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ABSTRACT 
 

Cadmium (Cd) is a dangerous environmental pollutant that causes toxicity to humans and 

animals even when exposed to a small amount as it is hard to expel from the body affecting 

all body parts. Tribulus terrestris (Tt) is a natural herb used for its medicinal effects around 

the world. This study directed to detect the possibility of Tt to protect from Cd toxicity in 

adult male albino rats. Twenty-four rats were separated into four groups, each 6 rats: The 

first group (C); served as a control without any treatments. Group (2) (Tt + Cd); administrated 

daily by oral dose of Tt (5 mg/ kg b. wt. liquified in distilled water) for eight weeks then from 

the start of the ninth week, they daily injected intraperitoneally with Cd (2 mg/kg b. wt.) for 

eight days. Group (3) (Cd); injected with Cd only at the same dose for eight days. Group (4) 

(Cd + Tt); firstly, injected with Cd at the same dose for eight days then on the ninth day they 

had the same Tt dose for eight weeks. In this study, results clarified that Cd application 

significantly decreased plasma SOD level and the time spent in the opened arms of the 

elevated plus maze test while increased plasma levels of H2O2, CRP, IL-6, immunoreaction 

of brain cleaved caspase-3 and the time spent in the closed arms of the elevated plus maze 

test compared to control. Administration of Tt succeeded to increase SOD level and the time 

spent in the opened arms of the elevated plus maze test; however, it reduced plasma levels of 

H2O2, CRP, IL-6, immunoreaction of brain cleaved caspase-3 and the time spent in the closed 

arms of the elevated plus maze test in comparison with Cd group. In conclusion, Tt is highly 

protective for the brain from harmful Cd effects, referring to its antioxidant, anti-

inflammatory and antiapoptotic properties. 
 

Keywords: Tribulus terrestris, cadmium, brain, behavior, oxidative stress, cytokines, 

apoptosis, Caspase-3, histopathology. 
 

 

INTRODUCTON  
 

Cadmium (Cd) is a very toxic heavy 

metal    and       ubiquitous      environmental   
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pollutants in soil, water, food, smoke and air. 

It is used in industry for coating steel, plastics 

and glass. It induces toxicity in various target 

organs such as the placenta, kidneys, lungs, 

liver, pancreas, testes, bones and brain 

(Cuypers et al., 2010). Also, it inhibits the 

antioxidant potential, thiol status, DNA repair 

and methylation causing cell impairment 

(Czeczot and Skrzycki, 2010). Cd 

accumulates in the hippocampus to a greater 
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extent than in other parts of the brain 

(Mukherjee et al., 2010). Hippocampal 

dysfunction is responsible for the behavioral 

abnormalities. In this direction, exposing rats 

to Cd increased anxiety and fear; however, it 

decreased memory (Brenneman et al., 2000). 

Neuroendocrine alteration (i.e., stimulation 

of the hypothalamic-pituitary-adrenal axis) 

has been suggested to be associated with 

anxiety-like disorders (Morris et al., 2012). 

Adrenocorticotropic hormone (ACTH), 

cortisol (CORT), and corticotropin-releasing 

factor (CRF) are responsible for 

hypothalamic pituitary adrenal axis 

dysfunction and the mammalian responses to 

stress (Kioukia-Fougia et al., 2002).  

 

Also, Cd exposure as a popular 

environmental contamination has a great 

adverse effect on human and animal health. 

Studies discussed the ability of Cd to change 

the adaptive, mucosal and innate immune in 

relation to gene expression, microbial 

infection sensitivity and chemokine 

production. Its toxicity is often due to the 

generation of free radicals causing oxidative 

stress and inflammation that mediated by 

various pathways leads to inflammatory 

chemokines and cytokines production (Das 

and Al-Naemi, 2019).  

 

Interleukin-6 (IL-6) is a crucial pro-

inflammatory cytokine and a well-established 

indicator of inflammation. It is a highly 

sensitive proinflammatory cytokine to brain 

damage and can be simply noticed in 

cerebrospinal fluid and serum (Hergenroeder 

et al., 2010). It is involved in numerous patho-

physiological procedures as it is known to 

control inflammation, immunity, 

hematopoiesis, neural growth and bone 

metabolism. Besides, IL-6 has been involved 

in autoimmune disease, aging, Alzheimer’s 

disease, osteoporosis, and neuronal injury 

(Woodcock and Morganti-Kossmann, 2013). 

 

C-reactive protein (CRP) is a key indicator of 

inflammation, a protein released from 

hepatocytes due to increased inflammatory 

cytokines. It has been recorded as a mirror to 

brain inflammatory indication, as its 

elevation would relate to the modulation in 

brain metabolites indicating early brain 

disorders (Hilal et al., 2018). CRP 

enhancement is back to the spread of 

inflammatory reactions and is involved in 

neurodegenerative defects through 

stimulation of activator protein 1 (AP-1) 

(Yang et al., 2007). 

 
Tribulus terrestris (Tt) (family 

Zygophyllaceae), is usually called a puncture 

vine or Gokharu. It contains ingredients that 

are medicinally important, such as flavonol, 

flavonoids, alkaloids, glycosides, terpenoids, 

tannins, phenol carboxylic acids, and 

steroidal saponins (Ștefănescu et al., 2020). It 

is a medicinal and traditional plant that used 

for thousands of years in various countries. Tt 

extractions are sold nowadays in Europe and 

the United States as a food supplement that 

aims to have an enhancement influence on 

muscle tone, rejuvenation and athletic 

activity. Indian and Chinese also used it for 

the treatment of various diseases, and it is 

known to enhance men's sexual functions 

(Gauthaman et al., 2002). 

 
Several studies have shown a promising 

outcome in using Tt as an anti-anxiety 

replacement in rats under stressful conditions 

(Zhang et al., 2008). Also, it has been 

recorded to have antioxidant influences 

against many experiments induced oxidative 

stresses (Kadry et al., 2010). New research 

has shown that pretreatment with Tt 

extraction has a cerebrovascular protective 

property, and significantly reduced 

mitochondrial changes, apoptosis and cell 

ischemia. It also has antidiabetic, diuretic, 

immunomodulatory, hypolipidemic, 

hepatoprotective, central nervous system 

protection, anti-inflammatory, anti-bacterial 

analgesic, anticancer, antispasmodic, 

larvicidal and anthelmintic functions 

(Chhatre et al., 2014). 

