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ARTICLE HISTORY (23-113) ABSTRACT

Received: April 02, 2023 Thiram, being a dithiocarbamate fungicide, is frequently used to protect a variety of
fiil'éef; . z:y gi' iggg food crops (vegetables, ornamentals and fruits) and seeds and it may remain in
Pub“fhed'on“ne: Maz 05,2023 various products of plants, water and in soil after applications. The current study
Key words: was executed to record the toxic effects of thiram in male albino rats. A total of 15
Albino rats adult male albino rats were obtained from local market and were placed in wire

cages in three groups (A-C). Thiram was administered daily to all rats of group B
(50 mg/kg bw) and C (75 mg/kg bw) for 21 days and different tissues (blood, testes
and liver) were harvested for determination of hematological, reproductive and
oxidative stress parameters. Results revealed significantly lower values of red blood
cell counts and hemoglobin quantity while increased values of total white blood cell
counts and neutrophil percentage. The different serum biomarkers including
alkaline phosphatase, alanine aminotransferase, urea, creatinine, triglyceride,
glucose and cholesterol significantly escalated in thiram treated rats. Results
showed significantly lower levels of antioxidant enzymes (peroxidase and catalase)
while higher values of oxidative stress biomarkers such as reactive oxygen species
(ROS) and thiobarbituric acid substance (TBARS) in liver of treated albino rats.
Histopathological investigations indicated different pathological lesions
including degeneration and damage of spermatogonia, cellular debris in lumen of
seminiferous tubules, necrosis of spermatids, decrease in frequency of seminiferous
tubules with normal spermatozoa, arrest of process of spermatogenesis and
inflammatory materials in testes of rats. This work shows that thiram causes
disruption of normal functions of blood-biochemistry, antioxidant enzymes and
reproductive tissues through induction of oxidative stress.
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INTRODUCTION

Pesticides and fungicides are widely used in
agriculture system to protect crops and plants from
various pests and the related diseases (Ahmad et al., 2021;
Akram et al., 2022). About 70% of pesticides are being
utilized by developed countries and these are entering into
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the food chain which cause hazardous effects to aquatic
and terrestrial life due to their toxic nature. An
uncontrolled exposure of fungicides can lead to
contamination of environment as they may persist in soil,
water and plants (Chiaia-Hernandez et al., 2017). Thiram
(fungicide) is a multipurpose chemical that is used in the
rubber industry as a vulcanizer accelerator, in agricultural
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fields as a fungicide and in medicine to treat human
scabies (Chen et al., 2019). Thiram exposure is linked to a
number of toxicological effects, such as thyroid gland
disruption (Chen et al., 2018), induction of tibial
dyschondroplasia in a variety of avian species (Zhang et
al., 2018), reproductive toxicity in rats (Mishra et al.,
1998), and an increased mortality rate in the Daphnia
magna (Belaid and Sbartai, 2021). Thiram disrupts the
normal functions of arylamine N-acetyltransferase-1
leading to abnormal digestion of xenobiotic substances. It
is recorded that thiram induces reproductive disorders
leading to abnormal development of fetus (Liu et al.,
2022). Thiram is also well known for inducing
morphological and biochemical changes in chickens and
causes a metabolic cartilage disease known as tibial
dyschondroplasia in rapidly developing poultry (Wagas et
al., 2020).

Intoxication with pesticides and increased generation
of reactive oxygen species (ROS) and free radicals have
been found to be strongly associated. An increase in ROS
and free radical levels that surpass the ability of cells to
neutralize them identifies oxidative stress (Kurpios-Piec et
al., 2015). Several diseases including nephrotoxicity,
(Merdana et al., 2021) nephrotoxicity and renal disorder,
(Mohammed et al., 2021) rheumatoid arthritis,
cardiovascular disease, cancer and dementia are primarily
caused by the pathogenesis of these reactive species
(Thind and Hollomon, 2018). The exact mechanism of
toxicity of thiram in different animals is not yet clearly
known. However, previous studies reveal that pesticides
can cause renal damage, inflammation and nephrotoxicity
in rats as a model (Behling et al., 2006). Dithiocarbamates
readily degrade in an acidic atmosphere to carbon
disulphide (CS2) and their associated amine (Xu et al.,
2011). The widespread use of thiram exposure is currently
causing countless abnormalities throughout the world.
Scanty information is available on the hepatotoxicity of
thiram in liver, testes and its effects on blood
biochemistry. However, different toxic effects on
developing chickens have been reported (Liu et al., 2022).
Chemical poisoning, including exposure to pesticides, can
cause permanent heart damage, including myocardial
necrosis, tachycardia, cardiomyopathy, heart failure, and
even cardiac arrest (Jiang et al., 2022). The present study
investigated the toxic effects of thiram on albino rats, its
hematological parameters,  serum  biochemistry,
biochemical analysis in liver and histopathological study
in testes of albino rats.

