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ABSTRACT

Deltamethrin is a widely used pyrethroid insecticide that can induce renal toxicity through oxidative stress, leading to structural and
functional damage to the kidneys. a-tocopherol (Vitamin E), a potent antioxidant, may protect against deltamethrin-induced
nephrotoxicity by scavenging free radicals and preserving renal tissue integrity. This study evaluated the protective efficacy of a-
tocopherol against renal toxicity induced by deltamethrin exposure in adult male Wistar rats The experiment was conducted at the
Animal House of the Department of Animal and Environmental Biology, Rivers State University, Port Harcourt, Nigeria. The study lasted
for thirty-five (35) days. A total of forty male rats were selected into 8 groups (n=5). Group A was control, group B received deltamethrin
25mg/kg bw/day only, C received deltamethrin only 12.5 mg/kg bw/day only, D received deltamethrin only 6.25 mg/kg bw/day only, E
received 100mg/kg/bw/day a-tocopherol only, F received 100mg/kg/bw/day a-tocopherol + 25 mg/kg bw/day deltamethrin, G
received 100mg/kg/bw/day a-tocopherol + 12.5 mg/kg bw/day deltamethrin and H received 100mg/kg/bw/day a-tocopherol + 6.25
mg/kg bw/day deltamethrin. At the end of the treatment period, blood samples were collected for analysis. Total protein was analyzed
using the spectrophotometric method of biuret, Bradford and erythrosine - b, albumin was estimated, creatinine and urea was done
using enzymatic method. Histological sections of the kidney were mounted on slides, stained with hematoxylin and eosin (H&E).
Photomicrographs were generated. Results show a dose-dependent significant (p=0.05) increase in Albumin, Urea, Total protein and
creatiine level in groups B,C,D compared to other groups co administered a-tocopherol. Histopathological examination of deltamethrin-
only groups revealed marked glomerular distortion, tubular cast formation, and epithelial deformation driven by severe oxidative stress.
In contrast, co-treatment with a-tocopherol preserved renal architecture, maintaining intact glomeruli and preventing tubular
necrosis. In conclusion deltamethrin induces dose-dependent nephrotoxicity while a-tocopherol confers substantial protection against
these adverse effects suggesting that a-tocopherol may serve as a beneficial therapeutic agent in attenuating pesticide-induced renal

injury.
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Introduction

The global human population is projected to surpass 9.7 billion
by 2050 [1] . The swift increase in population has necessitated
heightened agricultural output to guarantee food security and
mitigate the risk of widespread malnutrition [2]. Pesticides,
whether chemical or biological, are compounds intentionally
formulated to exterminate, deter, or otherwise manage pests
that jeopardize crops, livestock, human health, or the
environment.
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Today, they are indispensable to contemporary agriculture. In
their absence, global agricultural output would significantly
decline, with estimates indicating that pesticides mitigate losses
amounting to approximately 30-40% of potential worldwide
production [3]. This protection results in billions of dollars
saved annually by preserving crops from insects, weeds, fungi,
and other pests that would otherwise ruin food supplies [3,4].
The global pesticide market has expanded considerably over
recent decades, reflecting agriculture's growing dependence on
pesticides for effective pest management and crop protection.
Pesticides have a crucial role not just in agriculture but also in
public health initiatives. Vector control insecticides are
employed to combat mosquitoes, the primary vectors of
malaria, dengue fever, Zika virus, and other arboviral illnesses.
Consequently, public health vector management in tropical and
subtropical regions, where vector-borne diseases result in
significant morbidity and mortality, mostly relies on the
application of pesticides [5]. The extensive usage of pesticides
has generated significant concern due to their potential adverse
effects on non-target creatures. These non-targets may include
beneficial insects, aquatic species, wildlife, domestic animals,
and humans [3]. Pesticides permeate the soil, water, and air,
thereby promoting biodiversity decline, disrupting food web
dynamics, and jeopardizing non-target species, including
pollinators and aquatic organisms [6].
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Long-term exposure, especially among agricultural workers,
has consistently been associated with an increased risk of
cancer (notably non-Hodgkin lymphoma), neurological
disorders (such as Parkinson's disease), endocrine disruption,
and respiratory issues. The idea of selecting a toxicant that only
targets pests without injuring or impacting other organisms has
yettobeachieved.

