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ABSTRACT 

Background: Turmeric (Curcuma longa), belonging to the Zingiberaceae family, is a widely used spice 

in cuisines of African, Asian and other countries globally. Despite the enormous pharmacological 

benefits of turmeric, there is very little experimental evidence to demonstrate its protective activity 

against cadmium-induced neurotoxicity. Accordingly, this study is aimed at investigating such activity in 

Wistar rats and its possible mechanisms of action. Methods: Y-maze and Novel object recognition tests 

were utilized to evaluate memory impairments while antioxidants activity and lipid peroxidation were 

evaluated to outline the antioxidant mechanism of action following pre-treatment of rats with ethanolic 

turmeric root extract (200 mg/kg body weight) 1 hour before cadmium administration for 21 consecutive 

days. In addition, the histology of the cerebrum and hippocampus was investigated to determine possible 

anatomical alterations across experimental groups. Results: The ethanolic extract of turmeric root at the 

dose of 200 mg/kg significantly improved the memory of rats and protected against the impairments 

induced by cadmium. In addition, the extract significantly increased cerebral and hippocampal 

antioxidant enzyme activities (SOD, GPx and CAT), decreased lipid peroxidation (MDA) and protected 

against the degenerative changes observed in the cerebrum and hippocampus of rats treated with 

cadmium alone. Conclusion: Taken together, these findings suggest that the ethanolic extract of 

turmeric root protected against the cognitive impairments induced by cadmium possibly through the 

attenuation of the oxidative damaging activity of cadmium.   

Keywords: Turmeric, Cadmium, Antioxidant, Memory, Oxidative Damage. 

 
INTRODUCTION 

Cadmium is often considered an extremely lethal element that affects human health following long term 

exposure even at low concentrations [1]. The toxicity of cadmium is validated by its inclusion in the top 

ten chemicals of primary public health concern by the World Health Organization [2]. This has led to 

public anxiety and increased research activities targeted at finding therapeutic strategies capable of 

mitigating its adverse effects. When cadmium is absorbed into the body, it is transported through the 

blood and binds to red blood cells and plasma proteins and is thereafter dispersed all through the organs 

and tissues with a half-life of about 17-30 years [3]. Extensive cadmium exposure may lead to chronic 

damage to the brain, kidney, testes, lung and bone [3]. In the cells, cadmium affects apoptosis, cell 

proliferation and differentiation as well as other cellular activities. Following cadmium exposure, its 

metabolism and elimination from the body are subject to the presence of free radical scavenging 

antioxidants and the activity of antioxidant enzymes. [4]. The pathophysiology of cadmium is mainly 

dependent on the induction of oxidative stress, which is typified by (i) excessive generation of Reactive 

Oxygen Species (ROS) and Reactive Nitrogen Species (RNS); (ii) significant reduction of endogenous 

antioxidants and free-radical scavengers; and (iii) inactivation of enzymes that aid in the detoxification 

of ROS [4]. 

In the body, there are a moderate number of antioxidant protection machinery against free radicals and 

ROS. Chelation techniques have also been utilized in the mitigation of cadmium-induced toxicity [5]. 

Numerous thiol-containing compounds have been exploited as treatments for heavy metal intoxications 

due to their ability to scavenge free radicals, reinstate cellular thiol pools, and form steady complexes 

with heavy metals [6]. However, due to the possible side effects and adverse health risks linked to the 

chelation therapy and synthetic thiol-containing compounds in the treatment of cadmium toxicity, natural 

exogenous antioxidants from dietary sources in form of medicinal plants have been encouraged. Reports 

indicate that some of these medicinal plants possess more beneficial pharmacological activities than their 

synthetic equivalents in addition to being harmless, adequate, cheaper, culturally acceptable and 

appropriate for treatment of heavy metal disorders [7]. Also, several medicinal plants such as turmeric, 

Sutherlandia frutescens, Carpobrotus edulis, Crossyne guttata and their isolated bioactive 

compounds/molecules are well known internationally for their potency [8-11]. 
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Turmeric (Curcuma longa) is a widely studied functional food 

belonging to the Zingiberaceae family. Since ancient times, turmeric 

has been used as a spice in cuisines of Africa, Asia and in other 

countries globally. Numerous communities across the world utilize 

turmeric to manufacture traditional medications in the treatment of 

human diseases and disorders. For instance, it is useful in the 

treatment of stomach ailments, hepatic disorders, dyslipidemia and 

arthritis [12]. Some of the pharmacological activities of turmeric 

include antioxidant, anti-inflammatory, hypolipidemic and 

antimicrobial effects [12, 13]. Studies show that turmeric scavenges free 

radicals, boost the activities of antioxidant enzymes, and attenuates 

lipid peroxidation [14]. The pharmacological benefits of turmeric have 

been attributed to its bioactive constituents. two of the most 

significant constituents of turmeric is its volatile oil and curcumin. 

Evidence shows that curcumin plays a key role against oxidative 

stress in dopaminergic neuronal cells and ultimately enhances 

neuroprotection possibly through mediation of the BDNF/TrkB-

MAPK/PI-3K-CREB signaling pathway [15]. Other 

neuropharmacological benefits of turmeric include its protective 

activity against traumatic brain injury, depression, anxiety, 

Alzheimer’s disease and Parkinson’s disease [16-18] 

Despite the enormous beneficial properties of turmeric, there is very 

little experimental evidence to demonstrate its protective activity 

against cadmium-induced neurotoxicity. Accordingly, this study is 

aimed at investigating such activity in Wistar rats, hence findings 

from this study will provide the first research evidence of the 

neuroprotective activity of turmeric in cadmium-exposed Wistar rats. 

