Journal of Applied Veterinary Sciences, 8 (4): 37-42 (October, 2023)
ISSN: Online: 2090-3308, Print: 1687-4072
Journal homepage : https://javs.journals.ekb.eg

Biochemical and Histopathological Assessment of Zinc Acetate-Induced
Nephrotoxicity in Male Albino Rats

Mahmood A. Hussein'", Maha T. AL-Saffar? and Karam H. AL-mallah®
1Ministry of Health, Nineveh Health Directorate, Mosul, Iraq
2Department of Dental Basic Sciences, College of Dentistry. University of Mosul, Mosul, Iraq
3Department of Pathology and Poultry diseases, College of Veterinary Medicine, University of Mosul, Iraq
*Corresponding Author: Mahmood A. Hussein, E-Mail: mahmood.21dep69@student.uomosul.edu.iq

ABSTRACT

Despite the fact that zinc is recognized to be less hazardous than other heavy
metals, e.g., cadmium, lead, mercury, and arsenic, it may cause acute and chronic
toxicities in cases of exposure to high doses. To investigate the biochemical and
histopathological toxic effects of zinc acetate on rats kidneys. Twenty-five
healthy male albino rats were divided into five equal groups: Normal saline
solution was given to the control group; groups 2, 3, 4, and 5 received zinc
acetate (4, 8, 12, and 24 mg/kg), respectively. All the treatments were given
intraperitoneally once every other day for 3 consecutive weeks for serum
biochemical evaluation and renal histopathological assessment. There was a
significant increment in serum urea concentration in group 5 in comparison with
other groups, but there was no significant difference in creatinine concentration
between all of the groups (P < 0.01). Histopathological examination of kidney
sections of rats of different groups revealed different lesions that were more
severe in the 4™ and 5" groups. In conclusion, subacute zinc acetate toxicity
produced dose-dependently significant effects on serum urea concentration in all
the treated groups without any significant effects on creatinine concentration.
This effect was reflected in renal histo-architecture, which was more severe in the
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INTRODUCTION

Zinc is the second-most abundant transition
metal in humans and many other living organisms’
bodies after iron and the second-most abundant
divalent cation after calcium, with an average of 2-3
gm. of body weight (Gembillo et al., 2022).

Essential biological processes involving zinc
control a variety of cell processes, such as normal
cellular growth, reproduction, foetal development,
brain development, DNA synthesis, behavioural
response, bone formation, and wound healing
(Chasapis et al., 2020).

Zinc supplements are frequently used by the
general public as self-medication at unknown dosages
due to misconceptions about their availability,
ignorance of zinc toxicity, and the ease with which
many preparations of zinc salts can be found over the
counter (OTC) in drug stores and health food stores,
as zinc is an essential trace element and insufficient
amounts of it cause poor appetite, skin changes,
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growth retardation, and testicular atrophy (Calesnick
and Dinan, 1988), These factors have encouraged the
use of zinc supplements in the treatment and
prevention of a wide range of diseases, including
growth failure, skin diseases, infection, wounds, and
cancer (Chandra, 1984).

Therefore, the present study has been done to
clarify the biochemical and histopathological
nephrotoxic effects of zinc acetate (Chinni et al.,
2021).

MATERIALS AND METHODS

1. Experimental animals

Twenty five apparently healthy male albino
rats, 250-360 g body weight, 2-3 months old, were
obtained from the Animal House of the College of
Veterinary Medicine, University of Mosul. All
research procedures were carried out in accordance
with the University of Mosul, policies regarding the
handling and use of laboratory animals. The Research
Ethics Committee of the College of Dentistry at the
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University of Mosul (UoM.Dent/A.88/22) has
approved this study. As bedding, homogenized wood
shavings were used at room temperature (22°C+2°C)
and ambient humidity (55%5%). Food and water ad
libitum were supplied in standard light conditions
(12-hour light/12-hour dark cycle).

2. Experimental design

The rats were divided into five equal groups
(5 rats/group): Normal saline solution was given to
the control group intraperitoneally once every other
day for 3 weeks; groups 2, 3, 4, and 5 received zinc
acetate powder (BDH Laboratory Reagents®,
England) at dose levels of 4, 8, 12, and 24 mg/kg
B.Wt., respectively, intraperitoneally once every
other day for 3 weeks (Piao et al., 2003). A
zinc acetate solution was prepared freshly by
dissolving in distilled water.
All the experimental rats were euthanized by cervical
dislocation on day 22 after ether an aesthesia for
serum biochemical evaluation and histopathological
assessment of the kidney.

3. Biochemical assays

Blood samples were collected from rats at the
time of euthanasia from the retinal vein. The serum
was separated using a centrifuge (800 electric, China)
for 15 minutes at 3000 rpm. The separated serum was
then taken out using a micropipette and put into
Eppendorf tubes, where it was kept at (-20°C) until it
was analysed using a spectrophotometer. The
commercial Kits (Biosystems, Spain) and (Biolabo,
France) were used to measure levels of urea and
creatinine, respectively.

