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ABSTRACT

Background: Watermelon seeds (Citrullus lanatus) are nutrient-rich and possess beneficial phytochemicals with
potential medicinal applications. Codeine, a synthetic opioid, treats pain, cough, and diarrhea but carries high
risks such as addiction and organ damage. This study investigated the protective effects of Citrullus lanatus seed
extract on the brain, heart, and lung tissues of codeine-pretreated Wistar albino rats.

Methods: The experiment involved 24 rats divided into six groups. Group A (Control) received only standard
pelleted feed and water. Groups B, C, D, E, and F received 20 mg/kg body weight of codeine daily for 14 days,
followed by treatment with 250 mg/kg body weight of seed extract, 500 mg/kg body weight of pulp extract, 1000
mg/kg body weight of seed extract, or silymarin, respectively, for an additional 14 days. After which the animals
were euthanasia using chloroform, the organs excised for histological examination. Histopathological changes
were assessed, and data analyzed using SPSS version 20.

Results: findings showed significant difference (p < 0.05) between groups, indicating that the watermelon seed
extract potentially ameliorated codeine-induced organ damage. Control group tissues appeared normal, while the
negative control group exhibited inflammatory lung tissue damage. Experimental groups showed reduced or no
lung tissue damage, suggesting anti-inflammatory and antioxidant properties of the extract. Codeine's brain
impact was minimal, possibly due to the protective blood-brain barrier and acute exposure.

Conclusion: Citrullus lanatus seed extract demonstrated protective effects against codeine-induced lung toxicity
and possibly brain and heart damage in Wistar albino rats.
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INTRODUCTION Codeine, a mild opioid analgesic, is commonly
used for pain relief and cough suppression.
While short-term use is generally safe, long-term
misuse can lead to severe organ damage.
Codeine’s metabolism in the liver produces
morphine, which can vary among individuals,

leading to differing risks of adverse effects. 7

Fruits, including vegetables, are plant-derived
foods essential for human health due to their
natural compounds that aid in disease
prevention and overall development (Citrullus
lanatus), a vine-like plant native to Southern
Africa, is particularly rich in nutrients and

antioxidants. ! Its consumption has been linked
to reduced disease incidence, thanks to its anti-
inflammatory and antioxidant properties. 23

Watermelon consists of 92% water and 6%
sugar. The dried seeds of C. lanatus are notably
nutritious, containing proteins, fats, carbohy-
drates, and calcium, along with bioactive
compounds like betacarotene, lycopene, and
glycoproteins.#> These seeds also exhibit phar-
macological effects such as hepatoprotective,
anti-inflammatory, antiulcer, antibacterial, and
antioxidant activities. ©
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Chronic codeine exposure can impair cognitive
functions and cause brain tissue damage.
Studies indicate codeine abuse disrupts redox
balance, increases inflammation, and alters
brain tissue structure.®® High doses or over-
doses of codeine can also cause pulmonary
edema and respiratory depression, with recent
research linking codeine use to lung inflame-
mation and structural changes.!® Additionally,
codeine may harm heart muscle cells, especially
in individuals with preexisting heart condi-
tions.

Given the rising misuse of prescription opioids,
such as codeine, and their potential for organ
damage, exploring plant-based remedies is
critical. Citrullus lanatus seeds, with their
potent anti-inflammatory and antioxidant pro-
perties, present a promising natural therapy.
This research seeks to assess the potential of
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watermelon seed extracts to protect against
organ damage caused by codeine in albino rats.
The findings may inform future clinical studies
and the creation of supplementary treatments.

MATERIALS AND METHODS
Animal Procurement and Housing

For this study, twenty healthy albino rats, each
weighing between 100-150 grams and aged 5-7
weeks, were utilized. These rats were obtained
from the Animal House of the Anatomy
Department at the University of Benin. They
were housed in ventilated iron cages at the same
facility and allowed to acclimate for a period of
two weeks prior to the start of the experiment.
The environmental conditions were controlled to
maintain an ambient temperature range of 25°C
to 30°C, and the cages were cleaned daily to
uphold sterility.

Feeding

The rats were provided with standard grower’s
mash, sourced from a local supplier, and had
access to water ad libitum throughout the
duration of the experiment. All animal care
procedures adhered to the ethical guidelines
established by the animal ethics committee of
the Ministry of Agriculture. Treatment was
administered orally via a feeding tube.

