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Abstract

Forty male Wistar rats were divided in five groups each having eight animals. Rats of groups A
(distilled water), B (corn oil) were control while rats of groups C to E administered curcumin (@ 100
mg/kg), chlorantraniliprole (@ 250 mg/kg) and chlorantraniliprole (@ 250 mg/kg) + curcumin (@ 100
mg/kg), respectively, orally. Chlorantraniliprole administered rats showed increased activity and
sweating response, decreased feed intake, no body weight and percent body weight gain. Absolute
organ and relative organ weights did not differ significantly in different treatment groups. Total RBCs
count, Hb values, MCV, MCHC and MCH, WBCs count, lymphocyte percentage, monocyte
percentage, absolute lymphocyte and platelets count, PCT (%) did not differ significantly in rats of
different treatment groups. RDW-SD was significantly higher in rats of chlorantraniliprole alone-
treated rats. Histopathological examination of heart showed degenerative and toxic insult in histology
of chlorantraniliprole group as compared to control groups. Co-administration of curcumin and
chlorantraniliprole in rats improve the behavioral response towards the rats of control groups, Increased
feed and water intake, body weight gain, normalize the organ and relative organ weight towards the
control groups, normalize the haematological parameters and ameliorate the histological alteration in
heart towards the control group indicating free radical scavenging, antioxidant ameliorative action of
curcumin.

Keywords: Chlorantraniliprole, curcumin, haematology, feed and water intake, histology

1. Introduction

Among pesticides producer countries, India ranked 4™ position after USA, Japan and China,
respectively. Anthranilic diamine (chlorantraniliprole) was registered in 2008 ™, with the
technical formulation (DuPont Rynaxypyr Technical, EPA Reg. No. 352-728) has 95.3%
chlorantraniliprole ™M, used against several insect-pests (Lepidoptera, Coleoptera, Diptera and
Isoptera species etc). Chlorantraniliprole is use on agriculture crops such as pome fruit, stone
fruit, grapes, leafy vegetables, brassica leafy vegetables, cucurbit vegetables, fruiting
vegetables, potatoes, cotton, rice, oilseeds, soybean, teff, and quinoa, and ornamentals and
turf grass growing in residential, commercial, and public landscaped area for control of
moths, beetles, and caterpillars etc M. Chlorantraniliprole a Ryanodine receptor agonist,
which regulates calcium-induced muscle-contraction. Mode of action is selective toxicity for
insect ryanodine receptors 2 31 It has been observed that RyR plays a vital role in Ca? *
signaling in the body, which is responsible for its effects on mammal’s tissues . Curcumin
is commonly called as turmeric powder, extensively use in ayurvedic medicine for centuries
due to possesses variety of therapeutic properties including anti-oxidant, analgesic, anti-
inflammatory, antiseptic B, and anti-proliferative effects, useful in treatment of neuro-
inflammatory degenerative conditions like Alzheimer’s disease [, metabolic syndrome,
arthritis, anxiety, hyperlipidemia, and cancers etc. [1°],

Based on above studies and availability of a few research data on subacute exposure effect of
chlorantraniliprole on haematological alteration and histological changes in heart of rat and
lack of the information on ameliorative potential of curcumin against chlorantraniliprole
subacute exposure in rats, present study was designed to investigate amelioration potential of
curcumin against chlorantraniliprole induced subacute toxicity study in rats.
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2. Materials and Methods

Present study was conducted on forty adult male Wistar rats,
which were procured from Lab Animal Facility (LAR),
ICAR-Indian  Veterinary Research Institute  (IVRI)
Izatnagar-243122 and maintained under standard
managemental conditions in the Small Animal House
Facility, Department of Animal Biotechnology, College of
Biotechnology, Sardar Vallabhbhai Patel University of
Agriculture and Technology, Meerut-250110. Animals were
divided into five groups each having eight rats namely-
Group A (deionized water), Group B (vehicle control),
groups C, D and E treated with curcumin (@ 100 mg/kg),
chlorantraniliprole (@ 250 mg/kg) and chlorantraniliprole
(@ 250 mg/kg) + curcumin (@ 100 mg/kg), respectively.
Duration of exposure period was 28 days, orally. The dose
of chlorantraniliprole was 1/20" of LDz (i.e. 5000 mg/kg,
oral »4. Animals had free access to pelleted feed, clean and
deionized drinking water. Daily light and dark cycle of 12 h
was ensured. Before start of the experiment, an
acclimatization period of fifteen days was allowed. All the
experimental animals were kept under constant observation
before and during the entire period of study. The study was
approved from Institutional Animal Ethics Committee
(IAEC Approval no. IAEC/SVPUAT/2024/137), COVAS,
SVPUA&T, Meerut.

