Egyptian Journal of Rabbit Science, 25(1): 59 — 81(2015)

DIETARY EXPOSURE EFFECT OF SUBLETHAL DOSES OF
METHOMYL ON GROWTH PERFORMANCE AND BIOCHEMICAL
CHANGES IN RABBITS AND THE PROTECTIVE ROLE OF
VITAMIN E PLUS SELENIUM

El-Sayed A. El-Sheikh'; Khalid M. Mahrose?” and Ismail E. Ismail?

! Plant Protection Department, Faculty of Agriculture, Zagazig University,
Zagazig 44511, Egypt.

2 Poultry Department, Faculty of Agriculture, Zagazig University, Zagazig
44511, Egypt. *Email: ostrichkhalid@zu.edu.eg

The current study aimed to investigate the adverse effects of
methomyl (Met) dose at different time intervals alone or with weekly
Vitamin E+Selenium (ESe) injection on growth performance, blood
biochemical parameters, and liver & kidney histopathological changes
of New Zealand White (NZW) growing male rabbits. Five groups of 10
weaned rabbits (at 7 weeks of age and average initial live body weight
of 824.40+71.0 g)were randomly assignedand used. The first group
was served as control, the 2" and 3"groups were received a daily dose
of 10 and 20 mg kg™’ body weight (BW) of Met, while, the 4™ and
5"groups were received a daily dose of 10 and 20.0 mg kg™’ BW of
Met with weekly subcutaneously ESe injection.

Results of the present study showed that: growth performance
did not change significantly throughout experimental periods.
Continuous exposure to Met alone or with ESe injection at 28 days
showed a significant (P<0.05 and 0.01) decrease in RBCs count. WBCs
was increased significantly (P<0.01) with exposure to Met only at 35
days. A significant decrease in total protein, urea, aspartate
aminotransferase (AST) and alkaline phosphatase (ALP) due to
exposure to Met was obtained. However, Alanine aminotrans
ferase(ALT) and creatinine were increased significantly at 14 and 35
days. Degenerative changes and edematous fluid in the portal area
with necrotic changes in hepatic cells were observed due to Met effect.
However, a few of proliferation of bile duct with edematous fluid in the
portal area were affected of Met dose with ESe injection. Kidney
damage due to Met exposure was involve ingrenal tissue damage with
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leukocyte infiltration, and degenerative changes due to Met exposure
and ESe injection. Dietary Met administration with or without
injection of ESe did not significantly affect most of carcass traits
studied, except for heart, spleen, lung and fore limb percentages,
which were significantly (P<0.05) differed.

In conclusion, the overall findings showed that Met exposure
can cause biochemical changes, hepatic and renal damage to rabbits
with low protection role of ESein NZW growing male rabbits.
Keywords: Rabbits, methomyl, growth performance, blood parameters,

histopathology, carcass traits, vitamin E plus selenium.

Rabbit farming has significant potential and useful contribution in
improving meat supply, food security and national economy in developing
countries (Anjana and Goswami, 2012, Ebeid et al., 2012 and Ebeid et al.,
2013). Although there is an increasing interest in ventures ofraising rabbits
with different sizes in Egypt, several difficulties and constraints stand against
the successfulness of these enterprises. Among these difficulties, the
environmental and nutritional factors are important which affect the intensive
economic production of rabbits under the sub-tropical conditions in Egypt
(Mahrose et al., 2010).

Farmers use synthetic insecticides to save their crops from pest attack
and to increase the per acre yield of various commodities. Insecticides
contamination resulting from agricultural pest control practices is limiting the
safe use of these compounds. A carbamate insecticide group is one of the
widely used groups for control a variety of pest insects through contact or
stomach poison on different agricultural crops. The toxicity of this group to
insects and mammals is determined by a number of factors that may affect the
insecticides as they are absorbed, trans located and inactivate the target site,
leading to poisoning (Fukuto, 1990). Clinical and subclinical changes are the
major effects of this group. Some of these insecticides are highly toxic for
mammals (El-Shenawy et al., 2009).

