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Introduction: Alpha-cypermethrin is a pyrethroid insecticide. Chronic exposure to alpha-
cypermethrin is mainly due to the usage in household pest control or through drinking water and 
contaminated fruits and vegetables. The kidneys are considered as an essential organ in human and 
animal bodies. One of the causes of nephrotoxicity is exposure to environmental pollutants.
Objectives: The present study was designed to investigate the deleterious effects of alpha-cypermethrin 
when administered in two doses in the kidney tissues of mice. 
Patients and Methods: The kidneys of treated and control mice were removed and fixed in 10% 
neutral buffered formalin. Subsequently, the specimens were passed by a series of concentrations of 
ethyl alcohol and embedded in paraffin and finally stained with hematoxylin and eosin. 
Results: Treated mice groups are being investigated with several histopathological changes in their 
kidney tissues even at low-concentration of dose. These changes varied in males and female laboratory 
mice. These effects included bleeding, congestion, edema, aggregation of fat cells in various sizes 
and inflammation and death renal cells. Additionally, vacuolization of cytoplasm, necrosis, loss of 
glomeruli, shrinkage of tubular cell nuclei, necrosis of some tubular cells, enlargement or death of 
these cells, congestion and dilation Bowman’s space, hemorrhage and hyperplasia of cells were also 
existed. 
Conclusion: This research confirmed that alpha-cypermethrin causes severe deterioration in kidney 
tissues of Swiss albino mice. 

ABSTRACT

Implication for health policy/practice/research/medical education:
The experimental study on the deleterious effects of alpha-cypermethrin on the kidney tissues of mice showed bleeding, congestion, edema, 
aggregation of fat cells in various sizes and inflammation and death renal cells. Additionally, we detected the vacuolization of cytoplasm, 
necrosis, loss of glomeruli, shrinkage of tubular cell nuclei, necrosis of some tubular cells, enlargement or death of these cells, congestion and 
dilation Bowman’s space and hemorrhage and also hyperplasia of cells. Our study showed that α-CYP pesticide is an environmental hazard 
and the extent of its repercussions on human health should be investigated more. We found that, the mice treated with this pesticide showed 
several pathological changes in kidney tissues even at low- doses. These changes varied in both genders..
Please cite this paper as: Hussein Zain M, Ali Aitte S. Histopathological changes in the kidney tissues of white Swiss mice (Mus musculus L.) 
exposed to alpha-cypermethrin. J Nephropathol. 2022;x(x):e17303. DOI: 10.34172/jnp.2022.17303.

Introduction
Pyrethroids are organic compounds used as household 
and commercial insecticides. Pyrethroids class II is 
distinguished from pyrethroids I by the presence of the 
cyano group, which is limited to the alpha position. 
Additionally, this α-cyano group increases the toxicity of 
pyrethroids II compared with pyrethroids I, and the most 
common compounds of pyrethroids II are cypermethrin 
(CYP) and alpha-cypermethrin (α-CYP) (1). The main 
mechanism of action of pyrethroids is the disruption of 

the peripheral nervous system, where exposure to second 
type (α-cyano) produces neurotoxicity in insects and 
mammals. After the effect of α-CYP on sodium channels 
in the nervous membrane, a long-term transient increase 
in membrane permeability to sodium accrue, leading to 
a change in nerve function, resulting in convulsions or 
paralysis (2). 

Alpha-cypermethrin is widely used in crops as it is very 
effective in exterminating sucking insects and rodents, It 
has also a application in the field of veterinary treatments 
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and public health. However, it is considered a hazardous 
water pollutant and toxic to all mammals, and it is one 
of the synonyms for CYP (3). Alpha-cypermethrin 
consists of two active and toxicologically effective cis-
isomers among the eight isomers of cis and trans in CYP 
(4). Studies have shown a qualitative similarity in the 
metabolism and toxicity of α-CYP and CYP, with α-CYP 
making up the bulk of CYP up to about 20%-40% (5). 
Both cis and trans-isomers of CYP, including α-CYP, are 
metabolized by ester bond cleavage and a hydroxyl ether 
bridge. Extensive studies in humans, mice, and rats show 
that CYP is rapidly absorbed and metabolized in the body 
and then distributed to various tissues and organs.

