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Abstract 

Background: The use of chemical pesticides in developing countries like Bangladesh and their impacts on human 
health and food security is a global concern. Bangladesh is an agricultural dependent country for the growing popu-
lation demand for food security and food safety. We conduct this study to assess public health threats of commonly 
utilised pesticides including malathion and nitrobenzene in female rabbit model.

Methods: Thirty New Zealand White healthy rabbit was divided randomly into three groups; and subjected to 
distilled water as control, malathion@ 5 mg/kg body weight and nitrobenzene@ 5 mg/kg body i.p daily for the next 
15 days. Hematology, serum biochemistry and hormonal assay were performed.

Results: Red blood cell (RBC) concentrations (TEC, Hb, PCV%) were reduced in rabbits exposed to malathion and 
nitrobenzene. The neutrophil and eosinophil percentage were increased in the malathion and nitrobenzene exposed 
juvenile rabbit group. We found that serum aspartate aminotransferase (AST) and creatinine were increased in the 
nitrobenzene exposed group in infants, whereas malathion exposure increased serum alanine aminotransferase (ALT). 
In contrast, the juvenile group exposed to malathion increased the ALT level. There was no change in AST or creati-
nine levels in juvenile rabbits exposed to malathion or nitrobenzene. Serum estradiol levels were significantly lower in 
rabbits exposed to malathion and nitrobenzene. Serum testosterone concentration was increased in juvenile rabbits 
exposed to malathion and nitrobenzene, but progesterone was decreased in malathion exposed juvenile rabbits.

Conclusion: However, this study highlights the importance of rigorous monitoring and testing of agricultural prod-
ucts. In addition, strengthen research and extension in the fields of agro economy, organic farming, local universities 
and farmer associations.
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Background
Bangladesh rank as the world’s eighth and Asian fifth-
most populous country with a land area of 148,456  km2, 
which has an enormous impact on the sustainability 
of the agricultural production system [1]. However, 
now this agricultural production system in the country 
is in the shifting of diversifying from subsistence rice 
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production into higher-value crops like vegetables and 
fruits [2].

As an agricultural-based country with limited land 
resources, a massive population to feed, a low and mid-
dle-income (LMC) country like Bangladesh is heavily 
dependent on the utilization of pesticides to  increase 
crop yields. Various research findings revealed the 
presence of extremely high concentrations of organo-
phosphate and carbamate pesticides in Bangladesh soil 
and water [3].

In addition, several reports confirmed that about 77% 
of farmers used pesticides at least once in their crop 
production cycle [4]. However, several chemicals are 
extensively used for maximizing plant yield production. 
These chemicals could be pesticides that protect crops 
and grains from pests [5], as for high yielding crops or 
plant energizers or flowering stimulants which increase 
plant productivity. Though the application of pesti-
cides is targeted to selective toxicity to certain organ-
isms, they could pose serious deleterious effects on 
non-targeted species, including humans, and might be 
deposited in the environmental niche. Pesticides from 
agricultural crop fields wash out into the natural water 
bodies and adversely affect the quality of water through 
causing toxicity in many aquatic organisms, including 
fish as well [6].

Among the pesticides, organophosphates are associ-
ated with growth and reproductive abnormalities in ani-
mals [7]. Malathion is an organophosphate pesticide that 
attributes its toxic effect by the inhibition of acetylcho-
linesterase. However, this pesticide is now being consid-
ered an International Agency for Research on Cancer 
(IARC) probable carcinogen which has been reported to 
have deleterious effects on humans and animals [8].

Besides that, nitrobenzene is one of the plant energizers 
and flowering stimulants whose use has been increased 
in paddy land and lemon gardens in agricultural fields 
[9]. Unfortunately, nitrobenzene has been recorded as a 
carcinogen to animals as well as humans [10]. In addi-
tion, the contamination of pesticides and other chemicals 
into water and the eco-system could adversely affect the 
health of animals as well as humans [11]. Humans gener-
ally exposed to this pesticide-based poison via acciden-
tal, suicidal or homicidal intoxication [12], and malathion 
stands at the top in Bangladesh context [13]. But the 
effects of these chemicals in animals is yet to be under-
stood. Earlier study in Bangladesh and elsewhere has 
demonstrated the effect of this chemicals in different spe-
cies that included common carp [14], mice [15], human 
[16] etc. The Brown Plant Hopper (BHP) outbreak in 
1991 in Nilphamari and Rangpur districts of Bangladesh 
has been attributed to the excessive use of aerial pesti-
cides where cows, calves, goats, fish, honey bees, dragon 

flies, lady beetles, birds and many other useful insects 
and animals had been seriously affected [17].

To the best of authors knowledge, no study has been 
undertaken focusing detail physiological alterations 
related to hematology, serum chemistry and reproduc-
tive hormonal parameters in animal model which could 
be translated to human health in Bangladesh. For this, 
here we investigated the physiological changes caused by 
experimental exposure to malathion and nitrobenzene 
in rabbits as an animal model. Hence we studied hema-
tology, selective biochemical marker of liver and kidney 
functions, and some hormonal parameters in experimen-
tal malathion and nitrobenzene-exposed rabbits.

Methods
Animals
Thirty New Zealand White healthy rabbit (15 was 
30–40  days of age (hereafter named as “baby”); 15 was 
90–105 days of age (hereafter named as “juvenile”)) was 
collected from a commercial rabbit rearing farm in Muk-
tagacha, Bangladesh. Rabbits were housed in individual 
cages with unique identification numbers in their stand-
ard housing conditions of 25  °C room temperature and 
50% humidity [18]. The rabbit was fed with Durva grass 
(Cynodon dactylon) ad-libitum and a standard rabbit 
ration with fresh vegetables and fresh drinking water. 
Rabbits were given two days of settling time in this new 
environment.

