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ABSTRACT

Spinosad (SPD) is a highly selective insect control product. However, it was reported that SPD has toxicity toward
other non-target organisms. This study was conducted to address the toxic effect of two sub-chronic low and high
doses; 35 and 350 mg/kg SPD on some biochemical, histological and immunohistochemical parameters of the liver,
kidney and cerebellum. Thirty-six male Swiss mice were divided into three groups of 12 mice each; first group (G1)
served as a control, second group (G2) received a low sub-chronic dose of SPD that is equal to 35 mg/kg, and third
group (G3) received a high sub-chronic dose of SPD that is equal to 350 mg/kg. The results showed that mice which
were received 350 mg/kg SPD showed a significant decrease in the body weight and a significant increase in their
relative kidney and spleen weights. They also showed a significant increase in alanine aminotransferase (ALT),
triglycerides and urea levels. Histopathological examination showed cytoplasmic degeneration and cell necrosis in
the liver and kidney. Immunohistochemical examination showed that cerebellum illustrated several
neurodegenerative changes and a down-regulation of synaptophysin-Syp. In conclusion, exposure to a high dose of
SPD that is equal to 350 mg/kg could cause a marked toxicity on the liver, kidney and cerebellum in male albino
mice.
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INTRODUCTION

Spinosad (SPD) is a highly selective bio-insecticide that derives from the aerobic
fermentation of the naturally occurring  Actinomycete  bacterium,
Saccharopolyspora spinosa 2. It is composed of two active components, spinosyn
A and spinosyn D*. Human exposure to SPD could occur by direct consumption of
food and water that contain low residues of SPD or by non-dietary routes of
exposure. The highest concentrations of SPD residues in the tissues were identified
in liver, kidney and lymph nodes®. Furthermore, it was reported that the rate of
decline is slow and results in higher concentrations of SPD in the thyroid than in
other tissues. Absorbed SPD was extensively biotransformed with glutathione
conjugating of N or O demethylated spinosyn A or D as the predominant
metabolites®.

Spinosad would be safe to foraging worker bees, queen and brood when it is used
according to the approved product label recommendations®. In rats, no toxicity was
recorded at any supplemented dose. Moreover, there was no maternal toxicity at 10
or 50 mg/kg/day after administration of SPD by gavage to pregnant CD(R) rats °.
Nevertheless, it was reported that SPD has toxicity toward other non-target
organisms and some beneficial insects with rapid degradation in the environment
"8 In insects, SPD's mode of action is associated with excitation of the insect
nervous system 2. In addition, vacuolization of rats' epithelial cells in numerous
organs such as liver, lymphatic nodes, kidneys, stomach and lungs after SPD
exposure was reported °. Therefore, the present study was conducted to assess the
toxic effect of two sub-chronic doses, 35 and 350 mg/kg of SPD on some
biochemical, histological and immunohistochemical parameters of the liver, kidney
and cerebellum in male mice.

MATERILAS AND METHODS

Chemicals

A commercial SPD under the commercial name Tracer® comprising 480 g L™
active ingredient (CAS No. 131929-60-7) was purchased from Dow AgroSciences
LLC (Indianapolis, IN, USA). The rabbit monoclonal antibody of synaptophysin
SYP (MRQ- 40) and DAB CM (3, 3'-diaminobenzidine) were purchased from
Roche, Diagnositics Limited, Charles Avenue, Burgess Hill®.

Experimental animals

Thirty-six male albino mice weighing 26 to 28 g. were obtained from the animal
house of the college of Pharmacy, Aljouf University, Sakaka, King of Saudi Arabia
(KSA). The mice were housed in steel mesh cages and maintained for 1 week for
the acclimatization (clean and dry plastic cages in 12 h dark/light cycle under
normal laboratory condition of temperature and humidity, fed with rodent pellets
and tap water ad libitum. The animals were maintained in accordance with the U.S.
National Institutes of Health Guide for the Care and Use of Laboratory Animals *°.
The protocol of the current experiment was approved by the Animal Care and Use
Committee of Aljouf University, KSA.

LDso determination

A total number of 28 adult male mice of eight weeks old (25-27g) were divided
into 7 groups of 4 mice each. These groups were injected with a single dose of 1, 2,
3, 4, 5, 6 and 7g/kg of SPD, respectively. SPD was dissolved in water . Mice
were noticed for 24 h to assess the acute toxicity of SPD. LDs, of SPD was
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calculated using the arithmetic method *2. The formula is: LDs, = LDy- ¥ (Dd x
Md)/N Where: LDy = Highest dose (LD1o), N = Number of animals per group, Dd
= Dose difference, Md = Mean dead.