Reagents and Chemicals

The chemicals used included Scott’s water,
distilled water, hematoxylin dye, eosin dye, 1%
acid-alcohol, xylene, ethanol, disperse plasti-
cizer, 10% neutral buffered formalin, and
normal saline.

Procurement of Codeine and Silymarin
Codeine was obtained from EMTSWISE.
Equipment

The study utilized an analytical weighing
balance, plastic cages, dissecting tools, Pyrex
glassware, syringes, automatic tissue processor
(Hestion ATP7000, Germany), embedding
machine (Hestion E500, Germany), digital rotary
microtome (Hestion ERM 4000, Germany), water
bath (Gallenkamp), hot plate, staining rack,
Soxhlet extractor, Swift binocular microscope,
and a digital electronic balance (Gilbertini,
Italy).

Plant Materials

Watermelon specimens were collected from New
Benin Market, Benin City, and identified at the
University of Benin’s Department of Plant
Biology and Biotechnology by Professor
Akinnibosun Henry Adewale. The specimen
voucher number UBH-C401 was assigned, and
the samples were stored in the department
herbarium.
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Preparation of Plant Materials

Watermelon seeds were carefully extracted from
the fruit and then air-dried at room tempera-
ture, ensuring they were kept away from direct
sunlight. Once thoroughly dried, the seeds were
ground into a fine powder. The powdered seeds
were then stored in a refrigerator at a tempera-
ture of 4-8°C until they were used for aqueous
extraction.

Extraction

The aqueous extract of watermelon seeds was
prepared by cold maceration. 250g of powdered
seeds were soaked in 1000mL of distilled water
for 24 hours, then filtered, decanted, and stored
at 2-4°C before freeze-drying.

Freeze Drying

The aqueous extract was freeze-dried at the
University of Benin's research laboratory using
a SCIENTZ-12N laboratory lyophilizer to obtain
a fine powder.

Acute Toxicity Study

Achukwu et al. 1! identified a toxic dose of 20
mg/kg body weight per day for rats in their
study.

Experimental Animals

In this experiment, twenty-five albino rats, each
weighing between 120 and 180 grams, were
segregated into five groups of five rats each.
These rats were housed in plastic cages with
wire mesh for ventilation and were given
unrestricted access to food and water. The
environmental conditions, including tempera-
ture and humidity, were controlled to ensure
proper acclimatization of the animals over a two-
week period.

Ethical consideration

The study received ethical clearance from the
Ethics and Research Committee of the Ministry
of Agriculture, Edo State, Nigeria (Ethical
Number: V.1041).

Animal handling followed international guide-
lines as reported by the Institute for Laboratory
Animal Research. (12

Experimental Design

The rats were allocated into six groups, each
consisting of four rats:

Group A (Control): Received only pelleted vita
finisher feed and water.

Group B (Negative Control): Administered
codeine at a dose of 20 mg/kg body weight daily
for 14 days, followed by a return to normal rat
feed.
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Group C: Received codeine at 20 mg/kg body
weight daily for 14 days, followed by 250 mg/kg
body weight seed extract for the subsequent 14
days.

Group D: Received codeine at 20 mg/kg body
weight daily for 14 days, followed by 500 mg/kg
body weight pulp extract for the following 14
days.

Group E: Received codeine at 20 mg/kg body
weight daily for 14 days, followed by 1000
mg/kg body weight seed extract for the next 14
days.

Group F (Positive Control): Received codeine at
20 mg/kg body weight daily for 14 days, followed
by treatment with silymarin.

Processing of Histology Samples

Tissue samples were fixed for 72 hours,
sectioned into 3-5 mm slices, dehydrated,
cleared, and embedded in paraffin wax. These
sections were then cut into 3-5-micron slices
using a digital rotary microtome, and stained
with hematoxylin and eosin (H&E).

Protocol for Hematoxylin and Eosin (H&E)
Staining

The staining process involved dewaxing the
sections in xylene, rehydrating them in water,
staining with either Cole’s hematoxylin or
Mayer’s hematoxylin, washing, differentiating in
acid alcohol, bluing in Scott's water, counter-
staining with eosin, washing again, dehydrating
in alcohol, clearing in xylene, and finally
mounting in DPX.

