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Abstract

Dichlorvos (DDVP) and Cypermethrin (CP) are major pesticides used in agriculture to control agricultural pests and household
insects and pests. Exposure to DDVP and CP is associated with the risk of developing diabetes. However, there are few studies
that have reported the dose effects of DDVP and CP exposure on blood glucose levels and liver enzymes. This study investigated
the effects of acute exposure to low and high doses of DDVP and CP on fasting blood glucose, insulin and liver enzymes in male
Wistar rats. Thirty-five (35) male Wistar rats weighing between 170 g-200 g were used in the study. They were randomly divided
into seven groups of 5 animals per group (N=5). Groups 1, 2 and 3 animals received distilled water, 4 mg/kg and 8 mg/kg DDVP
orally and respectively for 7 days. Animals in groups 4, 5, 6 and 7 received CP12 mg/kg, CP 24 mg/kg, combined DDVP (4
mg/kg) and CP (12 mg/kg), combined DDVP (8 mg/kg) and CP (24 mg/kg) orally and respectively for 7 days. After 7-day
treatment and overnight fasting, body weights, fasting blood glucose, insulin level and levels of liver enzymes of the rats were
measured. Homeostasis model assessment of insulin resistance (HOMA-IR) was determined. Blood glucose was measured using
modified glucose oxidase method. Serum levels of insulin and liver enzymes Aspartate Aminotransferase (AST), Alanine
Aminotransferase (ALT), Alkaline Phosphatase, (ALP) were determined using ELISA. The results of the study showed that
acute exposure to low and high doses of Dichlorvos, Cypermethrin, combined DDVP and CP caused significant increase in
fasting blood glucose, and insulin levels compared with the control in the rats. However, dichlorvos at low and high doses
produced more significant increases in blood glucose and insulin levels compared with low and high doses of CP, and combined
DDVP and CP. Also, acute exposure to Dichlorvos and Cypermethrin caused significant decrease in body weights of the animals
and increased concentration of liver enzymes. In conclusion, the study showed that acute exposure to low and high doses of
DDVP and CP caused insulin resistance and fasting hyperglycemia. Acute exposure to low and high low doses of DDVP and CP
also caused liver damage, increase in concentrations of liver enzymes and reduction in body weight of rats.

Keywords

Dichlorvos, Cypermethrin, Insulin, Fasting Blood Glucose, Liver Enzymes, Body Weight

“Corresponding author: gisehunwa@gmail.com (Ischunwa Grace Olufunmilayo)
Received: 4 July 2025; Accepted: 19 July 2025; Published: 5 August 2025

@ Copyright: © The Author(s), 2025. Published by Science Publishing Group. This is an Open Access article, distributed
@ under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



http://www.sciencepg.com/journal/jher
http://www.sciencepg.com/journal/344/archive/3441103
http://www.sciencepg.com/
https://orcid.org/0000-0003-0150-1790
https://orcid.org/0000-0002-7115-1960
https://orcid.org/0000-0003-2910-5976

Journal of Health and Environmental Research

http://www.sciencepg.com/journal/jher

1. Introduction

One of the global problems occurring in developing coun-
tries especially in Nigeria is indiscriminate use of insecticides
[14]. DDVP and CP are pesticides used in agriculture to elim-
inate crop diseases and insect infestations. Studies have shown
that more than 3 million people suffer from pesticide poisoning
every year [35]. It has been reported that over 5.6 billion
pounds of pesticides are used annually to improve agricultural
output [9]. Pesticide pollution is a form of environmental con-
tamination that has posed risk to both human and animal health.
Acute pesticide poisoning has been reported to cause harm
within a short time that can be life threatening [35]. Studies in
animals have shown that organophosphate insecticides can alter
glucose homeostasis and in humans cause poisoning and hy-
perglycemia [21]. Exposure to pesticides has been reported to
cause metabolic diseases associated with insulin resistance,
diabetes, obesity and metabolic syndrome [7]. However, the
study of Seesen et al [29]. showed no significant association
between organophosphate pesticide exposure and insulin re-
sistance in pesticide sprayers and general population but ob-
served correlation between the use of personal protective
equipment and work practices and the level of organophosphate
exposure in pesticides sprayers. "Pesticides such as Dichlorvos
(DDVP) and Cypermethrin (CP) are important insecticides,
commonly used by farmers in Nigeria, and over the world. Due
to its indiscriminate agrarian use, humans are exposed to these
pesticides in dairy and meat products, beverages, cereals and
water [20]. Also, unregulated domestic use, especially for fu-
migation, is another source of exposure to humans of different
ages. In 2021, it was reported that cereals from Nigeria were
banned from exportation to Europe, due to high concentration
of Cypermethrin in the farm produce, which may be harmful to
human health [25]. Animal studies have shown that Cyperme-
thrin and Dichlorvos have adverse effects on glucose metabo-
lism. Organophosphates have been reported to cause neuro-
toxicity, endocrine toxicity, immunotoxicity, reproductive
toxicity, genotoxicity and cellular oxidative imbalance and
impaired glucose homeostasis. Early studies have shown that
ALT activities are upregulated in gluconeogenic conditions and
may be implicated in the development of diabetes [27]. In-