Similarly, this mechanism applies to α-CYP; since 
the metabolic pathway and rate are similar in both 
compounds. Additionally, α-CYP is more active than 
CYP. Therefore, the assessment of CYP toxicity is taken 
from the toxicological effects of α-CYP. The major 
metabolites of α-CYP are phenoxybenzoic acid (PBA) 
and cyclopropane carboxylic acid (CPA), often PBA in 
conjugation form. These conjugates differ in animals but 
have the same metabolic pathway in humans and rats (6). 
Again, PBA is metabolized to hydroxyl derivatives OH-
PBA and conjugated as sulfate or glucuronate, while CPA 
is derived from the metabolism of the parent compounds 
excreted mainly in the form of glucuronate, since the 
major metabolites of α-CYP identified are 4-OH-PBA(7). 

Several researchers have examined the harmful effects 
of insecticides on several types of experimental animals 
(8). A study was found that exposure of laboratory 
rats to oral doses of α-CYP leads to the induction of 
neurotoxicity resulting from histopathological effects 
in the sciatic and tibial nerves, with an increase in the 
activity of beta-galactosidase enzyme and occurrence of 
axonal degeneration as well as abnormal neuromuscular 
functions(6). Alpha-cypermethrin cause cardiotoxicity in 
male Wister rats because it damages muscle fibre tissue in 
the heart (9).

The kidneys are an essential organ in the human and 
animal body because they perform several main functions, 
including detoxification, elimination of toxic metabolites, 
regulation of extracellular body fluids and homeostasis. 
Renal system consist of numerous nephrons, which are 
the main functional unit in them(10). Studies have shown 
that the damage to kidney tissues of laboratory mice after 
exposure to insecticides may differ according to the dose 
exposure and the period of administration as well as the 
gender and age of the animal, however in general, contact 
with these compounds causes severe damage to the kidney 
tissues(11).

Objectives 
The need for this study is due to the high use of pyrethroids 

in general and α-CYP in particular in agricultural fields in 
Iraq, where the current study was designed to investigate 
the pathological effects caused by the pesticide α-CYP 
when administered at two doses in the kidney tissues 
of Swiss albino mice. In this investigation we aimed to 
study the pathological changes to assess which part of the 
nephrons will be involved more.

Materials and Methods 
The experimental design 
Swiss laboratory mice (Mus musculus L.) were used in 
this study (n = 18) for both males and females and they 
were 10-12 weeks old and weighed 22-25 g. They were 
divided into a control group and two treatment groups 
(per group = 6). Our group supervised living conditions 
in the animal house, college of health and medical 
techniques ,in the southern technical university in Basra 
(Iraq). The temperature ranged between 20-25°C and a 
12/12 hour light cycle was light and dark as provided with 
water and food ad libitum. The α-CYP C22H19Cl2NO3 

was administered to the mice by intraperitoneally 
injection (i.p). Both treatment groups for each sex were 
administered with the pesticide solution at a rate of 4.75 
mg/kg and 2.5 mg/kg at 2-3 times a week for nearly five 
weeks. The control groups were administered with 2.5 ml 
distilled water.

Histological preparation 
The treated and control mice were anesthetized for both 
sexes, and kidneys were removed for all replicates to 
investigate the histopathological changes, fixed in 10% 
of neutral buffered formalin. Subsequently, the kidneys 
were washed, passed with a series of concentrations of 
ethyl alcohol, then embedded in paraffin and stained with 
hematoxylin and eosin (H&E).