Treatment
The baby group of rabbits was divided randomly into 
three groups (5 in each). After two days of settling time in 
the new environment, one group was administered with 
malathion@ 5 mg/kg body weight intraperitoneally (i.p.) 
daily for the next 15  days. Another group was adminis-
tered with nitrobenzene@ 5 mg/kg body i.p. daily for the 
next 15 days. The other group was administered with dis-
tilled water i.p. daily for the same period, which served 
as a control. The juvenile group of rabbits was also ran-
domly divided into three groups, with five in each. The 
same operational procedures were done for the juvenile 
group as for the baby group.

Sample collection, hematology, serum biochemistry, 
and hormonal assay
Blood was collected from the heart by heart puncture 
and 2 ml of blood was collected. For hematological stud-
ies, 1 ml of blood was kept in a heparinized vacutainer, 
and 1 ml of blood was kept in a vacutainer without anti-
coagulant for serum separation. Heparinized blood was 
run by a hematoanalyzer (Celltac α, Nihon Kohden, 
Japan) for estimation of total erythrocyte (TEC), total 
leukocyte count (TLC), hemoglobin (Hb), differential 
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leukocyte count (DLC), erythrocyte sedimentation rate 
(ESR), packed cell volume (PCV), and other parameters. 
Serum was separated from coagulated blood (centrifuged 
at 3000 rpm for 30 min) and analyzed for selective organ 
function tests (Liver-aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), and Kidney-Creatinine) 
using a biochemical analyzer (Humalyzer-3000) with 
the commercially available kits. Reproductive hormone 
parameters such as FSH (NovaTec Immundiagnostica 
GmbH, Germany), LH (Atlas Medical, Germany), Estro-
gen (NovaTec Immundiagnostica GmbH, Germany), 
Progesterone (NovaTec Immundiagnostica GmbH, Ger-
many), Testosterone (BIOS Microwell diagnostic system, 
Netherlands) have been checked by a specific ELISA kit. 
The procedures were performed according to the manu-
facturer’s instructions of the respective ELISA kit. A 
four-parametric logistic curve fit was performed to ana-
lyze hormone concentration.

Data analysis
Data was stored in Microsoft Excel and ANOVA was 
deployed to compare the effects of malathion and 
nitrobenzene with the control group. The findings were 
expressed in mean ± standard error of the mean (SEM). 
The level of significance was set at p˂0.05.

Results
Hematology alteration
In the baby group, TEC was significantly decreased in 
malathion and nitrobenzene exposed rabbits and Hb, 
and PCV was decreased in malathion exposed rabbits. 
Besides, TLC and lymphocytes were increased in the 
malathion exposed group, but it decreased the neutro-
phil percentage (Table 1). In the juvenile group, the same 
effect of malathion was observed in the blood parame-
ters, as was observed in the baby group. In addition, both 
malathion and nitrobenzene increased neutrophil and 
eosinophil percentages (Table 1).

Serum biochemical alteration
We concentrated on some vital organ functional changes 
caused by malathion and nitrobenzene exposure. We 
found serum AST and creatinine were increased in the 
nitrobenzene exposed group in the baby group, whereas 
malathion increased serum ALT. In contrast, the juvenile 
group exposed to malathion increased ALT levels. There 
was no change in AST or creatinine levels in rabbits 
exposed to malathion or nitrobenzene (Table 2).

Serum hormonal alteration
Serum estradiol levels were significantly reduced in both 
malathion and nitrobenzene-exposed baby and juve-
nile rabbits. Serum testosterone levels were increased in 

juvenile rabbits exposed to malathion and nitrobenzene, 
but progesterone concentrations were decreased in mala-
thion-exposed juvenile rabbits (Table 3).

Discussion
Slight deviation of hematology / consistent hematology 
values in neonatal and juvenile rabbit
Hematological parameters such as TEC, Hb, and PCV 
were significantly decreased in malathion exposed baby 

Table 1 Hematological estimation of rabbit after chemical 
stimulant and pesticide exposure

Different superscripts (a,b,c) in same row means significantly different (p˂0.05)

