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ABSTRACT

Background: Gentamicin is a potent, broad-spectrum aminoglycoside antibiotic used in
the treatment of many infections. Gentamicin can induce hepatotoxicity through oxidative
stress and apoptosis. Since melatonin has antioxidant properties, its protective effects on
liver tissue damage were evaluated in this study. Objective: The aim of this study was to
conduct our investigation to assess the hepatoprotective effects of melatonin in rats treated with
gentamicin. Methods: Forty eight adult male Wistar rats were used. The animals were ran-
domly distributed into six groups of equal size. During the period of 11 days, three control
groups of rats were daily injected i.p. with the vehicle or with melatonin at a dose of 5 or 10
mg/kg. The gentamicin group was injected with gentamicin at a dose of 80 mg/kg during
8 days and vehicle for 11 days. The other two experimental groups were administered gen-
tamicin (80 mg/kg during) 8 days and melatonin (doses of 5 and 10 mg/kg) 3 days before
and 8 days concomitantly with melatonin. Obtained liver sections were analyzed using
qualitative, semi-quantitative, and stereological analysis. Results: Gentamicin expressed
hepatotoxic effects inducing congestion of lobular blood vessels, hydropic degenera-
tion of periportal hepatocytes and mononuclear infiltration in the portal tract. Treatment
with gentamicin resulted in an increase in the Vv of blood vessels, a decrease in the Vv of
hepatocytes, and a decrease in the glycogen content in all three lobular zones. Melatonin
administration reduced the liver alterations induced by gentamicin; the higher dose had a
more potent protective effect. Conclusion: Melatonin has a beneficial effect on gentami-
cin-induced liver damage and the effect is dose-dependent.
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1. BACKGROUND

Gentamicin is a broad-spectrum aminoglycoside antibiotic with well-
known nephrotoxic and ototoxic effects (1, 2). Although, hepatic alterations
induced by this agent are not often reported in the clinical practice (3), previ-
ous research on animal models has shown that gentamicin causes hepatocyte
apoptosis, mononuclear infiltration, bile duct hyperplasia, depletion of glyco-
gen and vascular lesions (4-6). The proposed mechanisms of gentamicin-in-
duced hepatotoxicity are mitochondrial alteration and oxidative stress (6).

Melatonin is a neuroendocrine hormone produced by the pineal gland
and some extrapineal tissues (retina, skin, gut, endocrine glands, and some
immune and hematopoietic cells) which regulates circadian rhythm and has
immunomodulatory and antioxidant properties (7-9). These effects are medi-
ated through the activation of cell-surface melatonin receptors expressed on
numerous cells (10). Hepatoprotective effects of exogenous melatonin have
been demonstrated in numerous studies dealing with oxidative-stress medi-
ated liver damage induced by a different agents (11, 12).

2. OBJECTIVE

We conducted this investigation to assess the hepatoprotective effects of
melatonin in rats treated with gentamicin. The obtained results will contrib-
ute to the overall scientific knowledge, especially regarding the effect of dif-
ferent doses of exogenous melatonin.

3. MATERIALAND METHODS

Animals

ORIGINAL PAPER | MED ARCH. 2025; 79(2): 86-91



The Beneficial Effect of Melatonin on Gentamicin-induced Liver Injury in Rats

Adult male Wistar rats, weighing cca 200g, were accli-
matized seven days prior to the experiment. The animals
were maintained under standard laboratory conditions
(temperature 22 + 2°C, 12h dark/light cycle, summer)
and were supplied with standard commercially available
pellet food for rodents and water ad libitum. Mainte-
nance and care of animals were in accordance with inter-
nationally accepted guidelines for biomedical research
(The Council for International Organisations of Medical
Sciences — CIOMS and The International Council for
Laboratory Animal Science — ICLAS).

Experimental design

All animals (n=48) were randomly allocated into 3
control and 3 experimental groups (n=8/group). The
substances were applied intraperitoneally (i.p.), daily, as
follows:

«  Vehicle group (V): vehicle 1% ethanol in Ringer

solution, 11 days.

+  Melatonin 1 group (M1): melatonin (5 mg/kg), 11

days.

¢ Melatonin 2 group (M2): melatonin (10 mg/kg),

11 days.

Gentamicin group (G): gentamicin (80 mg/kg) during
consecutive 8 days + vehicle three days before and 8 days
concomitantly with gentamicin.