 

The hippocampus is the area of spatial 

memory consolidation and crucial 

information selection. The entorhinal cortex 
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and the hippocampal formation [dentate 

gyrus, a series of Cornu Ammonis areas 

(CA1, CA2, CA3 and CA4), subiculum] 

convey the environmental sensory impulses 

that the cortical sensory receives then 

returned to the cortical region (Andersen et 

al., 2007). When there are significant 

temporal gaps between stimulus components, 

CA1 cells are crucial for linking regularly 

received input. The CA3 cells of the 

hippocampus are important for preserving 

fresh spatial information in short-term 

memories that last for a few seconds to a few 

minutes. Damage to the pyramidal cells in the 

CA1- CA3 areas brain can impair memory 

and spatial learning (Ma et al., 2010).  

 
The cerebellum is one of the most interesting 

parts of the body. Even though it looks 

simple, it has more computing power and can 

process more information than any other part 

of the brain. Changes in their normal state 

seem to cause terrible conditions that spread 

through the brain's major circuits. The 

cerebellum is known to maintain motor 

coordination by recognizing neural patterns 

and predicting appropriate motions. 

Cerebellum injury inhibits learning and 

causes motor abnormalities (Reeber et al., 

2013).  

 
Purkinje cells are the fundamental element of 

cerebellar circuit and can only be found in the 

cerebellar cortex. They are noteworthy for 

their enormous, elaborately branched, flat 

dendritic trees, which give them the ability to 

process great amounts of information and 

learn by remodeling their dendrites. These 

trees are also immediately recognizable by 

their size. Purkinje cells are required not just 

for well-coordinated movement but also for 

other aspects of function, such as cognition 

and emotion (Beckinghausen and Sillitoe, 

2019). 
 

MATERIALS AND METHODS 

 

Drug, kits and Animals 

Cadmium chloride (CdCl4) was obtained 

from C.P. Evans. Co, Egypt. Natural extract 

of Tribulus terrestris was bought from 

Germany, Elmo. natur, 604289 in Leipzig. 
 

Using ELISA (Dynatech Microplate Reader 

Model MR 5000, Canada, 478 Bay Street, 

Suite A213 Midland), plasma C-reactive 

protein (CRP), pro-inflammatory interleukin-

6 (IL-6) and antioxidant marker superoxide 

dismutase (SOD) levels were detected by 

ELIZA test kits that bought from 

SinoGeneClon Biotech Co., Ltd. in YuHang 

District, Hang Zhou, China, at No. 9 BoYuan 

Road. Reagent kits purchased from 

Biodiagnostic, Dokki, Giza, Egypt, to 

calculate free radical Hydrogen peroxide 

(H2O2) value spectrophoto-metrically. 
 

Twenty-four male adult albino rats (150–200 

gm body weight) were acclimatized one week 

before the experiment, kept in separate cages 

12 hours of the light-dark cycle, free feed and 

drink water, relative humidity (50 ± 10) % 

and temperature 28 ~ 34 °C were maintained. 
 

Animal grouping and experimental 

approach: 

The protocol was approved (with permission 

number 17300892) by the Local 

Experimental Ethical Committee of the 

Deanship of Scientific Research of the 

Faculty of Medicine at Assiut University in 

Assiut, Egypt. 
 

Experimental Design: 

Four groups; each consisted of 6 rats: Group 

(1) (C); acted as a control without any 

treatments. Group (2) (Tt + Cd); 

administrated daily by oral dose of Tt (5 mg/ 

kg b. wt. liquified in distilled water) for eight 

weeks then from the start of the ninth week, 

they daily injected intraperitoneally with Cd 

(2 mg/kg b. wt.) for eight days. Group (3) 

(Cd); injected with Cd only at the same dose 

for eight days. Group (4) (Cd + Tt); firstly, 

injected with Cd at the same dose for eight 

days then on the ninth day they had the same 

Tt dose for eight weeks. 
 

Behavioral tests 
 

1. Elevated plus maze test  

It was used to detect anxiety behaviors 

(Mohammed et al., 2020). We designed the 
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device from yellowish wood. The device was 

elevated at a height of 70 cm and the arms 

length was 60 cm and the width was 10 cm. 

The closed arms were closed by 50 cm edges 

while leaving the open arms edges opened to 

allow the entrance of the rats (Treit et al., 

1993). The tested rats were put for 5 min at 

the device center. Recording the time spent 

by rats in the various device arms, also, the 

entered number in the various device parts 

was calculated. The device was cleaned with 

alcohol between the tested rats to remove the 

previous rat odor. 

 

2. Open field test  
Anxiety-related behavioral test (Time spent 

in the central and peripheral squares of the 

device, and the rearing) (Mohammed et al., 

2020). The device was a glass square 

enclosure (high 70 cm and diameter 100 cm). 

This test was done at the end of the 

experiment. The device was separated into 

peripheral and central squares; the central one 

was divided into equal-sized 4 divisions. The 

test started by putting rats in the device's 

peripheral squares. Alcohol solution was used 

between the rats to get out of the previous rat 

odor. 

 
Samples collection 

All rat groups were anesthetized, blood 

collected from the jugular vein in tubes 

containing EDTA and centrifuged for 10 

minutes at 3000 rpm to obtain plasma that 

was frozen at -20 °C for further biochemical 

parameters estimation. 

 

For a histological study, the brain was fixed 

quickly in neutral buffered formalin 10 % (pH 

7.2). The paraffin-embedded method was 

used to make brain sections. Then, they are 

washed, dried in 70 % to 100 % ethanol 

solutions to get rid of water, and cleaned in 

xylene before being set in wax. Using a 

rotatory microtome, 5 µm thick sections of 

paraffin blocks were cut, and the paraffin was 

then removed in xylene. Lastly, the normal 

staining Hematoxylin and Eosin method was 

used for general histological examination 

(Bancroft & Gamble, 2008). The thickness of 

the pyramidal cell layer in CA1 and CA3 

hippocampus regions was measured in 

micrometers. The Purkinje cells were counted 

per millimeter from cerebral folia (Maloku et 

al., 2010). We used a digital camera (Toup 

Tek ToupView, China, Version: x86, 

Copyrightc 2019, Compatible: Windows 

XP/Vista/7/8/10), ImageJ software, and a 

computer linked to a light microscope (Japan, 

Olympus CX31) to examine and photograph 

of the samples. 

