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Abstract 

   
Heavy metals are not biodegradable and tend to be accumulated in organisms and cause numerous diseases and 

metabolic disorders. The evaluation of the effect of curcuma on the modulation of toxic effects induced by 

cadmium-chloride is the objective of our study. Forty male rats were randomly divided into four groups and 

treated daily for 30 consecutive days. The first group (0-0) served as control, received a normal diet and gavage 

with water. The second group (0-Cur) received a 2% of curcuma-diet. The third group (Cd-0) feeds on a normal 

diet and is treated per os with 5 mg/kg of cadmium. The fourth group (Cd-Cur) received both an oral dose of 

cadmium (5 mg/kg) and a 2% of curcuma-diet. Hematological, biochemical and oxidative parameters were 

estimated. Cd-exposure caused a significant increase in serum biomarkers compared to the control group. In 

addition, Cd-intoxication caused a disturbance in the hematological profile and oxidative stress biomarkers. 

However, feeding a curcuma-supplemented diet revealed a reduction of the intensity of oxidative stress induced 

by the cadmium and restored all the studied parameters as compared to control. The findings suggest that 

curcuma has the capacity to ameliorate and reverse cadmium-induced toxicity. 
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Introduction 

Environmental pollution is considered as man's 

greatest crime against himself as pollution of the 

ecosystem with industrial, agricultural and sewage 

effluents results in contamination of air, food and 

water with some toxic agents such as heavy metals, 

which constitute a major public threat (Sharma and 

Ahuja, 2019). Multiple heavy metals may 

simultaneously enter the human body through air, 

water and/or food. Once inside the body, heavy 

metals are not easily metabolized or excreted; they 

build up quickly and bioaccumulate, leading to an 

increase in their concentration (Fiati Kenston et al., 

2018). 

 

Cadmium (Cd) is one of several toxic heavy metals 

that have no known physiological function in the 

organism. The health hazard from exposure to 

cadmium has long been recognized, both in and 

outside of the workplace (Kukongviriyapan et al., 

2016). Further, this metal is one of the toxic heavy 

metals and its increased concentration in the 

agricultural soils is known to come from the 

application of phosphate fertilizers, sewage sludge, 

water and pesticides (Vijaya and Sharma, 2018). 

Cadmium is a highly toxic heavy metal and a 

significant environmental pollutant. It can severely 

damage various organs and biochemical systems. In 

addition, it can induce severe, acute and especially 

chronic intoxications (Kumar et al., 2019). Cd 

occupational and environmental exposure comes 

from metallurgy and the plastic industry, mining 

pigments, chemical stabilizers, metal coatings and 

battery production. Cd-contaminated agricultural 

land and food are a great source of Cd exposure. Cd 

can also be found in tobacco smoke, further 

contributing to human exposure (Branca et al., 

2020). 

 

Once absorbed, Cd is efficiently retained in the 

human body, where it accumulates throughout life 

with a half-life of 25–30 years (Genchi et al., 2020). 

Cd causes peroxidation in membrane lipids, 

degradation of the antioxidant defense system, the 

emergence of inflammation, protein structure 

disorders and the oxidation of nucleic acids, and it 

negatively affects the DNA repair mechanism (Unsal 

et al., 2020). Although the exact mechanism of their 

pathogenicity is not known, there are various reports 

indicating that the exposure of this heavy metal or its 

accumulation in the body systems may induce the 

generation of reactive oxygen species (ROS), which 

leads to the appearance of oxidative stress (Kumar et 

al., 2019). Many studies have connected Cd-toxicity 

with oxidative stress. Several lines of evidence 

indicate that reactive oxygen species (ROS) formed in 

the presence of cadmium may be responsible for its 

toxic effects in many organs (Kukongviriyapan et al., 

2016). Previous studies have revealed that oxidative 

stress induced by Cd exposure caused toxicity in the 

kidneys, liver, spleen, and immune system (Tang et 

al., 2019). Cadmium seems to be involved in Fenton 

reactions. Even though it does not act as a catalyst in 

the Fenton reaction, it can produce ROS by indirectly 

displacing an endogenous Fenton metal (e.g., Fe2+) 

from proteins, thus increasing the amount of free 

redox-active metals. Cadmium may alter the cellular 

redox status by reacting with exogenous and 

endogenous antioxidants, such as glutathione GSH 

(Genchi et al., 2020). So acute Cd toxicity 

mechanisms involve the depletion of glutathione and 

protein-bound sulfhydryl groups, resulting in 

increased production of ROS such as superoxide ion, 

hydrogen peroxide and hydroxyl radicals (Unsal et 

al., 2020). 

 

The use of nutraceuticals, dietary supplements, and 

functional foods has gained significant popularity 

globally over the past few decades due to increased 

interest in natural products and their potential health 

benefits (Kotha and Luthria, 2019). The safety, 

efficacy and low price of the natural antioxidant 

agents in comparison to other therapeutic agents 

make them an excellent choice in the prevention and 

treatment of toxicities. (Elshama et al., 2018). 