Gentamicin + melatonin 1 group (GM1): gentamicin
(80 mg/kg) during 8 days + melatonin (5 mg/kg) three
days before and 8 days concomitantly with gentamicin.

graphs were made using a light microscope (Eclipse 400,
Nikon) with an installed digital camera (DN 100, Nikon).
Quantitative histological analysis included stereologi-
cal determination of volume density (Vv) of hepatocytes,
their nuclei and cytoplasm, and of the vascular com-
partment of the liver lobule (central vein and sinusoids).
Semi-quantitative scoring of the deposited glycogen was
done as proposed by Kaya et al (13) and Stojiljkovic and
Stoiljkovic (14). For the semi-quantification, 30 hepato-
cytes were analyzed per animal and graded as follows:
normal amount of glycogen (+++), I grade decrease
(++), I grade decrease (+), and total absence (-).
Statistical analysis
The Shapiro-Wilk test was used to determine the nor-
mality of data distribution. All data were expressed as
mean + SD or median with interquartile range.
Differences between the corresponding groups were
tested using the Kruskal-Wallis and Man Whitney U
test. Spearman’s rank correlation was calculated to
assess the relationship between the variables. Results of
the semi-quantitative scoring were analyzed using the
chi-square test of independence to determine the asso-
ciation between two variables.

4. RESULTS

Qualitative histological analysis

Liver architecture appeared preserved in the control
group of animals (Figure 1).

Gentamicin + melatonin 2 group (GM2): gen-
tamicin (80 mg/kg) during 8 days + melatonin

Control groups Experimental groups

(10 mg/kg) three days before and 8 days con-
comitantly with gentamicin

Substances

Freshly prepared 1% ethanol in Ringer solu-
tion was used as vehicle. Melatonin (Sigma-Al-
drich, St. Louis, MO, USA) dissolved in absolute
ethanol and diluted in commercially available
Ringer solution was prepared in two different
solutions (0.675 mg/ml; 1.25 mg/ml) with final
concentration of 1% ethanol. All animals were
administered with the same volume of used sub-
stances (8 ml/kg). Application of the substances
was done daily (from 6 p.m. to 7 p.m.), and rats
were injected with gentamicin 1h after mela-
tonin administration.

Histotechnology

All animals were sacrificed by inhalation of
diethyl ether 24h after last application of the
substances. Right medial liver lobe was dis-
sected and fixed in 10% buffered formalin. The
tissue was then routinely processed, embedded
in paraffin, and thin sections (5 um) were made
and stained with the haematoxylin-eosin (HE)
and periodic-acid Schiff (PAS) staining method
to detect deposits of glycogen.
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Qualitative and quantitative histological
analysis
Qualitative histological analysis was performed

Figure 1. Representative photomicrographs of the liver of control and
experimental groups. Preserved architecture of liver in control groups
(V, M1, M2); arrows pointing to the central vein. Dilation and congestion

using light microscopy with the 40x, 100x and of blood vessels and mononuclear infiltration of portal areas (arrow)

400x magnifications. Representative photomicro-
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were found in G group, while other experimental groups (GM1and GM2)
showed almost regular appearance. HE staining, 100x magnification.
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Group Vv blood vessels Vv hepatocytes Vv cytoplasm Vv nucleus

V (N=8) 0,12(0,10-0,13) 0,88(0,87-0,89) 0,80(0,78-0,80) 0,083(0,074-0,093)
M1 (N=8) 0,15(0,10-0,18) 0,85(0,82-0,90) 0,77(0,72-0,82) 0,082(0,072-0,105)
M2 (N=8) 0,14(0,13-0,19) 0,86(0,84-0,87) 0,78(0,75-0,79) 0,083(0,072-0,093)
G (N=8) 0,19(0,18-0,23)* 0,81(0,77-0,82)* 0,68(0,67-0,70)* 0,106(0,091-0,130)*
GM1 (N=8) 0,18(0,15-0,19)* 0,82(0,81-0,85)* 0,70(0,67-0,73)* 0,122(0,099-0,141)
GM2 (N=8) 0,16(0,14-0,20)** 0,84(0,80-0,86)** 0,72(0,67-0,757)* 0,119(0,103-0,146)

Table 1. Results of the stereological analysis *statistically significant result in comparison to V group of animals (p<0.05); **
statistically significant result in comparison to G group of animals (p<0.05); results were presented as median [IQR, 25th-75th

percentile]

The liver tissue of animals treated with the lower
dose of melatonin (M1 group) was well preserved. The
sinusoids appeared wider in comparison to the control
group of animals but without congestion. Mononuclear
infiltration was observed around the central venule and
the hepatocytes in the periportal area were markedly
hypertophic (Figure 1).

