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Abstract | Nickel chloride (NiCl2) alters thyroid hormones and causes morphophysiological changes and oxidative 
stress. Reactive free radicals from carbon tetrachloride (CCl4) damage the liver and kidneys. On the other hand, propolis 
has antioxidant, anti-inflammatory, anti-cancer, antibacterial and hepatoprotective properties. Propolis protects thyroid 
and gonadal function from NiCl2 and CCl4. In order to assess the protective impact of propolis extract against NiCl2 
and CCl4, 80 adult male albino rats were divided into eight groups including control group, the propolis-treated group, 
the NiCl2-treated group, the CCl4-treated group, the NiCl2 and propolis-treated group and the CCl4 and propolis-
treated group. Blood-based ELISA kits were applied to determine T3, T4, TSH, LH, FSH and testosterone in the rats 
after four weeks of medication. Results analysis indicated a significant increase (P≤ 0.05) in TSH and lower T3 and T4 
levels in the NiCl2, CCl4 and NiCl2+ CCl4 groups compared to the control group. Propolis treatment in the NiCl2 
and CCl4 groups significantly (P < 0.05) lowered TSH levels compared to the control group. In contrast, the CPF-
treated group had significantly higher serum levels. Our investigation concludes that propolis has a significant impact 
in safeguarding against hypothyroidism and gonadotoxicity generated by NiCl2 and/or CCl4.
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INTRODUCTION

Throughout their lives, both animals and humans 
are constantly exposed to environmental chemicals, 

leading to the accumulation of these chemicals in their 
bodies, known as personal body burdens. These burdens 
can cause inflammation and tissue necrosis (Farhan, 
2020). Interestingly, the increase in endocrine diseases 
corresponds to the elevated production of manufactured 
chemicals (Kumar et al., 2020).

Nickel is a metallic element with a silvery-white colour, 
known for its hardness, malleability, and ductility 
(Adriano, 2001). It belongs to the iron group of elements 
and is naturally present in small amounts in various food 
items. Notably, chocolate and fats contain exceptionally 
high concentrations of nickel. Consumption of vegetables 
grown in polluted soils also increases nickel uptake in the 
body, as plants can accumulate nickel (Iyaka, 2011). In 
the Earth’s crust, nickel is a heavy metal that occurs at a 
concentration of around 0.009%, existing as soluble and 
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insoluble compounds in soils and water sources (Bertini 
and Sigel, 2001).

However, human activities, such as mining and industrial 
operations, have raised environmental nickel concentration. 
These activities are associated with producing various items 
like clocks, mobile phones, coins, and cardiovascular stents 
(Schmidt and Goebeler, 2011). Nickel and its compounds 
are highly carcinogenic and toxic to humans and laboratory 
animals (Kasprzak and Salnikow, 2007). Also, nickel is 
a carcinogen and toxic agent affecting the liver, immune 
system, nerves, genes, kidneys, and lungs. It also has 
reproductive and nephrotoxic effects (El-Shafei, 2011). 
Studies have shown that acute, subchronic, and chronic 
doses of nickel can affect various metabolically active human 
and animal tissues (Gupta et al., 2008). Nickel chloride 
(NiCl2), a major endocrine disruptor, can alter thyroid 
hormone and TSH levels, induce morphophysiological 
changes in the thyroid gland, and cause thyroid oxidative 
stress in pregnant Wistar rats (Salah et al., 2021). Carbon 
tetrachloride (CCl4), commonly used in laboratories to 
induce experimental liver and kidney damage, produces 
reactive free radicals that react with membrane lipids, 
leading to organ damage (Goodarzi and Akbari, 2016).