MATERIALS AND METHODS 

Plant material 

The roots of turmeric (Curcuma longa) were bought from a nearby 

market in Benin City, specifically in the market of Uselu. It was 

identified and authenticated at the Department of Plant Biology and 

Biotechnology, University of Benin, Edo State, and a voucher 

specimen was deposited with the number UBH-C397.  

Animals  

Adult Wistar rats, weighing between 130g - 180g, obtained from the 

breeding colony of the Department of Anatomy were used for the 

experiments. Animals were freely allowed to water and top feeds 

growers mash (manufactured by Premier feed mills Co. Ltd, 1 Eagle 

Flour Road, Lagos/Ibadan expressway Toll point, Ibadan, Oyo State, 

Nigeria). Acclimatization lasted for 14-days and animals received 

humane care following the principle of humane care and the use of 

laboratory animals. This study was reviewed and approved by the 

Research Ethics Committee of the College of Medical Sciences, 

University of Benin, with the number CMS|REC|2021|171. 

Preparation of the Ethanolic Extract  

The roots of turmeric (Curcuma longa) were washed, chopped into 

bits, air-dried under ambient temperature without exposure to sunlight 

and pulverized. 1kg of the plant material was soaked in 3litres of 

absolute ethanol and thoroughly extracted for 72 hours by maceration 

and recurrent stirring before filtering using hydrophilic cotton and 

Whatman filtered paper. The obtained filtrate was subsequently 

evaporated in a vacuum at 40°C under a pressure of 175 mbar with a 

rotary evaporator (SM-52 CS-1, Surgifield Medical, England) and 

freeze-dried to dryness with a freeze dryer (LGJ-10, Searchtech, 

United Kingdom). The ethanolic extract was stored at 4°C until 

needed for further experiments.  

Phytochemical Screening  

The qualitative assessment of the chemical composition of the roots of 

turmeric (Curcuma longa) was done using standard methods [19, 20]. 

Compounds such as alkaloids, saponins, steroids, tannins, 

anthocyanin, phenols, flavonoids, carbohydrates, phylobotanins, 

terpenes and cardiac glycosides were tested.  

Acute Toxicity Study 

This study was carried out according to a previously described method 

with little modification [21]. Briefly, three groups, A1, B1 and C1, 

containing three rats each were administered with single doses of 10, 

100 and 1000mg/kg bodyweight of ethanolic turmeric root extract 

respectively. The rats were then observed for 72 hours to monitor 

behavioural changes and possible mortality. Following the expiration 

of 72 hours, three new groups, A2, B2, and C2, containing two rats 

each were administered with single doses of 1600, 2900, and 

5000mg/kg bodyweight of ethanolic turmeric root extract 

respectively. The rats were also observed for 72 hours for possible 

behavioural changes and mortality. 

Chemicals and Reagents  

Normal saline was manufactured by Unique Pharmaceuticals, Sango-

Otta, Nigeria and Cadmium chloride (CdCl2 98% purity) by Loba 

Chemie Pvt. Ltd, Mumbai, India. Other reagents were all of the 

analytical grades. 

Grouping and Treatment Schedule 

Rats were randomly assigned into four different groups of six rats 

each. The experimental design was as follows: 

Group 1 (Control): received distilled water only for 3 weeks 

Group 2 (Cd): received Cadmium (5 mg/kg body wt.) for 3 weeks 

Group 3 (Cd + Tu): received 200 mg/kg body wt. of ethanolic 

turmeric root extract + Cadmium (5 mg/kg body wt.) for 3 weeks 

Group 4 (Tu): received 200 mg/kg body wt. of ethanolic turmeric root 

extract for 3 weeks  

Rats were pretreated with turmeric one hour before administration of 

Cadmium  

After 3 weeks, the rats were subjected to the novel object recognition 

and Y-maze tests. Following the neurobehavioral tests, biochemical 

evaluation of antioxidants activity and histopathological assessment of 

the cerebrum and hippocampus were carried out.  

Neurobehavioral tests 

Novel object recognition (NOR) test  

This test, commonly utilized to evaluate short-term and long-term 

memory.in rodents, was carried out as previously described [22]. 

Briefly, on the 21st day of the experiment, each rat explored the 

apparatus for 2 minutes, while on day 22 (test day), two sessions (T1 

and T2) of 3 minutes each was allowed. In T1 (trial), two similar 

objects (FO1 and FO2) were placed at opposite corners of the 

apparatus. Thereafter, rats were left to individually explore both 

identical objects. At the end of T1, rats were returned to their cages 

and a 1-hour interval was given before T2. In T2 (real test), a new 

object (NO) was used to replace FO2, and each rat was left to explore 

FO1 and NO. Thereafter, the total time spent in exploring FO1 and 

FO2 (in T1), and that spent in exploring FO1 and NO (in T2) was 

recorded. 