Experimental design

Thirty-six male mice were randomly divided into 3 groups of 12 individuals each.
The first group (G1) served as a control in which mice were received the same
volume of water which SPD was dissolved in; the second group (G2) received a
sub-chronic dose of SPD (35 mg/kg/day) that is equal to 1/100 LDsy. The third
group (G3) received a sub-chronic dose of SPD (350 mg/kg/day) that is equal to
1/10 LDs,. The solutions were administered orally via gavage for consecutive 4
weeks. At the end of the experiment, mice were euthanized via inter-peritoneal
injection with sodium pentobarbital (100 mg/kg) then subjected to complete
dissection. Liver and spleen weights were determined.

Estimation of biochemical parameters

Blood samples were collected from the inferior vena cava in glass tubes. Serum
was separated by centrifugation at 3000 rpm for 15 min. The enzymatic activities
of alanine aminotransferase (ALT), aspartate aminotransferase (AST) were
measured by commercial kits **. Total protein and albumin levels were estimated
by Biuret method **. Urea levels were measured by coupled reactions described by
Fawcett and Soctt *°. Total triglycerides (TG) were assessed according to the
commercial kits *°.

Determination of the histopathological and immunohistochemical changes

Livers, kidneys and cerebella were immediately removed from the mice, sliced and
fixed in Bouin’s fixative for 2 to 4 h *". The specimens were then dehydrated,
cleared and embedded in paraffin. Serial sections of 5 um thick were cut by rotary
microtome and some were processed for hematoxylin and eosin staining **. Brain
paraffin sections were deparaffinized in xylene, dehydrate in descending grades of
alcohol and immersed in 0.3% hydrogen peroxide in methanol to block endogenous
peroxidase activity then washed in phosphate buffered saline and incubated for 3-5
minutes in citrate buffer at 100C° followed by washing in phosphate buffer. The
sections then were incubated for 1 h in diluted monoclonal synaptophysin [SYP
clone (MRQ-40)]. The sections were rinsed in biotinylated secondary antibody for
15 minutes followed by washing with phosphate buffer and Avidin-biotin for 15
min. The reaction was rinsed using DAB CM for 3 minutes as a red brown color
then washed with running water. The sections were countered stained with Mayer’s
HX, hydrated in ascending grades of alcohol, cleared and mounted. All stained
sections were examined and photographed using Optika light microscope (B- 350).

Statistical analysis

Numerical data obtained from the experiment were expressed as mean = SD.
Statistical differences between experimental groups were assessed using one-way
ANOVA. P values less than 0.05 were considered to indicate statistical
significance. All statistical analyses were performed using SPSS

RESULTS

The median lethal dose (LDsg) of SPD was determined in the present study as 3.5 g
kg™ (data not shown). At the level of the selected doses in this study (35 and 350
mg/kg), no untoward clinical signs were observed in the surviving mice. There
were no changes in the nature of stool, urine and eye color of all animals. No
mortality was observed in the different groups during the experiment.
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Effect of administration of sub-chronic low and high doses of SPD on the body
weight and relative weights of kidney, liver and spleen

The results showed that the mice of the second group which were received 35
mg/kg SPD had a non-significant change (p > 0.05) in their body weights and the
relative weights of the liver, kidney and spleen while the mice of the third group
which were received 350 mg/kg SPD showed a significant change (p < 0.05) in
their body weights and the relative weights of the kidney and spleen while showed
a non-significant change (p > 0.05) in the relative body weight of the liver when
compared with the mice in the control group, respectively. The mice of the third
group showed also a significant change (p < 0.05) in their relative weights of the
spleen when compared with the mice in the second group (Table 1).

