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ABSTRACT: Gentamicin is most frequently used aminoglycoside antibiotic. Despite its wide use, the
effects of gentamicin have not been clearly studied in relation to alteration of hemato-biochemical
parameters and liver injury. In the present study, to evaluate the effects of gentamicin on behavioral,
hematological, biochemical and morphological parameters of liver, Swiss albino mice were divided into 4
experimental groups (group A: control; group B: pharmacological dose; group C: pharmacological dose
rate with chronic treatment, and group D: high dose with chronic treatment). All the mice from group C
and D showed dullness, fearness, roughness of the body coat, anorexia and weakness. Liver weight and
size were increased significantly in the mice of group C and D than that of group A or group B. Similarly,
in hematological study, Total erythrocyte count (TEC), Total leukocyte count (TLC) and hemoglobin
(Hb) % values were decreased significantly, whereas, Alanine amino transferase (ALT) values were
increased significantly in the mice of group C and D. In addition, congestion and dark coloration with
hepatomegaly were found in treated group C and D. Histological study revealed that the liver
parenchyma showed central vein congestion, lymphocytic infiltration, irregular size of hepatocyte and
dilatation of sinusoids of treated group C and D. Taken together, our current study suggests that
although pharmacological dose of gentamicin has no adverse effect on liver but chronic pharmacological
dose or chronic high dose has serious adverse effect on liver. These observations lead us to postulate
that gentamicin induces liver tissue damage after long term treatment.
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gentamicin is the most widely studied
aminoglycoside antibiotic used to treat severe
infections of Gram-negative bacteria [2]. The
aminoglycoside antibiotic, gentamicin IS

INTRODUCTION

Liver is the largest gland in our body and plays

most important functions not only in the storage and
release of nutrients but also in the neutralization and
elimination of a variety of toxic substances.
Antibiotics are one of the most widely used choices
of drugs. These drugs are used for prevention of
many problems caused by infections. However,
antibiotics have side effects and can damage various
body organs including liver, kidney, brain, blood,
skin, eyes and mouth [1]. Among the antibiotics,

synthesized by Micromonospora purpurea [3]. The
use of gentamicin has tremendously increased in
human and veterinary practice due to their greater
effectiveness against human, livestock and poultry
diseases [4]. But sometimes people of Bangladesh,
particularly rural people are not concerned about
many legal issues due to limited literacy. They
purchase antibiotics without any prescription from
physician or even when the practice is not legal. For
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treatment purposes, they use overdose of antibiotic
for a long time which may cause adverse effects in
human beings. In rural part of Bangladesh, 95% of
the people consume drugs without any prescription
and purchase drugs from local pharmacies; only 8%
of them consume drugs according to the
prescription from physicians [5].

Gentamicin is a heat stable antibiotic that remains
active even after autoclaving, thus making it useful
in the preparation of certain microbiological growth
media. The action on bacteria is bactericidal and
gentamicin has increased activity at alkaline pH. In
case of gentamicin, oral absorption is minimal and
for systemic use gentamicin must be given by the
parenteral route. Uptake is rapid after intramuscular
injection and it has a serum half — life of 75-110
minutes [6]. The distribution of aminoglycosides
antibiotic after an 1V injection is virtually complete
within 1 hour. The penetration of aminoglycosides
across membranous barriers by simple diffusion is
very limited due to polycationic nature of these
antibiotics. Therefore, very low concentrations of
aminoglycosides are found in cerebrospinal fluids
or respiratory secretions [7].

Gentamicin is mainly used for clinical practice. The
most frequently reported side effects associated
with  gentamicin  therapy are  ototoxicity,
nephrotoxicity and hepatotoxicity [8]. These forms
of toxicity occur more frequently in patients who
experience prolonged exposure to serum gentamicin
concentrations of greater than 2 mcg/mL [9].

After the use of gentamicin in cells, increased
production of Reactive Oxygen Species (ROS) is
effective in inducing toxic impacts of this drug on
the structure and function of tissues [10].
Gentamicin enhanced the production of superoxide
anion, hydrogen peroxide and hydroxyl radicals by
mitochondria [11]. Free radicals cause peroxidation
of phospholipids membrane, DNA strand breakage,
protein denaturation. These effects induce changes
in membrane fluidity, thus the membrane gets
permeable even to molecules as large as enzymes
[12]. Additionally, blood chemical investigation
was conducted for more elucidation of the effects of
tissue damage which could be provoked by
gentamicin. Therefore, the effects of gentamicin
must take into account as problem relating to human
beings, animals and birds. Despite its wide use,
gentamicin has not been definitively linked to

instances of clinically apparent liver injury, but in
the present study we investigated morphological
and hemato-biochemical effects of gentamicin on
liver in mice.