 

Immunohistochemical examination of 

cleaved caspase-3 expression 

Tissues from the brain were fixed with 

formalin and put in a neutral buffered (pH 

7.2) 10% solution. Then, they were put in 

paraffin cleaned, rehydrated in solutions of 

100 % to 70 % ethanol, and then rinsed in 

water. Slides were boiled for 10 minutes in 1 mM 

ethylenediaminetetraacetic acid (EDTA) to 

unmask the antigens, and then sections were 

removed and emerged in 3% hydrogen peroxide 

for 10 minutes. Each piece was left for an hour 

in a blocking solution at room temperature. 

The main cleaved caspase-3 antibody (USA, 

1:1000, Novus Biologicals, LLC) was then 

added to brain sections for 24 hours. The 

secondary antibodies (USA, 1: 5000, Novus 

Biologicals, LLC) were then applied for 2 

hours. After a 2–3-minute reaction with 3,3′-

diaminobenzidine, the slices were stained 

with hematoxylin for 2–5 minutes (Atia & 

Alghriany, 2021). 

 

Statistical Analysis:  
Statistics were represented in a mean ± 

standard error (SEM). One-way ANOVA was 

used to analyze the data followed by Multiple 

Comparisons of Bonferroni's test with Prism 

software (version 8.0.1; GraphPad Software, 
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USA, Inc San Diego, CA. Differences of p < 

0.05 were significant statistically. 

 

RESULTS 

 
The effect of Tt administration on anxiety-

like behaviors of elevated plus maze and open 

field tests of rats before injection with Cd are 

presented in Table 1. In the elevated plus 

maze test, there were no treatment effects on 

all the measured parameters between the 

control versus the Tt + Cd group. However, 

the time elapsed in the opened arms was 

increased (P < 0.05) in the control, Tt + Cd, 

and Cd + Tt groups in comparison with the 

Cd groups, but the time passed in the closed 

arms was decreased in the control and the Tt 

+ Cd groups only in comparison the Cd group 

(P < 0.05). There were no treatment effects on 

all the parameters of the open field test 

between all the tested groups (P > 0.05).  

 
Effect of Tt supplementation on plasma level of 

SOD, H2O2, CRP and IL-6 in rats injected by Cd 

is shown in table 2. Rats group injected with Cd 

only caused a significant decline in SOD 

concentration (P < 0.001) when compared to 

the control one. However, the addition of Tt 

either in (Tt + Cd) or (Cd +Tt) groups 

significantly increased SOD level compared 

to Cd group (P < 0.01 and P < 0.05; 

respectively).  
 

There was a significant increase in H2O2 and 

IL-6 concentrations in rats after Cd injection 

versus the control (P < 0.001). Administration 

of Tt either in (Tt + Cd) or (Cd +Tt) groups 

significantly decreased H2O2 and IL-6 levels 

compared to Cd group (P < 0.01 and P < 0.05; 

respectively).  

 

CRP plasma level significantly increased in 

rats after Cd injection compared to the control 

group (P < 0.001). Otherwise, administration 

of Tt either before and after Cd injection in 

(Tt + Cd) or (Cd +Tt) groups significantly 

decreased the CRP levels in rat plasma 

compared to Cd group (P < 0.001 and P < 

0.01; correspondingly).  

 

Table 1: Shows the effect of Tt administration on anxiety like behaviors of elevated plus maze 

and open field tests of rats before injection with Cd (no. = 6 in each group). 

 

Treatment C Tt + Cd Cd Cd + Tt P value 

Elevated plus maze test 

Time spent in opened arms 1.90 ± 0.17a 1.66 ± 0.17a 0.26 ± 0.17b 
1.20± 0.17a 

 
0.0007 

Time spent in closed arms 2.83 ± 0.20b 2.93 ± 0.20b 4.33 ± 0.20a 3.53 ± 0.20ab 0.0030 

No. of enters in opened arms 2.00 ± 0.53 2.00 ± 0.53 2.66 ± 0.53 3.00 ± 0.53 0.4823 

No. of enters in closed arms 2.00 ± 0.47 1.66 ± 0.47 2.00 ± 0.47 1.66 ± 0.47 0.9159 

Open field test 

Time spent in line crossing 4.38 ± 0.05 4.44 ± 0.05 4.43 ± 0.05 4.46 ± 0.05 0.7262 

Time spent in line central 16.33 ± 4.51 5.00 ± 4.51 2.33 ± 4.51 2.66 ± 4.51 0.1735 

Time spent in rearing 5.33 ± 2.26 10.33 ± 2.26 14.66 ± 2.26 10.66 ± 2.26 0.1043 

 

C: control; Tt: Tribulus terrestris, Cd: cadmium. Data are presented as Mean ± SE. Values in 

the same row followed by different superscript (a, b) are significant (P < 0.05). 
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Table 2: Shows the effect of Tt supplementation on plasma level of SOD, H2O2, CRP and IL-6 

in rats injected by Cd.  
 

 

Treatment C Tt + Cd Cd Cd + Tt P value 

SOD (pg/ml) 159.4 ± 1.151a 156.2 ± 0.207b 152.6 ± 0.212c 155.4 ± 0.483b 0.0029 

H2O2 (mm/L) 0.914 ± 0.004a 0.990 ± 0.003b 1.062 ± 0.020c 1.006 ± 0.007b 0.0015 

CRP (ng/ml) 12.92 ± 0.166a 20.78 ± 0.309b 23.30 ± 0.138c 21.82 ± 0.276d 0.3810 

IL-6 (ng/L) 122.4 ± 0.977a 146.9 ± 0.431b 152.4 ± 1.053c 148.4 ± 0.568b 0.3089 

 

C: control; Tt: Tribulus terrestris, Cd: cadmium; SOD: Superoxide dismutase; H2O2: Hydrogen 

peroxide; CRP: C-reactive protein; IL-6: Interleukin-6. Data are presented as Mean ± SE. 

Values in the same row followed by different superscript (a, b, c, d) are significant (P < 0.05).

Histopathological examinations 
Hematoxylin and eosin-stained hippocampus 

sections in the control group showed normal 

structure. The CA1 and CA3 regions were 

composed of three layers: 

 Polymorphic layer: contained glial cells 

with light- and dark-stained nuclei. 

 The pyramidal cell layer contains closely 

compacted layers of small pyramidal 

neurons in CA1 (Fig. 1a) and loosely 

compact layers of huge pyramidal neurons 

in CA3 (Fig. 2a). The pyramidal cells had 

prominent nucleoli and rounded vesicular 

nuclei.  

 Molecular layer: contains glial cells with 

light- and dark-stained nuclei. 