Parameter Control Malathion Nitrobenzene

Baby group

 TEC (million/cumm) 5.62 ± 0.17a 4.49 ± 0.11b 4.87 ± 0.18b

 TLC (thousand/cumm) 3.6 ± 0.18b 4.1 ± 0.13a 3.4 ± 0.02b

 Hb (gm/dl) 8.72 ± 0.03a 8.12 ± 0.03b 8.44 ± 0.25ab

 PCV (%) 40 ± 0.54a 34.84 ± 2.09b 38.06 ± 0.7 ab

 ESR (mm in  1st hour) 0.1 ± 0.1 0.1 ± 0.1 0

 Neutrophil (%) 27.2 ± 1.49a 20.4 ± 1.83b 24.2 ± 1.74ab

 Eosinophil (%) 6 ± 0.83 6.6 ± 1.2 6 ± 0.54

 Basophil (%) 1.4 ± 0.5 0.4 ± 0.24 0.4 ± 0.24

 Monocyte (%) 8.8 ± 1.06 7.2 ± 2.03 6 ± 1.97

 Lymphocyte (%) 56.6 ± 1.07b 65.6 ± 1.32a 63.4 ± 0.6a

Juvenile group

 TEC (million/cumm) 5.57 ± 0.14a 4.6 ± 0.16b 5.21 ± 0.18ab

 TLC (thousand/cumm) 3.6 ± 0.07 b 4.34 ± 0.25 a 3.84 ± 0.21 ab

 Hb (gm/dl) 10.9 ± 0.32a 8.48 ± 0.13b 10.1 ± 0.43a

 PCV (%) 34.24 ± 0.54a 30.38 ± 0.58b 33.9 ± 1.27a

 ESR (mm in  1st hour) 0 0 0

 Neutrophil (%) 24.4 ± 0.4b 36.6 ± 0.67a 37.6 ± 3.61a

 Eosinophil (%) 6.6 ± 0.4b 24.6 ± 1.5a 20.4 ± 2.76a

 Basophil (%) 0.2 ± 0.2 0.6 ± 0.2 0.2 ± 0.2

 Monocyte (%) 1 ± 0.63b 4 ± 1.58b 8.8 ± 0.58a

 Lymphocyte (%) 67.4 ± 0.92a 34.2 ± 2.83b 33.2 ± 5.59b

Table 2 Serum biochemical concentration of rabbit after 
chemical stimulant and pesticide exposure

Different superscripts (a,b,c) in same row means significantly different (p˂0.05)

Parameter Control Malathion Nitrobenzene

Baby group

 AST (U/L) 113.36 ± 8.35ab 86.84 ± 16.26b 155.84 ± 10.41a

 ALT (U/L) 34.68 ± 1.05b 53.9 ± 1.43a 37.48 ± 0.98b

 Creatinine (mg/dL) 0.54 ± 0.02b 0.46 ± 0.02b 0.86 ± 0.02a

Juvenile group

 AST (U/L) 132.04 ± 12.5 157.48 ± 32.14 145.52 ± 20.92

 ALT (U/L) 79.96 ± 1.98b 91.64 ± 2.6a 79.66 ± 2.88b

 Creatinine (mg/dL) 0.76 ± 0.07 0.71 ± 0.04 0.68 ± 0.03
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and juvenile rabbits might be because of failing of hemat-
opoietic system in rabbit exposed to malathion compared 
to control group and nitrobenzene exposed group. As 
toxicants exposure exerts an adverse effect on the hemat-
opoietic organs which in turn could alters blood param-
eters [14]. A significant decrease in Hb concentration to 
malathion may be due to less oxygen supply to different 
tissues, resulting in a sluggish metabolic rate and low 
energy output [19]. This decline in Hb and RBC values 
could happen due to the breakdown of iron synthesizing 
machinery [20].

PCV readings are important in determining the effect 
of pesticides and in determining the oxygen-carrying 
capacity of the blood. Previous studies [14, 19–24] found 
a similar decrease in TEC and Hb in malathion and 
nitrobenzene-exposed animal models.

The host immunological response and defense mecha-
nisms are usually maintained through the activation of 
WBC. Therefore, the fluctuations of the WBC number in 
the blood vascular system indicate an abnormality from 
an immunological perspective. In our study, WBC/TLC 
significantly increased with increasing the toxicity of 
malathion as an adaptive measure for the tissue under the 
toxicant exposure. This exposure exerts an adverse effect 
on the hematopoietic organs, which in turn alters blood 
parameters. Malathion exposure remarkably increases 
the blood’s circulating white blood cells [19, 25]. 
Increased WBC count resulted in leucocytosis, which 
is thought to be adaptive for the tissue under chemical 
stress. This also helps in the removal of cellular debris 
from necrosed tissue at a faster rate [26]. In the presence 
of foreign substances or under pathological conditions, 
leucocytosis in fish may be the consequence of direct 
stimulation of immunological defense [26]. The increase 

in leucocyte count can be correlated with an increase in 
antibody production which helps in survival and recov-
ery of the fish exposed to malathion [27].

In our study, the neutrophil and eosinophil concen-
trations were significantly increased in both mala-
thion and nitrobenzene exposed animals. These cells 
play a key role in combating a great variety of weapons 
and diverse chemicals as chemotactic triggers that are 
directed against different kinds of pathogens. The gran-
ules secreted from eosinophils and neutrophils into the 
extracellular space upon activation consist of a variety of 
important mediators that are crucial for the function of 
granulocytes within innate immunity [28].

Significant alterations of ALT and AST two key liver 
and kidney functional enzymes in both neonatal 
and juvenile rabbit
Malathion may change the functions of vital organs like 
the liver and kidney, disrupting the homeostatic phe-
nomenon of the body. The altered serum AST, ALT, and 
creatinine in our study could be due to increased malon-
dialdehyde MDA formation. MDA is formed in liver 
cells through a lipid peroxidation process that enhances 
mutagenicity and inactivates enzymes by altering lysine 
residues. In rats, following a deltamethrin oral dose elic-
its increased MDA formation and decreased activities 
of CAT, SOD, and GSH levels [29]. This process could 
develop through free radical [O2-] formation as del-
tamethrin undergoes metabolism in the liver via hydro-
lytic ester cleavage and oxidative pathways by oxidative 
damage [30]. The metabolism of various drugs, chemi-
cals, and pesticides is primarily responsible for the onset 
of biochemical and histopathological changes in the 
liver involving cytoplasminolysis, nuclear pyknosis, and 
necrosis of hepatocytes [31]. However, Nitrobenzene car-
cinogenicity follows similar metabolic pathways to form a 
number of phenolic compounds that play a more potent 
role in Nitrobenzene carcinogenicity. The increased con-
centrations of reactive oxygen species (ROS) cause obvi-
ous tissue damage and oxidation of lipids, proteins, and 
DNA. The increase in AST concentration in plasma is 
clearly an indication of cellular damage. The damaged 
hepatic cell membrane through necrosis leads to the 
release of their enzymes into the circulation [32]. Previ-
ous studies also demonstrated malathion and nitroben-
zene induce liver and kidney dysfunction by altering the 
AST, ALT, and creatinine levels in various animal models 
[10, 33–37].