MATERIALS AND METHODS
Chemicals

Gentaren 10% (Reneta, Bangladesh), 100 ml bottle is an
aminoglycoside antibiotic preparation. Gentamicin
commonly known as a broad-spectrum antibiotic was
purchased from local market.

Animals and treatments

The experimental male Swiss albino mice were collected
from International Center for Diarrheal Disease
Research (icddr’b), Mohakhali, Dhaka, Bangladesh. All
the mice were possessed good health and devoid of any
external deformities certified by the registered
veterinarian from icddr’b. After procurement, all the
mice were kept under close observation in order to
acclimatize to the new environment for a period of one
week prior to commencement of the experiment. All
mice were raised under confinement as an intensive
system. All experimental protocols were approved by the
Animal Welfare and Ethical Committee, Faculty of
Veterinary Science, Bangladesh Agricultural University.
All efforts were made to minimize the number of mice
used and their sufferings. Twenty male mice, aged 5-6
weeks old weighing 25-30 g were used for this
experiment. The rats were housed four per one plastic
cage, maintained on a 12h light/dark cycle at a constant
temperature (70-740F) and humidity (45-60%) and
provided water and rodent pellets ad libitum. For each
individual, under study a record sheet with full details of
each parameter were maintained. For the experimental
purpose, the mice were randomly divided into four
groups: Group A (Control), without any treatment;
Group B (5mg/kg for 7 days), pharmacological dose;
Group C (5mg/kg for 30 days), pharmacological dose
rate with chronic treatment; Group D (10mg/kg for 30
days), high dose rate with chronic treatment. Each group
contained five mice. Body weights of all mice were
recorded before starting the treatment. After
administration of gentamicin all the mice were kept
under close observation for entire 35 days (30 days of
treatment period and 5 days of post treatment).

Clinical examination

During the tenure of the treatment, the animals were
carefully observed for behavioral study.
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Blood chemical analysis

Each animal was euthanized by using chloroform before
2ml of blood was taken in 5 ml disposable syringe by
cardiac puncture for estimation of various blood
chemical parameters such as- TEC, TLC, Hb%, ALT.
The blood sample was allowed to stand for one hour and
centrifuged at 3000 rpm for 15 minutes. Eppendrof tubes
were used for collection of serum and stored in freeze at
-200C. ALT was measured by using commercially
available kits. The number of RBC and WBC were
calculated accordingly (Number of RBC= Number of
counted x1000 and express the results in millions per cu.
Mm; Number of WBC= Number of countedx50 and the
result is expressed in thousand per cu. Mm).

Gross and histology

After sacrifice of each animal sequentially, liver was
collected from each animal and examined for gross study.
For gross study, color, weight and size of liver was taken
into consideration.

For histological observation, 5 mm pieces were collected
from different side of liver and immersed in 10%
formalin for 48 hours. Then, the sample was washed in
10% phosphate buffer solution for 3 hours, dehydration
was done by passing the tissue in the ascending grade of
alcohol, such as 70, 80, 90, 95, 100% (1), and 100% (2)
each for 2 hour and finally 100% (3) for overnight,
cleared in xylene and embedded in paraffin. Sections
from the paraffin blocks were cut in 5 um in thickness
by using rotatory microtome. Then, the sections were
stained with Meyer’s Hematoxylin and Eosin (H&E).
The sections were protected by a thin cover slip attached
to the slide with a mounting medium ‘DPX’ [13]. The
samples were studied with the aid of light microscope.

Photomicrographs

Photomicrographs were taken using ZEISS Axiocam
ERc5s microscope (Germany) camera. All images were
transferred to Adobe Photoshop Elements 15 (Adobe
Systems, CA, USA). Only brightness and contrast were
adjusted and no other adjustments were made.

Data analysis

A statistical software package (SPSS, version 20) was
used for data analysis. The descriptive data is given as
mean + standard deviation (SD). Chi-squared test was
used for the analytical assessment. The differences were
considered statistically significant when P values were
less than 0.05 and 0.01.

