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Abstract
BACKGROUND/AIMS: Cadmium element, a heavy metal, has toxic effects on the reproductive system. The current study investigates the possible
therapeutic effects of Corchorus olitorius (CO) and Protocatechuic acid (PCA) on the damage caused by cadmium chloride on rat testicular tissue.
MATERIALS AND METHODS: Control, CO, PCA, cadmium chloride, cadmium chloride + PCA and cadmium chloride + CO was formed
groups. CO and PCA was administered orally 250 mg/kg and 20 mg/kg respectively. Cadmium chloride dose of 3.5 mg/kg was administered
intraperitoneally. At the end of the three-week experiment period, body weight of rats was measured then testicular tissues were removed and
weighed separately. Testicular tissue sections were stained with, Hematoxylene & Eosin, Periodic Acid Shiff, Masson trichrome and terminal
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL). TUNEL (+) apoptotic cells were counted and evaluated statistically.
RESULTS: Testicular weights of the cadmium-given group decreased significantly compared to the control groups. In the cadmium-administered
group, basal membrane structures and seminiferous tubules were disrupted, tubules without sperm were observed, connective tissue and
inflammatory cell increase and oedema occurred in the interstitial space. It was determined that degeneration was continuing in the treatment
groups, but inflammatory cell numbers and oedema in the interstitial tissue were reduced. Additionally, the same seminiferous tubules with
sperm were also observed. It was observed that apoptotic cells increased significantly in the cadmium-administered group compared to the
control groups and decreased in the treatment groups.
CONCLUSION: PCA and CO were realized to be unable to completely prevent but reduce the toxic effects of cadmium on testicular tissue.
Keywords: Testis, cadmium chloride, protocatechuic acid, Corchorus olitorius

INTRODUCTION
Cadmium (Cd) is a toxic substance included in the list of heavy
metals that is hazardous to the human health published by the
World Health Organization and is frequently encountered in
daily life. The half-life in humans is about 20–30 years, the rate
of excretion from the body is low and accumulates primarily
in the liver and kidneys. Cadmium is absorbed from cigarettes,

food, contaminated water and air in significant quantities and
has many undesirable effects in living organisms. Professions
such as mining, nickel-cadmium battery production, electro
plating and pigmented paint also expose people to cadmium.1-3
Cadmium has been reported that it reduces male fertility,
impair reproductive capacity and play an important role in the
pathogenesis of infertility. Testicular tissue is very sensitive to the
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toxic effect of cadmium. Cadmium reduces testicular weights,
causes structural disorders in seminiferous tubules, disrupts the
blood-testicle barrier, causes the death of germ cells and inhibits
the production of testosterone from Leydig cells and generates
oedema. It negatively affects sperm production, sperm count,
and morphology.4,5 Extended exposure to cadmium, hence
increased accumulation, causes DNA methylation in the testicle
that can result in epigenetic changes.6

Group 3 (n=6): 20 mg/kg oral Protocatechuic Acid administration.

Cadmium induces oxidative stress, causing irreversible damage
to organs. Protocatechuic acid (PCA), which has an antioxidant
effect, has a protective effect against toxic substances in the
body. PCA is mainly found in fruits, nuts, vegetables.7 PCA reduces
apoptosis caused by cadmium and has an anti-inflammatory
effect. It has been reported that PCA increases sperm count,
prevents changes in morphology, reduces the presence of weak
sperms and prevents infertility.8 It has been observed to increase
the level of testosterone and sperm function.9 It has also been
reported that degenerative changes and oxidative stress occurring
in testicular tissue due to cadmium are reduced by PCA.10

Corchorus Olitorius Extraction

Experimental studies are conducted on protective effects
of plants and herbal extracts and their roles in reducing or
preventing tissue damage.11 One of the ethnic plants with
antioxidant properties is Corchorus olitorius and it is widely used
in Mediterranean Countries. This plant known as “Molehiya” and
consumed as food in their dietary habits. It is very rich in protein,
carbohydrate, calcium, potassium, iron, sodium, vitamins A,
C, and E. Because of the studies, it was found that it reduces
oxidative stress due to its anti-inflammatory effect.12

Histology

Today, an effective treatment method or an effective component
against Cd toxicity has not been found yet. In cadmium-bound
tissues, the effects of various antioxidant substances are studied
to prevent or alleviate degeneration in organs. The current study
investigates the effects of Corchorus olitorius and antioxidant PCA
on the damage caused by cadmium chloride on testicular tissue.
There have been a limited number of studies on this subject in
the literature review.

