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Abstract

This study was carried out to investigate the therapeutic role of the ethanolic extract of Pleurotus
cornucopiae on sodium arsenite induced nephrotoxicity in rats. Sodium arsenite at the dose of 8
mg-kg-1 body weight orally caused renal damage in rats as manifested by the significant rise in
serum levels of serum urea, uric acid and creatinine level compared with control. Ethanolic ex-
tracts of P. cornucopiae (400 mg-kg-1 body weight per day) was administered orally for 30 days to
sodium arsenite pre-treated rats. The results show significant decrease in the serum urea, uric
acid and creatinine levels in comparison to the arsenic treated denotes the nephroprotective ef-
fect of P. cornucopiae against sodium arsenite induced toxicity. Furthermore, it also possesses an-
tioxidant effect as lipid peroxidation (MDA) levels decreased in P. cornucopiae treated group in
comparison to arsenic treated group. Thus, the present study reveals that P. cornucopiae posse-
sses nephroprotective as well as antioxidant property against arsenic induced toxicity.
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1. Introduction
Arsenic is one of the most dangerous occupational and environmental toxins. Both natural and anthropogenic
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sources are responsible for the distribution of many toxicants, mainly heavy metals throughout the environment.
Arsenic is abundant in the crust of the earth and is found in all environments. It is found in soil, minerals, sur-
face and groundwater [1]. The arsenic contamination was also observed in three districts Ballia, Varanasi and
Gazipur of Uttar Pradesh in the upper and middle Ganga plain, India [2]. Approximately, 20 incidents of ground-
water arsenic contamination have been reported from all over the world [3]. Due to groundwater contamination,
a large number of populations in Bangladesh are suffering from melanosis, leuco-melanosis, keratosis, hyperke-
ratosis, dorsum, non-petting oedema, gangrene, skin cancer and skin lesions in sole and palm [4]. Arsenic com-
pounds show toxicity in many organs of body as kidney, liver, lung, gastro intestinal tract and respiratory tract
[5]. Kidney shows many renal functions as excretion of nitrogenous waste products, acid-base balance and bal-
ance of electrolytes and water. Arsenic trioxide toxicity disturbs these renal functions. Disruption in kidney
function has immediate effects on the composition of circulating blood [6]. However, to evaluate the effect of
arsenic on kidney functions, it becomes a must to determine the urea, uric acid and creatinine levels in serum [7].
In the current study health promoting effect of Pleurotus cornucopiae, a fungi of basidiomycetes commonly
known as “Oyster mushroom” has shown the highly promising effect in combating the arsenic intoxication in
Charles foster rats. For the last few decades, extensive work has been done to establish the biological activities
and Pharmacological actions of Pleurotus cornucopiae and its extract, such as anti-inflammatory, antioxidant,
anticarcinogenic, anticoagulant, antifertility, antidiabetic, antibacterial and antifungal activities etc. Hepatopro-
tective effect of Pleurotus cornucopiae against arsenic induced toxicity in rats has also been observed in recent
studies [8]. With such a background, our initial aim was to find out suitable herb to modulate arsenic poisoning,
which should be 1) easy to administer, 2) effective in low dose, 3) inexpensive, and 4) relatively safe.

2. Materials and Methods
2.1. Animals

Thirty Charles Foster rats, weighing 160 g to 180 g of 8 weeks old in the ratio of 1:2 male and female in each
group were obtained from animal house of Mahavir Cancer Institute and Research Centre, Patna, India
(CPCSEA Regd-No. 1129/bc/07/CPCSEA). The research work was approved by the IAEC (Institutional Animal
Ethics Committee) with IAEC No. IAEC/2012/12/04. Food and water to rats were provided ad libitum.

2.2. Fungal Extract

Pleurotus cornucopiae, also known as branched oyster mushroom, is an edible mushroom used to flavour many
types of foods. These mushrooms receive their common name from the white, round caps of their fruiting bodies,
which resemble oysters. In the present study, fresh fruiting body of Pleurotus cornucopiae were collected from the
Rajendra Agriculture University (RAU), Pusa, Samastipur, Bihar, India. The identity of the mushroom was con-
firmed by Dr. Ramakant Pandey (Botanist), Department of Biochemistry, Patna University, Patna, Bihar, India.
The mushroom was shade dried and was grinded to fine powder. The powder was then soaked in 70% ethanol for
48 hours and finally extracted with absolute ethanol using soxhlet apparatus for 6 - 8 hours and the residue was
concentrated and dried at 37°C. The dose was finally made to 400 mg-kg™ body weight for oral administration.

