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ABSTRACT

Acetamiprid (AP) is a fairly new neonicotinoid insecticide. Its
indiscriminate use both in agriculture and domestic areas against
wide range of pests such as aphids and whiteflies is causing toxicity
to man and animals. In recent years the effects of insecticides on
immune response have received more attention. The present study
was designed to evaluate the toxic effect of repeated oral (by gavage)
administration of AP over six weeks on humoral immune response.
Forty eight adult male Sprague Dawley rats were divided into four
groups (12 animals each). Animals of the 1" group were untreated
and served as control , rats of the b group were orally given 1/10
LD50 (83.18 mg/ kg b. wt) , animals of the 3 group were
administered orally vitamin C alone at a dose level of 200mg / kg
b.wt, every other day for six weeks , rats of the 4" group were given
AP similar to those of the 2 group then administered orally with
vitamin C similar to those of the 3 group 30 minutes after each AP
administration. At day one after the end of experiment , eight rats
were picked up randomly from each group , blood samples were
collected from each animal under slight ether anaethesia through
heart puncture into plain vaccutainer tubes and sera were separated.
Data obtained revealed that oral AP administration into rats induced
a non significant increase in IgM level ; significant decrease and




Humoral Immun Response To Acetamiprid

increase in IgG and IL — 6 levels respectively as compared to the
control values. Supplementation with vitamin C potentiated
significantly the effect of AP on IgM , WBCs count , monocytes and
lymphocytes percentage , and reduced significantly its effects on IgG
and IL-6. These data indicate that AP is capable of inducing
changes in humoral immunity that could be selectively modulated
by supplementation with vitamin C.

INTRODUCTION

Insecticides are the only toxic chemicals deliberately released
into the environment in large amounts. Their potential to cause
adverse effects to human and wildlife populations has been the subject
of intense study and has lead to the development of increasingly
stringent and encompassing regulations for the risk assessment of
(r}ozxgahls ;fogmulation and to control the use of existing compounds

Neonicotinoid, the major new class of insecticides, have begun
replacing organophosphorous, organochlorines and pyrethroid
compounds for crop protection against piercing-sucking insects and
for animal health care ®?. Toxicity of this class of insecticides is
considered to be due to their action at the nicotinic acetylcholine
receptors of insects and mammals'.

Acetamiprid (AP), a member of the neonicotinoid insecticide
family, is a fairly new insecticide that provides selective outstanding
control against sucking pests such as aphids and whiteflies on leafy
vegetables and have been widely adopted in many commercial
markets niches throughout the world 1 Indescriminate use of AP to
manage insects by farmers causing its entry into food chain, which , in
turn in instigating residue — related toxicity to human beings and
animals '3,

The immune system contains three components : Humoral immunity,
cell-mediated immunity, and nonspecific immunity. These
components are usually described as isolated functional units, but they
are, in fact, parallel systems that interact and regulated the responses
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of each. Alterations of a specific immune function may result in
corresponding modulation of other immune functions .

The immune system has been shown to be an important target
organ of toxicity following exposure to chemicals (14,15) Although
there is a large body of literature addressing immune responses during
exposure to a wide variety of insecticides including carbamates 16,
organochlorines an, pyrethroides ™, organophosphorous
compounds', and more recently neonicotinoids ?* " | there have
been few studies of AP’ s immune system effects. AP has been found
to have adverse action on humoral immunity as was determined by
antibody response against sheep red blood cells (RBCs) using micro
Haemagglutination (HA) test following its oral administration to
female Wister rats'.

Several scavenging agents and antagonists are established to
reduce pesticides toxicity “>* | however , some of them are burned
with undesirable side effects . Vitamin C (L-ascorbic acid) is a well
known antioxidant, which functions as an electron donor to protect the
body from radical and pollutants ?**>,

The objective of this study is to further examine (asses)
humoral immune response to repeated post oral (po) administration of

AP and the possible ameliorative effect of vitamin C.

