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Zeolite abrogates cadmium-induced testicular damage in rats: implication of NF-κB/ 

TNF-α/IL-1β Pathway 

 
[Zeólito anula danos testiculares induzidos por cádmio em ratos: implicação da via NF-κB/ TNF-α/IL-1β] 
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ABSTRACT 
 

Cadmium (Cd) is an environmental pollutant affecting various tissues and organs, including the testis. 

Many studies demonstrated that Cd toxicity causes testicular impairment through oxidative stress and 

inflammatory action. Therefore, this study aimed to demonstrate Cd's testicular toxicity and the protective 

action of zeolite against cadmium's deleterious effects. Adult male rats were given Cd at a dose of 

30mg/kg/day for 28 consecutive days with or without zeolite, which was given at a dose of 100mg/kg/day 

for 28 days. Testis weight, sperm (count, motility, and abnormalities), serum testosterone and luteinizing 

hormone (LH), testicular enzymes Acid phosphatase (ACP) and Alkaline phosphatase(ALP), 

inflammatory cytokines Tumor Necrosis Factor Alpha (TNF-α) , interleukin-1beta (IL-1β) , and Nuclear 

Factor Kappa B (NF-κB) and oxidative stress were evaluated. Herein, we found that cadmium caused 

alterations in sperm characteristics, sex hormone disturbance, decline in testicular enzymes, elevated 

malondialdehyde (MDA) contents, decreased glutathione (GSH), increased Nuclear Factor Kappa B  

(NF-κB) and pro-inflammatory cytokines Tumor Necrosis Factor Alpha (TNF-α) and interleukin-1beta  

(IL-1β) levels in testis homogenate. In contrast, zeolite significantly amended these deleterious effects, 

and the potential mechanism involved the downregulation of Nuclear Factor Kappa B (NF-κB), Tumor 

Necrosis Factor Alpha (TNF-α) and interleukin-1beta (IL-1β), restoring glutathione (GSH) and reducing 

malondialdehyde (MDA). Also, zeolite was associated with an increased rate of pregnancy. Our data 

suggested that oxidative stress and inflammation are responsible for Cd-induced testicular injury and co-

administration of zeolite exerts a protective effect via NF-κB /TNF-α/IL-1β pathway. 
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RESUMO 

 

O cádmio (Cd) é um poluente ambiental que afeta vários tecidos e órgãos, inclusive o testículo. Muitos 

estudos demonstraram que a toxicidade do Cd causa comprometimento testicular por meio de estresse 

oxidativo e ação inflamatória. Portanto, este estudo teve como objetivo demonstrar a toxicidade 

testicular do Cd e a ação protetora da zeólita contra os efeitos deletérios do cádmio. Ratos machos 

adultos receberam Cd em uma dose de 30mg/kg/dia por 28 dias consecutivos com ou sem zeólita, que foi 

administrada em uma dose de 100mg/kg/dia por 28 dias. Foram avaliados o peso dos testículos, os 

espermatozoides (contagem, motilidade e anormalidades), a testosterona sérica e o hormônio luteinizante 

(LH), as enzimas testiculares fosfatase ácida (ACP) e fosfatase alcalina (ALP), as citocinas inflamatórias 

fator de necrose tumoral alfa (TNF-α), interleucina-1beta (IL-1β) e fator nuclear Kappa B (NF-κB) e 

estresse oxidativo. Aqui, descobrimos que o cádmio causou alterações nas características dos 
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espermatozoides, distúrbios nos hormônios sexuais, declínio nas enzimas testiculares, conteúdo elevado 

de malondialdeído (MDA), diminuição da glutationa (GSH), aumento do fator nuclear Kappa B (NF-κB) 

e níveis de citocinas pró-inflamatórias do fator de necrose tumoral alfa (TNF-α) e interleucina-1beta  