MATERIALS AND METHODS
In the study, young adolescent male (2 months old) Wistar
albino rats, weighing an average of 170–250 gr, were used. Rats
contained at 22°C temperature in 12 h of dark/light care rooms
and fed at controlled amounts with standard feed and water as
ad libitum. Rats were randomly divided into six groups:
Group 1 (n=6): Control group
Group 2 (n=6): 3.5 mg/kg intraperitoneal CdCl2 administration
(Sigma-Aldrich USA) twice a week.
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Group 4 (n=6): 250 mg/kg oral Corchorus olitorius administration.
Group 5 (n=6): 3.5 mg/kg intraperitoneal CdCl2 administration
twice a week and 250 mg/kg oral Corchorus olitorius
administration daily.
Group 6 (n=6): 3.5mg/kg intraperitoneal CdCl2 administration
twice a week and 20 mg/kg oral PCA administration daily.

CO plant was freshly collected from Demirhan Region of Northern
Cyprus and its extract was prepared in the Pharmacognosy
laboratory of NEU Faculty of Pharmacy.
Cultured Corchorus olitorius, the leaves were separated from the
stems, and kept at shade until dry. Air dried plant material (500
g) subjected to EtOH (96%) by using percolator for 24 h. After
filtration, the extract was transferred into a tared flask and
extract was concentrated under reduced pressure to dryness at
40 °C. Finally, the yield was calculated.

At the end of three-week experiment period, testes were
removed from the subjects under anesthesia of ketamine and
xylazine. Body and testes weights of subjects were measured.
Testis fixation was done with 10% neutral formaldehyde and
paraffin blocks were prepared. 5 µm thick sections were stained
with Hematoxylene-Eosin, Periodic Acid Shiff, and Masson
Trichrome. Additionally, to determine apoptotic cells Terminaldeoxynucleoitidyl Transferase Mediated Nick end-labeling
(TUNEL, Apop Tag, S7101, Merck) staining was performed.
TUNEL (+) stained cells were counted in 20 seminiferous tubules
belonging to the testicle sections of each subject.
Statistical Analysis
According to the data distribution, the groups were compared
by performing Kruskal-Wallis analysis, and pairwise post hoc
comparisons were made using Mann-Whitney U tests with
Bonferroni correction. Statistical Package for Social Sciences
25.0 for Windows (SPSS Inc., Chicago, Illinois, USA) was used for
conducting the analysis. Statistical significance was set at p<0.05.

RESULTS
At the end of the experiment, it was determined that the body
weights of the cadmium-administered group was lower than
the other groups, however the difference was not statistically
significant. When the testicular weights of the subjects in the
groups were evaluated, the cadmium-administered group without
treatment and with PCA and CO (p<0.05) treatment showed
significant decrease compared to the control, PCA and CO groups.
While the cadmium-administered group with PCA treatment
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showed a significant increase in testicular weight compared to the
cadmium administered group without treatment, no significant
difference with the CO treated group was observed. Testicular
weights of the control group were similar to the PCA-only and
CO-only treatment groups (Table 1). In the testicular tissue of the
control group (Figure 1a); spermatogenetic, Leydig cells in the
interstitial space and Sertoli cells (Figure 1b) were detected to be
normal. Seminiferous tubule basal membrane structures (Figure 1c)
and connective tissue of interstitial compartment among tubules
(Figure 1d) were methodically distinguished. The seminiferous
tubule cells, Leydig cells, basal membrane and interstitial tissue
of PCA-only and CO-only treatment groups were observed to be
similar as the control group. In the subject group with generated
cadmium toxicity, it was observed that seminiferous tubules
were highly degenerated, the spermatogenetic cell lines were
not clearly distinguishable (Figure 2a), cellular debris was present
in the seminiferous tubule lumens due to degeneration (Figure
2b), the number of inflammatory cells was high and substantial
amount of oedema was existent in the interstitial tissue (Figure
2c). The increased amount of connective tissue in the interstitial
tissue (Figure 2d) and basal membrane structures (Figure 2e)
was disrupted. In particular, Leydig cells were indistinguishable.
It was observed that inflammatory cell numbers and oedema
decreased in the interstitial areas, furthermore sperm heads and
tails were prominent in seminiferous tubule lumens in the Cd
toxicity generated group with PCA treatment compared to the Cd
administered group without treatment (Figure 3a). The testicular
structure of the Cd-administered group with CO treatment was
similar to the group treated with PCA. The number of inflammatory
cells decreased in the CO-treated group; however, it was observed
that their numbers were higher than the group treated with
PCA (Figure 3b). Compared to the control group (Figure 4a), it
was observed that TUNEL (+) stained cells were increased in the
seminiferous tubule cells in the Cd-administered group (Figure
4b) and decreased in the groups of Cd + PCA (Figure 4c) and Cd
Table 1. Testis weight of rats in groups
Groups (n=6)

