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extracts (mandarin and lemon) against deltamethrin- induced liver and
testicular toxicity in male rats.

Methods: Forty-two male rats were divided into 7 groups: Group | (control),
Group Il (deltamethrin 6 mg/kg), Group Ill (deltamethrin + mandarin extract),
Group IV (deltamethrin + mandarin oil), Group V (deltamethrin + lemon
extract), Group VI (deltamethrin + lemon oil) and Group VII (deltamethrin +
mandarin + lemon extract). The liver functions and oxidative stress were
evaluated by testing biochemical markers (AST, ALT, ALP, SOD and MDA).
Evaluation of tissue injury included histopathology of liver and testis.

Result: In Group II, Deltamethrin treatment alone increased AST (198.36 U/L),
ALT (123.02 U/L), ALP (97.35 U/L), and MDA (83.92 nmol/mL) and decreased
SOD (4.72 U/mg) indicating oxidative stress and subsequent tissue damage
due to Deltamethrin. In Groups llI-VII, the use of citrus peel extracts improved
all measured biochemical markers compared to Deltamethrin alone. Group llI
decreased AST levels to 180.55 U/L, ALT to 114.75 U/L, ALP to 95.49 U/L, and
MDA to 75.97 nmol/ mL, with SOD levels increasing to 5.95 U/ mg. Other
treatment groups also showed similar biochemical improvements. The
greatest improvement was observed in Group VII (mandarin + lemon extract),
showing a decreased AST (162.50 U/L), ALT (85.04 U/L), ALP (90.36 U/L), and
MDA (54.98 nmol/mL) as well as an increase in SOD recovery (7.39 U/mg).

Conclusion: The extracts of citrus peel reduced liver and testicular toxicity
from deltamethrin exposure. The mixture of mandarin and lemon extract
produced the most protective ability, due to restoring antioxidant imbalance
and reducing biochemical and histological damage. These findings indicate
that citrus peel extracts could be a potential natural agent against oxidative
stress elicited by pesticide exposure.
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INTRODUCTION

Deltamethrin is a widely used synthetic pyrethroid insecticide with various applications in
agriculture, pest control, food protection, and disease vector management in both public and
animal health programs [1-5]. Deltamethrin is metabolized in rats and its metabolites eliminated
over a few days. Prior studies have demonstrated that deltamethrin produces dose-dependent
biochemical effects on male Wistar rat testis, liver, and kidney tissues, indicating both systemic
toxicity and organ-specific effects [6]. The study found that deltamethrin exposure significantly
increased lipid peroxidation (LPO) level in the liver and caused histological alterations in the
liver. The study concluded that the system toxicity induced by deltamethrin was dose
dependent. Another study investigated the toxicokinetics and tissue distribution of deltamethrin
in adult Sprague- Dawley rats [7]. The study found that deltamethrin is rapidly absorbed and
eliminated from the body, primarily through urine and feces, after oral administration in rats. A
study investigated the metabolism of deltamethrin in rats. The study found that deltamethrin is
metabolized into 3- phenoxybenzoic acid (PBacid) in vivo, and PBacid is also the major
metabolite when 14C-alcohol-labeled deltamethrin is incubated with rat liver microsomes [7].
Deltamethrin's metabolism necessitates the oxidation of the alcohol moiety at position 4 of the
phenoxy ring. Further conversion into conjugated metabolites occurs with the acid and alcohol
moieties produced. Deltamethrin's considerable stability during metabolism is reflected in the
fact that it is largely eliminated in the feces in its original form [4, 8]. It has been known that
cytochrome P450 (CYP) enzymes are activated in the rat brain and liver to metabolize it on
exposure to deltamethrin, implying that ROS production during deltamethrin metabolism may be
contributing to oxidative stress. However, data shows that exposure to deltamethrin may have
adverse effects on fertility. Since mammalian sperm plasma membranes are rich in
polyunsaturated fatty acids and have limited antioxidant defenses, they are susceptible to
damage by reactive oxygen species (ROS). Sperm cells may be damaged and rendered sterile by
lipid peroxidation of sperm cells. To determine the dose dependent toxicity of deltamethrin to
the testis, liver and kidney of male Wistar rats, a study was conducted [9]. The study also
showed that deltamethrin is important and it induced sperm abnormalities and lipid
peroxidation (LPO) in the testis besides inducing histological changes in the testis, liver and
kidney. Based on the results of the study, the system toxicity of deltamethrin was depicted as a
function of dose. Another study was designed to investigate the impact of deltamethrin on
oxidative stress and meiotic maturation in mouse oocytes [10]. It was concluded from the
results of the study that deltamethrin exposure caused oxidative stress and affected meiotic
maturation of mouse oocytes. Similarly, an alternative study was conducted to investigate the
oxidative stress and biochemical changes in tissues and blood of catfish (Clarias gariepinus)
exposed to deltamethrin [11]. The study established that deltamethrin led to an increase in the
level of Malondialdehyde (MDA), a lipid peroxidation product, in the liver, kidney and gills and
decreased the activity of catalase in the same tissues. Moreover, the present study
demonstrates that deltamethrin exposure caused increased activities of serum ALT and AST,
urea and creatinine and decreased levels of serum albumin and total proteins; thus,
deltamethrin induces hepatic dysfunction.

