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Background: Aflatoxin B; (AFB,) is a widely distributed mycotoxin in nature. Several investigations
have shown its biological effects on different organs and in different animal species. However, the
effects of AFB; on the rat kidney have not been much elucidated histologically.

Objective: This study aims to demonstrate the effects of AFB; contaminated diet on the rat kidney from
the histological and morphometric aspects.

Method: Twelve mature albino rats were divided equally into a control group fed with usual diet and a
treated group which was daily fed with diet contaminated with 20 mg AFB./kg of body weight for 30
days. Semithin sections from renal cortex were stained with methylene blue and examined by light
microscopy. Corpuscular changes were also detected morphometrically in terms of the ratio between
the area of Bowman’s capsule and the area of its contained glomerulus (B/G ratio).

Results: The treated group showed a marked increase in body weight. Histologically, there was
evidence of acute tubular necrosis and increase in urinary space. Morphometrically, there was a
diffuse significant increase in the B/G ratio compared to the control.

Conclusion: Gain in weight can be attributed to fluid retention that accompanies the ensuing renal
damage. The dietary dose of AFB; (20 mg/kg of body weight) for 30 days was sufficient to produce
acute tubular necrosis. The corpuscular changes indicated by the increase in the B/G ratio can be

attributed to compensatory hypertrophy.
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Introduction:

Aflatoxins are a group of closely related
mycotoxins that are widely distributed in nature in
different agricultural communities. It has been
demonstrated that Aspergillus flavus can infect corn
and produce Aflatoxins specially type B; (AFB)).
Aflatoxins, have a very wide range of biological
activities particularly B;, which causes great
economic losses and poses health hazards both to
human and farm animals".

The problem of using contaminated food with
toxigenic fungi is still one of the most important
stigmas in the field of nourishment of human and
animals. These toxigenic fungi are able to produce
secondary metabolites that may produce a toxic
biological effect™. Aflatoxins attracted attention of
researchers especially after the epidemic of (X)
disease and Yellow rice disease in Japan".

Aflatoxins have been considered as potent
human carcinogens implicated in the etiology of
hepatocellular carcinoma’. Low level exposure to
AFB, may present health risk where it was found to

impair specific and non specific immune
responses ", Several investigations have shown
the serious effects of Aflatoxins on liver,
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lymphocytes, macrophages, and lung
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AFB, was shown to be excreted in human
urine™. Kidney damage induced by aflatoxicosis
was demonstrated in fish* and chicken™; however,
the effects of AFB; contaminated diet on the rat
kidney has not been much elucidated
histologically™. This study aims to demonstrate the
effects of AFB; on the rat kidney from the
histological and morphometric aspects.

Materials and Methods:

1. Isolation of fungi

The Aflatoxins producing fungi were isolated from
seed samples (rice, peanut and wheat) according to
a standard method™ at the Department of Technical
Biology, College of Sciences, Al-Nahrain
University. The fungi isolates were identified by
direct examination with light microscope using
lactophenol stain.

2. Spore suspension preparation

Spore suspensions were prepared by inoculating the
isolation of A. parasiticus into slants containing
Czapek’s dox agar medium. The slants were
incubated at 30°C for 7 days and kept under 5°C in
the refrigerator™”.

3. Laboratory animals

Mature albino rats were isolated in a relatively
controlled environment at 37°C with free access of
tap water. The rats were divided into 2 groups (6
rats for each group) as following:

a. Group | (control): were fed with usual diet for 30
days.
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b. Group Il (treated): were daily fed with diet
contaminated with the spore of isolated A.
parasiticus 20 mg/kg of body weight for 30 days.

4. Sacrifice, sectioning, and staining

At the end of the treatment period, animals of both
groups were sacrificed by spinal dislocation. After
weighing the animal, the abdomen was dissected to
obtain the kidneys which were cut into small pieces
(2x2x2mm).