Antioxidants play an important role in nullifying the 

deleterious effects of free radicals, thereby not only 

protecting the cells and tissues but also regulating 

various pathological and physiological processes 

(Akinyemi and Adeniyi, 2018). Curcuma longa Linn is 
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botanically related to the Zingiberaceae family. 

Turmeric is a spice obtained from the root of 

Curcuma that has multiple medicinal properties, 

including antibacterial, antimalarial, antiviral, anti-

aging, anticancer, anti-Alzheimer's disease, 

antifungal, antioxidant, and anti-inflammatory 

(Abdel-Shafy et al., 2020). The medicinal benefits of 

turmeric could be attributed to the presence of active 

principles called curcuminoids. One of the most 

interesting components of curcuminoids is curcumin 

(1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6heptadiene-

3,5-dione) or diferuloylmethane) (Rathore et al., 

2020), which is an oil-soluble compound, practically 

insoluble at room temperature in water at acidic and 

neutral pH. While it is soluble in alkali, it is very 

susceptible to auto-degradation (Stohs et al., 2020). 

In fact, curcumin is a potent inhibitor of various ROS. 

It exhibits protective effects against oxidative damage 

as a free-radical scavenger and prevents lipid 

peroxidation. Curcumin binds to heavy metals such as 

cadmium and lead and thus has a detoxification effect 

against several heavy metals (Kumaş et al., 2016). 

 

The present study aims to evaluate the modulation of 

the toxic effects and the oxidative stress status 

following the cadmium sub-chronic exposure using 

Curcuma longa L. as a natural antioxidant. 

 

Material and methods 

Preparation of curcuma powder 

Curcuma longa rhizomes were purchased from the 

local market (Annaba city East of Algeria). To obtain 

fine turmeric powder, rhizomes were milled in the 

laboratory using mortar and pestle, then were 

pulverized with a knife grinder and sieved to get a 

uniform size range. Curcuma powder was mixed with 

the feed of the rats at 2% (Saidi et al., 2019), which 

corresponds to 2% curcuma powder in a 98% 

prepared diet according to Upreti et al. (1989). 

 

Preparation of the solution of cadmium chloride 

(induction of oxidative stress) 

Pure cadmium chloride (CdCl2) was purchased from 

Fluka (Macedonia) was dissolved in mineral water. 

The volume of each given dose was adjusted to obtain 

a dose of 5 mg/kg of rat body weight (Kehili et al., 

2017). 

 

Study design of experimental animals 

Forty male rats of the Albinos wistar strain were used 

in this study (160±10 g body weight, and were 

provided by the Pasteur Institute of Algiers (Algeria). 

The rats were exposed to a daily photoperiod of 12 

hours and they were fed an energy balanced 

preparation prepared according to the Upreti et al. 

(1989) regimen, water being daily renewed. All the 

groups have free access to water and food. Rats were 

randomly divided into four groups and were treated 

for 30 consecutive days.  

 

The first group (0-0) served as a control group; the 

rats received a normal diet and gavage with mineral 

water. In the second group (0-Cur), the rats received 

a diet containing 2% of curcuma powder and mineral 

water. In the third group (Cd-0), the rats feed on a 

normal diet and are daily treated per os with 5 mg/kg 

body weight of cadmium chloride. In the fourth group 

(Cd-Cur), the rats received both an oral dose of 5 

mg/kg body weight of cadmium chloride and an 

experimental diet containing 2% curcuma powder. 

 

Animal ethical clearance 

Ethical clearance for conducting experiments on 

animals from the Local Institutional Animal Ethical 

Committee of our University was obtained for the 

purpose of control and supervision of experiments on 

animals. 

 

Destination of blood and biochemical assays 

After 30 days of treatment, the rats were sacrificed by 

cervical decapitation, and the blood was collected 

from the carotid artery at the neck in dry and 

heparinized tubes. The blood contained in the dry 

tubes was used to assay the biochemical parameters 

after recovery of the serum following centrifugation 

performed at 2500 g for 20 minutes. On the other 

hand, the blood drawn on EDTA was used for the 

calculation of the numeration blood formula (NBF) by 

a hematological automaton (PCE-210N). Serum 

alanine aminotransferase (ALT), aspartate 
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aminotransferase (AST), lactate dehydrogenase 

(LDH), alkaline phosphatase (ALP), total and direct 

bilirubin (T-BIL, D-BIL), lipase (LIP), α amylase (α-

AML), cholesterol (CHL), triglycerides (TG), proteins, 

urea, creatinine and uric acid, were estimated by the 

corresponding enzymatic colorimetric methods using 

commercially available kits from Spinreact (Spain). At 

the time of decapitation, blood glucose (GLU) was 

analyzed by a glucometer (Accu-Check Aviva) 

provided by Roche Diagnostics. 