MATERIALS AND METHODS

Ethical statement: The current experimental trial was
designed and executed according to the guidelines of
bioethics committee of Islamia university of Bahawalpur
regarding use and welfare of laboratory animals.

Chemicals: Thiram was purchased from Sigma Aldrich,
USA. Other chemicals were obtained from Merck
(Germany) and Sigma Aldrich company. For serum
analysis different commercial kits were purchased from
Randox company (Pvt.) Pakistan. All Chemicals used
were of analytical grade.
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Animal and experimental study design: A total of 15
albino rats were purchased from the local market. The
animals had free access to clean drinking water and
standard commercial pellet rat diet. The wire cages had
proper ventilation and separation. After one week of
acclimatization period, the albino rats were divided into 3
equal groups. One was the control group (A) while the
other two were treated groups (B and C). The group A
was the control group and kept on standard diet and clean
water while the groups B and C were treated with 50
mg/kg and 75 mg/kg body weight of albino rats. The
doses of thiram used in current study were selected on the
basis of already published literature (Salam et al., 2021).

Sample preparation and storage: Blood was collected in
EDTA tubes for hematological study and blood without
anticoagulant was collected in falcon tubes and was
centrifuged at 5000 rpm for 15 minutes for the separation
of serum. Blood cells were settled down and serum was
separated in serum cups and stored below 4°C for further
analysis. Liver from each rat was separated during
necropsy and was placed in chilled normal saline for
further process.

Hematological analysis:  Different  hematological
parameters include white blood cells count (10%mm3),
total number of erythrocytes (10% /mm?3), total proteins
(g/dl), hemoglobin concentration (g/dl), hematocrit (%),
neutrophil (%), lymphocytes (%) and monocytes (%) were
studied using hemocytometer by following the standard
protocols (Hussain et al., 2019).

Serum biochemistry: Centrifuged serum blood samples
were used to measure alkaline phosphatase (ALP; 1U/I),
alanine aminotransferase (ALT; 1U/l), urea (mg/dl),
creatinine (mg/dl), triglycerides (mg/dl), glucose (mg/dl),
and cholesterol (mg/dl) by using commercially available
kits in a chemistry analyzer (Randox company Pwvt.)
(Hussain et al., 2021).

Antioxidative  enzymes and  oxidative  stress
biomarkers: The status of different antioxidative
enzymes like peroxidase (POD) and Catalase (CAT) was
determined in homogenate of liver tissues (Beers and
Sizer, 1952). Oxidative stress biomarkers including
reactive oxygen species (ROS) and Thiobarbituric acid
reactive substances (TBARS) were measured in
homogenates of liver tissues with certain modifications as
previously described (Igbal et al., 1996).

Histopathology: For histological analysis, testes of all
treated and untreated albino rats were obtained after
dissection and were preserved in 10% formalin solution,
dehydrated in ethanol, cleared with xylene, embedded in
paraffin, and finally stained with eosin and hematoxylin.
All the sections of testes were carefully observed under
light microscope (Khan et al., 2022).

Statistical analysis: The results obtained from the
experimental work are represented as mean + standard
error (SE). All the data collected from each group was
statistically analyzed by one-way ANOVA using IBM
SPSS version 20 (P<0.05).



RESULTS

Physical Parameters: No mortality, clinical and
behavioral alterations were observed in treated rats. All
the treated rats remained normal throughout the trial.