RESULTS
Behavioral changes

Mice of group A were healthy and active without any
abnormal signs during the whole experimental period.
Mice of group B treated with recommended dose (5
mg/kg) were apparently normal without any abnormal
sign up to 7 days of intramuscular administration of
gentamicin. Mice of group C (5 mg/kg for 30 days)
showed fear with less appetite, roughness of the body,
apathy and weakness. However, in group D (10 mg/kg
for 30 days), all the mice produced irritable behavior,
roughness of the hair coat, dullness, less appetite and
weakness. Mortality of the animals (12% and 50%) was
found in groups C and D respectively (Table 1), but, the
highest concentration was found in group D treated with
10 mg/kg for 30 days.

Table 1: Behavioral effects in the control and
gentamicin treated mice.

Pattern of Group A Group B Group C Group D
behavior (%0) (eeuityel)
Less appetite 0 0 100 100
Fearness 0 30 75 75
Weakness 0 0 87 87
Roughness  of 0 0 25 37
the body
Swollen 0 0 25 35
abdomen
Mortality rate 0 0 12 50
0% = No. of affected mice of a particular group X 100

No. of total mice of that group

Hematological and biochemical changes

Hematologically, in group A (Control), the mean value of
TEC, TLC and Hb % was 891.80+1.304 ml/cubicmeter,
8.14+0.018 thousand/cubicmeter and  8.99+0.013
respectively (Figure 1). The value of TEC, TLC and Hb%
were decreased significantly (P<0.01) in group C (6
mg/kg for 30 days) and group D (10 mg/kg for 30 days)
compared to control group (Figure 1A, B, C).
Biochemically, in group A (Control), the mean value of
ALT was 17.28+0.130 U/L. This value was increased
significantly (P<0.01) in group D (10 mg/kg for 30 days)
(Figure 1D).

Gross architectural changes of Liver
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Reddish color with normal liver was found in Group A
(control). In group B (5 mg/kg for 7 days) liver was
normal after the treatment period. Whereas, congestion,
dark coloration and hepatomegaly was found in group C
and group D (data not shown).

A B
=
—_ K]
S 1000 ]
- £
2 8.25
; $
)
L F]
3 3
k-]
3 :
5 :
w <
(= =
o
'
'—

c D
10 m o
?7.5 g 30 i
e 5 2 5
§ 2.5 E 10
0 v © O O Ty o 0 9
‘OQQ (o" ‘OQQ ‘OOQ ‘OQQ & OOQ O\)Q
o & & o & & & &

Figure 1: Blood chemical parameters in the control and gentamicin
treated mice. TEC (A), TLC (B) and Hb (C) were significantly
lower in group C and D, whereas, ALT (D) was significantly higher
in group C and D than that of group A and B. (** p< 0.01).

The mean weight of liver of control group was
2.00£0.010 g. Whereas, in group C and group D these
parameters were 2.03+0.001** and 2.54+0.039** ¢
respectively. The weight of liver was increased
significantly (p<0.01) in group C (5 mg/kg for 30 days)
and more significantly (p<0.01) in group D (10 mg/kg
for 30 days) (Figure 2).
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Figure 2: Weight and size of the liver in the control and gentamicin
treated mice. Both Weight (A) and size (B) of the liver were
significantly increased in group C and D than that of group A and B.
(** p< 0.01).

Microscopic architectural changes of Liver

In liver of group A (control) and group B
(pharmacological dose 7 days treatment) liver
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Figure 3: Photomicrograph of H & E stained histological section of
liver of the (A) Control, Group A, or gentamicin injected mice with
different dose rate (B) Group B, (C-D) Group C and (E-G) Group D.
(A) showing intact liver parenchyma with centrally located central
vein. (B) also showing intact liver parenchyma. (C-D) showing
congestion around central vein and lymphocytic infiltration around
bile canaliculi (black arrows), (E-G) showing dilatation of sinusoids
(E), inclusions bodies in hepatic parenchyma (black arrow) (F) and
tissue destruction and irregularity of liver hepatocytes (G). CV,
central vein. Scale bar = 20 um.

parenchyma appeared as centrally located central vein
and many hepatocytes surrounding the central vein many
hepatocytes (Figure 3A, 3B). Long term administration
of gentamicin with pharmacological dose (group C)
induced marked congestion around central vein and
lymphocytic infiltration around bile canaliculi. (Figure
3C, 3D). In addition to these alterations, in case of
higher dose with chronic treatment (group D), dilatation
of sinusoids, appearance of inclusion bodies in hepatic
parenchyma, tissue destruction and irregularity of the
size of hepatocytes were also found in the liver (Figure
3E, 3F, 3G).