Testis weight gr (%)

Control

0.60±0.03

PCA

0.65±0.05

CO

0.66±0.05

Cd+ PCA

0.32±0.15abcd

Cd + CO

0.17±0.03abc

Cd

0.16±0.02 abc

Values are mean ± standard deviation of six rats from each group (significance
value is p<0.05);
values when compared to control statistically significant p<0.05,

a

b

values when compared to PCA statistically significant p<0.05,

values when compared to CO statistically significant p<0.05,

c

d

values when compared to Cd statistically significant p<0.05.

CO: Corchorus olitorius, Cd: cadmium, PCA: protocatechuic acid, n: number.

Figure 1. Testicular seminiferous tubules belonging to
the control group have normal structure (H&E x10) (a),
eosinophilic stained Leydig cells are in high numbers (H&E
x40) (b), tubular basal membranes are normal (PAS x10)
(c), and there is no increase in connective tissue in the
interstitial space (Masson Trichrome x10) (d).
H&E: Hematoxylin and Eosin stain, PAS: Periodic Acid Schiff
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+ CO (Figure 4d), however their numbers were not at the control
group level. The data obtained using light microscopy inspections
are statistically presented in Table 2.

DISCUSSION
Spermatozoa are affected in men exposed to cadmium, and
apoptotic cell deaths are increased.1,13,14 The toxic effect of
cadmium on the testicles varies depending on the dose. As the
dose increases, the number of degeneration and apoptotic cells
in the seminiferous tubules increases.15-17 In the seminiferous
tubules, clustered cell debris in the lumen, atrophy in the
tubules, congestion and vascular dilatation in the interstitial
tissue is observed due to cell degeneration.18 Depending on the
level of cadmium accumulated in the body, testicle and body
weight, sperm count and motility decreases. In some studies,
cadmium-related decreases in body weights and testicle weights
have been reported.16,19 In the result analysis of our study, it was
found that testicular weights decreased significantly compared
to the control group, but there was no decrease in body weights
depending on cadmium administration. While Adamkovicova
et al.18 reported that there was no significant decrease in body
weights of the Cd-administered test subjects, Nna et al.20 and
Mahmoudi et al.21 reported a decrease in body weights. Because
of Cd accumulation, structure of Sertoli cells were disrupted, the
blood-testicle barrier was impaired and resulted in infertility.22
Light microscopic examinations on rat testicular tissue were
consistent with the results of this study, in which test subjects
were administered with ip 3.5 mg/kg cadmium twice a week
for three weeks. In the seminiferous tubules; degenerate
Table 2. TUNEL (+) cells in groups
Groups (n=6)

TUNEL (+) cell

Cd

15.17±4.40abcde

Cd + CO

4.67±3.78afgh

Cd + PCA

4.00±1.67bijk

CO

0.33±0.51cfi

Control

0.00±0.00dgi

PCA

0.33±0.52ehk

Values are mean ± standard deviation of six rats from each group (significance
value is p <0.05);
Significance between Cd and Cd + CO group,
b
Significance between Cd and Cd + PCA group,
c
Significance between Cd and CO group,
d
Significance between Cd and control group,
e
Significance between Cd and PCA group,
f
Significance between Cd + CO and CO group,
g
Significance between Cd + CO and control group,
h
Significance between Cd + CO and PCA group,
i
Significance between Cd + PCA and CO group,
j
Significance between Cd + PCA and control group,
k
Significance between Cd + PCA and PCA group.
a

TUNEL: terminal deoxynucleotidyl transferase dUTP nick end labeling, CO:
Corchorus olitorius, Cd: cadmium, PCA: protocatechuic acid, n: number.
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Figure 2. In the Cd applied group, high degree of
degeneration in testicular seminiferous tubules, an
increase in inflammatory cells and connective tissue in
the interstitial tissue and presence of oedema (HE x10) (a),
reduced amount of spermatogenetic cells and cell debris in
the lumen (HE x40) (b), elevated levels of inflammatory cells
in the interstitial tissue, especially neutrophil granulocytes
(HE x40) (c), increased connective tissue (Masson trichrome
x40) (d) and disrupted basal membrane structures (PAS x10)
(e) was observed.
Cd: cadmium, H&E: Hematoxylin and Eosin stain, PAS:
Periodic Acid Schiff
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spermatogenetic cells, clusters of cell debris in the lumens,
indistinguishable Sertoli cells, absence or very few sperm
presence, loss of smoothness of the basal membrane structure,
increased connective tissue among interstitial compartment,
numerous inflammatory cells, mainly neutrophils and oedema
were observed. Leydig cells could not be distinguished in
interstitial tissue.