HOMA — IR =

creased serum enzyme concentrations are markers of liver
damage [22]. Exposure to DDVP has been linked to liver injury
in humans [35]. The rise in the burden of diabetes mellitus
characterized by imbalance in glucose homeostasis calls for
concern. Earlier studies have reported the association between
pesticides (DDVP and CP) and glucose homeostasis. However,
there is limited information on the exact mechanisms by which
DDVP and CP affect glucose metabolism. Since most people
use these pesticides to control pests in homes and preserve food,
this study was designed to investigate acute exposure to low
and high low doses of DDVP and CP on fasting blood glucose,
insulin levels and liver enzymes in male Wistar rats.

2. Materials and Methods

Thirty-five male Wistar rats weighing between (170-200 g)
obtained from animal house, Department of Physiology,
University of Ibadan, Ibadan were used in the study. They
were acclimatized for two weeks and had free access to
standard rodent chow and clean water. The animals were
randomly divided into 7 groups (N=5/group). Groups 1 (con-
trol), 11 and 111 received distilled water, DDVP (4 mg/kg),
and DDVP (8 mg/kg) orally and respectively for 7 days.
Animals in groups 1V, V, V1, and V11 received CP (12
mg/kg), CP (24 mg/kg), combined DDVP 4 mg/kg + CP (12
mg/kg) and combined DDVP 8 mg/kg + CP 24 mg/kg re-
spectively and orally for 7 days. After 7-day treatment and
overnight fasting, blood was collected from the tail of each
animal for glucose determination using modified glucose
oxidase method. Blood was collected through retro orbital
sinus into plain bottles for determination of insulin and liver
enzymes. Serum levels of insulin and liver enzymes ALT,
AST, and ALP were determined using ELISA. The rat’s body
weight was measured with a digital weighing scale.

Homeostasis assessment of insulin resistance (HOMA-IR)

The HOMA-IR was calculated using the formular:

Homeostatic model assessment for insulin resistance
(HOMA-IR) was calculated using the formular: [34]

Fasting insulin level ((nU/mL) x Fasting glucose level (mg/ dL)

Statistical analysis

All values given are mean £S.E.M. of the variables meas-
ured. Values between two groups were assessed using stu-
dents’ t-test while One-way analysis of variance (ANOVA)
was used to compare mean values in multiple groups. Dif-
ferences were considered statistically significant at p< 0.05.

3. Results

Body weight
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405

Acute exposure to low and high doses of dichlorvos and
cypermethrin caused significant reduction (p< 0.05) in body
weight of rats compared to control group (Figure 1).

Fasting blood glucose level

There was a significant increase (p < 0.05) in blood glucose
levels of rats exposed to low and high doses of DDVP and CP
compared to control rats (Figure 2). However, the low and
high doses of dichlorvos produced a more significant increase
in blood glucose level compared with low and high doses of
cypermethrin (Figure 2).
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Insulin levels

Serum insulin levels of rats exposed to low and high doses
of DDVP and CP significantly increased (p< 0.05) compared
with the control rats (Figure 3). Low and high doses of DDVP
produced a more significant increase in serum insulin than the
low and high doses of CP (Figure 3).

Body weight (g)

Liver enzymes

Acute exposure to low and high doses of DDVP and CP
caused significant increase (p < 0.05) in the concentrations of
liver enzymes AST, ALT, and ALP compared with control
group (Table 1).

