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ABSTRACT

Globally used pesticides contains zinc phosphide (ZnP) which are toxic. This present study was
carried out to investigate the potency of bioactive curcumin in ameliorating the toxicity of zinc
phosphide on biochemical enzymes present in kidney and liver of Wistar rats. A total of 30 (120-
150 g) male adult Wistar rats were used. Experimental animals were divided into five groups and
treated as follows for a period of 21 days: Group | rats, serving as the control, orally received 1
ml/kg body weight of corn oil with administration of same volume of saline. Group Il rats were orally
administered Zinc phosphide at a dose of 4.57 mg/kg body weight (one-tenth LD50) in corn oil.
Group Il rats orally received curcumin at a dose of 100 mg/kg body weight. Groups IV and V rats
were orally administered curcumin at graded doses of 100 and 200 mg/kg body weight
respectively, 2 hours before administration of Zinc phosphide. At the end of the time interval,
experimental animals were anesthesized with diethylether and organs (kidney and liver) were
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kidney damage in male Wistar rats.

harvested for biochemical assays. The oral administration of Zinc phosphide at 4.57 mg/kg body
weight for 21 days resulted in a significant increase in hepatic and nephridial malondialdehyde.
This index of lipid peroxidation, was accompanied by decreased activity of the antioxidant enzymes
(superoxide dismutase, catalase and glutathione peroxidase) followed by a drastic reduction in the
non-enzymatic antioxidant indices of reduced glutathione when compared to control. Pre-
administration of Curcumin significantly ameliorated zinc phosphide-induced hepatic and nephrotic
effects by subduing oxidative stress indices and improving antioxidant status. The result of the
present study shows that curcumin has a protective effect against zinc phosphide induced liver and

Keywords: Zinc phosphide; curcumin; lipid peroxidation; liver; kidney.

1. INTRODUCTION

The standard of human health has improved by

controlling  vector-borne  diseases  using
pesticides. However, indiscriminate use has
resulted in serious health defects. Most

commonly accessible pesticides contain zinc
phosphide (ZnP) as its active substance. Zinc
phosphide (ZnP) is a dark grey crystalline
compound commonly used as a rodenticide
against rats, mice and field mice [1]. Life-
threatening complications occur from intentional
intake of pesticides for suicidal purposes as
highly prevalent in Asian countries [2]. Other fatal
exposures are unintentional. Zinc phosphide
poisoning is a significant cause of morbidity and
mortality in developing African countries [3].
Exposure to this chemical is either through
inhalation, ingestion, or penetration via skin [4].
Toxic effects are produced when the
concentration of pesticide in the body increases
far more than its initial concentration in the
environment [5].

The use of pesticides has increased over the
past few decades thus the likelihood of exposure
to these chemicals and its toxic effects has also
increased considerably. The effects of pesticides
on human health may be acute or chronic. Which
include headache, stinging of the eyes and skin,
skin itching, irritation of the nose and throat,
appearance of the rash and blisters on the skin,
dizziness, diarrhea, abdominal pain, nausea and
vomiting, blurred vision, blindness, damage to
multiple body organs such as liver, lungs,
kidneys [6].

ZnP exerts its toxic effects through the liberation
of highly toxic gas phosphine (PHj), which is
released under aqueous conditions [7]. The
deadly gas phosphine is a potent respiratory
chain enzyme inhibitor that inhibits cellular
respiration and induces oxidative stress in
insects and mammalian cells [8]. Its most

important effect is the inhibition of cytochrome ¢
oxidase. The inhibition of cytochrome ¢ oxidase
and other enzymes leads to the generation of
superoxide radicals and cellular peroxides and
subsequent  cellular injury  through lipid
peroxidation and other oxidant mechanisms [9].

Turmeric (Curcuma longa Linn) belongs to the
family of Zingiberaceae. It is valued as a
functional food because of its health promoting
potentials [10]. Turmeric comprised of a group of
three curcuminoids: curcumin
(diferuloylmethane), demethoxycurcumin and
bisdemethoxycurcumin which are found to be
natural antioxidants [11]. Curcumin has been
reported to be effective in protecting the liver by
reducing oxidative stress in carbon tetrachloride
(CCly) induced liver injury [12]. Alp et al. [13]
reported the effect of curcumin against
oxidative stress induced by malathion (MAL)
an organophosphorus insecticide (OPI).