Results 
The histological examination of the kidney (glomerulus) 
of the control mice showed that its structure is intact. 
The glomerulus surrounded with Bowman’s capsule and 
consists of a network of blood vessels intertwined with 
modified epithelial cells. The inside of the capsule is lined 
with capillaries that form the glomerulus, while the outer 
layer forms the outer surface of the capsule, and the space 
of Bowman’s capsule separates the two layers. However, the 
kidney includes tubules lined by simple epithelial tissue 
that varies depending on the tubule type (Figure 1A).

Effects appeared in pathological changes that included 
all the renal glomeruli. Effects in the low-dose female group 
are the shrinkage of some tubular cells nuclei and necrosis 
of others with vacuolization in cytoplasm of cells in the 
glomerular shape (Figure 1B), the emergence of clumping 
of mesenchymal cells in various regions with increased 
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tubular cells enlargement(Figure 1C). The effects varied 
in the form of bleeding at one time, congestion and edema 
at other times (Figure 1D) and inflammation and death 
of renal cells (Figure 1E) and aggregation of fat cells of 
different sizes (Figure 1F). 

 In low-dose males, the effects varied in the form of loss 
of the glomerulus (Figure 2A, 2B and 2E), congestion 
and dilation of Bowman’s space (Figure 2A and 2E), 
glomerular necrosis, or loss of glomerulus (Figure 2B and 
2D), hemorrhage (Figure 2C), congestion (Figure 2D 
and 2F), renal cell death (Figure 2E) and cells hyperplasia 
(Figure 2F). 

In females and males at high doses, the effects in females 
were represented by swelling of tubular cells, loss of the 
glomerulus, death of tubular cells again, and loss of the 

renal glomeruli (Figure 3A and 3B), while in males, they 
were represented by hemorrhage and death of the renal 
epithelium, loss of the glomerulus and congestion of the 
tubules (Figure 3C and 3D).

Discussion 
Nephrotoxicity is the imbalance and rapid deterioration 
in renal function and often occurs due to its exposure to 
environmental pollutants and therapeutic drugs (12). This 
defect includes direct injury to kidney tissues and cells, 

Figure 1. (A) Histological section of the kidney of control group 
represents the cells hyperplasia and congestion of the renal 
glomerulus (arrows), H & E stain, magnification power 400 ×. (B)
Histological section of the kidney of the low-dose group of female 
laboratory mice demonstrating nuclei contraction with necrosis of 
tubular cells (black arrows) with vacuolization in cytoplasm of cells 
in the glomerular shape (white arrows) H & E stain,magnification 
power 400×. (C) Histological section of the kidney of the low-
dose group of female laboratory mice showing the aggregation of 
the mesenchymal cells (white arrow), endothelial cells increase (red 
arrow) and tubular cells hypertrophy (black arrows)(H & E stain), 
magnification power 400×. (D) Histological section of the kidney 
of the low-dose group of females laboratory mice showing calcium 
deposition in part of the glomerulus (black arrow), hemorrhage 
(white stars), hyperemia (black star) and edema (white arrow), (H 
& E stain), magnification power 400×. (E) Histological section 
of the kidney of the low dose group of females laboratory mice 
demonstrates inflammation and death of tubular cells, H&E stain, 
magnification power 400×. (F) Histological section of the kidney 
of the low-dose group of females laboratory mice demonstrates the 
fat cell pool, (H & E stain), magnification power 400×.

