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INTRODUCTION 

Cashew (Anacardium occidentale) is a tree plant belonging 

to the order Sapindales, family Anacardiaceae and genus 

Anacardium. The Anacardiaceae family consists of about 75 

genera and 700 species1. The plant has been reported to be 

native to the Central America and North South America, and 

was introduced to the African Countries, such as Nigeria, 

Uganda and Gambia, from Brazil by the Cerrados and 

Restinga2-3. Studies by Asogwa et al 4, Orwa et al 5 and 

Hammed et al6 have indicated the main producers of Cashew 

to be Mozambique, Ghana, Cote d’Ivore, Brazil, Vietnam, 

Guinea Bissau, India, Benin Republic, ,Sri Lanka, 

Philippine, Nigeria and Tanzania. 

Cashew fruit is reported to be rich in water soluble 

vitamins and minerals (manganese, potassium, zinc, iron, 

magnesium, selenium, phosphorus and copper) as  

 

Documented by the Agricultural Research Service USA7. 

Cashew juice and its pulp have been documented to have a 

high level of vitamin C8-9. However, cashew nut has been 

reported to contain potential allergens which could not even 

be decomposed on heating 10. Other chemical analysis of 

Cashew fruit have shown the presence of carotenoids, 

making up to 50% 11  and other compounds including oleic 

acid, palmitic acid, furfural, lactone, (E) -hexenal, (Z) -hex-

3-enol, haxadecanol and 4-hydroxydodecanoic acid 12. 

Cashew leaf is rich in essential oils, alkaloids and tannins13, 

saponins, cardenolides, flavones, flavonoids, xanthones, 

catechins, terpenoids, sitosterol, stigmasterol and 3-O-β- D-

galactopyranoside 14-15.  

Cashew nut shell liquid occurs as a dark brown 

viscous liquid obtained as a by-product during cashew nut 
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Anacardium occidentale (Cashew) is a plant reported to show several biological activities. The 

aim of this study is to examine the effects of methanol extract of Anacardium occidentale nut shell 

on the antioxidant status and histological features in cardiac and renal tissues of rats. Shells were 

obtained from the nut, air-dried, pulverized, and subjected to Soxhlet extraction to obtain 

Anacardium occidentale nut shell extract (AONSE). Forty-five male Wistar rats were divided into 

nine groups (5 rats each), and given oral gavage of corn oil (Control), and 50, 100, 150, 200, 250, 

300, 350 and 400 mg/kg of AONSE, every other day for twenty-eight days. After sacrifice, heart 

and kidney were removed and divided into two portions each; one portion was homogenized for 

biochemical assays, while the other was fixed in formalin for histopathology. Superoxide 

dismutase (SOD), catalase, glutathione peroxidase (GPx), glutathione-S-transferase (GST) and 

Malondialdehyde (MDA) levels in the two organs were spectrophotometrically assayed. 

Histopathology of the organs was also done. The SOD and catalase were reduced in heart at high 

doses of AONSE relative to control. The AONSE has no significant effects on GPx, GST and 

MDA in the two organs, comparable to control. Photomicrographs of heart show, myocardial 

distortions and fibrosis, while glomerular fluid accumulation and hemorrhagic fibrosis were 

observed in kidney, at high doses, as against control and low doses of AONSE. This study shows 

that high doses of Anacardium occidentale nut shell extract could induce cytological 

derangements in heart and kidney of rats, possibly via oxidative mechanism.  
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processing, and it is highly rich in phenolic compounds 16.  

It has been reported that Cashew nut shell oil is a mixture of 

70% anacardic acid (a Salicylic acid analog, and a strong 

skin irritant), 18% cardol, and 5% cardanol. The two latter 

compounds are caustic phenolic substances that readily 

polymerize, and are useful for making epoxy resins, 

varnishes, and many high-tech materials that can withstand 

high temperatures, such as brake linings 5, 17.  

