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Abstract:

The present study aimed to assess the role of subchronic cadmium exposure in the development of diabetic
nephropathy. Diabetic rats induced by streptozotocin (STZ + Cd) and normal non-diabetic rats (Cd) were
exposed to cadmium sulphate in drinking water at a dose of 200 mg / | for 30 days. After 30 days of
cadmium poisoning, blood and tissue samples were taken to determine markers of kidney function (urea,
uric acid, creatinine, total protein and inorganic ions) and for the achievement histological couples.
Cadmium poisoning resulted in an increase in relative kidney weights and a change in biochemical
parameters in serum. Histopathological examination of the kidneys revealed degeneration and necrosis of
the renal tubules and shrinking of the glomeruli in rats poisoned with Cd. However, our results showed that
diabetic rats induced by streptozotocin are more sensitive to nephrotoxicity of cadmium than rats normal.

Our results suggest that cadmium may be a factor in the development of diabetic nephropathy.
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Interoduction:

Cadmium (Cd) is a naturally occurring
nonessential toxic heavy metal that is widely
distributed in the earth's crust. It has many
industrial applications, use in several alloys, color
pigments, electroplating, and rechargeable nickel-
cadmium batteries [1]. In mammals, the major
sources of Cd exposure are contaminated water
and food, cigarette smoke, and industrial
pollutants [2]-[3]. Cd content in human can
gradually increase by exposure to Cd-contaminated
foods, which is through bio-accumulated effects
raising Cd levels in the food chain (such as 0.06
mg/L vs. 0.42-0.63 mg/L of Cd in rice from non-
vs. Cd-contaminated areas), and may cause a
higher incidence of many Cd-related diseases,
including renal dysfunction, hepatotoxicity,
osteoporosis, and cancers [4]-[5]. Recent
epidemiological studies suggest a positive
association between exposure to environmental Cd
and the incidence and severity of diabetes [6]. The
diabetic patient can easily receive the Cd from

these any one of the ways from the environment
which leads to subsequent progression and
development of early stage of diabetic
nephropathy. One of the most serious
complications of diabetes is chronic kidney
disease, also known as diabetic nephropathy.
Diabetic  nephropathy is  associated  with
albuminuria, decreased creatinine clearance,
altered glomerular morphology and tubular
degeneration [7]. Approximately 30-40% of type 1l
diabetic  patients  will  develop diabetic
nephropathy, and it is now the most common cause
of end stage renal failure in the Western world [7]-
[8]. The renal injury in diabetic nephropathy is due
to a series of complex pathophysiological changes
such as glomerulosclerosis, vascular diseases and
changes of the tubulointerstitium with tubular
atrophy and interstitial fibrosis initiated by
disturbed glucose homeostasis [9]. While diabetic
nephropathy is most commonly associated with the
more severe and advanced stages of type Il
diabetes, there is increasing concern that even early
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stages of the disease, which are sometimes referred
to as prediabetes, may be associated with increased
risk of kidney disease. Diabetic nephropathy is
clearly chronic progressive diseases that are
associated with a combination of genetic, lifestyle
and environmental factors. While many risk factors
have been identified, such as obesity, diet and
other lifestyle factors, it is highly likely that there
are as yet unidentified environmental factors that
influence whether mild or incipient diabetes
progresses to a more advanced disease state. In this
context, the growing volume of evidence
suggesting that Cd may play a role in the
development and progression of diabetes and
diabetes-related kidney disease could be especially
significant.

The purpose of this study is to assess the effect of
cadmium on the severity and manifestations of
diabetes.

Materials and methods:

Animals and treatment: Twenty young male
Wistar rats weighting between 209- 279 g were
obtained from the Ecole Normale Supérieure
d'Abidjan animal facility. These animals were
housed at the Pasteur Institute animal care facility
in plastic cages and a cycle of day/night was
maintained (approximately 12 hours of light and
12 hours of darkness) in a ventilated animal room.
The rats were acclimated for 14 days to their new
environment before the treatment and had free
access to sterile distilled water and sterilized
standard food. All the animals were handled in
accordance with the guidelines and protocols
approved by the Care and Use of Animals
Committee of Cote d'lvoire. Diabetes mellitus was
induced in rats after one day fasting by
intraperitoneal injection of a single dose of 60 mg /
kg of body weight of streptozotocin (STZ)
(Cayman Chemical, Michigan, USA) diluted in a
freshly prepared citrate buffer (0.1 mol / L, ph 4.5)
[10]-[11]. Blood glucose levels were measured
from the tail vein using an Accu Chek Active®
(Roche, GU, Germany) glucometer before and
three days after the STZ injection, rats with blood
glucose levels greater than 250 mg/dl were
considered to be diabetic and wused for
experimental studies [12]-[13].The rats were
divided into four experimental groups (control,
STZ-treated, Cd-treated and Cd + STZ-treated),
each group is made of five rats. The control and
STZ-treated groups received distilled water and the
Cd- and Cd + STZ-treated groups had distilled
water enriched with cadmium sulphate (cdso4) at