 

Tissue homogenization preparations 

After the dissection of rats, organs were surgically 

excised, washed with phosphate buffer (0.1 M, pH 

7.4), and were stored at - 20 °C for the analysis of 

oxidative stress parameters. For the determination of 

reduced glutathione (GSH) level, about 100 mg of 

studied tissues were placed in the presence of 4 mL of 

a 0.02 M solution of ethylene diamine tetra acetic 

acid (EDTA), then were cold ground using an 

ultrasonic mill (4 °C.) to obtain a homogenate. For 

the assay of glutathione peroxidase (GPx) and 

glutathione S-transferase (GST) activities, 

approximately 200 mg of studied organs were 

homogenized by the ultrasonic mill in 2 mL of a TBS 

solution (Tris 50 mM, NaCl 150 mM, pH 7.4). While 

for the determination of malondialdehyde (MDA) and 

the determination of the enzymatic activity of catalase 

(CAT), 200 mg of the tissue were homogenized by the 

ultrasonic mill in 2 mL of a phosphate buffer solution 

(0.1 M, pH 7.4). 

 

Determination of GSH level 

GSH contents in tissue homogenates were estimated 

using a colorimetric technic, as mentioned by 

Weckbecker and Cory (1988), which is based on the 

development of a yellow color when DTNB (5,5’-

dithiobis-2-nitrobenzoic acid) was added to 

compounds containing sulfhydryl groups.  

 

In brief, 0.8 mL of tissues homogenate was added to 

0.2 mL of 0.25% sulphosalicylic acid (SSA) then tubes 

were centrifuged at 2500 g for 15 min. The resulting 

supernatant (0.5 mL) was mixed with 0.025 mL of 

(0.01 M) DTNB and 1 mL Tris-EDTA buffer (0.4 M,  

pH 9.6). In the end, absorbance at 412 nm was 

recorded. The concentrations of GSH were expressed 

in nmol/mg of proteins. 

 

Measurement of MDA level 

MDA is the main product of lipid peroxidation (LPO), 

so it is frequently used as an indicator of LPO. Tissues 

were incubated with TBA (thiobarbituric acid) at 95 

°C (pH 3.4); MDA levels were specified at 532 nm by 

the method of Ohkawa et al. (1979) and were 

presented as nmol/mg tissue. 

 

Determination of the GPx activity 

Glutathione peroxidase (GPx) catalyzes the reduction 

of hydroperoxides by utilizing GSH as a reductant. 

Determination of tissue GPx activity was carried out 

according to the method of Flohé and Günzler (1984). 

The reaction mixture contained 0.2 mL of TBS (Tris 

50 mM, NaCl 150 mM, pH 7.4); 0.4 mL of GSH (0.1 

mM), 0.2 mL of homogenate was added and allowed 

to equilibrate for 5 min at 25 °C.  

 

The reaction was initiated by adding 0.2 mL of H2O2 

(1.3 mM), and the reaction was terminated by the 

addition of 1 mL of 1% trichloroacetic acid (TCA). 

Tubes were centrifuged at 1500 g for 5 min and the 

supernatant was collected. To 0.48 mL of resultant 

supernatant, 2.2 mL of TBS (pH 7.4) and 0.32 mL of 

DTNB (1.0 mM) were added. After mixing, 

absorbance was recorded at 412 nm and the specific 

activity of this enzyme is expressed as μmoles 

GSH/mg proteins. 

 

Determination of the GST activity 

Glutathione-S-transferase (GST) activity of tissues 

was measured spectrophotometrically by the method 

of Habig et al. (1974) using 1-chloro-2,4-

dinitrobenzene (CDNB) as an electrophilic substrate 

that binds to GSH with the participation of the 

enzyme and forms a colored CDNB-GSH complex. 

Then, the reading of the absorption at 340 nm was 

made after 30 seconds during 2 minutes of 

measurement. The GST activity was expressed in 

terms of μmoles CDNB-GSH conjugate 

formed/min/mg proteins. 
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Determination of the CAT activity 

Catalase (CAT) was assayed according to the method  

of Aebi et al. (1984). The estimation was done 

spectrophotometrically following the decrease in 

absorbance at 230 nm. The reaction mixture 

contained 1.9 mL of phosphate buffer (0.1 M, pH 7.0), 

1.0 mL of 2 mM H2O2 and 0.1 ml of the enzyme 

extract. The specific activity of catalase was expressed 

in terms of units/mg proteins. Absorbance values 

were compared with a standard curve generated from 

known CAT. 

 

Determination of tissue protein concentration 

Protein supernatants concentration in tissues was 

measured spectrophotometrically at 595 nm 

according to the method of Bradford (1976), using 

bovine serum albumin as standard. 

 

Histological study 

Histological sections were made at Pathological 

Anatomy Department in Ibn Roched Hospital 

(Annaba, Algeria), following the technique described 

by (Houlot, 1984). Fixed liver and renal in formalin 

were dehydrated in ascending grade of alcohol and 

embedded in a paraffin block. Then, tissues were cut 

into thick sections with a microtome. The sections 

were stained with hematoxylin-eosin and then 

observed under an optical microscope. 