Propolis, a naturally occurring substance from beehives, 
contains numerous ingredients. Different types of propolis 
have been found to include active ingredients such as 
phenolic acids, terpenes, vitamins, amino acids, and various 
vital metals and elements. The chemical composition of 
propolis varies depending on the bee species, plant origin, 
collecting region, and climate impact. Various bee species, 
including Apis mellifera and Meliponini stingless bees, 
contribute essential ingredients to propolis (Anjum et al., 
2019; Zullkiflee et al., 2022). Over 500 chemicals have 
been identified in propolis, including flavonoids, phenolic 
compounds, polyphenols, terpenes, terpenoids, coumarins, 
steroids, amino acids, and aromatic acids. Propolis also 
contains essential oils, vitamins A, B complexes, C, and E, as 
well as significant minerals like calcium, copper, magnesium, 
iron, zinc, sodium, potassium, and aluminium, all of 
which play essential roles in biological activity (Ahangari 
et al., 2018; Abdullah et al., 2020). Recent research has 
extensively examined the beneficial effects of propolis 
extracts on various types of tissues, demonstrating their 
antioxidant, anti-inflammatory, anti-cancer, anti-bacterial, 
and hepatoprotective properties. Propolis is commonly 
used as a functional food to enhance public health and 
prevent chronic ailments such as atherosclerosis, type 2 
diabetes mellitus, chronic kidney disease, and Alzheimer’s 
disease (Anjum et al., 2019; Pasupuleti et al., 2017; Rivera-
Yañezet et al., 2018; Samadi et al., 2017; Zakerkish et al., 
2019). This study aims to examine the protective effects of 
propolis on the disruption of thyroid and gonad functions 
caused by NiCl2 and CCl4 in adult male albino rats.

Materials and Methods

Experimental animals
This research utilized eighty adult male albino rats weighing 
approximately 250±25g. Before conducting the tests, the 
rats underwent a fifteen-day acclimatization in the animal 
housing facility. The rats were maintained under optimal 
conditions throughout the study, with a temperature of 
25±2°C and a 12-hour light/dark cycle. They were given 
standard pellets as their food source and unrestricted tap 
water access.

Study design
After the acclimatization phase, the albino rats were 
divided into eight groups, each comprising ten rats, with 
an equal distribution as follows:
•	 Control group: Animals in this group were administered 

corn oil (2ml/kg)/day for four weeks.
•	 Propolis-treated group: Animals in this group received 

oral doses of Propolis at 70 mg/kg BW daily for four 
weeks using a metallic stomach tube.

•	 NiCl2 treated group: Animals in this group received 
NiCl2 daily at a dose of 0.75 mg/kg BW for four weeks.

•	 CCl4 treated group: Animals in this group received 
intraperitoneal injections of CCl4 in corn oil (1:1) at a 
dose of 2 ml/kg BW daily for four weeks.

•	 NiCl2 + CCl4 treated group: Animals in this group were 
daily administered NiCl2 and CCl4 for four weeks.

•	 NiCl2 and Propolis treated group: Animals in this 
group received NiCl2 daily and then oral doses of 
Propolis for four weeks.

•	 CCl4 and Propolis treated group: Animals in this group 
were daily administered CCl4 and then oral doses of 
Propolis for four weeks.

•	 NiCl2 + CCl4 and Propolis treated group: Animals in 
this group were administered NiCl2 + CCl4 and then 
oral doses of Propolis (70mg/kg BW) daily for four 
weeks.

After the experimental period of one month, the rats 
were euthanized under light chloroform anaesthesia. A 
Y-shaped incision was made in the rat’s abdomen, and 
blood was collected from the posterior vena cava, which 
opens into the right ventricle. The blood was then placed 
in plain tubes and centrifuged for 15 minutes at a speed 
of 3000 rpm to separate the serum, which was stored at a 
temperature of -4ºC until further use. The concentrations 
of T3, T4, TSH, LH, FSH, and testosterone were measured 
in the serum.

Hormonal tests
Estimation of T3, T4, and TSH: The concentrations of T3 
and T4 were determined using ELISA kits obtained from 
Monobind Inc., located in Lake Forest, CA, 92630, USA. 
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The specific kit used had the product code L25-300. TSH 
was measured using an ELISA kit from Calbiotech Inc., 
a life science company based in the USA. The kit used for 
TSH measurement had the product code TS227T.

