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SUMMARY:  Gentamicin can pass through the placenta. This antibiotic also enters breast milk, but its absorption in the intestine
is insignificant, so that it could be only found in half of the infants’ blood. In the present study, it is attempted to experimentally evaluate
the toxic effect of gentamicin on the kidneys of newborn mice in breastfeeding. This study was performed on 20 female Balb/c pregnant
mice weighing 30 to 35 g. The female pregnant mice were randomly divided to two groups of 10. The lactating mothers were
intraperitoneally injected with gentamicin at 200 mg/kg every other day sequentially, and the normal group was injected with normal
saline at the same volume. Blod samples were collected from the heart of the newborns for the evaluation of renal function. The samples
were passing paraffin blocks and were staining with hematoxylin and eosin. The data were expressed as mean±SE and T-test was used.
In the observations of kidney tissues of the newborns treated with gentamicin, there were several tissue injuries in comparison with the
normal group such as lytic necrosis with picnotic nucleus occurred in the epithelium cells of kidney tubules. Moreover, in some epithelium
cells of tubules, degeneration changes of the kind of hydropic and cytoplasmic vacuolation were observed. In the current study, though
gentamicin had no significant effect on anomalies in newborns. it indicated however, that the intervention breastfeeding could have
pathological effects and consequently, cause changes in the function factors of the kidneys of newborns.
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INTRODUCTION

Aminoglycoside antibiotics such as gentamicin are
frequently used due to their high effectiveness against
infections caused by gram negative bacteria (Martínez-
Salgado et al., 2007; Derakhshanfar et al., 2009). Many of
the drugs or chemicals in the environment cause poisoning:
This is often followed by tissue damage to the kidneys, which
ultimately causes renal failure. The destruction of the tubule
epithelium cells or tubular necrosis is one of the causes of
acute renal failure.

However, it seems that the pathology of gentamicin
in the kidneys by producing free radicals, lipid peroxidation
(Sener et al., 2002) and protein peroxidation in the kidney
cortical part (Karadeniz et al., 2008) is justifiable.
Gentamicin can pass through the placenta, as reported in
several separate studies; its amount in the umbilical cord
blood has been found to be 34 % and in mother’s blood to
be 42 % (Santschi & Papich, 2000). This antibiotic also enters
breast milk, but its absorption in the intestine is insignificant:
hence, it is found only in half of the infant’s blood. It has

also been demonstrated in some researches that pathologic
damage to the kidney tissue ultimately leads to kidney
bleeding, which afterward causes reduction in necessary
proteins in the blood of the fetus and infant and in breast
milk. In addition to proteins, other essential nutrients of blood
as well as breast milk also get reduced, and hence the fetus
and infant do not grow sufficiently (Brzóska et al., 2002).
Accordingly, the present study attempts to experimentally
evaluate the toxic effect of gentamicin in the kidneys of
newborn mice undergoing breastfeeding.

MATERIAL AND METHOD

This experimental study was performed on 20 (12-
week-old) female Balb/c pregnant mice weighing 30 to 35 g
sourced from the Laboratory Animal Breeding Center of
Islamic Azad University. All ethical considerations and
working protocols on laboratory animals were approved by
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the Animal Rights Monitoring Committee of the Research
Center of the Faculty of Veterinary Medicine, Islamic Azad
University, Tabriz Branch. No experiments were performed
on the mice for one week in order to avoid stress and adapt
animals to the new environment. Animals were stored in an
environment with a temperature of 22 ± 2 ºC, humidity of 38
%, light intensity of 300 lux in the center of the room, and 12
h periods of light and darkness. Sufficient water and food
(concentrated) were available to the animals. The female
pregnant mice were randomly divided into two groups of 10
each. After the birth of newborns in the intervention group,
lactating mothers were intraperitoneally injected with
gentamicin (made by the Eksir Company, Iran) at 200 mg/kg
(Chen et al., 2012) every other day sequentially from the first
day to the end of the lactation period (about 21 days). Mothers
in the normal group were injected with normal saline of the
same volume. One day after the last intraperitoneal injection
(day 21 of breastfeeding), blood samples were collected from
the heart of the newborns for the evaluation of renal function.
Serum urea density and uric acid were evaluated by the
Berthold method (Patton & Crouch, 1977) and creatinine was
evaluated by the Jaffe method (Jafffe, 1886), using light
metering by spectrophotometer device (Sinco) with the help
of specially provided kits (Pars Azmoon Company).