The discrimination index (DI) was calculated as follows 

Time with Novel object (NO) – time with the familiar object (FO1) 

Time with Novel object (NO) + time with the familiar object (FO1) 
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Y-Maze test 

Studies show that the Y-maze is a consistent, non-invasive test that 

assesses cognitive changes in rodents via an analysis of spontaneous 

alternation behaviour in the Y-maze task [23]. The Y-maze utilized in 

this study consisted of three identical arms (33×11×12cm each) which 

are symmetrically separated at 120° with an equilateral triangular 

central area. Experimental rats, placed at the end of one arm, were 

allowed to move freely through the maze for 5 minutes following 

which each session was stopped. An arm entry (a measure of general 

activity) was recorded as positive when a rat’s hind paw was 

completely within the arm while spontaneous alternation behaviour 

was recorded as three successive entries in three different arms (i.e. A, 

B, C or A, C, B, etc.). The percentage alternation was calculated as 

Total alternation number/ (Total number of entries minus 2) x 100. 

After each session, the maze was cleaned with 10% ethanol to remove 

the residual odour [24]. 

Biochemical Evaluation  

The cerebrum and hippocampus were homogenized in ice-cold 20 

mM Tris-HCl buffer (pH 7.4), and the homogenates were thereafter 

centrifuged at 10,000 g for 10 min at 4ºC [25]. The supernatants were 

collected and evaluated for Superoxide Dismutase (SOD) [26], Catalase 

(CAT) [27], Malondialdehyde (MDA) [28] and Glutathione Peroxidase 

(GPx) [29]. 

Histological Examination  

After 72 hours of storage in Bouin's fluid, the cerebrum and 

hippocampus were processed through the paraffin wax embedding 

method as previously reported [30]. The Haematoxylin and Eosin 

staining method described by Drury and Wallington was also carried 

out [30]. Thereafter, sections were observed under a LABO® trinocular 

microscope (Labo Microsystems GmbH, Germany) with an Omax 

9.0MP USB Digital Microscope Camera (Korea).  

Statistical Analysis  

Analysis of data was performed using GraphPad Prism Software V7 

(www.graphpad.com/scientific-software/prism/). Values were 

presented as mean ± standard error of mean. Statistical significance 

(p<0.05) was determined by one-way analysis of variance (ANOVA) 

followed by the Tukey multiple comparisons.  

RESULTS  

Phytochemical screening  

The qualitative phytochemical analysis revealed that the root of 

turmeric contains alkaloids, saponins, steroids, tannins, anthocyanin, 

phenols, flavonoids, carbohydrates, phylobotanins, terpenes and 

cardiac glycosides. This indicates that the ethanolic extract of turmeric 

root is rich in phytoconstituents (Table 1). 

Table 1: Phytochemical analysis of the root of turmeric 

Turmeric root extract; (+): Present; (-): Absent 

Phytochemicals Results 

Alkaloids + 

Saponins + 

Steroids + 

Tannins + 

Anthocyanin + 

Phenols + 

Flavonoids + 

Carbohydrates + 

Phlorotannin - 

Terpenes + 

Cardiac glycosides + 

Acute Toxicity  

No behavioural changes, abnormality or mortality was observed 

across experimental groups following administration of ethanolic 

turmeric root extract at doses from 10 to 5000mg/kg bodyweight. 

There were no noticeable behavioural differences across experimental 

groups. 

Effect of Treatment in the Novel Object Recognition Test 

Findings show that control rats and turmeric alone treated rats took a 

longer time to explore the familiar and novel object (Figure 2). 

However, rats treated with cadmium alone had significantly lesser 

(p<0.05) time of exploration than that of control and turmeric pre-

treated rats, signifying an impairment of the memory process (Figure 

3). Pre-treatment of rats by turmeric (200 mg/kg) protected against the 

impairments induced by cadmium; this is demonstrated by a 

significant increase (p<0.05) in the total exploratory time of the rats in 

this task as compared to the cadmium alone group (Figure 3). For the 

discrimination index, results show a significant reduction (p<0.05) in 

the ability to discriminate between the novel and familiar objects 

following treatment with cadmium alone as compared to control. Post 

hoc comparisons indicated that rats pre-treated with 200 mg/kg of 

ethanolic turmeric root extract discriminated significantly better and 

higher than rats treated with cadmium alone (Figure 4). 

 

Figure 1: Effect of Turmeric (Tu) and cadmium (Cd) on the mean exploration 

times in T1 (trial test) of the familiar object 1 (FO1) vs. familiar object 2 (FO2) 

in the novel object recognition test  

 

Figure 2: Effect of Turmeric (Tu) and cadmium (Cd) on the mean exploration 
times in T2 (real test) of the familiar object 1 (FO1) vs. novel object (NO) in 

the novel object recognition test. Bars represent the mean ± SEM. # p< 0.05 
compared with the control group; * p< 0.05 compared with the Cd-alone 

group. 
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Figure 3: Effect of Turmeric (Tu) and cadmium (Cd) on the total exploration 

times of T1 (trial test) and T2 (real test) in the novel object recognition test. 

Bars represent the mean ± SEM. # p< 0.05 compared with the control group; * 
p< 0.05 compared with the Cd-alone group 
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Figure 4: Effect of Turmeric (Tu) and cadmium (Cd) on discrimination index 

(DI) in the novel object recognition test. Bars represent the mean ± SEM. # p< 

0.05 compared with the control group; * p< 0.05 compared with the Cd-alone 

group 

Effects of Treatment in the Y-Maze Test 

In the Y-maze test, findings show that cadmium significantly 

decreased (p<0.05) spontaneous alternation behaviour in rats after 

twenty-one days’ administration when compared to control (Figure 5). 

