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O R I G I N A L  A R T I C L E

INTRODUCTION

Arsenic poisoning in Bangladesh has been described 
as the largest mass scale poisoning in human history.[1] 

Till date arsenic -a well-known human carcinogen- is 
a ubiquitous environmental contaminant in aquifers, 
ground water supplying municipal water. Both trivalent 
and pentavalent arsenic are present in contaminated 
ground water.[2] Contamination above the permissible 
upper limits of  10 µg/L,[3] poses a public health concern in 
various countries.[4] Increase in cancer risk observed from 
epidemiological studies is associated with the presence of  
inorganic trivalent arsenic.[5,6]

Arsenicosis, heart disease, diabetes, and cancers are some of  
the complications arising from arsenic poisoning.[7] Arsenic has 
been reported to act with other risk factors synergistically to 
induce deoxyribonucleic acid (DNA) damage (mutations) 
and cancer development.[8,9] Although several hypotheses 
have been proposed, the mechanisms responsible for 
arsenic carcinogenesis has not been established. One 
possible mechanism is the generation of  reactive oxygen 
species (ROS) which has a direct damaging impact on 
cellular macromolecules including DNA[10] resulting from 
arsenic metabolism. Arsenic intoxication in experimental 
animals has also been associated with hepatic tumors,[11] 

the inhibition of  testicular steroidogenic function and 
spermatogenesis.[12] Medical intervention has not been 
helpful in dealing with long-term implications of  arsenic 
exposure and subsequent poisoning, underscoring the 
need for preventive mechanisms to mitigate these public 
health concern.

P H C O G  R E S .

Background: Consumption of arsenic contaminated water has been implicated in metalloid-
induced carcinogenesis. Dietary intake of certain plant products with chemoprotective 
properties may protect against the onset of diseases and promote maintenance of health. 
Objectives: We investigated the outcome of black walnut Juglans nigra (JN) consumption 
on sodium arsenite (SA)-induced toxicity in rats. Materials and Methods: Wister albino rats 
were treated as follows: Control, SA only (positive control) (2.5 mg/kg body weight), JN 
only (100 mg/kg weight), and JN+SA coadministered. After 5 weeks animals were sacrificed 
whole blood, femur, liver and testis harvested were assessed for hepatic transaminases and 
clastogenicity. Histology of the liver, sperm morphology and quality were also assessed. 
Data were analyzed (ANOVA) and expressed as means ±SD. Results: SA treatment elevated 
hepatic transaminases level in serum (P < 0.05), induced histological changes in liver: 
fibroplasia and periportal hepatocytes infiltration by mononuclear cells. These changes 
were ameliorated by JN (P < 0.05) coadministration. SA induced micronuclei formation  
(P < 0.05). Again JN decreased (P < 0.05) micronuclei formation by 50%. Sperm count and 
motility decreased (P < 0.05) in all groups compared to control. Conclusion: JN showed no 
protection against arsenite effect on sperm quality. Hepatoprotective and anticlastogenic 
effects were apparent suggesting a chemopreventive potential active against arsenite 
genotoxicity and chromosomal instability which have implication for metalloid-induced 
carcinogenesis.
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This underscores a potential role of  antioxidants in the 
prevention and or management of  arsenic toxicity.[13,14] 
Recent studies have suggested chemoprevention -the 
use of  antioxidants and antioxidant-rich foods- for the 
management of  arsenicosis[15] especially in the natural 
forms present in plant. Consumption of  healthy diet 
provides antioxidants and in addition to nutrients. Nuts 
are rich in polyphenolic and flavonoids compounds which 
are known to exhibit strong antioxidant properties, hence, 
may confer health benefits. Black walnuts -Juglans nigra- (JN) 
contains a plethora of  chemical compounds [16] including 
antioxidants omega-3 fatty acids and phytosterols. Black 
walnut has been reported to exhibit antiparasitic and 
cholesterol-lowering effects. [17] JN has also been claimed 
to have antioxidant properties, scientific data in support 
of  some of  these claims are scanty. The present study 
was undertaken to evaluate the chemoprotective effect of  
aqueous extract of  JN on sodium arsenite (SA)-induced 
toxicity in male Wistar albino rat.