(IL-1β) no homogenato do testículo. Em contraste, a zeólita alterou significativamente esses efeitos 

deletérios, e o mecanismo em potencial envolveu a regulação negativa do Fator Nuclear Kappa B  

(NF-κB), do Fator de Necrose Tumoral Alfa (TNF-α) e da interleucina-1beta (IL-1β), restaurando a 

glutationa (GSH) e reduzindo o malondialdeído (MDA). Além disso, a zeólita foi associada a uma maior 

taxa de gravidez. Nossos dados sugerem que o estresse oxidativo e a inflamação são responsáveis pela 

lesão testicular induzida por Cd e que a administração conjunta de zeólita exerce um efeito protetor por 

meio da via NF-κB /TNF-α/IL-1β. 

 

Palavras-chave: cloreto de cádmio, zeólita, lesão testicular 

 

INTRODUCTION 
 

According to the available surveys, male 

infertility accounts for 30% of infertility cases, 

and its prevalence in the general population is 

between 9 and 15%. Male infertility is emerging 

as a critical cause of infertility worldwide 

(Caroppo and Colpi 2023). Environmental 

contaminants can affect male reproductive 

organs of humans, leading to poor sperm quality 

and function, and this is attributed to their 

harmful effects on spermatogenesis, 

steroidogenesis, Sertoli cells, blood–testis 

barrier, and epididymis in addition to germ cell 

apoptosis and decreased Leydig cell viability 

(Selvaraju et al., 2021). One main factor that 

evokes male infertility is the reactive oxygen 

species, which stimulate oxidative damage of 

sperm lipid membranes, DNA injury by gene 

mutation and direct DNA destruction, 

mitochondrial dysfunction, and apoptotic cell 

death (Ritchie and Ko, 2021). The other 

important factor is inflammation, which is 

among the more common causes of male 

infertility (Dutta et al., 2021), since pro-

inflammatory cytokines like TNF-α and IL-1β in 

the male urogenital tract cause cytokine-

mediated infertility. Furthermore, inflammation 

has been linked to increased levels of reactive 

oxygen species and oxidative stress, both of 

which are impacting male fertility (Sarkar et al., 

2011). 

 

Cadmium (CdCl2) is the most widespread global 

environmental pollutant, which exerts various 

toxic effects on many tissues and organs of 

humans and animals (Ali et al., 2023). Exposure 

to cadmium occurs from both agricultural and 

industrial sources. Cadmium toxicity may occur 

by ingesting contaminated food and water, 

inhalation, and cigarette smoking (Genchi et al., 

2020). Cadmium (CdCl2) is a source of human 

toxicity due to its ability to accumulate in organs, 

especially testis (Li et al., 2016; Chen et al., 

2022a). Also, the testis has extreme sensitivity to 

Cd toxicity, which impairs sperm quality and can 

reduce male fertility (Adamkovicova et al., 2016; 

Bhardwaj et al., 2021). This is attributed to its 

oxidative stress, inflammatory, and apoptotic 

effect (Fouad et al., 2009). So, using anti-

oxidative and anti-inflammatory agents 

effectively protects against cadmium intoxication 

(Bashir et al., 2019). In addition, there is a strong 

link between testicular damage by cadmium and 

increased expression of malondialdehyde 

(MDA), a marker of oxidative stress and 

depletion of glutathione (GSH) and up-regulated 

levels of the pro-inflammatory cytokines, tumor 

necrosis factor-alpha (TNF-α) and interleukin-

1beta (IL-1β) (Li et al., 2016). 

 

Zeolites are natural or synthetic crystalline 

alumino-silicates with ion-exchanging properties 

used as farm animals feed additives for many 

years (Taş et al., 2007). In addition, zeolites are 

used in many fields, such as construction 

industries, aquaculture industries, agriculture, 

and space research (Simona and Camelia, 2019). 