Major impact on steroidal hormone alterations in both age 
groups of rabbit
The major effects of pesticides in developing and devel-
oped countries represent a great benefit for human 

Table 3 Hormonal alteration of rabbit after chemical stimulant 
and pesticide exposure

Different superscripts (a,b,c) in same row means significantly different (p˂0.05)

Parameter Control Malathion Nitrobenzene

Baby group

 FSH (mU/mL) 0.11 ± 0.01 0.11 ± 0.01 0.11 ± 0.01

 LH (mIU/mL) 0.01 ± 0.001 0.01 ± 0.001 0.01 ± 0.002

 Estradiol (pg/mL) 22.48 ± 0.45a 16.53 ± 0.35b 17.31 ± 0.53b

 Progesterone (ng/mL) 8.47 ± 0.31 8.10 ± 0.31 8.10 ± 0.32

 Testosterone (ng/mL) 0.03 ± 0.01 0.04 ± 0.01 0.04 ± 0.01

Juvenile group

 FSH (mIU/mL) 0.20 ± 0.01 0.20 ± 0.01 0.19 ± 0.01

 LH (mIU/mL) 0.02 ± 0.001 0.02 ± 0.002 0.03 ± 0.001

 Estradiol (pg/mL) 37.34 ± 0.40a 31.87 ± 0.52b 31.67 ± 0.75b

 Progesterone (ng/mL) 10.78 ± 0.21a 6.99 ± 0.21c 8.40 ± 0.32b

 Testosterone (ng/mL) 0.04 ± 0.01b 0.18 ± 0.02a 0.17 ± 0.01a



Page 5 of 7Shaikat et al. BMC Pharmacology and Toxicology           (2022) 23:28  

health through controlling agricultural pests and disease 
vectors, human and livestock disease vectors, and nui-
sance organisms. Moreover, they ensure increased food 
production for the growing population’s demand. How-
ever, many first-generation pesticides have been found to 
be harmful to the environment. Some of them can per-
sist in soils and aquatic sediments and have a residual 
impact on top predators and human health via bio-con-
centrates in the tissues of invertebrates and vertebrates. 
In our study, the estradiol concentrations were reduced 
significantly in malathion and nitrobenzene-treated ani-
mals. Interestingly, serum testosterone was increased in 
concentrations in juvenile rabbits, though all animals fell 
into the female group. Malathion and γ-BHC had toxic 
effects on the metabolism of sex steroids and disturbed 
steroid regulation, resulting in hormonal imbalance [38]. 
Both pesticides caused a greater reduction in sex hor-
mone levels at higher concentrations. Follicles are the 
principal functional units of the mammalian ovary. Folli-
cle stimulating hormone (FSH) and luteinizing hormone 
(LH) are the important controllers of follicle develop-
ment. FSH and LH are produced by the pituitary gland 
and the ovarian steroid by granulosa cells of the ovarian 
tissue. In previous studies, the number of healthy follicles 
was significantly decreased with a concomitant increase 
in atretic follicles and corpus luteum areas being devel-
oped in greater dimension by malathion and nitroben-
zene exposure [39, 40]. In our study, we did not observe 
these types of tissue-level changes, but the estradiol 
concentration was greatly reduced. In another study, 
with malathion exposure in rats, the FSH concentration 
was significantly increased but the estrogen level dra-
matically decreased [41]. Previous studies on malathion 
and nitrobenzene also demonstrated similar findings 
in female chickens and fish where estrogen and proges-
terone levels were severely decreased but the testos-
terone concentrations were increased as in our present 
study [42, 43]. Reduced estradiol levels in malathion and 
nitrobenzene-exposed rabbits in our study could result in 
fewer healthy ovarian follicles, granulosa cell apoptosis, 
and ovarian anomaly, as seen in other animals [39, 40].

In summary, pesticide exposure has a great impact on 
the sex hormone metabolism process and subsequently 
deteriorates its regulation through fluctuations in its con-
centrations as well.

Residual impact of pesticides on public health concern
Currently, the agricultural production system enhances 
the utilization of several pesticides that have been asso-
ciated with health and environmental issues, and on the 
other hand, the agricultural use of certain pesticides has 
been abandoned. People have been exposed to pesticide 
chemicals through contact with their skin, ingestion, or 

inhalation [44]. The type of pesticide, the duration and 
route of exposure, and the individual health status are 
determining risk factors in the possible health outcome in 
a particular community. Pesticides or chemicals might be 
metabolized into more carcinogenic compounds within 
the human or animal body or may be excreted via differ-
ent routes, stored, or bioaccumulated into body fat [45]. 
US epidemiologists observed an unusual rise in Non-
Hodgkin’s Lymphoma in areas of high pesticide use [46]. 
The numerous health effects that have been associated 
with pesticides include dermatological, gastrointestinal, 
neurological, carcinogenic, respiratory, reproductive, 
and endocrine effects [47]. The major impact of pes-
ticides could be its residual effect through accumulat-
ing in everyday foods and beverages, including cooked 
meals, water, meats, milk, eggs of animal origin, vegeta-
bles, and animal feed. Furthermore, it’s an alarming issue 
that washing and peeling could not be able to remove 
the residual chemicals from human food sources [48]. 
Exposure to organophosphorus pesticides could be a risk 
factor for congenital anomalies and other adverse birth 
outcomes [49, 50]. In the context of safety levels, the con-
centrations might not exceed the legislatively determined 
safe levels, though no research has been implemented in 
Bangladesh yet. However, these "safe limits" may under-
estimate the practical aspect of the pesticides’ residual 
impact on human health. Although the agricultural soil is 
the primary recipient of agrochemicals, water bodies that 
are adjacent to agricultural areas could be the ultimate 
recipient for agrochemicals residues. Therefore, agro-
chemicals residues are common in surface water system, 
especially in irrigation drains, which ultimately pollute 
the water bodies and can harm aquatic environment [51], 
animals and human exposed to it. A study of pesticide 
residues in some selected ponds of Bangladesh showed 
the residue level of malathion was 0.0241 to 0.463 ppm, 
carbofuran was 0.0302 to 0.0629 ppm and cypermethrin 
(pyrethroid) was 0.0141 to 0.09 ppm [52]. In addition, the 
identification of pesticides in human breast milk high-
lights the importance of public health concerns origi-
nating from residual pesticides. Our study only include 
female rabbits which also explored indirectly the health 
hazard in human women as they are more susceptible to 
various cancer and vulnerable to environmental pollut-
ants as well as pesticides [53, 54].

