidation of pro-
tein thiols in gentamicin-induced nephrotoxicity is also
compatible with the previous findings that inhibition of
GHS biosynthesis did not enhance gentamicin nephro-
toxicity and that treatment of rats with diphenyl
phenylenediamine, an antioxidant that blocked gen-
tamicin-induced elevation in GSSG concentrations,
exhibited not protective effects against gentamicin-
induced nephrotoxicity (36,48). Collectively, the data
suggest that GSSG formation is not a critical event for
the development of gentamicin nephrotoxicity, but
rather it may indicate the generation of reactive oxygen
species that predominantly interact with renal protein
thiols leading to irreversible oxidation of renal protein
thiols rather than GSSG formation.
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In summary, the present results provide evidence
that methimazole and fish oil treatments protected
against gentamicin-induced nephrotoxicity. The methi-
mazole mechanism of protection is not due to inhibition
of gentamicin uptake by the kidneys, since the pres-
ence of higher gentamicin concentrations in the kid-
neys of rats given gentamicin and methimazole
compared with rats given gentamicin only were
recorded, but rather may involve the antidoxidant prop-
erties of methimazole and the maintenance of the NPT
status within the kidneys (20,40). On the other hand, as
fish oil is composed, it is possible that its protective
actions may be due to one or more of these com-
pounds. Also its possible that fish oil in gentamicin-

treated rats has counteracted the biochemical

alterations induced by the drug in the renal cortex.

REFERENCES

1. Abdel Gayoum AA, BH Ali, K Ghawarsha, AA Bashir :
Plasma lipid profile in rats with gentamicin-induced nephrotoxicity.
Hum Exp Toxicol. 12:371-375, 1993.

2. Ali BH and AA Bashir : Effect of fish oil treatment on gen-
tamicin nephrotoxicity in rats. Ann Nutr Metab. 38:336-339, 1994.

3. Aukema HM, T Yamaguchi, H Takahashi, DJ Philbrick, BJ
Holub : Effect of dietary fish oil on survival and renal fatty acid
composition in murine polycystic kidney disease. Nutr Res
12:1383-1392, 1992.

4. Bacelli UO, DC Beach, B Thompson, M Weiss, VE Pollack :
A diet containing n-3 and n-6 fatty acids favorably alters the renal
phospholipids, eicosanoid synthesis and plasma lipids in nephrotic
rats. Lipids, 23:1059-1063, 1988.

5. Bach PH and EA Lock et al. : Nephrotoxicity, In Vitro to In
Vivo, Animals to man, plenum press, New York, 1989.

6. Ban M, D Hettich and N Huguet : Nephrotoxicity mechanism
of cis-platinum (11) diamine dichloride in mice. Toxicol Lett, 71:161-
168, 1991.

7. Beauchamp D, G Laurent, P Maldague, S Abid, B Kishore
and P Tulkens : Protection against gentamicin-induced early renal
alterations (phospholipidosis and increased DNA synthesis) by co-
administration of poly-L-aspartic acid. J Pharmacol Exp Ther
255:858-866, 1190.

8. Beyer HS : Lack of effect of hypothyroidism on rat liver
regeneration. Biochem Int, 27:497-500, 1992.

9. Bradley SE, F Stephan, JB Coelho and P Reville : The thy-
roid and the kidney. Kidney Int, 6:346-365, 1974.

Journal of Islamic Academy of Sciences 9:2, 37-48, 1996



EFFECT OF ANTIOXIDANTS ON GENTAMICIN NEPHROTOXICITY

10. Brigelus R, C Muckel, T Akerboom and H Sies : Identifica-
tion and quantitation of glutathione in hepatic protein mixed disul-
fides and its relationship to glutathione disulfide. Biochem
Pharmacol 32:2529-2534, 1983.

11. Brown WD : Reduction of protein disulfide bonds by
sodium borohydride. Biochem Biophys Acta, 44:365-367, 1960.

12. Clark WF, A Parbtani, D Naylor, CM Levinton, N Muirhead,
E Spanner, MW Hugg, DJ Philbrick, BJ Holub : Fish oil in lupus
nephritis: Clinical findings and methodological implications.
Kidney Int 44:75-86, 1993.

13. Coan C, J Ji, K Hideg and R Mehlhorn : Protein sulfhydryls
are protected from irreversible oxidation by conversion to mixed
disulfides. Arch Biochem Biophys, 295:369-378, 1992.