Both natural and synthetic zeolites have been 

used in animal nutrition mainly to enhance 

performance and are effective in preventing 

ammonia and heavy metal toxicities 

(Papaioannou et al., 2005). Because it is an 

excellent detoxifying, antioxidant, and anti-

inflammatory agent, it is employed in various 

industrial applications ranging from 

environmental cleanup to in-vivo oral usage in 

people as dietary supplements or medical devices 

(Mastinu et al., 2019). 

 

Clinoptilolite, a natural zeolite crystal, has an 

antioxidant effect by reducing oxidant activity 
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and supporting antioxidant response 

(Saribeyoglu et al., 2011; Hcini et al., 2018). As 

well as micronized zeolites have antioxidant 

activities and may be useful as a modulator of 

oxidative stress in smokers (Atitlan-Gil et al., 

2017). 

 

Finally, our study aimed to evaluate the 

ameliorative effect of zeolite against cadmium 

chloride induced testicular toxicity. 

 

MATERIALS AND METHODS 

 

In this study, we used adult male Sprague-

Dawley rats weighing 200±20g (4 months’ age). 

They were obtained from the breeding colony 

and then maintained at the animal house of the 

Egyptian Drug Authority (EDA, Giza, Egypt), 

Formerly NODCAR. Animals received a 

standard diet, and water was allowed ad libitum 

during the study. An adaptation period of 2 

weeks was given to animals in the animal house 

before the beginning of the experiment. All 

animals were kept at 21–24˚C and 40–60% 

relative humidity with a 12-h light–dark cycle.  

 

Cadmium chloride was obtained from Sigma-

Aldrich (St. Louis, MO), dissolved in distilled 

water, and given daily with a dose (30mg/kg/day 

Orally) according to a previous study by Wakeel 

et al. (2020) and pilot study for 28 days. 

Micronized zeolite was obtained from (Gongyi-

Xiangrui Eco Material Co. Ltd, Gongyi, China) 

and was dissolved in 1% tween
80

 and given daily 

for 28 days with a dose (100mg/kg/day) 

following previous research (Saribeyoglu et al., 

2011). All other chemicals were commercially 

available and of the highest purity and analytical 

grade. 

 

Sixty rats were randomly allocated into five 

groups (n=12/group). 

 

Group I: Animals served as normal control and 

received 1 ml of distilled water orally for 28 

days.  

 

Group II: Animals served as vehicle control and 

were treated with 1 ml of 1% tween
80

 per oz for 

28 days.  

 

Group III: Animals served as cadmium-treated 

group and were treated with CdCl2 dissolved in 

distilled water (30 mg/kg/day; orally) for 28 

days. 

 

Group IV: Animals received zeolite dissolved in 

1% tween
80

 in a 100 mg/kg/day dose orally for 

28 days. 

 

Group V: Treated animals were given CdCl2 

dissolved in distilled water at 30mg/kg/day per 

oz with orally given zeolite dissolved in 1% 

tween
80

 in a 100 mg/kg/day dose for 28 days. 

 

All rats were weighed before sampling, after 

which the animals were anesthetized, and blood 

samples were collected through retro-orbital 

puncture of the venous plexus to determine 

serum testosterone and luteinizing hormone (LH) 

concentrations. After that, animals were 

euthanized by decapitation, and testes and 

epididymis were immediately removed, washed 

with ice-cold saline, and cleaned from the 

adhering tissue. The left testis was fixed in 10% 

neutral buffered formalin for 24 h for 

histopathological examination. The right testes 

were cleaned, the capsule and debris were 

removed, divided into two parts, and stored at 

−80°C and specimens underwent washing and 

subsequent homogenization in phosphate 

buffered saline (PBS) (10%, w/v) (10mmol/L, 

pH 7.4) and homogenate was centrifuged at 

10000 ×g for 10 min at 4°C to obtain 

supernatant. This homogenate facilitated the 

evaluation of oxidative and inflammatory 

parameters. The other 50% were mated with 

females to calculate the pregnancy rate. The 

females at the end of pregnancy (at the 20
th

) were 

sacrificed; all fetuses were weighed and then put 

in 10% formalin for the embryological 

parameter. 

