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Cadmium Exposure Induces Early Catabolism
in Male Wistar Rat Experiment

Abstract

This study investigates the effect of varying duration of cadmium exposure on
anabolic-catabolic ratio. The study involves adult male Wistar rats divided into 8
groups of 5 rats each. Groups 1 and 2 served as control groups on to clean tap
water for 1 and 6 weeks while groups 3, 4, 5, 6, 7 and 8 served as test groups
exposed to Cadmium-contaminated drinking water (50 mg/L) for 1 through 6
weeks respectively. At the end of each treatment period, final body weight, and
blood sample were obtained for the estimation of the variables herein presented.
Appropriate statistical analysis (ANOVA) was conducted on the variables and
presented as means + SEM in charts and tables with p<0.05 (LSD) considered
significant. The results showed that cadmium exposure stimulates significant
increase in body weight lost, serum cortisol and protein levels and anabolic
catabolic ration in acute state but improve by the 5" and 6" weeks. However, there
was a significant duration dependent decrease in serum testosterone activity with
cadmium exposure. These findings indicate that cadmium exposure induces an
early catabolic damage. However, this may not be the case at the organ level and
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Introduction

Heavy metal contamination has become a serious problem in
crop and vegetable production. Of interest is Cadmium whose
increasing environmental concentration has precipitated concern
over the toxicological potential of heavy metal with which man
has been brought more and more in contact during recent years
[1]. Cadmium is a heavy metal pollutant which is toxic to plants,
animals and human beings [2]. According to Muthukumar and
Nachiappan [3], Cadmium is a prevalent non-essential, redox-
inactive, highly toxic metal in the environment and causes a
considerable threat to nature and human health. Cadmium is a
by-product of the mining and smelting of lead and zinc and is used
in nickel-cadmium batteries, dyes, plastics, electrochemistry and
paint pigments and can be found in soils because insecticides,
fungicides, sludge and commercial fertilizers containing cadmium
are used in agriculture [4]. The main routes of human poisoning
are either through occupational exposure or ingestion of
contaminated food and water [5] hasbeenreportedto causeawide
range of biochemical and physiological dysfunctions in humans

and laboratory animals [6]. Chronic Cadmium poisoning has
been implicated in nephrotoxicity, osteoporosis, cardiovascular
diseases, testicular necrosis, prostatic and testicular cancers,
and renal failure and neurodegenerative conditions [7,8].
Osteomalacias, polynephritis, cancer of the nasopharynx and
prostate have been reported in men professionally exposed to
Cadmium [9-11].

Clinical stigmata of cadmium toxicity depend on route, quantity,
and rate of exposure [12]. The exact mechanism by which Cd is
accumulated in cells remains vague, but it is documented that
deregulation of transition metal homeostasis and use of cellular
transport systems dedicated to essential elements contributes
to the cellular uptake mechanisms of Cd [13-15] reported Cd to
possess a strong affinity to thiol groups of amino acids, especially
cysteine and may affect the antioxidant barrier via inhibiting the
functional thiol groups of antioxidant enzymes. Several studies
proposed disturbance of pro-oxidant and antioxidant balance
by generation of reactive oxygen species (ROS) as a possible
mechanism of Cd toxicity [16]. Studies showed oxidative stress
to occur as a result of an increase in Cd-induced peroxidation of
membrane lipids in the organs where it accumulates [17,18].
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It has been hypothesized that chronic stress shifts the balance
of hormones to low levels of anabolic hormones (e.g.,
dehydroepiandrosterone [DHEA], growth hormone [GH], and
insulin-like growth factor 1 [IGF]-1) and high levels of catabolic
hormones (e.g., cortisol, adrenaline [epinephrine], and cytokines)
[19]. The balance between anabolic and catabolic activities is
represented by the ratio between testosterone and cortisol,
which is known as testosterone/cortisol or free testosterone/
cortisol. Based on the premise that the testosterone has anabolic
effects and the cortisol catabolic ones, the testosterone/cortisol
ratio has been proposed as a great marker for stress [19]. This
shift in hormonal balance, termed anabolic/catabolic imbalance,
is thought to be linked to systemic inflammation [20] and
oxidative stress [21]. Thus, suggesting an interactions between
the endocrine system and metabolism which has been previously
reported [22,23]. It is therefore the aim of this study to investigate
the effect of varying duration of cadmium exposure on anabolic-
catabolic ratio in adult male Wistar rats exposed to cadmium
contamination in drinking water.

Materials and Methods

Cadmium chloride was purchased commercially from a chemical
company in Nigeria. Adult male Wistar rats (N=40) of comparable
weight (180 to 200 g) were obtained from the Department of
Physiology animal holding unit of the Ambrose Alli University,
Ekpoma, Nigeria and were transferred to the site of the
experiments. They were housed in plastic cages (measuring 50
x 35 x 25) under standard environmental condition of 12/12hr
light/dark cycle and were allowed to acclimatize for two weeks
to the laboratory conditions before the experiment and fed ad
libitum with rat chow and tap water.