Figure 2. (A) Histological section of kidney of the low-dose group 
of males laboratory mice illustrates the loss of glomerulus (stars), 
congestion (black arrow), Bowman space expansion (red arrows), 
H &E stain, magnification power 400×. (B) Histological section 
of kidney of the low-dose group of males laboratory mice illustrates 
glomerular necrosis (black star), loss of glomerulus (red star), 
hemorrhage (black arrow), with vacuolization in the cytoplasm 
of cells (red arrow), (H & E stain), magnification power 400×. 
(C) Histological section of kidney of the low-dose group of males 
laboratory mice demonstrates an acute haemorrhage (arrows), H 
&E stain, magnification power 400×. (D) Histological section 
of kidney of the low-dose group of males laboratory mice show 
congestion (white star) and loss of glomerulus (black star) H&E 
stain, magnification power 400×. (E) Histological section of kidney 
of the low-dose group of males laboratory mice demonstrates 
Bowman space expansion (black arrows), loss of glomerulus (black 
star) and cells death (orange arrow), (H & E stain), magnification 
power 400×. (F) Histological section of kidney of the low-dose 
group of males laboratory mice demonstrates cells hyperplasia and 
glomerular congestion (arrows), H&E stain, magnification power 
400 ×.
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pathological changes and changes in blood circulation, in 
addition to obstruction in the renal excretion (13). The 
kidneys are more susceptible to damage from exposure 
to toxic chemicals because their metabolites are excreted 
through them, including exposure to lethal or sub-
lethal doses of CYP that may cause various histological 
changes (14). A previous study on six human volunteers 
who received α-CYP in oral administration, showed that 
the rate of metabolism and excretion is same for both 
α-CYP and CYP. Their study showed α-CYP is excreted 
in the urine up to 43% in the form of free or conjugated 
carboxylic acid within the first 24 hours (15). Furthermore, 
the kidneys of experimental animals are among the most 
important target organs attacked by pesticides (16). . 
The results of the current study showed several clear 
histopathological changes in the kidney of males and 
females experimental animals treated with two doses of 
the pesticide α-CYP. These changes are represented by the 
occurrence of infections, including bleeding, congestion 
and edema in different areas of the kidney. These results 
are consistent with a study of Kemabonta and Akinhanmi 

on toxic effects of α-CYP vapour on the kidney of mice, 
as pesticide causes interstitial nephritis and chronic 
inflammation (17). Correspondingly, histopathological 
changes were observed in various organs of rats, including 
kidneys, following percutaneous mode of administration 
was performed with α-CYP at two doses. The changes 
observed in the kidney tissues were single-cell parenchymal 
degeneration in the proximal renal tubules, dilation of the 
Golgi apparatus and endoplasmic reticulum of epithelial 
cells in these tubules, and the absence of cell membrane 
and thickening of the basement membrane (18). Moreover, 
the largest quantities of α-CYP residues are located in the 
kidneys and other organs due to CYP’s lipophilic nature, 
they may be more hazardous than the parent substance, 
as the elimination of cis-isomers from these tissues occurs 
three or four times slower than trans-isomers. The α-CYP 
residues are stored in muscle tissue, kidneys, liver and 
fat for up to 6 months (19). A study conducted on rats 
poisoned with medium and high doses of CYP 50 mg/kg 
and 150 mg/kg, respectively, showed significant damage 
in the kidney tissues, including multiple bleeding in both 
cortical and medullary tubules as well as interstitium 
tissue (20). It is believed that any process interfering with 
the structure of glomeruli and renal tubules results from a 
severe nephrotoxic effect. Toxic substances, including the 
pesticide α-CYP, also produce oxidative stress, which is 
caused by free radicals (21), which may cause disturbances 
in the chain of vital reactions in the cell and its systems, 
such as antioxidant scavenging system. All this may 
explain the damages in the kidney tubules and glomeruli 
from swelling, hypertrophy, degeneration, necrosis and 
others that were observed in the present study. 