A. occidentale plant extracts are reported to have 

anti-mutagenic and anti-genotoxic 18, antimicrobial, 

antioxidant, anticancer, and anti-inflammatory19, and 

antifungal 20 potentials. Anacardic acid, cardanol and cardol, 

isolated from cashew nut shell liquid (CNSL) have been 

reported to have larvicidal and pupicidal effects on Aedes 

aegypti and Culex quinquefasciatus at both laboratory and 

field conditions 21. Recently, methanol extract of Cashew 

nut shell was noted to exhibit in-vitro insecticidal effects on 

the antioxidant and cholinergic enzymes on Acanthoscelides 

obstectus (bean weevils) and Zonocerus variegatus 

(grasshopper) 22. Cashew nut shell extract was reported to 

show no significant effects on the body and organ weights 

of female rats 23. Furthermore, anacardic acid, a major 

component of cashew nut shell, has been reported to 

substantially down-regulate the expression of pro-

inflammatory genes responsible for  IL-6, COX-2, NF-kB, 

TNF-α,  iNOS, and IL-1β using the RAW 2647 cell line 

subjected to lipopolysaccharide (LPS) 24. A study by De 

Andrade et al 25 against the treatment of Alzheimer’s 

disease, noted that cholinesterase inhibitors derived from 

cardanol showed both antioxidant and anti-amyloid effects.  

The present study investigates in-vivo toxicity of 

the extract of Anacardium occidentale nut shell on redox 

indices and histological features of both cardiac and renal 

organs of experimental rats. 

 

MATERIALS AND METHODS 

Collection and Extraction of Anacardium occidentale 

(Cashew) nut shell  

Cashew Nuts were bought from WAZO market, 

Ogbomosho, Oyo state, Nigeria in May, 2019. The nuts 

were de-shelled, and the shells were air-dried for three 

weeks at the room temperature. The shells were then 

pulverized using electric grinder, and then subjected to 

Soxhlet extraction (dissolving 25 g of pulverized nut shell in 

250ml of methanol). The extract obtained was concentrated 

using rotary evaporator and then subjected to oven drying at 

40oC, to obtain an oily Anacardium occidentale nut shell 

extract (AONSE), which was stored under refrigeration until 

use. 

Experimental Design 

Forty-five male Wistar rats of average weight of 149.21g 

were purchased from LAUTECH animal house, and divided 

into nine groups with five rats in each group. They were 

acclimatized for 7 days. Group A (Control) was orally 

administered with 0.3 ml Corn oil as vehicle, while groups 

B, C, D, E, F, G, H and I were orally intubated with 0.3 ml 

of  50, 100, 150, 200, 250, 300, 350 and 400 mg/kg of 

AONSE, respectively, in corn oil, every other day, and the 

experiment lasted twenty-eight days.    

Sacrifice and Tissue Collection 

After twenty-eight days, the experimental rats were fasted 

overnight and sacrificed by chloroform anesthesia. The heart 

and kidney were excised and rinsed in 1.15% of KCl 

solution as washing buffer. Each of heart and kidney was 

divided into two portions; one portion was fixed using 10% 

formalin for histology, while the other portion was 

processed into homogenates for biochemical assays. 

Determinations of Total Protein and antioxidant 

parameters 

The total protein levels of the heart and kidney homogenates 

were determined spectrophotometrically using the Biuret 

method described by Lowry et al 26. The superoxide 

dismutase activities of the organs were estimated according 

to the method described by Misra and Fridovich 27. Catalase 

activities of heart and kidney were estimated according to 

the method of Aebi 28. The glutathione peroxidase activities 

were determined according to the method of Paglia and 

Valentine 29. The GST activities of the organs were assayed 

according to the method of Habig et al 30, while 

malondialdehyde levels of the organs were determined as 

described by Ohkawa et al 31.  

Histopathological examination 

Ultra-thin sections of the formalin-fixed heart and kidney 

were obtained using a microtome knife. The sections were 

then observed under microscope after staining with 

hematoxylin and Eosin (H&E) solutions, and the 

photomicrographs of the organ were taken. 

Statistical Analysis 

Values were expressed as mean ± SD. Differences in the 

mean values were estimated statistically by one-way 

analysis of variance (ANOVA) by using the Statistical 

Package for Social Sciences (SPSS) software for Windows 

version 10.0 (USA). Values were considered to be 

significant at P < 0.05. 