Hemato-biochemical analysis: Results on various
hematological parameters of control and treated albino
rats with 50 mg/kg body weight and 75 mg/kg body
weight are shown in Fig. 1. The total erythrocyte counts
significantly decreased in the albino rats of group treated
with 10 mg/kg body weight of thiram as compared to the
control group. Whereas the total number of white blood
cells increased significantly with the increase in dose of
thiram. The hemoglobin concentration showed a
significant decrease in both treated groups as compared to
the values of the control group. The results of percentage
of hematocrit also showed a significant decrease in rats of
the group C after 21 days of trial treated with 75 mg/kg of
body weight. The results on monocytes, lymphocytes and
neutrophil count showed a significant increased value in
both treated groups of albino rats as compared to the
control group. The values of leukocytes, neutrophil,
lymphocyte and monocyte increased significantly with the
increase in dose of thiram while red blood cell counts,
hemoglobin and hematocrit showed significant decreased
values as compared to the control group.

Results regarding serum analysis of albino rats
treated with different doses of thiram are shown in Fig. 2.
The concentrations of various serum biochemistry profiles
like alanine aminotransferase (ALT) and alkaline
phosphatase (ALP) increased significantly after 21 days of
research in groups B and C treated with 50 mg/kg and 75
mg/kg body mass respectively. The total protein contents
decreased significantly with the increase in concentration
of thiram as compared to the control group. A noticeable
increase was recorded in results of triglycerides in the
group treated with 50 mg/kg of thiram after exposure of
21 days. The quantity of urea and glucose increased
significantly in both the treated groups of albino rats
whereas the cholesterol level decreased significantly in
the group C treated with 75 mg/kg of thiram as compared
to the control group.

Results on antioxidative
reduced quantity of

Antioxidative enzymes:
enzymes showed significantly
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peroxidase and catalase enzymes in homogenates of liver
tissues of treated albino rats (Fig. 3). The effect of thiram
on the activity of peroxidase showed a significant
decrease in the liver tissue of the treated groups. The
results obtained on the catalase activity in liver also
showed a significant decrease in the groups treated with
50 mg/kg body weight and 75 mg/kg body weight of
thiram as compared to the control groups.

Oxidative stress biomarkers: The results on effects of
thiram oxidative stress biomarkers are shown in Fig. 3.
The contents of ROS increased significantly in the thiram
treated groups. Results obtained showed a greater
difference in the values of ROS contents in albino rats of
group C treated with 75 mg/kg body weight as compared
to the control group. The quantity of thiobarbituric acid
reactive substances also increased significantly in the liver
tissues of albino rats.

Histopathological studies: The testes of group A
untreated rats exhibited normal histological structure
including germinal epithelium and seminiferous tubules.
Mild to moderate histological changes were observed in
testes of albino rats of group B like necrosis of germinal
epithelium, degeneration, and damage of spermatogonia,
cellular debris in lumen of seminiferous tubules (arrows)
and admixture of necrotic cells in lumen of seminiferous
tubules (Fig. 4). The results on severity of various
microscopic alterations are indicated in Table 1. At
microscopic levels, different histoarchitectural changes in
testes like sloughed cells in seminiferous tubules,
hypospermatogenesis, necrosis of spermatids, germ cell
depletion in seminiferous epithelium, decrease in
frequency of seminiferous tubules with normal
spermatozoa, necrosis of spermatogonia and Sertoli cells,
arrest of process of spermatogenesis, reduced diameter of
seminiferous tubules, inflammatory processes, necrosis of
epithelia of seminiferous tubules, edema (Fig. 4) and
partial germ cell arrest were observed in albino rats of
group C treated with thiram.

DISCUSSION

Thiram and various other insecticides are persistently
applied in agro-production sector, veterinary practices and
public health management to control insects and fungi

Table I: Severity of gross and microscopic alterations in testes of albino rats treated with different doses of thiram.