Measurement of luteinizing hormone (LH) and follicle 
stimulating hormone (FSH) concentration (ng/ml): 
The concentration of LH in the serum was measured 
using an ELISA kit provided by Calbiotech Inc. in the 
USA. The specific kit used for LH measurement had the 
catalogue number LH231F. Similarly, the serum’s follicle-
stimulating hormone (FSH) concentration was measured 
using an ELISA kit supplied by Foresight, a division of 
ACON Laboratories, Inc., based in CA 92121, USA. 
This information was reported in the study by Abed and 
Alkalby (2018).

Measurement of testosterone (T) concentration (ng/ml): 
The total testosterone concentration in serum or plasma 
was quantitatively determined using a microplate enzyme 
immunoassay kit provided by Bioactiva Diagnostics 
GmbH in Germany. This information was cited from the 
study conducted by Abed and Alkalby (2018).

Statistical analysis
The data were subjected to analysis of variance (ANOVA) 
to identify any significant differences, with a significance 
level set at p≤0.05. The statistical software utilized for this 
analysis was Sigma Statistical, specifically SPSS (2010).

RESULTS and Discussion

Effect of propolis on thyroid and gonadal 
hormones in male albino rats treated with 
NiCl2 and/or CCl4
 The results of thyroid function tests revealed a significant 
increase (P ≤ 0.05) in TSH concentration and a significant 
decrease in T3 and T4 concentrations in the serum of the 
NiCl2, CCl4, and NiCl2+ CCl4 treated groups compared 
to the control group, as shown in Table 1, Figures 1 and 2.

Figure 1: The effect of Propolis on T3 concentration in 
male rats who received NCl2 and/or CCl4.

Figure 2: The effect of Propolis on T4 concentration in 
male rats who received NCl2 and/or CCl4.

On the other hand, the NiCl2 and CCl4 groups treated 
with propolis showed a significant decrease (P ≤ 0.05) in 
TSH concentration compared to the control group, but the 
levels were still significantly lower (P ≤ 0.05) than those of 
the NiCl2 and CCl4 groups. No significant differences were 
observed in TSH concentrations in the propolis groups 
treated with 70 mg/kg BW compared to the control group, 
as shown in Figure 3.

Figure 3: The effect of Propolis on TSH concentration in 
male rats who received NCl2 and/or CCl4.

Effect of propolis on testosterone, estradiol, 
and progesterone concentrations in male 
Albino Rats treated with NiCl2 and/or CCl4
The data presented in Table 2 showed a statistically 
significant increase (P ≤ 0.05) in serum testosterone levels 
in the propolis-treated group compared to the NiCl2, CCl4, 
and NiCl2+CCl4 treated groups and the control group. 
However, no significant differences in testosterone levels 
were observed between the propolis-treated NiCl2, CCl4, 
and NiCl2+ CCl4 groups compared to the control group, as 
shown in Figure 4.

We also observed a significantly decreased (P < 0.05) in LH 
levels in the NiCl2, CCl4, and NiCl2+ CCl4 treated groups 
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compared to the propolis and control groups (Table 2). No 
significant difference in LH levels was observed between 
the propolis-treated NiCl2, CCl4, and NiCl2+ CCl4 groups 
and the control group (Figure 5).

Table 1: Effect of propolis on thyroid hormones of male 
rats treated with NCl2 and/or CCl4.
Pa-
ram-
eter

Group Mean Std. de-
viation

Std. 
error

95% Confi-
dence Interval 

for Mean
Lower 
bound

Upper 
bound

T3 Control 3.2900 1.33621 0.42255 2.3341 4.2459
Propolis 2.7930 0.41344 0.13074 2.4972 3.0888
NiCl2 1.1300 0.35917 0.11358 0.8731 1.3869
CCl4 1.0500 0.36591 0.11571 0.7882 1.3118
NiCl2/CCl4 1.7100 0.41218 0.13034 1.4151 2.0049
Pr+ NiCl2 1.9110 0.37534 0.11869 1.6425 2.1795
Pr+CCl4 2.0210 0.16703 0.05282 1.9015 2.1405
Pr+NiCl2/
CCl4