MATERIAL AND METHODS

Male Sprague — dawley rats weighing 150-200 g were used in
this study. They were purchased from the animal house of the
National Research Center, Dokki, Giza, Egypt. Rats were housed
under standard laboratory conditions. They had free access to a
standard food and provided with tap water ad libitum. All animals
were acclimatized to these conditions for 10 days before being used.

Acetamiprid 20% SP was purchased from Shoura Co. , for
chemicals, Kilo 28 Cairo — Alex desert Road, Egypt. Vitamin C was
purchased as ampoules under a trade name Cevarol from Memphis
Co. for pharm & Chemical Ind. Cairo, Egypt.
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The acute po LDsy of acetamiprid for male Sprague — dawley
rats was determined according to the method of Reed et al**® and was
found to be 831.8 mg/kg b.wt.

Rats were randomly allocated into four groups (12 rats each).
Animals of thel* group were not treated and served as controls. Rats
of the *™ group were given po by gavage acetamiprid at a dose level of
1/10 LDsy every other day for six weeks. Animals of the 3™ group
were administered po every other day with vitamin C at a dose level
of 200 mg/ kg b.wt*?"* for six weeks . Rats of the 4™ group were
given a similar dose level of vitamin C 30 minutes after each
acetamiprid administration.

At the end of the treatment periods, eight rats from each group
were deprived of food for overnight these rats were slightly
anaesthetized with ether and blood samples were collected through
heart puncture into plain vaccutainer tubes and centrifuged at 1500 x g
for 15 minutes. Sera samples were separated in eppendorfs and kept at
-80° ¢ till the immunological analysis were started. Other blood
samples were collected into vaccutainer tubes containing EDTA for
white blood cells (WBCs) count.

Determination of serum immunoglobutins IgG and IgM
concentrations of control and treated rats were carried out by
immunonephrometry on the BN ProSpec System manufactured by
Dade Behring GmbH, Marburg, Germany. Following the method
described by Thomas %’ . Measurement of serum IL-6 concentrations
of control and treated rats was carried out using AviBion Enzyme —
Linked Immunosorbent Assay (ELISA) kits (Orgenium Laboratories,
Helsinki, Finland), according to the manufacture s instructions. Total
WBCs count, monocytes, and lymphocytes percentages were
measured following the methods described by Harris et al using
the automated Bayer ADVIA 120 Hematology System manufactured
by Bayer Health care, Diagnostics Division, Tarrytown, NY. USA.

Data of each group were statistically analyzed using student "t"
test according to Hill,*' after one way analysis of variance (ANOVA)
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when multiple comparison was made according to Kirkwood™.
Results were considered statistically significant at P < 0.05

RESULTS

Data presented in table (1) and illustrated graphically in
figures 1,2 and 3 indicate that subchronic po administration of
acetamiprid to male Sprague Dawley rats at the dose level of 1/10
LDsy (83.18 mg/kg b.wt.) every other day for six weeks caused
significant increase and decrease in serum in IL-6 and IgG
concentrations respectively, and insignificant increase in serum IgM
concentration, with respect to the control value of each parameter
measured. Repeated po administration of vitamin C (200 mg/kg
b.wt.) alone for a similar treatment period induced significant
increases in serum levels of IL-6 and IgM and a slight decrease of
serum IgG. However, when it was administered 30 minutes after each
AP administration, it reduced slightly the increasing effect of AP on
IL-6 and reversed and potentiated significantly its actions on IgG and
IgM respectively.

Table 2 and figures 4 , 5 and 6 show that same AP
administration induced significant increases in total WBCs count and
the percentage of monocytes and lymphocytes above the control
values. It is also shown that similar increases in WBCs count, or
monocytes and lymphocytes percentage
occurred in rats administered po with vitamin C alone or 30 minutes
following each AP treatment.
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Table 1 : Effects of repeated po administration of Acetamiprid (AP)
at the dose level of 1/10 LDs (83.18 mg/kg b.wt.) every other day for
six weeks and that of vitamin C at po dose of 200 mg/ kg b.wt. alone
or after 30 minutes of each AP administration for a similar treatment
period on serum IL-6, and the immunoglobulins IgG and IgM