 
In CA1 region sections, the (Tt + Cd) group 

had normal small pyramidal cells with 

rounded vesicular nuclei. A few shrunken 

pyramidal cells contain pyknotic nuclei and 

spaces around them were observed (Fig. 1b). 

Cadmium administration in (Cd) group 

showed a sever decline in the thickening of 

the pyramidal cell layer. Shrunken pyramidal 

cells were observed with deeply stained 

cytoplasm and pyknotic nuclei with spaces 

around them (Fig. 1c). In the (Cd + Tt) group, 

there were long degenerated pyramidal cells 

having pyknotic nuclei and spaces around 

them, as well as normal small pyramidal cells 

having round vesicular nuclei (Fig. 1d). 

Statistically, the thickening of the pyramidal 

cell layer in CA1 region in (Cd) group 

significantly declined (P < 0.01) versus 

control group. That thickening increased 

significantly (P < 0.05) in (Tt + Cd) and (Cd 

+ Tt) groups when compared with (Cd) group 

but was non-significant versus the control one 

(Fig. 7a). 
 

In CA3 region sections, the (Tt + Cd) group 

had normal large pyramidal cells and few 

elongate degenerated pyramidal cells 

contained pyknotic nuclei and spaces around 

them (Fig. 2b). Sections from (Cd) group 

(Fig. 2c) showed a decrease in thickening of 

the pyramidal cell layer. Shrunken, 

degenerated pyramidal cells had pyknotic 

nuclei and spaces around them Empty spaces 

contain remnants of degenerated cells. (Cd + 

Tt) group displaying elongated, degenerated 

large pyramidal cells containing pyknotic 

nuclei and spaces around them, as well as 

normal large pyramidal cells had rounded 

vesicular nuclei (Fig. 2d). Statistically, the 

thickening of the pyramidal cell layer in CA3 

region in (Cd) group decreased significantly 

(P < 0.01) versus the control group. That 

thickening increased significantly (P < 0.01) 

in (Tt + Cd) and (Cd + Tt) groups when  

compared to (Cd) group but was non-

significant versus the control group (Fig. 7b). 
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Figure 1: Photomicrographs of CA1 region of hippocampus sections from experimental groups 

a: control group showing polymorphic layer (Pm), pyramidal cell layer (Py), and 

molecular layer (M). Polymorphic and molecular layers contain light (Δ) and dark 

(▲)-stained nuclei of glial cells. The pyramidal cell layer contains closely compact 

layers of small pyramidal neurons (↑) with rounded vesicular nuclei and prominent 

nucleoli. b: (Tt + Cd) group showing normal small pyramidal cells with rounded 

vesicular nuclei (↑). A few shrunken pyramidal cells with pyknotic nuclei (yellow 

arrow) and spaces around them (curved arrow) are present. c: (Cd) group showing a 

marked decrease in thickening of the pyramidal cell layer (Py). Shrunken pyramidal 

cells (yellow arrow) with deeply stained cytoplasm and pyknotic nuclei are shown 

with spaces around them (curved arrow). d: (Cd + Tt) group showing elongate, 

degenerated pyramidal cells with pyknotic nuclei (yellow arrow) and spaces around 

them (curved arrow). Normal small pyramidal cells (↑) with rounded vesicular nuclei 

are shown. (H&E stain, Bar = 50 μm).    

 

 

The cerebellar cortex sections of the control 

group clarified normal structure (Fig. 3a). It 

was composed of lobulations and folia, which 

differentiated into: 

 Outer molecular layer: has stellate cells 

and basket cells. 

 

 The middle layer of Purkinje cell: has a 

layer of pear-shaped Purkinje cell 

containing vesicular rounded nuclei and 

protuberant nucleoli and are enclosed by 

glial cells. 

 Inner granular layer: has granule cells 

 

In (Tt + Cd) group (Fig. 3b), normal Purkinje 

cells appeared. Some Purkinje cells were seen 

with severely stained or fragmented nuclei. 

Remnants of degenerated Purkinje cells and 

deeply stained nuclei of basket cells were 

detected. In (Cd) group (Fig. 3c), the 

molecular layer was observed with noticeable 
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deeply stained nuclei of basket cells. The 

Purkinje cell layer was nearly devoted to 

Purkinje cells. The still-present Purkinje calls 

were deeply stained, shrunken, and had 

pyknotic nuclei. Empty areas from Purkinje 

cell loss were filled with glial cells. The 

granular layer is filled with densely stained 

nuclei of granular cells. In (Cd + Tt) group, 

deeply stained nuclei of basket cells, densely 

stained shrunken Purkinje cells with pyknotic 

nuclei, empty areas from Purkinje cell loss, 

and normal Purkinje cells with rounded 

vesicular nuclei were detected (Fig. 3d). 

Statistically, Purkinje cells count per 

millimeter of Purkinje cell layer in (Cd) group 

decreased significantly (P < 0.001) versus 

control group. Purkinje cell number increased 

significantly in (Tt + Cd) and (Cd + Tt) 

groups when compared with (Cd) group (P < 

0.001, P < 0.01 respectively). Non-significant 

differences occurred between the numbers of 

cells in the control and (Tt + Cd) groups. 

Purkinje cells number significantly declined 

in (Cd + Tt) group (P < 0.05) in comparison 

with the control one (Fig. 7c). 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Photomicrographs of CA3 region of hippocampus sections from experimental groups a: 

control group showing molecular layer (M) and polymorphic layer (Pm) contain light (Δ) 

and dark (▲)-stained nuclei of glial cells.  The pyramidal cell layer (Py) contains loosely 

compact layers of large pyramidal neurons (↑) with rounded vesicular nuclei and prominent 

nucleoli. b: (Tt + Cd) group showing normal large pyramidal cells (↑) and a few elongated 

degenerated pyramidal cells with pyknotic nuclei (yellow arrow) with spaces around them 

(curved arrow). c: (Cd) group showing: decrease in thickening of the pyramidal cell layer 

(Py), shrunken degenerated pyramidal cells (yellow arrow) with pyknotic nuclei with spaces 

around them (curved arrow), and empty spaces contain remnants of degenerated cells 

(asterisk). d: (Cd + Tt) group displaying elongated degenerated large pyramidal cells with 

pyknotic nuclei (yellow arrow) and spaces around them (curved arrow), as well as normal 

large pyramidal cells (↑) with rounded vesicular nuclei. (H&E stain, Bar = 50 μm). 
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Figure 3: Photomicrographs of cerebellar folia sections from experimental groups a: control group 

showing: molecular layer (M), purkinje cell layer (Pj), granular layer (G), basket cells (b), 

stellate cells (S), and granular cells (red arrow). Purkinje cells (↑) are pear-shaped with 

rounded vesicular nuclei and are surrounded by glial cells (yellow arrow). b: (Tt + Cd) group 

showing normal Purkinje cells (↑), deeply stained Purkinje cells with fragmented nuclei (▲), 

remnants of degenerated Purkinje cells (Δ), and deeply stained nuclei of basket cells (b). c: 