1.9440 .36075 0.11408 1.6859 2.2021

LSD 0.58
T4 Control 9.4570 0.95664 0.30252 8.7727 10.1413

Propolis 9.7000 0.61464 0.19437 9.2603 10.1397
NiCl2 6.0300 1.33504 0.42218 5.0750 6.9850
CCl4 5.4500 1.31000 0.41426 4.5129 6.3871
NiCl2/CCl4 4.0900 1.36663 0.43217 3.1124 5.0676
Pr+ NiCl2 8.3800 1.18491 0.37470 7.5324 9.2276
Pr+CCl4 8.5680 1.34776 0.42620 7.6039 9.5321
Pr+NiCl2/
CCl4

7.3580 1.01777 0.32185 6.6299 8.0861

LSD 1.077
TSH Control 0.3397 0.04581 0.01449 0.3069 0.3725

Propolis 0.3270 0.05832 0.01844 0.2853 0.3687
NiCl2 2.4080 0.52340 0.16551 2.0336 2.7824
CCl4 3.2240 1.60180 0.50653 2.0781 4.3699
NiCl2/CCl4 3.8700 2.07421 0.65592 2.3862 5.3538
Pr+ NiCl2 0.8120 0.12568 0.03974 0.7221 0.9019
Pr+CCl4 0.3270 0.05832 0.01844 0.2853 0.3687
Pr+NiCl2/
CCl4

1.3130 0.41406 0.13094 1.0168 1.6092

LSD 0.986
Note: T3= Triiodothyronine, T4= Thyroxine, TSH= Thyroid-
stimulating hormone.

FSH levels showed a significant decrease (P ≤ 0.05) in the 
CCl4 and NiCl2+ CCl4 treated groups compared to the 
control group, as shown in Figure 6. However, there was 
no significant change in FSH concentration between the 
NiCl2 and the control groups.

Figure 4: The effect of Propolis on Testosterone 
concentration in male rats who received NCl2 and/or CCl4.

Table 2: The effect of propolis on T, LH and FSH 
concentration in male rats treated with NCl2 and/or CCl4.
Pa-
ram-
eter

Group Mean Std. 
Devia-
tion

Std. 
error

95% confi-
dence interval 

for mean
Lower 
bound

Upper 
bound

T Control 7.9300 0.29078 0.09195 7.7220 8.1380
Propolis 7.8900 0.04508 0.14256 7.5675 8.2125
NiCl2 4.0100 0.70781 0.22383 3.5037 4.5163
CCl4 4.1800 0.47796 0.15114 3.8381 4.5219
NiCl2/ CCl4 3.5300 0.41913 0.13254 3.2302 3.8298
Pr+ NiCl2 7.0900 0.61001 0.19290 6.6536 7.5264
Pr+ CCl4 6.6090 0.63555 0.20098 6.1544 7.0636
Pr+NiCl2/ 
CCl4

4.3000 0.38006 0.12019 4.0281 4.5719

LSD 0.48
LH Control 3.0500 0.62370 0.19723 2.6038 3.4962

Propolis 2.9470 0.32911 0.10407 2.7116 3.1824
NiCl2 0.9280 0.37169 0.11754 0.6621 1.1939
CCl4 0.8120 0.12994 0.04109 0.7190 0.9050
NiCl2/ CCl4 0.4650 0.30668 0.09698 0.2456 0.6844
Pr+ NiCl2 2.8300 0.42177 0.13337 2.5283 3.1317
Pr+ CCl4 1.5520 0.26233 0.08296 1.3643 1.7397
Pr+NiCl2/ 
CCl4

1.5560 0.12066 0.03816 0.4697 0.6423

LSD 0.624
FSH Control 3.4780 0.37410 0.11830 3.2104 3.7456

Propolis 3.4030 0.41215 0.13033 3.1082 3.6978
NiCl2 2.6520 0.21275 0.06728 2.4998 2.8042
CCl4 2.1490 0.49323 0.15597 1.7962 2.5018
NiCl2/ CCl4 1.0990 0.31061 0.09822 0.8768 1.3212
Pr+ NiCl2 2.9120 0.32516 0.10282 2.6794 3.1446
Pr+ CCl4 3.0560 0.41969 0.13272 2.7558 3.3562
Pr+NiCl2/ 
CCl4

2.9330 0.24887 0.07870 2.7550 3.1110

LSD 0.347
Note: T= Testosterone, LH= Luteinizing hormone, FSH= 
Follicle-stimulating hormone.