MATERIALS AND METHODS

Chemicals
SA (BDH Chemicals Ltd., Poole, England) 2.5 mg/kg body 
weight (corresponding to 1/10th of  the oral LD50 of  SA) 
was administered to the experimental animals.[18,19] All other 
reagents and chemicals were of  analytical grade.

Preparation of aqueous extract of Juglans nigra
The nuts of  JN were removed from its kernels, chopped 
into small pieces and dried at ambient room temperature. 
The dried nuts were finely milled and extracted with 
distilled water (1:2) respectively for 72 hours. The aqueous 
extract was concentrated in a rotary evaporator, lyophilized, 
and preserved for further use.

Phytochemical screening
JN extract was subjected to the phytochemical test using 
Trease and Evans,[20] and Harbourne,[21] methods for 
flavonoids, alkaloids, tannins, anthraquinones, saponins, 
and cardenolides.

Experimental animals
Twelve week’s male albino Wistar rats (200-250 g) 
purchased from Covenant Farms (Ibadan, Nigeria) were 
housed in the Department of  Biochemistry, University 
of  Ibadan, Nigeria Primate colony. Rats were fed with rat 
pellet from Ladokun Livestock Feeds (Ibadan, Nigeria) 
and water ad libitum.

Experimental protocol
Animals were randomly distributed into four groups of  
five rats each. Group I served as the control. Groups II, 
III, and IV were treated with SA (2.5 mg/kg body weight), 

JN (100 mg/kg body weight) and SA and JN (2.5 mg/kg 
and 100 mg/kg body weight), respectively. SA and JN was 
administered weekly and every third day respectively by 
gavage for 5 weeks. The animals were injected (i.p.) with 
0.04 % colchicine (1 mL/100 g body weight) 2 hours before 
sacrifice. Twenty-four hours after the last treatment the 
animals were bled by retro-orbital puncture and sacrificed 
by cervical dislocation and the liver, femur, and epididymis 
harvested. 

Micronucleus assay
Clastogenicity was evaluated in the rat bone marrow 
using the micronucleus assay as described by Heddle and 
Salmone, modified by Heddle et al.[22] Bone marrow cells 
were extruded with fetal calf  serum from both femurs 
and smeared on clean glass slides. The slides were fixed in 
methanol, air-dried, and treated first with May-Grunewald 
solution then stained with Giemsa solution. The slides were 
scored for the presence of  micronucleated polychromatic 
erythrocytes (mPCEs) using Nikon Epi-fluorescent 
microscope model E200. 

Sperm motility assay 
The caudal epididymis was minced in pre-warmed normal 
saline (37°C). One drop of  sperm suspension was placed 
on a clean glass slide to analyse 200 motile sperm in four 
different fields with a Nikon eclipse 200 microscope at 
200X magnification as described by Zemjanis.[23] The 
motility of  epididymal sperm was evaluated microscopically 
within 2-4 min of  their isolation from the epididymis and 
motility were expressed as percentages of  total number 
of  sperm counted.

Sperm count
Epididymal sperm was obtained by mincing the epididymis 
in normal saline, and filtering through a nylon mesh 
(80 pt. pore size). The sperm were counted using a 
hemocytometer; the number of  sperm in five squares 
were counted and averaged following the methodology of  
Freund and Arol.[24, 25]

Morphological abnormalities
A portion of  the sperm suspension was placed on a clean 
glass slide, smeared out with another slide, fixed in 95% 
ethanol and stained with eosin. A total of  about 400 sperm 
from each rat were examined for abnormalities in different 
regions of  spermatozoa, according to the method described 
by Wyrobek and Bruce.[26]

Data analysis
All results were expressed as mean ± Standard deviation 
(±S.D). Differences between the groups were analyzed by 
one-way analysis of  variance (ANOVA) with the aid of  
Statistical Package for Social Sciences (SPSS) software, 
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SPSS Inc., Chicago, Standard version 10.0.1. P-values <0.05 
were considered statistically significant.