(Cd) group showing noticeable deeply stained nuclei of basket cells (b) in the molecular layer 

(M). The Purkinje cell layer (Pj) is nearly devoted from purkinje cells. The still-present 

Purkinje calls are deeply stained, shrunken, and have pyknotic nuclei (green arrow). Empty 

areas from Purkinje cell loss (asterisk) are filled with glial cells (orange arrow). Granular 

layer (G) filled with densely stained nuclei of granular cells (red arrow) d: (Cd + Tt) group 

showing deeply stained nuclei of basket cells (b), densely stained shrunken Purkinje cells 

with pyknotic nuclei (green arrow), empty areas from Purkinje cell loss (asterisk), and 

normal Purkinje cells with rounded vesicular nuclei (↑). (H&E stain, Bar = 50 μm). 

 

Immunohistochemical examination of 

cleaved caspase-3 expression 

In CA1 region of the hippocampus, the 

control group showed a negative 

immunoreaction of cleaved caspase-3 (Fig. 

4a). In (Tt + Cd) group, a mild 

immunoreaction of cleaved caspase-3 was 

detected (Fig. 4b). A severe positive 

immunoreaction of cleaved caspase-3 was 

seen in (Cd) group, as represented by brown 

color in the nuclei of the small pyramidal 

cells (Fig. 4c). Group (Cd + Tt) showed mild 

immunoreactivity (Fig. 4d). Statistically, the 

immunoreaction of cleaved caspase-3 in CA1 

from (Cd) group increased significantly (P < 

0.01) versus the control group. The 

immunoreaction decreased significantly (P < 

0.01) in (Tt + Cd) and (Cd + Tt) groups in 

comparison with (Cd) group, but there was no 

discernible difference versus the control. 

(Fig. 7d). 

 

In hippocampus CA3 region, the control 

group showed a negative immunoreaction of 

cleaved caspase-3 (Fig. 5a). Group (Tt + Cd) 

showed moderate immunoreactivity (Fig. 

5b). Positive immunoreaction of cleaved 

caspase-3 was detected in (Cd) group, as 
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represented by brown color in the nuclei of 

the large pyramidal cells (Fig. 5c). The 

immunoreaction of cleaved caspase-3 in (Cd 

+ Tt) group was positive (Fig. 5d). 

Statistically, the immune-reaction to cleaved 

caspase-3 in CA3 region from (Cd) group 

increased significantly (P < 0.05) versus the  

control. Non- significant differences occurred 

between (Cd), (Tt + Cd), and (Cd + Tt) 

groups. Non-significant difference is present 

between (Tt + Cd) and control groups (Fig. 

7e). 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 4: Immunohistochemical detection of cleaved caspase-3 expression in CA1 region of 

hippocampus from the experimental groups. Bar = 50μm. a: control group showing 

negative immunoreaction of cleaved caspase-3. b: (Tt + Cd) group showing mild 

immunoreaction of cleaved caspase-3. c: (Cd) group showing severe positive 

immunoreaction of cleaved caspase-3 as represented by brown color in the nuclei of 

the small pyramidal cells. d: (Cd + Tt) group showing mild immunoreaction of 

cleaved caspase-3. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5: Immunohistochemical detection of cleaved caspase-3 expression in CA3 region of 

hippocampus from the experimental groups. Bar = 50μm. a: control group showing 

negative immunoreaction of cleaved caspase-3. b: (Tt + Cd) group showing 

moderate immunoreaction of cleaved caspase-3. c: (Cd) group showing positive 

immunoreaction of cleaved caspase-3 as represented by brown color in the nuclei of 

the large pyramidal cells. d: (Cd + Tt) group showing positive immunoreaction of 

cleaved caspase-3. 
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Immunohistochemical detection of cleaved 

caspase-3 expression in cerebellar folia from 

control (Fig. 6a) and (Tt + Cd) (Fig. 6b) 

groups showing mild immune-reaction. 

Group (Cd) showed a severe positive 

immunoreaction, as represented by brown 

color in basket cells, Purkinje cells, and 

granular cells (Fig. 6c). Moderately positive 

immunoreaction of cleaved caspase-3 

detected in (Cd + Tt) group (Fig. 6c). 

Statistically, the immune-reaction of cleaved 

caspase-3 in cerebellar folia from (Cd) group 

increased significantly (P < 0.001) versus 

control group. The immunoreaction 

decreased in (Tt + Cd) and (Cd + Tt) groups 

significantly (P < 0.001, P < 0.01 

respectively) in comparison with (Cd) group, 

but there was a non-significant difference 

present versus control group (Fig. 7f). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6: Immunohistochemical detection of cleaved caspase-3 expression in cerebellar folia from the 

experimental groups. Bar = 50μm. a: control and b: (Tt + Cd) groups showing mild 

immunoreaction of cleaved caspase-3. c: (Cd) group showing severe positive immunoreaction 

of cleaved caspase-3 as represented by brown color in basket cells, Purkinje cells, and granular 

cells. d: (Cd+Tt) group showing moderate positive immunoreaction of cleaved caspase-3. 

 

DISCUSSION 
 

Cd is one of the most harmful and toxic 

compounds to the environment, it is thought 

to cause air contamination, especially in 

industrial settings. Cd chronic exposure 

affects the nervous system resulting in 

Parkinsonian symptoms as vasomotor and 

olfactory dysfunction, headache, peripheral 

neuropathy, learning disabilities, declined 

equilibrium and concentration loss (Okuda et 

al., 1997). Also, it caused raise in 

aggressiveness, impaired memory 

development, motor hyperactivity and 

changed social behavior (Desi et al., 1998).  
 