Information on the protective effect of curcumin
on zinc phosphide-induced toxicity is sparse in
literature. Additionally, the effect of curcumin on
Zinc phosphide-induced toxicity has not been
established. Therefore, the present work was
carried out to investigate the effect of zinc
phosphide exposure on the rat liver and kidney
and the potential of curcumin as a protective
agent against zinc phosphide induced oxidative
damage in Wistar rats.

2. MATERIALS AND METHODS
2.1 Chemicals

Zinc Phosphide, Trichloroacetic acid (TCA), and
Adrenaline (Epinephrine) were procured from
Sigma-Aldrich ~ (Munich, Germany), while
trichloroacetic acid and thiobarbituric acid were
by Qualigens Fine Chemicals (Mumbai,
Maharashtra, India). All other chemicals were of
analytical grade.



2.2 Plant Collection and Extraction of
Curcumin from Curcuma Longa

Rhizomes of turmeric (Curcuma longa) were
collected from Akinola market, lle-Ife Nigeria in
March, 2019. The rhizome was authenticated at
Ife herbarium Obafemi Awolowo University. They
were washed, sliced and allowed to dry under
shade and ground into uniform powder using a
warring blender. Dried and powdered rhizome of
C. longa was extracted with ethylacetate using
Soxhlet extraction method [14]. The ethylacetate
extract was concentrated using rotary
evaporator. The dried extract was re-dissolved in
n-Hexane and the solution was centrifuged and
the pellets were collected, dried and broken into
curcumin powder.

2.3 Animal Treatment

Thirty male Wistar rats (120-150 g) aged
between 10 and 12 weeks were procured from
the animal house, Faculty of Pharmacy, Obafemi
Awolowo University lle-Ife. Rats were kept in
plastic cages in a ventilated room under
controlled laboratory conditions of normal light—
dark cycle (12 h light/dark) and temperature (25
+ 2°C). The animals had access to food and
water ad libitum. Experimental design and animal
handling were executed according to the
guidelines in Guide for the Care and Use of
Laboratory Animals published by the National
Institute of Health [15].

2.3.1 Experimental design

Rats were randomly assigned to five different
groups of five animals each after 2-weeks of
acclimatization period. Group | rats, served as
the control, orally received 1 ml/kg body weight
(bwt) of corn oil, 2 hours before administration of
same volume of saline. Group |l rats were orally
administered ZnP at a dose of 4.57 mg/kg bwt
(one-tenth LD50) in corn oil. Animals in group IlI
orally received curcumin dissolved in saline, at a
dose of 100 mg/kg bwt. Groups IV and V were
orally administered curcumin at doses of 100 and
200 mg/kg bwt, respectively, 2 hours before
treatment with ZnP. All treatments were given for
21 days. The dose of one-tenth LD50 for ZnP
was chosen to produce a sub-lethal toxic effect in
the animal. Twenty-four hours after the last
treatment, the rats were anaesthetized using
diethyl ether and killed by cervical dislocation.

The liver and kidney were excised and
processed for biochemical assays after been
cleared from other adhering tissues.
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2.4 Biochemical Assays

2.4.1 Determination  of
(MDA) concentrations

malondialdehyde

The level of lipid peroxidation was quantified by
MDA content in the liver and kidney. Hepatic and
Nephridial MDA was determined using the
thiobarbituric acid reactive substance assay, as
described by [16]. Briefly, 10% of homogenate
(liver and kidney) was prepared in 0.15 M KCI.
One volume of homogenate was mixed
thoroughly with two volumes of a stock solution
of 15% wil/v trichloroacetic acid, 0.375% w/v
thiobarbituric acid and 0.25 M hydrochloric acid.
The mixture was heated for 15 min in a boiling
water bath. After cooling, the mixture was
centrifuged at 1000 rpm for 10 min to remove the
precipitate. The absorbance of the clear
supernatant was determined at 535 nm and MDA
concentration calculated using an extinction
coefficient of 1.56 x105 M’'cm”. The MDA
concentration was expressed as nmol per gram
of wet tissue.