 

Statistical analysis 

Data were expressed as mean ± SM. All values were 

analyzed through one-way analysis of variance 

(ANOVA) followed by Tukey's methods.  

 

The GraphPad Prism 5.0 software was used to 

perform the statistics (GraphPad Software, Inc., San 

Diego, CA). P values of ≤0.05, ≤0.01 and ≤0.001 were 

considered statistically significant, highly significant 

and very highly significant. 

 

Results 

Hematological profile study 

The results in Table 1 illustrate that the treatment of 

rats with cadmium chloride (Cd-0) revealed a 

significant decrease in the values of all hematological 

parameters compared to the control rats. Conversely, 

results have shown an improvement in the same 

hematological parameters after curcuma addition in 

(Cd-Cur) rat diet when compared to control (0-0) and 

cadmium treated-group (Cd-0). However, no 

significant changes were found in curcuma dieted 

group (0-Cur), compared forever to the control group.

 

Table 1. Hematological profile in control (0-0) and treated groups (0-Cur, Cd-0 and Cd-Cur) after 30 days of 

treatment (values represent the mean ± SM of 10 animals). 

Parameters 0-0 0-Cur Cd-0 Cd-Cur 

RBC (106/µl) 10.20±0.19 9.76±0.22 9.24±0.21** 9.82±0.25 

Hb (g/dl) 15.62±0.19 15.16±0.22 13.54±0.21*** 15.43±0.19### 

HCT (%) 45.82±0.69 43.90±0.77 42.95±0.57** 43.89±0.6* 

WBC (103/µl) 14.48±0.44 13.68±0.45 10.37±0.46*** 12.77±0.39*### 

LYMP (103/µl) 10.82±0.45 10.42±0.47 8.10±0.28*** 9.62±0.57# 

PLT (103/µl) 285.9±17 234.4±19 191.7±14*** 247.4±16# 

* P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001: Significantly difference from control (0-0) group 
# P ≤ 0.05, ### P ≤ 0.001: Significantly difference from (Cd-0) group 

RBC: red blood cells count. Hb: hemoglobin. HCT: hematocrit. LYMP: lymphocytes. PLT: platelets). 

Hepatic profile study 

Results about the determination of hepatic profile, 

shown in Table 2, affirm the existence of a huge 

metabolic disorder and hepatotoxicity of cadmium, 

which was clearly expressed in the (Cd-0) group.  

 

It has been reported a significant increase in the 

activities of serum enzymes ALT, AST, ALP, LDH, and 

in serum concentrations of total and direct bilirubin 

compared to the control group. While the curcuma 

supplementation in the diet of (Cd-Cur) group 

enhanced these biomarkers and restored the liver 

function compared to the control (0-0) and (Cd-0) 

groups. Knowing, the liver function parameters that 

appeared in the (0-Cur) group were equivalent to that  

of the control group. 
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Table 2. Serum hepatic profile in control (0-0) and treated groups (0-Cur. Cd-0 and Cd-Cur) after 30 days of 

treatment (values represent the mean ± SEM of 10 animals). 

Parameters 0-0 0-Cur Cd-0 Cd-Cur 

ALT (UI/L) 85.09±2.8 81.14±2.2 99.38±2.3*** 87.18± 3.0## 

AST (UI/L) 76.79±2.5 73.84±2.7 89.26±2.7** 81.23±1.7# 

ALP (UI/L) 185.10±2.6 184.90±2.2 197.60±2.3** 190.00±2.2# 

LDH (UI/L) 252.8 ±8.7 225.9±11.0 312.0±9.6*** 260.5±9.4## 

T-BIL (mg/L) 1.67±0.04 1.63±0.03 2.28 ±0.05*** 1.88±0.05**### 

D-BIL (mg/L) 0.87±0.04 0.76±0.03 1.09±0.03** 0.98±0.03*# 

* P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001: Significantly difference from control (0-0) group. 

# P ≤ 0.05, ## P ≤ 0.01. ### P ≤ 0.001: Significantly difference from (Cd-0) group. 

Lipid profile study 

As shown in Table 3, rats treated with cadmium 

chloride (Cd-0) have manifested an increase in serum 

cholesterol (CHL) and triglycerides (TG) 

concentrations in comparison with the control. The 

addition of curcuma (Cd-Cur) attenuated the 

increased levels of these biomarkers and decreased 

the harmful effects of cadmium comparatively with 

control (0-0) and (Cd-0) groups. 

 

Table 3. Lipid profile in control (0-0) and treated groups (0-Cur, Cd-0 and Cd-Cur) after 30 days of treatment 

(values represent the mean ± SM of 10 animals). 