EZ Control
* 3 DDVP (4 mg/kg)
E3 DDVP (8 mg/kg)
I CP (12 mg/kg)
CP (24 mg/kg)
1 DDVP + CP (4, 12 mg/kg)
DDVP + CP (8, 24 mg/kg)

Figure 1. Effects of low and high doses of Dichlorvos and Cypermethrin
S.E. (n = 5). *Significantly different from control (Control) at P < 0.05.
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on body weight in male Wistar rats. Values were expressed as mean +

* * E= Control
e 4mg'kg DDVP
I E3 8mg/kg DDVP
12mg/kg CP

3 24mgl/kg CP
4mag/kg DDVP+12mg/
EZ1 8mo/kg DDVP+24mg/l

Fasting Blood Glucose (mg/ dL)

Figure 2. Effects of low and high doses of Dichlorvos and Cypermethrin on fasting blood glucose in male Wistar rats. Values were expressed as
mean +S.E. (n = 5). * p < 0.05 compared with Control, #p < 0.05 compared with 12 mg/ kg CP, °p < 0.05 compared with 24 mg/ kg CP, °p <

0.05, compared with combined 8 mg/ kg DDVP + 24 mg/ kg CP.
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Figure 3. Effects of low and high doses of Dichlorvos and Cypermethrin on serum insulin level in male Wistar rats. Values were expressed as
mean =+S.E. (n = 5). *Significantly different compared with control at P < 0.05.
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Figure 4. Effects of low and high doses of Dichlorvos and Cypermethrin on Homeostatic Model Assessment for insulin Resistance in male
Wistar rats. Values were expressed as mean +S.E. (n = 5). *p < 0.05 compared with Control, *p < 0.05 compared with 12 mg/ kg, CP, °p <

0.05 compared with 24 mg/ kg CP.

Table 1. Effects of low and high doses of Dichlorvos and Cypermethrin on liver enzymes.

(Aspartate Aminotransferase (AST), Alanine Aminotransferase (ALT), Alkaline Phosphatase, (ALP) in male Wistar rats.

4 mg/kg 8 mg/kg

Groups Control DOVP A
74.43+

ALT (UL)  59.30+1207  6264+1307% o7
AST(UL)  7882%1278  8264%1180% ooor
1.262*

52.93+ 52.95+

ALP(UL)  5172%03975 "/ o-o, 2%

4 mg/kg 8 mg/kg
éZng/kg 24 mg/kg CP DDVP +12 DDVP+24

mg/kg CP mg/kg CP
62.64+ . . N
1.307* 74.43+£1.712 66.61+2.036 60.55+1.033
82.64+ . 8410+ .
1.180% 80.43+1.262% o L 82.70+1.946
54.58+ N
1.913* 53.73+1.386 52.67+0.4113  52.16%0.1596

Low and high doses of DDV, CP and combined DDVP and CP caused significant increase in the concentration of liver enzymes (ALT, AST and

ALP).

Values were expressed as mean =S.E. (n = 5). *Significantly different from control (Control) at P < 0.05

4. Discussion

The findings of the present study in which DDVP and CP
caused fasting hyperglycemia in rats are consistent with pre-
vious studies [1, 5, 12, 13, 16]. The increase in glucose levels
may be due to reduced glucose utilization and impaired tissue
function [13]. The observed increase in fasting blood glucose
might also be due to activation of adenyl cyclase [32] and
decreased activity of hepatic glucokinase [5, 28]. In rats,
studies have shown that exposure to organophosphate com-
pounds stimulated hepatic gluconeogenesis and glycogenol-
ysis to meet increased energy requirements for detoxification
and other involuntary muscular activities [30]. Exposure to
organophosphates also stimulated liver and muscle glycolysis
resulting in production of ATP for body energy [2, 12]. Or-
ganophosphates have been reported to cause endocrine tox-
icity and impair glucose homeostasis. Association between
organophosphate poisoning and severe hyperglycemia has
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been reported [30]. Studies in rats showed that exposure to
organophosphate compounds such as malathion caused hy-
perglycemia through hepatic gluconeogenesis and gly-
cogenolysis to meet increased energy demands [17]. Exposure
to DDVP has been reported to inhibit gene expression asso-
ciated with glucose metabolism and disrupt liver energy me-
tabolism in Zebrafish [10]. The study of Zhang et al [36]
reported high blood glucose levels and homeostasis model
assessment of insulin resistance index in rats treated with
alpha cypermethrin. The observed fasting hyperglycemia in
the present study may be due to reduced glucose utilization
because of impaired tissue function caused by exposure to
dichlorvos and cypermethrin. The present study also showed
that low and high doses of DDVP produced more significant
increase in fasting blood glucose and insulin levels than CP.
In the present study, the body weight of the animals ex-
posed to DDVP and CP decreased. Acute exposure to low and
high doses of DDVP and CP resulted in weight loss. The
weight loss may be due to the inability to use glucose for
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energy production caused by decreased insulin action thus
leading to higher consumption of fat and protein. Increased
protein catabolism has been reported to generate amino acids
for gluconeogenesis which can lead to muscle waste and
weight loss [31]. In the present study, there was a reduction in
body weight of animals exposed to DDVP and CP. The ob-
served decrease in body weight of rats exposed to DDVP and
CP might also be due to reduction in dietary intake and re-
duced energy intake. This is consistent with studies in mice
[11] and rats [13] in which administration of deltamethrin and
alpha-cymethrine respectively caused reduction in body
weight of animals. The reduced body weight of animals ex-
posed to DDVP and CP might also be a consequence of the
toxic effects of DDVP and CP on the central nervous system
which controls feeding and water intake and regulates endo-
crine function [11]. There was also report of weight loss in
rats treated with alpha cypermethrin [36].