IL-6 IgG IgM
(pg/ml) (€:4)) (€49
Group
Mean +SE ) Mean +SE ) Mean +SE )
Control 8.21+0.117 3.53+0.092 0.45+0.019
Acetamiprid | 16.53+0.5 10* 2.15+0.060*" | 0.49+0.040*
Vitamin C 16.08+1.076*" 3.00+0.046* 0.53+0.016*"
Acetamiprid
& 14.01+0.481*""" | 3.43+0.070**" | 0.60£0.033*""*
Vitamin C

* Results are expressed as Mean =+ SE of 8 samples

*" significant when compared with the control values ( p < 0.05)

* non significant when compared with the control values (p <0.05)
** significant when compared with the acetamiprid treatment values (
p<0.05)
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Figure (1) : Changes in interleukin-6
following every other day post oral administration for
6 weeks of AP (1/10 LDsy.), Vit C alone (200 mg/kg
b.wt.) and AP +VitC (1/10 LDs¢+ 200mg/kg b.wt.)
into male albino rats. Each value represents the Mean+
SE of eight animals.
AP: Acetamiprid; Vit C: Vitamin C
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Figure (2): Changes in serum IgG concentration following every
other day post oral administration for 6 weeks of AP (1/10 LDs, /100
g b.wt.), Vit C alone (200ml/kg b.wt.)and AP +VitC (1/10 LDso+
200mg/kg b.wt.) ) into male albino rats. Each value represents the
Mean+ SE of eight animals.

AP: Acetamiprid; Vit C: Vitamin C.
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Figure (3): Changes in serum IgM concentration following
every other day post oral administration for 6 weeks of AP (1/10 LDsq
/kg b.wt.), vitamin C alone (200 mg/kg b.wt.) and AP +Vit C (1/10
LDs¢+ 200 mg/kg b.wt.) into male albino rats. Each value represents
the Mean+ SE of eight animals

AP: Acetamiprid; Vit C: Vitamin C.
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WBCs Count Monocytes Lymphocytes
(x10°/uL) % %
Group
Mean iSE* Mean iSE* Mean iSE*
Control 5.80+0.117 7.09+0.369 38.19+1.071
Acetamiprid | 7.19+0.133* 17.39+0.522%" | 66.06+0.949*"
Vitamin C | 6.93+0.124*" | 20.88+0.792*" | 63.84+0.832%"
Acetamiprid
& 7.33+0.111%"" | 24.95+0.944*"*" | 66.71+£0.978*"%
Vitamin C

Table 2 : Effects of repeated po administration of acetamiprid (AP) at
the dose level of 1/10 LDsy (83.18 mg/kg b.wt.) every other day for
six weeks and that of vitamin C at po dose of 200mg/kg b. wt. alone
or after 30 minutes of each AP administration for a similar treatment
period on total WBCs count , monocytes and lymphocytes
percentages.

* Results are expressed as Mean =+ SE of 8 samples

" significant when compared with the control values ( p < 0.05 )
b significant when compared with the acetamiprid treatment values (

p<0.05)

10
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Figure (4): Changes in total WBCs count following
every other day post oral administration for 6 weeks of AP (1/10
LDsg / kg/b.wt.), Vit C alone (200mg/kg b.wt.) and AP +VitC (1/10
LDsy+ 200/mg/kg b.wt.) into male albino rats .Each value represents
the Mean+ SE of eight animals.

AP: Acetamiprid; Vit C: Vitamin C.

11
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Figure (5): Changes in monocytes percentage following
every other day post oral administration for 6 weeks of AP (1/10
LDs.), Vit C alone (200mg/kg b.wt.) and AP +VitC (/10 LDsy+200
mg/1kg b.wt.) into male albino rats. Each value represents the Mean+
SE of eight animals.
AP: Acetamiprid; Vit C: Vitamin C.