The kidney specimens were post fixed in 1%
osmium tetraoxide for 1 hour, dehydrated, cleared
in propylene oxide, and embedded in araldite.
Tissue capsules were sectioned at (0.5-1pm) by
glass knives which were made by (LKB) knife
maker in Riechert Jung ultracut microtome. Cortical
sections were stained with few drops of 1%
methylene blue, placed on a hot plate at 60°C for 15
seconds then washed with distilled water, and let to
dry™.

5. Morphometry and statistical analysis

Section images were obtained by a video camera
fitted to a light microscope. The camera was
connected to a computer system equipped a
measurement software, Global Lab Image/Il (GLI
software, Data Translation Inc. USA,
www.datatranslation.com). The final magnification
of the image appearing on the computer monitor
screen was found to be x450.

Corpuscular changes in the treated and control
group were detected morphometrically by
measuring the area of the Bowman’s capsule and its
contained glomerulus using the “Poly freehand
line” tool of the GLI software for tracing. Since it
was intended to detect changes in terms of the ratio
between the area of Bowman’s capsule and the area
of its contained glomerulus (B/G ratio), then area
measurements were expressed in terms of pixels.
No further action was taken to evaluate area
measurements in international units.

A total of 100 renal corpuscles were
randomly measured in the experimental animals’
sections (50 from the subcortical (SC) region and
50 from the juxtamedullary (JM) region). In the
control animal sections, a total of 30 renal
corpuscles were randomly measured.

Area data were saved into Microsoft®
Office Excel 2003 worksheet (Part of Microsoft
Office Professional Edition 2003, Copyright©
1985-2003 Microsoft Corporation). The B/G ratio
was calculated by dividing the area of the
Bowman’s capsule by the area of the contained
glomerulus. B/G ratios were subjected to statistical
analysis. The differences between the means were
assessed using the Student’s wunpaired t-test
included within the “data analysis” tool. A (P)
value of less than 0.01 was considered as
statistically significant.

Results:

Animals treated with AFB; showed a

marked increase in body weight from 303.5+126 —
363.5£126g (mean + SE) in comparison to the
control group which did not show a significant
increase (from 292+133-313+133g) in body weight
at the end of the experiment period.
Kidney sections of experimental animals showed
evidence of increased urinary space which was of
varying extent in different experimental animals
(Fig.1 A&B). In animal sections which showed
maximum urinary space (Fig.1A), it was difficult to
differentiate  between proximal and distal
convoluted tubules on general histological basis.
Most of the tubules were not showing a lumen, their
lining cells showed spaces within, they were very
darkly stained so that the staining intensity was not
a criterion to differentiate between proximal and
distal tubules. Most of the tubules have lost their
roundness. Brush borders in the proximal
convoluted tubules could hardly be detected.

B/G ratios in the SC and JM regions of the
experimental animals were pooled together and
compared with the B/G ratio of the control animals.
Descriptive statistics of the B/G ratio of the control
and experimental animals are shown in Table-1.

There was a significant statistical
difference between the B/G ratio of the control and
experimental animals (t-test, P=9.47E-07). On the
other hand, the B/G ratio in the experimental
animals was not statistically different between the
SC and JM renal corpuscles (t-test, P=0.587).

Table-1: Descriptive statistics of (B/G) ratio of
control
and experimental animals.

Experimental Control
animals animals

Mean 1.217 1.072
Median 1.178 1.075
Standard 0.1527 0.0282
Deviation
Minimum 1.078 1.011
Maximum 1.938 1.140
Count 100 30
Discussion:

The effect of AFB; on many organs in the
body and in different species has been studied
either following intraperitoneal administration of
AFB/* or by the use of contaminated diet™"".

