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ABSTRACT

The purpose of our study was to evaluate the preventive effects of supplementation with curcumin (Cur) on
Cadmium (Cd) induced testicular damage. Young male Wistar albino rats were divided into five groups; Control, Cd,
Cur, Cd+Cur, pre-Cur+Cd. Rats were administered an acute dose of CdCl; at a concentration of 50 mg/kg bw and Cur
at 150 mg/kg bw for 15 days. The activities of the stress indicating enzymes (SOD, CAT) and MDA content as a result
of LPO along with the total tissue protein and cholesterol were assessed in the testicular homogenate of rats. A
significant reduction in the activities of SOD and CAT with parallel significant upsurge in MDA accompanied by a
significant reduction in total tissue protein content and a significant rise in tissue cholesterol was observed in rat
testes. Also, the reduction in the testicular weights along with a decline in testosterone concentration was detected.
Further, Cur supplementation with Cd significantly upturned the Cd-induced variations in oxidative stress indicating
enzymes and amended the testosterone levels, total testicular protein, and cholesterol content. Therefore, it can be
concluded that Cur plays a protective role against testicular toxicity produced by a single dose of CdCl,.
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INTRODUCTION

Cadmium (Cd) is reflected as one of the supreme
detrimental transition metal with an atomic weight of
48 and relative atomic mass of 112.41. It possesses few
specific features which make this metal suitable for
several industrial applications such as production of
Ni-Cd batteries, dyes, varnishes, and others. It persists
as an impurity in the ores of metals like Zn, Pb, and Cu,
etc. Industries such as metal refineries throw their
perilous waste in the environment and people who live

nearby these sources are affected from compromised
health such as stomach pains, diarrhea, bone
abnormalities, reproductive problems and at times,
infertility. Cd can also disturb central nervous system,
may evoke brain disorders and induce DNA
destruction or cancer growth. [1]

The principal route of Cd exposure is its inhalation
from industrial areas. Though, majority of the people
are exposed to Cd by consuming Cd containing food
and water. Cd exposure leads to Cd absorption in
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animals and humans. 21 When absorbed, Cd binds to
metallothionein, creating a Cd-metallothionein complex
which is transported largely to the liver and kidney
through blood. Bl Absorbed Cd is expelled very slowly
from the body, with an estimated half-life of 7-16 years.
[4-5]

Cd is known to produce oxidative stress in living
beings  through numerous mechanisms like
constraining the activities of primary antioxidant
enzymes such as superoxide dismutase (SOD), catalase
(CAT) 6 and controlling free radicals” production such
as ROS (reactive oxygen species) namely superoxide
ion, hydroxyl radicals and hydrogen peroxide. [
Furthermore, damage to cell organelles by generating
ROS via oxidative stress is the key feature of Cd
toxicity and when ROS counteracts with cellular
biomolecules, generate lipid peroxidation which
enhances protein damage of cellular membranes, DNA
injury, altered gene expression and apoptosis. 8]

The incidents of decreased male fertility following Cd
exposure have been confirmed both in humans and
rodents. [0 Cd potentially affects reproductive
mechanisms probably at every stage leading to
disturbed reproduction and developments. [ Since
testes have a unique vascular system, it seems to be
greatly affected by Cd. 12131

Hypercholesterolemia marks alterations in sperm
capacitation and acrosome reaction procedure. As a
consequence, Leydig cells fail to perform their secretory
action under hypercholesterolemic environment 4], or
get modified to provide any hormonal support. [15-16]
Furthermore, the spermatogenesis is an androgen
dependent process, mainly testosterone [7l, thus any
variations in the concentration of this hormone would
lead to transformed spermatogenesis.

Curcumin  {1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-
heptadiene-3,5-dione} (diferuloylmethane), present in
the rhizomes of Curcuma longa (Zingiberaceae), is the
principle colouring agent of food in India. It owns
several defensive properties including antioxidant [18-19],
anti-inflammatory and anticancer activities. [2 Further,
research has revealed curcumin (Cur) to be an
influential scavenger of the hydroxyl radical and
superoxide anion. 211 It is found to be effective against
numerous disorders but the most significant property
of Cur is that being an antioxidant and therapeutic
agent with various constructive functions, it has no side
effects. [22]

Therefore, this report addresses the changes in
oxidative stress marker enzymes along with the
alterations in total protein and cholesterol content in
testes homogenate after acute Cd administration and
whether the supplementation of Cur can rectify Cd-
induced testicular oxidative injury in experimental rats.