2.4.2 Determination of catalase activity

The activity of CAT was measured by the method
of [17]. In brief, the assay mixture maintained at
20°C consisted of 0.1 ml of homogenate (liver
/kidney), 1.9 ml of 50 mM phosphate buffer and 1
ml of 30 mM H,0,. The decomposition of H,O,
was continuously monitored
spectrophotometrically at 240 nm for 60 s. The
change in absorbance was the measure of CAT
activity and was expressed as nmol/mg protein.

2.4.3 Determination of Superoxide Dismutase
(SOD) activity

The method of Misra and Fridovich [18] was
used in determining SOD activity in the rat
homogenates (liver/kidney). The reaction was
initiated with the addition of 0.3 ml of epinephrine
(0.01%) to the mixture of 2.5 ml carbonate buffer
(0.05 M) and 0.2 ml sample. Change in
absorbance was measured at 480 nm, and the
activity was expressed as unit per milligram of
protein. One unit was defined as the amount of
enzyme required to inhibit the rate of
autooxidation by 50%.

2.4.4 Determination Glutathione Peroxidase
(GPx) activity

The assay of GPx activity was carried out
according to the method of Rotruck [19].
Liver/kidney homogenate (0.1 ml) was mixed



with 0.5 ml of 0.2 M phosphate buffer, pH 8.0,
0.1 ml of 10 mM sodium azide, 0.2 ml of 4 mM
GSH, 0.1 ml of 2.5 mM H,0O, and 1 ml of distilled
water. The mixture was incubated at room
temperature for 3 min and 0.5ml of 10% (w/v)
TCA was added. The mixture was centrifuged at
3000 rpm for 10 min. About 0.1 ml of the
supernatant was mixed with 0.9 ml of 0.3 M
disodium hydrogen phosphate and 1 ml of freshly
prepared 0.6 mM 5,5 —dithiobis-2-nitrobenzoic
acid (DTNB) also known as Ellman’'s
reagent in 0.2 M sodium phosphate buffer, pH
8.0. The absorbance was read at 412 nm
against the blank which contained distilled
water.

2.4.5 Determination of Reduced Glutathione
(GSH)

The reduced glutathione level in the homogenate
(liver/kidney) was estimated according to the
method of Moron [20]. Typically, 1 ml of
liver/kidney homogenate was mixed with 5%
trichloroacetic acid (TCA, 4 ml), followed by
centrifugation at 4000 rpm for 10 min. The
supernatant was collected and the residue
discarded. The reaction mixture consisted of
supernatant (0.1 ml), 0.9 ml of 0.2 M sodium
phosphate buffer, pH 8.0 and 2ml of freshly
prepared 0.6 mM 5,5’- dithiobios (2-nitrobenzoic
acid). The reaction mixture was mixed
properly and the absorbance was read at
412 nm after 10 min against the reagent blank.
The GSH level was expressed as ug GSH/g of
sample.

2.5 Statistical Analysis

One-way analysis of variance was used for the
statistical analysis after which  multiple
comparisons were carried out by Tukey’s test.
The results were expressed as the mean %
standard deviation (SD) and values with p < 0.05
were considered statistically significant. Data
were analysed using GraphPad Prism version
6.49.
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3. RESULTS

The changes in the levels of lipid peroxidation
products in control and treated rats are
presented in Table 1. The levels of hepatic and
nephrotic MDA were significantly increased in
ZnP-treated rats compared with the control group
(p < 0.05). Conversely, pre-administration of
curcumin significantly decreased the levels of
lipid peroxidation products (MDA) (p < 0.05),
almost to the levels found in the control group.
There was no significant change in lipid
peroxidation product levels in liver/kidney of rats
administered curcumin alone in comparison to
the control group.

Data are expressed as mean + SD of five
animals per group °Significant difference
compared to normal control at p<0.05.
°Significant  difference compared to Zinc
Phosphide group at p< 0.05.