Conclusion
Modern agricultural practices in developed and devel-
oping countries, including Bangladesh, utilize extensive 
chemicals for increased population demand and a vari-
ety of production processes. These chemicals could cause 
deleterious effects on living individuals, as proved in this 
experiment, causing defective liver and kidney function 



Page 6 of 7Shaikat et al. BMC Pharmacology and Toxicology           (2022) 23:28 

and hormone production. Current agriculture practices 
have to implement environmentally friendlier practices 
that pose fewer public health risks for the millennium 
development goals (MDGs) for a developing country like 
Bangladesh.

Acknowledgements
The authors would like to acknowledge the faculties and staffs of Department 
of Physiology, Biochemistry and Pharmacology, CVASU for their support in this 
study.

Authors’ contributions
Amir Hossan Shaikat, Shahneaz Ali Khan designed the experiment, Moham-
med Ashif Imtiaz, Jabin Sultana, Md Ridoan Pasha and Arfanul Saif performed 
the experiment. Amir Hossan Shaikat, Shahneaz Ali Khan and Mohammad 
Rashedul Alam wrote the manuscript. Finally all authors approved the 
manuscript.

Funding
Research work has been carried out from the research fund of Directorate 
(Research and Extension), CVASU.

Availability of data and materials
The datasets used and/or analysed during the current study available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Experimental procedures were carried out as per instruction and guidance of 
the Animal Experimentation Ethics Committee (AEEC) and ARRIVE guidelines 
where ethical approval is given for the use of animals in this study, Chatto-
gram Veterinary and Animal Sciences University, Bangladesh (Ref. No CVASU/
Dir(R&E)EC/2015/94(2/2)).

Consent for publication
Not applicable.

Competing interests
No.

Author details
1 Department of Physiology, Biochemistry and Pharmacology, Chattogram 
Veterinary and Animal Sciences University, Chattogram, Bangladesh. 2 Faculty 
of Veterinary Medicine, Chattogram Veterinary and Animal Sciences University, 
Chattogram, Bangladesh. 

Received: 25 February 2022   Accepted: 19 April 2022

References
 1. Ahammed SJ, Chung ES, Shahid S. Parametric assessment of pre-mon-

soon agricultural water scarcity in bangladesh. Sustainability. 2018;10:819. 
https:// doi. org/ 10. 3390/ su100 30819.

 2. De Pinto A, Seymour G, Bryan E, Bhandari P. Women’s empowerment and 
farmland allocations in Bangladesh: evidence of a possible pathway to 
crop diversification. Clim Change. 2020;163:1025–43. https:// doi. org/ 10. 
1007/ s10584- 020- 02925-w.

 3. Bhuiyan MAH, Rahman MH, Uddin MA, Chowdhury MAZ, Rahman MA, 
Saha BB, Didar-Ul Islam SM. Contamination of pond and canal water by 
residues of organophosphorus and carbamate pesticides in Feni district 
Bangladesh. Environ Dev Sustain. 2021;4:191–7. https:// doi. org/ 10. 1007/ 
s42398- 021- 00161-1.

 4. Rahman S. Farm-level pesticide use in Bangladesh: determinants and 
awareness. Agric Ecosyst Environ. 2003;95:241–52. https:// doi. org/ 10. 
1016/ S0167- 8809(02) 00089-0.

 5. Lal B. Pesticide—induced reproductive dysfunction in Indian fishes. 
Fish Physiol Biochem. 2007;33:455–62. https:// doi. org/ 10. 1007/ 
s10695- 007- 9171-4.

 6. Anju A, Ravi SP, Bechan S. Water pollution with special reference to pesti-
cide contamination in India. J Water Resource Prot. 2010. https:// doi. org/ 
10. 4236/ jwarp. 2010. 25050.

 7. Getenga ZM, Jondiko JIO, Wandiga SO, Beck E. Dissipation behavior 
of malathion and dimethoate residues from the soil and their uptake 
by garden pea (Pisum sativum). Bull Environ Contam and Toxicol. 
2002;64:359–67. https:// doi. org/ 10. 1007/ s0012 80000 008.

 8. Badr AM. Organophosphate toxicity: updates of malathion potential 
toxic effects in mammals and potential treatments. Environ Sci Pollut Res. 
2020;27:26036–57. https:// doi. org/ 10. 1007/ s11356- 020- 08937-4.

 9. Kohombange S, Eeswara JP, Rathnasekara N. Effect of nitrobenzene on 
sweet cucumber (Cucumis sativus L.) yield and yield quality under green 
house condition. Int J Environ Agric Biotech. 2019;4:407–10. https:// doi. 
org/ 10. 22161/ ijeab/4. 2. 23.

