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Abstract. This study was carried out to investigate the effects of Tetracarpidium conophorum on iron 
overload-induced cardiac toxicity in wistar rats. A total of 30 rats weighing between 170-245g were 
divided into six groups (A, B, C, D, E and F) of five per group. Group A (control) was administered 
1ml of distilled water, group B, C, D, E, and F were induced with iron (II) chloride for thirty days 
and treated with different doses of the extract except group B for thirty days, group F was treated with 
standard drugs at the same time interval, using orogastric tube. After last day of administering drugs, 
the rats were left for an overnight fast and then sacrificed 24 hours later. Blood tissue samples were 
collected through cardiac puncture and immediately transferred to EDTA sample bottles for iron level 
and total iron concentration tests. 2ml was transferred into plain sample bottles for oxidative stress 
test analysis. Free radical scavenging activities, lipid peroxidation, haematological indices, body and 
heart weight and histological studies analysis were accessed. Results shows that there was significant 
increase (p<0.05) in body weight and no significant change in organ weight. These show that 
Tetracarpidium conophorum extract when mildly consumed has healing effect on damages heart 
induced by iron (II) chloride. It also proves anti-inflammatory activity of walnut. Histological slides 
showed vascular ulceration, erosion and stenosis of coronary artery in group B treated with only iron 
(II) chloride while other groups were normal. There was no significant change in anti-oxidant 
enzymes activities, except glutathione peroxidase that significantly increased in group F treated with 
high dose of the extract. However, graded doses of Tetracarpidium conophorum and standard drug 
reversed the lesions induced by iron (II) choride. Tetracarpidium conophorum extract has 
ameliorating effects on iron (II) chloride-induced heart damage. 

Introduction 
Iron is a vital metal for haemoglobin synthesis of erythrocytes, cellular proliferation and oxidation-
reduction reactions, but excess iron accumulation causes organ dysfunction by the generation of 
reactive oxygen species (ROS) [1]. The metabolism of iron is regulated by several factors such as 
hepcidin. It is a peptide hormone that affects iron absorption in small intestine and systemic iron 
regulation absorbed in the ileum and jejunum [2]. Two-third of iron is composed of red blood cells 
(RBC) and recycled iron by RBC destruction, remainder is stored in ferritin /hemosiderin, while only 
about 1-2g are absorbed in the intestinal tract and circulated in blood [3]. Iron-overload occurs in 
adults who have ingested iron for a prolonged period. Ahluwalia et al., [4] shows that there is 
relationship between body iron overload and pathogenesis of numerous degenerative diseases, as well 
as atherosclerosis. In addition, excessive iron has been reported to be a potent risk factor for coronary 
heart disease [5]. The consumption of food rich in iron and administration iron supplements to 
patients with cardiovascular disease (CVD) should be properly regulated [6].  
Different parts of T. conophorum have been used ethnomedically, including the stem bark, leaves, 
seeds and roots for the treatment of toothache, cold, eczema, dizziness and prostate cancer. The bark 
is also used by locals as a laxative [7]. The seed kernel, when eaten raw, has a bitter taste and is 
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considered to be a tonic and aphrodisiac [8]. The seed of T. conophorum has been used for the 
treatment of fibroids; the boiled seeds are also eaten to improve sperm count in men while the leaf 
juice is used to improve fertility in women and regulate menstrual flow [9]. They are also used by the 
elderly people for the treatment of constipation and flatulence [7].  The oil from the nut are used in 
the formulation of  vulcanised oil for rubber and leather substitutes, wood varnish and stand oil [10].   
There are limited literature on the health benefits of T. conophorum in the treatment of iron overload-
induced toxicity on the heart which necessitated the current research aimed at providing scientific 
information on the effects of Tetracarpidium conophorum on iron overload-induced cardiac toxicity 
in wistar rats. 

