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The effect of Indoxacarb on blood parameters and liver tissues in Mice
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Abstract

This study was conducted to evaluate the effect of Indoxacarb (Avant), an oxidiazine compound on
hematological, some biochemical parameters of liver functions and histological changes in the liver. Sixteen
albino adult mice were divided into two groups (n=8). Groupl (control group). Group 2 injected
intraperitoneally with 90 mg/kg indoxacarb for a period of two weeks. Hematological investigations revealed a
significant decrease in red blood cells count (RBC), haematocrit, mean corpuscular volume (MCV) and
hemoglobin content (Hb) compared to the control group, whereas, white blood cells (WBC) and platelets
counts a highly significant increase. Biochemical analysis illustrated that indoxacarb caused a marked
elevation of alanine amino transferase (ALT) and considerable decrease in the total protein and albumin.
Microscopic examination of liver sections illustrated that treatment with 90 mg/kg indoxacarb led to
histoarchitectural changes of the liver including focal aggregations of lymphocytes, necrosis, degeneration of
hepatocytes, inflammatory cells infiltration in portal tracts, pyknosis, karyolysis and sinusoidal dilatation.
These results concluded that short period of exposure to indoxacarb may have toxic effects on public safety.
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Introduction

Large numbers of pesticides with novel modes of
action have been developed to substitute several old
pesticides that had been used. Recent pesticides have
been particularly planned for fast assassination of pests
and relative safety to non-target organisms and
environment. The efficiency and safety of new
pesticides are a consequence of using special
physiologic differences between mammals and specific
pests (McCann et al., 2001; Poppengal and Oehme
2010).

Indoxacarb an oxadiazine compound is a new
synthetic insecticide produced by DuPont (EPA, 2000;
Dinter and Wiles, 2000; Arahashi, 2001), and marketed
in the U.S. as Steward and Avaunt (EPA, 2000).
Indoxacarb has a broad spectrum insecticide that is
considered a safe substitute for organophosphate
insecticides (Rathnayaka et al., 2016) effective against
the insects of the Lepidoptera, Coleoptera, Hemiptera,
Diptera and Hymenoptera (Nassar, 2016). Indoxacarb
(DPX-MPO062) is a 75:25 mixture of active and inactive
enantiomers displays potent insecticidal activity and low
toxicity on non-target organisms (Dinter and Wiles,
2000; Arahashi, 2001; Litchfield et al., 2015, Nassar,
2016). Moreover, it was reported that indoxacarb
metabolized inside the insects by esterases and amidases
to an insecticidal metabolite, Decarbomethoxyllated
JW062 (DCJIW) (Tsurubuchi and Kono, 2003, von Stein
et al., 2012, Nassar, 2016). Also, it is bioactivated in
mammals, but decarbomethoxylation to DCJW is less
efficient than in insects and detoxication is
accomplished through different biochemical pathways
(Silver et al., 2010; von Stein et al., 2012).

Indoxacarb blocks the flow of sodium ions through
the inhibition of its voltage channels (Tsurubuchi et al.,
2001; Chemical fact sheet, 2012, Litchfield et al., 2015,
Rathnayaka et al., 2016; Sandeep et al., 2016). This
causes an impaired nerve function, cessation of feeding,
paralysis and death in insects (Dinter and Wiles, 2000;
Lapied et al., 2001; Nassar, 2016; Sandeep et al., 2016).

Earlier study reported that levels of alanine amino
transferase (ALT) and aspartate amino transferase
(AST) enzymes are increased in the blood of buffalo
calves after exposure to indoxacarb for 90 days (Goval
and Sandhu, 2009). Previous studies on indoxacarb
acute toxicity following suicidal ingestion have led to
clinical effects such as cyanosis, dyspnea, lethargy,
coma and acute kidney injure (Chhabra et al., 2010; Wu
et al., 2010; Park et al., 2011; Jin 2012; Rathnayaka et
al., 2016) and Rhabdmyolysis (Jin 2012; Rathnayaka et
al., 2016). However, indoxacarb is a relatively new
pesticide, so there are few studies on its side effects on
mammals. Blood parameters are considered a potential
biomarker of exposure to chemical agents, as they can
increase and decrease parameters (Van der Qost et al.,
2003). Therefore, the present investigation was
performed to evaluate the effects of indoxacarb on
blood parameters and histoarchitectural of liver of
albino mice.

Materials and Methods

Indoxacarb 200 g/L (75:25) was purchased from a
local pesticide store, supplied by Libyan Agrochemicals
& Agriculture Supplies Specialized Co. it was
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suspension concentrate diluted in water before use and
administrated to animal’s intraperitoneally (i.p) at a
dose of 90 mg/kg.