Methomyl (Met) compound is introduced by Dupont in 1966 which is
functionally analogous to organophosphates for inhibiting enzyme activity of
acetyl cholinesterase in mammals and insects (Baron, 1991; Mohammad et al.,
2007). Met is the most toxic pesticide which enter water supplies from
agricultural runoff, accidental pills or faulty waste disposal techniques (Marai
et al., 2010). Met is a commonly used carbamate insecticide in agriculture
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(WHO, 1996) to control a wide range of insect species including lepidoptera,
homoptera, aphids and mites that attack a variety of vegetables, field crops,
and certain fruit trees (Baron, 1991) through direct contact and ingestion
(WHO, 1996). A contact and systemic insecticide, Met, possesses high-acute
toxicity to mammals with oral LDsg of 30-34 mg/kg in rats, and dermal LDsq of
> 5 g/kg in rabbits (WHO, 1996), which is classified as a highly hazardous
compound by the World Health Organization.Previous researches revealed that
methomyl induced hematological and biochemical alterations in rat (Garg et
al., 2009; El-Demerdash et al., 2013), reproductive toxicity in rats (Shalaby et
al., 2010), and cytotoxicity in insect cell lines (Guanggang et al., 2013)

Vitamin E is essential for growth, immune function enhancement, tissue
integrity, reproduction, disease prevention and antioxidant function in
biological systems (Rooke et al., 2004; Dalle Zotte and Szendro, 2011; Ebeid
et al., 2013). Selenium (Se) is an essential element required for normal animal
growth (Surai, 2002).

Therefore, the aim of the present study was to investigate the adverse
effects of Met on the performance of growing rabbits, biochemical and
histological parameters, as well as carcass traits and the possible protective role
of vitamin E plus Selenium (ESe).

MATERIALS AND METHODS

Chemicals and Reagents

Methomyl (Met), a common name of the commercial formulation
named Neomyl® 90% SP, was purchased from Kafr El-Zayat for Pesticides
and Chemical Company, Kafr El-Zayat City, Egypt. Vitamin E plus
Selenium; commercially known as Vitasellen® (Adwia pharmaceuticals Co.,
Egypt), where each 100 ml contained; 15 g of vitamin E acetate and 0.167 g
sodium selenite. All kits of biochemical studies were purchased from
Diamond Diagnostic (Heliopolis, Cairo, Egypt) except for ALP which
purchased from Teco-Diagnostics (Anaheim, CA). All other chemicals used
in this study were of technical grade with the highest purity available.

Animals and Experimental Design

Fifty weaned males of New Zealand White (NZW) rabbits at 7 weeks of
age and average initial live body weight of 824.40+71.0 g were purchased
from Rabbitry of Faculty of Agriculture, Zagazig University, and used in the
present study. Rabbits were individually housed in galvanized wire cages until
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the end of the experimental period of 11 weeks of age. Rabbits were reared in
well-ventilated farm conditions of 25+2°C, 50-60% relative humidity, and
12:12 hr. light-dark cycle. All rabbits were fed on pelletized feed ad libitum.
The basal diet consisted of 28% alfalfa hay, 18% barley, 18% soybean meal
(44% crude protein), 25% wheat bran, 6% yellow corn, 3% molasses, 1.1%
limestone, 0.3% sodium chloride, and 0.6% vitamin and mineral premix. The
basal diet contained of 18.18 % crude protein, 13.43% crude fiber, 2.29% ether
extract, 2656 digestible energy (Kcal/kg). The diet was formulated according
to NRC (1977).All rabbits were kept under the same managerial, hygienic and
environmental conditions. Fresh water was automatically available all the time
through stainless steel nipples fixed in each cage which equipped with feeders.
Groups of rabbit exposed to Met (with or without ESe injection) showed no
mortality during experimental period.

For experimental design, rabbits were randomly divided into five groups,
in completely simple randomized design, with 10 rabbits/each group. The first
group received daily untreated pelleted diet and served as control. The second
and third groups received a daily dose of 10 mg kg™ body weight (BW) (equal
to 75 ppm according to the amount of the diet supplied daily to each animal)
and 20 mg kg™® BW (equal to 150 ppm according to the amount of the diet
supplied daily to each animal) of Met, respectively. The fourth and fifth groups
received a daily dose of 10 mg kg™ BW and 20.0 mg kg™ BW of Met with
weekly subcutaneously injection of 0.5 ml of ESe, which showed no toxicity
according to Lebas (2000). Doses of Met were prepared by completely mixing
insecticide solutions with the diet amount offered daily to each animal
individually in a rate of 1:10 (insecticide solution volume: diet weight) to give
the daily doses of 10 mg kg™ BW or 20.0 mg kg~ BW. Supplemented doses
were adjusted weekly according to the changes in the body weight.
Experimental design was approved by the Local Committee, and the protocol
conforms to the guidelines of the National Institutes of Health (NIH).