Swelling and hyperplasia of epithelial cells of the 
renal tubules may cause a narrowing of lumen of these 
tubules, and this swelling occurs as a result of inhibiting 
the processes of glycolysis and oxidative phosphorylation, 
leading to a decrease in ATP molecules and ultimately 
decreasing in O2 level (a decrease in aerobic respiration). 
In order to maintain ATP levels, the cells must accustom 
to the glycolysis process, which leads to the accumulation 
of lactic acid and thus low pH (acidic environment inside 
the cells). As a result, an imbalance occurs in the Na+/
K+ ATPase pump, which causes the flow of H2O and Na+ 
into cells and exit of K+ from them, causing swelling of 
mitochondria; the endoplasmic reticulum and the cells 
appear swollen. Where it was found that CYP pesticide 
causes swelling of mitochondria, expansion of the rough 
endoplasmic reticulum, which causes the separation 
of ribosomes and a decrease in the number of smooth 
endoplasmic reticulum (22). Finally, the energy-dependent 
protein synthesis process will change and therefore the use 
of lipids in the formation of lipoproteins will decrease or 
may stop and as a result, lipids accumulate in the form 

Figure 3. (A) Histological section of kidney of a high dose 
group for females laboratory mice show swelling of tubular cells 
(black arrow), loss of glomerulus cells (star) and death of tubular 
cells (white arrow), H&E stain, magnification power 400×. (B)
Histological section of kidney of a high dose group for females 
laboratory mice illustrates the loss of glomerulus (black star) and 
death of tubular cells (white arrow), (H & E stain), magnification 
power 400×. (C) Histological section of kidney of a high dose 
group for males laboratory mice demonstrates loss of glomerulus 
(black stars) hemorrhage (black arrows), and death tubular 
epithelial cells (white arrow), (H & E stain), magnification power 
400×. (D) Histological section of kidney of a high dose group for 
males laboratory mice demonstrates loss of glomerulus (black star) 
and congestion (black arrow), and death of tubular cells (white 
arrows), (H & E stain), magnification power 400×.  
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of fat droplets within the cytoplasm of cells (23). In the 
present study, necrosis led to the death some tubular and 
glomerular cells in some kidney tissue sections, causing 
a glomerular shrinkage, the damage is progressing to a 
complete loss of glomeruli in other sections, and these 
results are consistent with several studies (24). The 
expansion of Bowman’s space is due to the shrinkage of 
necrotic glomeruli, in contrast, narrowing of Bowman’s 
space was observed in glomeruli in which there was 
congestion of blood and hyperplasia of endothelial cells 
and mesangium cells; all these changes in Bowman’s space 
cause a decrease in the efficiency of the kidneys in the 
glomerular filtration process (25). 

Conclusion 
Our study showed that α-CYP pesticide is an environmental 
hazard and the extent of it’s repercussions on human health 
should be investigated more. We found that, the mice 
treated with this pesticide showed several pathological 
changes in kidney tissues even at low- doses. These changes 
varied in both genders. Among these changes are shrinkage 
of tubular cell nuclei, necrosis of them, vacuolization of 
cytoplasm, necrosis or loss of glomeruli, enlargement and 
death tubular cells, congestion and dilation of Bowman’s 
space, hemorrhage and cells hyperplasia. We also found 
that, the toxicity of compounds to humans and animals 
is estimated by studying the histopathological changes 
that may occur in the tissues of organs, and these changes 
may lead to changes in the biochemical parameters of 
these organs and vice versa. Therefore, the current study 
suggests conducting a study to verify the effects of α-CYP 
on biochemical criteria of kidneys.

Acknowledgements 
Special thanks to the College of Health and Medical 
Techniques/Southern Technical University/Basra for 
sponsoring this study. We can only extend our thanks and 
gratitude to Prof. Dr Dawood S. Mahdi, former Dean of 
the College, for his valuable assistance in overcoming the 
obstacles we encountered in the research. Additionally, we 
like to express our gratitude to Prof. Dr Alaa K. Jassim, 
Head of the College’s Department of Medical Laboratory 
Techniques, for providing us with scientific guidance 
about the topic of our study. 

Authors’ contribution 
MHZ and SAA were the study’s principal investigators 
and prepared the concept and design. Also revisited 
the manuscript and critically evaluated the intellectual 
contents. All authors participated in preparing the final 
draft of the manuscript, revised the manuscript and 
critically evaluated the intellectual contents. All authors 
have read and approved the manuscript’s content and 

confirmed the accuracy or integrity of any part of the 
work.