The observed increase in insulin levels in the present study
suggests that DDVP and CP altered glucose homeostasis and
caused hyperglycemia through impaired insulin sensitivity.
This was supported by higher index observed Homeostasis
Model Assessment of Insulin Resistance (HOMA-IR) and
consistent with study in mice exposed to chlorpyrifos [19].
The pancreatic beta cells are stimulated to produce insulin in
response to glucose rise and are the master regulator of blood
glucose homeostasis [23]. In the present study, the observed
increase in fasting blood glucose and insulin levels suggest
that DDVP and CP did not affect the secretory function of
pancreatic islet beta cells [33]. The significant increase in
HOMA-IR in the present study suggests that exposure to
DDVP and CP affected and decreased glucose uptake in in-
sulin-sensitive tissues in the rats. It has been reported that CP
treatment in high caloric diet-fed mice induced insulin re-
sistance and decreased hepatic glucose uptake through im-
paired translocation of glucose transporter GLUT2 leading to
reduced glycogenesis and increased gluconeogenesis [33].
This agrees with previous studies in rats exposed to organo-
phosphate such as malathion [26]. The reduced insulin sensi-
tivity may account for higher blood glucose and insulin levels
observed in the present study. The observed hyperglycemia
may be through insulin resistance caused by detrimental ef-
fects of DDVP and CP on insulin sensitivity. Insulin re-
sistance leads to decrease in glucose utilization by insulin
target tissues leading to diabetes [18]. In contrast, Seesen et al
[29] did not observe any significant association between or-
ganophosphate exposure and insulin resistance in pesticide
sprayers and non-farm workers.

Serum enzyme levels are used to measure the overall health
status of an individual particularly in liver injury and stress.
Small amounts of intracellular enzymes are found in the blood
due to normal cell turnover [15]. The increased blood con-
centrations of AST, ALT, and ALP observed in the present
study after 1 week exposure to DDVP and CP suggests that
both low and high doses of DDVP and CP are harmful and
toxic to the liver. Liver enzymes concentrations increase after
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they are released in response to hepatocyte injury [24]. Sim-
ilar observations have been reported in previous studies [6, 8,
24]. Elevation of liver enzymes in rats exposed to DDVP, CP,
Chlorpyrifos and Deltamethrin has been reported [4]. There
have been also reports of an increase in the levels of AST and
ALT in rats exposed to DDVP [3] and rats exposed to al-
pha-cymethrine [16]. Higher ALT activity is associated with
insulin resistance, obesity, diabetes and metabolic syndrome
[27]. In the present study, the increased concentrations of liver
enzymes AST, ALT and ALP observed may be due to damage
of liver caused by toxic effects of DDVP and CP.

In conclusion, the study showed that acute exposure to low
and high doses of CP and DDVP caused fasting hyperglyce-
mia and insulin resistance, which may contribute to the de-
velopment of diabetes. The present study also showed that
low and high doses of dichlorvos produced a more significant
increase in blood glucose and insulin levels than low and high
doses of cypermethrin. Acute exposure to low and high doses
of DDVP and CP also caused a reduction in the body weight
of the animals and an increase in the concentration of liver
enzymes. This study suggests that acute exposure to DDVP
and CP at low and high doses predisposes to diabetes through
insulin resistance and causes liver damage. Therefore, expo-
sure to DDVP and CP should be minimized.