Conversely, pre-treatment of rats with ethanolic turmeric root extract 

significantly increased (p<0.05) spontaneous alternation behaviour in 

rats with cognitive deficit induced by cadmium. Treatment of rats 

with ethanolic turmeric root extract alone did not affect spontaneous 

alternation and was not significantly different from control.  
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Figure 5: Effect of Turmeric (Tu) and cadmium (Cd) on spontaneous 

alternation (SA) percentage in the Y-maze test. Bars represent the mean ± 

SEM. # p< 0.05 compared with the control group; * p< 0.05 compared with the 

Cd-alone group 

Effect of Treatment on Cerebral Antioxidant Activity and Lipid 

Peroxidation  

Following treatment with cadmium alone, cerebral SOD, CAT and 

GPx activities decreased significantly (p<0.05) when compared with 

that of control (Figure 6). Also, cerebral MDA activity was 

significantly increased (p<0.05) in cadmium alone treated rats when 

compared with control. Conversely, pre-treatment of rats with 

ethanolic turmeric root extract significantly increased (p<0.05) 

cerebral SOD, CAT and GPx activities in rats when compared to rats 

treated with cadmium alone. There was no significant difference 

(p>0.05) between control and rats treated with ethanolic turmeric root 

extract alone.            

 

Figure 6: Effect of Turmeric (Tu) and cadmium (Cd) on SOD (a) MDA (b), 
CAT (c) and GPx (d) activity in the cerebrum of experimental rats. Bars 

represent the mean ± SEM. # p< 0.05 compared with the control group; * p< 

0.05 compared with the Cd-alone group 

Effect of Treatment on Hippocampal Antioxidant Activity and 

Lipid Peroxidation  

Following treatment with cadmium alone, hippocampal SOD, CAT 

and GPx activities decreased significantly (p<0.05) when compared 

with that of control (Figure 7). Also, hippocampal MDA activity was 

significantly increased (p<0.05) in cadmium alone treated rats when 

compared with control. Conversely, pre-treatment of rats with 

ethanolic turmeric root extract significantly increased (p<0.05) 

hippocampal SOD, CAT and GPx activities in rats when compared to 

rats treated with cadmium alone. There was no significant difference 

(p>0.05) between control and rats treated with ethanolic turmeric root 

extract alone. 

Effect of Treatment on The Histology of the Cerebrum and 

Hippocampus  

Figures 8 and 9 show the histology of the cerebrum and hippocampus 

of rats in the experimental groups following appropriate treatments. 

Figure 8A shows the normal histology of the cerebral cortex revealing 

six layers from external to internal with pyramidal and granular 

neuronal cells. Figure 9A shows the normal histology of the 

hippocampus showing the cortex narrowed into a single layer of 

densely packed pyramidal neurons the cornu ammonis (CA) region 

CA1. The histology of the cerebrum of the cadmium alone group 

(Figure 8B) revealed severe histological alterations in the layers of the 

cortex as compared to the control group. Some areas appear more 

cellular particularly in the outer pyramidal layer while others were 

less crowded with cells, particularly in the inner granular layer. Also 

degenerating pyramidal cells and vacuolation was observed 
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particularly in the outer pyramidal and inner granular layer. The 

hippocampus showed the CA1 region with histological alterations to 

its structure (Figure 9B). This is demonstrated by severe vacuolation, 

pyknotic nuclei and degenerating pyramidal cells and neurons. In the 

pretreated group of rats, the cerebral cortex and hippocampus 

displayed improved cortical architecture with pyramidal and granule 

cells similar to that of control and no vacuolation in the cerebral and 

hippocampal tissue (Figure 8C & 9C). There were no observed 

histological differences between the cerebrum and hippocampus of 

rats treated with ethanolic turmeric root extract alone and control 

(Figure 8D & 9D). 

 

Figure 7: Effect of Turmeric (Tu) and cadmium (Cd) on SOD (a) MDA (b), 

CAT (c) and GPx (d) activity in the hippocampus of experimental rats. Bars 
represent the mean ± SEM. # p< 0.05 compared with the control group; * p< 

0.05 compared with the Cd-alone group 

  

 

Figure 8: Photomicrograph showing the histology of the cerebral cortex of rats 

in the experimental groups (A) Control; Notice the molecular layer (1), outer 
granular layer (2), outer pyramidal layer (3), inner granular layer (4), inner 

pyramidal layer (5) and the multiform layer (6). (B) Cd-induced group. 

Transverse section showing disorganized and fewer cells in the pyramidal and 
inner granular layer; degenerating pyramidal cells (black arrows) (C) 

200mg/kg Tu + Cd (D) 200mg/kg Tu. (H&E 100X). Scale bar 100 µm 

 

Figure 9: Photomicrograph showing the histology of the hippocampus of rats 

in the experimental groups (A) Control. (B) Cd-induced group. Sections 
showing altered morphology with vacuolated tissue architecture (black arrows) 

and pyknotic nuclei (yellow arrows) and fewer cells observed in the CA1 

region (C) Cd + 200mg/kg Tu (D) 200mg/kg Tu. (H&E x400). Scale bar: 