Histopathological lesions

B (50 mg/kg) C (75 mg/kg)

Reduction in volume

Reduction in size

Testicular weight

Necrosis of spermatogonia and Sertoli cells

Arrest of process of spermatogenesis

Inflammatory processes

Reduction in diameter of seminiferous tubules

Sloughed cells

Severe degeneration and damage of spermatogonia
Necrosis of spermatids

Hypospermatogenesis

Increase cellular debris in lumen of seminiferous tubules
vacuolation of epithelia of seminiferous tubules
Escalated germ cell depletion in seminiferous epithelium
Partial germ cell arrest

Decrease in frequency of normal seminiferous tubules
Disorganization of spermatogonia and Sertoli cells

A (0.0 mg/kg)

+ ++
+ ++
+ ++
+++ +H++
++++ +H++
+++ +H++
++ +++
++ +++
+++ +++
+++ +H++
+++ +H++
++ +H++
+++ +H++
+++ +H++
+++ +H++
+++ +H++
+++ ++++

Normal (-), Mild (+), Moderate (++), Severe (+++), Very severe (++++).
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Fig |: Hematological attributes including red blood cell (RBC), neutrophil (NEUT), hemoglobin (HGB), monocytes (MONO), white blood cell
(WBC), hematocrit (HCT) and lymphocyte (LYM) of albino rats exposed to different concentrations of thiram.
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Fig 2: Comparisons of different serum biochemical attributes of albino rats exposed to different concentrations of thiram.
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Fig 3: Comparisons of different antioxidant enzymes and oxidative
stress in liver along with creatinine profile in kidneys of albino rats
exposed to different concentrations of thiram.

(Mujahid et al., 2021; Enwemiwe et al., 2022; Liu et al.,
2022). Studies have shown that thermal decomposition
and combustion of pesticides have led to serious threats to
the environment, human health and other target and non-
target animals (Sankowska et al., 2017). Therefore, it is
necessary to monitor toxicological impacts of such
chemicals (Jabeen et al., 2021; Salam et al., 2023).
Therefore, our study provides the adverse effects of
thiram (an organic dithiocarbamate fungicides) on blood,
serum hiochemistry, oxidative stress, antioxidative status
and histopathological changes in testes of albino rats.

Hematopoietic and leukocytic biomarkers are known
as the best indicators for screening of toxicological effects
of synthetic and natural toxicants leaking to the aquatic
and terrestrial environment (Namratha et al., 2021; Akram
et al., 2022). Numerous studies have demonstrated that
fungicides and pesticides can induce the disorders in
hematopoietic system of the rodents by influencing the
number of erythrocytes, hemoglobin, hematocrit, and
leukocytic counts (Kasmi et al., 2018; Namratha et al.,
2022). In the current study it is noted that albino rat
treated with thiram had lower values of erythrocytes,
hematocrit and hemoglobin concentration while higher
values of total leukocyte counts, neutrophil and monocyte.
The decrease in the number of red blood cells,
hemoglobin and hematocrit are suggestive of toxic effects
of thiram on blood forming tissues of albino rats leading
to development of anemia. The lower values of red blood
cells in this study could also be due to destruction of red
blood cells in the microvascular system. The
hematological disorders in albino in this study can also be
related to over production of free radicals. Similar
observations have been reported in previous studies that
difenoconazole which is also a fungicide decreases Hb
and RBCs count due to hemolysis and shrinkage of cells
in rats (Kasmi et al., 2018). Recently the published data
on toxicity of thiram in male albino rats has also reported
decreased number of erythrocytes (Bawane et al., 2023).
The decrease in hemoglobin concentration might be due



o & ( TLs
Dt ,‘—it{,l-‘.
3

A"

- ?@I Y ‘,5;."‘:%::
P a4 g
G ety A

A N B4 o

Pak Vet J, 2023, 43(2): 255-261.

U “S@..-ﬁ;@"‘“ y
e v e » %

3 -~
b d BN
! - AN - 3

q Gt
% ?Z‘{?/J N -~ .

;
WE 7T R

Fig. 4: Photomicrograph of testes showing different microscopic lesions like necrosis of germinal epithelium (arrows) and admixture of necrotic cells
(*) in lumen of seminiferous tubules in male albino rats (a-b) of group (B) and necrosis/sloughing of germinal epithelium (arrows), edema (arrow head)
and admixtures of necrotic cells in lumen of seminiferous tubules in male albino rats (c-d) of group (C) administered thiram. H and E stain; 400X.

to iron deficiency which is necessary for Hb synthesis and
this decrease may occur at any stage of maturation of
erythrocyte. The increased values of hematological
parameters like total leukocyte counts, neutrophil and
monocytes might be due to injurious stimulation/injuries
caused by thiram resulting in stimulation of immune
system. The rise in white blood cells number may be
attributed due to the toxic effect of thiram which increases
the number of B cells and T cells. T cells are responsible
for phagocytic activity to the sites of inflammation or
damage while B cells work on immunoglobin production
(Aulbach and Weiss, 2022).