This research was conducted to establish the differences between the effects of deltamethrin
administration with and without citrus peel extracts (mandarin oil, lemon oil, lemon extract, and
mandarin extract) with emphasis being given to the liver. Mandarin oil and lemon oil are some of
the citrus oils which are derived from the peel and are rich in bioactive compounds such as
antioxidants, flavonoids, and polyphenols. These compounds are very good antioxidants and
can scavenge and neutralize free radicals and reactive oxygen species (ROS). We had earlier
suggested that the oxidative stress resulting from the ROS generated during the metabolism of
deltamethrin may have adverse effects on the liver function and other biochemical markers in
rats. This study was conducted to establish if it was possible to minimize the toxicity of
deltamethrin to the liver and other biochemical indicators by administering it with extracts from
citrus peels, which are known to have beneficial components. In order to preserve the liver and
make it function normally, it is thought that the antioxidants present in the citrus peel extracts
can chelate the oxidative stress that is being caused by the deltamethrin. The general aim of the
study was to explain how the product of deltamethrin and the bioactive compounds present in
the citrus peel extracts affect liver function and other biochemical parameters in the rat model.
These results may be helpful in understanding the role of antioxidant rich natural products in the
management of risk associated with exposure to specific pesticides and overall health.
However, for a better understanding of the specific mechanisms involved and to be sure of the
safety and optimal usage of both deltamethrin and citrus peel extracts, further investigation and
more detailed studies are clearly required.
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METHODS

Experimental animals

Forty-two normal male rats were used for the study; their ages were between 8-10 weeks and
weighed between 120-180 g. The rats were randomly placed into groups of six rats each for a
total of seven treatment groups (n = 6).

Housing and environmental conditions

The rats were kept in plastic cages, one rat per cage, with 12 h light / 12 h dark cycle. The room
temperature was maintained, and the relative humidity was between 40 and 60%. Standard
pellets and water were available ad libitum to the rats throughout the study.

Group allocation and treatment

After a one-week acclimatization period, rats were randomly assigned to one of seven treatment
groups (six rats per group): 1. Group | (Control): Rats in this group were orally treated with
normal saline for five weeks. 2. Group Il (Deltamethrin): Rats in this group were orally treated
with deltamethrin at a dose of 6 mg/ kg body weight (BW) for five weeks. 3. Group lII
(Deltamethrin + Mandarin extract): Rats in this group were orally treated with deltamethrin (6
mg/kg BW) with mandarin extract for five weeks. 4. Group IV (Deltamethrin + Mandarin oil): Rats
in this group were orally treated with deltamethrin (6 mg/kg BW) with mandarin oil for five
weeks. 5. Group V (Deltamethrin + Lemon extract): Rats in this group were orally treated with
deltamethrin (6 mg/ kg BW) with lemon extract for five weeks. 6. Group VI (Deltamethrin +
Lemon oil): Rats in this group were orally treated with deltamethrin (6 mg/kg BW) with lemon oil
for five weeks. 7. Group VII (Deltamethrin + Mandarin + Lemon extracts): Rats in this group were
orally treated with deltamethrin (6 mg/kg BW) with a mix of mandarin and lemon extracts for
five weeks.