2.1 General toxicity

2.1.1 Gross observations

Rats of all the groups were closely observed during the
entire experimental period for any apparent signs of toxicity
including behavioral changes, discomfort, gait, loss of hair,
diarrhea or mortality etc.

2.1.2 Body weight

Body weight of different rat treatment groups was recorded
at 0 day, 7, 14™, 21" and 28" day of experimental period
and body weight gain was calculated.

2.1.3 Feed and water intake

Feed and water intake in rats of all treatment groups were
recorded daily and computed on weekly basis during the
entire duration of study.

2.2 Hematological studies

2.2.1 Collection of blood

Blood from experimental rats was collected on 29" day in
EDTA tubes from inner canthus of eye through retro-orbital
plexus puncture with the help of glass capillary tubes after
overnight fasting 4 for determination of hematological
parameters by Hematology Auto analyzer (Mind Ray BC-
30).

2.3 Collection of organs

At the end of exposure period after collection of blood, rats
were humanely sacrificed by cervical dislocation. Heart was
collected, blotted with tissue paper, and weighed to
determine the absolute and relative organ weights (g/100 g
bw).

2.3.1 Histopathological studies
Heart was collected in 10 percent formalin and was
processed as per standard procedure for determination of
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histological changes in these tissue, if any. 5-6-micron thick
sections of tissue were cut with the help of a microtome
(SLEE 5062), and stained with standard procedure.

2.4 Statistical analysis

Statistical difference between respective means for various
parameters (organ weights, relative organ weights,
hematology) was evaluated by using one-way ANOVA
followed by Tukey’s multiple post hoc tests with the help of
SPSS software 20 and daily feed and water intake was
analyzed by the two-way ANOVA with the help of SPSS
software 20. Comparisons were made among the treatment
groups. Data was presented as Mean+SE and significant
difference was considered at p<0.05.

3. Results and Discussion

3.1 Effect of curcumin on general toxicity parameters in
rats following 28-day exposure of chlorantraniliprole
3.1.1 Clinical signs: Exposure of rats of control groups (A,
B and C) showed normal behaviour and activities and no
loss of hair and mortality in animals of any of the treatment
group rats throughout the duration of studies period except
in chlorantraniliprole group (D) showed increased activity
and anxiety like behaviour and sweating may be suggestive
of neurological involvement. Similar observation was
reported by % in mice following chlorantraniliprole-
administration due to chlorantraniliprole-induced stress and
increases neuronal activity, anxiety-like behaviour as well as
neurotransmitter disturbances in mammals. He reported the
greater numbers of c-Fos-immunoreactive cells in the
hippocampal  dentate gyrus and  decreased  3-
methoxytyramine and histamine level in mice. Similarly, [26]
observed increased neuronal activities (hyperexcitation)
following exposure of endosulfan (due to antagonistic
effects on GABA receptors), dieldrin and lindane in rodents.
Concurrent administration of rats with curcumin and
chlorantraniliprole (E) showed normal behaviour and
locomotor activity possibly due to antioxidant and
neuroprotective effect of curcumin which may be due to
decreasing malondialdehyde (MDA) and NO levels in brain
tissues and significant increasing GSH concentration in
brain tissue of chlorpyrifos exposed rats indicated
ameliorative potential of curcumin 17,