 

Seminal fluid collected quickly from epididymis 

after sacrificing each animal. Estimation of 

sperm motility and count performed in 

accordance with Bearden and Fuquay (1980). To 

assess sperm abnormalities for each rat, a droplet 

from seminal fluid was mixed with one drop of 

Eosin-Nigrosin stain to detect malformed 

sperms. Then, films were examined randomly 

per slide under x 40, and the percentage of sperm 

abnormalities was recorded. 

 

Serum levels of testosterone and luteinizing 

hormone (LH) were estimated using a Rat 

Testosterone ELISA kit (My Bio-Source®, 
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USA) and Rat Luteinizing Hormone kit (My 

Bio-Source®, USA) according to the 

manufacturer's procedure. 

 

For the determination of MDA, we use the Life 

Span MDA reagent Kit and Blue Gene GSH 

Elisa kit for the estimation of reduced 

glutathione GSH in testicular homogenate 

according to manufacturer instructions. 

 

The Bio-Vision acid phosphatase activity 

colorimetric kit was used to measure ACP 

activity, and the Abnova alkaline phosphatase kit 

was used to assess ALP in testicular homogenate 

per the manufacturer instructions. 

 

Bio-Source® rat TNFα Elisa Kit, Bio-

Source®rat IL-1β Elisa Kit, and CUSABIO®, 

China Elisa Kit were used for quantitative 

detection of TNF-α, IL-1β, and NF-κB content, 

respectively, in testicular supernatant. 

 

Samples were taken from the testicular tissue of 

rats in different groups and fixed in 10% neutral 

buffered formalin (dissolved in phosphate buffer 

saline) for 24h. Histopathological samples were 

prepared using the method described by Bancroft 

and Gamble (2008) and then examined by the 

light microscope. 

 

Weighed fetuses were taken from formalin to 

measure their body and tail lengths, and after 

that, the pregnancy rate was calculated. 

 

Data were analyzed by the prism program 

version (5). Comparison between more than two 

different groups was carried out using a one-way 

ANOVA analysis of variance followed by 

Tukey-Kramer's Multiple Comparison Test 

according to Armitage and Berry (1987) where 

P<0.05 significant. All the values were measured 

as means ± standard errors (S.E.M). 

 

RESULTS 

 

Zeolite ameliorated CdCl2-Altered relative 

weight of testes, sperm count, motility, and 

abnormalities. The testicular dysfunction in rats 

was investigated by detecting the relative weight 

of testes and sperm parameters. The CdCl2 group 

showed a significant decrease relative to the 

weight of testes, sperm count, and motility by 

18.5, 58.44, and 63.2%, respectively, and an 

increase in the incidence of sperm abnormalities 

by 164.33% when compared to the normal 

control group (P>0.05). On the other hand, 

zeolite administration significantly increased 

sperm count and motility by 98.9 and 87.1%, 

respectively; the relative weight of testes reached 

near the average values and decreased sperm 

abnormalities by 40.5% versus the cadmium 

group (P>0.05). At the same time, zeolite alone 

did not cause any change in the relative weight 

of testes, sperm count, and abnormalities. Still, it 

caused a significant decrease in sperm motility 

compared to normal control. The above-

mentioned data explain zeolite's efficacy in 

mitigating CdCl2-induced testicular injury in rats 

(Fig. 1,2). 

 

Parallel to the observed attenuation in testicular 

function, administration of cadmium chloride 

exhibited a significant decrease in serum 

testosterone and LH concentrations by 69.5 and 

72.5%, respectively, compared with the normal 

control group (P>0.05). Also, zeolite alone 

caused a significant reduction in serum 

testosterone and LH compared to the normal 

control group (P>0.05). However, zeolite co-

treatment enhanced serum testosterone and LH 

production compared to CdCl2-treated rats 

(P>0.05) (Fig. 3). 