Parameters 0-0 0-Cur Cd-0 Cd-Cur 

Triglycerides (g/L) 0.96±0.03 0.93±0.04 1.140± 0.03** 1.00±0.03# 

Cholesterol(g/L) 1.30±0.02 1.35±0.02 1.55±0.02*** 1.38 ±0.02*### 

* P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001: Significantly difference from control (0-0) group 

# P ≤ 0.05, ### P ≤ 0.001: Significantly difference from (Cd-0) group. 

Renal profile study 

When compared to the control group, exposure to 

cadmium in the (Cd-0) group caused a significant 

increase in proteins, creatinine, urea and uric acid 

levels. Conversely, results have shown a betterment of 

the same biochemical parameters after curcuma 

administration in the (Cd-Cur) group when compared 

to the cadmium-treated group (Table 4). 

 

Table 4. Renal profile in control (0-0) and treated groups (0-Cur, Cd-0 and Cd-Cur) after 30 days of treatment 

(values represent the mean ± SM of 10 animals). 

Parameters 0-0 0-Cur Cd-0 Cd-Cur 

Total Proteins (mg/L) 86.73±2.2 81.23±1.4 97.72±1.8** 90.58±1.6## 

Urea (g/L) 0.59±0.02 0.54±0.03 0.69±0.03** 0.63±0.02# 

Creatinine (mg/L) 5.81±0.34 6.23±0.22 6.99±0.21** 6.16±0.2## 

Uricacid (mg/L) 32.91±1.5 36.83±1.7 43.26±2.0*** 34.91±1.9## 

** P ≤ 0.01, *** P ≤ 0.001: Significantly difference from control (0-0) group. 

# P ≤ 0.05, ## P ≤ 0.01: Significantly difference from (Cd-0) group. 

Pancreatic profile study 

As shown in Table 5, a significant increase was 

observed in glucose level, α-amylase and lipase 

activities in cadmium-treated rats (Cd-0) compared 

with the control group. The addition of curcuma in 

(Cd-Cur) rats attenuated the increased levels of these 

parameters and decreased the harmful effects of 

cadmium comparatively with the (Cd-0) group.
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Table 5. Pancreatic profile in control (0-0) and treated groups (0-Cur. Cd-0 and Cd-Cur) after 30 days of 

treatment (values represent the mean ± SM of 10 animals). 

Parameters 0-0 0-Cur Cd-0 Cd-Cur 

Glucose (g/L) 1.02 ±0.03 1.11±0.05 1.26 ±0.02*** 1.13 ±0.03*## 

α-Amylase (U/L) 706.6±9.0 743.6±6.0 802±11.1*** 745.8±7.9## 

Lipase (U/L) 15.09±0.32 14.42±0.32 13.02±0.37*** 14.44±0.25## 

* P ≤ 0.05, *** P ≤ 0.001: Significantly difference from control (0-0) group. 

## P ≤ 0.01: Significantly difference from (Cd-0) group. 

Antioxidant profile study 

The assessment of oxidative stress was based on the 

measurement of some biomarkers such as GSH, 

MDA, GST, GPx and CAT in different organs. 

Treatment with cadmium chloride caused a 

significant decrease in glutathione status in all 

studied organs (liver, kidney, heart, spleen, testicles 

and intestines) compared with the control group 

(Fig.1). In contrast, in the same treated rats, the MDA 

level in the liver and kidney increased significantly in 

comparison with the control group (Fig.2).  

 

The addition of curcuma in the diet of cadmium-

treated rats (Cd-Cur) minimizes the cadmium-toxicity 

by bringing the level of GSH and MDA back to normal 

compared to (Cd-0) group.  

 

Fig. 1. Tissue Glutathione contents (nM/mg prt) in control (0-0) and treated groups (0-Cur, Cd-0 and Cd-Cur) 

after 30 days of treatment (values represent the mean ± SM of 10 animals) 

* P ≤ 0.05, *** P ≤ 0.001: Significantly difference from control (0-0) group 

## P ≤ 0.01, ### P ≤ 0.001: Significantly difference from (Cd-0) group. 

The determination of antioxidant enzymes (GST, GPx 

and CAT) in both hepatic and renal tissue revealed a 

disturbance of their activities in cadmium chloride 

treated-rats (Fig. 3, 4 and 5); which was revealed by a 

significant decrease in GPx and CAT, and a significant 

increase in GST in both studied organs comparing 

with the control group. This disruption of the 

enzymatic activities was less noted when curcuma 

was added with cadmium chloride (Cd-Cur) 

compared to the control (0-0) and (Cd-0) groups. 

 

Histological study 

The sections of the hepatic and renal tissues (Fig.6 

and 7) of the rats put under the CdCl2 for a period of 

30 days present pathological changes. Degeneration 

of the hepatocytes precisely at the level of the 
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vacuoles and the nucleus that is voluminous, thus 

widening the shape of the hepatocytes accompanied 

by a renal tubular degeneration. The hepatic and 

renal histological sections of the turmeric-fed rats 

show a normal appearance of the hepatocytes, the 

glomeruli and the renal tubules seem to be 

regenerated in comparison with the control group.