In the present study, results show a significant 

decrease in plasma SOD and an increase in 

H2O2 levels of rats after Cd injection that 

agrees with (Lakshmi et al., 2012) who found 

a reduction in the antioxidant markers such as 

SOD with an increase in peroxidation 

indicators in rats under Cd effect. Cd induces 

membrane disturbances and oxidative stress 

in the nervous system suggesting that it 

causes DNA damage in the presence of H2O2 

probably due to the generation of hydroxyl 

ions. Cd has been shown to reduce protein 

sulfhydryl bound groups and glutathione 

which enhance free radical release, oxidative 

stress and detrimental effects like 

peroxidation of proteins, lipids, 

carbohydrates and DNA molecules (Badisa et 

al., 2007; Pari and Murugavel, 2007). Also, 

Cd blocks factors that are responsible for 

gene activation which produce antioxidant 

enzymes (Liu et al., 2020). 
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Figure 7: a: thickening of pyramidal cell layer in CA1 region of hippocampus (µm). b: thickening of 

pyramidal cell layer in CA3 region of hippocampus (µm). c: number of Purkinje cells per 

millimeter of Purkinje cell layer from cerebellar folia. d: percentage of area of cleaved 

caspase-3 expression in CA1 region of hippocampus. e: percentage of area of cleaved 

caspase-3 expression in CA3 region of hippocampus. f: percentage of area of cleaved 

caspase-3 expression in cerebellar folia. Values in the column with unlike superscript letters 

are significantly different at (P < 0.05). Data represents mean ± S.E.M. 

 
Also, our outcomes approved that Cd 

significantly increased rat plasma levels of 

CRP and IL-6 in comparison to control rats 

that agree with (Razzuoli et al., 2018) who 

used porcine epithelial cells to evaluate the 

influence of Cd on protein release, pro-

inflammatory gene, and infection 

susceptibility in a model of Salmonella 

typhimurium. They recorded that epithelial 

cells could absorb Cd rapidly and concentrate 

it, increasing pro-inflammatory chemokines 

and cytokines (IL-8, IL-6 and IL-18). Also, 

(Kundu et al., 2011) showed that a small Cd 

dose resulted in the enhancement of 

epidermal growth factor receptor which is a 

vital reason for the enhancement of 

proinflammatory cytokines such as IL-6, IL-

1 and tumor necrosis factor-alpha (TNF-α). 

Other, recorded significantly high gene 

expression IL-6 mRNA in cells treated with 

Cd (Afolabi et al., 2012). Besides, Cd has 

proinflammatory properties causing 

upregulation and stimulation of many 

intracellular signaling pathways mainly as 

activator protein 1 (AP-1), cyclooxygenase-2 

(COX-2), nuclear factor kappa-light-chain-

enhancer of activated B cells (NF-kB), TNF-

α, and inducible isoform nitric oxide (iNOS) 

which stimulate IL-6, IL-8, IL-1β and CRP 

production (Olszowski et al., 2012). 
 

In addition, we found that Cd enhanced CRP 

level than that of the control similar to a prior 

study that showed that Cd injection was 

combined with sever increased levels of rat 

plasma CRP (Yildirim et al., 2018). Also, 

(Xiao et al., 2019) showed that there is a 

positive relation between type 2 diabetes risk 
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and urinary Cd, supported by high plasma 

CRP level. This can be explained as Cd 

exposure may interrupt tissue homeostasis 

and harm endothelial cells, which leads to 

stimulation of certain cell types as 

neutrophils, and Kupffer cells, with the 

production of inflammatory cytokines like 

CRP from macrophages (Odewumi et al., 

2016). CRP acts as a brain inflammatory 

marker, as elevated CRP was noticed in 

cerebrovascular disease and neuro-

degeneration because CRP enhances the 

blood-brain barrier permeability (Hsuchou et 

al., 2012). This elevated CRP leads to 

increased entry and decreased outflow of 

Amyloid β (Aβ) through the blood-brain 

barrier and directly motivates neuronal 

formation of Aβ in the brain leading to many 

brain defects (Hilal et al., 2018). Therefore, 

inflammation may induce neuronal apoptosis, 

influencing synaptic plasticity and 

suppressing hippocampal neurogenesis 

(Semmler et al., 2005). A past study showed 

that a cytokine-chemokine combination, 

containing CRP and IL-6, was related to deep 

cortical atrophy (Baune et al., 2009). 

Thus, Cd causes changes in gene expression 

including different mechanisms such as 

inflammatory and oxidative stress reactions 

leading to neurodegenerative defects 

(Razzuoli et al., 2018). So, suppression of 

chemokines and cytokines (IL-8 and IL-6) 

generations may be the way to prevent 

inflammation produced by Cd in the brain and 

angiogenesis in gliomas (Phuagkhaopong et 

al., 2017). Also, Cd caused endoplasmic 

reticulum (ER) malfunction with an increase 

in reactive oxygen species (ROS), which 

leads to cell apoptosis and mitochondrial 

dysfunction (Morales et al., 2006). 
 

Histologically, in hippocampus CA1 and 

CA3 regions, Cd administration to rats 

caused a marked decline in the pyramidal cell 

layer thickening. Shrunken of small and large 

pyramidal cells, degenerated with pyknotic 

nuclei and spaces around them. These results 

were confirmed by (Al Olayan et al., 2020) 

who said that the nervous system is the 

primary known system of Cd exposure 

targets.  Ebokaiwe et al., (2022) explained 

that the adult brain's hippocampus function is 

compromised by cd due to disruptions in 

calcium transmission and neurogenesis.  The 

vacuolation in the neuropil around the cells 

could be caused by the cells shrinking and 

pulling back their processes because of 

damage to the cytoskeleton, which leaves 

pericellular gaps (Afifi & Embaby, 2016). 

The uneven shape and loss of the form of 

pyramidal cells might be linked to the 

inefficiency of the cytoskeleton. Alterations 

in mitochondrial permeability and an increase 

in cytosolic calcium can both contribute to 

mitochondrial damage alongside oxidative 

stress. Rapid cell death results from damage 

to mitochondria and its function (Afifi & 

Embaby, 2016). Cd changes the shape of the 

axons and dendrites and encourages the 

release of ROS in neurons of hippocampus, 

striatum and the parietal cortex (Rai et al., 

2022). Antioxidant enzymes such SOD, 

glutathione peroxidase and catalase, have 

their levels and activities reduced by Cd 

exposure. Oxidative stress is triggered by all 

of this, causing enhancement in lipid 

breakdown and neuronal injury across the 

brain (Pulido et al., 2019). 
 

In this study, Cd induced many degenerative 

alterations in the cerebellum as noticeable 

deeply stained nuclei of basket cells in the 

molecular layer, the Purkinje cell layer was 

nearly devoted from Purkinje cells and the 

still-present Purkinje calls were deeply 

stained, shrunken, and had pyknotic nuclei. 