Sixteen laboratory adult male mice had been used.
These mice bred and housed in the animal house of the
Zoology department / Faculty of Science / Tripoli
University. Animals were housed in plastic cages
containing wooden flakes under husbandry, and
maintained at room temperature 22 + 3 C under natural
light/dark photoperiod. The mice were fed with a
standard commercial pelleted and drinking water ad-
libitum through the study. The experiments were
performed on 10-12 weeks old albino mice with weight
of 25 to 30 gram (g). The initial and final body weights
of mice were recorded.

The mice were divided into two groups of eight
animals each. Group 1 served as a control and injected
with distilled water in the intraperitoneal. Group 2 was
treated with 90 mg/kg body weight of indoxacarb for
two weeks. At the end of the experimental period the
blood from the control and treated mice were collected
for the following parameters; Hb content, hematocrit,
MCV, RBC, WBC and platelets counts. The second part
of blood was used for serum preparation and assay some
biochemical parameters of liver functions such as ALT,
total protein and albumin.

Histopathology

Liver tissues were fixed in a 10% neutral buffered
formalin solution. The tissues were passed through
increasing gradient of ethanol then through xylene,
embedded in paraffin and cut a 5-pm thick using
rotatory microtome. The sections were stained with
Hematoxylin and Eosin (H and E), microscopically
examined and photographed. The histopathological
examination was conducted in Faculty of Science,
Tripoli University.

Statistical analysis

The results obtained in this study are represented as
means * standard deviation (SD) (n=8). Statistical
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analysis was performed using one-way analysis of
variance (ANOVA) to evaluate significant difference
between control and treated group for body weight and
blood parameters. P-values less than 0.05 were
considered statistically significant. All statistical
analysis were performed using SPSS statistical version
16 software package.

Results
Morbidity and mortality

Male mice intraperitoneally injected with
indoxacarb (90 mg/kg bw/day) for two weeks have
shown signs of toxicity such as salivation, diarrhea,
tremor, vigorous rolling, head tilt. No death was
recorded throughout the experimental period.

Body weight

The body weight of the control group was increased
by 1.5 g, while the treated group was decreased by 4.7 ¢
when compared with the initial body weight (Table 1)
these results showed high significant decrease in the
body weight (P<0.001) compared with the control

group.
Hematological and biochemical parameters

The effect of indoxacarb on blood parameters in the
mice are presented in (Table 2). There were significant
changes observed in treated group compared to the
control group. RBC count, hematocrit and MCV
significantly reduced (P<0.001). Hb content also
decreased considerably (P<0.01). On the other hand,
platelets and WBC counts significantly increased
(P<0.001) in treated group compared to the control
group. The effect of indoxacarb on some biochemical
parameters of liver functions are presented in (Table 3).
The findings of the present study revealed that treatment
with 90 mg/kg indoxacarb showed significant increase
in the level of ALT (P<0.05) as compared with that of
the control group. However, a marked decrease in total
protein (P<0.05) and albumin (P<0.01) was recorded.

Table 1. Effect of indoxacarb treatment on body weight (g) of mice

Group Initial weight (g) Final weight (g) Weight change (g)
Control 28 +0.894 30.5+1.643 15
Treatment (90mg/kg) 27152422 22.83 + 1.941*** -4.7

Values are presented as means + SD. the mean difference is significant at the P<0.05 level. *** Indicates highly
significant difference P < 0.001 compared with the control group.
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Table 2. Effect of indoxacarb on Hematological parameters in mice

Hematological parameters Control Treatment
RBC (x10%/pL) 10.54 +0.114 9.68 + 0.228 ***
WBC (x10% pL) 6.84 + 0.586 15.2 + 2.775 ***
Hb (g/dl) 14.46 +0.114 12.74 + 0.865 **
Hct (%) 53.62 + 0.303 42.02 £ 2.855 ***
PIt (x10% pL) 442.4 + 8.562 1534 + 277.189 ***
MCV (fl) 50 +£0.791 43.3£2.661 ***

RBC, red blood cells; Hb, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular
hemoglobin; MCHC, mean corpuscular hemoglobin concentration; PLT, platelet; and WBC, white blood cells. Values
are presented as means = SD. ** Indicates very significant difference P < 0.01 compared with the control group. ***
Indicates highly significant difference P < 0.001 compared with the control group.