Sampling and data collection

The rats were fasted overnight at the end of the five-week treatment period and euthanized by
decapitation. Blood samples were collected from the abdominal aorta with no anticoagulant for
biochemical analysis. Serum was analysed for AST, ALT, ALP, SOD, and MDA. Liver samples were
collected for tissue histopathology and enzyme analyses.

Statistical analysis

Quantification of serum aspartate aminotransferase (AST), alanine aminotransferase (ALT),
alkaline phosphatase (ALP), superoxide dismutase (SOD), and malondialdehyde (MDA) was
performed using commercial ELISA kits. AGAPPE, India, supplied the ALT and ALP ELISA kits
used in this study, and SUNLONG, China, supplied the rat SOD and MDA ELISA kits. The kits gave
accurate, precise, reliable biomarker measurements, providing vital information on deltamethrin
and mixed citrus peel extract effects on male rat liver health. Data were expressed as mean +
standard deviation (SD) for each group (n = 6). Statistical comparisons among groups were
performed using one- way analysis of variance (ANOVA), and differences were considered
statistically significant at p < 0.05.

RESULTS

Deltamethrin and combined Citrus peel extract effect on the levels of serum AST, ALT and ALP

This study sought to assess the effects of citrus peel extract on deltamethrin-exposed male rat
livers. AST, a liver injury marker, was measured. Table 1 shows deltamethrin significantly
increased AST levels. The control group AST was 146.66 U/L. The deltamethrin alone group had
the highest AST, 198.36 U/ L. Citrus peel extracts, including mandarin oil and lemon, in
combination with deltamethrin, altered AST levels. The deltamethrin-mandarin extract group
AST was 180.55 U/L, while the deltamethrin-mandarin oil group had 179.65 U/L. The AST of the
deltamethrin-lemon extract group was 174.46 U/L, whereas the deltamethrin-lemon oil group
had an AST level of 170.3 U/L. The deltamethrin, mandarin, and lemon extracts group had the
lowest AST, 162.5 U/L.
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The impact of deltamethrin and citrus peel extracts on rat serum alanine aminotransferase
(ALT) levels was studied; the outcomes of which are stated in Table 1. The control group that
received no treatment had a baseline ALT level of 69.91 U/L. However, the group that only
received deltamethrin had the highest ALT level of 123.02 U/ L. Upon administration of
deltamethrin in combination with mandarin extract, the ALT level decreased to 114.75 U/L, while
the group treated with deltamethrin and mandarin oil showed an ALT level of 112.96 U/ L.
Interestingly, the co-administration of deltamethrin with lemon extract led to a further decrease
in ALT levels, measuring 99.22 U/ L, while the group treated with deltamethrin and lemon oil
exhibited an ALT level of 98.18 U/L. Lastly, the group treated with deltamethrin, mandarin, and
lemon extracts altogether showed the minimum amount of ALT, which was 85.04 U/L.