25µm  

DISCUSSION 

In this study, we report that pre-treatment with ethanolic turmeric root 

extract protected against impaired learning and memory behaviours 

induced by cadmium in adult Wistar rats. Specifically, the 

phytochemical screening showed that the ethanolic extract of turmeric 

root contains alkaloids, saponins, steroids, tannins, anthocyanin, 

phenols, flavonoids, carbohydrates, phylobotanins, terpenes and 

cardiac glycosides. This finding is in agreement with previous reports 

on the phytochemical composition of the plant [31, 32]. Accumulating 

evidence shows that the pharmacological action of plants is based on 

its phytochemical constituent and the presence of important 

phytochemicals in this extract (particularly alkaloids, flavonoids, 

phenols and saponins) demonstrates its pharmacological benefit and 

relevance for medicine and therapy. Phenols, flavonoids and saponins 

have been previously reported to have antioxidant and neuroprotective 

properties [33, 34]. The toxicological study showed that no mortality 

was recorded at the 5000 mg/kg limit dose; thus signifying that the 

LD50 is greater than 5000 mg/kg and that the extract is not toxic. The 

non-toxic nature of the plant is further vindicated by reports of the use 

of turmeric as a food plant with a high safety margin. This is in 

agreement with previous findings demonstrating that the LD50 of 

turmeric is greater than 5000 mg/kg [35, 36]. 

In this study, two standard memory tests, Y-maze and novel object 

recognition, were utilized to assess the protective effect of the 

ethanolic extract of turmeric root against cadmium-induced 

neurotoxicity in rats. The primary output from the Y-maze analysis is 

the percentage of spontaneous alternation behaviour. This is often 

considered as a measure of short-term spatial memory in rodents 

which requires them to remember the arm most recently entered in a 

bid to alternate the choice of next arm entry [24], thus, spontaneous 

alternation behaviour was established from consecutive entries into 

three different arms. Furthermore, cadmium administration has been 

reported to impair spontaneous alternation behaviour in mice [37, 38]. 

Our results show that spontaneous alternation behaviour in cadmium 

alone treated rats was significantly lower than in control rats. 

Conversely, rats pre-treated with ethanolic turmeric root extract had 

significantly higher percentages of spontaneous alternation behaviour 

when compared to rats treated with cadmium alone, thus protecting 

against the cognitive deficit induced by cadmium in the Y-maze task. 

The novel object recognition test has been widely explored in 
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neuroscience studies of neurobehaviour, cognition, memory and brain 

function in rodents [24, 39]. Our findings show that exploration of the 

novel object was significantly reduced in rats treated with cadmium 

alone when compared to control. In this test, an exploratory and 

memory retention ability is required of the experimental rats such that 

each rat must sufficiently explore the familiar object during the trial 

phase to differentiate between it and a novel object during the real test 

phase [24]. Findings from this study show that rats treated with 

cadmium alone displayed lower total exploration times during the real 

test than control rats. The discrimination index was observed to be 

significantly reduced in the group of rats treated with cadmium alone 

when compared to control, suggesting an impairment of the learning 

and recognition process. This is in agreement with previous 

neurobehavioral reports demonstrating that cadmium treated rats 

display significantly reduced exploratory behaviour and 

discrimination index in the novel object recognition test [40, 41]. 

Following pre-treatment of rats with ethanolic turmeric root extract, a 

significant increase was observed in the exploration and 

discrimination index of the rats when compared to those treated with 

cadmium alone, thus indicating that the extract protects against 

memory impairments and cognitive dysfunction in rats treated with 

cadmium.  

Memory disorders induced by cadmium are linked to elevated 

oxidative stress in the brain [42, 43]. Reports indicate that cadmium 

induces its neurotoxicity via the reduction of enzymatic antioxidants 

and an ensuing elevation in lipid peroxidation. Also, thiol status 

modulation, ion transport changes and DNA damage are other 

reported mechanisms [44]. During the induction of oxidative stress, 

lipid peroxidation is reported to be a key player with an important role 

in the toxicity of several heavy metals [45, 46]. This agrees with the 

findings from this study showing that cadmium increased the MDA 

level, an oxidative product of lipid peroxidation, in the brain. In a bid 

to counteract the harmful effects of reactive oxygen species and free 

radicals, cells are fortified with potent antioxidant defence 

mechanisms. Findings from this study reveal that the cadmium-

induced increase in lipid peroxidation corresponded with a significant 

decrease in the activities of the cellular enzymatic antioxidants SOD, 

CAT and GPx. This is in agreement with several reports showing that 

cadmium deactivates several enzymes and proteins involved in the 

regulation and attenuation of stress [47, 48]. However, pretreatment of 

rats with ethanolic turmeric root extract protected against the 

dysregulation of the antioxidant enzymes activity and induction of 

lipid peroxidation. This may be due to the extract’s free radical 

scavenging, anti-oxidative, metal chelating and anti-lipid peroxidative 

properties, as previously reported [49, 50].  

Several reports show that cadmium exposure induces severe 

histological changes in the brain [51, 52]. From this study, 

administration of cadmium alone to rats induced alterations to the 

cerebral cortex, particularly the outer pyramidal and inner granular 

layers, as well as the pyramidal cells and neurons of the hippocampus. 

The disparity and loss of cellularity in the inner granular layer of the 

cerebral cortex, degenerating pyramidal neurons and cells as well as 

vacuolation of the CA1 region of the hippocampus are considered as 

hallmarks of cytoskeletal disorganization [53]. Vacuolation is often 

attributable to cellular shrinkage and withdrawal of their processes 

thereby leaving peri-cellular spaces [54]. In agreement with our study, 

structural changes to the neurons and cells of the cerebral cortex and 

hippocampus are known to cause deficits in learning, memory and 

cognition [51, 52, 55, 56]. The degenerative changes to the cerebral and 

hippocampal structures may be linked to the vulnerability of rats to 

cadmium toxicity and its ability to induce oxidative damage [57]. 