The rats were divided into 8 groups of 5 rats each. Groups 1 and
2 served as the control groups which were exposed to clean tap
water for 1 and 6 weeks. On the other hand, groups 3, 4, 5, 6, 7
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and 8 served as the test groups that were exposed ad libitum to
Cadmium-contaminated drinking water (50 mg/L) for 1 through
6 weeks respectively. The chosen cadmium dose was according
[24].

At the end of the each treatment period, final body weight
was determined and recorded and blood sample obtained for
the estimation of serum cortisol, testosterone and protein.
Serum cortisol and testosterone were determined using a
commercial ELISA kit and the method for estimation were based
on the procedure provided by the manufacturer. The protein
concentration of the serum was determined by means of the
Biuret method as described [25]. Anabolic-catabolic ratio was
determined by the ratio of serum testosterone and cortisol.

The result was analyzed with appropriate statistical analysis
(ANOVA) using SPSS 20 and p<0.05 (LSD) was considered
statistically significant and then presented as means + SEM in
charts and tables.

Results

Figures 1 and 2 respectively represent the changes in body
weight and weight gain/loss following six weeks exposure to
cadmium in drinking water of adult Wistar rats. Except for the
controls; 1 and 6 weeks unexposed control groups, where
body weights gain were observed, cadmium exposure resulted
in duration dependent significant body weight loss (p<0.05)
compared to the controls and corresponding initial body weight.
However, body weight was observed to kicks up at the sixth week
of cadmium exposure compared to earlier exposure periods. The
highest weight lost following cadmium exposure was observed
in the 5" weeks followed by the 4th and 3™ weeks. Table 1
represents serum activities of cortisol and testosterone in adult
Wistar rats following six weeks of cadmium exposure in drinking
water. Serum cortisol activity decreases in a duration depended
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Figure 2 Weight gain/loss in body weight of adult male Wistar rats following one to six weeks of cadmium exposure in drinking water.
Note: Values are mean * SEM, N= 40 male rats, n= 5 male rats, *, +, A = significant difference (p<0.05) compared to initial body
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fashion following six week cadmium exposure. Compared to
the controls there were significantly increase (p<0.05) in serum
cortisol level in the 1%, 2" and 3™ weeks cadmium exposure in
drinking water of the rats. Similarly, serum testosterone activity
following six week cadmium exposure was observed to decrease
in a duration depended manner. Compared to the controls,
there were significant decreases in serum testosterone level
from the 1% week through the 6™ week of cadmium exposures
Figure 3 represents the anabolic-catabolic ratio in adult Wistar
rats following six weeks of cadmium exposure in drinking water.
Cadmium exposure in drinking water was observed to significantly
decrease (p<0.05) the anabolic-catabolic ratio compared to the
unexposed control groups. However, it was observed that the
anabolic-catabolic ratio improves with increasing duration of
cadmium exposure (Figure 4) represents serum protein level in
adult male Wistar rats following six weeks of cadmium exposure
in drinking water. There was a duration depended reduction in
serum protein levels toward control level with cadmium exposure
in drinking water of adult Wistar rats. Serum protein activity
was significantly higher in the 1%, 2" and 3 weeks of cadmium
exposure compared to control groups.

Discussion

The results of this study showed that cadmium exposure induces
body weight loss, stimulates serum cortisol and protein and
inhibits serum testosterone and anabolic-catabolic ratio. The
worse situation of this Cadmium induced effects take place in the
1%t week. This suggests that cadmium induced oxidative damage
might be more powerful in the first few weeks but reduces as
the duration of exposure approaches 6™ weeks. This assertion
is in line with the report [26] that Cadmium promotes an early
oxidative stress and afterward contributes to the development
of serious pathological conditions because of its long retention in
some tissues. Although the mechanism behind this correction of
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acute cadmium induced damage in the chronic state observed in
this study is unclear, it may however be that the body develops
adaptive mechanism to try to correct the increased oxidative
damage in the long run.

Body weight, serum cortisol, protein and testosterone and
anabolic-catabolic ratio were observed to be altered with
Cadmium exposure in adult male Wistar rats following six weeks
of cadmium exposure in drinking water. The observed Cadmium-
induced decrease in body weight in this study is in accordance with
the study [27] who documented obviously significant decrease in
body weight in Cadmium treated animals. Also, Amara and Zeng
et al. [28,29] have previous reported reduction in body weight as
a primary manifestation of Cadmium administration in rats.

As observed in this study, cadmium caused increase cortisol
activity that weakens with duration of exposure. This finding
suggests that cadmium exposure stimulate the stress response
considering that the general adaptation response of the animal
to stressors is the increase in cortisol secretion. Various studies
had previously reported that the primary response to Cadmium
induced stress is an indication of the elevation of serum cortisol
level [30,31]. The effect of Cadmium on the adrenal gland
physiology observed in this study correlates with the report [32]
that Cadmium has a toxic effect on adrenal tissue and this causes
an elevated ACTH and hence, an increased serum cortisol level.