MATERIALS AND METHODS

Materials

All biochemical reagents used in this study were of
analytical grade, acquired from Himedia Laboratories

Pvt. Ltd. and Loba Chemie, Pvt. Ltd.,, Mumbai. CdCl,
was dissolved in distilled water and given to rats
orally. Cur administered to rats by oral gavage in the
form of aqueous suspension. 23]

Animal Exposure

Young albino male Wistar rats weighing 180 + 20 g
were obtained from Disease Free Animal House,
LUVAS, Hisar. Rats were kept at a constant
temperature (28 £ 2°C), relative humidity 60 + 15% and
12 hours light/dark cycle. The animals were housed in
plastic cages with bedding of soft chips. Two weeks
prior to the onset of experiment, they were acclimatized
to laboratory conditions and fed on the standard rat
feed purchased from M/S Aashirwad Industries, Ltd.,
Chandigarh. Water was made available to them ad
libitum. The experimental protocol was preceded by
following the guidelines of the Committee for Purpose
of Control and Supervision of Experiments on Animals
(CPCSEA), India and Institutional Animal Ethical
Committee approved the research.

Experimental Design

In this study, rats were equally divided into 5 groups
(n=5) and kept as designed protocol as follows:

Group 1 (Control): Rats were kept as control.

Group 2 (Cd): Rats were administered a single oral
dose of 50 mg/kg bw of CdCl» on day 1 and left for 15
days.

Group 3 (Cur): Rats were given an oral dose of 150
mg/kg bw of Cur daily for 15 days and kept as a
positive control.

Group 4 (Cd+Cur): Rats were given a single oral dose
of 50 mg/kg bw of CdCl> on day 1 and 150 mg/ kg bw
of Cur daily for the next 15 days and served as a post-
treated group.

Group 5 (pre Cur+Cd): Rats were given an oral dose of
150 mg/kg bw of Cur daily for 15 days and 50 mg/kg
bw of CdCl: on the last day which served as a pre-
treated group.

Hormonal Assay

Approximately, 2 ml of blood samples from each rat
were collected in clean dry centrifuge tubes at the time
of sacrifice. It was left for 20 minutes to clot at room
temperature, centrifuged at 3000 rpm for 5 minutes for
separation of blood serum and quickly frozen at -20°C
for testosterone analysis. [24]

Biochemical Analysis

After sacrifice, testes from each rat were removed,
cleaned of adipose tissue, blotted dry, weighed
separately, homogenized in buffer (pH 7.4), after which
it was centrifuged at 3000 rpm for 5 minutes. The
collected supernatant was then processed for various
biochemical investigations.

Lipid peroxidation (LPO) was quantified as
malondialdehyde (MDA) according to the method
described by Wilbur et al. [?%]

Activities of antioxidant enzymes superoxide
dismutase (SOD) and catalase (CAT) in testes
homogenate were assessed by the methods specified by
Das et al. and Aebi respectively. [2627]
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Total testicular protein content was assessed by the
method given by Lowry et al. [28]

Total cholesterol content in testes was estimated by the
method of Zlatkis et al. 2]

Statistical Analysis

To compare the effects among various groups, data was
subjected to one-way analysis of variance (ANOVA)
followed by Post hoc Tukey HSD test. Also, Pearson’s
bivariate correlation analysis was done to the Cd-
exposed groups with several other variables using SPSS
Statistics version 25. The statistically significant values
were represented by p<0.05, p<0.001 and p<0.0001. The
results are expressed as mean + S.D.
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Fig. 1: Effects of acute exposure of Cd and Cur treatment on testes
of rats: A. Cd concentration. B. Testicular weights. C. Plasma
Testosterone levels. D. Lipid peroxidation (MDA) level. E.
Superoxide dismutase (SOD) activity. F. Catalase (CAT) activity. G.
Total protein content. H. Total cholesterol content. Values are
presented as mean * S.D. for 5 animals/group. Differences were
considered statistically significant for *p<0.05 vs control; #p<0.05 vs
50 mg/kg Cd-exposed group G2. (S.D.= Standard Deviations; p=
probability)

RESULTS

Cd concentration in testes of experimental rats

The mean concentration of Cd in testes of experimental
rats of different groups is presented by Figure 1A. The
concentration of Cd in Cd-exposed group G2, increased
significantly (p<0.0001) as compared to control group
G1. The positive control group G3 showed values
similar to control. However, the mean Cd concentration
in the Cur post-treated and pre-treated groups, G4 and
G5, revealed significant (p<0.0001) higher values when
compared to control rats G1 as well as Cd-treated rats
G2.