Hyperglycemia was observed in treated albino rats
in our study. It is reported that pesticides raise the blood
glucose levels by preventing body cells from absorption
and utilization of glucose (Badr, 2020). In addition,
increased quantity of glucose in our research work could
also be due to glycogenolysis in muscle and liver along
with disruption of carbohydrate metabolism in liver
leading to glucagon and adrenocorticotropic hormone
release or abnormal functioning of insulin (Han et al.,
2014).

In the current experimental work, the intoxication of
albino rats with thiram showed a significant increase in
the level of triglycerides. This increase seems to be an
imbalance synthesis of triglycerides. An increase in the
serum cholesterol level in the present study due to
exposure of thiram can corelates with the liver toxicity
due to the accumulation of thiram fungicide in the liver of
albino rats that was also associated with the disturbance in
the metabolism of lipids. The increased quantity of
triglycerides in albino rats in this study can be related to
disorders of permeability of cell membranes of liver.
Similar to our study, hypercholesterolemia has been
reported in other studies due to toxicity caused by
pesticides (Lal et al., 2022).

The liver is essential for maintaining the homeostasis
of the body (Javed et al., 2021; Wu et al., 2021). Different
liver functions tests such as ALP and ALT are thought to
be useful indicators of liver damage. In our research work,
the values of ALP and ALT were increased significantly
in albino rats when treated with thiram indicating liver
damage. Several reports showed that the increase in dose
of fungicide may cause liver damage and increase the



quantity of ALP and ALT (LaRocca et al., 2020; Kwon et
al., 2021). Hence, it is concluded from the results that
exposure to thiram exerts a significant toxic effect on
hematology and serum profile of albino rats.

Thiram induces oxidative stress by generating free
radicals and ROS (Salam et al., 2021). It is easily
absorbed in the body and metabolizes to
diethyldithiocarbamate and carbon disulfide, threatening
both human health and the natural ecosystem (Guo et al.,
2020). In the current study, increased contents of ROS and
TBARS are suggestive of induction of oxidative stress
due to exposure to thiram in albino rats. It has been
recorded that thiram enters in animal body and causes
congestion of liver sinuses and necrosis eventually leading
to damages in the liver by the transfer of transaminases
from the liver to blood stream ultimately causing
increased levels of ALT and AST in blood (Waheed et al.,
2020). Several reports showed that ROS causes protein
destructions, lipid peroxidation, increased level of
collagen that leads to fibrosis (Kurpios-Piec et al., 2015).
TBARS is the common way to determine lipid
peroxidation in cells and tissue (Bhutta et al., 2022).
Similar to previous findings, our results showed an
increase in the level of TBARS when albino rats were
treated with thiram, which gives a clear indication of liver
injury. Our results showed a significant decrease in the
activity of catalases and peroxidases enzymes and this
decrease might be due to over generation of free radicals,
hepatolysis and mitochondrial damage (Javed et al., 2021;
Kiran et al., 2022; Wand et al., 2023). Previously, up to
our knowledge no data is available on the antioxidant
status in liver tissue of albino rats exposed to thiram.

Histopathological studies have primarily been used as
a biomarker for investigation of toxicity caused by the
various environmental pollutants including pesticides
(Hussain et al., 2019; Pasha et al.,, 2022). Different
fungicides are known to induce histological changes in
testes of rats (Prathima et al., 2023). In the present study,
there are several histological changes observed in testes of
albino rats after exposure to thiram including decrease in
diameter of seminiferous tubules, seminiferous tubules are
thick layers of different shape of cells surrounding the
lumen, during infection Sertoli cells can not differentiate
in meiosis for the sperm production, results in
reproductive failure or there may be necrosis factor. The
inflammatory reactions, arrest of spermatogenesis, edema,
sloughed cells and congested blood vessels were observed
in testes of albino rat. The testicular changes in current
study might be related to low ATP production and
disruption of endocrine functions leading to substantial
reduction of sperm motility (Heikal et al., 2014; Zubair et
al., 2022). Moreover, the histopathological changes in
testes of albino rats could be due to lower values of LH
and acquisition of increasing Ca2+ motility through the
particular b-defensin which is absorbed from the main
cells (Kltver et al., 2006). The degenerative and necrotic
ailments and arrest of spermatogenesis in testes of male
albino rats in this study may also be due to rapid
production of free radicals/increased oxidative stress
(Sharma et al., 2014).