Table 1: The total body weight and the relative body weights of the liver, kidney and spleen 4 weeks after treatment
with two sub-chronic doses 35 and 350 mg/kg of SPD

Parameters 1% group 2" group 3" group
(Control) (35 mg/kg of SPD) (350 mg/kg of SPD)
TBW 29.81 +2.47 28.70 £5.42 27.57+431°%
RLW (%) 5.47 % 5.78 % 5.48 %
RKW (%) 0.6% 0.7 % 0.74%°
RSW (%) 0.77% 0.84 % 0.91%

Data are expressed as mean + SD, n=12. Total body weight (TBW), Relative liver weight (RLW), Relative kidney
weight (RKW), Relative spleen weight (RSW). Relative organ weight = (organ weight / body weight) x 100

a: statistical difference from the control (1*) group- significant if p < 0.05.

b: statistical difference from the (2"®) group- significant if p < 0.05

Effect of administration of sub-chronic SPD low and high doses on the
biochemical parameters

The present study showed that the mice which were received 35 mg/kg SPD
showed a significant increase (p < 0.05) only in triglycerides and urea levels while
the mice which were received 350 mg/kg SPD showed a significant increase (p <
0.05) in both of ALT, triglycerides and urea levels when compared with the mice in
control group, respectively. In addition, the mice which were received 350 mg/kg
SPD showed a significant increase (p < 0.05) in both of ALT and total protein
when compared with the mice which were received 35 mg/kg SPD, respectively
(Table 2).

Table (2): The biochemical parameters 4 weeks after treatment with two sub-chronic doses 35 and 350 mg/kg of
SPD

Parameters 1% group 2" group 3" group
(Control) (35 mg/kg of SPD) (350 mg/kg of SPD)

A.L.T (U/L) 27.25 + 3.69 28.47 £6.26 30.6 +5.66™
AS.T (U/L) 36.0 £3.57 36.87 £ 2.17 35.64 +2.10
Total protein (g/100 ml) 6.80 + 0.52 6.7+ 0.47 8.3+1.64%
Albumin (g/100 ml) 5.53 +0.32 5.82 +0.26 5.74+0.38
Triglycerides (mg/100 ml) 277.16 + 35.64 306.12 + 25.15°2 302.41 + 15.34%
Urea (mmol/l) 2.83+ 0.85 3.33+0.44° 3.95 + 1.54°

Data are expressed as mean + SD, n=12. Alanine aminotransferase ALT, aspartate aminotransferase (AST)

a: statistical difference from the control (1*) group- significant if p < 0.05.
b: statistical difference from the (2"®) group- significant if p < 0.05

Effect of administration of sub-chronic low and high doses of SPD on the liver
cytoarchitecture
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Examination of the liver sections from the control group illustrated normal liver
cytoarchitecture. The polyhedral hepatocytes arranged radially forming cords
around the central vein (Fig. 1a). Liver sections from the mice which were received
35 mg/kg SPD showed mild histological changes. Disappearance of the regularly
and radially arranged hepatocytes, aggregation of small patches of collagen fibers,
detection of fainter stained hepatocytes and mild lymphocytic infiltration were
observed (Figs. 1b, ¢). Meanwhile, liver sections of the mice which were received
350 mg/kg SPD showed extensive degeneration and necrosis of the hepatocytes.
Fatty degeneration and detection of various inflammatory cells were also displayed
(Fig. 1d).
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Fig (1): Hematoxylin and Eosin stained liver sections (a) control group showing radially arranged hepatocytes
around the central vein (cv), (b, c) mice that were treated with 35 mg/kg SPD lymphocytic infiltration (black

arrows), and aggregation of small bundles of the collagen fibers (red arrows), (c) mice that were treated with 350
mg/kg SPD showing extensive degeneration (stars), necrotic hepatocytes (black arrows) and cellular infiltration

Effect of administration of sub-chronic low and high doses of SPD on the
kidney cytoarchitecture

Examination of the kidney sections of the mice of the control group revealed
normal cytoarchitecture. Well developed renal glomerulei which encapsulated with
Bowman’s capsule and normal proximal and distal convoluted tubules were
determined (Fig. 2a). Examination of the kidney sections of the mice that were
treated with 35 mg/kg SPD showed limited histopathological changes. Widening of
the renal tubules, mild lymphocytic infiltration surrounding the damaged
glomerulei, cytoplasmic vacuolation of the epithelial lining cells of the renal
tubules were determined (Fig. 2b). Examination of the kidney sections of the mice
that were treated with 350 mg/kg SPD showed severe lymphocytic infiltration,
necrosis of the epithelial cells and nuclear pyknosis. In addition, some glomerulei
were displayed hyperplasia and the cytoplasmic vacuolation of some epithelial
lining cells were also determined (Figs. 2c, d).
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Fig (2): Hematoxylin and Eosin stained kidney sections. (a) control group showing Bowman’s capsule (arrows) of
the glomerulus (G), proximal tubules (p) and distal tubules (D), (b) mice that were treated with 35 mg/kg SPD
showing lymphocytic infiltration (IF) surrounding disorganized glomerulei (arrows) and degenerated and
vacuolated epithelial necrotic cells (arrows), (¢, d) mice that were treated with 350 mg/kg SPD (c) showing
lymphocytic infiltration(IF), necrosis of the some renal epithelial cells (arrows) and nuclear pyknosis of other
epithelial cells (red arrows), (d) showing hyperplasia of the glomerular cells (arrows) and extensive cytoplasmic
vacuolation of the renal epithelial cells (stars).