Growth performance measurements

Live body weight was recorded for each rabbit at 6, 8 and 11 weeks of
the age, then weight gain was calculated. Feed consumption was determined
and calculated as gram diet per rabbit per day during the periods of 6-8, 8-11
and 6-11 weeks of age. Feed consumption was monitored daily and the
remaining diet from each animal was determined and taken into consideration
when calculating the feed conversion (g feed/g gain).
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Slaughtering and carcass traits

At the end of the experimental period (35 days of the experiment
period; 12 weeks of the age), three rabbits from each group were randomly
taken, fasted for 12 hours and slaughtered (Lukefahr et al., 1992). After
complete bleeding, pelt, viscera's and tail were removed; the percentages of
carcass weight, giblets weights (liver, kidneys and heart weight), spleen
weight and weights of fore limb, middle part and hind limb were calculated
as relatives to slaughter weight.

Collection of Blood Samples

Blood samples were collected at 14, 28 and 35 days of the experiment
(8, 10 and 11 weeks of age) from the same 3 animals of each group through
ear vein. Blood samples were collected into 10 ml EDTA tubes and gently
mixed. Red blood cells (RBCs) and white blood cells (WBCs)counted
directly after blood collection. Plasma was obtained by centrifugation of blood
samples at 3000 rpm for 20 minutes, then aliquots in eppendorf tubes, and
stored at -20 °C until time of biochemical analysis within 3 weeks.

Blood picture

RBCs and WBCs were counted using AO Bright line heamocytometer
under light microscopy. RBCs were counted at 400 magnifications, after
dilution to 200 times with physiological saline (0.9% sodium chloride
solution) before counting (Wintrobe, 1965). WBCs were counted at 100
magnifications after diluting blood samples to 20 times of original volume
with a diluting fluid (1% acetic acid solution and 1 mg of Leishman’s stain)
before counting (Hepler, 1966).

Determination of biochemical parameters

Colorimetric assays were performed using either spectrophotometer
(Spectronic 20, Bausch and Lomb, USA) or 96-well microplate using
Microplate Autoreader, EL311S (Bio-TEK Instrument, Highland Park,
Winooski, VT). Total protein concentrations in plasma were determined using a
commercial available kit according to the method of Koller (1984). Levels of
Glucose, urea, creatinine and activities of alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase (ALP) were determined
using commercial available kits according to the manufacturers’ protocols.

Histopathological investigations
At the end of the experiment, three males of each group (control or
treated) were randomly slaughtered. Specimens of liver and kidney were
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prepared for histological investigation. After fixation in a 10% formalin
saline, specimens were dehydrated, cleared, embedded in paraffin wax and
sectioned at 5 microns thickness using a rotary microtome. Sections were
stained by Hematoxylin and Eosin (Carleton et al., 1980).

Statistical Analysis

The obtained data were statistically analyzed in completely randomized
design (Snedcor and Cochran, 1982) using SAS® Software Statistical
Analysis (SAS, 1998). Differences among mean were tested by Duncan's
multiple range test (Duncan, 1955).

RESULTS AND DISCUSSION

Some growth performance traits

Results of live body weight, daily body weight gain, feed consumption
and feed conversion are shown in Tables 1 and 2. Data indicate that growth
performance traits studied did not significantly change throughout all
experimental periods. Current findings are in agreement with those obtained
by Abd EI-Maksoud (1998), who reported that body weight of pregnant
Californian rabbits did not significantly change due to exposure to dietary
Selecron. The same author showed that the final body weight at the 28" day
of gestation period was lower than the initial one with no differences in the
average of daily feed consumption, although it was insignificantly decreased
in the groups had doses of Selecron.

Hematological analysis

Data in Table 3 showed a significant decrease (P<0.01) in RBCs count
of rabbits’ blood after 28 days of treatment in all groups treated with Met
alone or Metwith weekly ESe injection. However, after 35 days of treatment,
non-significant changes were observed with all treatments except in the
group treated with 10 mg Met kg™ BW with ESe injection. WBCs showed
non-significant changes in rabbit groups treated with Met alone or Met and
injected with ESe after 14 and 28 days. A significant increase (P<0.01) was
recorded in WBCs of rabbits treated with 10, 20 mg kg™ BW and 10 mg kg™
BW of Met plus weekly ESe injection at 35 days, when compared with the
control group.

WBCs significantly increased (P<0.01) in the group of rabbits exposed
to 20 mg kg™* BW Met only compared with the group treated with the same



DIETARY EXPOSURE EFFECT OF SUBLETHAL DOSES OF METHOMYL ON RABBITS 65

65



66

EL-SAYED EL-SHEIKH et al.