Conclusions: In this study, we were able to observe that
most commonly used fungicide thiram induced hematolo-
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gical, serological, biochemical and histopathological
changes in albino rats. The exposure to thiram even 50 and
75 mg/kg of body weight caused damage to liver, testes as
well as several changes in hematology and serum analysis.
Hence, it is proved that thiram is toxic to albino rats.

Acknowledgements: The authors would like to thank the
Deanship of Scientific Research at Umm Al-Qura
University for supporting this work by Grant Code:
22UQU4331072DSRO03.

Authors contribution: RH, SA, and MR involved in
research planning and execution. Data were obtained by
SA, RM and MR. ZI, MIU, NI and MWN were involved
in data analysis and manuscript preparation.

REFERENCES

Ahmad L, Gul ST, Saleemi MK, et al, 2021. The effect of different
repeated doses of cypermethrin on the behavioral and histological
alterations in the brain of rabbits (Oryctolagus cuniculi). Int | Vet
Sci 10:347-54.

Akram R, Ghaffar A, Hussain R, et al., 2022. Hematological, serum
biochemistry, histopathological and mutagenic impacts of triclosan
on fish (bighead carp). Agrobiol Rec 7:18-28.

Arena M, Auteri D, Barmaz S, et al., 2018. Peer review of the pesticide
risk assessment of the active substance spinosad. EFSA | 16:5252.

Aulbach AD and Weiss D], 2022. Chronic Inflammation and Secondary
Myelofibrosis in Domestic and Laboratory Animals. Schalm's
Veterinary Hematology 138-43.

Badr AM, 2020. Organophosphate toxicity: Updates of malathion
potential toxic effects in mammals and potential treatments.
Environ Sci Pollut Res 27:26036-26057.

Bawane S, Jatav GP, Verma S, et al, 2023. Study of Haemato-
Biochemical Changes in Male Albino Rats by Thiram Induced
Toxicity. Int ] Adv Multidisc Res Stud 3:455-7.

Beers RF and Sizer IW, 1952. A spectrophotometric method for
measuring the breakdown of hydrogen peroxide by catalase. ] Biol
chem 195:133-40.

Behling EB, Sendio MC, Francescato HD, et al, 2006. Comparative
study of multiple dosage of quercetin against cisplatin-induced
nephrotoxicity and oxidative stress in rat kidneys. Pharmacol Rep
526-32.

Belaid C and Sbartai I, 2021. Assessing the effects of Thiram to
oxidative stress responses in a freshwater bioindicator cladoceran
(Daphnia magna). Chemosphere 268:128808.

Zubair M, Shafique S, Shahbaz M, et al.,, 2022. Toxicological effects of
arsenic trioxide on blood, serum biochemical constituents and
hormonal profile of rabbits and their amelioration with olive oil.
Asian ] Agric Biol 2022:202012550.

Bhutta ZA, Kulyar MFA, Jahanzaib |, et al, 2022. Evaluation of
hematological, antioxidant enzymes and oxidative stress
parameters in buffaloes infected with babesiosis. Continental Vet |
2:29-34.

Chiaia-Hernandez AC, Keller A, Wachter D, et al, 2017. Long-term
persistence of pesticides and TPs in archived agricultural soil
samples and comparison with pesticide application. Environ Sci
Technol 51:10642-51.

Enwemiwe VN, Ayankoya TA, Esiwo E, et al., 2022. Baseline survey on
the insecticide resistance profile of Anopheles gambiae (diptera:
culicidae) to selected insecticides in Igbokoda, Southwestern-
Nigeria. Agrobiol Rec 9:62-8.

Guo K, Ge ], Zhang C, et al, 2020. Cadmium induced cardiac
inflammation in chicken (Gallus gallus) via modulating cytochrome
P450 systems and Nrf2 mediated antioxidant defense.
Chemosphere 249:125858.