Abbreviations

DDVP Dichlorvos

CP Cypermethrin

AST Aspartate Aminotransferase

ALT Alanine Aminotransferase

ALP Alkaline Phosphatase

HOMA-IR  Homeostasis Model Assessment of Insulin

Resistance

Author Contributions

Grace Olufunmilayo Isehunwa: Data curation, Formal
Analysis, Investigation, Software, Visualization

Ruth Oluwakemi Oyelade: Conceptualization, Project
administration, Software, Supervision, Validation, Visualiza-
tion, Writing — original draft X, Writing — review & editing

Shehu-Tijani Shittu: Conceptualization, Data curation,
Funding acquisition, Methodology, Project administration,
Resources, Software, Supervision, Validation, Visualization,
Writing — original draft, Writing — review & editing

Akinola Abdul Rasaqgi Alada: Conceptualization, Data
curation, Formal Analysis, Funding acquisition, Investigation,
Methodology, Resources, Software, Supervision, Visualiza-
tion, Writing — original draft, Writing — review & editing

Conflicts of Interest

The authors declare no conflicts of interest.


http://www.sciencepg.com/journal/jher

Journal of Health and Environmental Research

http://www.sciencepg.com/journal/jher

References

(1]

[2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

Abdelkrim B., Mohamed T., Abdelkader A., Hafsa D., Wassila
L., and Imen Z., (2018). Cypermethrin and Medicinal Plant
Antag-onist Effects on Glycaemia in Health++++y Animal
Model. Acta Scientific Nutritional Health Volume 2 Issue 11
November.

Abdollahi M., Donyavi M., Pournourmohammadi S., Saadat
M., (2004) Hyperglycemia associated with increased hepatic
glycogen phosphorylase and phosphoenolpyruvatecarboxiki-
nase in rats following sub chronic exposure to malathion. CBT
Technology & Pharmacology 137(4): 343-347.
http://doi.org/10.1016/j.cc0.2004.03.009

Adedeji A, L., Ogunniyi A, Wusu D, Afolabi O, K., (2016).
Dichlorvos Exposure Aggravates Complications Associated
with Dia-betes in Wistar Rats. International Journal of Re-
search Studies in Biosciences (IJRSB) Volume 4, Issue 7, July
2016, PP 22-31.
http://dx.doi.org/10.20431/2349-0365.0407004

Adeoti, O, T., Belonwu S, C., Wegwu, M, O., Osuoha, J, O.,
(2017). Implication of Acute, Sub-chronic and Chronic Ex-
posure to Different Pesticides via Inhalation on Male Wistar
Rats. Bioengineering and Bioscience 5(4): 74-85.
http://doi.org/10.13189/bb.2017.050403

Agina, O. A., Omoja, V. U., Ekere, S. O., Odo, S., Agina, B.C.,
(2016) A study on dichlorvos induced hematology, clinical
bio-chemistry and reproductive abnormalities in male albino
rats. Journal of Molecular Pathophysiology.

Ajiboso S. O. O., Gbate M., Ajari O. I., and Adeyemo S. O,
(2012). Subchronic inhalation toxicity studies of 2,
2-dichloroviny! di-methyl phosphate (DDVP) in albino rats.
Advanced Biological Ressearch. 6(4): 133-14.
http://doi.org/https://doi.org/10.2478/intox-201g-0022

Arab, A, Mostafalou, S et al (2023). Pesticides and insulin
resistance-related metabolic diseases: Evidences and mecha-
nisms. Pes-ticide Biochemistry and Physiology Vol 195:
105521.