The effects of aflatoxin on the kidney has been
shown to be dose related in species other than the
rat. In fish, intraperitoneal doses of 7.5-13.75mg/kg
body weight revealed toxic changes in the kidney
that were not demonstrated with lower doses™. In
chicken, AFB, added to diet (3mg/kg of feed for 21
days) produced thickening of glomerular basement
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membrane™". In mink, dietary aflatoxin (102pg/kg)
supplements produced liver lesions in the absence
of histopathologic alterations in the kidney™. In
pig, hepatic and renal lesions were directly related
to aflatoxins dose. Nephrotubular lipidosis was
observed at dietary doses of 650-800 pg/kg™™.

The amount of daily intake that produces
toxicity differs according to the sensitivity of
different animal species and the intake of diet
components such as vitamins known to prevent
carcinogenesis™. The oral dose of AFB; used in this
study (20 mg/kg of body weight) for 30 days was
sufficient to produce renal damage.

In this study, rats treated with AFB; have
shown an increase in total body weight. Gain in
body weight following aflatoxicosis was also
observed in turkey poults™ and in rabbits™"'. It has
been suggested that weight gain might be due to
increase of water intake and swelling of some
organs after treatment as a reaction for the effect of
AFB; which perhaps stimulate the thirst center
resulting in an increase in water consumption in an
attempt to assist in the excretion™". However, the
ensuing renal damage which was revealed in this
study should be considered as a cause of water
retention that inevitably results in weight gain.

Oral AFB,; administration to rats was shown to
affect both tubules and glomeruli. In fish,
degenerative to necrotic changes were shown in
kidney tubules during AFB,; administration®. There
has been evidence of renal damage in chicken
including glomerular hypertrophy and degeneration
of tubular epithelium™. The distortion of tubules,
blockage, and absence of clear brush borders of the
proximal convoluted tubules (Fig.1) are signs of
acute tubular necrosis. Heavy metals, organic
solvents, drugs, and poisonous fungi have been
incriminated as toxic causes of acute tubular
necrosis with similar histopathological picture™".

Vacuolation of the cells of the proximal tubules has
been demonstrated to be a morphological change
consistent with potassium depletion that is a feature
of the diuretic stage of acute tubular necrosis™".
Renal glomerular morphometery has been used to
assess kidney damage from a variety of
sources™"™"', Measurements of Bowman’s space
and glomerular tufts have been amongst the
employed parameters™"™*"'. The JM and SC renal
corpuscles have been separately analyzed in view of
the functional differences between glomeruli
localized in these two regions of the renal cortex™"™.
Measurement of SC and JM renal corpuscles were
also employed by other researchers™.

The B/G ratio was designed to provide a sensitive
parameter for the variations in the size of the renal
space. For a comparatively large structure such as
the Bowman's capsule and the contained
glomerulus, wide variations are expected at which
the section bisects the structure under study.
Absolute area measurements, in this case require
meticulous serial sectioning of a particular renal
corpuscle in order to select the section level of
maximum corpuscular diameter™"". The B/G ratio
seems to be a wise parameter for comparison as the
ratio will not be affected no matter at which level
the section bisects the Bowman's capsule.

The increase in B/G ratio in the experimental
animals indicate that renal changes attributed AFB;,
administration are not confined to tubules but also
involve renal corpuscles. However, it should be
born in mind that the increase in the ratio does not
indicate whether it was due to glomerular
shrinkage, corpuscular hypertrophy, or both. In
view of the absence of histopathological changes of
glomerulonephritis and the presence of acute
tubular  necrosis, corpuscular compensatory
hypertrophy would be the most likely cause.

Fig.1: A comparison of kidney
sections between experimental
animals (A &B) and control (C).
Note that corpuscular changes are
at their maximum in section (A)
where the urinary space is much
wider. The changes are to a lesser
extent in section (B). Also note
that in section (A), there is much
distortion of the tubules whose
cuboidal cells are “vacuolated”
with the absence of a clear brush
border of the proximal convoluted
tubules. Methylene blue stain,
0.5-1um, X100, Calibration
bar=100um.
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