Microscopy and Photomicrography

Histological sections were examined under a
Swift binocular microscope with built-in
lighting, and images were captured using an
Olympus photomicroscope at 400x magnifica-
tion.

Statistical Analysis

Data analysis was conducted using IBM SPSS
version 20.0. Analysis of variance (ANOVA) was
used to evaluate the data, and results are
presented as means with standard error of the
mean (SEM). Pairwise comparisons between
groups were performed using the Duncan post
hoc test, with statistical significance set at
P<0.05.

RESULTS

Chart 1 below reveals that there were no
statistically significant differences (P > 0.05) in
the weights measured at the intermediate and
final stages compared to the initial weights
within each group. This suggests that the weight
changes observed throughout the study were
not substantial enough to reach statistical
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significance, indicating a stability in weight
across the treatment groups. In Chart 2, the
data indicates a lack of statistically significant
differences (P > 0.05) in weight change between
the codeine-only group and the control group.
Furthermore, the treated groups did not exhibit
any meaningful variations in weight change
compared to the codeine-only group, highlight-
ing that none of the administered treatments
significantly altered weight outcomes, thus
reflecting a consistent weight stability among
the subjects.

Chart 3 shows significant alterations in brain
weight across treatment groups. Notably,
animals administered 20 mg/kg of codeine for
14 days, followed by a 250 mg/kg extract for
another 14 days, exhibited a statistically
significant reduction in brain weight (P < 0.05)
compared to the codeine-only group. This indi-
cates that the combination of these treatments
significantly affected brain weight.

Chart 4 below presents a statistically significant
decrease (P < 0.05) in the brain-to-body weight
ratio for animals receiving 20 mg/kg of codeine
for 14 days, followed by varying doses of extract
(250 mg/kg, 500 mg/kg, and 1000 mg/kg) and
50 mg/kg of silymarin for an additional 14 days.
This change, compared to the codeine-only
group, underscores the profound impact of
these treatments on brain-to-body weight
dynamics, warranting further investigation into
their implications. Findings from Chart 5
indicate a significant reduction (P < 0.05) in
heart weight among animals treated with an
initial 20 mg/kg of codeine for 14 days, followed
by either 250 mg/kg or 1000 mg/kg of extract
for another 14 days. This comparison to the
codeine-only group suggests that subsequent
treatments substantially influenced heart
weight.

Chart 6 illustrates a statistically significant
increase (P < 0.05) in the heart-to-body weight
ratio for animals treated with 20 mg/kg of
codeine compared to the control group.
However, for those receiving the same initial
codeine dose followed by 250 mg/kg, 500
mg/kg, or 1000 mg/kg of extract and 50 mg/kg
of silymarin, a significant decrease (P < 0.05) in
this ratio was noted compared to the codeine-
only group. These findings highlight the varying
effects of treatments on heart weight relative to
body weight, indicating a need for deeper
exploration of these relationships.

In Chart 7, a notable increase in lung weight was
observed in animals receiving 20 mg/kg of
codeine for 14 days compared to the control
group, with statistical significance at P < 0.05.
Conversely, subsequent treatment with varying
doses of extract (250 mg/kg, 500 mg/kg, and
1000 mg/kg) and 50 mg/kg of silymarin for
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another 14 days led to a significant decrease in
lung weight relative to the codeine-only group (P
< 0.05). This suggests that the treatments
effectively mitigated the adverse effects of
codeine on lung weight. Chart 8 analysis
revealed significant results regarding the lung-
to-body weight ratio. Animals treated with 20
mg/kg of codeine for 14 days showed a notable
increase in this ratio compared to the control
group (P < 0.05). However, following treatment
with various doses of extract and silymarin for
an additional 14 days, there was a significant
decrease in the lung-to-body weight ratio when
compared to the codeine-only group (P < 0.05).
These results imply that the subsequent
treatments effectively counteracted the increase
in lung-to-body weight ratio induced by codeine.