DIETARY EXPOSURE EFFECT OF SUBLETHAL DOSES OF METHOMYL ON RABBITS 67

67



68 EL-SAYED EL-SHEIKH et al.

dose plus weekly ESe injection, and the latter groupdid not significantly
change with control group after 28 and 35 days (Table 3).

The continuous exposure of rabbits to Met induced hematological
alterations. RBCs count was significantly decreased after 28 days of
exposure, where, the injection of ESe didn’t alter the insecticide effect.
However, WBCs was significantly increased after 35 days of exposure with a
protection role of ESe with the highest dose tested of Met. Rabbits’
hematology changes as affected by dietary Met exposure agree with Mossa
and Abbassy (2012) who showed a decrease in RBCs count in rats due to
treatment with chlorpyrifos-methyl or rats treated with diazinon (El-Sheikh et
al., 2008). On the other hand,WBCs count was significantly increased due to
the exposure of Wister rats to Met vitamin E supplementation (Garg et al.
2009)which confirm the current findings. The change in hematology resulted
from continuous exposure to Met may be due to an increase rate of
breakdown of red blood cells. Although Met is not known as antigenic in
nature, the increase in WBCs is indicative of stimulation of bone marrow
(Garg et al., 2009). The increase of WBCs may be due to the activation of
animals defense mechanisms and immune system (Mossa and Abbassy,
2012), and the increase in neutrophils counts, which is the first line of
defense against infections, tissue injury, parasite attack and inflammatory
response against foreign materials (Jain 1988). The elevation in the
lymphocytes could be attributed to adaptation of the animal to long term
toxic responses and the important role of lymphocytes in antigen-antibody
reaction (Garg et al., 2009).

Biochemical parameters

Table 4 shows levels of total protein, glucose, urea and creatinine
groups of rabbits due to exposure to Met alone or weekly injection with ESe
for 14, 28 and 35 days. Plasma total protein content was increased
significantly (P<0.01) after 14 days of exposure in all groups compared with
the untreated group. While, the increase turned to a significant decrease
(P<0.01)in all groups after 28 and 35 days of treatment. There were no
significant changes in plasma glucose level after exposure to Met only or Met
with ESe injection at 14, 28 and 35 days, except in the group treated with 20
mg kg™® BW for 35 days, which showed a significant decrease (P<0.05)
compared with the control. Urea level was decreased significantly (P<0.01)
in groups treated with Met and ESe at 14 and 28 days, in addition to the
group treated with 10 mg kg™ BW of Metat 28 days compared with the
control group. Plasma creatinine level was increased significantly (P<0.01)
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atl4 days when rabbits treated with Met and ESe, except in the group of
rabbits treated with 10 mg kg™ BW of Met only at 35 days which showed
non-significant changes compared with the control group.

The injection of ESe to rabbits treated with the Met didn’t show
significant changes in total protein compared with the same doses of Met
only. While, a significant decrease (P<0.05) in glucose level was noted in the
group of rabbits treated with 20 mg kg™ BW Met withweekly ESe injection
compared with the same dose only. Injection of ESe in the group of rabbits
treated with 10 mg kg™ BW significantly decreased(P<0.01) urea level at 14
days of treatment compared with the same dose of Met only. A significant
increase (P<0.01) was noted in creatinine concentration in the group treated
with 20 mg kg™ BW and injected with ESe at 14 and 35 days of treatment as
compared with the same dose of Met only (Table 4).

Chemistry panels including several enzyme tests have been performed
to rule out organ malfunction and used to diagnose and monitor a variety of
disorders (Bioshop et al., 2000).Different insecticides caused a decrease in
total protein concentration (Khan et al., 2003; Mossa et al., 2011), and this
effect may be due to the imbalance between the rate of protein synthesis and
the rate of degradation (El-Demerdash and Nasr, 2014). The increase in
blood glucose of rabbits treated with Met only may indicate disrupted
carbohydrate metabolism due to enhanced breakdown of liver glycogen,
possibly mediated by an increase in adrenocorticotrophic and glucagon
hormones and/or reduced insulin activity (Raja et al.,, 1992). The ESe
supplementation almost normalized glucose level with 10 mg kg BW Met
exposure, however, decreased the level of glucose with high dose of Met.