RESULTS

Phytochemical profile of  JN indicated the presence of  
saponins, anthraquinones, alkaloids, and cardenolides 
[Table 1]. There was no significant increase in body 
weight throughout the study. However, there was a 
significant decrease in liver and relative liver weights of  
group II animals compared with other treatment groups 
[Table 2]. Increases in serum hepatic transaminases were 
significant [Table 3] in SA-only-treated group compared 
with the control and JN-only groups. Groups treated 
with JN, serum transaminases were similar to control 
group.

Histopathology of  liver from control group showed 
no visible lesions. JN-treated group was comparable to 
the control. SA treatment resulted in diffuse hydropic 
degeneration of  hepatocytes, portal congestion, fibrotic 
changes, and periportal cellular infiltration by mononuclear 
cells. JN and SA group exhibited mild vacuolar 

degeneration of  hepatocytes [Figure 1]. Compared with 
control group, SA significantly induced micronuclei 
formation in the rat polychromatic erythrocytes [Table 4]. 
The observed SA-induced mPCEs was, however, lowered 
significantly by JN co-treatment, but higher than control 
and JN-only groups.

Sperm quality assessment [Table 5] indicated a significant 
decrease in sperm count and motility in treated groups 
compared with the control. Morphologically, spermatozoa’s 
were not significantly affected [Table 6]. 

Table 1: Phytochemical result showing the 
components present in Juglans nigra fruit
Chemicals Results

Alkaloids Present
Cardenolides Present
Anthraquinones Absent
Saponins Present
Tannins Absent

Table 2: Influence of Juglans nigra treatment on body weight, change in body and relative liver weight 
of the rats treated with sodium arsenite
Groups Final Body  

weight (g)
Initial Body  
weight (g)

Weight change (g) Liver weight (g) Relative liver 
weight (g)

Control 210 ± 28.50 201 ± 28.81 9 6.314 ± 0.59 3.128 ± 0.49b
SA 215 ± 13.69 205 ± 11.18 10 5.086 ± 0.31a 2.376 ± 0.21a
JN 235 ± 22.36 230 ± 27.39 5 6.44 ± 0.65 2.758 ± 0.36
SA+JN 235 ± 13.69 230 ± 20.92 5 5.934 ± 1.23 2.532 ± 0.54
Results are expressed in mean ± SD (n = 5).a = significant mean difference (P < 0.05) when compared with the control (Group I).b = Significant mean different (P < 0.05) when 
compared with the Group II. SA: Sodium arsenite, JN: Juglans nigra

Table 3: Influence of Juglans nigra administration on serum level of hepatic transaminases  
(GGT, AST ALT, ALP, and ALT) in rats treated with sodium arsenite
Groups GGT AST ALP ALT
Control 3.689 ± 1.53 46.75 ± 8.13b 228.16 ± 18.38b 28.2 ± 1.15b

SA 3.765 ± 1.46 52.6 ± 15.64a 432.22 ± 41.38a 29.87 ± 2.72a

JN 2.549 ± 0.97 26.5 ± 26.5 a,b 221.72 ± 19.58b 13.15 ± 2.80a,b

SA + JN 3.01 ± 1.32 44.9 ± 17.89a 242.33 ± 43.15b 18.13 ± 2.09a,b

Results are expressed in mean ± SD (n = 5)a = significant mean difference (P < 0.05) when compared with the control (Group I)b = Significant mean different (P < 0.05) when 
compared with the Group II GGT: Gamma-glutamyl Transferase, AST: Aspartate Amino Transferase, ALP: Alkaline Phosphatase and ALT: Alanine Amino Transferase SA: 
sodium arsenite, JN: Juglans nigra

Figure 1: Photomicrograph of liver sections rats treated with Juglans 
nigra (JN) and sodium arsenite for 5 weeks. (a) control showing no 
visible lesions, (b) NaAsO2 (2.5 mg/kg body weight) showing diffused 
degeneration of hepatocytes, portal congestion, fibrotic changes and 
periportal cellular infiltration by mononuclear cells, (c) JN only (100 
mg/kg body weight), showing no visible lesions and (d) JN + SA (100 
mg/kg and 2.5 mg/kg and 100 mg/kg body weight) showing very mild 
vacuolar degeneration of hepatocytes