Table 3. Effect of high dose of indoxacarb on some biochemical parameters of liver functions in mice

Biochemical parameters Control Treatment
Total protein (mg/dl) 7.5%0.678 5.78 + 1.205*
Albumin (mg/dl) 3.1+ 0.122 2.1+ 0.381**
ALT (IU/L) 34.6 £8.532 95 + 26.457*

ALT, alanine aminotransferase. Values are presented as means + SD. * Indicates very significant difference P < 0.05
compared with the control group. ** Indicates significant difference P < 0.01 compared with the control group.

Histopathological

Light microscopy of the liver sections that stained
with H and E, from albino mice of the control group
(Figure 1. A and B) revealed normal histological
architecture of the hepatic tissues with intact cells, that
have normal nuclei and the lobules contain central and
portal triad space with normal bill duct. However, in the
treated mice, histological observations revealed some
moderate or mild changes in the architecture of the
hepatic tissues (Figure 2). Biliary inflammation within
the triads of the liver, intense mononuclear

inflammatory infiltrates in portal tracts with loss of bile
ductless (A and B). Additionally, focal aggregations of
lymphocytes and heterophils were seen in the hepatic
tissues of the indoxacarb group (C and D). Moreover, (E
and F) showed the cytoplasm was disintegrated, area of
necrosis and hepatic architecture with mild hydropic
degeneration of hepatocytes. Besides, atrophy,
hemorrhage, apoptosis, pyknosis, Kkaryolysis and
hyperplasia are seen and hepatic sinusoidal dilatation
with blood was observed as well (G). Also, presence of
hemosedrin could be seen (H).

Figure 1: Light microscopy of liver sections (Stain: H and E) from albino mice of the control
group 1 (A and B), showing normal histological architecture of the hepatic tissues with intact
cells, nuclei and central and portal triad space with normal bill duct (Bar=100 pm).
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Figure 2: examined sections from Group 2 which was exposed to accumulated dose of
indoxacarb of 90 mg/kg/day for two weeks showed some moderate and mild changes in the
histological architecture of the hepatic tissues. Mild inflammation within the triads of the liver,
intense mononuclear inflammatory infiltrates in portal tracts with loss of bile ductules (A and
B) marked by arrows. The inflammatory infiltrate can have granulomatous features as well (C)
marked by arrows and (D) by circle . (E) and (F) showed the disintegrated cytoplasm, area of
necroses as showed by the (stars) and the head arrows showed the hydropic hepatocytes.
Atrophy, hemorrhage, apoptosis, pyknosis, karyolysis and hyperplasia are seen and siunsodial
dilatation were observed (G). The presence of hemosedrin could be seen (H).

Discussion

Human may be exposed to indoxacarb from
residues on vegetables and fruits or during exposure in
the occupational environment. There is no report on the
effects of indoxacarb on the histopathology of the
mammals organs and limited data about its effect on the
blood parameters in mammals (EPA, 2004; California
Environmental Protection Agency, 2004; EPA, 2007).
Thus, the effect of indoxacarb on the hematological,
biochemical parameters and histology of liver was
performed.

Investigated study illustrates that administered 90
mg/kg/day of indoxacarb i.p to mice for two weeks has
produced significant toxic effects. There was highly
significant decrease in the body weight of treated mice.
The decrease in body weight is in agreement with the
previous studies (Arfat et al., 2014; Badgujar et al.,
2013) who reported that high dose of the insecticide
imidacloprid resulted in reduction of the body weight of
mice. The animals were less susceptible to food intake
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due to the toxic effect of pesticides that led to body
weight reduction (Li et al., 2007).

The results obtained on the hematological
parameters of the treated mice showed a significant
variation from that of control group. Hematological
index are sensitive to various chemicals and
environmental factors (Vosyliene, 1999) and reflect the
health condition of an organism (Ojutiku et al., 2013).
This study illustrated that indoxacarb reduced the RBCs
count, hematocrit, MCV and Hb in mice. This effect is
likely due to the adverse effect of indoxacarb on bone
marrow or enhanced destruction of RBC (Shit et al.,
2008). The reduction of the level of the Hb, RBCs count
and hematocrit was consistent with in vitro studies
conducted on rat and dog exposed to indoxacarb (EPA,
2004; California Environmental Protection Agency,
2004; EPA, 2007). In addition, these results are in
agreement with the previous report by Shit et al., (2008)
who reported that RBCs in mice were decreased after
exposure to a single dose of 500 mg/kg indoxacarb.
Similar reduction of RBC and Hb were reported by
Eissa and Zidan (2009) in albino rats exposed to the
pesticide abamectin. Furthermore, other investigators
following treatment with different pesticides reported
reductions in Hb, RBC counts and hematocrit (Adedeji
et al., 2009; Kim et al., 2009; Magar and Dube, 2012).
It was suggested that reduction in RBC and Hb due to
disruption of hematopoiesis (Ali, 1990; Anubama et al.,
2001; El-Deeb et al., 2007; Adedeji et al., 2009; Magar
and Dube, 2012; Selmanoglu et al., 2001; Choudhari
and Deshmukh, 2007).