12
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Figure (6): Changes in lymphocytes percentage following
every other day post oral administration for 6 weeks of AP (1/10

LDs.), Vit C alone (200 mg/kg b.wt.)
and AP +VitC (1/10 LDs¢+200 mg/1kg b.wt.) into male

albino rats. Each value represents the Mean+ SE of eight animals.

AP: Acetamiprid; Vit C: Vitamin C.

DISCUSSION

Neonicotinoids, the newest major class of insecticides, have
outstanding potency and systemic action for crop protection
against

piercing — sucking pests, and also have high effectiveness for animals
health care (1% 103334

13
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These systemic insecticides are agonists of nicotinic
acetylcholine receptors (nAChR). However, they have significant
toxicity to mammals because of their stronger affinity for insects
nAChR than for mammals ©'?

In addition to the function of IL-6 as a growth and
differentiation factor in the haematopoietic and immune system, IL-6
has been described to stimulate proliferation of human leukaemia and
lymphoma cells .

Since monocytes, T and B lymphocytes are examples of many
diverse cell types produce IL-6 in response to various stimuli *%, the
present elevation in serum IL-6 concomitant increases in monocytes,
Tand B lymphocytes could be speculated to be possibly controled via
a positive autocrine feedback loop.

The primary function of WBCs is defense against foreign
bodies, which is achieved by leukocytosis and antibody production.
Data presented in the current study revealed a higher WBCs number
in rats treated with AP insecticide. These results agree with those
found in rats treated with imidacloprid ‘*'*” and in mice treated with
AP ) This increase has been previously suggested to be related to
an increase in lymphocytes number @ This suggestion is supported
by the present increase in monocytes and lymphocytes percentage
recorded concomitantly with the increase WBCs number.

The present AP toxicity was observed to induce a significant
decrease in serum IgG level concomitant with insignificant increase in
IgM level. This observation disagrees with that obtained by Mohany
et al®, who reported a significant increase in serum level IgG
without any significant change in IgM in rats treated with
imidacloprid, they attributed the increase in immunoglobulin to the
formation of anti-imidacloprid antibodies.

In contrast with the present finding, Mondal et al.,™*’ reported
a significant decrease in mean values of total WBCs number and
relative lymphocyte count in female Wister rats treated orally with
AP. They suggested that their observation to be due to a direct
cytotoxic effect on leukocytes as was also suggested in gentamicin
toxicity in guinea pigs “o

14
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In the present study , po administration of vitamin C alone
caused significant elevations of serum IL-6 and IgM levels ; WBCs
count , monocytes and lymphocytes percentages , and a decrease of
IgG level . Interestingly , co — administration of vitamin C with
acetamiprid was unable to reverse but instead enhanced the elevation
of IgM , WBCs count , monocytes and lymphocytes percentages
caused by the administration of acetamiprid alone . On the contrary ,
vitamin C was found to reduce significantly the changes in IL — 6 and
IgG recorded following the administration of acetamiprid alone .
These findings agree with the notion that antioxidants may show
protective effects on some biochemical indices but not on some
parameters( 442 However , several studies have indicated the
ameliorative effect of vitamin C supplementation against toxicity of
several insecticides including , hematological and / or biochemical

toxicity of chlorpyrifos “3) ; deltamethrin®® ; malathion (44); renal
toxicity of lambda cyhalothrin @7 . fenvalerate * and hepatotoxicity
of fenvalerate “>*% ; propanil “? .

Although the underlying mechanism through which vitamin C
functions against deleterious effects of chemicals is still unclear , it
has been reported that its primary role is to neutralizes free radicals ,
since ascorbic acid is water soluble , it can work both inside and
outside the cells to combat free radical damage . the free radicals will
seek out an electron to regain their stability , vitamin C is an excellent
source of electrons ; therefore , it can donate electrons to free radicals
(s‘gg:h as hydroxyl and superoxide radicals and quench their reactivity

Overall, the present findings demonstrate that the exposure of
animals to acetamiprid insecticide is capable of inducing marked
alterations in some humoral immune parameters which were
selectively ameliorated by co — administration of vitamin C .

15
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