 

RESULTS 

Table 1 shows the result of the effects of AONSE on the 

activities of SOD and Catalase in the cardiac and renal 

tissues of the experimental rats. In the cardiac organ, the 

activities of both SOD and Catalase were found to be 

significantly (p < 0.5) reduced at high doses (200 – 400 

mg/kg) of the extract relative to the control rats. However, 

in renal tissue, the extract significantly elevated the 

activities of the two enzymes at certain doses compared with 

control. In table 2, the activities of both glutathione 

peroxidase and glutathione-S-transferase were observed to 
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show no significance (p > 0.05) changes in the two organs at 

all the doses of AONSE applied in the study. Figures 1 and 

2 depict the results of AONSE administration on the levels 

of lipid peroxidation in both heart and kidney of the rats. 

The AONSE treatment was found to cause no significant (p 

> 0.05) changes in the levels of Malondialdehyde in the two 

organs.  

In figure 3, the photomicrographs of the cardiac 

organ in groups A1 (Control) and B4 (50 mg/kg of AONSE) 

showed intact fenestrations or striations in the 

myocardiocytes. However, the rats in group F2 (250 mg/kg) 

demonstrated mild distortions in the myocardium. 

Furthermore, groups F3 (250 mg/kg), I2 (400 mg/kg) and I3 

(400 mg/kg), all showed clotted blood, mild fibrosis, with 

observable large fenestrations in the myocardiocytes. Figure 

4 shows the presence of normal glomeruli with normal 

mesangial cells and capsular spaces, with normal renal 

tubules and interstitial spaces in groups A (Control) and B4 

(50 mg/kg). The rats in group F2 (250 mg/kg) show renal 

cortex with few sclerotic glomeruli (red arrows) and 

interstitial spaces with mild vascular congestion and red 

inflammatory cells. However, groups F3 (250 mg/kg), I2 

and I3 (400 mg/kg) show an accumulation of glomeruli with 

fluid, presence of cast within the tubular lumen (red arrows), 

congested sclerotic mesangial cells and hemorrhagic fibrosis 

(red arrows).  

 

Table 1. Effects of Anacardium occidentale nut shell extract on superoxide dismutase and catalase activities in heart and 

kidney of Wistar rats 

        

Values expressed as mean ± standard deviation 

              *- significantly higher as compared to control (P < 0.05) 

              # - significantly lower compared to control (P < 0.05) 

 

Table 2. Effects of Anacardium occidentale nut shell extract on glutathione peroxidase (GPx) and glutathione-S-transferase 

(GST) activities in heart and kidney of Wistar rats 

 

 

 

 

 

 

 

 

 

          Values expressed as mean ± standard deviation 

          *- significantly higher as compared to control (P>0.05) 

           # - significantly lower compared to control (P<0.05) 

Treatmnts (mg/kg) 

 

Heart 

  

Kidney 

Superoxide dismutase            

(U/mg/protein) 

Catalase      

(U/mg/protein) 

Superoxide dismutase 

(U/mg/protein) 

Catalase  

(U/mg/protein) 

Control 6.57 ± 1.31 5.43 ± 1.61 2.57 ± 0.12 1.65 ± 0.11 

50 5.50 ± 0.99 6.80 ± 1.70 4.22 ± 1.48* 1.97 ± 0.16 

100 6.85 ± 0.85 4.01 ± 0.98# 4.01 ± 1.09* 1.82 ± 0.82 

150 4.80 ± 0.43# 5.43 ± 1.82 2.80 ± 0.98 2.68 ± 0.12 

200 4.17 ± 0.17# 2.46 ± 1.47# 2.00 ±0.36 3.03 ± 0.78* 

250 3.33 ± 0.77# 3.59 ± 0.55# 2.35 ± 0.13 5.67 ± 1.52* 

300 3.64 ± 0.22# 2.02 ± 1.41# 3.89 ±0.67* 1.44 ± 0.88 

350 3.50 ± 0.82# 2.43 ± 1.69# 6.28 ±0.16* 2.34 ± 1.10 

400 3.79 ± 0.65# 3.56 ± 1.09# 5.81 ±0.99* 2.19 ± 0.09 

Treatments (mg/kg) 