 

Fig. 2. Hepatic and renal malondialdehyde contents (nM/mg tissue) in control (0-0) and treated groups (0-Cur, 

Cd-0 and Cd-Cur) after 30 days of treatment (values represent the mean ± SM of 10 animals). 

** P ≤ 0.01, *** P ≤ 0.001: Significantly difference from control (0-0) group. 

# P ≤ 0.05, ### P ≤ 0.001: Significantly difference from (Cd-0) group. 

Discussion 

Exposure of rats to cadmium did not produce any 

overt sign of mortality. The hematopoietic system is 

the defense system of organs and tissues, including 

the bone marrow, spleen, thymus and lymph nodes 

involved in the production of cellular blood 

components. The anemia caused by Cd exposure 

could be a result of accelerated erythrocyte 

destruction because of the altered erythrocyte 

membrane permeability, increased mechanical 

fragility, and/or failure of the intestinal uptake of an 

iron (Fe2+) because of mucosal lesions (Yuan et al., 

2014). Besides this, several studies have documented 

the immunosuppressive effects of cadmium on the 

immune system (Ikram et al., 2004). Andjelkovic et 

al. (2019) observed similar data after cadmium-

treatment rats. They justify the WBC decrease by 

excessive destruction of these cells by cadmium. 

However, the reason for RBC, Hb and HCT 

decreasing might be intravascular hemolysis. One of 

the possible mechanisms of metals-induced 

hemolysis is oxidative stress induction. Free radical 

production and lipid peroxidation induced by acute 

Cd-treatment were implicated in RBC hemolysis and 

anemia. However, in treated groups with curcuma we 

observed a restoration of hematological status in 

these normal values. Turmeric may exert its 

protective actions against cadmium-induced 

hematotoxicity in rats, possibly through its 

antioxidant mechanisms (Attia et al., 2014). 

 

In view of the hepatic study results, the exposure to 

cadmium leads to elevated hepatic enzyme levels 

(AST, ALT and PAL); it is in agreement with the 

results of Abdelaziz et al. (2012) and Kang et al. 

(2013). Lactate dehydrogenase (LDH) is a key enzyme 

in the anaerobic pathway, playing an important role 

in the production of energy by catalyzing the inter-

conversion of pyruvate into lactate in the process of 

glycolysis.  The variations in LDH reflect the 

metabolic alterations (Saidi et al., 2020). The result 

of increased activity of LDH in cadmium-treated rats 

is consistent with the one obtained by Kang et al. 

(2013). AST, ALT, LDH and PAL are the most 
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sensitive biomarkers that are directly involved in the 

extent of cellular toxicity and damage since they are 

cytoplasmic and released immediately into the 

circulation after cellular injury (Aouacheri and Saka, 

2020). Our results have shown an increase in the 

concentration of bilirubin in the group of rats treated 

with Cd. On their part, Abdelaziz et al. (2012) 

reported the augmentation of bilirubin levels in 

cadmium-treated rabbits. Similar to various studies 

like those of Shahat et al. (2018), they observed a high 

level of cholesterol and triglycerides after cadmium 

exposure. 

 

Fig. 3. Hepatic and renal glutathione peroxidase activities (μM GSH/mg proteins)in control (0-0) and treated 

groups (0-Cur, Cd-0 and Cd-Cur) after 30 days of treatment (values represent the mean ± SM of 10 animals). 

** P ≤ 0.01, *** P ≤ 0.001: Significantly difference from control (0-0) group. 

# P ≤ 0.05: Significantly difference from (Cd-0) group. 

This research team illustrates that cadmium toxicity 

leads to a variety of derangements in metabolic and 

regulatory processes in lipids, which in turn leads to 

dyslipidemia, the most common metabolic 

complication observed in heavy metal toxicity. 

However, according to Hewlings and Kalman (2017), 

the increase of TG levels observed in the liver of Cd-

treated rats was attributed to an important TG 

synthesis, which is due to the decreased activity of 

lipoprotein lipase (LPL), a key enzyme in TG 

hydrolysis. The significant increase in serum urea, 

creatinine and uric acid is a sign of renal dysfunction 

and glomerular filtration (Kehili et al., 2017). Similar 

to our findings, Abdelaziz et al. (2012) also reported 

in their literature that renal damage caused by 

cadmium is represented by the increase in the levels 

of serum renal biomarkers. Gabr et al. (2019) 

proposed that renal toxicity is attributed to abnormal 

production of oxidative free radicals, which in turn 

activates renal cell damage. The high level in glucose 

level, α-amylase and lipase activities in Cd-treated 

rats, probably due to the pancreatic toxicity of 

cadmium where it serves as a metabolic antagonist of 

zinc (Zn) that potentiates insulin action (Anetor et al., 

2016). Sharma and Anu (2017) explained that 

disturbances are due to oxidative stress because 

pancreatic islet cells show a low level of antioxidant 

enzymes, and lipid peroxidation decreases the 

membrane fluidity, changes the phase properties of 

the membranes and decreases electrical resistance. 