Pretreatment of rats with ethanolic turmeric root extract protected 

against the histological alterations in the cerebrum and hippocampus 

of rats exposed to cadmium alone, thus demonstrating its potent 

protective activity. 

 

 

CONCLUSION 

The qualitative phytochemical screening of ethanolic turmeric root 

extract showed that it contained various important phytochemicals. 

The presence of these phytochemicals in the plant, its ability to 

regulate antioxidant enzymes activity and inhibit lipid peroxidation 

are possible explanations for the neuroprotective activity 

demonstrated in this study. It is therefore suggested and recommended 

that regular intake of turmeric in diet could be neuroprotective and 

that this plant could be developed as a neuroprotective agent useful 

against cadmium toxicity and other related disorders.   

Acknowledgements 

The authors appreciate the generous assistance and contributions of 

Miss Omotara Ife Dolapo Adedeji, Miss Abieuwa Jennifer 

Eghomwanre and Mr Etinosa Iyoha during the conduct of this 

research.  

Conflict of Interest 

None declared. 

Financial Support 

None declared. 

REFERENCES 

1. Krishnamurti GS, McArthur D, Wang M, Kozak L, Huang P. 

Biogeochemistry of soil cadmium and the impact on terrestrial food chain 
contamination.  Biogeochemistry of trace elements in the rhizosphere: 

Elsevier. 2005;197-57. 

2. WHO. Ten chemicals of major public health concern. Geneva. 2010:1-4. 
3. Méndez-Armenta M, Ríos C. Cadmium neurotoxicity. Environ Toxicol 

Pharmacol. 2007;23(3):350-8. 

4. Jan AT, Azam M, Siddiqui K, Ali A, Choi I, Haq QM, et al. Heavy 
metals and human health: mechanistic insight into toxicity and counter 

defense system of antioxidants. Int J Mol Sci. 2015;16(12):29592-30. 

5. Rahimzadeh MR, Rahimzadeh MR, Kazemi S, Moghadamnia A-a. 
Cadmium toxicity and treatment: An update. Caspian journal of internal 

medicine. 2017;8(3):135. 

6. Pfaff AR, Beltz J, King E, Ercal N. Medicinal thiols: current status and 
new perspectives. Mini Rev Med Chem. 2020;20(6):513-29. 

7. Bhattacharya S. Medicinal plants and natural products can play a 

significant role in mitigation of mercury toxicity. Interdiscip Toxicol. 
2018;11(4):247-54. 

8. Enogieru AB, Omoruyi SI, Ekpo OE. Aqueous leaf extract of 

Sutherlandia frutescens attenuates ROS-induced apoptosis and loss of 
mitochondrial membrane potential in MPP+-treated SH-SY5Y cells. 

Tropical Journal of Pharmaceutical Research. 2020;19(3):549-55. 
9. Enogieru AB, Omoruyi SI, Hiss DC, Ekpo OE. Potential 

antiparkinsonian agents derived from South African medicinal plants. 

Journal of herbal medicine. 2018;13:1-7. 
10. Enogieru A, Omoruyi S, Ekpo O. Antioxidant and apoptosis-inhibition 

potential of Carpobrotus edulis in a model of parkinson’s disease. Journal 

of African Association of Physiological Sciences. 2018;6(2):126-35. 
11. Omoruyi S, Enogieru A, Hussein A, Ekpo O. Preliminary investigation of 

the neuroprotective potentials of Crossyne guttata in MPP induced 

toxicity in SH-SY5Y. Journal of African Association of Physiological 
Sciences. 2019;7(2):138-44. 

12. Ahmad RS, Hussain MB, Sultan MT, Arshad MS, Waheed M, Shariati 

MA, et al. Biochemistry, safety, pharmacological activities, and clinical 
applications of turmeric: a mechanistic review. Evid Based Complement 

Alternat Med. 2020. 

13. Gul P, Bakht J. Antimicrobial activity of turmeric extract and its potential 
use in food industry. J Food Sci Technol. 2015;52(4):2272-9. 

14. Prasad S, Aggarwal B, Benzie I, Wachtel-Galor S. Turmeric, the Golden 

Spice: From Traditional Medicine to Modern Medicine. 2011. PMID; 
2011. 

15. Wang R, Li Y-H, Xu Y, Li Y-B, Wu H-L, Guo H, et al. Curcumin 

produces neuroprotective effects via activating brain-derived 
neurotrophic factor/TrkB-dependent MAPK and PI-3K cascades in 

rodent cortical neurons. Prog Neuropsychopharmacol Biol Psychiatry. 

2010;34(1):147-53. 
16. Nguyen TT, Vuu MD, Huynh MA, Yamaguchi M, Tran LT, Dang TPT, 

et al. Curcumin effectively rescued Parkinson’s disease-like phenotypes 



The Journal of Phytopharmacology 

 

 

124 

in a novel Drosophila melanogaster model with dUCH knockdown. Oxid 

Med Cell Longev. 2018. 