4. Histopathological examination

Kidney specimens from rats of all groups
were collected and fixed in 10% neutral buffered
formalin. Paraffin sections of 5 pm thick were
prepared, stained with Hematoxylin and Eosin, and
examined microscopically (Bancroft and Gambile,
2008). All the observed changes were rated and
graded according to their severity into four score
values: (O=absent), (1=mild), (2=moderate), and
(3=severe). Each specific lesion was assessed in five
randomly selected fields at each section.

5. Statistical analysis

Utilizing the statistical software programme SPSS for
Windows (version 22), data were analyzed
statistically. Mean values between the groups were
evaluated and compared using the one way analysis
of variance (ANOVA) test and DUNCAN test (
Bailey, 2008). All the values were expressed as the
mean + SDE.

38

RESULTS

1. Serum Level of urea and creatinine

As shown in Fig. (1), there was non-significant
increase in serum urea level in groups 2 and 3. As
compared to the control group, however, urea levels
recorded a significant increase in groups 4 and 5
when compared to the control group (P < 0.01). On
the other hand, Fig. (2) shows no significant change
in serum creatinine concentration in different treated
groups in comparison with the control group.
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Fig.1: Serum urea level (mg/dl) in different treated groups
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Fig.2: Serum creatinine level (mg/dl) in different treated
groups

2. Histopathological findings

The control group showed a normal renal tissue
architecture, including normal renal tubules, normal
glomeruli, normal interstitial tissue, collecting
tubules, and a normal pelvis, as well as a normal renal
circulatory appearance upon histopathological
examination (Fig.3).
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Fig.3: A: Photomicrograph of rats Kidney sections
from control group showing normal histological
appearance. B: Magnified section showing normal
renal tubules, normal circulation in blood vessels with
presence of eosinophilic protein urea at some animals
(Blue arrows). Staining H&E, Magnification 100 X
and 400 X. Scale bar 100 pm.

Mild changes were noticed in group 2, which
received 4 mg/zinc acetate. These changes were in
the form of mild acute cell swelling (cloudy
swelling), small interstitial foci of mononuclear
inflammatory cells, and haemorrhage in some
sections (Fig.4).

Fig.4: Photomicrograph of rats kidney sections from
4 mg/ zinc acetate treated group showing: A: Mild
acute cell swelling (Blue arrows) and mild hyperemia
of arterioles (Red arrow) .B: Small focus of
hemorrhage (Blue arrow) and focal infiltration of
mononuclear inflammatory cells one section (Red
arrow). Staining H&E, Magnification 100 X. Scale
bar 100 pm.

The lesions were more severe in the 3"
group; the cloudy swelling appeared clearly and
diffusely few foci of coagulative necrosis were seen
in some sections; and glomerulonephritis was noticed
in a few sections with a variable degree of severity

(Fig.5).
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Fig.5: Photomicrograph of rats kidney sections
from 8 mg/ zinc acetate treated group showing:
A: Mild acute cell swelling (Blue arrows) .B:
Focal coagulative necrosis of renal tubular cells
(Blue arrows). C: Glomerulitis (blue arrows). D:
Focal interstitial inflammatory cells infiltrations
(Blue arrows) Staining H&E, Magnification 100
X and 400 X. Scale bar 100 pm.

In the fourth group, there was a severe form
of congestion of blood vessels, cloudy swelling in the
tubular  epithelium, mild to moderate focal
inflammatory cell infiltration in the interstitial spaces,
foci of coagulative necrosis, hemorrhagic foci, and
intratubular  protein casts were noticed and
glomerulonephritis was recognized in a few sections

(Fig.6).

Fig.6: Photomicrograph of rats kidney sections from
12 mg/ zinc acetate treated group showing : A : Focal
coagulative necrosis of renal tubular cells (Blue
arrows) . B: Intratubular protein cast (Blue arrow) .C:
Focal interstitial hemorrhage (Blue arrow). D:
glomerulitis with shrinkage of glomerulus (blue
arrows). Staining H&E, Magnification 100 X and 400
X. Scale bar 100 pm.
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In the 5™ group, glomerulonephritis was apparent at some sections, cloudy swelling, multifocal
haemorrhages in the cortex and medulla, protein casts, focal infiltration of inflammatory cells, and deposition of

giant cells (Fig.7 and table 1).

Fig.7: Photomicrograph of rats kidney sections from 24 mg/ zinc acetate treated group showing: A: Focal acute
cell swelling of renal tubular cells (Blue arrows) . B: Coagulative necrosis of renal tubular cells (Blue arrow) .C:
Glomerulitis (Blue arrow) with shrinkage of glomerulus (Red arrow). D: Giant cells with in focus of
inflammation. Staining H&E , Magnification 100 X and 400 X. Scale bar 100 pm.