Alkaline phosphatase (ALP) in rats was also examined to determine deltamethrin and citrus peel
extract impacts. The results are shown in Table 1. When rats were treated only with
deltamethrin, the ALP levels were found to be higher (97.35 U/L) compared to the control group
(88.83 U/L) that received no treatment. This indicates that deltamethrin alone had an effect on
increasing ALP levels. However, when deltamethrin was administered in combination with citrus
peel extracts, particularly mandarin and lemon extracts, the ALP levels showed a decrease. For
instance, the group treated with deltamethrin and mandarin oil exhibited an ALP level of 93.55
U/L, which is lower than the ALP level in the group treated with deltamethrin alone. Similarly,
when deltamethrin was given to rats along with mandarin extract or lemon extract, ALP level
dropped even further to 95.49 U/L and 92.16 U/L, respectively. Furthermore, the group treated
with a combination of deltamethrin, mandarin, and lemon extracts simultaneously demonstrated
the most significant reduction in ALP levels, measuring 90.36 U/L.

This study measured the levels of superoxide dismutase (SOD) in male rats to see how
deltamethrin and citrus peel extracts influenced them. Table 1 displays the major and engaging
findings from the study. To begin, when compared to the untreated control group, SOD levels
were significantly lower in the rats that received just deltamethrin (4.72 U/mg protein vs. 7.353
U/mg protein). As a result, it appears that deltamethrin may be able to inhibit SOD activity when
used alone. Deltamethrin was shown to have the opposite effect when combined with citrus
peel extracts, especially those of the mandarin and lemon varieties. The SOD levels were
significantly elevated by the combination of deltamethrin, mandarin, and lemon extracts,
measuring 7.398 U/mg. The SOD levels of those given deltamethrin and mandarin extract were
5.952 U/mg, whereas those given deltamethrin and mandarin oil showed a level of 6.793 U/mg.
The SOD levels of the group treated with deltamethrin and lemon extract were 6.691 U/ mg,
whereas the SOD levels of the group treated with deltamethrin and lemon oil were 7.509 U/mg.
As supported by the data, the SOD restoring effect of citrus peel extracts is enhanced when
combined with mandarin and lemon extracts or oils in male rats. These outcomes are helpful in
understanding the potential of citrus peel extracts in protecting against oxidative stress induced
by deltamethrin.

An experiment was carried out to establish the effects of deltamethrin and citrus peel extracts
on rats’ serum malondialdehyde (MDA) levels as shown in (Table 1). Malondialdehyde is a
marker of oxidative stress and may be used to signal the potential for harm to the body’s cells.
The MDA level was measured at 50.55 nmol/mL in the control group that received no treatment.
When rats were exposed to deltamethrin alone, their MDA levels were found to be significantly
higher at 83.92 nmol/mL than in the untreated control group. This means that deltamethrin on
its own increased MDA levels (oxidative stress). However, the study also included the use of
deltamethrin which, when used with citrus peel extracts, especially mandarin and lemon
extracts, lowered MDA levels as compared to the group that only received Deltamethrin. For
instance, the rats that were fed deltamethrin and mandarin extract had a lower MDA level of
75.97 nmol/ mL than the deltamethrin alone group. Likewise, the other groups that received
deltamethrin with mandarin oil or lemon extract had still lower MDA levels of 73.66 and 64.61
nmol/ mL respectively. The highest MDA level drop was observed in the group that received
deltamethrin, mandarin and lemon extracts, where MDA levels were 54.98 nmol/mL.

Histological study

The results of the histological study of the liver and testes of male rats treated with (6 mg/kg
BW) deltamethrin over a period of five weeks revealed as follows:
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Histological change of the rat’s liver

The histological changes in male rats’ liver after five weeks of daily administration of
deltamethrin (6 mg/kg BW) revealed a marked necrosis in the liver cells, destroyed hepatocytes,
a dilated sinusoidal network, and bleeding. In addition, the section showed the existence of
obvious inflammatory leucocyte infiltration composed mainly of lymphocytes (rounded cells), as
shown in Figure 1, in comparison with the control liver section, which showed normal
histological characteristics of hepatocytes, sinusoidal networks, and the central vein, as shown
in Figure 1a. However, when plant extracts were used (Mandarin extract, Lemon Extract,
Mandarin oil, Lemon oil and Mandarin-Lemon Extract combination), they showed a protective
effect and normal histological structure of the central vein and sinusoidal networks (Figure 1.b-

9).
Figures

(a) ( b) Dilated sinusoids

? Normal sinusoids g \
Normal hepatocytes

//f/

Normal central vein Destroyed hepatocytes

Figure 1: Histopathological section of (a) control group, (b) deltamethrin group, (c) deltamethrin treated with
mandarin extract group, (d) deltamethrin treated with Lemon extract group, (e) deltamethrin treated with
mandarin oil group, (f) deltamethrin treated with lemon oil group and (g) deltamethrin treated with mandarin
and lemon extract group.