Conflicts of interest
The authors declare that they have no competing interests.

Ethical issues 
The research and the protocol of this study was in 
accordance with the guidelines of animal studies and was 
approved by Ethics Committee of Health and Medical 
Techniques College, Southern Technical University, Iraq. 
Accordingly, we tried to conduct the guidelines related 
to animal experiments, approved by the United States 
National Institutes of Health (NIH, 1978).

Funding/Support 
This research was funded entirely by the researcher 
Maysoon Hussein Zain.

References
1. Schettgen T, Heudorf U, Drexler H, Angerer J. Pyrethroid 

exposure of the general population-is this due to diet. Toxicol 
Lett. 2002;134:141-5. doi: 10.1016/s0378-4274(02)00183-
2.

2. Soderlund DM, Bloomquist JR. Neurotoxic actions of 
pyrethroid insecticides. Annu Rev Entomol. 1989;34:77-96. 
doi: 10.1146/annurev.en.34.010189.000453.

3. Lewis KA, Tzilivakis J, Warner DJ, Green A. An international 
database for pesticide risk assessments and management. 
Human and Ecological Risk Assessment. An Intern J. 
2016;22:1050-64. 

4. Wielgomas B, Krechniak J. Effect of α-Cypermethrin and 
Chlorpyrifos in a 28-Day Study on Free Radical Parameters 
and Cholinesterase Activity in Wistar Rats. Polish Journal of 
Environmental Studies. 2007;16:91-95.

5. Joint FA, WHO Expert Committee on Food Additives, 
World Health Organization. Evaluation of certain veterinary 
drug residues in food: sixty-second report of the Joint FAO/
WHO Expert Committee on Food Additives. World Health 
Organization; 2004.

6. Who environmental Health Criteria 142, Alpha – 
Cypermethrin, International Programme On Chemical 
Safety, 1992.

7. European Food Safety Authority (EFSA), Arena M, Auteri D, 
Barmaz S, Brancato A, Brocca D, Bura L, et al,. Peer review 
of the pesticide risk assessment of the active substance alpha-
cypermethrin. EFSA J. 2018;16:e05403. doi: 10.2903/j.
efsa.2018.5403. 

8. Mansour SA, Mossa AT. Adverse effects of exposure to low 
doses of chlorpyrifos in lactating rats. Toxicol Ind Health. 
2011;27:213-24. doi: 10.1177/0748233710384054.

9. Ghazouani L, Feriani A, Mufti A, Tir M, Baaziz I, 
Mansour HB, et al. Toxic effect of alpha cypermethrin, an 
environmental pollutant, on myocardial tissue in male wistar 
rats. Environ Sci Pollut Res Int. 2020;27:5709-17. doi: 



Hussein Zain M et al

Journal of  Nephropathology, Vol 11, No x, xx 2022                                                   www.nephropathol.com6

10.1007/s11356-019-05336-2.
10. Stevens LA, Coresh J, Greene T, Levey AS. Assessing kidney 

function--measured and estimated glomerular filtration 
rate. N Engl J Med. 2006;354:2473-83. doi: 10.1056/
NEJMra054415. 

11. Bhushan B, Saxena PN, Saxena N. Biochemical and 
histological changes in rat liver caused by cypermethrin and 
beta-cyfluthrin. Arh Hig Rada Toksikol. 2013;64:57-66.

12. Gupta V, Trivedi P. In vitro and in vivo characterization of 
pharmaceutical topical nanocarriers containing anticancer 
drugs for skin cancer treatment. Lipid Nanocarriers for Drug 
Targeting. 2018;563-627. doi:10.1016/B978-0-12-813687-
4.00015-3.

13. Zhao YY, Lin RC. Metabolomics in nephrotoxicity. Advances 
in clinical chemistry. 2014;65:69-89. doi: 10.1016/B978-0-
12-800141-7.00003-6.