17. Divino da Rocha M, Pereira Dias Viegas F, Cristina Campos H, Carolina 

Nicastro P, Calve Fossaluzza P, Alberto Manssour Fraga C, et al. The 

role of natural products in the discovery of new drug candidates for the 
treatment of neurodegenerative disorders II: Alzheimer's disease. CNS & 

Neurological Disorders-Drug Targets (Formerly Current Drug Targets-

CNS & Neurological Disorders). 2011;10(2):251-70. 
18. Dong W, Yang B, Wang L, Li B, Guo X, Zhang M, et al. Curcumin plays 

neuroprotective roles against traumatic brain injury partly via Nrf2 

signaling. Toxicol Appl Pharmacol. 2018;346:28-36. 
19. Sofowora A. Phytochemical screening of medicinal plants and traditional 

medicine in Africa. Spectrum Books Limited. Nigeria.1993;pp150–56.  

20. Trease G, Evans W. Text book of Pharmacognosy London. Bailliare 
Tindall. 1983;12(193):336. 

21. Lorke D. A new approach to practical acute toxicity testing. Arch 

Toxicol. 1983;54(4):275-87. 
22. El-Marasy SA, El-Shenawy SM, El-Khatib AS, El-Shabrawy OA, 

Kenawy SA. Effect of Nigella sativa and wheat germ oils on 

scopolamine-induced memory impairment in rats. Bulletin of Faculty of 
Pharmacy, Cairo University. 2012;50(2):81-8. 

23. Hritcu L, Cioanca O, Hancianu M. Effects of lavender oil inhalation on 

improving scopolamine-induced spatial memory impairment in 
laboratory rats. Phytomedicine. 2012;19(6):529-34. 

24. Foyet HS, Ngatanko Abaïssou HH, Wado E, Asongalem Acha E, Alin C. 

Emilia coccinae (SIMS) G extract improves memory impairment, 
cholinergic dysfunction, and oxidative stress damage in scopolamine-

treated rats. BMC Complement Altern Med. 2015;15(1):1-12. 

25. Montilla P, Barcos M, Munoz MC, Bujalance I, Munoz-Castaneda JR, 
Tunez I, et al. Red wine prevents brain oxidative stress and nephropathy 

in streptozotocin-induced diabetic rats. J Biochem Mol Biol. 

2005;38(5):539. 
26. Misra HP, Fridovich I. The role of superoxide anion in the autoxidation 

of epinephrine and a simple assay for superoxide dismutase. J Biol 

Chem. 1972;247(10):3170-5. 
27. Cohen G, Dembiec D, Marcus J. Measurement of catalase activity in 

tissue extracts. Anal Biochem. 1970;34(1):30-8. 

28. Buege JA, Aust SD. [30] Microsomal lipid peroxidation. InMethods in 
enzymology. 1978;52:pp. 302-10.  

29. Nyman M. Serum hatoglobin; methodological and clinical studies. Scand 

J Clin Lab Invest. 1959;11:1-69. 
30. Drury R, Wallington E. Carleton’s histological technique 5th ed. New 

York: Churchill Livingstone. 1980. 
31. Grover M, Behl T, Sehgal A, Singh S, Sharma N, Virmani T, et al. In 

Vitro Phytochemical Screening, Cytotoxicity Studies of Curcuma longa 

Extracts with Isolation and Characterisation of Their Isolated 
Compounds. Molecules. 2021;26(24):7509. 

32. Sawant R, Godghate A. Qualitative phytochemical screening of rhizomes 

of Curcuma longa Linn. International Journal of Science, Environment 
and Technology. 2013;2(4):634-41. 

33. Kumar GP, Khanum F. Neuroprotective potential of phytochemicals. 

Pharmacogn Rev. 2012;6(12):81. 
34. Enogieru AB, Haylett W, Hiss DC, Bardien S, Ekpo OE. Rutin as a 

potent antioxidant: implications for neurodegenerative disorders. Oxid 

Med Cell Longev. 2018;6241017: https://doi.org/10.1155/2018/6241017. 
35. Kamsu G, Fodouop S, Tagne R, Kodjio N, Fakam A, Gatsing D, et a;. 

Evaluation of the acute and sub-chronic toxicity of the ethanolic extract 

of Curcuma longa (Zingiberaceae) in wistar albino rats. Modern 

Chemistry & Applications. 2019;7(1):267. 

36. Ibrahim J, Kabiru AY, Abdulrasheed-Adeleke T, Lawal B, Adewuyi AH. 

Antioxidant and hepatoprotective potentials of curcuminoid isolates from 
turmeric (Curcuma longa) rhizome on CCl4-induced hepatic damage in 

Wistar rats. Journal of Taibah University for Science. 2020;14(1):908-15. 

37. Wang H, Zhang L, Abel GM, Storm DR, Xia Z. Cadmium exposure 
impairs cognition and olfactory memory in male C57BL/6 mice. Toxicol 

Sci. 2018;161(1):87-102. 

38. Namgyal D, Ali S, Hussain MD, Kazi M, Ahmad A, Sarwat M. 
Curcumin Ameliorates the Cd-Induced Anxiety-like Behavior in Mice by 

Regulating Oxidative Stress and Neuro-Inflammatory Proteins in the 

Prefrontal Cortex Region of the Brain. Antioxidants. 2021;10(11):1710. 
39. Yadang FS, Nguezeye Y, Kom CW, Betote PH, Mamat A, Tchokouaha 

LRY, et al. Scopolamine-induced memory impairment in mice: 

neuroprotective effects of Carissa edulis (Forssk.) Valh (Apocynaceae) 
aqueous extract. International Journal of Alzheimer’s Disease. 2020; 

6372059: https://doi.org/10.1155/2020/6372059. 