Effect of Cur supplementation on body and organ
weight of experimental rats following Cd
administration

As calculated from the present study, the mean
bodyweight of the experimental animals increased
steadily in all the treated groups but less significant
weight gain was observed in Cd-exposed rats G2 as
compared to control G1. The mean weight of the testes
in different groups is depicted in Figure 1B. The weight
of the testes decreased significantly (p<0.0001) in Cd-
exposed group G2 compared to the control group G1.
However, Cur treated G4 animals showed a non-
significant (p<0.1) increase and G5 rats revealed a
significant (p<0.001) increase in the testes weight when
compared to Cd-treated rats G2. Further, a non-
significant (p>0.05) increase in testes weight was
observed in positive control rats G3 compared to
control rats G1.

Effect of Cur supplementation on mean testosterone
levels in experimental rats following Cd
administration

The effects of Cur supplementation on plasma levels of
testosterone are presented in Figure 1C. The mean
plasma levels of testosterone hormone decreased

significantly (p<0.0001) in the Cd treated group G2
when compared with control group G1. Conversely, the
Cur supplemented rats showed a statistically
significant increase in G4 (p<0.01) and G5 (p<0.0001)
rats in the mean plasma testosterone levels in
comparison to Cd-intoxicated rats G2. Though, the
mean levels of testosterone increased non-significantly
(p>0.5) in positive control group G3. Further, data
suggest a significantly negative correlation (r = -0.927;
p<0.0001) between the mean Cd residue in the testes
tissue and plasma levels of testosterone concentration
(Fig. 2A).
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Fig. 2: Pearson’s bivariate correlation and simple linear regression
analysis in Cd exposed groups (Cd, Cd+Cur and pre Cur+Cd). A.
Between tissue Cd concentration and plasma Testosterone levels. B.
Between tissue Cd concentration and MDA content. C. Between
tissue Cd concentration and SOD activity. D. Between tissue Cd
concentration and CAT activity. E. Between tissue Cd concentration
and Total tissue protein. F. Between tissue Cd concentration and
Total tissue cholesterol. Differences were considered statistically
significant for p<0.05.

Effect of Cur supplementation on malondialdehyde
(MDA) level in experimental rats following Cd
administration

To verify that Cd-induced stress upsurges lipid
peroxidation in rat testis, the level of malondialdehyde

(MDA) determined is depicted in Figure 1D. The
results showed that the testicular MDA level was
significantly (p<0.0001) high in rats treated with Cd in
comparison to control group. No significant changes
were observed in testicular MDA levels in animals
treated with Cur alone in comparison to the control
group. Though, supplementation with Cur decreased
the MDA level in G4 and Gb rats with a significant
difference of p<0.05 compared to Cd-exposed group G2.
Figure 2B shows a significant positive correlation (r =
+0.841; p<0.0001) between mean Cd concentration in
testes and tissue MDA level.

Effect of Cur supplementation on
dismutase (SOD) activity
following Cd administration
The specific activity of the SOD enzyme measured in
testicular fractions from all the experimental rats is
represented in Figure 1E. Cd exposure led to a
significant (p<0.0001) decrease in SOD activity in G2 as
compared to the control G1. Supplementation with Cur
amended the damages induced by Cd exposure,
triggering a significant increase in SOD activity in
group G4 (p<0.05) and G5 (p<0.001) compared to Cd
treated group G2. Notably, G5 rats exhibited greater
recovery in comparison to G4 rats. Figure 2C displays
that increase in tissue Cd content reduces the SOD
activity suggesting SOD exhibited significant negative
correlation (r = -0.948; p<0.0001) with tissue Cd deposit.
Effect of Cur supplementation on catalase (CAT)
activity in experimental rats following Cd
administration

Figure 1F shows the specific activity of CAT in the
treated groups. Cd exposure produced a significant
(p=0.0001) reduction in CAT activity in G2 rats
compared to control. Simultaneous administration of
Cur adjusted the effects of Cd exposure by increasing
the CAT activity significantly (p<0.001) in G4 and G5
rats in comparison to Cd-exposed G2 group. Also, the
statistics suggest a significantly negative relationship (r
= -0.959; p<0.0001) between mean Cd content in testes
tissue and CAT activity (Fig. 2D).