14. Cronin R, L Inman, T Eche, P Southern and M Griggs :
Effect of thyroid hormone on gentamicin accumulation in rat prox-
imal tubule lysosomes. Am J Physiol 257:F86-F91, 1989.

15. De Broe ME, RA Giuliano and GA Verpooten : Aminogly-
coside nephrotoxicity: mehcanism and prevention. Adv Exp Med
Biol. 252:233-245, 1989.

16. Decker CJ and DR Doerge : Covalent binding of 14C-and
35S-labeled thiocarbamides in rat hepatic microsomes Biochem
Pharmacol 43:881-888, 1992.

17. Di Monte D, D Ross, G Bellomo, L Eklow and S Orrenius :
Alterations in intracellular thiol homeostasis during the metabolism
of menadione by isolated rat hepatocytes. Arch Biochem Biophys,
235:334-342, 1984.

18. Elfarra AA : Aliphatic halogenated hydrocarbons. In Toxi-
cology of the kidney, ed by JB Hook and R Goldstein, Raven
Press, New York, In press. 1992.

19. Elfarra AA : Aliphatic halogenated hydrocarbons. In Toxi-
cology of the kidney, ed by JB Hook and R Goldstein, 2nd ed,
Raven Press, New York, pp 387-413, 1993.

20. Elfarra AA, RJ Duescher, PJ Sausen, TM O'hara and AJ
Cooley : Methimazole protection of rats against gentamicin-
induced nephrotoxicity. Can J Physiol Pharmacol 72:1238-1244,
1994.

21. Elinga I, VE Kelly, DC Houghton, WM Bennett : Modifica-
tion of experimental nephrotoxicity with fish oil as the vehicle of
cyclosporine. Transplant, 43:27, 1987.

22. Homan Van der Heide JJ, HJ Bilo, AM Tegzees, AJ
Donker : The effect of dietary supplementation with fish oil on
renal function in cyclosporine-treated renal transplant recipients.
Transplant, 49:523-527, 1990.

23. Kacew S, MG Bergeron : Pathogenic factors in aminogly-
coside-induced nephrotoxicity. Toxicol Lett, 51:241-259, 1990.

24. Kaloyanides GJ : Metabolic interactions between drugs
and renal tubulo-interstitial cells: role in nephrotoxicity. Kidney Int
39:531-540, 1991.

Journal of Islamic Academy of Sciences 9:2, 37-48, 1996

EL DALY

25. Kays SE, WA Crowell and MA Johnson : Iron supplemen-
tation increases gentamicin nephrotoxicity in rats. J Nutr
121:1869-1875, 1991.

26. Leung FW : Fish oil protects against ethanol-induced gas-
tric mucosal injury in rats. Dig Dis Sci, 37:636-637, 1992.

27. Lowry OH, NJ Rosebrough, AL Farr and RJ Randall : Pro-
tein measurement with the Folin phenol reagent J Biol Chem
193:265-275, 1951.

28. Marchant B, J Lees, W Alexander : Antithyroid drugs.
Pharmacol Ther Part B, 3:305-348, 1978.

29. Martinez-Lopez J, SE Greenberg and RR Kling : Drug-
induced hepatic injury during methimazole therapy, Gastroenterol-
ogy, 43:84-87, 1962.

30. Moore M, H Thor, G Moore, S Nelson, P Moldeus and S
Orrenius : The toxicity of acetaminophen and N-acetyl-P-benzo-
quinone imine in isolated hepatocytes is associated with thiol
depletion and increased cytosolic Ca2*. J Biol Chem 260:13035-
13040, 1985.

31. Nakajima T, A Hishida and A Kato : Mechanisms for pro-
tective effects of free radical scavengers on gentamicin-mediated
nephropathy in rats. Am J Physiol 266:F425-F431, 1994.

32. Noto A, Y Ogawa, S Mori, M Yoshioka, T Kitakaze, T Hori,
M Nakamura and T Miyake : Simple rapid spectrophotometry of
urinary N-acetyl- B-D-glucosaminidase, with use of a new chro-
mogenic substrate. Clin Chem 29:1713-1716, 1983.

33. Petry TW and TE Eling : The mechanism for the inhibition
of prostaglandin H synthetase-catalyzed xenobiotic oxidation by
methimazole. J Biol Chem 262:14112-14118, 1987.