2.3. Chemical

“Sodium Arsenite AR”—Lobachemie, Mumbai, India (CAS Number: 7784-46-50) was utilised in the present
study to induce arsenic caused nephrotoxicity.

2.4. Experimental Design

The animals were divided into five sets and each set comprised 6 rats. The Group | were normal control rats, the
Group Il were arsenic treated rats for 45 days, the Group 111 was arsenic pre-treated (45 days) rats to which fur-
ther no treatment was given and left alone for 30 days, the Group IV was P. cornucopiae ethanolic extract 400
mg-kg™ body weight treated rats for 30 days on sodium arsenite 8 mg-kg™ body weight pre-treated rats and
Group V was P. cornucopiae 400 mg-kg™ body weight + arsenic 8 mg-kg™ body weight treated rats for 30 days.
After the completion of the experimental period, the entire animals were anaesthetized by diethyl ether for 5

minutes and sacrificed.
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2.5. Renal Function Assay

After the entire treatment protocol the experimental animals were sacrificed. Blood sample was collected by or-
bital sinus puncture method [9] and their serum was extracted. The Kidney Function Test (KFT) Urea [10], Uric
acid [11] and Creatinine [12] [13] were performed from serum through their respective methods.

2.6. Lipid Peroxidation Assay

Serum lipid peroxidation (LPO) was also assayed in all the respective groups [14]. Thiobarbituric acid reactive
substances (TBARS), as a marker for LPO, were determined by the double heating method. The theory of the
method was a spectrophotometric measurement of the colour produced during the reaction to Thiobarbituric acid
(TBA) with malondialdehyde (MDA). For this intention, 2.5 ml of 100 g/l tri-chloroacetic acid (TCA) solution
was added to 0.5 ml serum in a centrifuge tube and incubated for 15 min at 90°C. After cooling at room temper-
ature (RT), the mixture was centrifuged at 3000 g for 10 min, and 2 ml of the supernatant was added to 1 ml of 6.
7 g/l TBA solution in a test tube and again incubated for 15 min at 90°C. The solution was then cooled at RT
and its absorbance was measured using Thermo Scientific UV-10 (UV-Vis) spectrophotometer (USA) at 532
nm.

2.7. Statistical Analysis

Results are presented as mean + S.D and total variation present in a set of data was analyzed through one-way
analysis of variance (ANOVA). Difference among means has been analyzed by applying Dunnet’s test at 99.9%
(p < 0.001) confidence level. Calculations were performed with the Graph Pad Prism Program (Graph Pad
Software, Inc., San Diego, USA).

3. Results
3.1. Morbidity and Mortality

The rats after arsenic exposure (8 mg-kg™ body weight) for 45 days had shown symptoms of toxicity such as
nose bleeding, nausea, lack of body co-ordination (11 percent of rats showed paralysis like symptoms), black-
ening of tongue and foot and general body weakness.

3.2. Biochemical Changes

The Urea, Uric acid, Creatinine and lipid peroxidation activity showed significant increase (p < 0.05) in arsenic
treated group in comparison to control rat group. But, these values are significantly lowered (p < 0.05) in P.
cornucopiae treated group. Arsenic intoxicated group showed a significant increase in serum uric acid, urea and
creatinine content as compared to control after acute treatments (p < 0.05). When Group I: control rats, Group I1:
arsenic intoxicated rats for 45 days, Group Ill: 45 days arsenic intoxicated rats left for 30 days without any
herbal treatment, Group 1V: 45 days arsenic intoxicated rats treated with P. cornucopiae and Group V: P. cor-
nucopiae + arsenic treated rats for 30days were compared, a significant (p < 0.05) difference was obtained
(Figures 1-4).

