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The aim of this experimental study was to investigate the morphohistological effects of amikacin in rats. Male Wistar
rats aged 8-12 weeks and weighing 200-250g were placed in a temperature (23±2°C) controlled room in which a
12/12h light: dark cycle was maintained. Twenty-ﬁve rats were randomly assigned to ﬁve experimental groups of ﬁve
animals each that received daily treatment with 15 mg/kg of amikacin intraperitoneally. The control group was treated
with 0.9% saline for 28 days. Groups I, II, III and IV were injected intaperitoneally with amikacin for 7, 14, 21 and 28
days, respectively. Renal tissues slides were stained with PAS reagent and examined light microscopy. The morphology of the PAS stained structures of the renal glomeruli was evaluated in the different experimental groups using
scores. The renal morphohistology and the morphologic analysis of PAS staining were analysed statistically with the
Kruskal-Wallis Test and Dunn’s Multiple Comparisons Test (5% statistical signiﬁcance). The results show microscopically that kidneys in the groups treated with amikacin for 3 and 4 weeks showed marked cellular necrosis (p<0.0001),
tubular obstruction, and basal membrane interruption. This result clearly shows that amikacin administration induces
renal morphohistological alterations.
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INTRODUCTION
Due to its prominent role in major excretory pathways,
the kidney is particularly sensitive to toxicity from antimicrobials drugs, especially the aminoglycosides. Storage
of these drugs in the renal cortex with their effect on renal
cells has consequences for renal function, and when reabsorbed by renal tubules induces nephrotoxicity (1,2).
Aminoglycosides are natural or semi-synthetic antibiotics with a heterocyclic structure formed by two or more
aminosugars linked by glycoside bonds to an aminocyclitol
ring. Aminoglycoside antibiotics are clinically used for treatment of Gram-positive and Gram-negative infections by
inhibiting bacterial protein synthesis. However, they show
clinical side effects with long-term administration, such
as nephrotoxicity and ototoxicity (3). It is considered that
aminoglycoside nephrotoxicity is caused by accumulation
of aminoglycosides in proximal tubular cells, therefore
cellular membrane structure and some transport functions
would be affected (4).
Amikacin has become an antibiotic used especially for
the early treatment of bacterial Gram-negative infections
in hospitals, since bacterial resistance to gentamicin and
tobramycin has become a signiﬁcant problem. Adverse
effects are ototoxicity and nephrotoxicity (5). Thus, the

purpose of the present article is to investigate morphohistological kidney alterations due to chronic treatment
with amikacin, by means of PAS staining.

MATERIALS AND METHODS
Male Wistar rats 8-12 weeks old, weighing 200-250g,
were placed in a temperature (23±2°C) controlled room in
which a 12/12h light: dark cycle was maintained. Twentyﬁve rats were randomly assigned to ﬁve experimental
groups of ﬁve animals each that received daily amikacin
treatment, 15mg/kg, intraperitoneally. The control group
was treated with 0.9% saline for 28 days. Groups I, II, III
and IV were injected intaperitoneally with amikacin for
7, 14, 21 and 28 days, respectively. After treatment, the
animals in all groups were sacriﬁced and the kidneys were
quickly removed, decapsulated and divided longitudinally
into two equally sized pieces. One piece was placed in
formaldehyde solution to be embedded in parafﬁn and 5
µm-thick sections were cut for histological examination
by light microscopy.
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Histological evaluation

histochemical alterations were classiﬁed according to
table 1.

Histochemistry
Renal tissues slides were stained with PAS reagent
and examined under light microscopy. The PAS reaction
stains carbohydrates and carbohydrate-rich macromolecules. It is used to visualize the basal membrane that
underlies epithelia. Three coded slides from each kidney
were examined in a blinded manner.
Qualitative and quantitative evaluation of morphology
The morphology of the PAS-stained structures of the
renal glomeruli was evaluated in different experimental
groups using scores (Table 1) to classify the histological
alterations with respect to the state of the basal membrane of the glomerulari capilaris, and the continuity of
the basal membrane of the renal glomeruli and parietal
cells. The proximal and distal tubules were evaluated for
the morphology of the revestment cells (necrosis). Kidney
sample sections were analyzed with a microscope (with
camera) connected to a microcomputer.
Statistical analysis
The renal morphohistology and the morphologic
analysis for PAS staining were analysed statistically with
the Kruskal-Wallis Test and Dunn’s Multiple Comparisons
Test (5% statistical signiﬁcance).
RESULTS
Figure 1 shows the results of renal morphohistological alterations found after histochemical PAS staining to
the different groups treated with amikacin. Scores to

Fig. 1 - Morphological comparisons between control
group and all treated amikacin groups (PAS). Group 01
vs. Control Group (p>0.05); Group 02 vs. Control Group
(p<0.001); Group 03 vs. Control Group (p<0.001); Group
04 vs. Control Group (p<0.001); Group 01 vs. Group 02
(p>0.01); Group 01 vs. Group 03 (p<0.001); Group 01
vs. Group 04 (p<0.001); Group 02 vs. Group 03 (p>0.05);
Group 02 vs. Group 04 (p<0.001); Group 03 vs. Group
04 (p>0.05).