Empty areas from Purkinje cell loss were 

filled with glial cells. The granular layer was 

filled with densely stained nuclei of granular 

cells. These discoveries are consistent with 

those of (Bi et al., 2023) who found that Cd 

exposure declined Purkinje cell number, 

increased Purkinje cell degeneration with 

pyknosis, and caused dendrites disappearance 

and cerebellum degeneration. Prior research 

determined that Cd caused the degeneration 

of the Purkinje cell layer and the granular cell 

layer in the brains of rodents and chickens 

(Bekheet, 2011). In addition, sublethal Cd 

exposure led to degenerative alterations in 

cerebellum Purkinje cells (Stoev et al., 2003). 

Cd enhanced cerebellum neurotoxicity which 
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was linked to changes in genes related to 

response to heat shock (Bi et al., 2023). 

Previous studies also showed that Cd 

exposure greatly caused severe mitochondrial 

splitting by increasing mitochondrial 

absorption to calcium and translocation of 

dynamin1-like (DNM1L) to the 

mitochondria, which caused damage to the 

mitochondria and death of neural cells (Deng 

et al., 2023). Moreover, (Wahdan et al., 2014) 

said that the initiated influence of Cd was in 

Purkinje cells of the cerebellum because of 

the high ability of heavy metals to precipitate 

in their cytoplasm. Also, (Jackson, 2008) 

mentioned that the influence of Cd on the 

blood-brain barrier may inhibit nutrition and 

enhance hypoxia, which influenced the 

Purkinje cell’s structure causing cell 

degeneration or necrosis. 
 

The activation of cysteine proteases 

(caspases) is the most well-known 

biochemical marker of early and late phases 

of apoptosis. Active caspase-3 detection in 

cells is an important issue for detecting 

apoptosis generated by a wide range of 

apoptotic signals. Caspase-3 has a key role in 

necrotic and apoptotic cell death. Caspases 

begin as inactive zymogens or precursors that 

are activated by proteolytic cleavage to an 

active enzyme which further proteolytically 

cleave cellular proteins or other caspases 

(Kumar, 1999). 
 

In the current study, immune-histochemical 

examination of cleaved caspase-3 expression 

explained that Cd increased the 

immunoreactivity significantly in CA1, CA3 

regions and in the cerebellum. These results 

come in line with those of (Pulido et al., 

2019) who found that in the three 

hippocampal regions, there was an 

enhancement in immunoreactive cell 

numbers of caspase-3 and caspase-9 after 

administration of Cd. In the hippocampus of 

Cd-poisoned rats, the exposure to Cd 

enhanced mRNA levels of Caspase3, 

Caspase-9 proteins, and Bax while reduced 

the Bcl-2 amount, which resulted in 

apoptosis. (Zhu et al., 2021). 
 

Attention is being paid by several studies to 

natural product-based therapies to alleviate 

the deleterious effects of metal toxicity. 

Administration of Tt has shown promising 

results in reducing oxidative stress, 

inflammation, attenuating histopathological 

changes and increasing non-enzymatic and 

enzymatic antioxidant amounts (Zhang et al., 

2008). In the current research, applying Tt 

enhanced the open arms time spent; while 

declined the time consumed in the elevated 

plus maze test closed arms. Spending more 

time in the closed arm measures wall-hugging 

or thigmotaxis behavior and is a marker of 

anxiety-related behavior. In agreement with 

our findings, previous studies indicated that 

Tt influence at the elevated plus maze test 

could be attributed to the role of the Tt in 

normalizing hypothalamic pituitary adrenal 

axis hyperactivity, it is believed to contribute 

to several anti-anxiety roles, and regulating 

elevated cortisol levels (Bratt et al., 2001; 

Wang et al., 2013).  

 

Also, we found that administration of Tt 

before or after Cd, induced SOD while 

reducing H2O2 levels. This matches with 

(Lakshmi et al., 2012) who approved that Tt 

with Cd significantly declined the Cd load in 

the kidney and liver and caused restoration of 

lipid peroxidation and antioxidant parameters 

when compared to Cd group. Exposure to a 

single dose of Cd causes oxidative toxicity in 

the male reproductive system by enhancing 

ROS, lipid peroxidation and altering 

antioxidant enzymes while the pretreatment 

with Tt protects against this damage (Pavin et 

al., 2018). Additionally, (Dutt-Roy et al., 

2017) detected that the treatment with Tt 

extracts increased the superoxide dismutase 

(SOD) and catalase while inhibiting the 

malondialdehyde (MDA) concentrations. 

Moreover, pretreatment with Tt inhibited 

apoptosis in H2O2-damaged cells (Wang et 

al., 2009) as Tt contains flavonoids and 

polyphenol carboxylic acids which have a 

powerful antioxidant activity built on their 

facility to give hydrogen. Added, that 

polyphenols are able of scavenging hydroxyl 
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(HO•), superoxide (O2•-) and peroxyl (RO2•) 

radicals (Zhang et al., 2015).  
 

Besides, our findings presented that Tt 

succeeded in decreasing CRP and IL-6 

plasma levels when applied before or after Cd 

compared with Cd group. That matched with  

(Yang et al., 2022) who found that TST (total 

saponins of Tribulus) significantly 

decreased IL-6 and TNF-α expression in 

RAW 264.7 cells induced by 

lipopolysaccharides. Also, the results of 

Zhang et al., (2023) showed that gross 

saponin of Tribulus terrestris fruit (GSTTF) 

significantly declined TNF-α and IL-6 

amount generated in brain injury which exerts 

inflammation procedures and neuro-toxicity 

after middle cerebral artery occlusion. 

Moreover, GSTTF has an anti-inflammatory 

effect as it could inhibit phosphorylation of 

nuclear factor kappa B (NF-κB) which is a 

main inflammatory issue that interferes with 

immunological receptors in a huge manner. 
 

In addition, (Oh et al., 2012; Lee et al., 2017) 

identified that Tt ethanolic extract decreased 

the lipopolysaccharide-induced inflammatory 

cytokines expression, as IL-6, IL-4, IL-10 

and TNF-α through inhibition of mitogen-

activated protein kinase p38 (Akt/MAPKs) 

and inactivation of NF-κB. Additionally, it 

succeeded in reducing the PGE2 levels 

(another significant inflammatory factor) and 

COX-2 immunoreactivity signals (a central 

enzyme in the inflammatory steps). Also, 

(Zhao et al., 2021) recommended that Tt 

showed potent anti-inflammatory properties 

via inhibition of NF-κB/iNOS-NO and 

Akt/MAPKs pathways (NO generation via 

macrophages is a significant marker of 

inflammation, which leads to cell oxidative 

stress and is controlled by iNOS). 
 