      Journal of Animal Health and Production

2024 | Volume 12 | Special Issue 1 | Page A

Figure 5: The effect of Propolis on LH concentration in 
male rats who received NCl2 and/or CCl4.

Figure 6: The effect of Propolis on FSH concentration in 
male rats who received NCl2 sand/or CCl4.

Finally, no significant changes in FSH serum levels were 
observed in the groups treated with propoliss containing 
NiCl2, CCl4, and NiCl2+ CCl4 compared to the control 
group.

DISCUSSIONs and 
Recommendations

The current study found that rats treated with NCl2 and/or 
CCl4 exhibited hypothyroidism, as evidenced by a marked 
reduction in serum T3 and T4 levels. Several researchers 
(Badr et al., 2021; Salah et al., 2021) have documented 
hypothyroidism in rats treated with NCl2 and CCl4. 
Thyroxine (T4) and triiodothyronine (T3) are essential 
for proper human growth and development as well as for 
the functioning of adult physiology. The identification of 
substances that have adverse effects by interfering with 
the thyroid system is difficult due to many obstacles. 
Endocrine disruptors such as NCl2 and/or CCl4 interfere 
with the endocrine system, particularly the thyroid gland, 
by inhibiting thyroperoxidase. This interference impairs 
the ability of follicular cells to produce T4 and T3, even 

when sufficient iodine is present (Chakraborty, 2021). 
Several chemical compounds have significant structural 
similarities to T4 and T3, which consequently interfere 
with the binding of thyroid hormones to their receptors 
or transfer proteins, leading to subclinical hypothyroidism 
(Farokhi and Taravati, 2014). 

The administration of Propolis to animal groups treated 
with NCl2 and/or CCl4 resulted in a notable enhancement 
in thyroid hormone levels. This improvement can be 
attributed to the presence of antioxidant and polyphenolic 
compounds in Propolis and its lack of significant adverse 
effects. These compounds effectively act as potent 
antioxidants by eliminating free radicals and inhibiting 
fat peroxidation, thereby preserving the integrity of the 
cell membrane (Pahlavani et al., 2020). Abu-Almaaty et 
al. (2019) and El-Amawy et al. (2021) have proved that 
Propolis possesses antioxidant properties that counteract 
oxidative stress and protect organs from damage caused 
by Aluminum Silicate and heavy metals. Furthermore, 
they have shown that Propolis exerts a protective effect 
on many organs in albino rats. The findings demonstrated 
a notable reduction in blood LH, FSH, and testosterone 
levels in the NCl2 and/or CCl4 groups. These outcomes 
align with previous studies conducted by Adedara et al. 
(2019), Rizvi et al. (2020), and Keshtmand et al. (2021). 
The decrease in LH, FSH, and testosterone levels may be 
attributed to oxidative damage to the hypothalamus, which 
is responsible for the secretion of gonadotropin-releasing 
hormone (GnRH). GnRH stimulates the release of LH 
and FSH by the pituitary gland, which subsequently 
inhibits testosterone production in the testes of rats. The 
administration of CCl4 decreased the levels of T hormone 
and gonadotropins (FSH and LH). It caused testicular 
shrinkage and degeneration of the germinal layer in 
male rats (Elsawy et al., 2019). CCl4 modulates pituitary 
secretions by influencing the central nervous system, 
particularly the hypothalamus nuclei, resulting in decreased 
synthesis of sex hormones in the testes (Keshtmand et al., 
2021). However, CCl4 also harms the cells responsible for 
producing and storing cholesterol and fatty acids, hence 
decreasing the production of sex hormones. The liver 
has a direct role in the production and breakdown of sex 
hormones in both humans and animals (Kur et al., 2020). 