The increased plasma α-amylase and lipase are the 

bioindicators of acute pancreatitis; the pancreas has 

been reported to accumulate high concentrations of 

cadmium (Shimada et al., 2000). Lipase is a secreted 

pancreatic enzyme with very low activity under 

physiological conditions. This enzyme is considered 

to be a sensitive and specific parameter in the 

diagnosis of pancreatitis (Almášiová et al., 2012). Our 

results are in concordance with those of Almášiová et 

al. (2012), who show an increase in levels of lipase in 
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the cadmium-exposed rats. We noticed an 

amelioration of all these parameters after curcuma-

supplementation compared to the control group. This 

is due to curcumin, which exerts choleretic effects by 

increasing biliary excretion as well as increasing bile 

solubility, therefore possibly preventing and treating 

cholelithiasis (Akram et al., 2010). Turmeric is known 

for its antioxidant characteristics and several 

researchers have confirmed its hepatoprotective 

properties (Saidi et al., 2020). 

 

Fig. 4. Hepatic and renal glutathione S-transferase activities (nM GSH/min/mg proteins) in control (0-0) and 

treated groups (0-Cur, Cd-0 and Cd-Cur) after 30 days of treatment (values represent the mean ± SM of 10 

animals). 

* P ≤ 0.05, *** P ≤ 0.001: Significantly difference from control (0-0) group. 

### P ≤ 0.001: Significantly difference from (Cd-0) group. 

The body encloses an antioxidant defense complex 

that relies on endogenous enzymatic and non-

enzymatic antioxidants. These molecules collectively 

act against free radicals to resist their damaging 

effects on vital biomolecules and, ultimately, body 

tissues (Ighodaroab and Akinloyeb, 2018). Our results 

show significant disturbances in parameters 

measuring oxidative stress after Cd-treatment. 

Reactive oxygen species (ROS) are often implicated in 

Cd-toxicity. Cadmium has been implicated to have a 

high affinity for sulfhydryl (-SH) groups of various 

enzymes, sulfur-containing antioxidants such as N-

acetyl-L-cysteine (NAC), alpha-lipoic acid (ALA), 

glutathione (GSH), rendering them inactive and 

sensitive to oxidative stress and cell membrane 

damage (Shome et al.,2016). It has been suggested 

that the mechanisms of acute cadmium toxicity 

involve the depletion of glutathione and protein-

related sulfhydryl groups, resulting in a high 

production of ROS such as superoxide ion, hydrogen 

peroxide and hydroxyl radicals. Cadmium increased 

ROS production, in turn, produces lipid peroxidation 

and DNA lesions (Liu et al., 2009). In our study, after 

treatment of rats with cadmium, the rate of GSH is 

decreased in all studied tissues; this is maybe due to 

the consumption of glutathione because the majority 

of metals are strongly bound to -SH groups of 

cysteine amino acids, making free cysteine an 

effective chelator of metal ions (Jozefczak et al.,2012). 

Other studies also showed a reduced level of hepatic 

GSH in Cd-treated rats because of its oxidation to 

GSSG (oxidized glutathione), which accumulates in 

the system (Kim, 2012). GSH exerts its role in synergy 

with antioxidant enzymes such as GST, GPx, SOD and 

catalase. The latter enzyme (CAT) converts H2O2 into 

oxygen and water, thereby protecting the cells from 

oxidative damage (Saka et al., 2002; Sharma and 

Ahuja, 2019).  
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Fig. 5. Hepatic and renal catalase activities (µM H2O2/min/mg proteins) in control (0-0) and treated groups (0-

Cur, Cd-0 and Cd-Cur) after 30 days of treatment (values represent the mean ± SM of 10 animals). 

** P ≤ 0.01, *** P ≤ 0.001: Significantly difference from control (0-0) group. 

## P ≤ 0.01: Significantly difference from (Cd-0) group. 

This function is shared with the GPx, which needs 

GSH and selenium to function properly (Valko et al., 

2007). Biochemical evaluation of these antioxidant 

enzymatic systems revealed a significant reduction in 

GPx and CAT activities accompanied by a significant 

increase in GST activity in the liver and kidney of 

cadmium-treated rats.  

 

The high activity of GST in cadmium-treated rats 

explains the involvement of this enzyme in the 

conjugation reactions of electrophile compounds 

arising from the cadmium effect with GSH. These 

conjugation reactions are due to the production of 

non-toxic mercapturic acids excreted in the urines 

(Saka and Aouacheri, 2017; Aouacheri and Saka, 

2020). Cadmium has been shown to decrease the 

antioxidant biomarkers activities such as GPx and 

CAT in rats that received cadmium chloride (5 mg/kg 

BW) for 28 days (Kehili et al., 2017). Cd can inhibit 

the activity of antioxidant enzymes such as Cu/Zn 

SOD and CAT (probably through direct Cd/enzyme 

interaction), which decreases intracellular 

antioxidant defenses. Cd was also shown to replace 

iron and copper in metalloproteins (Zwolak, 2019). 