Al-Attar A. M., (2010). Physiological and histopathological
investigations on the effects of a-lipoic acid in rats exposed to
Malathion. Journal of Biomedical and Biotechnology. 203503:
1-8. http://doi.org/10.1155/2010/203503

Brown, J. B., et al., 2021. An integrated host-microbiome
response to atrazine exposure mediates toxicity in Drosophila.
Commun. Biol. 4, 1324.
https://doi.org/10.1038/s42003-021-02847-y

Bui-Nguyen, T. M., etal., 2015. Dichlorvos exposure results in
large scale disruption of energy metabolism in the liver of the
zebrafish, Danio rerio. BMC Genom. 16, 853.
https://doi.org/10.1186/512864-015-1941-2

Desai, K. R, Moid, N, Patel, P. B, Highland, H. N. (2016).
Evaluation of deltamethrin induced reproductive toxicity in
Swiss albino mice. Asian Pacific J. Reprod. 5: 24-30.
https://doi.org/10.1016/j.0pjr.2015.12.004

Gill K. D. and Sarin S. (1999) Dichlorvos induced alterations

65

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

in glucose homeostasis: possible implications on the state of
neuronal function in rats. Molecular and Cellular Biochemistry
199(1-2): 87-92

Ghorzi H., Merzouk H., Hocine L., Merzouk S, A., (2017).
Long term biochemical changes in offspring of rats fed diet
containing alphacypermethrin, Pesticide Biochemistry and
Physiology. http://doi.org/10.1016/j.pestbp.2017.05.01

Grewal, K.-K.; Sandhu, G.-S.; Kaur, R.; Brar, R.-S.; Sandhu,
H.- S., (2010). Toxic Impacts of Cypermethrin on Behavior
and His-tology of Certain Tissues of Albino Rats. Toxicology
International. 17, 94-98.
http://doi.org/10.4103/0971-6580.72679

Khan, F., Asdag, S. M. B., & Kumar, P. (2009) Protective
effects of few indian medicinal herbs against hepatic damage in
animals: a comparative study. Pharmacologyonline 2: 6-23.

Koureas, M., Tsakalof, A., Tsatsakis, A., & Hadjichristodou-
lou, C. (2012). Systematic review of biomonitoring studies to
determine the association between exposure to organophos-
phorus and pyrethroid insecticides and human health outcomes.
Toxicology letters, 210(2), 155-168.
https://doi.org/10.1016/j.toxlet.2011.10.007

Lasram MM, Annabi AB, Rezg R, Elj N, Slimen S, et al.
(2008). Effect of short-time Malathion administration on glu-
cose homeo-stasis in Wistar rat. Pesticide Biochemistry and
Physiology 92(3): 114-119.
https://doi.org/10.1016/j.pestbp.2008.06.006

Lasram, M. M, Dhouib, I. B, Annabi, A, El Fazaa, S, Gharbi, N.
(2014) A review on the molecular mechanisms involved in
insulin resistance induced by organophosphorus pesticides.
http://doi.org/10.1016/j.tox.2014.04.009

Liang Y., Zhan J.,, Liu D., Luo M., Han J., Liu X,, Liu C,,
Cheng Z., Zhou Z., and Wang P., (2019). Organophosphorus
pesticide chlorpyrifos intake promotes obesity and insulin re-
sistance through impacting gut and gut microbiota. Microbi-
ome. 7: 19. http://doi.org/10.1186/s40168-019-0635-4

Mohamed, J., Murimi, S., Kihampa, C., (2014). Degradation of
water resources by agricultural pesticides and nutrients,
Weruweru, Tanzania. Iran. Journal of Energy and Environment.
5, 192-201.

https://doi.org/10.5829/idosi.ijee.2014.05.02.11

Montgomery, M. P, Kamel, F, Saldana, T. M, Alvanja, M. C.
R., and Sandler, D. P (2008). Incident diabetes and pesticide
exposure among licensed pesticide applicators. Agricultural
health study, 1993-2003. Americal Journal of Epidemiol: 167:
1235-1246. http://doi.org/10.1093/aje/kwn028

Nannipieri N., Gonzales C., Baldi S., Posadas R., (2005). Liver
Enzymes, the metabolic Syndrome and Incident Diabetes,
Diabetes care 28. 1757-1762.
https://doi.org/10.2337/diacare.28.7.1757

Norton, L., Shannon, C., Gastaldelli, A., DeFronzo, R. A,
(2022). Insulin: the master regulator of glucose metabolism.
Metabolism 129, 155142.
https://doi.org/10.1016/j.metabol.2022.155142


http://www.sciencepg.com/journal/jher

Journal of Health and Environmental Research

http://www.sciencepg.com/journal/jher

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Nwankwo R. C., Ibegbu M. D., Onyekwelu K. C., Ejezie C. S.,
Ikekpeazu J. E., Ejezie F. E., (2019). Biochemical and histo-
pathological effects of sub-acute exposure of albino rats to
fumigants - dichlorvos and cypermethrin. Interdisciplinary
Toxicology. Vol. 12(4): 180-185.
http://doi.org/10.2478/intox-2019-0022