Effect of Cur supplementation on total tissue protein
in experimental rats following Cd administration

The effects of Cur supplementation on testicular total
protein content are presented in Figure 1G. In the
present study, there is a significant (p<0.0001) decrease
in testicular protein content in Cd-exposed rats G2
when compared to control rats Gl. Cur co-
administration revealed a significant (p<0.0001)
increase in the protein content of G4 and G5 rats in
comparison to Cd-intoxicated group G2. Also, data
suggested significantly negative association (r = -0.914;
p<0.0001) between testicular mean Cd residue and total
protein content (Fig. 2E).

Effect of Cur supplementation on total tissue
cholesterol in experimental rats following Cd
administration

In this study, the mean testicular cholesterol content
was determined to know whether there is impaired

superoxide
in experimental rats
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steroidogenesis or not. The mean values of cholesterol
content in testes homogenate is depicted (Fig. 1H),
which shows that there was a significant (p<0.0001)
increase in the mean cholesterol content in the testes of
Cd-treated rats compared to control rats GI1.
Conversely, Cur treated rats G4 and G5 revealed
significantly (p<0.0001) lower values of mean testes
cholesterol content when compared to Cd-exposed rats
G2. Simultaneously, data depicts a significant positive
correlation (r = +0.983; p<0.0001) between mean
testicular Cd content and tissue cholesterol (Fig. 2F).

DISCUSSION

Cd is considered to be an industrial pollutant and one
of the deadliest heavy metal which has the ability to
generate free radicals, resulting in oxidative stress by
altering antioxidant balances in tissue. Cd exposure,
acute as well as chronic, is associated with raised lipid
peroxidation, the seriousness of which is governed by
route, dose, and duration of Cd exposure. B0-31 Cd
exhibits oxidative damage and due to its long retention
in some critical tissues and it certainly may produce
some severe pathological conditions. 321 The outcomes
of the present investigation have validated the ability of
the Cd to produce oxidative stress in testes of rats
through enhanced lipid peroxidation by single acute
administration of CdCl; at a concentration of 50 mg/kg
bw. Further, there was a drop in the activities of
testicular antioxidant enzymes SOD and CAT, which is
considered to be natural antioxidant defense systems
against ROS mediated tissue damage in several tissues
as well as testes. 33 The decline in the activities of SOD
and CAT may be due to the simultaneous escalation in
free radical’s production in the testes exposed to Cd.
SOD exists in two isoforms, cytosolic SOD (Cu/Zn-
SOD), the active sites of which is occupied by Cu and
Zn and mitochondrial SOD (Mn/Zn-SOD) which
comprises Mn and Zn at the active sites. The toxic effect
of Cd could be the interaction of vital trace elements
with Cd, since Cd can lodge the Zn site in Cu/Zn-SOD
enzyme, which in turn creates an inactive form of this
enzyme (Cu/Cd-SOD). B4 Several transition metals
such as mercury, chromium, nickel, cadmium, and
platinum are reported to increase ROS production
which further grounds lipid peroxidation of the cell
membrane, decrease glutathione and other antioxidant
enzymes, cause apoptosis and ultimately participate in
the oxidative damage of DNA. [35-3¢]

Similarly, reduction in CAT activity could be explained
through the reduction in the amount of H»O, as
decreased SOD activity results in less conversion of
02* into H,O; (substrate of CAT) or depletion of H,O»
by Fenton reactions. [¥7-38 However, the SOD and CAT
activities were increased significantly and the reduction
in the lipid peroxidation was evidenced in Cur
supplemented rats suggesting Cur to exhibit
ameliorating effects against CdCl, induced toxicity
which could be due to its potential to improve the
efflux and reduce the accumulation of Cd in testes.

In the present study, after acute exposure of rats to Cd,
the body weight gain, as well as the testicular weights,
was significantly reduced. The reduction in body
weight gain in these rats specifies general metabolic
dysfunctions. Our results are in agreement with the
study which shows that decrease in the amount of
Sertoli cells or Leydig cells might be the reason of
decline in testicular weight in the rats exposed to Cd.
131 The production of free radicals by CdCl, result in
oxidative degradation of lipids, proteins and DNA
causing atrophy to testes. [40-41l However, Cd-mediated
toxicity was significantly repressed by Cur and it kept
the body weight gain and testicular weights nearly
normal, demonstrating its defensive effects against Cd
intoxication.