The marked reduction of CAT activity might result 

from metal deficiency. Cadmium can interact with 

divalent cations, such as iron, and induce iron 

deficiency. Iron is the structural component of CAT 

active site; thus, iron deficiency might be responsible 

for the reduction of CAT activity. Since GPx is a 

selenium-containing enzyme, selenium depletion (by 

cadmium) may reduce GPx activity (Momeni and 

Eskandari, 2019). MDA is the most abundant 

aldehyde breakdown product of oxidative degradation 

of polyunsaturated fatty acids PUFA is frequently 

used as an indicator of lipid peroxidation extent 

(Domijan et al., 2014). MDA can react with proteins 

and DNA, so it can consider this MDA as toxic and 

mutagenic (Nair et al., 2007). In our study, we noted 

a significant increase in the rate of hepatic and renal 

MDA after the administration of cadmium.  

 

This is similar to other studies that found a dose-

dependent increase in MDA levels in the liver tissues 

(Kara et al., 2005).  

 

The treatment of rats with cadmium associated with 

turmeric has shown a significant improvement where 

GSH levels return to near-normal levels. In fact, 

curcuma increases the availability of GSH and 

protects the cell against oxidative damages induced 

during GSH depletion. As a supplement, it enhances 

both cellular GSH levels and ROS scavenging ability 

(Saidi et al., 2020).  
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Fig. 6. Histological sections of rat's liver in control (0-0) and treated rats (0-Cur, Cd-0, Cd-Cur) after 30 days of 

treatment. Optic microscopy (×100) 

( Vacuolar and granular degeneration). 

It also appears that curcumin exerts a protective 

antioxidant action by enhancing the main enzymatic 

activities (Damiano et al., 2020). Cd-induced ROS 

formation was significantly suppressed by curcumin; 

this indicates the association of cytoprotective and 

radical scavenger activity of curcumin (Somparn et 

al., 2015). Therefore, curcumin has the potential to 

scavenge ROS such as superoxide radicals, hydroxyl 

radicals and alkoxy radicals. Curcumin acts as a 

superoxide dismutase mimic while scavenging 

superoxide radicals and result in the complete 

degradation of superoxide (Shome et al., 2016).  In 

the end, all these results were confirmed by the 

results of the histological study. In our data, the dose 

of Cd used had an effect on the histology of liver and 

kidney tissue. Several studies have reported the 

association of cadmium to these changes like that of 

Berrouche et al. (2014). As it has been previously 

reported, about half of the cadmium absorbed by the 

intestines is localized in the liver and kidney. In the 

liver, the Cd induces the synthesis of the 

methallothionein (MT), thus forming the Cd-MT 

complex. The saturation of the methallothionein leads 

to exes of the cadmium in the liver and this conducts 

to the membrane lesions of the hepatocytes (Nzengue 

et al., 2012). About renal histological tissue, our data 

were supported with others like Gabr et al. (2019), 

who reported that cadmium toxicity induced tubular 

necrosis or loss of the brunch border and damage in 

the small tubules of the kidney.In our study, we 

demonstrated that the association of curcuma with 

cadmium leads to a reduction of inflammation in both 

renal and hepatic tissues due to the anti-

inflammatory effect of curcuma. It was confirmed and 

illustrated by several investigations, such as that of 

Soliman et al. (2014), who confirmed the ability of 

curcuma to reduce the number of free radicals and 

exert its anti-inflammatory activity during hepatic 

toxicity. Also, many studies have demonstrated the 

phytoprotective effect of curcuma on renal damage, 

like Song et al.(2015), who reported that the 

therapeutic effect of curcuma ameliorates renal 

damage by regulating inflammation and apoptosis 

considerably.
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Fig. 7. Histological sections of rat's kidney in control (0-0) and treated rats (0-Cur, Cd-0, Cd-Cur) after 30 days 

of treatment. Optic microscopy (×100) 

( Tubular structure damage). 

Conclusion 

We undertook the present study to evaluate the 

efficacy of curcuma in Cd-induced toxicity in rats. It 

can be concluded from the present research work that 

cadmium intoxication resulted in severe toxic effects 

in blood and organs of Albino wistar rats as reflected 

by physiological, hematological, hepatic, lipid, renal, 

pancreatic, oxidative stress markers and 

histopathological examination. Curcuma 

supplementation showed satisfactory and 

encouraging results; it counteracted this toxicity 

effectively due to curcumin action, which has putative 

antioxidant and free-radical scavenging properties. 

Oxidative stress is a major mechanism of toxicity and 

was implicated as a significant factor in our study. So, 

more natural antioxidants should be included in the 

daily diet to combat the deleterious effects of heavy 

metals. 
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