3.1.2 Feed and water intake: Present study indicated that
daily feed intake in rats of group D (chlorantraniliprole) was
less during the entire period of study i.e. I*t, 1I"%, 111" and
IVt weeks as compared to rats of control groups A, B and C
may be due to stress induced by chlorantraniliprole in rats.
Result of present study are in line with observation of 18l in
acephate administered rats for 45 days may be due to
disturbance in hormone level or direct. Daily feed intake in
rats of co-treated group (curcumin + chlorantraniliprole)
was also was increased during the I11® and IV week of
period of study indicated increased weight gain similar to
control group. This may be due to antistress inducing effect
of curcumin and increased consumption of daily feed and
also feed conversion efficiency was increased resulting in
more body weight gain in this group. Result of present study
of daily water intake data revealed no significant alteration
in water intake in rats of different treatment groups (Fig. 1
& 2).
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Fig 1: Effect of curcumin (100 mg/kg) on weekly feed intake in
rats (g) of different treatment groups following 28 days oral
exposure to chlorantraniliprole (250 mg/kg) alone and both in
combination (curcumin (100 mg/kg) + chlorantraniliprole (250
mg/kg).
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same column differed significantly (p<0.05).
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Fig 2: Effect of curcumin (100 mg/kg) on weekly water intake in
rats (ml) of different treatment groups following 28 days oral
exposure to chlorantraniliprole (250 mg/kg) alone and both in

combination (curcumin (100 mg/kg) + chlorantraniliprole (250
mg/kg).

Weekly body weight (g) and percent weight gain: Weekly
body weight gain in rats of different treatment groups
showed no significant alteration (Fig 3). However, slight
reduction in body weight gain was recorded during the IVth
week of exposure of chlorantraniliprole in group of rats D
which is due significant decline in feed intake in rats of this
group during the entire study period. Result of present study
are in agreement of I report in which no weight gain and
mean weight reduction was observed in mice following 28
days exposure of chlorantraniliprole possibly due to
reduction in feed efficiency . Result of present study are
in agreements with the findings of 2% as they observed
significant decrease in body weight gain in rats of
chlorantraniliprole (coragen) fed rats at the dose rate of
1/20™, 1/40™ and 1/60™ of LDs, following 90 days exposure
as compared to the rats of control group, possibly due to
stress of chronic exposure of coragen. Y observed
significant reduction in body weight and body weight gain
in mice at higher dose of chlorantraniliprole administration
possibly due to reduction in feed efficiency. In the present
study concurrent administration of curcumin and
chlorantraniliprole in rats of group E showed body weight
gain throughout the duration of study period of 28days
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which may be due to antioxidant activity and decreasing
oxidative stress effect of curcumin in rats. In the present
study highest weight gain was observed in rats of curcumin
alone group (C). The result of present study is in agreements
(221 who reported body weight gain activity of curcumin
against pyrethroid exposed Wistar rats which is due to
antioxidant activity.

B Group A B Group B Group C Group D B Group E
350
300 - a? a?d
_ a a ar l 3 I @ I
250 _ a 1 a aa_ :
al a 3 aJ_ i I a[
200 -
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*Values (mean = SEM; n = 8) bearing different superscripts in the
same column differed significantly (p<0.05)

Fig 3: Effect of curcumin (100 mg/kg) on body weight gain (g) of

rats of different treatment groups following 28 days oral exposure

to chlorantraniliprole (250 mg/kg) alone and both in combination
(Curcumin (100 mg/kg) + chlorantraniliprole (250 mg/kg).

Effect of curcumin on haematological-parameters in rats
following 28-day exposure of chlorantraniliprole