Findings in the group of animals treated with the
higher dose of melatonin (M2 group) were similar to
the M1 group, but without the mononuclear infiltration
detected in the previous group (Figure 1).

The most prominent changes in the experimental
groups of rats were detected in the gentamicin treated
animals (G group). In this group dilation and congestion
of blood vessels and mononuclear infiltration

Semi-quantitative analysis of the glycogen deposits
in hepatocytes

The PAS staining method revealed that in the vehi-
cle treated rats the hepatocyte glycogen content was
well preserved. The glycogen deposits in hepatocytes of
rats treated with either dose of melatonin were slightly
reduced in comparison to the animals treated with
the vehicle (Figure 2), but no relationship was found
between the type of treatment and the glycogen content
in the periportal (¥2=0,8 df = 1 p=0,377), intermediate
(x2 =0,0 df = 1 p=1,0) or perivenular (2 =0,0 df = 1
p=1,0) hepatocytes of the liver lobule in the groups of
control animals (Figure 3).

of portal areas was noted. In the liver lobule

Control groups Experimental groups

signs of hydropic degeneration of hepatocytes
with hyperchromatic or picnotic nuclei in the
periportal and intermediate zone were found
(Figure 1).

Analysis of the liver structure in the GM1
group revealed only mild reactive changes in
the marginal plate of hepatocytes contain-
ing prominent hyperchromatic nuclei. Other
structural components appeared relatively
preserved (Figure 1).

In the GM2 group both, liver lobules and
portal areas showed regular architecture with
occasional signs of hydropic degeneration of
the hepatocytes in the intermediate region of
the liver lobule (Figure 1).

Stereological analysis

Treatment with gentamicin resulted in
an increase in the Vv of blood vessels and a
decrease in the Vv of hepatocytes in the G
group of rats in comparison to the V group.
Administration of melatonin at a dose of 10
mg/kg in the GM2 group was accompanied
with the reduction of Vv of the lobular blood
vessels and an increase of the Vv of hepato-
cytes in comparison to the G group. A sta-
tistically significant, strong and negative cor-
relation was found between the Vv of lobular

blood vessels and the Vv of the hepatocyte
cytoplasm (r=-0,893, p<0,0005) as well as the
Vv of the liver lobule blood vessels and the
Vv of the hepatocytes (r=-1, p<0,0005) in the
experimental group of rats (Table 1).

Figure 2. Glycogen deposits in periportal zone of liver lobule of control and
experimental groups. Control V group showed regular glycogen deposits,
while deposits were slightly decreased in melatonin treated control groups
(M1 and M2). Glycogen content was markedly reduced in G group, while it
was relatively preserved in melatonin treated experimental groups (GM1
and GM2). Asterisk pointing to the PAS positive deposits of glycogen. PAS

staining, 400x magnification.
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Control groups

Experimental groups

zones, but it was most pronounced
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in the periportal region of the liver
lobule. Gentamicin administration
caused a reduction in the volume den-
sity of hepatocytes and an augmen-
tation in the volume density of liver
lobule blood vessels. Similar findings
were reported by other authors (4, 6,
15, 16).

Both, the lower and the higher dose
of melatonin resulted in a hepato-
protective effect. In the lower mela-
tonin dose group of animals treated
with gentamicin the hepatic lobules
showed only mild reactive changes,
while in the higher melatonin dose
experimental group the hepatic lobule
had a relatively preserved structure.
No signs of vascular congestion or

Glycogendeposits
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W+
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Figure 3. Distribution of the glycogen deposits in all three observed liver lobule

zones in the experimental and control groups.

The glycogen content was reduced in hepatocytes in
the G group compared to the control group of animals;
the changes were especially pronounced in the peripor-
tal zone of the liver lobule. Administration of melatonin
in the GM1 and GM2 groups had a beneficial effect; the
glycogen content was increased in comparison to the G
group of animals (Figure 2 and Figure 3).

There was a significant relationship between the gly-
cogen content and combined treatment of gentamicin
and melatonin in the perivenular zone (y2= 20,57 df=4
p<0,0005), in the intermediate zone (y2= 30,54 df =6
p<0,0005), and in the periportal zone of the liver lobule
(2= 54,169 df=6 p<0,0005).