 

Heart 

  

Kidney 

GPx 

(U/mg/protein) 

GST 

(U/mg/protein) 

GPx 

(U/mg/protein) 

GST 

(U/mg/protein) 

Control 242.34 ± 17.60 5.77 ± 1.60 264.50 ± 4.51 6.18 ± 1.87 

50 238.65 ± 12.51 6.15 ±1.80 273.02 ± 11.12 6.33 ± 1.54 

100 235. 79 ± 22.71 5.69 ± 1.11 256.99 ± 13.04 5.96 ± 2.69 

150 240.30  ± 14.13 7.98 ± 0.87* 262.05 ± 19.07 6.30  ± 0.93 

200 219.82  ± 12.03 5.82 ± 1.00 267.44 ± 15.68 6.22 ± 1.29 

250 187.48 ± 15.59# 6.88 ± 1.90* 240.74 ± 5.69# 5.93 ± 1.21 

300 251.65 ±  22.57 5.66  ± 1.16 265.77 ± 11.36 6.36 ± 1.87 

350 249.37 ±  9.67 5.85 ± 0.54 265.97 ± 14.59 6.31 ± 1.90 

400 242.06 ±  7.36 6.12 ± 1.06 253.40 ± 10.02 6.21 ± 076 
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Figure 1.  Effects of Anacardium occidentale nut shell extract on lipid peroxidation levels in heart of Wistar rats 

Values expressed as mean ± standard deviation 

Kidney

0

5

10

15
Control

50 mg/kg

100 mg/kg

150 mg/kg

200 mg/kg

250 mg/kg

300 mg/kg

350 mg/kg

400 mg /kg

Treatment GroupsM
D

A
 C

o
n

c
e
n

tr
a
ti

o
n

 (


M
/m

g
 p

ro
te

in
)

 
Figure 2.  Effects of Anacardium occidentale nut shell extract on lipid peroxidation levels in kidney of Wistar rats 

Values expressed as mean ± standard deviation 

 

 
 Figure 3. Effects of Anacardium occidentale nut shell extract on histology of heart of Wistar rats 
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Figure 4. Effects of Anacardium occidentale nut shell extract on histology of kidney of Wistar rats 

 

DISCUSSION 

Studies have shown that extracts of A. occidentale exhibited 

anti-mutagenic and anti-genotoxic 18, antifungal 20 and 

antimicrobial, antioxidant, anticancer, and anti-

inflammatory 19 potentials. The present study investigated 

the possible toxic effects of varying doses of Anacardium 

occidentale nut shell extract (AONSE) in cardiac and renal 

organs of Wistar rats. The study investigated possible 

induction of oxidative stress and histological derangements 

in the two organs of the experimental rats. 

Oxidative stress occurs when there is an excess 

level of ROS above the capacity of the antioxidant system, 

leading to accumulation of reactive oxygen species, 

oxidation of certain biomolecules and chronic inflammation 
32-34. Oxidative stress also depletes body antioxidant agents 

and induces ischemic tissue injury 35. Studies by Oncu et al 
36 and Sukprasansap et al 27 revealed that glutathione 

peroxidase (GPx), glutathione-S-transferase (GST) 

superoxide dismutase (SOD) and catalase altogether form a 

protective system against peroxidation of cellular molecules. 

In the present study, high doses (200-400 mg/kg) of the 

cashew nut shell extract reduced the SOD and catalase 

activities in the cardiac tissue, whereas the activities were 

elevated only at certain doses in the renal tissue. The extract 

could therefore induce accumulation of superoxide anion 

and hydrogen peroxide, leading to oxidative stress in the 

cardiac tissue, whereas such induction may not occur in the 

kidney. It has been documented that during oxidative stress, 

signal transduction mechanisms are activated, resulting in 

cell death and cardiac dysfunction 38-39. A study by Santos et 

al 3 revealed that cardiomyocytes have both enzymatic and 

non-enzymatic defensive pathways against oxidative 

challenges. These researchers also documented that 

induction of oxidative stress in heart could be linked to both 

pathologic and physiologic functions, in regulating the death 

and survival of cardiomyocytes.  Okereke et al 40 reported  

 