Table 1: The differences in the means of scores of renal lesions between the different groups of the

experiment.
Renal lesion score
Group Focal
Cloudy Coagulative Focal Vascular | Glomerulone | . s .

. . . . interstitial Protein cast

swelling Necrosis hemorrhages | congestions phritis -

nephritis

Control 1.33+0.90° | 0.00+0.00° | 0.33+0.90° | 0.53+0.16° | 0.00+0.00° | 0.06+0.66° | 0.66+0.06°
Zincacetate 4mg | 0.66+0.18° | 0.20£0.10° | 0.20£0.10° | 0.93+0.24°" | 0.20+0.10° | 0.13+0.09° | 0.66+0.06°
Zinc acetate 8 mg 1.26+0.20° | 0.40+0.13° | 0.26+0.11° | 1.40+0.28°" | 0.53+0.19% | 0.26+0.15° | 0.20+0.14
Zinc acetate 12 mg | 1.60+0.28° | 0.93+0.22° | 0.66+0.21% | 1.33+0.28° | 0.53+0.23% | 0.53+0.19% | 0.73+0.26°
Zincacetate 24 mg | 2.26+0.20° | 1.06+0.24° | 0.93+0.28° | 1.53+0.33% | 0.86+0.29° | 0.8620.27° | 0.66+0.25°

Values expressed as (Meanz Standard error). D for superiority followed by C and B. To be compared vertically.

DISCUSSION

There are many sources of zinc throughout
the environment, so exposure and toxicity are not
uncommon. Toxicity may result from occupational
sources such as inhalation, excessive dietary
supplement use, and improperly prepared complete
parenteral nutrition (Grissinger, 2011).

Despite the fact that zinc is recognized to be
less hazardous than other metals (Claverie et al.,
2000), it may cause acute and chronic toxicities after
high dose exposure (Barceloux, 1999). Metal fume
fever, which affects people who inhale large amounts
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of zinc oxide vapours, is the main industrial risk
(Barceloux, 1999).

The levels of urea and creatinine are good
indicators of efficient renal function. Urea and
creatinine values will increase if renal function
declines (Pagana and Pagana., 1998). The increase
in serum urea concentration in groups receiving zing
acetate at high doses runs in accordance with Llobet
et al., (1988), who showed that the plasma levels of
urea and creatinine significantly increased after high-
dose exposure to zinc acetate dehydrate in drinking
water.
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Other than renal illness, there are recognized
causes of urea increases, including protein breakdown
(Kellerman, 1995). In the same manner, Yeh et al.,
(2011) found a significant dose-dependent increase in
blood BUN and creatinine upon administration of
zinc in a diet for 8 weeks.

In the current study, the biochemical findings
were supported by histopathological examination as
microscopical examination of kidney sections of rats
of different groups revealed the presence of
pathological changes that appeared in the form of
cloudy swelling of renal tubular cells, coagulative
necrosis, focal haemorrhage, vascular congestions,
glomerulonephritis, focal interstitial nephritis, and
protein casts in renal tubules at all treated groups and
were more severe in the 4th and 5th groups.

These changes could be attributed to the
explanation of Abdel-Aziz et al.,, (2018) who
recorded that the administration of rabbits with ZnO
NPs by intraperitonial injections at doses of 100
ml/kg and 250 ml/kg once daily for 14 days produced
histological changes in the kidney, including
vacuolations of cytoplasm, loss of brush borders,
infiltrations of inflammatory cells, an increase in
Bowman’s space, capillary congestion in between
tubules, intratubular  protein  deposition, and
destruction of distal convoluted tubule cells through
oxidative stress.

Additionally, Khorsandi et al., (2018)
showed that oral exposure to low dose ZnO NPs at a
dose level of 5 mg/kg for 2 weeks would increase
kidney weight, infiltration of leukocytes, congestion
of blood vessels, and accumulation of fluids. The
explanation for these histological findings may be
attributed to oxidative stress contributing to
progressive renal damage (Chong et al., 2021).

The cloudy swelling of renal tubular cells
was apparent clearly in all zinc acetate treated groups,
in agreement with Hassan and Sahi (2019), who
recorded the appearance of renal tubular cells lacking
nuclei and swelling of the tubular cells, and explained
that this was a result of the accumulation of the
irritant zinc-metallothionein complex in the kidney
after its reabsorption by the renal tubules.

CONCLUSION

In conclusion, subacute toxic effects of zinc
acetate (at doses of 4, 8, 12, and 24 mg/kg B.Wt.)
may produce a significant increase in serum urea
concentration at high doses without any significant
increase in creatinine level. However, different renal
lesions appeared in all of the groups in a dose
dependent manner.
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