200mg/1 [14]-[15]. The experiment was conducted
for 30 days and during that period. After 30 days
treatment, the rats were euthanized, the blood
samples were collected for biochemical assays and
the pancreas quickly removed for histopatological
examination.

Biochemical analysis: The blood samples
collected either on heparin were centrifuged and
the collected serums were sent to the clinical
biochemistry laboratory of the Institute Pasteur de
Cote d'lvoire respectively for the determination of
glycated hemoglobin, and the lipid profile
according to their laboratory protocols.
Histological Analysis: The collected pancreas
samples were immediately immersed in a 10%
formalin solution and sent to the pathology
laboratory of the Centre Hospitalier Universitaire
(CHU) de Treichville. The fixed tissues were
embedded in paraffin, sectioned at 7 um, and then
mounted on slides.

Statistical analysis: The statistical analyses were
carried out by using the software Graph Pad Prism
5 Demo. The results are presented in the form of
average = SEM. The test of Student and the test of
Annova were used for the comparison of the
averages. A value of p < 0.05 was regarded as
significant.

Results:

Effect of cadmium on the relative weight of the
kidneys

Administration of Cd to diabetic rats for 30 days
resulted in a significant increase in rat kidney
weights compared to diabetic rats (p <0.01). Cd
also increased kidney weights in non-diabetic Cd
rats, but this increase was not significant (Figure
1).

o
(o2}
]

o
a1
1

*k*k

kidneys weight/body weight
o
N

>
S
G
A

Figure 1. Kidney weight/body weight ratio of the
experimental animals. Each column represents mean + SD,
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n=5. *** represents significant differences between the STZ
treated group and normal controls (p<0.01), ## represents
significant differences between the STZ + Cd treated group
and STZ treated (p<0.001)

Effect of cadmium on blood biochemical
parameters

Cadmium poisoning of non-diabetic rats (group Cd
and STZ + Cd) caused a significant increase in the
level of urea, uric acid, calcium and sodium and a
non-significant decrease in the level of glucose,
magnesium and total protein relative to the control
groups. In diabetic rats (group STZ + Cd),
poisoning with Cd resulted in a highly significant
increase in serum urea, uric acid, creatinine,
calcium and sodium and a significant decrease in
glucose, magnesium and total protein compared to
the STZ group.

Table: Effect of Cd on biochemical parameters
in rat serum after acute exposure.

Ctrl Cd STZ STZ + Cd
group
Glucose 7,15 + "
@) 0,98 +0,07 |0,95+0,23 0515 4,36 +0,39
0,17 +| 023+001 | 026 + v
Urea (g/l) 0,003 . 0,008%** 0,42 +0,01
Creatinine | 0,40 + 0,79 + "
(ma/dh) 0.04 1,08 +0,33 0.05%* 1,52 +0,198
gfgfe'in 7033 + | 5400 + | 8167 + | 41,00+ 264
2,84 4,72 8,29 i
(am)
uric acid 2,18 + 3,87 + 5,20 + g4
mo/idly | 019 0,13%* 0.54%* 9.25£0,53
Ca 8,33 +| 1533 + | 4067 £ | 7567+6,00%
(mg/dl) 1,20 1,20* 2,72%** #
Mg 12,83 + 2471+ .
(ma/di) 0.44 966130 | (Goux 20,17 +1.01
cl 1033 + | 14600 =+ | 273,70 + | 34500 + 2,21
(mmol/L) 2,963 2,58 4,48%* #
Na 1407 + | 2170 + | 361,7 £ | 4577 +
(mmol/L) | 3,52 19,29 * 17,89 *** 9,387*#
Histology:

The photomicrograph of the renal tissues stained
with hematoxylin-eosin of the groups of control
and experimental rats is represented in Figure 2A
to 2D. Control rats (CTRL) have glomeruli and

normal tubular structures (Figure 2A). The renal
tissue of non-diabetic rats exposed to Cd and
diabetic rats (STZ), showed a slight tubular
degeneration with glomerular involvement (Figure
2B and 2C). The renal tissue of diabetic rats treated
with cadmium (STZ + Cd), showed tissue
disorganization marked by necrotic glomeruli with
degenerate tubules (Figure 2D).