Effect of administration of sub-chronic low and high doses of SPD on the
brain cytoarchitecture

Examination of the cerebellum of the control mice showed a typical histological
architecture which appeared as outer molecular layer, middle Purkinje cell layer
and inner granular layer (Fig. 3a). Immunohistochemical stained sections with
synaptophysin SYP (MRQ- 40) antibody indicated the expression of the
synaptophysin protein in the synaptic vesicles at the synaptic sites as a marked
strong positive dark brown coloration at both the molecular and the granular layers
(Fig. 4a). Examination of the cerebellum sections of the mice that were treated with
35 mg/kg of SPD showed mild changes in its cytoarchitecture. Pale stained
sections with non homogeneous granular layer and moderately stained Purkinje
cells were detected (Fig. 3b). Immuohistochemical stained sections with
synaptophysin SYP (MRQ- 40) antibody showed an expression level that less or
more similar to what was observed in the control group (Fig. 4b). On the other
hand, examination of the cerebellum sections of the mice that were treated with
350 mg/kg of SPD revealed necrotic Purkinje cells and nuclear pyknosis of the
granular cells. In addition, non homogeneous neuropil was demonstrated (Figs. 3c,
d). Immunohistochemical stained sections with synaptophysin SYP (MRQ- 40)
antibody showed weakness of the reaction compared with the control group (Fig.
4c).
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Fig (3): Hematoxylin and Eosin stained cerebell . (a) control group showing the outer molecular
layer (M), middle flasked shape Purkinje cell layer (P) and inner granular layer (G), (b) mice that were treated with
35 mg/kg SPD showing pale stained section of the cerebellum with non homogeneous neuropil of the granular layer
(stars) and moderately stained purkinje cell (P), (c, d) mice that were treated with 350 mg/kg SPD showing necrotic
purkinje cell (P), nuclear pyknosis of the granular cells (arrows) and degeneration of the neuropil of the molecular
layer (stars).
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Fig. (4): Cerebellum sections immunohistochemically stained with synaptophysin antibody. (a) control group,
(b) mice that were treated with 35 mg SPD showing less stain ability, (¢) mice that were treated with 350 mg/kg
SPD showing less stain ability than in 35 mg/kg of SPD group.

D

DISCUSSION

The present study was conducted to assess the toxic effect of sub-chronic low and
high doses of bio-insecticide, Spinosad (SPD), on the liver, kidney and cerebellum
in male albino mice. The acute oral LDs, of SPD for mice in the current study was
approximately 3500 mg/Kg. Our finding was in agreement with the previous study
which showed that the acute oral LDsy of SPD for rat was ranged from 3738 to
45000 mg/kg body weight *°. According to Eaton and Klaassen %, the sub-chronic
toxicity refers to the toxic effects that occur between 30 days and ninety days
exposure. The results showed that the mice which were received 35 mg/kg SPD
had a non-significant change in their body weights and the relative weights of the
liver, kidney and spleen while the mice were received 350 mg/kg SPD showed a
significant decrease in their body weights and a significant increase in the relative
weights of the kidney and spleen comparing with the control mice, respectively.
This finding was in agreement with Yano et al. ** who found that the body weights
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of the rats which were given more than 0.2% SPD were significantly lower than the
control rats. The same finding was reported by Breslin et al. ® in rabbits.