Tables

Samples AST ALT ALP SOD (U/mg | MDA

U/L U/L U/L protein) nmol/mL
Group I 146.66%6.86 69.91+5.8 88.83+5.98 0.45747.353 50.55%3.49
Group II 198.36+21.29 125.02=9.3 97.35%9.64 4.72%0.518 83.92+3.53
Group III 180.55+11.78 114.75£7.26 05.49+7.4 5.952+0.491 75.97+4.7
Group IV 179.65+11.94 112.96+8.73 03,55+8.64 6.793£0.547 T73.66+4.93
Group V 174.46+12.51 99.22+7.21 92.16+10.13 6.691+0.519 64.61%5.04
Group VI 170.3+13.03 98.18+7.22 91.12+7.4 7.509%0.571 58.92+5.67
Group VII 162.5¢10.5 85.04+7.84 90.36*10.92 7.398+0.549 54.98+5.36

Table 1: Deltamethrin exposure and citrus peel extract effects on serum enzymes (ALT, AST, ALP) and
antioxidant enzymes (SOD, MDA) were assessed in rats. Group | was control; Group Il was treated with
deltamethrin alone; Groups IlI-VII were treated with various combinations of deltamethrin and citrus peel
extract.

DISCUSSION
These findings suggest that citrus peel extracts, particularly lemon and mandarin, may possess
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hepatoprotective properties, as evidenced by the potential mitigation of deltamethrin-induced
liver dysfunction. AST level change reflects the potential advantages of these extracts in liver
health maintenance under deltamethrin exposure. The AST levels in male rats were measured
after deltamethrin treatment; the impacts of citrus peel extracts were further explored. Mandarin
and lemon extracts have hepatoprotective effects, possibly inducing the reduction in AST level.
Antioxidants in mandarin and lemon extracts eliminate deltamethrin-induced ROS, alleviating
oxidative stress in liver cells. The anti-inflammatory action of these extracts alleviates liver
inflammation, reducing AST production. In addition, active compounds in the extracts promoted
liver repair and detoxification, alleviating deltamethrin-induced liver injury severity. Combined
use potentially synergizes liver-protecting components of mandarin and lemon extracts. The
current study provides evidence for therapeutic value of citrus peel extracts, which have been
shown to alleviate deltamethrin-related liver injury [12-15].

The lower ALT levels observed in the citrus peel extract-treated groups indicate that these may
have protective effects from deltamethrin induced hepatocellular injury. The protective effect of
the citrus peel extracts may be due to the bioactive constituents of the lemon and mandarin
peels (flavonoids, phenolic compounds, vitamin C), which are known antioxidants with anti-
inflammatory effects. These bioactive constituents may decrease oxidative stress and
inflammatory response due to deltamethrin thus stabilizing hepatocyte membranes and
preventing release of these enzymes into serum.

The combination extract (mandarin + lemon) exhibited the largest decrease in ALT levels, this
may indicate a synergistic effect of phytochemicals present in the lemon and mandarin fruit
interacting with one another. Synergistic effects have been documented in a polyphenol rich
plant extract mixture, which exhibited a combined antioxidant capacity with stronger free radical
stopping and lipid peroxidation effects than any individual extract. This may also account for the
hepatoprotective effects observed in Group VII [15]. Secondly, the lowest levels of ALT were
noted when the rats were administered deltamethrin with mandarin and lemon extracts at the
same time. The reasons for this are most probably the capability of the extracts to complement
one another well to offer liver protection from deltamethrin toxicity. Although more study should
be done to discern the precise mechanisms by which the citrus peel extracts complement and
enhance liver functionality despite deltamethrin treatment, the result holds great promise for the
use of such extracts [12, 16, 17].