 

Next, we assessed testicular function markers as 

a second testicular injury measure. Rats 

administered with CdCl2 displayed a significant 

decrease in ACP and ALP testicular activities by 

85.9 and 77.7%, respectively, and zeolite alone 

also caused a significant decrease in ACP 

compared to the normal control group (P>0.05). 

Rats cotreated with zeolite significantly 

ameliorated ACP and ALP levels compared to 

the group that received CdCl2 treatment only 

(P>0.05) (Fig. 3). 

 

Oxidative stress plays a critical role in testicular 

dysfunction. To explore the oxidative stress 

status, we measured the testicular contents of 

MDA and glutathione (GSH). As expected, 

cadmium chloride caused a considerable increase 

in MDA levels by nearly 4-fold compared to the 

normal control (P>0.05). It induced a significant 

depletion in GSH, reaching 77.07% of the 

normal control level (Fig. 4). Treatment of 

animals with zeolite restored the normal levels of 

MDA by 44.6% and enhanced the GSH level by 

110% when compared to the cadmium chloride 

group (P>0.05). Zeolite alone did not affect 
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oxidative stress biomarker levels compared to the 

normal control. 

 

NF-κB, TNF-α, and IL-1β are critical mediators 

in the inflammatory response and are thought to 

enhance many pathophysiological alterations 

associated with inflammation. In the present 

study, the levels of TNF-α, IL-1β, and NF-κβ 

were detected in the testis. Exposure to CdCl2 

caused significant increases in the levels of NF-

κβ, TNF-α, and IL-1β compared with those 

observed in the normal control (P>0.05). 

Meanwhile, Zeolite co-administration 

significantly decreased the levels of NFκβ, TNF-

α, and IL-1β compared with the group that 

received CdCl2 treatment only (P>0.05) (Fig. 5). 

 

The histological assessment of the testicular 

specimen of control rats revealed seminiferous 

tubules and interstitial tissue; each tubule was 

lined with stratified epithelium (spermatogenic 

cells). Healthy spermatogenic cells, including 

spermatogonia, spermatocytes, spermatids, and 

spermatozoa, were present. Also, we noticed the 

presence of interstitial Leyding cells. 

Nevertheless, for rats that received CdCl2, testes 

tissue had disorganized seminiferous tubules 

with a significant loss in the spermatogenic cell 

lineage, considerable damage to their 

architecture, disruption of the basement 

membrane, and there were no spermatozoa in its 

lumen but contained injured spermatogenic cells 

(Sloughed germ cells). In the inter-tubular 

connective tissue, there was a decrease in 

interstitial cells, an increase in interstitial width, 

and a congested interstitial blood vessel. These 

histopathological changes in the testicular tissue 

were significantly attenuated by zeolite as 

evidenced by the usual appearance of testicular 

tissue, seminiferous tubules with complete 

spermatogenesis, and entire germinal epithelial 

series (spermatogonia, spermatocytes, spermatid, 

and spermatozoa) (Fig. 6). 

 

Six control males were mating with 12 females 

(after 28 days of their water receiving) to 

calculate their pregnancy rate for two weeks. 

Only four males were mated and caused 

pregnancy, with a percentage of 66.6%. For the 

tween 80 group, only three males from 6 males 

cause pregnancy (50%). Also, the zeolite 

pregnancy rate is 50% (3 males cause 

pregnancy). In the cadmium group, only about 

33.33% is their pregnancy rate (2 males cause 

pregnancies). On the other hand, zeolite 

administration with cadmium increases the rate 

to 66.66% (4 male cause pregnancies) and 

increases the fertility of males. 