The examination of lung, heart, and brain
tissues in plate 1, 2 and 3 revealed distinct
effects of codeine and subsequent treatments. In
the control group in plate 1, lung tissue
displayed a normal structure with clear airways
and intact alveoli. However, administration of
codeine at 20 mg/kg resulted in significant
hemorrhage within the lung parenchyma,
affecting both airways and alveoli, along with
desquamation of epithelial linings, indicative of
pulmonary hemorrhagic syndrome. Following
treatment with Citrullus lanatus extract at 250
mg/kg, the lung exhibited enlarged alveoli and
destruction of alveolar walls, suggesting
emphysema and further epithelial desquama-
tion. With a higher dose of Citrullus lanatus (500
mg/kg), lung structure returned to normal,
showing clear airways and defined interstitial
spaces, and this normal morphology was
maintained even at 1000 mg/kg. In contrast,
administration of silymarin at 50 mg/kg led to a
recurrence of extensive hemorrhage, resembling
the earlier pulmonary hemorrhagic syndrome.

Heart tissue from the control group in plate 2
showed myocytes with peripheral nuclei and
eosinophilic cytoplasm, indicating healthy
tissue. Codeine administration at 20 mg/kg
maintained normal heart characteristics, and
similar findings were observed with subsequent
treatments using Citrullus lanatus at both 250
mg/kg and 500 mg/kg, indicating no adverse
effects on heart morphology. Even at the highest
dose of Citrullus lanatus (1000 mg/kg), the
cardiac structure remained normal. Administra-
tion of silymarin (50 mg/kg) also resulted in
myocytes that displayed normal characteristics,
further indicating the lack of damage.

In the brain in plate 3, neurons and neuroglial
cells in the control group exhibited normal
characteristics supported by a dense network of
cytoplasmic processes. Codeine administration
did not alter this normalcy, as the brain tissue
remained undamaged. Following treatment with
Citrullus lanatus at various dosages, the
integrity of neurons and glial cells was
preserved, and normal brain architecture was
maintained. Similar observations were noted
with  silymarin treatment, showing no
detrimental effects on brain structure.

Overall, these findings suggest that while
codeine can induce pulmonary hemorrhagic
syndrome in lung tissues, the introduction of
Citrullus lanatus extract appears to mitigate
these effects and restore normal lung
morphology. Heart and brain tissues largely
remained unaffected by codeine or subsequent
treatments, demonstrating their resilience in the
studied conditions.
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DISCUSSION

The charts presented highlight various
significant effects of codeine and subsequent
treatments with herbal extracts and silymarin
on organ weights in animals.

Chart 3 shows a significant reduction (P<0.05)
in brain weight in animals treated with 20
mg/kg of codeine for 14 days followed by 250
mg/kg of an extract for another 14 days
compared to the codeine-only group. This sug-
gests the extract may have neurotoxic effects or
induce other physiological changes post-codeine
exposure, as reflected in the decrease in brain
weight, which aligns with previous findings on
opioid and extract interactions. 13-15

Chart 4 shows a reduction in brain-to-body
weight ratio (P<0.05) in animals treated with 20
mg/kg of codeine followed by varying doses of
extract or silymarin. This reduction indicates
possible adverse effects on brain mass in
relation to body weight, reinforcing the idea that
these substances affect brain physiology when
combined with opioids. 13-15

Chart 5 reports a decrease in heart weight
(P<0.05) in animals treated with codeine
followed by 250 mg/kg and 1000 mg/kg of
extract, indicating that the extract may counter
the cardiovascular effects caused by codeine.
Such findings support research suggesting
cardiovascular alterations following opioid use
and mitigation by natural extracts. 13-15

Chart 6 demonstrates an increase in heart-to-
body weight ratio (P<0.05) in codeine-treated
animals compared to the control group, which
was reversed after treatment with varying doses
of extract or silymarin. This suggests that these
substances can mitigate codeine-induced
cardiovascular changes. 13-15
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Chart 7 reveals an increase in lung weight
(P<0.05) after codeine treatment, which
decreased when the animals were given extract
or silymarin. This suggests the potential for
these substances to reverse codeine-induced
pulmonary effects. 13-15

Chart 8 further supports these findings,
showing a statistically significant increase in
lung-to-body weight ratio after codeine treat-
ment, which was reduced with extract and
silymarin, highlighting their protective effects on
the lungs post-opioid exposure. 13-15

The photomicrographs presented in Plates 1-3
provide insights into the histopathological
changes in lung tissue under various experi-
mental conditions. By examining these findings
in relation to previous studies, we can better
understand the impact of different treatments
on lung tissue.