Han J, Zhang Z, Yang S, et al, 2014. Betanin attenuates paraquat-
induced liver toxicity through a mitochondrial pathway. Food
Chem Toxicol 70:100-6.

Heikal TM, Mossa AT, lbrahim H, et al, 2014. Oxidative damage and
reproductive toxicity associated with cyromazine and chlorpyrifos
in male rats: the protective effects of green tea extract. Res |
Environ Toxicol 8:53.



Hussain R, Ali F, Javed MT, et al, 2021. Clinico-hematological, serum
biochemical, genotoxic and histopathological effects of trichlorfon
in adult cockerels. Toxin Rev 40:1206- 4.

Hussain R, Ali F, Rafique A, et al, 2019. Exposure to Sub-Acute
Concentrations of Glyphosate Induce Clinico-Hematological,
Serum Biochemical and Genotoxic Damage in Adult Cockerels.
Pak Vet ] 39:181-6.

Igbal M, Sharma SD, Rezazadeh H, et al., 1996. Glutathione metabolizing
enzymes and oxidative stress in ferric nitrilotriacetate mediated
hepatic injury. Redox Rep 2:385-91.

Jabeen G, Manzoor F, Arshad M, et dl., 202l. Effect of cadmium
exposure on hematological, nuclear and morphological alterations
in erythrocyte of fresh water fish (Labeo rohita). Continental Vet |
1:20-4.

Javed S, Shoaib A, Mahmood Z, et dl., 2021. Hepatoprotective Effect of
Methanolic Extract of Monotheca buxifolia against Isoniazid and
Rifampicin Induced Hepatotoxicity. Asian | Agric Biol 2021:
202102074.

Jiang M, Han L and He F, 2022. Clinical characteristics of patients with
cardiac arrest induced by pesticide poisoning: Analysis of 15
cases. Med Clin (English Edition) 159:543-8.

Kasmi S, Bkhairia |, Harrabi B, et al., 2018. Modulatory effects of
quercetin on liver histopathological, biochemical, hematological,
oxidative stress and DNA alterations in rats exposed to graded
doses of score 250. Toxicol Mech Methods 28:12-22.

Khan MS, Buzdar SA, Hussain R, et al, 2022. Hematobiochemical,
oxidative stress, and histopathological mediated toxicity induced
by nickel ferrite (NiFe204) nanoparticles in rabbits.
Oxid Med Cell Long 2022:5066167. doi: 10.1155/2022/5066 167

Kiran H, Kousar S, Ambreen F, et al., 2022. Effect of plant-based feed on
the antioxidant enzymes, biochemical and hematological
parameters of Oreochromis niloticus. Continental Vet | 2:67-75.

Kliver E, Adermann K and Schulz A, 2006. Synthesis and structure—
activity relationship of B-defensins, multi-functional peptides of the
immune system. Journal of peptide science: ] Pept Sci 12:243-57.

Kurpios-Piec D, Grosicka-Maciag E, Wozniak K, et al., 2015. Thiram
activates NF-kappaB and enhances ICAM-| expression in human
microvascular endothelial HMEC-1 cells. Pestic Biochem Physiol
118:82-9.

Kwon HC, Sohn H, Kim DH, et al., 2021. In vitro and in vivo study on
the toxic effects of propiconazole fungicide in the pathogenesis of
liver fibrosis. | Agric Food Chem 69:7399-408.

Lal P, Ganjur D, Siddiqui AWV, et al., 2022. Hematological, Biochemical,
and Histological Measures in Wistar Male Rats used to Assess
Asafetida's Toxicity Rev Electron Vet 23:53-7.

LaRocca J, Costa E, Sriram S, et al., 2020. Short-term toxicogenomics as
an alternative approach to chronic in vivo studies for derivation of
points of departure: A case study in the rat with a triazole
fungicide. Regulatory Toxicol Pharmacol |13:104655.

Liu K, Li Y, Igbal M, et al, 2022. Thiram exposure in environment: A
critical review on cytotoxicity. Chemosphere 295:133928.

Liu Y, Yi J, Li Y, et al, 2022. Residue of thiram in food, suppresses
immune system stress signals and disturbs sphingolipid metabolism
in chickens. Vet Immunol Immunopathol 247:110415.