The enzymatic antioxidant status in control rats
and those treated with zinc phosphide or in
combination with curcumin is presented in Table
2. There was no significant difference in the
activities of CAT, GPx, GSH and SOD in rats
treated with curcumin when compared with the
control. Treatment with zinc phosphide alone
resulted in decrease in activities of CAT, GPx
and GSH level when compared with the control
(p<0.05). Pretreatment with curcumin
significantly reverse the reduction in activities by
stimulating the activities to near control in
curcumin pretreated rats. The SOD activity was
significantly reduced in rats treated with zinc
phosphide alone when compared with the control
(p<0.05). Curcumin administration restore SOD
activity to near normalcy in rats pretreated with
curcumin  when compared with the control
(p<0.05).

The administration of Zinc phosphide significantly
reduced CAT and GPx activities in rat kidney
when compared with the control (p<0.05) Table
3. It also significantly decreased SOD activities

Table 1. Hepatic and nephridial MDA levels in rats after zinc phosphide exposure and
pretreatment with curcumin

Groups MDA Concentration MDA Concentration
(nmol/mg) in the Liver (nmol/mg) in the Kidney

Control 19.19 + 0.460 2.28 +0.02

Zinc Phosphide 24.72 +0,057° 3.78 +0.03"

Curcumin 17.78 £ 1.102° 2,68 £0.17°

Curcumin (100mg) + Zinc Phosphide 21.11 £ 0.476° 2.59 +0.07"

Curcumin (200mg) + Zinc Phosphide 19.59 +0.679° 2.43 £0.03°
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Table 2. Hepatic antioxidant status in rats after zinc phosphide exposure and treatment with

curcumin
Groups CAT GPx GSH SOD
(nmole/mg (U/mg protein)  (umol/ mg (U/mg
protein) tissue) protein)
Control 1.339+0.029 0.305 +0.002 216.7 £0.260 16.24 +0.120
Zinc Phosphide 0.658 +0.007° 0.267 +0.005°  110.0 £0.550™  9.06 +0.140
Curcumin 1.449 +0.023° 0.308 £0.002°  233.3 £0.720° 16.56 +0.080
Curcumin(100 mg) +
Zinc phosphide 1.153 +0.256° 0.284 +0.005 190 + 0.090° 15.54 +0.100
Curcumin(200 mg) +
Zinc Phosphide 1.277 +0.132° 0.298 +0.012° 230 +0.550° 15.92 +0.200

CAT: catalase; GPx: Glutathione peroxidase; GSH: reduced glutathione; SOD: superoxide dismutase. Data are
expressed as means = SD of five rats per group. bSigniﬁcant difference compared to control at p <0.05.
“Significant difference compared to zinc phosphide group at p<0.05

Table 3. Nephrotic antioxidant status in rats after zinc phosphide exposure and treatment with

curcumin

Groups CAT GPx GSH SOD

(nmole/mg protein) (U/mg protein)  (umol/ mg tissue) (U/mg protein)
Control 101.20+0.71 0.73+0.01 3.37+0.06 0.74+0.04
ZnP 74.42+0.21° 0.590.01° 0.95+0.04° 0.48+0.03"
Curcumin 100.79+0.06° 0.67+0.02° 3.16+0.15° 0.77+0.05°
Curcumin 105.03+0.02° 0.58+0.04° 2.86+0,35° 0.87+0.02°
(100mg) +ZnP
Curcumin (200) 103.53+0.81° 0.60+0.01° 3.48+0.03° 0.88+0.03°
+ZnP

CAT: catalase; GPx: Glutathione peroxidase; GSH: reduced glutathione; SOD: superoxide dismutase. Data are
expressed as means * SD of five rats per group. bSignificant difference compared to control at p <0.05.
“Significant difference compared to zinc phosphide group at p<0.05

and lowers the level of GSH in the kidney of rats
treated with Zinc phosphide when compared with
the control (p<0.05). Administration of curcumin
ameliorated these above changes induced by
zinc phosphide which was evident from the
restoration to near normal activities of these
enzymes in the group administered curcumin.