Result of present study revealed that total RBCs count value
was slightly higher in rats of chlorantraniliprole group (D)
which was similar in observation of 29, where significant
increase in red blood cells (RBCs) value following 90 days’
exposure of chlorantraniliprole at 1/20™, 1/40™ and 1/60™ of
LDso. 2 also reported significant decline in the level of
haemoglobin (Hb) and haematocrit (PCV) value following
90 days exposure of chlorantraniliprole which was contrast
to present study in which slight increase (non significant) in
haemoglobin and haematocrit value were observed . In the
present study, non-significant alteration was observed in red
cell distribution width (RDW-SD and RDW-CV), mean
corpuscular volume (MCV), mean corpuscular haemoglobin
(MCH) and mean corpuscular haemoglobin concentration
(MCHC) values in rats of different treatment groups (Table
1 and 2). However, 9 reported significant alteration in
MCH and MCHC concentration following 90 days oral
exposure at the 1/20™, 1/40™ and 1/60™ of LDso which was
contrast of the present study. Similar observation was
reported by 3 in coragen exposure in rats at 14" and 21t
day at the dose rate of 1000 mg/kg with significant decrease
in RBCs, haemoglobin percentage, haematocrit percentage
which may be possibly due to haemorrhages *4, impaired
synthesis of haemoglobin in RBCs and deficiency of iron,
folic acid and vitamin B12. [ 28 reported significant
alteration in RBCs, Hb, haematocrit, MCV, MCH and
MCHC values in 42 days exposure of coragen (@ 1000
mg/Kkg) in rats. In the present study, curcumin administration
with chlorantraniliprole in rats of group E provide protective
effect on haematological parameters may be due to
mitigative oxidative stress produced by chlorantraniliprole.
Body defence system regulated by white blood cells
(WBCs) by acting against invading microbes and any
alteration in their number would result in degradation of
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immune  response. Decreased WBCs count in
chlorantraniliprole alone group was not significant which
was in agreement of finding of 2! who reported significant
decline in WBCs count following 90 days exposure of
coragen to rats at the 1/20™. 1/40" and 1/60™ dose of LDsy.
Similarly, significant decrease in WBCs count was observed
by %61 following coragen administration of at the dose rate
of 1000 mg/kg bw for 42 days. The decrease in WBCs count
in present study may possibly due to consumption of WBCs
while encountering a variety of inflammatory injury caused
by coragen (chlorantraniliprole) or failure or destruction of
stem cells in the bone marrow (7. Co-administration of
curcumin with chlorantraniliprole tended to normalized the
value of WBCs towards the control groups due to induction
of leucocytosis and leucocyte mobilization during severity
of stress induced by causative agent 24,

Present study revealed no significant alteration in
lymphocyte, monocytes and granulocytes percentage was
observed in different treatment groups. Non significant
increase in the granulocyte percentage in chlorantraniliprole
group (D) was decreased following administration of
curcumin in rats of group (E) indicative of ameliorative
potential of curcumin on haematological indices as observed
by [ following turmeric administration in carbofuran
exposed rats possibly due to antioxidant activity and
decrease in lipid peroxidation. Non significant decrease in
the absolute count of lymphocyte and monocytes in
chlorantraniliprole group indicate the toxic effect of
chlorantraniliprole and suppression of immune system and
making the animals more susceptible to infection. Co-
administration of rats with curcumin and chlorantraniliprole
increased the absolute count of lymphocyte and monocyte
towards the control group which is indicative of
ameliorative and immunomodulating and antioxidant
activity of curcumin (Table 3).

In the present study, total platelet count value was
moderately decreased in rats of chlorantraniliprole alone-
treated rats group D. In contrast to our observation, [2
reported non significant increase in platelet value in
carbofuran (@ 1mg/kg bw) exposed rats. Co-treatment of
rats with chlorantraniliprole and curcumin (E) moderately
increased the platelet count indicative of protective effect of
curcumin on haemopoietic system. Similar observation was
obtained by [ following carbofuran and turmeric
administered rats. Platelets has role in blood coagulation
mechanism, cardiovascular health etc and alteration in
structure, number and membrane stability resulting in
bleeding or thrombic disorders. MPV and PDWC is
important markers of cardiovascular health condition
determinants [ % No significant alteration in MPV,
PDWC values and marked decrease in plateletcrit percent
value (PCT%) in chlorantraniliprole group while concurrent
treatment of chlorantraniliprole + curcumin indicative of
ameliorative potential of curcumin (Table 4).

Absolute (g) and relative organ weights (g/100 g body
weight)

Present study revealed that there was no significant
alteration in absolute weight of heart of different treatment
groups. In the present study, relative weight of heart was
non-significant altered in different treatment groups (A to E)
(Figure 4 and 5).
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*Values (mean + SEM; n = 8) bearing different superscripts in the
same column differed significantly (p<0.05).
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Fig 4: Effect of curcumin (100 mg/kg) on absolute organ weight of
heart (g) in rats of different treatment groups following 28 days
oral exposure to chlorantraniliprole (250 mg/kg) alone and both in
combination (curcumin (100 mg/kg) + chlorantraniliprole (250
mg/kg).
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*Values (mean + SEM; n = 8) bearing different superscripts in the
same column differed significantly (p<0.05).

Fig 5: Effect of curcumin (100 mg/kg) on relative organ weight of
heart (g/100 bw) in rats of different treatment groups following 28
days oral exposure to chlorantraniliprole (250 mg/kg) alone and
both in combination (curcumin (100 mg/kg) + chlorantraniliprole
(250 mg/kg).