Merdana IM, Watiniasih NL, Sudira IW, et al, 2021. The effect of
ethanolic extract of Myrmecodia pendans on gentamicin induced
nephrotoxicity in Wistar Rats. Int ] Vet Sci 10:96-101.

Mohammed KA, Soliman NA, El Dahmy SI, et al., 2021. Assessment of
the possible protective effect of sugarcane (Saccharum officinarum)

261

Pak Vet J, 2023, 43(2): 255-261.

peels extract for experimentally induced hepato-toxicity and renal
disorders of adult male Sprague Dawley rats. Int ] Vet Sci 10:177-
84.

Mujahid Q, Khan A, Saleemi MK, et al, 202l. Allethrin induced
Toxicopathological alterations in adult male albino rats. Agrobiol
Rec 5:8-14.

Namratha, ML, Lakshman M, Jeevanalatha M, et al., 2020. Hematological
alterations induced by glyphosate and ameliorative effect of
ascorbic acid in Wistar rats. Continental Vet ] 1:32-6.

Namratha ML, Lakshman M, Jeevanalatha M, et al., 2022. Glyphosate
induced renal toxicity and its amelioration with vitamin C in rats.
Continental Vet ] 2:81-9.

Pasha RH, Qureshi AS, Ali A, et al., 2022. Exposure to arsenic induces
histomorphological alterations in testes of rabbits. Asian | Agric
Biol 2022. doi: 10.35495/ajab.2021.04.178.

Prathima P, Venkaiah K, Pavani R, et al., 2023. Transcriptomic profiling
identified altered expression of genes associated with testicular
functions in adult Fl rats exposed to carbimazole during fetal
period. | Proteomics 274:10481 1.

Salam S, Arif A, Sharma M, et dl., 2023. Protective effect of rutin against
thiram-induced cytotoxicity and oxidative damage in human
erythrocytes. Pestic Biochem Physiol 189:105294. doi.org/10.1016/
j-pestbp.2022.105294.

Salam S, Igbal Z, Khan AA, et al., 2021. Oral administration of thiram
inhibits brush border membrane enzymes, oxidizes proteins and
thiols, impairs redox system and causes histological changes in rat
intestine: A dose dependent study. Pestic Biochem Physiol 178:104915.

Sankowska M, Gajek A, Celinski M, et al, 2017. Determination of
gaseous products of thermal degradation of thiram. ] Therm Anal
Calorim 128:1639-47.

Sharma P, Hugq AU and Singh R, 2014. Cypermethrin-induced
reproductive toxicity in the rat is prevented by resveratrol.
J Hum Reprod Sci 7:99-106. doi: 10.4103/0974-1208.138867.

Thind TS and Hollomon DW, 2018. Thiocarbamate fungicides: reliable
tools in resistance management and future outlook. Pest Manag
Sci 74:1547-51.

Woaheed R, El Asely AM, Bakery H, et al, 2020. Thermal stress
accelerates mercury chloride toxicity in Oreochromis niloticus via
up-regulation of mercury bioaccumulation and HSP70 mRNA
expression. Sci Total Environ 718:137326.

Wang M, Wang L, Shabbir S, et al., 2023. Effects of thiram exposure on
liver metabolism of chickens. Front Vet Sci 10:1139815. doi:
10.3389/fvets.2023.1139815.

Wagqas M, Qamar H, Zhang J, et dl., 2020. Puerarin enhance vascular
proliferation and halt apoptosis in thiram-induced avian tibial
dyschondroplasia by regulating HIF-lo, TIMP-3 and BCL-2
expressions. Ecotoxicol Environ Saf 190:110126.

Xu R, Wu J, Liu Y, et al,, 201 1. Analysis of pesticide residues using the
Quick Easy Cheap Effective Rugged and Safe (QuECHERS)
pesticide multiresidue method in traditional Chinese medicine by
gas chromatography with electron capture detection.
Chemosphere 84:908-12.

Xu X, Mathieu C, Berthelet |, et al, 2017. Human arylamine N-
acetyltransferase | is inhibited by the dithiocarbamate pesticide
thiram. Mol Pharmacol 92:358-65.

Zhang H, Mehmood K, Jiang X, et al, 2018. Effect of tetramethyl
thiuram disulfide (thiram) in relation to tibial dyschondroplasia in
chickens. Environ Sci Pollut Res 25:28264-74.



