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ABSTRACT

i Background: Among aflatoxins, the subtype aflatoxin G1 is one of the most toxic, commonly
Article info: i found in cereals, legumes, dairy and non-alcoholic beers. Aflatoxins have been known

i as nephrotoxic compounds. In this study, changes in the expression of aquaporin-1, the
histopathology of renal tissue and plasma biochemical factors after exposure to aflatoxin G1
were investigated in mice.

Received: 07 Jan 2021
Accepted: 06 Mar 2021

Online Published: 01 Apr 2021 Methods: Twenty-four adult male mice (weighing 20+2 g) were divided into four groups of

six. The control group received the vehicle (0.2 ml) and the three experimental groups were
injected intraperitoneally with aflatoxin G1 at 20 pg/kg for 7, 15 or 35 days, respectively.
On days 7, 15 and 35, blood samples were drawn from the mice for biochemical analysis of
plasma and the kidney tissues were sampled for real-time PCR and histopathological studies.

Results: The real PCR results showed a reduction in aquaporin-1 expression in the experimental
groups compared to those in the controls (P<0.05). Also, the plasma concentrations of urea and
creatinine were significantly increased in the experimental groups compared to those in the
controls (P<0.05). Also, the serum sodium and potassium levels had decreased significantly
compared to the controls (P<0.05). Various damages were observed in the ureters and glomeruli
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Introduction collectively called aflatoxins, of which the four types af-
latoxins B1, B2, G1 and G2 are the most toxic ones [3-
flatoxins are toxic substances produced 5]. Aflatoxins are known to be carcinogenic, mutagenic,
by the fungal species, Aspergillus fla- teratogenic and immunosuppressive substances. These
vus and parasiticus that grow rapidly in toxins inhibit several metabolic systems and lead to dam-
nutritious grains and vegetables, and se- ages in the liver, kidneys, and heart. They are also known
crete its toxins [1, 2]. To date, 18 types to cause high mortality in humans and animals, such as
of toxic compounds have been isolated from this fungus, cattle [6-9]. Since the kidneys are the primary excretory
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pathway for some toxins, the high sensitivity of this or-
gan to the toxins is crucial, thus they are well known for
their nephrotoxicity [10-12]. According to studies, afla-
toxins’ metabolites exert toxicity to the kidney nephrons
even before being excreted in the urine [13, 14].

Numerous studies in various animal models have
shown that aflatoxin B1 causes damage to kidney cells
by developing abnormal changes in the biochemical
markers of oxidative stress [12, 15, 16]. Studies have
also shown increases in blood urea, serum creatinine,
uric acid and other renal marker enzymes after treatment
with aflatoxin B1 or exposure to a combination of afla-
toxins [12, 17]. The kidneys in mice have been shown
to be the most sensitive organ if exposed to aflatoxin Bl
[18, 19]. Pathological studies in other animal models
have demonstrated histological damages, including renal
tubular necrosis, cast formation, interstitial hemorrhage,
glomerular damage, and tubular epithelial degeneration
due to the toxic effect of aflatoxin B1 [13, 20].

Aquaporins are a group of transmembrane proteins
whose role is to transport water based on concentration
gradients using bilateral water channels in many tissues of
the body [21]. Aquaporin-1 is the first aquaporin to be dis-
covered during an experiment to identify Rh blood group
antigens in human erythrocytes [22]. At least 9 aquapo-
rins are expressed in renal tissue, with aquaporin-1 found
in the proximal complex tubes and descending thin tubes
but not in other urinary tracts [23]. Among aflatoxins, the
aflatoxin G1 is the most toxic one and is commonly found
in animal and human foods, especially at high concentra-
tions in cereals, such as corn, peanuts and non-alcoholic
beer [24, 25]. Aprevious study has suggested the role of
aflatoxin G1 in disrupting spermatogenesis and reducing
the sperm production and quality in mice [3].