Pyrethroid insecticides are one of the most extensively
employed categories of synthetic pesticides worldwide. They
were initially marketed commercially in the 1970s. Currently,
they constitute a significant portion of the global insecticide
market, utilized in agricultural, mosquito control initiatives,
veterinary goods, and domestic pest management [7]. While
pyrethroids are generally considered safe for mammals,
experimental studies indicate that even minimal exposure can
lead to detrimental effects on the nervous system, liver, kidneys,
and other organs, with severe consequences arising from higher
doses[7,8].

Nephrotoxicity induced by xenobiotics, including pesticides like
deltamethrin, is a significant clinical and public health issue.
Toxic renal injury may present as acute kidney injury (AKI), and
with ongoing or recurrent exposure, it can result in chronic
kidney disease with irreversible functional loss [9]. The
mechanism of kidney toxicity induced by the toxicant are
intricate and encompass direct tubular cell damage via
oxidative stress and mitochondrial dysfunction, intratubular
obstruction, alterations in renal hemodynamics, immune-
mediated injury, as well as inflammatory and apoptotic
signaling pathways [10].

The extensive application of deltamethrin in agricultural and
domestic pest management has generated considerable
apprehension regarding its possible detrimental impacts on
kidney health, especially through pathways related to oxidative
stress and nephrotoxicity [7, 11]. Extended exposure to this
pyrethroid pesticide has been linked to biochemical and
structural changes in essential organs, consequently
heightening the risk of renal impairment. Alpha-tocopherol is a
potent antioxidant that significantly improves immune function
and supports vascular health [12,13]. Despite increasing
awareness of pesticide-induced organ toxicity, there is a scarcity
of experimental investigations examining effective preventative
measures that can alleviate renal damage from such chemical
exposures. Moreover, the nephroprotective and antioxidant
properties of alpha-tocopherol in mitigating deltamethrin-
induced renal damage remain inadequately investigated and
defined. The absence of comprehensive data results in a
significant knowledge gap, requiring systematic research into
the preventive effectiveness of alpha-tocopherol against
deltamethrin-induced oxidative damage and renal functional
impairment.

Methodology

Studylocation

The experiment was conducted at the Animal House of the
Department of Animal and Environmental Biology, Rivers State
University, Port Harcourt, Nigeria. GPS 4°48 14”"N 6 59' 12”
Animal care and management

Forty sexually mature male Wistar rats, with a mean body
weight of weight 180.13 + 2.05g were obtained from the
Department ofAnimal and Environmental Biology, Rivers State
University Port Harcourt, Nigeria. The animals were housed
individually in clean plastic cages under standard laboratory
conditions, including a 12-hour light and 12-hour dark
photoperiod, ambient temperature of 26 *+ 2°C, and relative

humidity of approximately 54%. The rats were allowed a two-
weeks acclimatization period before the commencement of the
experiment. During this period, they were fed standard rodent
pellets and provided with clean drinking water ad libitum. All
experimental procedures were conducted in strict compliance
with institutional animal care and use protocols and adhered to
internationally accepted guidelines for the ethical treatment of
experimental animals.

Study Design

A total of forty (40) male Wistar rats (mean weight 180.13 +
2.05g) were randomly divided into eight groups (n=5). Group A
was the control, group B received deltamethrin 25 mg/kg
bw/day only, C received deltamethrin only 12.5 mg/kg bw/day
only, D received deltamethrin only 6.25 mg/kg bw/day only, E
received 100mg/kg/bw/day a-tocopherol only, F received
100mg/kg/bw/day a-tocopherol + 25 mg/kg bw/day
deltamethrin, G received 100mg/kg/bw/day a-tocopherol +
12.5 mg/kg bw/day deltamethrin and H received
100mg/kg/bw/day a-tocopherol + 6.25 mg/kg bw/day
deltamethrin. The deltamethrin doses provided (25 mg/kg, 12.5
mg/kg, and 6.25 mg/kg body weight) were determined from
toxicological investigations by [14].