DISCUSSION

In our present study, swiss albino mice were used to
observe the morphological and blood chemical
alterations of liver after gentamicin administration.

Gentamicin is commonly used as a therapeutic agent
against infections. But long-term exposure of gentamicin
in 30% cases may induce hepatorenal toxicity [2, 8]. In
case of liver, hepatocytes are hexagonal liver cell that
contains many metabolic enzymes. Liver damage may
exert to pour these enzymes into plasma and can be
useful for the determination of liver damage. After use
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of gentamicin is responsible for increased production of
reactive oxygen species ROS associated with an increase
in lipid peroxidation which takes place in the cell
membranes or tissues. Lipid peroxidation is an oxidative
stress whereas increased production of ROS decreased
antioxidants which lead to an imbalance between
oxidant and antioxidant status and ultimately leading to
cellular damage [8, 14].

Intramuscular administration of gentamicin in higher
doses showed, roughness of the body, apathy, loss of
appetite and weakness. Other groups were observed
similar findings when 10 dogs received gentamicin 10
mg/ kg IM 3 times a day for 14 days [15; 16]. However,
they also found diarrhea and vomition following
administration of gentamicin in dog. In our present study,
highest concentration of mortality was found in group D
(10mg/kg for 30 days). Whereas death of new born in
rabbit was also reported following low dose (20mg/kg)
of intramuscular injection of gentamicin during gestation
period [17].

Various blood chemical parameters were performed for
evaluation of the functions of the organ such as TEC,
TLC, Hb% and ALT. In the present study, a significant
increase of Alanine amino transferase was observed and
the increased ALT is essential indicator of initial
hepatocellular damage [18]. It was postulated that
gentamicin treatment caused elevation in serum urea,
creatinine concentration and ALT (Alanine amino
transferase) activity associated with pathological
changes in liver and kidney [19]. Pathological lesions in
the organs and chemical changes in the blood were more
severe in diabetic gentamicin treated rats. It was showed
that gentamicin could induce renal toxicity and
significant increase in the level of ALT [20]. The
recorded increased level of ALT indicates functional
disorders of the liver as postulated by another researcher
[21]. Increased level of ALT due to gentamicin treatment
induced oxidative injury causing tissue damage. This
finding is in accord with that of [22] who also reported
similar results. In the present study, intramuscular
administration of gentamicin in 3 different doses
(5mg/kg for 7 days, 5mg/kg for 30 days and 10 mg/kg
for 30 days) significantly reduced the TEC, TLC and
Hb%. Similar findings were reported by [23] that long
term exposure of gentamicin in high dose affects the
haemopoietic cells in the bone marrow and decrease
erythrocyte production. From this study, congestion,
dark coloration and hepatomegaly was found in treated
group (5 mg/kg for 30 days and 10 mg/kg for 30 days).
gentamicin induced hepatomegaly with decrease the
hepatic function in treated animal after intramuscular
administration of 75 mg gentamicin /kg for 15 days in
rabbits [24].

Histomicrograph study reveals that mice treated with
gentamicin with high doses for long term were showed
congestion in central vein, lymphocytic infiltration in
liver parenchyma and destruction of tissue architecture
particularly dilatation of sinusoids. The tissue changes
seen in the present work confirmed with the findings of
previous work [19; 25]. The cellular organization of
mouse liver was studied using light and electron
microscopy. gentamicin treated mouse showed that
approximately 35% of the hepatocytes contained two
nuclei; none of the Kupffer or Ito cells were double
nucleated. The presence of canaliculi and a bile duct
system appear similar to that reported for other
mammalian species [26; 27].

In conclusion, our present study clarified that long-term
treatment of gentamicin with either pharmacological or
high dose in swiss albino mice showed a fair degree of
reduced food intake, increased mortality, induced
significant increase of alanine aminotransferase and
caused derangement of liver function with concomitant
changes in the histological structures of that organ. The
present study suggests that we should have conscious
about taking of antibiotic in major or minor issues. The
present study may be considered as an experimental base
of the relevant human studies.
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