Due to the high prevalence of kidney disease and the lack
of definitive diagnosis on the etiology, aflatoxins are sus-
pected as the cause of most kidney diseases in Iran [26].
Most of the toxic effects of aflatoxin G1 on the kidneys
have been studied either alone or in combination with
other aflatoxin species. Given the importance of aflatoxin
G1 in the community health and shortage of research on
aflatoxin G1 toxicity in the kidneys, we aimed to inves-
tigate its effects on the renal tissue in mice. This study
investigated the histopathological effects of aflatoxin Bl
on the renal tissue and the biochemical changes, such as
serum urea, creatinine, sodium and potassium in mice.
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Materials and Methods

Laboratory animals and chemicals: Twenty-four adult
male mice (weighing 20+2 g) were used in this Study.
Standard experimental conditions included 12 hours of
light and dark, the ambient temperature at 25+2°C and
the relative humidity at %50+10. The aflatoxin G1 sup-
ply was purchased from Sigma (Cat. #: 1162-65-8; St.
Louis, MO, USA) and dissolved in corn oil and ethanol
(95:5v/v). Biochemical analysis kits were purchased from
Pars Azmoun Company (Tehran, Iran). The mice were
randomly divided into four groups of six each, consisting
of one control and three experimental. The control group
received 0.2ml corn oil and the experimental groups were
injected with aflatoxin G1 at a dose of 20 pg/kg intraperi-
toneally on days 7, 15 or 35, respectively.

Tissue preparation & histopathological examina-
tions: After the experimental period in each group (day
7, 15 or 35), the kidneys were removed surgically un-
der anesthesia and sterile conditions. The tissue samples
were prepared in different ascending alcohol concen-
trations of 70%, 80%, 90% and 100%. Subsequently,
the samples were impregnated with molten paraffin for
molding and microscopic examinations. Using a rotat-
ing microtome (Germany; serial #: 21074), the paraffin
molds were sectioned at a thickness of Sum or 7um. The
sections were then stained with hematoxylin, eosin and
periodic acid Schiff. Finally, the stained sections were
examined under light microscopy.

Blood sampling & biochemical tests: After anesthe-
sia with diethyl ether, a blood sample was taken from the
hepatic portal vein of each mice under sterile conditions.
Subsequently, on days 7, 15 or 35 after treatment with
aflatoxin G1, the biochemical analyses were performed
to determine the concentration of serum creatinine, urea,
sodium and potassium on a spectrophotometric analyzer
(BT-1500; Medsystem, USA).

Real-time polymerase chain reaction: The effect of
aflatoxin G1 on aquaporin-1 mRNA expression was ana-
lyzed by real-time Polymerase Chain Reaction (PCR).
The total RNA was prepared by an isolation kit (Dena
Zist; Tehran, Iran) and the quantity and quality of the
extracted RNA were tested by nano-drop and gel electro-
phoresis. Subsequently, a cDNA synthesis kit (Vivantis
Technologies, Selangor DE, Malaysia) and SYBR Pre-
mix Ex Taq technology (Takara Bio Inc., Japan) were
used for additional analyses. Glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) as a housekeeping gene,
was chosen as the internal control and the changes in
relative expression of the target mRNA were determined
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based on comparative Ct method (2-2!). The thermal cy-
cler conditions were 15 minutes at 50°C for the cDNA
synthesis, 10 minutes at 95°C followed by 40 cycles of
15 seconds at 95°C to denature the DNA, and 45 seconds
at 60°C to anneal and extend the template. The primer
sequences were identified as presented in Table 1.

Results

Histological examinations: In the control group, the
microscopic structures of the kidney cells were normal
and no specific alterations were observed (Figure 1A).
Upon examining the experimental samples for day 7,
slight degrees of cellular swelling were observed in the
complex distal and proximal tubes (Figure 1B). The mi-
croscopic findings for day 15 showed mild degenerations
and necrosis in the urinary tract plus mild cell swellings
in some of the epithelial cells of the relevant tubes. At
some points, focal dilations of the intraglomerular capil-
laries and increased intraglomerular cells were observed
(Figure 1C). On day 35, accumulation of eosinophilic
material, i.e., hyaline molds were observed in most ure-
ters along with dilated urethras. In these tubes, the epi-
thelial cells were often elongated with dense, quasi-squa-
mous nuclei. The atrophy of most glomeruli, dilatation of

Table 1. Study-designed primers
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the urinary tract, necrosis of epithelial cells and complete
destruction of some tubes were evident (Figures 1D & 2).