The mice were anesthetized with chloroform and
dissected after the experiments. Thereafter, the kidneys were
weighed on a scale with a sensitivity of 0.01 (WTB model
manufactured by Poland’s Radwag company) and were
measured by a caliper of 0.1 mm accuracy. The samples were
put in a 10 % buffer formalin solution, and 6-mm thick paraffin
blocks were colored with the general method of hematoxylin
and eosin (H&E) after passing the autotechnicom steps
(Bancroft & Gamble, 2008). Histomorphometry variables of
the diameter of the proximal and distal tubules and the height
of the epithelium cells of proximal and distal tubules with the
same cross-section were measured underneath a Nikon optical
microscope (E200 Eclipse made in Japan) having a linear
gradient and a 40 × lens.

The data was expressed as mean ± SE; t-test was used
to analyze the data using SPSS 16 software to compare the
difference between the normal groups and the gentamicin
groups. The value of p < 0.05 was considered for determining
significance level between the groups.

RESULTS

Biochemical results

Effects on serum urea level. The results in Table I display a
significant difference in mean serum urea level between the

normal newborn group and the gentamicin treated group:
the treated group had an increase in urea levels.

Effects on serum uric acid levels. The results in Table I
display a significant difference in mean serum uric acid level
between the normal newborns group and the gentamicin
treated group: the treated group had an increase in uric acid
levels.

Effects on serum creatinine level. The results in Table I
display a significant difference in mean serum creatinine
level between the normal newborns group and the gentamicin
treated group: the treated group had an increase in creatinine
levels.

Morphometric results

Kidney weight. The results in Table II demonstrate there is
no significant difference in mean weight of the left kidney
between groups of normal and gentamicin treated newborns.

Kidney length. The results in Table II demonstrate there is
no significant difference in mean length of the right kidney
between groups of normal and gentamicin treated newborns.

Histomorphometric study

Diameter of proximal tubules. The results in Table III
indicate there is no significant difference in the mean
diameter of proximal tubules between groups of normal and
gentamicin treated newborns.

Diameter of distal tubules. The results in Table III indicate
there is no significant difference in the mean diameter of
distal tubules between groups of normal and gentamicin
treated newborns.

The height of epithelium cells of proximal tubules. The
results in Table III indicate there is no significant difference
in the mean height of epithelium cells of proximal tubules
between groups of normal and gentamicin treated newborns.

The height of epithelium cells of distal tubules. The results
in Table III indicate there is no significant difference in the
mean height of epithelium cells of distal tubules between
groups of normal and gentamicin treated newborns.

Histopathologic results. Several tissue injuries were noticed
in kidney tissues of the newborns treated with gentamicin
as compared to the normal group. (Fig. 1A). Some epithelium
cells of tubules, degeneration changes of the kind of hydropic
changes, cytoplasmic vacuolation and also dilated glomerular
capsule were observed (Fig. 1B).Tubular acute coagulant
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Fig. 1. Histological structure of the renal cortex of newborns mice as revealed by H&E staining, scale bar =50 µm. A. Normal group:
capsular space (star), proximal convoluted tubule (arrow), distal convoluted tubule (short arrow), parietal epithelial cells of glomerular
capsule (tip of arrow). B. Treatment group: Dilated glomerular  capsule (star), Hydropic changes in tubular epithelial cells (arrow).
C. Treatment group: Dilated glomerular capsule (star), Tubular acute coagulant necrosis (arrow). D. Treatment group: Edema in
renal interstitial spaces (star), necrosis in simple squamous cell of glomerular capsule (tip of arrow), rupture in parietal cells of
glomerular capsule (short arrow).

The different letters in each column indicate a significant difference.

Table II. Comparison of mean kidney weight and length parameters (Mean SD) in
groups of normal newborns and groups of newborns treated with gentamicin.

The different letters in each column indicate a significant difference.