4. DISCUSSION

Oral administration of zinc phosphide at 4.5
mg/kg bwt induced marked kidney and liver
damage in Wistar rats. The kidney carries out
vital essential excretory activities in animals
making it one of the primary target organ for
different circulating toxins that can lead to
nephrotoxicity [21]. Liver is one of the important
target organ of phosphine poisoning in animals
[22]. After ingestion of Zinc phosphide, it
liberates the highly toxic gas, phosphine (PH5) on
exposure to moisture. PH; gas is rapidly
absorbed through the gastrointestinal tract and it
is partly carried to the liver by the portal vein.
Phosphine can cause liver and kidney

dysfunction especially after the first day of
poisoning [23]. Nephrotoxicity is a renal
dysfunction that arises due to exposure to
chemicals, drugs and toxicants. Oxidative stress
is one of the main pathological pathways
involved in its etiology [21].

Oxidative degradation of lipid known as lipid
peroxidation causes a decrease in membrane
fluidity and in the barrier functions of the
membrane [24]. Malondialdehyde (MDA) and
lipid hydroperoxide (LOOH) are indicators of lipid
peroxidation which signifies damage to tissues
due to oxidative stress [25]. The exposure of liver
and kidney to zinc phosphide in this study
significantly increased hepatic and nephrotic
MDA levels (Table 1). PH; increases the
generation of free radicals with subsequent lipid
peroxidation [26]. The result obtained in this
study is similar to [27] who reported significant
increase in MDA levels in liver and kidney of
aluminum  phosphide treated rats. The
mechanism of phosphine induced lipid
peroxidation could involve ROS generated from



inhibition of cellular respiration or a direct
reaction between phosphine and H,O, [28].
However, the increased MDA levels induced by
zinc phosphide administration was significantly
reversed by pre-administration of curcumin.
Curcumin have been reported to reduce MDA
levels [13]. Also, [29] have also demonstrated
that curcumin possesses the ability to attenuate
lipid peroxidation in rats exposed to Cadmium
industrial pollutant.

In tissues, SOD and CAT are considered the first
line of defense against the toxic effects of
reactive oxygen species [30]. Superoxide
radicals are converted to H,O, by SOD which is
subsequently converted into water and oxygen
by the action of CAT. In this study, decrease in
the activities of both SOD and CAT were
observed in the liver and kidney of rats
administered zinc phosphide. The observed
decrease in both SOD and CAT activities
indicated a breakdown of enzymatic system due
to Zn-P-induced oxidative stress. A reduction in
SOD activity usually leads to an increased level
of superoxide anion, which can subsequently
inactivate CAT activity [31]. Conversely the
inability of CAT to prevent H,O, accumulation in
the cell could lead to inactivation of SOD. The
reduction in CAT activity is therefore suggestive
of inactivation of the enzyme and its inability to
eliminate H,O, produced by SOD resulting to the
accumulation of this free radical in these organs
[32]. However, the administration of curcumin
increased the activities of both SOD and CAT.

In biological systems GSH and GPx act as
detoxifying agents by converting H,O, and lipid
peroxides to non-toxic product [33]. In our study,
ZnP significantly depleted GSH concentration
and caused decline in GPx activity in the liver
and kidney of rats. The decline in GSH status
could be attributed to an increased oxidative
stress triggered by the production of ROS by
phosphine gas that induced lipid and protein
oxidation [34]. Increased production of lipid
peroxide leads to diminished lipid soluble
antioxidant system such as GSH. The decreased
concentration of GSH increases the sensitivity of
organs to oxidative and chemical injury.
Depletion of GSH also seems to be a prime
factor that permits lipid peroxidation in ZnP
treated animals. Pre-administration of curcumin
however rendered protection by preventing the
oxidation of reduced glutathione and protected its
related enzyme from oxidative attack. The
enhanced GPx  activity by  curcumin
administration could partly explain the protection
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of biomembrane from oxidative attack. The
potential of curcumin to protect against oxidative
stress - induced tissue injury observed in this
study is similar to reports by [35,36].

5. CONCLUSION

Based on the data obtained from this study,
Curcumin produced its protective effect by
preventing increase in lipid peroxidation and by
restoring the inhibited activities of enzymatic
antioxidants (SOD, GPx, GSH and catalase).
However, there is neither an antidote nor specific
treatment for zinc phosphide toxicity therefore
care must be taken to avoid exposure to zinc
phosphide in food as well as occupational
sources.
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