Biochemical biomarkers analysis of kidney

Blood samples were collected individually by cardiac puncture
into sterile tubes and the serum separated at 2500rpm for
10min and stored for further analysis. Total protein was
analyzed using the spectrophotometric method of biuret,
Bradford and erythrosine - b,creatinine and urea was done
using enzymatic method [15]. Total bilurubin (TB), Albumin
(ALB), Creatinine were assayed according to Sigma Diagnostics
based on standard procedures [16,17]

Histopathological evaluation of the kidney

Known weight of the kidney was fixed in Bouin's fixative and
processed according to the protocol described by [18] sectioned
with a Digital Microtome Model A O Spencer No. 820 at 5um
thick and stained with Hematoxylin and Eosin (H &E)
Photomicrographs were generated with a digital Microscope
Biosphere Miller B with an image processor DN2 - Microscopy
Image processing Software at X400 magnification.

RESULTS

Effect of a-tocopherol on kidney biomarkers of male rats
exposed to deltamethrin

Fig 3.1 shows the mean serum albumin (ALB) levels of male rats
exposed to a-tocopherol and deltamethrin. These values varied
significantly across the experimental groups, as shown by the
Tukey HSD post-hoc analysis. Group Arecorded 26.3 + 2.07g/dL
while Groups B, C, and D were 36.9 * 3.3g/dL, 33.2 + 3.99g/dL
and 33.1 # 1.85g/dL respectively which had the highest mean
values when compared to the control respectively. These values
did not differ significantly from one another (p > 0.05). In
contrast, Group E exhibited the lowest mean value of 17.6 *
0.6g/dL when compared with the control. Groups F, G and H
showed mean values of 25.0 + 3.18g/dL, 20.6 + 1.6g/dL, 20.5
1.91g/dL significantly different from the control respectively.
The observed differences confirm a statistically significant
effect of treatment on serum albumin levels among the
groups.Mean total protein levels differed significantly among
the experimental groups. (Fig 3.2). Group A recorded a mean
value of 54.4+3.86g/dL.
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Groups B, C and D showed the highest mean values of
68.6+1.82g/dL, 66.2+1.79g/dL and 61.4+2.51g/dL respectively
when compared to the control. In contrast, Group E exhibited
the lowest mean total protein level that was 47.3+4.04g/dL
significantly (p < 0.05) different from control. Group A displayed
amoderately reduced total protein level, which was significantly
lower than Groups B, C, and D but comparable to groups with
shared lettering. Groups F, G, and H showed intermediate total
protein values of 62.5%1.20g/dL, 60.4x2.91g/dL,
57.2+3.16g/dL significantly different from control respectively.
However, these findings indicate a significant treatment-related
variation in total protein levels across the groups (p < 0.05).Fig
3.3 shows mean serum urea concentrations which also varied
significantly among the experimental groups. Group A showed
the lowest mean urea level of 3.4+0.4mg/dL and differed
significantly from all groups with higher urea values (p < 0.05).
Groups B, C, D, and F recorded the highest mean values of
(5.5+0.3mg/dL; 5.43+0.416mg/dL, 5.33+x0.2mg/dL,
5.63+0.3mg/dL) that significantly differed from the control but
did not differ significantly from one another (p > 0.05). Group E
exhibited a moderately elevated urea concentration of
4.97+0.6mg/dL higher than the control, which was comparable
to the high-urea groups but significantly (p < 0.05)
(3.41+£0.44mg/dL) In contrast, Groups G and H displayed
4.23+0.2mg/dL, 4.07+0.2mg/dL intermediate urea
concentrations that were higher than control and were not
significantly different from each other but were significantly
lower than Groups B, C, D, and F (p < 0.05). However, the results
demonstrate a significant effect of treatment on serum urea
levels across the experimental groups (p < 0.05).Mean Serum
creatinine levels showed significant variation across the
experimental groups. Group A displayed a mean value of
46.6+1.47mg/dL which was arelatively low creatinine level, but
higher than Group E(41.1£0.70mg/dL) which was the lowest.
(fig 3.4). Groups B, C, D and F recorded the higher mean
creatinine concentration of 60.4+1.05mg/dL, 58.9+1.22mg/dL,
53.6%+3.08mg/dL and 59.7+1,76mg/dL higher than the control
and did not differ significantly (p > 0.05) from each other.
Groups E and H demonstrated, 41.1+0.71mg/dL and
49.1+3.33mg/dL intermediate creatinine values higher than the
control and did not differ significantly from one another or from
selected higher groups.
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Fig 3.4: Effect of a-tocopherol on in male rats exposed to deltamethrin