The control group (Group A) shows normal lung
architecture with intact airway and alveoli, in
tandem with the findings of Johnson and Clark,
studies where animals were maintained on
standard diets without exposure to harmful
substances.'® This serves as a baseline for
assessing pathological changes.

Our findings also shows that codeine has no
effect on the histomorphology of the heart and
brain tissues probably due to the dosage
administered. This finding was contrary to the
work done by Achukwu et al., who administered
higher dosage of codeine (50 mg/kg body weight)
led to several notable histopathological effects
on the brain of albino rats. 1! The study found:
There was evidence of neuronal degeneration,
including shrunken neurons and loss of neuron
integrity, increased signs of inflammation were
observed, which may indicate a response to the
neurotoxic effects of codeine, the study noted
changes in the cellular architecture of brain
tissue, including vacuolation and glial cell
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proliferation, the authors suggested that
codeine may induce oxidative stress,
contributing to the observed damage. !!

Administration of codeine at 20 mg/kg body
weight per day resulted in extensive hemorrhage
and desquamation, indicating significant lung
damage. This is consistent with earlier research
showing that opioid exposure can lead to severe
respiratory complications and lung tissue
damage. 17

When codeine treatment was followed by 250
mg/kg of Citrullus lanatus seed aqueous extract,
the lung tissue showed signs of emphysema,
such as enlarged alveoli and destruction of
alveolar walls. Previous studies have reported
that certain natural extracts can either
ameliorate or exacerbate drug-induced lung
damage, depending on the dose and specific
properties of the extract. 18

Higher doses of Citrullus lanatus extract (500
mg/kg and 1000 mg/kg) following codeine
administration resulted in normal lung morpho-
logy. This suggests a protective or restorative
effect of the extract at these doses. Similar
protective effects of natural antioxidants and
anti-inflammatory agents on lung tissue have
been documented in the literature. 1°

Despite the administration of silymarin, a
known hepatoprotective and antioxidant agent,
the lung tissue still exhibited pulmonary
hemorrhagic syndrome. This contrasts with
some studies that highlight the protective effects
of silymarin on lung tissue; however, the efficacy
may vary based on the context and specific type
of tissue damage.2°

Plants, including Citrullus lanatus (watermelon),
are renowned for their rich phytochemical
content, which holds significant medicinal value
21. Codeine, a synthetic opioid used for pain
relief, cough suppression, and diarrhea mana-
gement, poses severe risks such as addiction
and organ damage when misused or overdosed.
7The search for safer alternatives with minimal
side effects has heightened interest in plant-
based therapies due to their historically low
toxicity- 2

This study assessed the protective effects of
Citrullus lanatus seed extract on lung tissues in
Wistar albino rats treated with codeine. The
study utilized 24 albino rats, segmented into six
groups for experimentation. Group A served as
the control, Group B was the negative control
treated with codeine, Group C was the positive
control receiving Citrullus lanatus extract, and
the remaining three groups received a
combination of codeine followed by different
doses of Citrullus lanatus extract.

Measurements including body weights, brain
weights, brain-to-body weight ratios, heart
weights, heart-to-body weight ratios, lung
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weights, and lung-to-body weight ratios
remained consistent within each group.
Nonetheless, notable variations in lung weight
across the groups were observed, suggesting
possible inflammation and damage induced by
codeine, which corresponds with the
observations reported by Naz et al. 2!

The observed protective effects of Citrullus
lanatus, particularly at higher doses, are
consistent with prior studies demonstrating the
anti-inflammatory and antioxidant properties of
plant extracts in counteracting drug-induced
organ damage. 22 Similar to the findings of Kim
and Lee. 23 This study highlights the importance
of dose dependency in the therapeutic efficacy of
Citrullus lanatus. The lack of significant
protection by silymarin contrasts with some
studies that have reported its effectiveness in
protecting against various toxic agents. This
suggests that its protective mechanisms may
differ across tissues or require specific dosing
adjustments. 24

Conclusion

The findings suggest that Citrullus lanatus seed
extract can mitigate codeine-induced Ilung
damage, with efficacy increasing at higher
doses. These results underscore the potential of
Citrullus lanatus as a protective agent against
opioid-induced organ damage, aligning with
previous research on the beneficial properties of
plant extracts Further studies should explore
the precise mechanisms of protection and
optimal dosing strategies to maximize thera-
peutic benefits.
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