Material and Methods 
Chemical and Drugs 
All chemicals, drugs and reagents used in this investigation were of analytical grade. All test drugs 
and reagents were freshly prepared before use. Iron (II) chloride was manufactured by Xilong 
Chemical Co., Ltd., No.1-3 Xilong Middle Street, Chaosan Road, Shantou City, Guadong Province, 
China. 
Plant Material and Preparation of Extract 
Raw Tetracarpidium conophorum seeds were purchased from a local market in Benin-City, Nigeria. 
The seeds were identified and confirmed in the Department of Plant Biology and Biotechnology, 
University of Benin, Edo State, Nigeria. Herbarium specimen with voucher number 222849 was 
deposited at herbarium of University of Benin, Benin City, Nigeria. The shells were broken and edible 
parts were separated and then pulverized into powder using British milling machine. The seeds were 
weighed and macerated in a jar with distilled water of 900 ml for 24 hours with constant shaking and 
stirring. The mixture was then filtered to separate the residue from the filtrate using filter paper, funnel 
and conical flask. Then the filtrate was concentrated to paste level using water bathe, crucible. The 
crude extract was then preserved in a sample bottle inside a refrigerator. All processed were carried 
out at the Department of Pharmacognosy, Faculty of Pharmacy, University of Benin, Nigeria.  
Animal Care and Management 
Total of thirty (30) Wistar rats weighing between 170 and 245g were used for this study. The animals 
were housed and bred in the Animal House unit in the Department of Anatomy, University of Benin. 
Temperature range of 21±1°C with light on and off schedule, 12 hours respectively was used to 
maintain the animal house. Animals were acclimatized for two (2) weeks before the commencement 
of administration.  
Management and experimental protocols were in accordance with recommendation of the PHS 
(Public Health Service), Public Health Service Policy on Human Care and Use of Laboratory 
Animals, 2002. 
Administration of Iron (II) Chloride 
Iron overload was induced using iron (II) chloride. 10 mg of iron (II) chloride was dissolved in 1000 
ml of water to make a concentration of 0.01mg/dl. The iron (II) chloride was administered orally 
through the use of orogastric tube. LD50 of iron (II) chloride is 500mg/kg [11].  
Doses for Biological Investigation 
The doses were in groups namely low dosage, moderate dosage and high dosage at 250, 500 and  
1000 mg/kg respectively. The dosage was chosen based on toxicity report that LD50 of T. conophorum 
is 5000mg/kg [12].  
Experimental Animals 
The rats were grouped into six (6): A, B, C, D, E and F, with each group containing five (5) Wistar 
rats. Group A is control group and was administered 1ml of distilled water only. Group B was treated 
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with iron (II) chloride only. Groups C, D and E were given iron (II) chloride, then treated with low 
(250mg/kg), moderate (500mg/kg) and high dosages (1000mg/kg) of Tetracarpidium conophorum 
seed extract, respectively. Group F was treated with iron (II) chloride and standard drug 
(Atorvastatin). All administration was done by the use of orogastric tube for thirty (30) days. 
Body weight of animals were taken before commencement of feeding and treatment. At exactly two 
weeks after acclimatization, treatment with iron(II)chloride commenced for groups B, C, D and E 
which lasted for thirty (30) days, after which the treatment with walnuts extract begun and also lasted 
for thirty (30) days. Group F was also treated with iron (II) chloride before treatment with standard 
drugs at same time interval.  
During these periods, rats had direct access to feed (growers mash) and water ad libitum After the 
last day of administration, the rats were left for an overnight fast and then sacrificed 24 hours later. 
At sacrifice, heart was excised and immediately fixed in normal saline for tissue processing. Blood 
samples were collected through direct cardiac puncture with syringes into plain sample bottles and 
EDTA sample bottles for haematological analysis. Photomicrographic plates of the desired sections 
were taken, using a standard photomicrography setup viz: Olympus XSZ-107BN microscope and an 
attached Eakins 1080P microscopic camera. 

Table 1: Experimental Design 

Groups Treatments 
A (control) 1 ml of distilled water 
B (iron (II) chloride) 2 ml of iron (II) chloride 
C  (low dose) 2 ml of iron (II) chloride +250 mg/kg  of the seed extract 
D (moderate dose) 2 ml of iron (II) chloride +500 mg/kg  of the seed extract 
E (high dose) 2 ml of iron (II) chloride + 1000 mg/kg  of the seed extract 
F (standard drug) 2 ml of iron (II) chloride + 0.2 ml of atorvastatin (standard drug) 

Antioxidant Activities and Lipid Peroxidation 
Glutathione peroxidase activity was estimated by the method of Nyman [13]. Catalase activity was 
determined by the method of Cohen et al., [14]. The activity of superoxide dismutase was determined 
according to the methods of Misra and Fridovich [15]. Malondialdehyde (MDA), one of the end 
products of lipid peroxidation was estimated by the method of Buege and Aust [16]. 
Statistical Analysis 
Data were expressed as (mean± SEM) of six replicates and were subjected to one way analysis of 
variance (ANOVA) using SPSS version 10.0 and the individual comparisons were obtained by the 
Duncan multiple range test (DMRT). A value of p<0.05 was considered to indicate a significant 
difference between groups. 