 10. Hsu CH, Stedeford T, Okochi-Takada E, Ushijima T, Noguchi H, Muro-
Cacho C, Holder JW, Banasik M. Framework analysis for the carcinogenic 
mode of action of nitrobenzene. J Environ Sci Health C Environ Carcinog 
Ecotoxicol Rev. 2007;25:155–84. https:// doi. org/ 10. 1080/ 10590 50070 
13992 34.

 11. Mishra M. Role of eco-friendly agricultural practices in Indian agriculture 
development. Int J Food Sci Technol. 2013;4:11–5.

 12. Amin MR. Epidemiology and Clinical profile of Pesticide Poisoning in 
Bangladesh. 22nd World Congress on Toxicology and Pharmacology, 
2020; July 14–15.

 13. Dewan G. Analysis of recent situation of pesticide poisoning in Bangla-
desh: is there a proper estimate? Asia Pac J Med Toxicol. 2014;3(2):76–83.

 14. Sharmin S, Salam MA, Haque F, Islam MS, Shahjahan M. Changes in 
hematological parameters and gill morphology in common carp 
exposed to sub-lethal concentrations of malathion. Asian J Med Biol Res. 
2016;2(3):370–8.

 15. Mamun MAA, Rahman A, Belal SH, Islam MA, Sarker MEH, Arman MSI, 
Hoque KMF. Histological study of the effect of malathion on liver and 
kidney tissues of mice model. Int J Pharm Sci. 2015;6(3):1043.

 16. Singh Y, Singh M, Saxena SR, Mohammad K. Plant growth nutrient 
(nitrobenzene) poisoning with multiple complications. Arch Med Sci. 
2015;3(1):97.

 17. Sultana P, Nobukazu N. An analysis of pesticide use for rice pest manage-
ment in Bangladesh. J of Int Dev Coop. 2001;8(1):107–26.

 18. Batchelor GR. The laboratory rabbit. In: Poole T, editor. FAW Handbook 
on the Care and Management of Laboratory Animals. 7th ed. 1999. p. 
395–408.

 19. Mrong CE, Islam MR, Kole K, Neepa NN, Alam MJ, Haque MR, Mostakim 
GM. Malathion-induced hematoxicity and its recovery pattern in 
barbonymus gonionotus. J Toxicol. 2021. https:// doi. org/ 10. 1155/ 2021/ 
94173 80.

 20. Sethuraj P, Sujatha KV, Srinivasan S. Effect of an organophosphorous 
pesticide on oxygen consumption and hematology of fresh water fish 
Oreochromis mossambicus. J Ecotoxicol Environ Monit. 1992;2(4):239–42.

 21. Yamazaki K, Aiso S, Matsumoto M, Arito H, Nagano K, Yamamoto S, Mat-
sushima T. Thirteen-week oral toxicity study of 1, 4-dichloro-2-nitroben-
zene in rats and mice. Ind Health. 2005;43:597–610. https:// doi. org/ 10. 
2486/ indhe alth. 43. 597.

 22. Wang G, Zhang X, Yao C, Tian M. Four-week oral toxicity study of three 
metabolites of nitrobenzene in rats. Drug Chem Toxicol. 2010;33:238–43. 
https:// doi. org/ 10. 3109/ 01480 54090 34141 56.

 23. Kalender S, Uzun FG, Durak D, Demir F, Kalender Y. Malathion-induced 
hepatotoxicity in rats: the effects of vitamins C and E. Food Chem Toxicol. 
2010;48:633–8. https:// doi. org/ 10. 1016/j. fct. 2009. 11. 044.

 24. Sharma CD, Shukla N, Bansal G. Selected blood parameters altered by 
different doses of pesticide Malathion in albino rat (Rattus-norvegicus). 
Environ Conserv. 2020;21:93–103. https:// doi. org/ 10. 36953/ ECJ. 2020. 
21311.

 25. Jalel HA. The effect of malathion on the some hematological parameters 
of albino mice. Basra J Vet Res. 2012;11:246–53. https:// doi. org/ 10. 33762/ 
bvetr. 2012. 54851.

 26. Marti HH, Wenger RH, Rivas LA, Straumann U, Oigicaylioglu M, Henn V, 
Yonekawa Y, Bauer C, Gassmann M. Erythropoietin gene expression in 

https://doi.org/10.3390/su10030819
https://doi.org/10.1007/s10584-020-02925-w
https://doi.org/10.1007/s10584-020-02925-w
https://doi.org/10.1007/s42398-021-00161-1
https://doi.org/10.1007/s42398-021-00161-1
https://doi.org/10.1016/S0167-8809(02)00089-0
https://doi.org/10.1016/S0167-8809(02)00089-0
https://doi.org/10.1007/s10695-007-9171-4
https://doi.org/10.1007/s10695-007-9171-4
https://doi.org/10.4236/jwarp.2010.25050
https://doi.org/10.4236/jwarp.2010.25050
https://doi.org/10.1007/s001280000008
https://doi.org/10.1007/s11356-020-08937-4
https://doi.org/10.22161/ijeab/4.2.23
https://doi.org/10.22161/ijeab/4.2.23
https://doi.org/10.1080/10590500701399234
https://doi.org/10.1080/10590500701399234
https://doi.org/10.1155/2021/9417380
https://doi.org/10.1155/2021/9417380
https://doi.org/10.2486/indhealth.43.597
https://doi.org/10.2486/indhealth.43.597
https://doi.org/10.3109/01480540903414156
https://doi.org/10.1016/j.fct.2009.11.044
https://doi.org/10.36953/ECJ.2020.21311
https://doi.org/10.36953/ECJ.2020.21311
https://doi.org/10.33762/bvetr.2012.54851
https://doi.org/10.33762/bvetr.2012.54851


Page 7 of 7Shaikat et al. BMC Pharmacology and Toxicology           (2022) 23:28  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

human, monkey and murine brain. Eur J Neurosci. 1996;8:666–76. https:// 
doi. org/ 10. 1111/j. 1460- 9568. 1996. tb012 52.x.