Nickel is a poisonous substance that can harm the blood, 
immune system, nerves, genes, kidneys, and liver. In 
addition to being a carcinogenic agent, it also induces 
reproductive toxicity and pulmonary toxicity (Deng et al., 
2016). Studies have shown that nickel can cause damage 
to the standard structure of the testicles, with the extent 
of the damage varying depending on the dose of nickel 
administered. This damage affects practically all measurable 
characteristics of the testicles. Temamogullari et al. (2021) 
discovered a notable reduction in the size and weight 
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ratios of the testes, epididymides, seminal vesicles, and 
prostate gland following the ingestion of nickel sulfate. 
Nickel influences follicle-stimulating hormone (FSH) and 
luteinizing hormone (LH) levels by directly affecting the 
anterior pituitary gland. This leads to an atypical release 
of hormones in the hypothalamic-pituitary-gonadal axis 
(HPGA). Experimental investigations present conflicting 
findings regarding the impact of nickel on follicle-
stimulating hormone (FSH) and luteinizing hormone 
(LH), potentially attributable to variations in nickel 
dosage. Small amounts of nickel impact reproductive 
function, disrupting the hormone axis that regulates the 
hypothalamus, pituitary gland, and gonads. This disruption 
leads to elevated follicle-stimulating hormone (FSH) and 
luteinizing hormone (LH) levels. Exposure to a significant 
amount of nickel can cause harm to the pituitary gland 
and other organs, leading to a reduction in the amounts 
of follicle-stimulating hormone (FSH) and luteinizing 
hormone (LH) (Yang and Ma, 2021).

Nickel might impact many organs by generating reactive 
oxygen species (ROS), which triggers lipid peroxidation 
(LPO). The resulting molecules can form adducts with DNA, 
thereby influencing gene expression. Peroxide breakdown 
of unsaturated fatty acids results in malondialdehyde 
(MDA) synthesis. Elevated concentrations of nickel 
result in a moderate level of oxidative stress in the testis, 
leading to apoptotic cell death and DNA damage in both 
the testis and epididymal sperm cells. ROS, or reactive 
oxygen species, can produce severe pathological damage 
and directly impact spermatogenesis, therefore playing a 
crucial part in the development of male infertility (Barati 
et al., 2020). Administration of propolis orally, along with 
NiCl2 and/or CCl4, resulted in the restoration of normal 
levels of male sex hormones. Multiple research studies have 
examined the efficacy of propolis in mitigating the decline 
in testosterone levels caused by external toxins (Çilenk 
et al., 2016; Hashem, 2021). The increase in testosterone 
hormone and gonadotropin concentration due to propolis 
can be attributed to specific bioactive compounds. For 
example, the flavonoid chrysin has been found to enhance 
testosterone production in the testes (Darwish et al., 2014).

Additionally, phenolic compounds like flavonoids (such 
as tectochrysin, chrysin, pinocembrin, galangin, apigenin, 
genkwanin, and kaempferol), stilbenes, flavan-3-ols 
(catechins), and hydroxybenzoic acids have also been 
identified as contributors to this improvement (Kurek-
Górecka et al., 2013; Laaroussi et al., 2021). Other 
significant phenolic compounds in propolis include 
cinnamic acid and its derivatives, such as hydroxycinnamic 
acids, ferulic acid, caffeic acid, isoferulic acid, and 
p-coumaric acid. Gallic acid has also been detected in 
propolis from Poland (Moskwa et al., 2020; Wezgowiec 
et al., 2020).

Our investigation concludes that propolis has a significant 
impact in safeguarding against hypothyroidism and 
gonadotoxicity generated by NiCl2 and/or CCl4, which are 
endocrine disruptors. The co-administration of propolis 
alongside an endocrine disruptor can shield the endocrine 
glands from the harmful impact and oxidative stress of 
NiCl2 and/or CCl4. Additional clinical trials are necessary 
to evaluate the efficacy and safety of propolis prior to its 
utilization in humans and subsequent approval by the 
Food and Drug Administration (FDA).
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