The present results showed that urea and creatinine levels in rabbit’s
plasma was increased due to continuous exposure to Met (Table 4). These
results agree with those of the other findings when tested Met on different
organisms such as rats (Fayez and Bahig, 1991), workers (Khan et al., 2008),
and mice (EIl-Demerdash et al., 2013). The increase in urea and creatinine
concentrations in plasma of rabbits treated with Met in the current study can
be attributed to its effect on liver function (Table 4), as urea is the end-
product of protein catabolism and/or referred to kidney dysfunction and
diseases (Tanner, 2012). The increase in plasma creatinine and urea indicate
the leak of kidney ability to filter the waste products from the blood and
excrete them in the urine (EI-Demerdash et al., 2013) as it supplied with a
high blood volume due to its susceptibility to toxicants found in the
environment.
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The activity of ALT was significantly increased (P<0.01) only in the
group treated with 20 mg kg™ BW at 14 days of treatment (Table 5), while
AST was significantly decreased (P<0.05) in the same group at 28 days of
treatment compared with control. ALP activity was significantly decreased
(P<0.01) in rabbits plasma in all groups treated with Met alone or Met with
ESe injection at 28 days compared with the control group.

The group of rabbits treated with 10 mg kg™ BW of Met and injected
with ESe showed markedly a decrease in ALT and AST at 14 days of
treatment, while they were significantly (P<0.05 and 0.01) increased in the
same groups at 35 days compared to the group treated with the same dose of
insecticide only. ALP was significantly (P<0.05) decreased in the group
treated with 20 mg kg™ BW of Met and injected weekly with ESe, compared
to the group treated with the same dose only when exposed to the insecticide
for 35 days (Table 5).

The treatments of rabbits with Metat 35 days indicate that ALT, AST
and ALP activities were generally increased. The increase of the indicated
enzymes is reflecting the injury in both liver and kidney (EI-Demerdash and
Nasr, 2014). Liver is responsible for detoxification processes, metabolism
and biosynthesis of energetic macromolecules for different essential
functions. Also, it is the first organ to face any foreign molecule that is
carried through portal circulation and it is subjected to most damage. In
addition, ALT and AST are important enzymes as specific indicators for liver
damage and in playing a role in amino acids catabolism and biosynthesis
(Harper, 1979).

Histopathological investigations

Histological examination of liver (Figure 1) showed degenerative
changes in the hepatic parenchyma tissue associated with extravasation of
RBCs, edematous fluid in the portal area with necrotic changes in hepatic
cells and proliferation of bile duct. The results agree with those obtained by
Garba et al. (2013) who found generalized hepatic vascular congestion,
milled perportal inflammation and lymphocytic infiltration in the liver of
albino rats exposed to 1% dichlorvos pesticide. However, a few of
proliferation of parenchyma and bile duct with normal structure of hepatic
cord are the changes in liver of rabbits treated with Met and weekly injected
with ESe. The changes in groups treated with Met and injected with ESe
were less than those of the other groups exposed to Met alone, where the
improvement in liver tissue can be attributed to ESe injection. The toxic
effects of Met on kidney showednephritic damage with infiltration of
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leukocytes, degenerative changes in the renal cells (Figure 2). The adverse
effects of Met in rabbits were similar to those shown in kidney of rats when
exposed to Met for 20 and 30 days (El-Demerdash et al., 2013).

Carcass traits

Results of carcass traits studied are shown in Table 6. Data indicate
that exposure to Met administration in diet with or without injection of ESe
did not significantly affect most of carcass traits studied, except for heart,
spleen, lung and fore limb percentages, which were significantly (P<0.05)
differed. The percentages of heart and lung for the rabbits of the control
group were intermediate among the other percentages. The higher percentage
of spleen (0.14%) was found in the rabbits treated with 20 mg Met kg™ and
ESe. The highest percentage (20.88%) of fore limb of the carcass was
obtained in rabbits treated with 20 mg of Met, while the lowest one (17.83%)
was observed in rabbits treated with 10 mg of Met with ESe. The differences
among control, group of rabbits received 20 mg Met, and that received 10 mg
Met with ESe were not significant.

Conclusion

Growth performance of all treated groups of rabbits did not show
significant effects throughout the whole experimental periods. Rabbit groups
exposed to sublethal doses of Met alone or Met with weekly 0.5 ml of ESe
injection showed markedly hematological and biochemical changes. Treated
rabbits with weekly ESe injection showed low protection role that may be
due to the flagging effects of sublethal doses of Met as showed in
performance and carcass traits of rabbits. On the other hand, sublethal doses
of Met indicate adverse effects in blood hematological and biochemical
measurements with slight protection role of ESe that may induce clear
protection with a relatively high Met doses for NZW growing male rabbits.
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