Results 
Effect of Tetracarpidium conophorum on body and organ weight: Table 2 showed that there were 
significant increases in final weights compared with initial weights in all the groups except for the 
control group respectively (P < 0.05). There were no significant changes on the weight of organ 
(heart) in all the treated groups compared with group A respectively (P > 0.05). 
Table 2: Showing the mean values of initial and final body weight following the administration of 

walnut extract 
P a r a m e t e r s G r o u p  A G r o u p  B G r o u p  C G r o u p  D G r o u p  E G r o u p  F 

Ini t ia l  weight  (g) 182.5 ± 14.22 1 7 2 . 5  ±  4 . 3 3 172.5 ± 10.51 182.5 ± 8.29 173.8 ± 6.25 170.0 ± 12.42 
F i n a l  w e i g h t  ( g ) 188.3 ± 6.01 245.0 ± 5.00 245.0 ± 6.71 232.5 ± 17.14 227.5 ± 5.95 236.7 ± 7.27 
Hea r t  we ig h t  ( g ) 0.677 ± 0.035 0.595 ± 0.005 0.654 ± 0.016 0.595 ± 0.041 0.595 ± 0.017 0.65 ± 0.00 
P - v a l u e s P  >  0 . 0 5 P  <  0 . 0 5 P  <  0 . 0 5 P  <  0 . 0 5 P  <  0 . 0 5 P  <  0 . 0 5 

P < 0.05 indicates significant difference. 
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In Table 3, there were significant increase in total concentration of iron (Total Fe++) in all the treated 
groups compared with group A (control) respectively (P < 0.05). In addition, there were significant 
increase in iron level (Fe++) in all the treated groups compared with group A (control) respectively (P 
< 0.05). 

Table 3: Comparing the mean values of haematological indices in treated Wistar rats. 

P a r a m e t e r s Group A Group B Group C Group D G r o up  E G r o u p  F 
T o t a l  F e + + 132.0 ± 4.73 258.5 ± 34.50* 228.0 ± 4.22* 259.8 ± 24.33* 408.3 ± 25.69* 617.0 ± 107.0* 
F e + + 23.67 ± 0.88 51.50 ± 0.50* 40.80 ± 0.74* 48.75 ± 2.32* 87.25 ± 14.60* 89.00 ± 2.00* 

*P < 0.05 indicates significant difference in treated groups compared with the control. 
The result in Table 4 shows that there was significant increase in catalase and glutathione peroxidase 
activities in group F compared with group A (P < 0.05), however, there were no significant changes 
in group B, C, D, and group E compared with group A respectively (P > 0.05). There was no 
significant change in catalase in all the treated groups compared with group A (P< 0.05). There was 
no significant change in the level of malonaldehyde in all the treated groups compared with group A 
(P < 0.05). 

Table 4 Comparing the mean values of some oxidative stress markers in Wistar rats treated with 
walnut extract and atorvatastin 

Glutathione peroxidase (GPx) 152.0 ± 8.99 160.0 ± 34.19 153.6 ± 24.83 151.1 ± 21.18 193.3 ± 18.28 202.0 ± 6.68* 
Sodium dismutase(SOD) 44.10 ± 8.50 47.22 ± 8.89 45.77 ± 5.64 44.15 ± 5.40 63.51 ± 11.12 58.09 ± 4.25 
Malonaldehyde(MDA) 36.12 ± 3.33 39.23 ± 4.48 38.46 ± 7.58 42.68 ± 6.26 47.89 ± 5.09 53.46 ± 6.74 
C a t a l a s e ( C A T ) 4.33 ± 0.28 3.62 ± 1.53 4.34 ± 0.93 4.22 ± 0.48 3.330 ± 0.68 2.95 ± 0.17* 

*P < 0.05 indicates significant difference in treated groups compared with the control. 
Histological findings indicated that increased doses of Tetracarpidium conophorum extract have 
ameliorating effect on the iron (II) chloride induced damages as shown in plates 3-6. 
 