Table I. Comparison of mean serum level parameters (Mean±SD) of renal function
factors in the normal newborn group and the gentamicin treated group.
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Content Normal group (n=10) Treatment group (n=10)

Urea (mg/dl) 38.55 ± 1.369b 49.6 ± 2.424a

Creatinine (mg/dl)   1.34 ± 0.636b 2.84 ± 0.748a

Uric acid (mg/dl)   4.18 ± 0.328b            5.23 ±0.25a

Content Normal group (n=10) Treatment group (n=10)

Weight of rt. kidney(g) 0.052 ± 0.015ab 0.055 ±  0.027a

Weigh of lt. kidney (g) 0.05 ± 0.02ab 0.061 ± 0.021a

Length of rt. kidney (mm)   6.73 ± 0.389ab 7.015 ± 0.137a

Length of lt. kidney (mm)       7.157 ±  0.2ab   7.54 ± 0.349a
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necrosis with picnotic nucleus occurred in the epithelium
cells of kidney tubules (Fig. 1C). Changes observed in the
glomerular capsules were associated with necrosis in sim-
ple squamous cell (parietal layer) and after which rupture in

parietal cells of glomerular capsule and leakage into
glomerular urinary space was demonstrated. Renal interstitial
edema in treated with gentamicin some of the other
pathological observations of the present study (Fig. 1D).

DISCUSSION

The prevalence of nephrotoxicity due to the use of
gentamicin has risen from 3 % in 1969 to 20 % over the past
decade. According to new results, about 30 % of the people
treated with gentamicin for more than seven days show some
signs of nephrotoxicity. Use of medicines is limited due to
their side effects, notwithstanding all the benefits
(Derakhshanfar et al.). In this study, a significant increase
in the concentration of renal function markers was observed
when the test animals were treated with gentamicin in the
lactation period. Several studies have been conducted to
investigate the possibility of teratogenicity of gentamicin.
In a study by Wing et al. (1998), infants with congenital
diseases were compared with healthy ones, but there was no
correlation between these disorders and gentamicin
consumption. The results of this study did not relate death
and external anomalies to the presence of gentamicin in the
milk fed to newborn mice. The results obtained from the
morphometric section of the kidneys indicate that the weight
and length of kidney variables experience no significant
difference in the newborns fed the milk of mothers under
the effect of gentamicin. This can be attributed to the amount
of gentamicin permeation in breast milk or to the duration
of breastfeeding, reaching the point where breastfeeding
under the effect of gentamicin does not make significant
macroscopic changes. Additionally, significant differences
in the histomorphometric variables of nephrons such as the
height of the epithelium cells of distal and proximal tubules
and the diameter of distal and proximal tubules in the
newborns fed by mothers under the effect of gentamicin were
not observed in the present study. This can be related to the
amount of gentamicin permeation in mother’s milk or to the
period of breast feeding. Different methods such as
measuring urea level, serum creatinine, and glomerular
infiltration rate have been proposed to diagnose renal toxicity
(Lau, 1999). According to some reports on nephrotoxicity

caused by gentamicin, increase of serum creatinine and urea
(Stojiljkovic et al., 2012; Li et al., 2013; Hsu et al., 2014) as
well as decrease in glomerular filtration rate has been
observed (Parlakpinar et al., 2005). Gentamicin also
increases the plasma creatinine concentration (Derakhshanfar
et al.; Yaman & Balikci, 2010; Hsu et al.). The results of the
present study are consistent with these reports. From the
results of this study, a significant increase in the biochemical
factors in the blood of newborn mice fed by mothers under
the effect of the medicine can be observed: this indicates the
effectiveness of gentamicin on renal function factors.
According to a report, increase in plasma creatinine might
be due to the damage to the tubules, and decrease in
glomerular infiltration due to occlusion of the tract by
necrotic cells (Kadkhodaee et al., 2007). Some researchers
believe that increase in free radicals such as oxygen reactive
types, superoxide anions, hydrogen peroxide, and lipid
peroxidation is effective in reducing the side effects of
gentamicin (Chiu et al., 2006). It is possible that these
changes are caused by the lipid peroxidation of free radicals
(Zietse et al., 2009). In the present study, urea, creatinine,
and uric acid were found to increase: this is similar to results
from the studies by Alam et al. (2005). The results of the
present study reinforce the data obtained from this study,
and demonstrate that nephrotoxicity is caused by gentamicin.
In recent studies, renal toxicity has been evaluated on the
basis of histopathologic observations and morphometric
studies of renal tissues. In the current study, presence of
gentamicin in breast milk caused irreversible changes in the
nephron tissues of newborns. Nephrotoxicity in the newborns
of the treatment group could be detected from the
degeneration of tubule cells, and necrosis of the parietal cells
of the glomerular capsule and its rupture in the urinary space.
Interstitial edema in the spaces of tubules of renal
parenchyma tissue was also observed. Nephrotoxic effects

Table III. Comparison of mean diameter parameters (Mean±SD) of proximal and distal tubules
and the height of epithelium cells of proximal and distal tubules of kidney tissue in the groups of
normal newborns and groups of newborns treated with gentamicin.