cadmium-administered group with PCA treatment, the number
of seminiferous tubules containing sperm was increased, the
number of inflammatory cells in the interstitial tissue and
apoptotic cells was decreased. We observed that the increase
in testicular weight in this group was statistically significant
compared to the cadmium administered and Cd + CO groups,
hence the effect of PCA on cadmium toxicity was concluded.
Corchorus olitorius is grown in various parts of the world,
consumed in ethnic cuisines and used as a supplement.28
Chemical contents of Corchorus olitorius vary according to
the region it is grown. The CO identified to contain Caffeoyl
glucose, 3-Caffeoylquinic acid, Quercetin glucoside, Quercetin
acetylglucoside, 3,5-Dicaffeoylquinic acid, 1,3-Dicaffeoylquinic
acid and Luteolin/kaempferol acetylglucoside.29 It was shown
that when the extrusion of CO leaves was administered
as 250 and 500 mg/kg in male rats, the number of mature
spermatozoon increased in seminiferous tubules, but when
1000 mg/kg was delivered, sperm count decreased and high
dose CO inhibited reproductive functions.30 In recent studies, it
has been shown that CO has a good anti-inflammatory effect.31
Furthermore, it has been reported that CO extract can be used
as a food supplement against arsenic toxification.32 Literature
search revealed that the effects of CO extract on Cadmiumdependent degeneration in the testicles has not been studied.
Because of our study, it was observed that degeneration
in seminiferous tubules continued, but inflammation and
oedema in the interstitial tissue decreased when the rat testicle
tissue in the group treated with CO 250 mg/kg was compared
with the cadmium administered group. The improvement was
less effective than the group treated with PCA. It was identified
that apoptotic cell numbers were higher than the PCA-treated
group. When the testicular weights were examined, there
was no significant increase in the CO-treated group and the
values were very similar to the cadmium-administered group.
It was thought that the desired protective effect did not occur
because of CO dosages used in the study.

There is still no effective treatment method for eliminating
and preventing the toxic effects of cadmium in the tissues.5
Various ethnic plants.23-26 have been used for antioxidant
effects on cadmium testicular toxicity. Protocatechuic Acid
(PCA) is a powerful antioxidant and protects the body against
the harm of toxic substances. Adedara et al.8 observed that
PCA increases the level of hormones and sperm production
in testicles in pre-pubertal rats and positively affects sexual
maturity. In testicular toxicity created with Methotrexate, PCA
treatment has decreased apoptosis in seminiferous tubule
cells and increase FSH, LH, and testosterone hormone levels.27
During literature search, any studies regarding to the effect
of PCA on cadmium-related testicular degeneration have
not been found. The results of this study showed that in the

CONCLUSION

Figure 3. In the cadmium group treated with PCA, the
inflammatory cells in the interstitial tissue are reduced, the
sperms are clearly distinguished in the seminiferous tubules
(a), and the inflammatory cells are in higher numbers in
the CO-treated group (b). HE x40.
PCA: protocatechuic acid, CO: Corchorus olitorius, H&E:
Hematoxylin and Eosin stain

Three weeks of Cadmium administration and accumulation
in rats caused degeneration in testicles. In cadmium groups
treated with antioxidant PCA and CO, slight prevention of
degeneration was observed. The PCA treatment was identified to
be significantly more effective than the CO treatment. The antiinflammatory and antiapoptotic effects of these compounds
have been prominently detected. The results of this study are
published by us for the first time. It is in our belief that further
molecular studies focusing on the application of different doses
and experimental time durations will surely provide a more
precise information on this research. We hope that the results of
our study will be the source of new studies that will help reduce
the destructive effects of Cadmium on testicular tissue.
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MAIN POINTS
• One of the primary target organs of affected by cadmium,
which is one of the heavy metals, is the testicle organ in men.
Cadmium causes infertility.
• In this study, it was determined that toxic effects of cadmium
on the testicles cause degeneration in tubules where sperms
are made and testicle weights decreased. Apoptotic cell
death increased in cells. PCA and CO substances used against
emerging degeneration reduce cell death and infection, but
degeneration was not fully prevented at the administered
doses.
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