Kidney Histology

Fig 3.5 is the photomicrograph in group A. The renal tubules are
well organized with clearly defined lumina. Tubular epithelial
cells are intact, closely packed, and uniformly arranged. In fig
3.6, Renal tubules appear distorted, with loss of normal
epithelial arrangement. Numerous tubular epithelial cells show
pronounced nuclear alterations. The presence of tubular casts
(C) within the lumen and widening of interstitial spaces. In Fig.
3.7 glomerulus appears distorted; surrounding renal tubules
show loss of normal epithelial arrangement. Lumina are
irregular and narrowed; nuclei appear darkly stained and
condensed, consistent with nuclear degeneration (pyknosis);
expansion of the interstitial cellsis evident.

09.

www.scienceletters.researchfloor.org


https://scienceletters.researchfloor.org/
https://scienceletters.researchfloor.org/

Amadi Azubuike Wowem et al, / Journal of e-Science Letters (2026)

Fig 3.8 is the kidney tissue in group D with mild, early renal
alterations. The glomerulus shows an increase in cellularity.
Some tubular cells show mild cytoplasmic swelling, but there is
no obvious necrosis or cast formation. Most nuclei appear
slightly darker, suggesting early nuclear stress. Fig 3.9 is renal
tissue exposed to a-tocopherol only. The glomerulus appears
well defined and intact, with normal cellularity and a clearly
demarcated Bowman's space. Distal tubules (DT) show normal
epithelial lining with preserved cell arrangement and patent
lumina. Tubular epithelial cell nuclei are round to oval and
evenly stained, indicating healthy, viable renal cells. Tubules
maintain their normal architecture without dilation. The
interstitium appears compact and free from inflammatory
infiltrates. Fig. 3.10 is the renal tissue of animals treated with 25
mg/kg deltamethrin + a-tocopherol. Although some lesions
remain, the overall renal architecture is notably improved
compared with animals exposed to 25 mg/kg deltamethrin
alone. The labeled “C” areas show tubular casts, which consist of
sloughed epithelial cells and proteinaceous material within the
tubular lumen. The tubules show partial restoration of
epithelial lining, though some cells still exhibit mild
degeneration and disorganization. In fig 3.11, the interstitium
appears compact, with no obvious inflammatory infiltrates.
Improved tubular epithelial integrity, reduced nuclear
abnormalities, Near-normal renal architecture is evident. In fig
3.12, Proximal tubules (PT) appear intact, with preserved
epithelial lining. Distal tubules (DT) are well organized, with
normal cellular arrangement and clear luminal spaces,
indicating preserved tubular function. The glomerulus (G)
shows normal cellularity and an intact Bowman's capsule,
Absence of tubular inflammatory infiltrates, and normal nuclear
morphology of tubular epithelial cells.

Fig 3.6: Photomicrograph of kidney
tissues in group B @X40

Fig 3.5: Photomicrograph of kidney
tissues in group A @X40 Necrotic
cell, C: casts

Fig 3.7: Photomicrograph of kidney
tissues in group C @X40

Fig 3.8: Photomicrograph of kidney
tissues in group D @X40

Fig 3.9: Photomicrograph of kidney
tissues in group E @X40C: casts NC:
Necrotic cell.

Fig 3.10: Photomicrograph of kidney
tissues in group F @X40 C: casts

: -

Fig 3.12: Photomicrograph of
kidney tissues in group H @X40 DT:
Distal tubule, PT: Proximal tubule,
G: glomerulus

Fig 3.11: Photomicrograph of
kidney tissues in group G @X40 NC:
Necrotic cell, C: casts

DISCUSSION

Biochemical parameters measured in serum, such as albumin,
total protein, urea and creatinine, are sensitive measures of
renal functional state with greater application in the detection
of toxicological effects of xenobiotics, such as this class of
pyrethroids and more specifically deltamethrin. An increase in
albumin is an indication of damaged kidney filters causing
glomerular damage. However, an increase in protein level is a
common indicator of renal injury. An increase in the urealevel is
commonly associated with tubular necrosis, whereas a raised
creatinine level is characteristic of extensive damage to the
glomeruli alongside infiltration of inflammatory cells into the
interstitium.