Histological examination of the kidneys from animals in
the control group revealed, as expected, entirely normal
histological features, as illustrated in ﬁgure 1. However,
there was tubular necrosis in kidneys from animals in the
amikacin treated group, initially in group 2 and particularly
in group 4, as illustrated in ﬁgures 2 and 3, respectively.

Table 1 - Scores of renal histological alterations in Wistar rats.

Scores Histological characteristics

1 (unaltered)

A

Alterations of parietal cells;
Bowman's capsule

Unaltered
Cells parietal
characteristics alterations morphological

B

Basal membrane

Unaltered
Discret interruption Interruption basal
characteristics basal membrane membrane 1/2

C

Tubule proximal cells

Unaltered
Integral brushIntegral brushComplete interrupcharacteristics border membrane; border membrane; tion basal memlevel desquamatubular necrosis
brane; necrosis
tion cells
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2 (sligth)

3 (moderate)

4 (severe)

Alterations of parietal cells

Marked alterations
of parietal cells
Intense interruption basal membrane
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The lumen of the tubules was ﬁlled with degenerate and
desquamated epithelial desquamated epithelial cells.
Furthermore interruptions in the basal membrane are
present.

DISCUSSION

Fig. 2 - Control Groups (PAS).

Fig. 3 - Group 2 (PAS).

Fig. 4 - Group 4 (PAS).

Most of the aminoglycoside injected into the body is
excreted into the urine without being metabolized. However, the remainder of the injected dose accumulates
selectively and abundantly in the renal cortex. Aminoglycoside taken up by renal proximal tubular cells remains
there for an extended period, leading to renal damage,
such as structural changes and functional impairment
of the plasma membrane, mitochondria and lysosome
(6). Consequently, there has been great interest in the
mechanism by which aminoglycosides are absorbed
into the renal proximal tubular cells across the brushborder membrane. So far, results have indicated that
aminoglycosides are taken up by receptor-mediated
endocytosis following the binding of aminoglycosides to
the brush-border membrane. There is also evidence that
aminoglycosides directly disturb glomerular physiology,
reducing SNGFR by lowering both the Kf and the afferent
glomerular arteriolar output (7).
Perazella, (8) showed experimental data suggesting
that both vascular, glomerular and tubular targets are
involved in drug-induced nephrotoxicity, as a result of
mechanisms that disrupt normal cellular structures and
functions (mitochondria, membrane integrity, etc.), induce
renal injury through intratubular obstruction (crystal deposition), and promote cellular swelling and tubular luminal
occlusion (through osmotic effects). These effects were
observed in our work, as seen in group 2 treated with
amikacin, where we observed discrete basal membrane
interruptions.
Studies of nephrotoxicity involving animal models have
found that once-daily administration of gentamicin or tobramycin was signiﬁcantly less toxic than more frequent
(i.e., twice or three times daily) dosages or continuous
infusion (9-12). Animal studies have further elucidated the
probable mechanism involved in aminoglycoside nephrotoxicity, which involves an absorptive inﬂux at proximal
convoluted tubule cells and is mediated by a low-afﬁnity,
high-capacity mechanism that can be saturable, linear,
or a mixture of the two (13-14). The exact mechanism
is not known, but speculation has led primarily to the
following hypotheses: a lysosomal mechanism, with
aminoglycosides causing an accumulation of myeloid
bodies within lysosomes and thereby inhibiting lysosomal
phospholipases with a subsequent decrease in sphingomyelinase activity, or an extralysosomal mechanism, with
inhibition of Na, K -ATPase and phospholipase C, leading
to unopposed angiotensin II activity, or a combination
of these mechanisms. In these experiments amikacin
was administered once-daily, therefore signiﬁcantly less
toxic effects were observed than when traditional dosing
regimens are applied.
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Aminoglycoside-induced nephrotoxicity is characterized by tubular necrosis, basal membrane disruption,
mesangial cell contraction, proliferation and apoptosis,
indicated by a decrease in glomerular ﬁltration and alteration in intraglomerular dynamics (15).
Our results clearly show that adverse effects observed
in rats induced by chronic treatment with amikacin occur mainly in group 4, where morphological alterations
were marked. Our results suggesting that amikacin is
a potent factor are consistent with the clinical literature
regarding nephrotoxicity. Our morphohistological ﬁndings
include cellular necrosis, tubular obstruction, and basal
membrane interruption.
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