34. Pittman JA, RJ Beschi and TC Smitherman : Methimazole.
Its absorption and excretion in man and tissue distribution in rats.
J Clin Endocrinol 33:182-185, 1971.

35. Ramsammy L, C Josepovitz, B Lane and GJ Kaloyanides
! Polyaspartic acid inhibits gentamicin-induced perturbations of
phospholipid metabolism. Am J Physiol 258:C1141-C1149, 1990.

36. Ramsammy LS, C Josepovitz, K Ling, BP Lane and GJ
Kaloyanides : Effects of diphenyl-phenylenediamine on gentam-
icin-induced lipid peroxidation and toxicity in rat renal cortex J
Pharmacol Exp Ther, 238:83-88, 1986.

37. Reed DJ : Glutathione: toxicological implications. Annu
Rev Pharmacol Toxicol 30:603-631, 1990.

38. Papanikolaou N, G Peros, P Morphake, G Gkikas, D
Maraghianna, G Tsipas, K Kostopulos, C Armbatze, EL Gkika, J
Bariety : Does gentamicin induce acute renal failure by increasing
renal TXAZ2 synthesis in rats? Protaglandins Leukot Essent Fatty
Acids, 45:131-136, 1992.

39. Sausen PJ and AA Elfarra : Cysteine conjugate S-oxidase:
Characterization of a novel enzymatic activity in rat hepatic and
renal microsomes. J Biol Chem 265:6136-6145, 1990.

47



EFFECT OF ANTIOXIDANTS ON GENTAMICIN NEPHROTOXICITY

40. Sausen PJ and AA Elfarra and AJ Cooley : Methimazole
protection of rats against chemically induced kidney damage in
vivo. J Pharmacol Exp Ther 260:393-401, 1992.

41. Skellern GG, JB Stenlake and WD Williams : The absorp-
tion, distribution, excretion and metabolism of [2-14C] methima-
zole in rat. Xenobiotica, 3:121-132, 1973.

42. Speck RF, BH Lauterburgh : Fish oil protects mice against
acetaminophen hepatotoxicity in vivo Hepatology. 13:557-561,
1991.

43. Tirmenstein MA and SD Nelson : Acetaminophen-induced
oxidation of protein thiols. Contribution of impaired thiolmetaboliz-
ing enzymes and the breakdown of adenine nucleotides J Biol
Chem 265:3059-3065, 1990.

44. Tune BM, D Fravert and C-Y Hsu : Oxidative and mito-
chondrial toxic effects of cephalosporin antibiotics in the kidney. A
comparative study of cephaloridine and cephaloglycin. Biochem
Pharmacol 38:795-802, 1989.

45. Vail DM, AA Elfarra, AJ Cooley, DL Panciera, GE
MacEwen and SA Soergel : Methimazole as a protectant against
cisplatin induced nephrotoxicty using the dog as a model. Cancer
Chemother Pharmacol. 33:25-30, 1993.

48

EL DALY

46. Walker PD and SV Shah : Gentamicin enhanced produc-
tion of hydrogen peroxide by renal cortical mitochondria. Am J
Physiol. 253:C495-C499, 1987.

47. Weise WJ, Y Natori, JS Levine, M O'Meara, AW Minto, EC
Manning, DJ Goldstein, DR Abrahansom, DJ Salant : Fish oil has
protective and therapeutic effects on proteinuria in passive Hey-
mann nephritis. Kidney Int 43:359-368, 1993.

48. Wu D, Griffth OW and MM Reidenberg : Lack of effect of
glutathione depletion by L-buthionine-S, R-sulfoximine on gentam-
icin nephrotoxicity in rats. Pharmacology, 40:250-257, 1990.

Correspondence:

Ezzat S. El Daly

Department of Biology,
Faculty of Education, at Suez,
Suez Canal University,

Suez, EGYPT.

Journal of Islamic Academy of Sciences 9:2, 37-48, 1996



	JIAS Volume 9, No 2
	Effect of Methimazole and Fish Oil Treatment on Gentamicin Nephrotoxicity in Rats
	Summary
	Introduction
	Materials and Methods
	Animals
	Chemicals
	Treatment of Animals
	Methods
	Determination of Kidney Gentamicin Concentrations
	Determination of Renal Nonprotein (NPT), Nonprotein Disulfides (NPT disulfide), Protein Thiols, and Protein Disulfide Concentrations
	Statistics

	Results
	Discussion
	References