5. DISCUSSION

Gentamicin is a widely used antibiotic in the treat-
ment of Gram negative infections (1, 2). Besides its
nephro- and ototoxicity, it has been shown that it exhib-
its hepatotoxic effects (4-6), primarily through oxidative
stress (6). Since melatonin has potent direct and indirect
antioxidative actions, the present study was conducted
in order to investigate the potential hepatoprotective
effects of two different doses of exogenous melatonin in
gentamicin treated rats.

Application of melatonin to healthy animals in our
study did not alter liver microstructure. Although mel-
atonin treatment in healthy animals reduced glycogen
deposits in comparison to the vehicle treated group, the
altered glycogen content was not dose-dependent. These
effects of melatonin on the rat liver were also described
by other authors (17, 18).

Our qualitative histological analysis of the liver showed
that gentamicin induced changes in both the portal area
and the liver lobule. The most prominent findings were
mononuclear infiltration of the portal canal, congestion
of central vein and perivenular sinusoids, and hydropic
degeneration of periportal hepatocytes. The PAS stain-
ing revealed depletion of glycogen in all three observed
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mononuclear infiltration were found
in either of the experimental groups.
The results of our qualitative histolog-
ical analysis were confirmed by our
stereological findings, which showed that both doses of
melatonin had a protective effect, but that the melatonin
dose of 10 mg/kg was more potent in context of the liver
parenchyma protection than the 5 mg/kg dose.

Specifically, melatonin administration at a dose of 10
mg/kg resulted in a decrease of the volume density of
the lobular blood vessels and an increase of the volume
density of hepatocytes in comparison to the G group.
The volume density of lobular blood vessels and the vol-
ume density of the hepatocyte cytoplasm in the exper-
imental groups of rats showed a strong and negative
correlation (r=-0,893, p<0,0005) as well as the Vv of the
liver lobule blood vessels and the Vv of the hepatocytes
(r=-1, p<0,0005).

Additionally, we have performed a semi-quantitative
analysis of the hepatocyte glycogen deposits. It is well
know that the liver glycogen maintains the blood glucose
levels and that the hepatocyte glycogen content mirrors
the state of glucostatic function (17). Different physio-
logical and pathological conditions change the deposits
of glycogen in hepatocytes (18). Since the distribution
of enzymes involved in the carbohydrate metabolism
depends on the zonation of liver lobules (19), we have
analyzed the glycogen content in all three liver lobule
zones. This analysis has shown that the glycogen con-
tent of hepatocytes in the gentamicin-treated rats was
reduced; total absence of glycogen was observed in 25%
of periportal hepatocytes and a II grade decrease in
37,5% of the cells. Alkahtani et al. (6) have also found
a reduction in glycogen in the hepatocytes of gentami-
cin-treated animals. These changes in glycogen content
are probably due to mitochondrial alterations with the
consequent increase in oxidative stress, which is a well-
known pathway leading to necrosis.

Melatonin administration to animals that were con-
comitantly treated with gentamicin preserved the
deposits of glycogen in the hepatocytes and the effect
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was dose dependent in all three observed hepatic lobule
zones. In a study done by Mazepa et al. (20) melatonin
preserved the liver glycogen deposits in exercised rats.
Melatonin was also able to restore the glycogen content
in high fat induced diabetic mice (21) and in conditions
of smoking-induced hyperglycemia (22).

Thus, the hepatoprotective effects of melatonin pre-
treatment and its co-administration with gentamicin
were evident in this study. Melatonin exerts protec-
tive effects in different conditions, such as heavy metal
induced testicular damage, gentamicin induced neph-
rotoxicity, liver cirrhosis, ischemia/reperfusion liver
injury, or age-related hepatic alterations, which was
shown in various previous studies (1, 23-26).

Konturek et al (27) found that the majority of the
endogenous melatonin production in the liver, pan-
creas and bile ducts is during the day in contrast to the
pineal melatonin activity. This means that in our study,
application of exogenous melatonin in the early evening
(6 — 7 p.m.) augmented its level during the low activity
of pineal melatonin and exerted this way its protective
effects.

6. CONCLUSIION

Our results indicate a dose-dependent beneficial effect
of exogenous melatonin against gentamicin induced
liver alterations. Thus, melatonin might be considered
as a relatively safe supportive treatment in conditions of
gentamicin intake.
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