3.4 Effect of curcumin on heart histopathology in rats
following 28 day exposure of chlorantraniliprole.
Histological examination of heart tissue of rats of control
groups showed normal histology appearance with the
presence of myocardial smooth muscles fibers.
Chlorantraniliprole exposed rats produced changes in
histological structure in the form of heavy congestion and
mild focal mononuclear infiltration. Result of present study
are in line with observation of B findings following
monocrotphos exposure rats with presence of nonspecific
inflammatory changes and oedema formation in muscle
fibers of cardiac tissue which may be due to oxidative stress
effect of monocrotophos in rats. Co-administration of rats
with chlorantraniliprole and curcumin showing marked
recovery and only mild congestion seen in cardiac smooth
muscles fibers which may be due to antioxidant action of
curcumin (Fig 6). In the present study, cardio-protective
effect of curcumin on heart tissue are in agreement with 32
who observed that curcumin significantly decreased the
cardiac enzyme maker and increased the antioxidant level in
heart tissue and provided ameliorative effect against cardiac
damaging effect of chlorpyrifos in rats.

Therefore, histopathological examination of heart tissue of
chlorantraniliprole exposed rats suggested that marked
alteration in histoarchitecture of this organ and may be
indicative of toxic effect of chlorantraniliprole on this organ.
Co-administration of curcumin and chlorantraniliprole
significantily improved the histology of this vital organ and
provide ameliorative action by normalizing the histology of
heart almost towards the control groups.
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Fig 8: Microphotograph of cardiac tissue of group-C (curcumin
treated @ 100 mg/kg) showing normal histology (Stain H&E;
100X)

. \ A\
' VA L%
Fig 9: Microphotograph of cardiac tissue of group D

Fig 7: Microphotograph of cardiac tissue of group-B (corn oil) (chlorantraniliprole @ 250 mg/kg) showing heavy congestion and
showing normal histology (Stain H&E; 100X) mild focal mononuclear infiltration (H&E; 100X)

Fig 10: Microphotograph of cardiac tissue group E (Chlorantraniliprole @ 250 mg/kg + Curcumin @ 100 mg/kg) showing marked recovery
showing only mild congestion (H&E; 100X)

Table 1: Effect of curcumin (100 mg/kg) on erythrocytic indices of rats of different treatment groups following 28 days oral exposure to
chlorantraniliprole (250 mg/kg) alone and both in combination (curcumin (100 mg/kg) + chlorantraniliprole (250 mg/kg).

Groups Treatment RBCs (X 10*U/L) | Hb(g/dl) | HCT/PCV (%) | RDW-SD (fl) | RDW-CV (%)
A Control 821.62+17.602 14.74+0.382 44.14+1.502 32.61+0.93% 15.40+0.372
B Vehicle control (Corn oil) 823.75+15.06° 15.18+0.26% | 44.28+0.61° 30.30+0.78° 14.57+0.342
C Curcumin (100 mg/kg) 855.50+36.25% 15.54+0.56% | 45.03+1.78° 30.60+0.32% 14.62+0.222

D Chlorantraniliprole (250 mg/kg) 843.5+64.11° 15.39+1.13% 45.26+3.54° 33.40+0.78° 15.85+0.35%

Chlorantraniliprole (250 mg/kg) a a Ema b a
E + Curcumin (100 mg/kg) 803.12+21.35 14.71+0.32 42.49+-50 31.78+0.58 14.85+0.20
e  Values (mean + SEM; n = 8) bearing different superscripts in the same column differed significantly (p<0.05).

HCT-hematocrit; Hb-Hemoglobin; PCV-Packed cell volume; RBCs-blood cells; RDW-Red cell distribution width
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Table 2: Effect of curcumin (100 mg/kg) on erythrocytes indices (MCV, MCH and MCHC) of rats of different treatment groups following
28 days oral exposure to chlorantraniliprole (250 mg/kg) alone and both in combination (curcumin100 mg/kg) + chlorantraniliprole 250

mg/kg).
Groups Treatment MCV (fl) MCH (pg) MCHC (g/dl)
A Control 53.20+0.74* | 18.36+0.30% 33.73+0.442
B Vehicle control (Corn oil) 53.50+£0.57¢ | 18.24+0.212 34.44+0.228
C Curcumin (100 mg/kg) 53.50+0.46% | 18.31+0.292 34.43+0.312
D Chlorantraniliprole (250 mg/kg) 53.68+0.47% | 18.29+0.25% 34.06+0.352
E Chlorantraniliprole (250 mg/kg) + Curcumin (100 mg/kg) 54.46+0.50° | 18.35+0.182 33.71+0.31a