 27. Joshi PK, Harish D, Bose M. Effect of lindane and malathione exposure to 
certain blood parameters in a fresh water teleost fish Clarias batrachus. 
Poll Resources. 2002;21:55–7.

 28. Gigon L, Yousefi S, Karaulov A, Simon HU. Mechanisms of toxicity 
mediated by neutrophil and eosinophil granule proteins. Allergol Int. 
2021;70:30–8. https:// doi. org/ 10. 1016/j. alit. 2020. 11. 003.

 29. Tuzmen N, Candan N, Kaya E, Demiryas N. Biochemical effects of chlorpy-
rifos and deltamethrin on altered antioxidative defense mechanisms and 
lipid peroxidation in rat liver. Cell Biochem Funct. 2008;26:119–24. https:// 
doi. org/ 10. 1002/ cbf. 1411.

 30. Possamai FP, Fortunato JJ, Feier G, Agostinho FR, Quevedo J, Wilhelm 
Filho D, Dal-Pizzol F. Oxidative stress after acute and sub-chronic mala-
thion intoxication in Wistar rats. Environ Toxicol Pharmacol. 2007;23:198–
204. https:// doi. org/ 10. 1016/j. etap. 2006. 09. 003.

 31. Mossa ATH, Swelam ES, Mohafrash SM. Sub-chronic exposure to fipronil 
induced oxidative stress, biochemical and histopathological changes 
in the liver and kidney of male albino rats. Toxicol Rep. 2015;2:775–84. 
https:// doi. org/ 10. 1016/j. toxrep. 2015. 02. 009.

 32. Bader GN, Mir PA, Naqash A, Ali T, Wadoo R, Ali S. Phytochemical screen-
ing and evaluation of Hepatoprotective potential of Swertia petiolata 
against thioacetamide induced hepatotoxicity in rats. Int J Current 
Research. 2017;9:52737–47.

 33. Menon BR, Rathi MA, Thirumoorthi L, Gopalakrishnan VK. Potential 
effect of Bacopa monnieri on nitrobenzene induced liver damage in 
rats. Indian J Clin Biochem. 2010;25:401–4. https:// doi. org/ 10. 1007/ 
s12291- 010- 0048-4.

 34. Zidan NEHA. Hepato-and nephrotoxicity in male albino rats exposed 
to malathion and spinosad in stored wheat grains. Acta Biol Hung. 
2015;66:133–48. https:// doi. org/ 10. 1556/ 018. 66. 2015.2.1.

 35. Rathi MA, Meenakshi P, Gopalakrishnan VK. Hepatoprotective activity of 
ethanolic extract of Alysicarpus vaginalis against nitrobenzene-induced 
hepatic damage in rats. South Indian J Biol Sci. 2015;1:60–5. https:// doi. 
org/ 10. 22205/ sijbs/ 2015/ v1/ i2/ 100420.

 36. Selmi S, Rtibi K, Grami D, Sebai H, Marzouki L. Malathion, an organophos-
phate insecticide, provokes metabolic, histopathologic and molecular 
disorders in liver and kidney in prepubertal male mice. Toxicol Rep. 
2018;5:189–95. https:// doi. org/ 10. 1016/j. toxrep. 2017. 12. 021.

 37. Oladele JO, Oyeleke OM, Akindolie BO, Olowookere BD, Oladele OT. 
Vernonia amygdalina leaf extract abates oxidative hepatic damage and 
inflammation associated with nitrobenzene in rats. Jordan J Biol Sci. 
2021;14:463–9. https:// doi. org/ 10. 54319/ jjbs/ 140311.

 38. Singh PB, Singh TP. Impact of malathion and γ-BHC on steroidogenesis in 
the freshwater catfish heteropneustes fossilis. Aquat Toxicol. 1992;22:69–
79. https:// doi. org/ 10. 1016/ 0166- 445X(92) 90037-N.

 39. Koc ND, Kayhan FE, Sesal C, Muslu MN. Dose-dependent effects of 
endosulfan and malathion on adult Wistar albino rat ovaries. Pak J Biol Sci. 
2009;12:498–503. https:// doi. org/ 10. 3923/ pjbs. 2009. 498. 503.

 40. Bhardwaj JK, Saraf P. Malathion-induced granulosa cell apoptosis in 
caprine antral follicles: an ultrastructural and flow cytometric analysis. 
Microsc Microanal. 2014;20:1861–8. https:// doi. org/ 10. 1017/ S1431 92761 
40134 52.

 41. Elham R, Ebrahim TK, Leila K, Farzad P, Nazanin SJ, Mohammad P, Hossein 
KJ. The effect of herbicide paraquat and organophosphate pesticide 
malathion on changes of sex hormones in female rats. Biomed Pharma-
col J. 2015;8:993–9. https:// doi. org/ 10. 13005/ bpj/ 851.

 42. Shaikat AH, Hoque MA, Islam SKMA, Hassan MM, Khan SA, Saifuddin AKM, 
Yousuf M, Al Mamun M, Hossain MB. Investigation of sex reversal in layer 
chickens in Bangladesh. Adv Anim Vet Sci. 2015;3:245–52. https:// doi. org/ 
10. 14737/ journ al. aavs/ 2015/3. 4. 245. 252.