Okojie J. (2021). Why EU extended ban on Nigeria’s beans
entering zone till 2022. Business Day Newspaper.
https://businessday.ng/agriculture/article/why-eu-extended-ba
n-on-nigerias-beans-entering-zone-till-2022/

Pournourmohammadi S., Farzami B., Ostad S. N., Azizi E.,
Abdollahi M., (2005). Effects of malathion subchronic expo-
sure on rat skeletal muscle glucose metabolism, Environmental
Toxicology and Pharmacology. 19, 191-196.
https://doi.org/10.1016/j.etap.2004.07.002

Qian K, Shao Zhong, Keming Xie, Daozhan Yu, Rongze Yang,
and Da-Wei Gong. (2015). Hepatic ALT isoenzymes are ele-
vated in gluconeogenic conditions including diabetes and
suppressed by insulin at the protein level. Diabetes Metab Res
Rev. 2015 Sep-tember; 31(6): 562-571.
http://doi.org/10.1002/dmrr.2655

Romero-Navarro G., Lopez-Aceves T., Rojas-Ochoa A., Fer-
nandez Mejia C., (2006). Effect of dichlorvos on hepatic and
pancreatic glucokinase activity and gene expression, and on
insulin mRNA levels, Life Science. 78. 1015-1020.
https://doi.org/10.1016/j.1fs.2005.06.010

Seesen M, Roberto G. Lucchini, Somkiat Siriruttanapruk,
Ratana Sapbamrer 1, Surat Hongsibsong 5, Susan Woskie 6
and Pornpimol Kongtip (2020). Association between Organ-
ophosphate Pesticide Exposure and Insulin Resistance in Pes-
ticide Sprayers and Non-farmworkers. International Journal of
Environmental Research and Public Health. 2020, 17, 8140.
https://doi.org/10.3390/:jerph17218140

Sein M. T., Phyu M. P., (2019). Organophosphate Pesticides
Exposure and Glucose Homeostasis. Biomedical Journal of

66

[31]

[32]

[33]

[34]

[35]

(36]

Scientific & Technical research 14(2). BJISTR. MS. 1D.002525.
https://doi.org/10.26717.BJSTR.2019.14.002525

Srinivasan, S., Sathish, G., Jayanthi, M., Muthukumaran, J.,
Muruganathan, U., & Ramachandran, V. (2014). Ameliorat-
ingeffect of eugenol on hyperglycemia by attenuating the key
enzymesof glucose metabolism in streptozoto-
cin-induceddiabeticrats. Molecular and Cellular Biochemistry,
385(1-2), 159-168.
https://doi.org/10.1007/s11010-013-1824-2

Teichert-Kuliszewska K and Szymczyk T., (1978). Change in
Rat Carbohydrate Metabolism after acute and chronic treat-
ment with Dichlorvos. Toxicology and Applied Pharmacology
47, 323-330.

Wei Y., Liu W., Liu J., (2023). Environmentally relevant
exposure to cypermethrin aggravates diet-induced diabetic
symptoms in mice: The interaction between environmental
chemicals and diet. Environmental International. Volume 178,
https:doi.org/10.1016/j.envint.2023.108090

Yoon, H., Jeon, D. J., Park, C. E., You, H. S., & Moon, A. E.
(2016). Relationship between homeostasis model as-sessment
of insulin resistance and beta cell function and serum
25-hydroxyvitamin D in non-diabetic Korean adults. Journal of
Clinical Biochemistry and Nutrition, 59(2), 139-144.
https://doi.org/10.3164/jcbn.15-143

Zhang P, Zixian Zhou, Jiagi Yao, Yuhong Jiang, Hang Lei,
Zhijun Xie, Toxicity mechanisms. Ecotoxicology and Envi-
ronmental Safety 290(2025) 117747.

Zhang, Q., Gu, S., Wang, Y., Hu, S., Yue, S., & Wang, C.
(2023). Stereoselective metabolic disruption of cypermethrin
by remolding gut homeostasis in rat. Journal of Environmental
Sciences, 126, 761-771.
https://doi.org/10.1016/j.jes.2022.03.035


http://www.sciencepg.com/journal/jher