40. Kim W, Yim HS, Yoo DY, Jung HY, Kim JW, Choi JH, et al. 
Dendropanax morbifera Léveille extract ameliorates cadmium-induced 

impairment in memory and hippocampal neurogenesis in rats. BMC 

Complement Altern Med. 2016;16(1):1-8. 

41. Batool Z, Agha F, Tabassum S, Batool TS, Siddiqui RA, Haider S, et al. 

Prevention of cadmium-induced neurotoxicity in rats by essential 

nutrients present in nuts. Acta Neurobiol Exp (Wars). 2019;79(2):169-83. 

42. Gonçalves JF, Fiorenza AM, Spanevello RM, Mazzanti CM, Bochi GV, 

Antes FG, et al. N-acetylcysteine prevents memory deficits, the decrease 
in acetylcholinesterase activity and oxidative stress in rats exposed to 

cadmium. Chem Biol Interact. 2010;186(1):53-60. 

43. El-Kott AF, Alshehri AS, Khalifa HS, Abd-Lateif AE, Alshehri MA, El-
Maksoud MM, et al. Cadmium Chloride Induces Memory Deficits and 

Hippocampal Damage by Activating the JNK/p66Shc/NADPH Oxidase 

Axis. Int J Toxicol. 2020;39(5):477-90. 
44. Hao ML, Pan N, Zhang QH, Wang XH. Therapeutic efficacy of 

chlorogenic acid on cadmium-induced oxidative neuropathy in a murine 

model. Exp Ther Med. 2015;9(5):1887-94. 
45. Abd El HA. Lipid peroxidation end-products as a key of oxidative stress: 

effect of antioxidant on their production and transfer of free radicals. 

InLipid peroxidation. 2012;10.5772/45944.  
46. Patra RC, Rautray AK, Swarup D. Oxidative stress in lead and cadmium 

toxicity and its amelioration. Vet Med Int. 2011;457327: 

https://doi.org/10.4061/2011/457327 
47. Karoui-Kharrat D, Kaddour H, Hamdi Y, Mokni M, Amri M, Mezghani 

S, et al. Response of antioxidant enzymes to cadmium-induced 

cytotoxicity in rat cerebellar granule neurons. Open Life Sciences. 
2017;12(1):113-9. 

48. Shukla A, Shukla GS, Srimal R. Cadmium-induced alterations in blood-

brain barrier permeability and its possible correlation with decreased 
microvessel antioxidant potential in rat. Hum Exp Toxicol. 

1996;15(5):400-5. 

49. Messner DJ, Surrago C, Fiordalisi C, Chung WY, Kowdley KV. Isolation 
and characterization of iron chelators from turmeric (Curcuma longa): 

selective metal binding by curcuminoids. Biometals. 2017;30(5):699-08. 

50. Tanvir EM, Hossen M, Hossain M, Afroz R, Gan SH, Khalil M, Karim 
N, et al. Antioxidant properties of popular turmeric (Curcuma longa) 

varieties from Bangladesh. Journal of Food Quality. 

2017;8471785:https://doi.org/10.1155/2017/8471785. 
51. Afifi OK, Embaby AS. Histological study on the protective role of 

ascorbic acid on cadmium induced cerebral cortical neurotoxicity in adult 

male albino rats. Journal of microscopy and ultrastructure. 2016;4(1):36-
45. 

52. Vijaya P, Kaur H, Garg N, Sharma S. Protective and therapeutic effects 

of garlic and tomato on cadmium-induced neuropathology in mice. The 
Journal of Basic and Applied Zoology. 2020;81(1):1-11. 

53. Kumar V, Abbas AK, Fausto N, Aster JC. Robbins and Cotran 
pathologic basis of disease, professional edition e-book: Elsevier health 

sciences; 2014. 

54. Sobaniec‐Lotowska ME. Ultrastructure of Purkinje cell perikarya and 
their dendritic processes in the rat cerebellar cortex in experimental 

encephalopathy induced by chronic application of valproate. Int J Exp 

Pathol. 2001;82(6):337-48. 
55. Ojo OA, Oyinloye BE, Ajiboye BO, Onikanni SA. Neuroprotective 

mechanism of ethanolic extract of Irvingia gabonensis stem bark against 

cadmium-induced neurotoxicity in rats. Br J Med Med Res. 
2014;4(36):5793. 

56. Maodaa SN, Allam AA, Ajarem J, Abdel-Maksoud MA, Al-Basher GI, 

Wang ZY, et al. Effect of parsley (Petroselinum crispum, Apiaceae) juice 
against cadmium neurotoxicity in albino mice (Mus musculus). 

Behavioral and Brain Functions. 2016;12(1):1-16. 

57. El-Sokkary GH, Awadalla EA. The protective role of vitamin C against 

cerebral and pulmonary damage induced by cadmium chloride in male 

adult albino rat. The Open Neuroendocrinology Journal. 2011;4(1). 

 

 

HOW TO CITE THIS ARTICLE 

Enogieru AB, Inegbedion GO. Attenuation of Oxidative Stress and Cognitive 

Impairment in Cadmium Chloride-Exposed Wistar Rats Pre-treated with Ethanolic 

Turmeric Root Extract. J Phytopharmacol 2022; 11(2):118-124. doi: 

10.31254/phyto.2022.11212 

Creative Commons (CC) License- 

This article is an open access article distributed under the terms and conditions of the 

Creative Commons Attribution (CC BY 4.0) license. This license permits unrestricted 

use, distribution, and reproduction in any medium, provided the original author and 

source are credited. (http://creativecommons.org/licenses/by/4.0/). 