a

c

b

d
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DISCUSSION

Arsenic is a naturally occurring metalloid and can 
contaminate water sources when found in ground water 
supplying human population both in the rural and urban 
settings common in some regions of  the world. Recently, 
in Bangladesh, there was arsenic contamination that 
resulted in mass poisoning of  whole populations (WHO, 
2000). While certain amount of  arsenic is permitted in 
municipal water (>10 µg/L) beyond this threshold, arsenic 
can be a cause of  concern constituting health hazard. 
In recent years, environmental exposure to arsenic has 
been implicated in the occurrence of  various cancers 
and numerous health problems.[7] Certain cancers have 
been linked to the inadvertent consumption of  arsenic 
contaminated water. Studies have related the presence 

of  inorganic trivalent arsenic as playing a role in arsenic-
induced carcinogenesis.

Given the challenges that exist in treating cancer 
effectively,[27] prevention strategies represent an essential 
part in cancer control.[28] It has been reported that effective 
prevention initiatives can decrease cancer incidence and 
mortality by ≥ 50%.[29] Consumption of  food products 
rich in antioxidants have been suggested and shown to 
hold promise in mitigating disease onset and chemical-
induced carcinogenesis. One target of  arsenic induced 
toxicity appears to be the liver, central to metabolism 
of  xenobiotic. Radicals generated from normal cellular 
activities can cause oxidative stress when cellular clearance 
mechanisms are overwhelmed. Macromolecules necessary 
for optimal cell function can be damaged as a result e.g., 
DNA. This may cause mutations and chromosomal 
instability. DNA damaging events have been implicated 
in chemical carcinogenesis and by extension a possible 
mechanism metalloid-induced carcinogenesis. These study 
reports the effect of  the aqueous extract of  Juglans nigra on 
SA-induced toxicity on albino Wistar rats.

JN extract contains saponins, alkanoids, tannins, saponins, 
and cardenolides [Table 1], which may be beneficial 
or toxic. Alkaloids and cardenolides are known to 
possess antioxidant properties that can mitigate cellular 
macromolecule damage from oxidative radical species.[30]  
Such as DNA strand damage, resulting in genomic 
instability implicated in carcinogenesis. Saponins have 
been reported to have hemolytic properties, although 
they are not toxic when administered orally. Polyphenolic 
tannins have been reported to exhibit metal ions chelating 
properties that can help in mopping up trivalent arsenite 
upon exposure.[31] However, tannins can be poisonous 
by depriving the body of  essential metal ions needed for 
proper functioning. 

There was no significant increase in body weight throughout 
the course of  the study [Table 2]. Compared with control, 
there was significant decrease in liver weight of  SA-only-
treated group. This resulted from arsenic toxicity in the 
liver and increased hepatic metabolism to eliminate it. 
These observations are consistent with reports that SA 
toxicity can compromise the integrity of  the liver in mouse, 
rat, and goat.[32,33] Liver weights and relative liver weights 
of  groups treated with SA and JN (IV) and JN (III) were 
similar to those of  the control, indicative of  JN exhibiting 
a potent protective effect on hepatocytes on the one hand 
and in response to SA-induced toxicity thereby ameliorating  
SA-induced toxicity on hepatocytes. 

Exposure to SA had been shown to increase activity of  
liver transaminases in the blood,[34] this is an index of  

Table 4: Effect of Juglans nigra administration 
on mPCE formation in rats bone marrow treated 
with sodium arsenite
Groups Number of mPCE/1000
Control 5.4 ± 3.21b

SA 29.8 ± 3.42a

JN 4.2 ± 1.79b

SA + JN 15.2 ± 2.7a,b

Results are expressed as mean ± SD (n = 5)a significant mean difference  
(P < 0.05) when compared with the control (Group I). bSignificant mean 
different (P < 0.05) when compared with the Group II mPCE; micronucleated 
polychromatic erythrocytes; SA: sodium arsenite, JN: Juglans nigra

Table 5: Effect of Juglans nigra treatment on 
sperm quality (count, motility and viability) in 
rats treated with sodium arsenite
Groups Sperm count