Cd exposure reduces productivity especially in males
of both humans and rodents. [ Many studies have
revealed that male reproductive capacity in humans
has depreciated during the past few years. [
Transitional metals play a key role as an environmental
factor which possibly disturbs the normal functioning
of the male reproductive system. Toxicological studies
have confirmed that numerous transition metals have
the ability to gather in testes or epididymis damaging
their reproductive and endocrine functions. 3 In the
present study, apart from body weight and antioxidant
system changes, Cd also disrupted androgens where
the serum testosterone levels were decreased
significantly in the Cd-intoxicated rats. Studies
revealed that Cd alters the testosterone production in
isolated Leydig cells [#4, signifying that steroidogenic
disturbance in Leydig cells is expected to be a primary
target of Cd toxicity as an EDC (Endocrine Disrupting
Chemical). Furthermore, the reduction of testes weight
is a principal indicator of likely alteration in androgen
status 41, and lower doses of Cd may potentially
induce testicular damage without pathologically
affecting organs and considerably modifies the levels of
several circulating steroid hormones such as
testosterone. [461 Nevertheless, Cur administration
prevented testosterone irregularities in Cd-intoxicated
rats suggesting protective effects of Cur. In parallel, it
can be concluded that Cur prevented Cd-induced
decrease in testes weight by normalizing serum
testosterone level. [47]

Our results of the current study indicated that some of
the Cd-induced testicular damage may be mediated by
a reduction in total testicular protein content, as
evidenced in the rats exposed to Cd. These variations
possibly occur due to the changes in free amino acid
and protein metabolism. ®8 Besides, Cd-induced
reactive oxygen species (ROS) leads to deterioration of
tissue proteins by enhanced proteolytic activity,
thereby decreasing the total tissue protein. [4]
Regarding the level of cholesterol, a significant increase
was recorded in rats exposed to Cd. Our results are in
parallel with the earlier results where Cd potentially
led to an increase in total cholesterol levels in the
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prostate gland and testes of rats. 1501 The higher
testicular cholesterol detected in this study might be
attributed to the intra-gonadal alteration in lipid
distribution; specially amplified displacement of lipid
from the cell membranes within the testes or could be
due to the increased prostatic discharge of cholesterol
into the seminal plasma within the testes in reaction to
the accumulation of Cd since cholesterol is generally
released into the seminal plasma by the prostate gland
as a biological event for the protection of sperms
against oxidative stress. [511 Conversely, treatment with
moderate doses of 150 mg/kg bw of Cur was found to
be effective in plummeting the high cholesterol levels
in the testes exhibiting the ameliorating effects of Cur.
Similar results were previously obtained, where oral
administration of Cur significantly reduced the high
cholesterol levels. 52 These hypocholesterolemic effects
of Cur can possibly be elucidated by its effect on the
stimulation of bile acids and biliary cholesterol release
and increased fecal elimination of bile acids and
cholesterol. 3] In addition, the occurrence of high
cholesterol levels in the testes might be a sign of
decreased androgen production by the testes as
evaluated in the present study. As testosterone is
produced by Leydig cells, the function of which is
impaired by high cholesterol levels. 31 The Cd-induced
upsurge in cholesterol production inversely affects the
normal Leydig cell function. Moreover, preconditions
for the normal triggering of spermatogenesis are ideal
Leydig cell function and normal testosterone
production. (54

The protective effects of Cur observed in this study
could be attributed to its unique structure where two
orthomethoxylated phenols and -diketone moiety has
the potential to quickly and competently quench lipid
peroxyl radicals in advance before they possibly attack
on lipid membranes, protecting the tissue or organ
from ROS generated oxidative stress. [5-%] Moreover,
studies suggested that Cur significantly decreases free
radical’s generation and increases the activities of
antioxidant enzymes thereby exhibiting restorative
effects. [57]

It can be concluded from this study that acute
administration of CdCl, leads to a significant decrease
in the activities of SOD, CAT and increase in lipid
peroxidation. Furthermore, reduction in serum
testosterone level, decrease in testes mass, changes in
total tissue protein and cholesterol content were also
observed. All these alterations can be explained as a
consequence and simultaneous increase in the free
radicals” production in the testes of Cd-exposed rats
which subsequently developed testicular injury and
oxidative  stress. However, Cd-exposed rats
supplemented with Cur exhibited amelioration
showing the defensive role of Cur against the testicular
toxicity of Cd by blocking the free radical’s generation
thus stabilizing the cellular redox balance.
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