In this study, cadmium exposure was observed to induce
decrease serum testosterone activity in duration dependent
fashion. This effect is not surprising considering that the testis
has been documented as one of the major targets of Cadmium
in many species of animals (rats, rabbits and dogs) [28,33]. Also
Lafuente et al. [34] has documented that increased Cadmium
accumulates in the hypothalamus, pituitary, and testis and cause
decreased plasma levels of follicle stimulating hormone in rats
and suggest a possible effect of Cadmium on the hypothalamic-

3



2018

Journal of Molecular and Cellular Biochemistry

Vol.2 No.2:9

~

=1
in
Il

(=]
e
I

Anabolic catabolic ratio

=
=
1

~

+

+ + & ik *
o 3 + + =

unexposed controls respectively.

NS

0 T
1week &weeks 1week 50mg/L  2weeks 50mg/l. 3weeks50mg/L 4 weeks 50mg/L Sweeks 50mg/L, &weeks S0mg/L
unexposed unexposed Cd-exposed Cd-exposed Cd-exposed Cd-exposed Cd-exposed Cd-exposed
control control
Figure 3 Anabolic-catabolic ratio in adult male Wistar rats following six weeks of cadmium exposure in drinking water.
Note: Values are mean + SEM, N=40 male rats, n= 5 male rats, *, A = significant difference (p<0.05) compared to 1 and 6 week
K unexposed controls respectively.
10 T
g -
7°] E
£ ;
i E -
2]
B s
=
e 4
-9
5
g 2
on
1 -
ﬂ T T T T T T T 1
1lweek 6 weeks 1lweek 2weeks 3weeks A4 weeks 5weeks 6 weeks
unexpased unexposed 50mgfLCd- 50mgfLCd- 50mg/LCd- 50mgfLCd- 50mgfLCd- 50mg/fL Cd-
contraol control exposed exposed exposed exposed exposed exposed
Figure 4 Serum protein level in adult male Wistar rats following one to six weeks of cadmium exposure in drinking water.
Note: Values are mean = SEM, N= 40 male rats, n= 5 male rats, *, A = significant different (p<0.05) compared to 1 and 6 week

pituitary-testicular axis. If this be the case therefore, our finding
of decreased serum testosterone level in this study in Cadmium-
exposure is in line. Cadmium-induced toxicity to the testis is
probably the result of inter-digitizing complex interactions which
involve the disruption of the blood-testis barrier via specific signal
transduction pathways and signaling molecules [35].

The Cadmium-induced decrease in anabolic-catabolic ratio
observed in this study indicates increased catabolism against
anabolism or in other words, increased system metabolism
and thus the muscle wasting. This observation is in line when
one takes a look at the effect of endocrine parameters of stress

here in investigated. The increased cortisol activity and decrease
testosterone activity in Cadmium-exposed rats indicate increase
catabolism/metabolism and decrease anabolism/body building.
Consequently, it can be hypothesized that Cadmium exposure
alters the anabolic-catabolic balance to favor catabolism and
decreased anabolism considering the andrological effect of
testosterone. In fact, it has been documented that animals living
in Cadmium-contaminated environments experiences periods
of high metabolic activity that could eventually lead to impaired
cortisol secretion and cellular alterations [36]. Thus, the increase
Cadmium-induced cortisol activity in this study and which is an

4 This article is available in: http://www.imedpub.com/journal-molecular-cellular-biochemistry/
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Table 1 Serum cortisol and testosterone activities in adult male Wistar rats following six weeks of cadmium exposure in drinking water.

Duration of exposure

Serum cortisol (ng/ml)

Serum testosterone (ng/ml)

1 week unexposed control 9.06 + 1.05 4.08 £ 0.08
6 weeks unexposed control 10.51+2.13 3.28 £0.11
1 week 50 mg/L Cadmium-exposed 41.10+34.91™" 1.43+0.07"
2 weeks 50 mg/L Cadmium-exposed 27.38 +4.34™ 1.33+0.07°
3 weeks 50 mg/L Cadmium-exposed 21.09 +2.24" 1.22 +0.09™
4 weeks 50 mg/L Cadmium-exposed 12.77 £5.65 0.79 £0.15™
5 weeks 50 mg/L Cadmium-exposed 10.93 £0.96 0.75+0.21"
6 weeks 50 mg/L Cadmium-exposed 5.97 +2.84 0.46 +£0.16™
Values are mean + SEM, N= 40 male rats, n= 5 male rats, *, A = significant difference (p<0.05) compared to 1 and 6 week unexposed controls
respectively.

indication of catabolism and might lead to reduced body weight
and the decreased anabolic-catabolic ratio observed in this study.

To further support the toxic effect of Cadmium exposure, this study
showed Cadmium-exposure to increase serum activity of protein.
Note that assessment of serum total protein is one of the vital
diagnostic tools for organ-system injury; especially the hepatic
system. The significant increase in the activity of serum protein
in Cadmium-exposed groups is a possibility of Cadmium-induced
tissue damage. The observed increase serum protein activity by
Cadmium-exposure in this study agrees with the reports [37,38]
who reported increased total protein level in Cadmium-treated
groups of rats. The increasing trend in protein concentration with
exposure duration might be the result of Cadmium interrupting
with cellular mechanisms as it accumulates in liver and conjugates
with metallothionine [39].
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