Serum parameters: The serum concentrations of urea
and creatinine in the treatment groups showed a signifi-
cant increase compared to the control group (P<0.05)
(Figure 3 A&B). Conversely, the changes in the sodium
and potassium concentrations showed significant de-
creases in the treatment group compared to those in the
controls (P<0.05) (Figure 3 C&D).

Gene expression: The expression of aquaporin-1 in
mice that received aflatoxin G1 was significantly re-
duced dose dependently compared to those in the control
group (P<0.05). Thus, the lowest expression of aquapo-
rin-1 was observed in mice that received aflatoxin G1 for
35 days (Figure 2).

Discussion

Kidneys are very sensitive to toxins because they con-
tinually receive a large flow of blood [27]. Studies have
reported that a major toxic effect of aflatoxin is the in-
duction of adverse effects in renal function [28, 29]. Of
note, aflatoxin G1 has been known as one of the most
abundant sources of contamination in cereals and foods
in China [30]. In another study conducted in Turkey in

Primer

Sense 5'-3'

Anti-sense 5'-3'

Aquaporin-1

GAPDH (127 bp)

CATCCAGCGGTTAAGTCGAG

AGAACATCATCCCTGCATCCAC

CAGTGGGTAATTGAAGCCTAGG

GTCAGATCCACGACGGACACA

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase

Figure 1. Microscopic views a normal kidney

(A) (control group) the natural structure of the proximal convoluted tubule (arrow A) and the distal convoluted (arrow B); (B) mild cell
swelling (treatment group, day 7) (the presence of amorphous and transparent spaces in the cytoplasm of urethral epithelial cells (black
arrows), and (C) degeneration and necrosis (treatment group, day 15) (White arrow indicates the presence of amorphous clear space
(cell swelling) and black arrow indicates karyolysis of the nucleus (necrosis) in the epithelial cells of the urethra. Note the dilation of
the capillaries inside the glomerulus (D) (treatment group, day 35). Note the deposition of eosinophilic material (hyaline cast) widely

(black arrow) and dilation of the urinary tract. H&E stain, mag. x40.

Zamir-Nagta T, et al. Aflatoxin G1 on the Plasma Biochemical and Histopathological of Renal Tissue. Iran J Toxicol. 2021; 15(2):127-134.
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Figure 2. Microscopic view of the kidney tissue

Treatment group day 35. Note the accumulation of eosinophilic
material (hyaline cast) inside the urinary tract (star) and necrosis
of urethral epithelial cells (arrow B). Arrow A shows glomerular
atrophy, arrow B shows necrosis (karyolysis) of the urethral epi-
thelial cell, and white arrow shows deformity of the epithelial
cells. PAS, mag. x40.

2006, in which the presence of aflatoxin G1 in sesame
seeds were investigate, the toxin was surprisingly found
in every test sample [31].

A Creatinine
07
N
06 T
05
= 04
)
Zo03
0.2
0.1
0
Control 7 days 15 days 35 days
Na
C
180
160
140 ¥
120 : *
= 100
5]
E 80
60
40
20
0
Control 7 days 15 days 35 days

Iranian Journal of Toxicology
ARAK UNIVERSITY OF MEDICAL SCIENCES

The histopathologic data demonstrated that the ad-
ministration of aflatoxin G1 to mice adversely affected
the kidneys, both in the ureters and the glomeruli. The
observed histologic lesions included necrosis of the epi-
thelium, hyaline casts, glomerular atrophy, enlargement
of intraglomerular capillaries and cells, dilatation of uri-
nary tract, destruction of some ducts, and mild cellular
degeneration and swelling within the tubules.