(mL)
Motility

(%)
Live /Dead

Control 126 ± 8.49b 90 ± 0 92.5 ± 3.54
SA 97.6 ± 17.6a 76 ± 8.94 96.8 ± 1.64
JN 75.2 ± 8.79a,b 73.33 ± 1.54 90.11 ± 0.76
SA + JN 88.2 ± 10.71a 74 ± 8.94 95.2 ± 3.27
Results are expressed as mean ± S.D (n = 5). asignificant mean difference  
(P < 0.05) when compared with the control (Group I). bSignificant mean different  
(P < 0.05) when compared with the Group II. SA: sodium arsenite, JN: Juglans nigra

Table 6: Effect of Juglans nigra treatment on 
sperm morphological abnormalities rats treated 
with sodium arsenite

Groups Sperm morphological 
abnormalities

Control 9.95 ± 0.305
SA 12.26 ± 0.68a

JN 13.26 ± 0.84a

SA + JN 12.40 ± 0.78a

Results are expressed as mean ± SD (n = 5). asignificant mean difference  
(P < 0.05) when compared with the control (Group I) SA: sodium arsenite,  
JN: Juglans nigra
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hepatotoxicity which might have resulted from oxidative 
stress-related damages to hepatocytes membrane and 
leakage of  hepatic transaminases into extracellular spaces 
ultimately finding their way into the blood from the liver. 
From the results presented in Table 4 there is a significant 
increase in the activities of  AST, ALP, and ALT (P < 0.05) 
in the serum of  SA-treated rats when compared with 
the control. However, there is a significant decrease (P < 
0.05) in serum activities of  AST and ALP in the SA+JN-
treated group compared with control. This is suggestive 
of  hepatocytes protection from JN co-treatment against 
SA-induced damages. This can be attributed to the 
antioxidant present in JN. This is in accordance with some 
recent studies that recommend the use of  antioxidants and 
antioxidant-rich foods and herbal medicinal plant for the 
management of  arsenicosis.[15] The activities of  all the liver 
enzymes (GGT, AST, ALT, and ALP) were significantly 
low in the JN-only-treated group confirming protective 
property of  walnut. Our finding from liver histopathology 
suggests SA-induced toxicity and ameliorative potentials 
of  JN on SA induced hepatocytes damage. Histological 
examinations of  liver sections of  treated animals showed 
that SA was potentially hepatotoxic as reflected by portal 
congestion, fibrotic changes, and periportal cellular 
infiltration by mononuclear cells. Liver sections from 
SA and JN-treated group exhibited very mild hepatic 
degeneration, while those of  the JN-treated group showed 
no visible lesions confirming a modulatory effect of  JN 
on SA-induced hepatocytes damage.

SA significantly (P < 0.05) induced the formation of  
micronuclei in the polychromatic erythrocytes (mPCEs) 
of  the rat bone marrow cells [Table 5]. This observation is 
consistent with our earlier observation on the clastogenic 
potentials of  SA in the bone marrow.[35,36,37] There was a 
significant (P < 0.05) increase in the number of  mPCEs 
in the SA-treated group when compared with the control 
[Table 5]. This may be due to the fact that arsenite generates 
free radicals that can attack DNA leading to chromosomal 
breakage. There is, however, a significant decrease (P < 0.05) 
in mPCEs formation in the SA and JN-treated group when 
compared to the SA-only-treated group. This reduction 
can be attributed to both the antioxidant-scavenging 
properties provided by the walnut extract.[38] The number 
of  mPCEs in the JN-only-treated group was similar to 
that of  the control, indicative that JN on its own may not 
be genotoxic or result in any clastogenic activity leading to 
chromosomal instability and disease development. Sperm 
morphological abnormality, the results obtained in this 
study with regards sperm to quality [Table 6] there is a 
significant (P < 0.05) decrease in sperm count and motility 
in the SA-treated group compared with the control. There 
was a decrease (P < 0.05) in sperm count and motility in 
the SA+JN and the JN-only treatment groups, indicating 

that JN did not seem to offer any protection against  
SA-induced reproductive toxicity. 

Overall the results suggest that JN protects cells against 
oxidative DNA damages from ROS generated from 
arsenic metabolism. Damaged DNA may adversely impact 
genomic stability with deleterious effect on normal cellular 
function and disease development. 
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