 

Cadmium administration did not significantly 

change fetal body weight, body length, and tail 

length. Still, it showed a slight decrease in 

weights by 1.7%, body length by 1.4%, and tail 

length by 2.2% compared to the control group 

(P>0.05). The treated group with (CdCl2+ 

Zeolite) also did not produce any significance 

but showed slight increases in the total fetal body 

weight by 0.5%, body length by 1.4%, and tail 

length by 1.4% compared to the cadmium group 

(P>0.05). Compared with the control group, 

treatment with Zeolite alone did not significantly 

alter fetal body weight, body length, and tail 

length (Table 1). 

 

Table 1. Fetal body weight, body length, and tail length 

Groups Fetal body weight (gm) Fetal body length (cm) Fetal Tail length (cm) 

Normal control 3.93± 0.04 5.63±0.09 1.41±0.03 

Tween
80

 3.92 ±0.05 5.61±0.08 1.41±0.03 

Zeolite 3.91±0.04 5.61±0.07 1.40±0.05 

CdCl2 3.86±0.04 5.55±0.07 1.38±0.04 

CdCl2+ Zeolite 3.88±0.03 5.58±0.06 1.40±0.03 

No significance from Normal control or CdCl2 groups, respectively  
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Figure 1. Effect of zeolite administration on (a) relative weight of testes (b) sperm count, (c) sperm 

motility, and (d) sperm abnormalities in rats challenged with cadmium. Values are presented as mean ± 

SE. * or # statistically significant from the control or cadmium group, respectively  

 

 
Figure 2. Photomicrographs of smear from epididymal fluid stained by eosin & nigrosin stain (×40) from 

the rat in (a) normal control group, (b) tween
80

 group and (c) zeolite group showing normal sperm 

formation with head, neck and tail. Cadmium chloride group showing (d) Bent mid piece (red arrow), 

looped tail ( yellow arrow), amorphous head ( white arrow), detached tail (black arrow) and (e) abnormal 

head (f) Cadmium and zeolite co-treated group showing normal sperm formation with head, neck and tail. 
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Figure 3. Effect of zeolite administration on (a) testosterone, (b) LH, (c) ACP, and (d) ALP on rats 

challenged with cadmium. Values are presented as mean ± SE. * or # statistically significant from the 

control or cadmium group, respectively  

 

 
Figure 4. Effect of zeolite administration on (a) MDA and (b) GSH on rats challenged with cadmium. 

Values are presented as mean ± SE. * or # statistically significant from the control or cadmium group, 

respectively. 

 

 
Figure 5. Effect of zeolite administration on (a) TNF-α, (b) IL-1β, and (c) NF-κB on rats challenged with 

cadmium. Values are presented as mean ± SE. * or # statistically significant from the control or cadmium 

group, respectively 
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Figure 6. Photomicrographs of testicular tissue (H&E) of  (a), (b) control rat, (c), (d)  tween

80
 treated rat 

and (e), (f) zeolite treated rat showing normal histological structure of the mature active seminiferous 

tubules(ST) with sperm (S) in lumen, germinal cells (G) spermatocyte ( Thin arrow), spermatid (Zigzag 

arrow) and spermatogonia (Bifid arrow), (g),(h), (i) cadmium treated rat showing irregular and undulating 

membrane (hollow arrow), absence of spermatozoa in lumen (L), loss of germinal epithelium series 

(Double head arrow), congested blood vessel (Curved arrow), vacuolation (Head arrow) and lumen with 

damaged cells (Double asterisk). And (j), (k) cadmium+ zeolite treated rat showing the normal 

histological structure of the mature active seminiferous tubules (ST) with sperm (S) in the lumen, 

spermatocyte (Thin arrow), spermatid (Zigzag arrow) and spermatogonia (Bifid arrow). 

 

DISCUSSION 
 

Reactive oxygen species in limited amounts are 

necessary for cell function but excessive reactive 

oxygen species production is known as oxidative 

stress which is responsible for the pathogenesis 

of several diseases (Pisoschi et al., 2021). In 

addition, Oxidative stress is harmful to male 

fertility as it causes oxidative damage to 

reproductive cells (Dutta et al., 2021), negatively 

affects spermatozoa quality and their fertilizing 

capability (Tvrda et al., 2011). 