4. Discussion

Among possible target organs of heavy metals like arsenic, the kidney and central nervous system appear to be
the most sensitive ones. Having been absorbed from the alimentary tract, most of the metals form durable com-
bination with the protein thionein, forming metallothionein, which plays an important role in further metabolism
of these metals [15] [16]. The kidney and liver are considered to be the most vulnerable organs for metals, be-
cause these organs contain most of the metallothionein binding toxic metals [17] [18]. After then arsenic reaches
the liver, where its biotransformation takes place and is finally sent to kidney through blood to be excreted out
of the body. In kidney, arsenic exerts its deleterious toxic effects through several mechanisms, the most signifi-
cant of which is the reversible combination with suflydryl group of proteins present in glomerular filtration
membrane [19]. It causes oxidative damage by producing reactive oxygen species [5] [20] which damage pro-
teins. Due to lipophilic in nature, arsenic also attaches to lipid, increases the lipid peroxidation [21] resulting in
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Figure 1. Comparison of serum Urea levels among normal
control, arsenic treated for 45 days, arsenic only, P. cornuco-
piae 400 mg-kg™ body weight treated and P. cornucopiae +
arsenic treated rats.

mg/dl

Figure 2. Comparison of serum uric acid levels among normal
control, arsenic treated for 45 days, arsenic only, P. cornuco-
piae 400 mg-kg™ body weight treated and P.cornucopiae +
arsenic treated rats.
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Figure 3. Comparison of serum creatinine levels among normal
control, arsenic treated for 45 days, arsenic only, P. cornuco-
piae 400 mg-kg™ body weight treated and P. cornucopiae +
arsenic treated rats.

deposition of lipid droplets in the slit pores of glomerular filtration membrane. Both the reasons discussed above
cause decreased glomerular filtration rate (GFR), thereby causing accumulation of nitrogenous waste product in
blood. In the present study also, there was immense increase in the levels of lipid peroxidation (MDA) levels
denotes the similar pattern of study but there was declination in the levels of the same by the ameliorative effect
of ethanolic extract of P. cornucopiae denotes the antioxidant activity.

The serum uric acid concentration is determined largely by the efficiency of renal clearance and rate of purine
metabolism [22]-[25]. Uric acid has important antioxidant property in vivo [26] and in vitro [27]. Uric acid is the
final product of purine metabolism. Moreover, formed from guanine and hypoxanthine via xanthinein reactions
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Figure 4. Comparison of Lipid peroxidation levels among nor-
mal control, arsenic treated for 45 days, Arsenic only, P. cornu-
copiae 400 mg-kg™ body weight treated and P. cornucopiae +
Arsenic treated rats.

catalysed by guanase and xanthine oxidase of liver, small intestine and kidney. Arsenic intoxication changes the
activity of guanase and xanthine oxidase which results into the increased serum level of uric acid. However,
renal clearance of uric acid decreases with simultaneous increase in serum uric acid. But, ethanolic extract of P.
cornucopiae might be reducing the lipid Peroxidation due to which the serum level of uric acid becomes norma-
lized and due to its antioxidant property it inhibited generation of reactive oxygen species.

Urea is the end product of protein metabolism, gets increased and serum level of urea increases [22] [28] re-
vealed that production of oxygen free radicals by arsenic induces tubular necrosis which inturn increases tubular
permeability, resulting in diffusion and back leak of the filtrate across the tubular basement membrane back into
the interstitium and circulation, leading to an apparent decrease in GFR. Under these circumstances, back leak of
filtrate results in decreased excretion and increased retention of nitrogenous waste i.e. urea in serum [29] [30].
But, after administration of ethanolic extract of P. cornucopiae, arsenic probably attaches to the thiol group of P.
cornucopiae protein instead of body protein, as a result of which protein metabolism becomes normal leading to
increased serum level of urea to be normal.

The increased level of serum creatinine after arsenic intoxication is due to enhanced formation of metabolic
waste product of muscle metabolism. Further, creatinine is anhydride of creatinine. Muscle contains phospho-
creatinine which undergoes spontaneous cyclization with loss of inorganic phosphorous to form creatinine. Due
to affinity for thiol group of various proteins found in the cell membrane of muscles, arsenic damages the cells
due to which the enzyme CPK (Creatine phosphokinase) gets released from the cells which is responsible for the
conversion of phosphocreatinine in to creatinine, thus increases the level of creatinine. Probably, in presence of
ethanolic extract of P. cornucopiae, arsenic does not attach to the proteins of muscle cells but to the P. cornuco-
piae protein, thus the serum levels of creatinine gets normalised. Among all the treatment groups, P. cornuco-
piae alone administered to arsenic pre-treated groups shows better amelioration rather than other groups. Thus,
from the entire study it reveals that P. cornucopiae ethanolic extract alone plays the vital role in ameliorating the
arsenic induced nephrotoxicity.

5. Conclusion

The study thus shows that ethanolic extract of P. cornucopiae possesses antidote and nephroprotective activity
against arsenic intoxication. It also finds application as a novel drug in the near future to be used against arsenic
intoxication.
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