Group A 

 
Plate 1: Heart control: A, bundles of cardiomyocytes, B, interstitial space and C, coronary artery 

(H&E x 40) 
 
 
 
 
 

A 

C 

B 
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Group B 

 
Plate 2: Rat given Iron only: A, vascular ulceration and stenosis and B, perivascular inflammatory 

infiltrates (H&E x 40) 
 
Group C 

 
Plate 3: Rat given Iron plus low dose Extract: A, normal cardiomycytes and B,  

vasculature (H&E x 40) 
 
 
 
 
 
 
 
 
 
 
 
 
 

A 

B 

C 

A B 
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 Group D  

 
Plate 4: Rat given Iron plus moderate dose Extract: A, normal myocardiac fibres and B, vasculature 

(H&E x 40) 
 

Group E 

 
Plate 5: Rat given Iron plus high dose Extract: A, normal myocardiac fibres and B, vascular 

architecture (H&E x 40) 
 
 
 
 
 
 
 
 
 
 
 
 

A 

B 

A 

B 
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Group F  

 
Plate 6: Rat given Iron plus standard drug: A, normal cardiomyocytes and B, vasculature  

(H&E x 40) 

Discussion 
Iron (II) chloride is a very toxic metallic substance known for induction of iron overload in the body 
[17]. Iron (II) chloride is also called ferric chloride with the chemical formula, FeCl2. It is a 
paramagnetic solid with a high melting point. Iron is an essential metal for cell function but excess 
iron accumulation causes organ dysfunction through the production of reactive oxygen species (ROS) 
[18].  Ahluwalia et al., also reported that iron overload results to pathogenesis of numerous 
degenerative diseases, such atherosclerosis [19]. In addition, excessive iron has been proposed to be 
a potent risk factor for coronary heart disease (CHD) especially for acute myocardial infarction (AMI) 
[20]. Approximately, the amount of iron that should be in the body is 3-4g [21].  
However, walnut is known for several ameliorating effects but unknown for its effect on iron-
overload [7]. Statistical results show there was significant difference in initial and final body weight 
which proves the weight gaining effect of walnut [22]. Also, there was no significant difference in 
organ weight which shows the anti-inflammatory effect of walnuts [23].  
In total iron concentration and iron level, there was significant increase in all treatment groups 
compared to the control group. This result shows effect of walnut in increasing iron level of the body 
which is necessary for transport of oxygen throughout the body [24].  
Antioxidants act as radical scavengers, inhibit lipid peroxidation and other free radical-mediated 
processes, this protect the human body from several diseases accredited to the reactions of radicals. 
Antioxidants protect the cells either by neutralizing or scavenging free radicals or by preventing the 
production of free radicals. Free radicals prevent antioxidant enzymes activities and initiate lipid 
peroxidation [25]. 
MDA represents an end-product of the peroxidation of polyunsaturated fatty acids and related esters 
within cell membranes and is currently regarded as a reliable index of oxidative tissue damage. 
However, there were no significant difference in the level of malonaldehyde in all the groups when 
compared with the control, this shows that oxidative stress sometimes may not results to 
cardiovascular damages [25].  
The increase in some of the activities of antioxidant enzymes in the study especially in group F, may 
be responsible for preventing the production of free radicals that can results to cardiovascular 
damages. The photomicrographs for control group shows normal microscopic architecture of 
cardiomyocytes with interstitial spaces. In group B, that was treated with iron (II) chloride only when 
compared with control group, there was vascular ulceration, stenosis and perivascular inflammatory 
infiltrates. Group C that was treated with iron (II) chloride and low dose of walnut shows normal 

A 

B 
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cardiomyocytes and vasculature which proves the healing effect of walnut on the damaged cells. The 
presence of some phytochemicals such as tannins, terpenoids and flavonoids were indicated for the 
cytoprotective properties as well as the wound healing activity [26]. There was also dilatation of 
blood vessels which is a mechanism to reduce blood pressure in the heart as it contains omega-3 
called alpha-linoleic acid (ALA) [27].  
Group D was administered moderate dose of Tetracarpidium conophorum extract and shows normal 
myocardiac fibres and vessels which also applies to group E, which was treated with high dose of 
Tetracarpidium conophorum extract.  Group F which was given iron (II) chloride and standard drug 
(Atorvastatin) also shows normal cardiomyocytes but with lesser dilatation in coronary vessels.  

Conclusion 
The results of this study show that Tetracarpidium conophorum extract increases body weight, iron 
level and total iron concentration. It also has ameliorating effect on iron (II) chloride-induced heart 
damage. 
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