 

Deleterious effects of cadmium are related to the 

production of reactive oxygen species (ROS) as 

ROS production, glutathione depletion, and lipid 

peroxidation are mechanisms by which cadmium 

exerts its actions (Branca et al., 2020). Cd also 

provokes oxidative stress, and spermatogenic cell 

apoptosis, and reduces androgen production and 

sperm functions (Bhardwaj et al., 2021). In our 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/reactive-oxygen-metabolite
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/homeostasis
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investigation, Cadmium enhanced MDA level 

and caused the depletion of glutathione (GSH) as 

mentioned by Li et al. (2016). So cadmium has a 

direct oxidative stress effect (Zhu et al., 2020). 

On the other hand, this oxidative stress is 

mitigated by zeolite which reduces oxidant 

activity and supports antioxidant response via 

decreasing the level of MDA and increasing the 

level of glutathione (GSH) as described by 

Saribeyoglu et al. (2011)
 
and Wu et al. (2013). 

 

Excessive ROS production modulates proteins 

and genes, so it can lead to inflammatory 

diseases (Chatterjee, 2016), and activate NF-ΚB 

(Siomek, 2012), which regulates the initiation of 

inflammation (Sanz et al., 2010). Binding sites 

for the transcriptional regulatory factor nuclear 

factor kappa B (NF-κB) are present in the 

promoter regions of many of the 

proinflammatory cytokines, so increased 

activation of NF-κB leads to enhanced pro-

inflammatory mediators’ expression (Abraham, 

2000). 

 

Cadmium also exerts its toxic effect by evoking 

inflammation via activation of the NF-κB/ TNF-

α pathway and via increasing the expression of 

IL-1β (Chen et al., 2022b). This is in line with 

our results as we found that cadmium caused a 

considerable increase in TNF-α, IL-1β, and NF-

κB as NF-κB is a master regulator for 

inflammatory processes in response to both 

injury and infection (Napetschnig and Wu, 2013; 

Fouad et al., 2020). Zeolite amended this 

inflammation due to its anti-inflammatory effect 

(Petkov et al., 2021), through the decrease of 

NF-κB, TNF-α, and IL-1β levels as mentioned in 

the previous study (Yapislar et al., 2016), as 

down-regulation of NF-κB contributes to the 

pathogenic processes of various inflammatory 

diseases. 

 

The decline in serum testosterone and LH is a 

prominent sign of cadmium toxicity. In our 

investigation, cadmium evoked a valuable 

decrease in testosterone levels. Likewise, earlier 

research indicated that cadmium caused a decline 

in testosterone levels (Almeer et al., 2018; Fouad 

et al., 2020). This may be attributed to its 

cytotoxic effect on Leydig cells, the primary 

source of testosterone, leading to functional 

disturbance of Leydig cells (Pavlova and 

Atanassova, 2018). 

 

Also, cadmium caused a significant drop in LH 

levels, and this finding is in line with Lafuente et 

al. (1999); this deteriorative effect was initiated 

by a disruption of the regulatory mechanisms of 

the hypothalamic–pituitary–testicular axis by 

cadmium (Lafuente et al., 2000). Cadmium 

affects the hypothalamic-pituitary-testicular axis 

by two different pathways; the first one by its 

effect on Leydig cells and the other one by 

affecting the release of noradrenalin, a regulator 

of hypothalamus hormone secretion, which 

resulted in changes in plasma testosterone and 

LH levels (Lafuente et al., 2003). On the other 

hand, we noticed that zeolite enhanced 

testosterone and LH levels and overcome 

endocrine toxicity caused by cadmium. 

 

An important marker for testicular dysfunction is 

the impairment of sperm characteristics as we 

found that cadmium intoxication caused a 

decrease in sperm count, and motility as well as 

increased sperm abnormalities, and this was 

confirmed in previous studies (Arab et al., 2022), 

depending on the fact that testosterone is 

necessary for spermatogenesis (Griswold, 1998). 