From the histological aspect, the pretreatment 

with Tt in the (Tt + Cd) group ameliorated the 

cd has raised alteration in cells of the 

hippocampus CA3 and CA1 areas and in the 

cerebellum to a greater extent than the 

posttreatment in the (Cd + Tt) group. Tt 

administration in both groups increased the 

thickening of small and large pyramidal cells 

of the hippocampus CA3 and CA1 areas and 

increased the number of Purkinje cells 

significantly compared to Cd group. These 

findings matched with Chauhdary et al., 

(2019) who found that Tt reversed the 

neurofibrillary tangles, pigmentation, 

neuronal loss and neuroinflammation caused 

by aluminum chloride. Recent research has 

found that Tt extraction, particularly the 

saponins, showed cerebrovascular defensive 

properties. Tt pretreatment was observed to 

minimize apoptosis in H9c2 cells, 

mitochondrial alterations, and ischemia-

related damages (Zhang et al., 2023). 

Mohamed et al., (2023) demonstrated that Tt 

extract reduces histological damage and 

oxidative stress, hence improving kidney 

function. Tt was discovered to have a high 

phenolic content as well as superior radical 

scavenging properties. Pretreatment with Tt 

extract reduces oxidative stress through many 

mechanisms, including inhibition of 

superoxide free radicals and the restoration of 

total antioxidant capacity by keeping 

endogenous enzymatic/non-enzymatic 

antioxidants constant within the normal 

levels (Kilany et al., 2020). 
 

In the current study, immunohisto-chemical 

examination of cleaved caspase-3 expression 

explained that Tt administration in CA1 of the 

hippocampus and the cerebellum decreased 

the immunoreactivity significantly when 

compared to Cd. However in the 

hippocampus CA3 region, no significant 

difference occurred in cleaved caspase-3 

expression between the (Cd), (Tt + Cd), and 

(Cd + Tt) groups. These investigations were 

confirmed by Liu et al., (2008) who cleared 

that Tt could reduce apoptosis caused by 

hypoxia and reoxygenation. Tt pretreatment 

dramatically reduced apoptotic percentage in 

H2O2-damaged cardiocytes (Wang et al., 

2009). Methods of Tt versus myocardial 

apoptosis could be related to the inhibition of 

the mitochondrial apoptosis pathway after 

PKCepsilon activation (Wang et al., 2009). 

Tt extract inhibits cell oxidative stress and 

apoptosis by activating protein kinase C and 

decreasing proapoptotic proteins like Bax and 

caspase-3 while raising the amount of Bcl-2 
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anti-apoptotic protein that may be related to 

its antioxidant character as it consists of 

flavonoids, that can regulate a group of 

enzymes responsible for cell detoxification, 

division, inflammation, proliferation and 

immune response (Kilany et al., 2020).  
 

CONCLUSIONS 
 

In conclusion, Tt possesses improvement in 

biochemical, histochemistry and behavioral 

parameters that are connected with its 

antioxidant, anti-inflammatory and 

antiapoptotic properties which were able to 

protect from Cd insult.   
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ولوس تيريستريس في السمية الناتجة عن الكادميوم علي بعض أعضاء ذكور دراسة عن دور تريب
 الجرذان البيضاء البالغة
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( ملوث بيئي خطير يسبب سمية للإنسان والحيوان حتى إذا تعرض لكمية قليلة حيث يصعب طرده من Cdإن الكادميوم )
( هو عشب طبيعي يستخدم لتأثيراته الطبية في جميع Ttوس تيريستريس )الجسم مما يؤثر على جميع أجزاء الجسم. تريبول

للحماية من سمية الكادميوم في ذكور الجرذان البيضاء. تم تقسيم  Ttأنحاء العالم. تهدف هذه الدراسة إلى الكشف عن إمكانية 
ابطة دون أي علاجات. ( :مجموعة ظ1جرذان: المجموعة ) 6مجموعات، كل مجموعة  ةأربعة وعشرون جرذا إلى أربع

في الماء المقطر( لمدة  ذائبةممن الوزن مجم / كجم  5) Ttمن بالفم ( ؛ تعطى يومياً جرعة Tt + Cd( )2المجموعة )
مجم / كجم بالوزن( لمدة ثمانية أيام.  2ثمانية أسابيع, ثم من بداية الأسبوع التاسع تم حقنها يومياً داخل الصفاق بالكادميوم )

( ؛ أولاً ، تم حقنها Cd + Tt( )4المجموعة ) .فقط بنفس الجرعة لمدة ثمانية أيام Cd( ؛ يتم حقنها بـ Cd( )3المجموعة )
في هذه الدراسة،  لمدة ثمانية أسابيع. Ttالكادميوم بنفس الجرعة لمدة ثمانية أيام ثم في اليوم التاسع تم إعطائها نفس جرعة ب

ه في في البلازما، والوقت الذي يقضي ديسموتاز الفوق أكسيدأوضحت النتائج أن الكادميوم يقلل بشكل كبير من مستوى 
ين سي بروتو بيروكسيد الهيدروجين، كما أدي إلي زيادة مستويات البلازما من هالمرتفعمتاهة للالمفتوحة  ذرعالأأختبار 
المشقوق في الدماغ، والوقت الذي يقضيه  3للكاسباس   مناعيهستوكيميائي الوكذلك التفاعل ال 6 -الانترلوكينو  التفاعلي

مقارنة بمجموعة التحكم. بينما نجحت التريبولوس تيريستريس في زيادة مستوى  همتاهة المرتفعللالمغلقة  ذرعالأأختبار في 
يروكسيد ب، والوقت الذي يقضيه في الذراعين المفتوحين؛ ومع ذلك ، فقد خفضت مستويات البلازما من ديسموتاز فوق أكسيدال

،  3المناعي للدماغ المشقوق كاسباس  هستوكيميائيال وكذلك التفاعل 6 -نترلوكينوالا بروتين سي التفاعليو الهيدروجين
. في الختام ، وجد أن مقارنة بمجموعة الكادميوم همتاهة المرتفعللالمغلقة  ذرعالأأختبار في والوقت الذي يقضيه في 

التريبولوس تيريستريس يحمي الدماغ بشكل كبير من تأثيرات الكادميوم الضارة ، مشيرًا إلى خصائصه المضادة للأكسدة 
 لخلايا.لإلتهام ادة للالتهابات ومضادة والمضا
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