The current study also showed a significant
increase in platelets and WBC counts. Increased WBC
count can assist in the removal of cellular debris of
necrotic tissue rapidly and aids in survival and recovery
of animal exposed to insecticide (Magar and Dube,
2012). These results are quite similar with those found
by others who showed that the pesticide cypermethrin
and malathion increased WBC in fishes (Magar and
Dube, 2012; Ojutiku et al., 2013). Similar results was
reported that ivermectin increase WBC in donkeys
(Ismail et al., 2013). Considerable increase in platelets
count in the treated group recorded in this study are in
the accordance with the study of Adedeji et al., (2009)
who reported that platelets enhanced following
treatment of African catfish with diazinon. Platelets play
critical function in blood clotting, which prevent blood
loss from hemorrhage and therefore high number of
platelets reduces clotting time (Adedeji et al., 2009).
However, this result is contradictory with other results
suggested that abamectin (Eissa and Zidan, 2009) and
chlopyrifos (El-Deep et al., 2007) caused reduction in
platelets and WBC in albino rats The difference in the
results could be due to many factors such as species,
pestisides, duration of exposure and route of
administration.

Liver play significant role in the detoxification of
various chemicals and drugs, therefore, it is adversely
affected by different chemicals that enter into animal
body regardless the way of administration (Guyton and
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Hall, 2006). Significant increase in ALT (P<0.05) was
observed in the current study. Elevation ALT in the
blood may be associated with degeneration and necrosis
of hepatocytes which confirmed in this study through
microscopic examination of the liver of treated mice.
These findings are consistent with those reported by
(Arfat et al., 2014) who pointed out that ALT and AST
were increased following imidacloprid exposure in rats.
Other studies illustrated that a considerable increase in
the level of ALT and AST in pesticide exposed
agricultural workers. (Ibrahim et al., 2011; Awad et al.,
2014). Rise of transaminases in blood may be related to
tissue damage which increased synthesis of these
enzymes as an adaptive mechanism to the chemical
stress (Rahman and Siddiqui, 2003). In addition, it was
hypothesized that increase ALT in blood may be due to
alterations in permeability of the cell membrane of
hepatocytes after hepatotoxic damage (Choudhary et al.,
2003; Gaskill et al., 2005; Mansour and Mossa, 2010).
These results are in accordance with other studies (Eissa
and Zidan, 2010; Ambali et al., 2011) who revealed a
marked decrease of total protein in rats exposed to
insecticides. Similarly, diminished total protein has also
been reported by other researchers (Awad et al., 2014)
in agricultural workers and (Adedeje, 2010) in African
cat fish. It might attribute to increase catabolism of the
biomolecules to meet energy demand under stress or as
a result of impaired liver function (lvanova-
Chemishanska 1982).

Regarding to histopathological —examination,
various pathological changes observed in the liver of
mice following exposed to indoxacarb included focal
inflammation, karyolysis, pyknosis, monocular cell
infiltration and sinusoids dilatation. In this study the
histological changes in the liver were similar to the
result of Selmanoglu et al., (2001) who confirmed that
carbendazim caused mononuclear cell infiltration,
dilation of sinusoids and increase number of kupffer
cells in the liver of rats. In addition, Abd-Elhady and
Abu-Elghar (2013) reported that carbendazim caused
degenerative and atrophy of hepatocytes and congestion
of blood vessels of rats. Furthermore, these findings are
in accordance with other studies who reported that mild
focal necrosis of the liver and hepatocellular damage
following imidacloprid exposure in mice (Arfat et
al.,2014) and chickens (Kammon et al., 2010).
Moreover, it was reported that treatment of rats with
endosulfan (Choudhury et al., 2003) and mice with
carbosulfan (Ksheerasagar and Kaliwal 2006) caused
liver damage such as dilation of sinusoids, hypertrophy
of hepatocytes and lymphocytic infiltration in central
vein. Additionally, histopathologic study of rats’ liver
treated with DDT and permethrin individually revealed
hepatocytes with pyknotic, and cell with nuclear
destruction stimulated by permethrin, while DDT
caused cytoplasmic vacuolization and hepatocyte
necrosis (Kostka et al., 2000).

Conclusion

According to our findings in this study, indoxacarb
caused significant changes in hematological and
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biochemical indices and mild to moderate damage in the
liver in mice, therefore use of the pesticides extensively
without regulation could lead to dangerous effects in
non-target animals and human.
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