 43. Zhang Y, Wu L, Zhang G, Guan Y, Wang Z. Effect of low-dose malathion 
on the gonadal development of adult rare minnow Gobiocypris rarus. 
Ecotoxicol Environ Saf. 2016;125:135–40. https:// doi. org/ 10. 1016/j. ecoenv. 
2015. 11. 041.

 44. Damalas CA, Koutroubas SD. Farmers’ exposure to pesticides: toxicity 
types and ways of prevention. Toxics. 2016;4:1. https:// doi. org/ 10. 3390/ 
toxic s4010 001.

 45. Abdel-Shafy HI, Mansour MS. A review on polycyclic aromatic hydro-
carbons: source, environmental impact, effect on human health and 

remediation. Egypt J Pet. 2016;25:107–23. https:// doi. org/ 10. 1016/j. ejpe. 
2015. 03. 011.

 46. Gupta A. Pesticide use in South and South-East Asia: environmental 
public health and legal concerns. Am J Environ Sci. 2012;8(2):152–7.

 47. Nicolopoulou-Stamati P, Maipas S, Kotampasi C, Stamatis P, Hens L. 
Chemical pesticides and human health: the urgent need for a new 
concept in agriculture. Front Public Health. 2016;4:148. https:// doi. org/ 10. 
3389/ fpubh. 2016. 00148.

 48. Rodrigues AA, De Queiroz MEL, De Oliveira AF, Neves AA, Heleno FF, 
Zambolim L, Morais EHC. Pesticide residue removal in classic domestic 
processing of tomato and its effects on product quality. J Environ Sci 
Health B. 2017;52:850–7. https:// doi. org/ 10. 1080/ 03601 234. 2017. 13590 
49.

 49. Recio R, Robbins WA, Aburto VB, Martinez JM, Froines JR. Organophos-
phorous pesticide exposure increases the frequency of sperm sex null 
aneuploidy. Environ Health Perspectives. 2001;109(12):1237–40.

 50. Emery BR, Carrell DT. The effect of epigenetic sperm abnormalities on 
early embryogenesis. Asian J Andrology. 2006;8(2):131–42.

 51. Pereira JL, Antunes SC, Castro BB, Marques CR, Gonç-alves AMM, Gonç-
alves F, Pereira R. Toxicity evaluation of three pesticides on non-target 
aquatic and soil organisms: commercial formulation versus active ingre-
dient. Ecotoxicology. 2009;18:455–63.

 52. Amin-Uddin M, Auwatr MA, Chowdhury MAZ, Rahman MA, Alam MK. 
Pesticide residues in some selected pond water samples of Bangladesh. 
Bangladesh J Sci Res. 2012;25(1):93–8.

 53. Brody JG, Rudel RA. Environmental pollutants and breast cancer. Environ 
Health Perspect. 2003;111:1007–19. https:// doi. org/ 10. 1289/ ehp. 6310.

 54. Butter ME. Are women more vulnerable to environmental pollution? J 
Hum Ecol. 2006;20:221–6. https:// doi. org/ 10. 1080/ 09709 274. 2006. 11905 
931.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1111/j.1460-9568.1996.tb01252.x
https://doi.org/10.1111/j.1460-9568.1996.tb01252.x
https://doi.org/10.1016/j.alit.2020.11.003
https://doi.org/10.1002/cbf.1411
https://doi.org/10.1002/cbf.1411
https://doi.org/10.1016/j.etap.2006.09.003
https://doi.org/10.1016/j.toxrep.2015.02.009
https://doi.org/10.1007/s12291-010-0048-4
https://doi.org/10.1007/s12291-010-0048-4
https://doi.org/10.1556/018.66.2015.2.1
https://doi.org/10.22205/sijbs/2015/v1/i2/100420
https://doi.org/10.22205/sijbs/2015/v1/i2/100420
https://doi.org/10.1016/j.toxrep.2017.12.021
https://doi.org/10.54319/jjbs/140311
https://doi.org/10.1016/0166-445X(92)90037-N
https://doi.org/10.3923/pjbs.2009.498.503
https://doi.org/10.1017/S1431927614013452
https://doi.org/10.1017/S1431927614013452
https://doi.org/10.13005/bpj/851
https://doi.org/10.14737/journal.aavs/2015/3.4.245.252
https://doi.org/10.14737/journal.aavs/2015/3.4.245.252
https://doi.org/10.1016/j.ecoenv.2015.11.041
https://doi.org/10.1016/j.ecoenv.2015.11.041
https://doi.org/10.3390/toxics4010001
https://doi.org/10.3390/toxics4010001
https://doi.org/10.1016/j.ejpe.2015.03.011
https://doi.org/10.1016/j.ejpe.2015.03.011
https://doi.org/10.3389/fpubh.2016.00148
https://doi.org/10.3389/fpubh.2016.00148
https://doi.org/10.1080/03601234.2017.1359049
https://doi.org/10.1080/03601234.2017.1359049
https://doi.org/10.1289/ehp.6310
https://doi.org/10.1080/09709274.2006.11905931
https://doi.org/10.1080/09709274.2006.11905931

	Assessing the health hazard originated via pesticide chemicals in human through rabbit model in agricultural production system in Bangladesh
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Animals
	Treatment
	Sample collection, hematology, serum biochemistry, and hormonal assay
	Data analysis

	Results
	Hematology alteration
	Serum biochemical alteration
	Serum hormonal alteration

	Discussion
	Slight deviation of hematology  consistent hematology values in neonatal and juvenile rabbit
	Significant alterations of ALT and AST two key liver and kidney functional enzymes in both neonatal and juvenile rabbit
	Major impact on steroidal hormone alterations in both age groups of rabbit
	Residual impact of pesticides on public health concern

	Conclusion
	Acknowledgements
	References