One of the notable observations in the present study
was the epithelial cells necrosis. The reviewed literature
has reported the aflatoxins B1, B2, G1 and G2 toxicity in
rats and mice [28] plus severe necrosis of the epithelial
tissue [13, 16]. In a population of birds, toxic manifes-
tations of aflatoxin B1 have been reported in the form
of tissue necrosis in the tubules of the renal cortex [32].
Induction of kidney damage by aflatoxin B1 has been
documented in fish, as the degeneration and necrotic
changes of the renal tubes [33].

One of major observations of this study, especially on
the 35" day of treatment, was the presence of hyaline
casts in the mice ureters. Earlier studies in experimental
animals have found the presence of hyaline casts in the
kidney tissue upon exposure to aflatoxins [13, 20]. The
toxicity caused by aflatoxins B1, B2, Gland G2 in male
and female rats has caused the formation of hyaline cast
in the distal and proximal convoluted tubes [17, 28].
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Figure 3. Effect of aflatoxin G1 on plasma levels of (A) creatinine, (B) urea, (C) Na* and (D) K* in mice

* Values are statistically significant (P<0.05); Data were presented as Mean+SD.

Zamir-Nasta T, et al. Aflatoxin G1 on the Plasma Biochemical and Histopathological of Renal Tissue. Iran J Toxicol. 2021; 15(2):127-134.
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Figure 4. Effect of aflatoxin G1 on the expression level of
aquaporin-1 mRNA was measured by real time-PCR

All data expressed based on Mean+SD; * Indicates significant
differenc (P<0.05)

In the current study, on day 15 of the treatment, his-
topathological lesions, capillary dilation and focal cell
proliferations were noted in the glomeruli. Consistently,
tissue atrophy was present around most glomeruli on day
35 of the treatment. Tissue hemorrhage and glomerular
atrophy have also been reported after treating a popula-
tion of pregnant pigs with aflatoxin B1 [34].

Other microscopic observations noted following treat-
ment with aflatoxin G1 consisted of cell swelling in the
complex tubes, ductal degeneration, tubular and urethral
dilation, and major damages to some ducts. These altera-
tions were largely similar to those reported by a number
of earlier studies [13, 20, 28, 35, 36]. In the current study,
the administration of aflatoxin G1 to the mice in the ex-
perimental groups for 7, 15 or 35 days significantly re-
duced the expression of aquaporin-1 compared to those
in the control group (P<0.05). Previous observations
have also shown that toxic agents reduce the expres-
sion of aquaporin-1 in kidney tissue samples followed
by causing significant damages to the kidneys [37, 38].

Our evaluation showed that in the treated mice, serum
urea and creatinine levels increased significantly com-
pared to those in the control group (P<0.05), indicative
of impaired renal function and protein metabolism [39,
40]. In the current study, the serum urea and creatinine
concentrations significantly increased in the treated rats
after administration of a combination of aflatoxins B1,
B2, G1 and G2, consistent with those reported by previ-
ous studies [12, 28].

In our study, the serum sodium, potassium and other
biochemical parameters related to renal function showed
a decreasing trend in the treated groups compared to

April 2021, Volume 15, Number 2

those in the control group. In the study of Baldissera
et al., the serum sodium and potassium levels also de-
creased in piglets fed with a diet contaminated with a
combination of aflatoxin and fumonisin, compared with
their controls. These findings suggest that the toxins
clearly inhibit the activity of sodium-potassium pump
which operates with ATPase [41]. Therefore, it can be
concluded that kidney damages due to aflatoxin G1 lead
to electrolyte imbalance and impaired excretion of the
waste products, such as urea and creatinine.

Conclusions

The findings of this study confirmed that aflatoxin G1 had
adverse effects on the mice’s renal tissue by reducing the
expression of aquaporin-1 by altering the plasma concen-
tration of urea, creatinine, sodium and potassium. Another
study has also made similar observations, i.e., aflatoxins
B1 and G1 may induce liver and kidney tumors in mice,
which highlights the urgency for further studies on this
subject. We recommend future investigations be conducted

on the effects of aflatoxin G1 on other organ tissues.
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