The significantly increased serum ALB levels in Groups B, C, and
D (deltamethrin-only groups) compared to Control Group A
could be an early indicator for the start of a kidney
compensatory process in the presence of deltamethrin. ALB is
only synthesized in the liver; thus, changes in ALB
concentrations are generally associated with modified renal
protein synthesis and/or plasma volume [9,10,18]. The
significantly decreased level of ALB in Group E (a-tocopherol),
the only group that was administered vitamin E, may be
attributable to a reduction in albumin synthesis or plasma
protein effects; however, the level was in a different significant
grouping. Moderate ALB levels in Groups F, G, H (deltamethrin
and vitamin E) may be indicative of a lesser degree of
deltamethrin hepatotoxicity and may suggest a protective effect
by the administration of vitamin E. In addition, total protein
concentrations were observed to be significantly different
between all groups, again indicative of renal pathology. Elevated
total protein in groups B, C and D of deltamethrin-only fed
groups, (2.2+0.15, 2.3+£0.08, 2.09+0.11g/], respectively), could
be indicative of an increased synthesis of acute-phase proteins
following oxidative stress and tissue damage caused by
deltamethrin intoxication. In contrast, the significantly depleted
concentrations of total protein found in Group E, (1.46+0.02g/1),
supported evidence of the speculated effect of vitamin E alone
on protein metabolism, where direct effects on renal function
are conceivable. However, in the groups fed both deltamethrin
and alpha-tocopherol (Groups F, G and H), (2.13+0.01,
1.97+0.02 and 2.13+0.05g/1, respectively), intermediate
concentrations of total protein indicate that alpha-tocopherol
supplementation assisted in preventing the effects of
deltamethrin intoxication on protein biosynthesis, likely
through antioxidant effects on the hepatocyte [19].

Serum urea concentrations were used as a biological indicator
of the functional capacity of the kidney. The significant urea
concentrations recorded in groups B, C, D, and F are an
indication of the increased rate of protein degradation and/or
reduced renal elimination capacity caused by deltamethrin.
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The synthetic pyrethroids, including deltamethrin, have been
shown to elicit nephrotoxic effects via the generation of
oxidative stress, which causes lipid peroxidation, cell damage,
and death within renal tubules, as well as reduction of both
glomerular filtration rate and reabsorption in the tubules. The
serum urea concentrations in group A, being significantly lower
than those of the experimental groups, are an indication of
neither altered renal function, with respect to urea time of
removal or rate of degradation. The serum urea concentrations
of group G and H are comparable to group A, and this can be
attributed to the presence of vitamin E. The role of vitamin E in
protecting against the potential intoxication effects of
cypermethrin is not confirmed, as vitamin E supplementation
did not significantly reduce serum urea concentrations at the
higher deltamethrin dose (E). The serum urea concentrations in
group E are considerably lower than those in the high-dose
deltamethrin groups (C and D), and this has to be put down to
the fact that vitamin E did not display any toxicity alone.
Moreover, serum creatinine further supported the renal
changes in this experiment. Groups B, C, and F had higher serum
creatinine levels, implying a reduction in the glomerular
filtration rate as a result of renal ischemia in deltamethrin-
treated animals. Creatinine is a sensitive marker of renal
disease, and its accumulation in serum is due to defective
glomerular function [20,21]. The marked reduction in serum
creatinine in groups E and control shows that renal function was
intact, while the suppressed serum creatinine levels in G and H
may imply a dose-dependent protective function by vitamin E in
the kidney against lipid peroxidation in renal tissues and
maintain nephronrestoration [18, 22].

This observation is consistent with several previous reports
which have demonstrated the protective activities of
antioxidants against pesticide-induced oxidative stress and
organ toxicity [11,18, 20]. [22] demonstrated the protective
effect of vitamin E in attenuating deltamethrin-induced
nephrotoxicity by maintaining the renal histoarchitecture and
serum urea and creatinine levels towards normal values. [23]
Also observed significant amelioration of parameters of liver
and Kkidney function after vitamin E co-administration in
pesticide-treated animals. Moreover, Vit C supplement
administration for 35 days caused a significant difference in
kidney parameters, regeneration of Nephrons, and reduction in
kidney tissue inflammation, indicating the efficacy of Vit C
supplement over Costus afer[11].
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