The different letters in each column indicate a significant difference.
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Content Normal group (n=10) Treatment group (n=10)

Diameter of PCT (µm) 30.16 ± 0.828ab   30.85 ± 0.595a

Diameter of DCT (µm)   25.5 ± 0.658ab 24.47 ± 0.37a

High of epithelial cell PCT (µm) 10.83 ± 0.211ab   10.58 ± 0.172a

High of epithelial cell of DCT (µm) 6.37 ± 0.39
ab

    6.04 ± 0.318a
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on the kidney tissue of newborn mice could be related to the
amount of permeation of medicine in the breast milk. Shanley
& Burke (1990) have reported the occurrence of tubule cell
necrosis mechanism given gentamicin usage in the presence
of vesicle canaliculi in these cells. This leads to greater
antibiotic absorption during the pinocytosis phenomenon as
compared to other parts of the tubule: thus, cell necrosis
occurs mostly in proximal tubules. It has been stated in the
study of Robbins & Cotran (1981) that due to the high storage
capacity of kidneys and their ability to compensate for
biochemical changes, injection period of gentamicin has to
be prolonged. However, this has to be done in high doses
due to retention of the drug in the kidney: this causes cell
necrosis, resulting in reduction of the amount of glomerular
infiltration and reducing the tubule’s re-absorption. Alum et
al. (2005), stated in their study that oxidative stress plays a
major role in the histopathologic lesions of gentamicin.
Gentamicin, on one hand, increases the production of free
radicals, but on the other it inhibits antioxidant enzymes.

Based on the findings of the present study, the
presence of gentamicin nephrotoxicity in treated newborn
mice which received gentamicin through milk can be
confirmed. In any case, avoiding the use of this medicine as
a treatment for infectious diseases in nursing mothers should
be done with caution. Gentamicin had no significant effect
on occurrence of anomalies and death rate or morphological
changes in newborns fed on intervention milk. However, it
can be indicated that intervention breastfeeding could have
pathological effects on the tissues of nephrons and,
consequently, cause changes in the function factors of the
kidneys of newborns.

HEJAZI, S.; KASEBZADEH, M. & TAGDISI, A.  El efecto de
la nefrotoxicidad por gentamicina en ratones recién nacidos du-
rante la lactancia. Int. J. Morphol., 36(2):563-568, 2018.

RESUMEN: La gentamicina puede pasar a través de la
placenta. Este antibiótico también ingresa en la leche materna, pero
su absorción en el intestino es insignificante, por lo que solo se
puede encontrar en la mitad de la sangre de los recién nacidos. En
el presente estudio, se intentó evaluar experimentalmente el efecto
tóxico de gentamicina en los riñones de ratones recién nacidos
durante la lactancia. Este estudio se realizó en 20 hembras preña-
das con un peso entre 30 y 35 g. Las hembras lactantes se dividie-
ron aleatoriamente en dos grupos de 10 animales. Las madres que
amamantaron fueron tratadas con gentamicina (200 mg/kg, vía
intraperitoneal), cada dos días secuencialmente, y al grupo normal
se le inyectó solución salina normal en el mismo volumen. Se to-
maron muestras de sangre del corazón de los recién nacidos para
la evaluación de la función renal. Las muestras pasaron por blo-
ques de parafina y se tiñeron con hematoxilina y eosina. Los datos
se expresaron como media ± DE y t-test. En comparación con el
grupo normal, se observaron varias lesiones en los tejidos del ri-

ñón de los ratones recién nacidos tratados con gentamicina, tal como
como necrosis lítica con núcleo picnótico en las células del epite-
lio de los túbulos renales. Además, en algunas células del epitelio
de los túbulos renales, se observaron cambios degenerativos del
tipo de vacuolación hidrópica y citoplásmica. En el estudio actual,
la gentamicina no tuvo un efecto significativo sobre las anomalías
en los recién nacidos. Sin embargo, observamos que la interven-
ción de amamantamiento podría tener efectos patológicos y, en
consecuencia, causar cambios en los factores funcionales de los
riñones en recién nacidos.

PALABRAS CLAVE: Lactancia; Gentamicina; Rato-
nes recién nacidos.
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