The decrease in ALP levels following the treatment of rats with a combination of deltamethrin,
mandarin, and lemon extracts can be attributed to the potential synergistic effect of these
compounds on the enzymatic processes and metabolic pathways of the liver, a number of
reasons can be responsible for this effect: Deltamethrin is a synthetic pyrethroid insecticide that
is metabolized and detoxified in the liver. Mandarin and lemon extract mixtures can induce liver
detoxification, enabling more efficient deltamethrin and metabolite breakdown and elimination.
This would minimize deltamethrin's toxic impact on ALP release and production [18]. Mandarin
and lemon extracts include various hepatoprotective bioactive compounds. These compounds
can defend liver cells from deltamethrin- like chemical toxicity. By maintaining liver integrity,
citrus extracts can minimize ALP release into the blood [16, 19]. In addition, citrus peel extracts
are well known for anti- inflammatory and antioxidant activities, counteracting deltamethrin-
induced inflammation and oxidative stress. This may account for overall liver function recovery,
leading to decreased ALP levels [20, 21].

Deltamethrin alone caused the superoxide dismutase level to reduce in rats, indicating that the
chemical induces oxidative stress [22]. Deltamethrin, a synthetic pyrethroid insecticide, is also
said to generate reactive oxygen species (ROS) upon application in controlling insects [23].
Destruction of cells and tissue by reactive oxygen species (ROS) may be responsible for the
lowering of the enzyme SOD activity [6]. Superoxide radicals are the most widespread and most
toxic of the types of ROS and are opposed by the enzyme SOD. Deltamethrin alone did not
enhance SOD levels, but it did so when combined with citrus peel extracts, especially those from
mandarin and lemon. Flavonoids, phenolic acids, and vitamin C are just a few of the many
bioactive chemicals found in citrus peel extracts that give it its antioxidant capabilities [24, 25].
These substances can scavenge ROS and prevent oxidative stress in cells. Therefore, the
antioxidant qualities of mandarin and lemon extracts, when mixed with deltamethrin,
presumably counteracted the detrimental effects of deltamethrin-induced ROS, resulting in an
increase in SOD levels. In addition, increased SOD levels were seen when deltamethrin was
combined with citrus peel extracts. The significant increase in SOD activity seen here shows
that the synergistic antioxidant effects of the citrus peel extracts were even more effective than
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each alone in reducing the oxidative stress brought on by deltamethrin.

Deltamethrin's ability to generate oxidative stress in the body explains why the substance alone
raised malondialdehyde (MDA) levels in treated rats. Deltamethrin, a synthetic pyrethroid
pesticide, can cause oxidative stress by producing free radicals and reactive oxygen species,
which in turn can harm cells and raise levels of malondialdehyde (MDA) [9, 11, 26, 27].
Deltamethrin alone has been shown to cause oxidative damage, however, when combined with
mandarin and lemon extracts, this damage is mitigated. Antioxidants and polyphenols, two
types of bioactive substances found in citrus peel extracts, can neutralize free radicals and
alleviate oxidative stress in the body. These extracts, when given alongside deltamethrin, may
mitigate the insecticide's deleterious effects, resulting in lower levels of malondialdehyde
(MDA). Deltamethrin and the antioxidant capabilities of mandarin and lemon extracts work
together synergistically to reduce oxidative stress and lipid peroxidation in the rats [28, 29].

Severe necrotic, inflammatory and degenerative changes in liver and testis tissues were induced
by Deltamethrin as revealed by histopathology. These results indicate that citrus extracts can
enhance the recovery of tissue structure and mandarin and lemon extracts are promising
natural shields against chemical toxicity and thus can be used in the treatment of oxidative
stress and tissue damage.
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