This decline in sperm count may be due to the 

decline in testosterone level by cadmium as there 

is a strong relation between testosterone level 

and sperm count (Salman et al., 2013). Sperm is 

highly susceptible to oxidative stress created by 

cadmium causing axonemal damage and 

increased mid-piece morphological defects 

which reduce sperm motility (Kurkowska et al., 

2020). Finally, the increase of TNF-α and IL-1β 

by cadmium may be a reason for disturbance in 

sperm characters as many pro-inflammatory 

cytokines such as TNF-α and IL-1β increase the 

level of lipid peroxidation of sperm membranes 

to levels that can affect the sperm fertility 

capacity (Martinez et al., 2007; Paira et al., 

2022). As endogenous inflammation increases 

ROS levels, which might induce sperm oxidative 

damage and sperm motility, one of the most 

sensitive indicators of this damage (Shi et al., 

2012).  

 

Zeolite also abolished these deleterious effects 

and enhanced sperm quality and characteristics, 

and this result was consistent with Mohammed et 

al. (2021) and correlated to its ability to reduce 

lipid peroxidation by scavenging free radicals 

(Atitlan-Gil et al., 2017),
 

and to oppose 

inflammation (Qi et al., 2021). 
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One of the signs of cadmium toxicity is the 

decline in testicular markers (ACP and ALP) as 

these testicular enzymes decreased in Cd-treated 

rats as mentioned in earlier research (Ola-

Mudathir et al., 2008; El-Maraghy and Nassar 

2011). This decrease in the ACP is thought to be 

due to the reduction of testicular steroidogenesis, 

and the decline in ALP may be due to a decline 

in the testicular Zn
2+

 level, which is an essential 

part of the enzyme activity (El-Maraghy and 
Nassar 2011), as Cd can displace zinc (Ebrahimi, 

2006). Finally, zeolite abrogated Cd-induced 

decrease in ACP and ALP by competing for its 

toxicity as zeolite can prevent heavy metal 

toxicities similar to previous publications 

(Papaioannou et al., 2005). 

 

Our histopathological findings revealed that 

CdCl2 intoxication leads to significant structural 

alterations in the testes compared to controls as 

disorganization of seminiferous tubules, a 

significant loss in the spermatogenic cell, and 

decreased spermatozoa production, a decrease in 

interstitial cells and congested interstitial blood 

vessel as mentioned in previous publications 

(Kara et al., 2007; Wang et al., 2020). This 

histopathological alteration may be attributed to 

oxidative stress produced by CdCl2 that caused 

depletion of antioxidant defenses and increased 

lipid peroxidation in testicular tissue (Amara et 

al., 2008; Momeni and Eskandarir 2020; Han et 

al., 2020).  

 

We found that zeolite can repair these injuries in 

testicular tissue, and this is related to its 

antioxidant effect as zeolite can protect the cells 

from ROS-induced cell death and reduce 

mitochondrial ROS production (Montinaro et al., 

2013). 

 

It is important to address the potential limitations 

of our study. We did not measure 3β-

hydroxysteroid-dehydrogenase and 17β-

hydroxysteroid-dehydrogenase as playing vital 

role in testosterone biosynthesis. Another 

main limitation that serum level of follicle-

stimulating hormone (FSH) was not measured as 

FSH regulates spermatogenesis. Finally, some 

transcriptional factors as Nrf2 and its 

downstream were not evaluated and it plays 

important role in synthesis of antioxidants.  

 

CONCLUSIONS 

 

Cd can induce oxidative stress and inflammation 

in rat testes. Zeolite antagonizes Cd toxicity in 

rat testes by reducing oxidative stress and 

inhibiting NF-κB /TNF-α/IL-1β pathway. This 

study revealed the specific mechanism of Zeolite 

against Cd and provided a new guide to reduce 

Cd toxicity. 
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