Discussion:

In the present study, cadmium was administered
orally to rats since it was the main route of
exposure for the general population [16]. Our
results demonstrated that rats with streptozotocin-
induced diabetes were more sensitive to the effects
of subchronic cadmium exposure in drinking water
compared to non-diabetic rats.

The ingestion of cd caused a significant increase in
the absolute weight of the kidneys of diabetic rats.
This enlarged kidney is caused by an intense build-
up of cadmium in the kidneys which causes kidney
damage and reduced glomerular filtration. The Cd-
induced organomegaly has been associated with
inflammation processes, triggered by this metal
[17]. Analysis of the results showed a decrease in
total protein in diabetic and non-diabetic rats
contaminated with cadmium. This reduction can be
explained by the fact that most proteins have
groups (SH, OH). The latter react very easily with
cadmium and the free radicals generated by this
metalloid, and as a result, these proteins can
denature and fragment, or lose their structures. In
addition, the exposure of rats to Cd can modify the
metabolism of proteins and amino acids and their
synthesis in the liver [18]. Kidneys play vital role
in the excretion of metabolic wastes including
urea, uric acid, and creatinine. Hence, alteration in
the levels of urea, creatinine, and uric acid in
serum, as well as urine, reflected renal dysfunction
[19] - [20]. These substances are normal metabolic
waste products that are excreted by the Kkidneys.
Urea is a byproduct of protein breakdown. Serum
creatinine is primarily a metabolite of creatine and
uric acid is an end product of purine metabolism
that is produced mainly by the liver and intestines.
In kidney disease, these substances are not
excreted normally, and so they accumulate in the
body thus causing an increase in blood levels of
urea. Our study also showed that elevated the high
levels of creatinine, urea and uric acid (Table 1)
along with renal proximal tubular injury and
narrowing of arterial wall thickening and focal
interstitial nephritis with glomeruli mesangial
capillary proliferation with tubular epithelial
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damage (Figure.2) in STZ-Cd treated rats due to
the lack of insulin secretion from the pancreatic j3-
cells along with prolonged accumulation of Cd in
tubular epithelial and pancreatic -cells [21].
Impaired excretory function is also supported by
the fact that levels of some serum ions have been
changed (Ca, Mg, P, and CI). Cd and essential
metals can interact by influencing each other’s
rates of absorption, retention, distribution and
bioavailability in the body. This is mainly because
of their competition for the same binding sites,
especially —SH groups, in various enzymes and
other metalloproteins such as metallothionein
(MT) [22]. Many investigators have shown that Cd
is able to induce a perturbation in calcium
homeostasis [23] - [24]. Cd inhibits the pathways
of cellular calcium influx and acts as a competitive
ion to calcium at the voltage dependent Ca**
channels [25]. The inhibition of transcellular
calcium transport takes place at the basolaterally
located Ca®** pumps in the membrane proteins
involved in the Na+/Ca2+ exchanger [26], which is
dependent on the correct operation of (Na+ and
K+)-atpase, and the Ca’*- atpase. As it was
mentioned before, in our study, the present data
showed that the cells extracted from the treated rats
have a significant increase in intracellular calcium
and decrease in intracellular sodium in rats treated
with cadmium chloride. Lower blood Mg levels,
generally thought to be a result of Cd exposure,
could be explained by an increased Cd level in the
gut, induced by mucociliar transfer, by bile
elimination or by excretion of Cd through the
intestine walls [27], which in turn may cause an
inhibition of Mg absorption in gut, thus leading to
a decrease of blood Mg. The other possibility is
that Mg from blood moves to target organs and
tissues as a consequence of organism system
defense against Cd toxicity

Conclusion:
Our study showed that sub acute exposure of
diabetic rats to the dose of 200 mg / I in drinking
water influenced the development of diabetic
nephropathy.
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