 

That cashew nut shell oil caused oxidative stress in kidney 

and liver of rats due to decrease in the activities of catalase, 

SOD and GPx, and then concluded that a consumption of 

the oil could be unsafe in both humans and animals.  One of 

our recent studies noted that high doses of cashew nut shell 

extract reduced the activity of SOD and catalase in brain and 

testicular tissues of experimental rats, with substantial 

derangements in the histological features of the two tissues 
41.  

Glutathione peroxidase (GPx) catalyzes the 

detoxification of hydrogen peroxide via reduction of 

reduced glutathione (GSH), thereby preventing peroxidation 

in membrane lipids and hemoglobin 36,42. It was documented 

by Toussaint43 that GPx may exhibit greater protection of 

organs and tissues from oxidative injury than SOD and 

catalase, since an increased SOD activity causes a high level 

of hydrogen peroxide. GPx (particularly GPx 1) deficiency 

induces cardiac hypertrophy and dysfunction 44. Studies 

have shown that hydrogen peroxide accumulation could lead 

to intracellular acidosis, electromechanical dysfunction, with 

changes in the action potential and contractility of the 

cardiac organ 45-48. Decrease in catalase activity causes 

compromised antioxidant defense, leading to cardiac 

dysfunction 44, 49. A reduction in the activity of GPx has 

been link to generation of ROS and activation of 

proinflammatory and mitogenic pathways in kidney, 

culminating in fibrosis and disruption of renal function 50. 

However, some recent studies have implicated GPx 2 

isozyme in cancer prevention51-52 and treatment of 

glioblastomemultiforme 53. 

The present study also investigated the effect of the 

varying doses of AONSE on the activities of glutathione –S- 

transferase (GST) enzyme in the two organs. The GSTs 

belong to a family of phase II enzymes in both prokaryotic 

and eukaryotic organisms. This enzyme family is associated 
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with detoxification of xenobiotics via conjugation with 

reduced glutathione 54. An increased activity of GST has 

been reported to prevent oxidative stress-induced 

cardiovascular diseases 55. We observed that the activities of 

both GPx and GST were not significantly affected by the 

AONSE treatment in the two organs. In the same manner, 

the level of lipid peroxidation (MDA) was not significantly 

changed in the two organs. Malondialdehyde, a biomarker 

of lipid peroxidation, interacts with body biomolecules, 

leading to oxidative stress 56-57, mutagenic development and 

diseases58. A study by Gyurászová 59 showed that a high 

level of malondialdehyde could be linked to renal 

dysfunction.  

The photomicrographs of cardiac tissue of 

experimental rats indicate intact fenestrations or striations in 

the myocardiocytes of control and rats treated with 50 

mg/kg of AONSE. The heart of rats treated with 250 mg/kg 

AONSE exhibited mild myocardiaL distortion, while the 

rats given 400 mg/kg were observed to show clotted blood, 

mild fibrosis and large myocardial fenestrations. In a healthy 

myocardial cell, mitochondrial respiration normally 

generates reactive oxygen species, which are mopped up via 

the activity of superoxide dismutase 60. Studies have 

demonstrated that antioxidants exert cardiac protection by 

mediating myocardial ischemia 61-62. The photomicrographs 

of the renal tissues show the presence of glomeruli with 

normal mesangial cells and capsular spaces, with normal 

renal tubules and interstitial spaces in rats exposed to low 

doses comparable to controls. However, the rats exposed to 

high doses of AONSE showed derangements such as few 

sclerotic glomeruli, mild interstitial vascular congestion, red 

inflammatory cells, accumulation of glomeruli with fluid, 

presence of cast within the tubular lumen (red arrows), 

sclerotic mesangial cells and hemorrhagic fibrosis. 

In conclusion, this study has shown that high doses 

of Anacardium occidentale nut shell extract could induce 

oxidative imbalance in the heart, with cytological 

derangements in both heart and kidney of experimental rats.  
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