In the present study, ALT, AST, total protein, albumin, triglycerides and urea
levels were assessed after treatment with 35 and 350 mg/kg SPD for consecutive 4
weeks, respectively. The results showed that treatment with 35 mg/kg SPD showed
a significant increase in only triglycerides and urea levels while treatment with 350
mg/kg SPD showed a significant increase in both of ALT, triglycerides, and urea
levels. This result was in agreement with Yano et al. * who reported that rats
which were given 0.1 or 0.2% SPD had a minor increase in AST, ALT, urea,
nitrogen, cholesterol, and triglyceride levels. On the other side, Stebbins et al. *
found that mice which were given 0.12% SPD had a remarkable increase in ALT
and AST enzyme activities. In fact, the commonest enzymes in the diagnosis of
hepatocellular damage are the transaminase enzymes which include AST and ALT
2224 The increase in their activities is roughly proportional to the extent of the
tissue damage %,

The histological findings of the present study revealed lymphocytic infiltration,
hyperplasia and cytoplasmic vacuolation of the hepatocytes and renal epithelial
cells after exposure to 350 mg/kg SPD. This finding was in consistent with our
biochemical results which reported the increase of ALT after the exposure to the
same dose. Therefore, we could conclude that 350 mg/kg of SPD has a toxic effect
on the hepatocytes. Aboul-Enein et al. reported that the toxic effect of SPD on
hepatocytes is mediated primarily through the formation of ROS. ROS generation
can affect cell activity and function including DNA damage and nuclear pyknosis °.
It can also have diverse effects on mammalian cell growth and even small
quantities are capable of directing cells to undergo apoptosis or necrosis 2*. In
addition, the detection of lymphocyte infiltration in the liver and kidney tissues
may be explained as it is a result of a toxic chemical resistance from the animal
body. This may be due to the activation of the defense mechanism and the immune
system within the body *°. The toxicity of several compounds including
insecticides generates auto-antibodies due to their interference with the immune
system *!. Several studies reported that SPD belongs and similar to cationic
amphilic drugs (CADs) in their action mechanism 3*. The principal exposure to
CAD:s results in many histopathological changes such as cytoplasmic vacuolation,
damage of the membranous structure in the cells.

In our study, we selected the cerebellum as a representative tissue for the central
nervous system (CNS). The cerebellum is a region of the brain that plays an
important role in motor control. Also, it may be involved in some cognitive
functions such as attention and language. The cerebellum does not initiate
movement, but it contributes to coordination, precision, and accurate timing % 3o,
it reflects the CNS integrity and can test if the SPD had side effects on the nervous
tissue or causes any neurohistopathological features on the cerebellum. In the
present study, the immunohistochemical staining with synaptophysin was used for
demonstration the synaptic sites in the cerebellum because the synaptic sites could
not appear with the regular stain with Hematoxylin and Eosin. The study recorded
several neurodegenerative changes as necrosis of Purkinje cells of the cerebellum
after treatment with 350 mg/kg of SPD. The molecular and granular nerve cell
layer showed non-homogeneous distribution. As further, the expression of the
synatophysin protein at the synaptic sites in the cerebellar tissue were depleted and
appeared fainter than in the control sections. Some of these finding were in
consistence with several previous studies >''. Interestingly, the results of the
current study was not in consistence with WHO’s report which mentioned that SPD
has no effect on the nervous system of either human or animals *.
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The mode of action of SPD is characterized by an excitation of the nervous system
with activation of nicotinic acetylcholine receptors (nAchRs) along with effects on
y- amino butyric acid (GABA) receptor function and GABA-gated chloride
channels and can elicit a small-amplitude cl” current 2. In support of this, SPD's
chemical structure (a hydrophobic ring structure with a hydrophilic side-chain
containing a basic amine group) is comparable to other cationic amphiphilic drugs
which produce similar cellular toxicity . Aboul-Enein et al. reported that AchE
enzyme activity was inhibited, as a result of the sub-chronic exposure of rats to
SPD at 1/20 of LDs, for 4 weeks °. It was found that inhibition of the AchE results
in accumulation of acetylcholine (Ach) at cholinergic synapses to toxic levels
leading to over-stimulation of muscarinic and nicotinic receptors. This cholinergic
syndrome includes signs and symptoms such as greater sweating and salivation,
bronchycardia, loss of reflexes, generalized convulsions, coma and central
respiratory paralysis *. Eshkind and Leube reported that synaptophysis
reconstituted into lipid bilayers induces the formation of voltage-sensitive channels
% _Furthermore, it was found that there is a correlation between synaptophysin and
synaptobrevin, a component of the vesicle docking complex, and can be taken as
another indication for the involvement of synaptophysin in regulated vesicles
exocytosis. So, the synaptophysin is important for vesicle formation of synapses *'.

CONCLUSION

Exposure to the high dose of SPD that is equal to 350 mg/kg showed a marked
toxicity on the liver, kidney and cerebellum in male albino mice.
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