Values (mean = SEM; n = 8) bearing different superscripts in the same column differed significantly (p<0.05).
e  MCHC-Mean corpuscular hemoglobin concentration; MCH-Mean corpuscular hemoglobin; MCV-Mean corpuscular volume.

Table 3: Effect of curcumin (100 mg/kg) on leucocytic indices of rats of different treatment groups following 28 days oral exposure to
Chlorantraniliprole (250 mg/kg) alone and both in combination (curcumin (100 mg/kg) + chlorantraniliprole (250 mg/kg)).

Groups Treatment (1\)/(\/1%23') LY% MO% GR% (XLl\gg;lL) (x'\/ll(gg'fl_) (XGIEQ‘L)

A Control 14.94+1,26¢| 59.34+4.64%|5.5020.59%| 34.07+3.85%| 8.78+1.72¢ |0.72+0.12%| 4.43+0.83"

B Vehicle control (Corn oil) 17.25%1.70| 69.45+2.13¢ | 4.83%0.23%| 24.45+1.78%| 12.23+1.32%| 0.83£0.09 | 4.0520.417

C Curcumin (100 mg/kg) 13.99%1,532| 70.07£0.72¢ | 5.1820.21%| 24.37%0.80°| 10.28+1.072| 0.7420.08¢ | 3.460.30°

D Chiorantraniliprole (250 mg/kg) | 12.35+0.85%| 54.47+7.012| 4.70+0.26%| 40.82+7.18¢| 7.13+1.14% |0.61£0.05%5.23+1.03"

E Ch"’racr‘”b"“"!f’“"e (250 ma/kg) + |1, 5341 952(63.17+3.312( 4.86+0.21%| 31.96+3.38¢| 9.36+1.40° |0.71+0.08%|4.52+0.742
urcumin (100 mg/kg)

e  Values (mean + SEM; n = 8) bearing different superscripts in the same column differed significantly (p<0.05).
o WBC-White blood cell; LY%-Lymphocytes percent; MO%-Monocytes percent; GR%-Granulocytes percent.

Table 4: Effect of curcumin (100 mg/kg) on thrombocytes indices of rats of different treatment groups following 28 days oral exposure to
Chlorantraniliprole (250 mg/kg) alone and both in combination (curcumin (100 mg/kg) + chlorantraniliprole (250 mg/kg).

Groups Treatment PLT*(X 10*U/L) | MPV (fL) | PCT (%) | PDWC (fl)
A Control 66.07+9.482 7.1840.122 | 0.49+0.07% | 14.97+0.16°
B Vehicle control (Corn oil) 77.35+5.782 7.19+0.102 | 0.54+0.04% | 15.17+0.082
C Curcumin (100 mg/kg) 79.26+0.06% 7.13+0.06° | 0.56+0.06° | 15.32+0.06°
D Chlorantraniliprole (250 mg/kg) 56.69+12.32° 7.49+0.20? | 0.41+0.082 | 15.16+0.092
E Chlorantraniliprole (250 mg/kg) + Curcumin (100 mg/kg) 78.21+6.842 7.29+0.10% | 0.57+0.042 | 15.13+0.08%

e Values (mean + SEM; n = 8) bearing different superscripts in the same column differed significantly (p<0.05).
e PLT-Platelets; MPV-Mean platelet volume; PCT-Plateletcrit; PDWC-Platelet distribution width.

Conclusion

Result of present study concluded that chlorantraniliprole
induced the alteration in behavioral, hematological and
produced significant histoarchitectural changes in heart
indicating adverse effect of chlorantraniliprole following 28
days oral administration and concurrent administration of
curcumin and chlorantraniliprole in male Wistar rats
ameliorates the neurobehavioral, hematological, and
histological changes towards the control groups indicating
protective effects of curcumin against chlorantraniliprole
possibly due to free radicle scavenging and antioxidant
potential.
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