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ORIGINAL ARTICLE

The current study was designed to evaluate the protective effects of Tribulus Terrestris on kidney and lung tissues
against cadmium toxicity in female mice. In this regard, 20 female albino mice were randomly assigned into three
groups; the first group served as the control group, the second group was given the toxic substance (cadmium 6
mg/kg) only, and the third group was given cadmium (6 mg/kg) plus the alcoholic extract of the Tribulus terrestris
fruit (200 mg/kg). The substances were administered orally by stomach tube daily for 10 days. On the last day of the
study, the animals were euthanized, and their kidney and lung were sampled for histological study. The kidney tissue
in mice exposed to cadmium showed cellular inflammation, necrosis, hyperplasia, and large urinary space in
Bowman's capsule in comparison to the normal appearance of tissues in the mice in the other two groups. The large
aggregations of lymphocytes around the bronchus and edema in the lungs exposed to cadmium were observed. The
lungs of some mice exposed to cadmium and treated with Tribulus terrestris fruit indicated normal tissue
appearance, while others showed large aggregations of lymphocytes between alveolar sacs and thick interalveolar
septa. The Tribulus terrestris protected the kidneys against the toxicity of the cadmium while this plant had fewer
protective effects against cadmium in the lung tissue. These results demonstrated that Tribulus terrestris ameliorated
cadmium toxicity.
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INTRODUCTION
Tribulus terrestris, a flowering plant in the family Zygophyllaceae, has many medicinal and therapeutic benefits, and it is
used directly to treat many diseases in different countries (Zhu et al., 2017). Many diseases treated by this plant include
heart diseases, urinary tract diseases, hepatic disorders, immune diseases, and sexual dysfunctions. Also, this plant is
used as dietary supplements and tonic for muscles in athletes (Hashim et al., 2014). The fruit of Tribulus terrestris
contains many compounds such as alkaloids, flavonoids, glycosides, saponins, and sapogenins, having important
therapeutic roles including anti-inflammatory, antibacterial, antitumor, metal chelating, antidiabetic, and analgesic
activities (Miraj, 2016; Semerdjieva and Zheljazkov, 2019).
A number of herbal drugs have potent nephroprotective effects due to their diuretic, antispasmodic and antiinflammatory properties (Maharana and Dadhich, 2016). It has been shown that Tribulus terrestris is effective in
lowering blood pressure and preventing kidney failure (Mohd et al., 2012). In addition, Tribulus terrestris exert
hypolipidemic, cardiotonic, and hepatoprotective effects (Sivapalan, 2016). Also, Tribulus terrestris has a very important
property that increases the effectiveness of antioxidant enzymes (Junior, et al., 2017; Dakshayini and Basha, 2018).
Cadmium, a heavy metal, is not a major component of the body and has no beneficial effects in the body. When
entering an organ, it is very poisonous. Cadmium mainly affects kidneys and causes renal failure (Yang and Shu, 2015).
Cadmium is known for its effects on proximal convoluted tubules in the kidneys, but the mechanism is uncertain. Some
researchers believe that cadmium works to break down cells through programmed cell death (apoptosis) (Shagirtha and
Miltonprabu, 2016). It has strong toxicity for kidneys as it breaks down DNA and increases oxidative stress (Karimi et
al., 2012).
Cadmium dust inhalation affects the lung, leading to lung damage and lung cancer in smoky humans (Ganguly et
al., 2018). Exposure to cadmium dust causes inflammation and changes the morphology of the lung cells, in addition, it
has a negative effect on the immune system (Blum et al., 2014). The cadmium injection in the trachea of rats led to the
accumulation of fluid in the alveolar spaces, then the death of type I alveolar cells, and finally lung fibrosis (Kwon et al.,
2003). A study assessed the extent of DNA breakdown in animals exposed to cadmium and revealed that cadmium
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produces genotoxic effects such as DNA damage and chromosomal aberration (Skipper et al., 2016). A study showed
that increasing the concentration of cadmium leads to DNA damage in the lung cells (Yang et al., 2012).
The present study aimed to evaluate the activity of Tribulus terrestris against the toxicity of cadmium. For this
purpose, this study evaluated the histopathological changes of liver and kidney in mice exposed to cadmium and treated
with the plant extract.
MATERIALS AND METHODS
Ethical approval
The research carried out in accordance with the ethic roles of Anbar University (Ethic committee Anbar
University)
Animals and study design
Twenty two-month-old female albino mice weighing 25 to 30 g were obtained from the animal house of the Iraqi
Center for Cancer and Medical Genetics Research, Mustansiriyah University, Iraq. They were housed in plastic cages
containing sawdust. Water and diet (pellet) were available free for the mice. They were kept for six weeks for adaptation.
The animals were distributed randomly to three groups: six mice in the control group, seven mice in the cadmiumexposed group (6 mg/kg), and seven mice in the cadmium-exposed and Tribulus terrestris extract (TTE)-treated group
(cadmium: 6 mg/kg and TTE: 200 mg/kg). Stomach tube was used to give cadmium and TTE to the mice daily for 10
days.
Alcoholic extract preparation
Fruits of Tribulus terrestris were collected, air dried, and then finely powdered using an electric grinder. Next, 100
g of powder was mixed with 1 L of 95% ethanol in round bottom flasks and refluxed for 6 hours. The liquid extract
obtained was separated from the solid residue by vacuum filtration, concentrated using an incubator at 60 °C for 3-5
days, and then stored at 4 °C until use (Abdel-Kader et al., 2016).
Histopathological examination
Finally, all mice were euthanized, and their kidneys and lungs were isolated. The organs were fixed in 10%
formaldehyde at least 24 hours, and paraffin-formatted tissue blocks were then prepared. Tissue sections were cut into 4
𝜇m sections by microtome and stained with hematoxylin and eosin. All stained sections were examined microscopically
to observe histological changes.
RESULTS
Kidney
Histopathological examination of kidney tissues of the mice exposed to cadmium illustrated some changes. It
showed the presence of cellular inflammation and necrosis (Figure 1A and B). Also, hyperplasia in convoluted tubule
(Figure 1C) and large urinary space in Bowman's capsule (figure 1D) were observed.
All control animals had a normal histological appearance as shown in Figure 2. Each mouse in the cadmium and
TTE-treated group had a normal appearance in both cortex and medulla of their kidney (Figure 3).
Lung
The results showed that cadmium affected the mice lung tissue. A large pool of lymphocytes around the bronchus
and edema was observed in mice exposed to cadmium Figure 4.
Figure 5 shows the lungs of control animals whose alveolar cells and alveolar sacs appeared in normal consistency.
In the cadmium and TTE-treated group, some cases had normal tissues as shown in Figure 6, while large aggregations of
lymphocytes among alveolar sacs in some cases (Figure 7) and thick interalveolar septa in others were observed (Figure
8).
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Figure 1. Cross-sections of kidneys of mice exposed to cadmium. CI & N: Cellular inflammation and necrosis; H:
hyperplasia; US: urinary space in Bowman's capsule. A and C: 10X; B and D: 40X. (H&E).