14. Veni S MS, k V. Effect of cypermethrin (10%E.C) on 
oxygen consumption and histopathology of Freshwater 
Fish Cirrhinus mrigala (Hamilton). IOSR Journal of 
Environmental Science, Toxicology and Food Technology. 
2014;8:12–20. 

15. Eadsforth CV, Bragt PC, van Sittert NJ. Human 
dose-excretion studies with pyrethroid insecticides 
cypermethrin and alphacypermethrin: relevance for 
biological monitoring. Xenobiotica. 1988;18:603-14. doi: 
10.3109/00498258809041697.

16. 16- Barnett LMA, Cummings BS. Nephrotoxicity and Renal 
Pathophysiology: A Contemporary Perspective. Toxicol Sci. 
2018;164:379-390. doi: 10.1093/toxsci/kfy159.

17.  Kemabonta KA, Akinhanmi FO. Toxicological effects of 
chlorpyrifos, dichlorvos and alpha-cypermethrin on adult 
albino mice. Prod Agric Technol J. 2013;9:1-17.

18.  Luty S, Latuszyńska J, Halliop J, Tochman A, Obuchowska 
D, Przylepa E, Korczak E. Toxicity of dermally applied alpha-
cypermethrin in rats. Ann Agric Environ Med. 1998;5:109-
16.

19. JMPR (Joint Meeting on Pesticide Residues). Report of 
the Joint Meeting of the FAO Panel of Experts on Pesticide 
Residues in Food and the Environment and the WHO Core 
Assessment Group on Pesticide Residues. https://www.who.
int/groups/joint-fao-who-meeting-on-pesticide-residues-
(jmpr)/publications/reports.

20. Nair RR, Abraham MJ, Lalithakunjamma CR, Nair ND, 
Aravindakshan CM. A pathomorphological study of the 
sublethal toxicity of cypermethrin in Sprague Dawley Rats. 
Int J Nutr Pharmacol Neurol Dis. 2011;1:179-183. 

21. Manna S, Bhattacharyya D, Mandal TK, Das S. Repeated 
dose toxicity of alfa-cypermethrin in rats. J Vet Sci. 
2004;5:241-5.

22. Marigoudar SR, Ahmed RN, David M. Ultrastructural 
responses and oxidative stress induced by cypermethrin in the 
liver oflabeo rohita. Chemistry and Ecology. 2013;29:296–
308. doi:10.1080/02757540.2012.748754.

23. Cheville NF, Rimler RB. A protein toxin from Pasteurella 
multocida type D causes acute and chronic hepatic 
toxicity in rats. Vet Pathol. 1989;26:148-57. doi: 
10.1177/030098588902600208.

24. Yassin FH, Hadi AA. Histopathological Alterations in Liver, 
Kidneys and Lungs Induced by Cypermethrin Toxicity 
in Albino Rats. Al-Kufa University Journal for Biology. 
2016;8:275-85.

25. Kumar V, Abbas AK, Fauston N, Mithchell RN. Text book of 
Robbins Basic Pathology. Elsevier; 2012. p. 559-67.

Copyright © 2022 The Author(s); Published by Society of Diabetic Nephropathy Prevention. This is an open-access article distributed 
under the terms of the Creative Commons Attribution 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.

https://doi.org/10.1016/B978-0-12-813687-4.00015-3
https://doi.org/10.1016/B978-0-12-813687-4.00015-3
https://doi.org/10.1016/B978-0-12-800141-7.00003-6
https://doi.org/10.1016/B978-0-12-800141-7.00003-6
https://www.who.int/groups/joint-fao-who-meeting-on-pesticide-residues-(jmpr)/publications/reports
https://www.who.int/groups/joint-fao-who-meeting-on-pesticide-residues-(jmpr)/publications/reports
https://www.who.int/groups/joint-fao-who-meeting-on-pesticide-residues-(jmpr)/publications/reports
https://doi.org/10.1080/02757540.2012.748754