Figure 2. Cross-sections of kidneys in control mice. RC: Renal corpuscle; US: Urinary space; CT: Convoluted tubules;
A: 10X, B and C: 40X, (H&E).
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Figure 3. Cross-sections of kidneys of the mice exposed to cadmium and treated with extract of Tribulus terrestris fruit.
A: 10X; B and C: 40X (H&E).

Figure 4. Lung tissues of the mice exposed to cadmium. L: Lymphocytes aggregation; Ed: edema; A and C: 10X; B and
D: 40X (H&E).
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Figure 5. Histopathological examination of lung tissues of the control group. A: 10X; B and C: 40X (H&E).

Figure 6. Lung tissues of the mice exposed to cadmium and treated with extract of Tribulus terrestris fruit. A: 10X; B:
40X (H&E).

Figure 7. Histopathological examination of lung tissues of the mice exposed to cadmium and treated with extract of
Tribulus terrestris fruit L: Lymphocytes aggregation; A: 10X; B: 40X (H&E).
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Figure 8. The lung tissues of mice exposed to cadmium and treated with extract of Tribulus terrestris fruit. TIS: thick
interalveolar septa; A: 10X; B: 40X. (H & E).
DISCUSSION
Cadmium causes many histological changes in both kidney and lung (El-Refaiy and Eissa, 2013). The results of the
present study suggested that exposure to cadmium causes toxic effects and histological changes in kidney and lung
tissues. The kidney and lung are known as a prominent target of cadmium because of their capability for reducing and
transforming toxic materials to less toxic or non-toxic substances (Tam, 2014). Kidney and lung damage could result
from cadmium accumulation in the cells. Al-Qizy (2009) showed that renal corpuscle was affected by cadmium. The
reason for the breakdown of the kidney cells may be due to the release of cadmium ion from the cadmiummetallothionein complex by lysosomes of convoluted tubular cells (Tohyama et al., 1996). Another study showed that
cadmium affects glomerular and tubular structures, and ultrastructure of the kidney by generating free radicals that
destroy cellular components (Micali et al., 2018). Cadmium uptake by alveolar macrophage causes immune dysfunction
in the lung (Cox et al., 2016). Previous data revealed that edema, cellular infiltration, and immune disturbance occurred
in lung affected by cadmium administration (Jelena et al., 2019). Cadmium is a highly oxidant metal and the plants
containing antioxidant compounds such as flavonoids, alkaloids, and phenolic compounds have the potential to be used
against cadmium toxicity (Kumar et al., 2019).
Tribulus terrestris has numerous antioxidant compounds such as polyphenols and flavonoids (Zheleva-Dimitrova
et al., 2012). It has several important therapeutic properties (Sultan and Rubab, 2017). Several studies have shown that
this plant had direct effects on the urinary tract as a diuretic and a uricosuric (Akram et al., 2011). The herbal extract of
Tribulus terrestris improves kidney function and reduces cellular oxidative stress (Najafi et al., 2014). The results of the
current work indicated that this plant can reduce the toxic effects of the heavy metal, cadmium, on the kidney and lungs.
Similarly, Abdel-Kader et al. (2016) reported that Tribulus terrestris has a positive effect on the renal tissue and
function. Another study found the capability of this plant to protect kidneys against heavy metals that cause kidney
damages (Manikandaselvi et al., 2012). The protective effect of Tribulus terrestris could be contributed to its ability to
eliminate free radicals and induce the antioxidant enzymes expression as well as the down-regulation of proinflammatory markers in cellular injuries (Ali et al., 2018).
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