Akinbola et al., Pan African Journal of Life Sciences (2025): 9(2): 398-410
DOI: 10.36108/pajols/5202/90.0210

Publication of Faculty of Basic Medical Sciences and Basic Clinical Sciences ,
Ladoke Akintola University of Technology, Ogbomoso

RESEARCH

www.pajols.org
Online ISSN:2672-5924

Faculty of Basic Medical
‘Sciences, LAUTECH

Open Access

Ameliorative Effect of Ethanolic Extract of Cocos nucifera Husk on Oxidative Stress Damage in Streptozotocin-
induced Diabetic Rats

Ibukun O. Akinbolal, Emmanuel B. Oyewol, Ifeoluwa A. Akinbolaz, Mofoluwaso F. Adisa?’, Akeem A.
Ayankunle“, Adeniran S, Adekunle'

Department of Biochemistry, Faculty of Pure and Applied Sciences, Ladoke Akintola University of Technology, PMB 4000,
Ogbomoso, Nigeria

’Department of Hematology, Faculty of Basic Clinical Sciences, Ladoke Akintola University of Technology, PMB 4000, Og-
bomoso. Nigeria

*Department of Applied Chemistry, Kaduna Polytechnic, Kaduna, Nigeria

*Department of Pharmacology and Therapeutics, Faculty of Basic Clinical Sciences, Osun State University

*Correspondence should be addressed to Adeniran S, Adekunle: asadekunle@]lautech.edu.ng
Received 17th May 2025; Revised 14th July 2025; Accepted 15th July 2025

© 2025 Akinbola et al. Licensee Pan African Journal of Life Sciences an official publication of Faculty of Basic
Medical Sciences, Ladoke Akintola University of Technology, Ogbomoso. This is an Open Access article dis-
tributed under the terms of the Creative commons Attribution License (https://creativecommons.org/licenses/
BY/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.

ABSTRACT

Background: Natural products and traditional medicines are an alternative route to the current synthetic drug prescription in
the treatment of type 2 diabetes. The aim of this study was to investigate the ameliorative effects of oxidative stress damage
using the ethanolic extract of Cocos nucifera husk (EECNH) in a context of STZ-induced diabetic rats.

Method: One hundred female Wistar rats (180-200g) were randomly distributed into ten groups of n=10. Group A was des-
ignated as a non-diabetic control group, and groups B to H were the high-fat diet and streptozotocin-induced diabetic groups.
Concurrently, Groups I and J were diabetic-free groups treated with doses of extracts 125mg/kg and 1000mg/kg, respective-
ly. After eight weeks of a high-fat diet, diabetes was induced by injecting a single dose of Streptozotocin (40mg/kg) intraperi-
toneally. Later, after verification of diabetes on the 72nd hour post-induction of diabetic status, group B received no treat-
ment, while group C was treated with 75mg/kg metformin. Treatment with the plant extract at variable doses of 125, 250,
500, 750, and 1000mg/kg was received by groups D to H, BW for 21 days.

Results: Oral administration of EECNH in all concentrations compared to untreated diabetic rats after 21 days showed in-
creased fasting blood glucose levels, significant reduction in serum concentration of urea, uric acid, and creatinine, and an
elevation in concentration of albumin in treated rats, at p<0.05. The antioxidant findings showed remarkable increases
(p<0.05) in SOD, catalase, GSH content alongside decrease in the level of MDA of diabetic rats administered the EECNH
compared to the untreated diabetic rats with the maximum effects at dosages of 125 and 750 mg/kg BW.

Conclusion: This study suggests that EECNH effectively ameliorates kidney injury and oxidative stress characteristic of
STZ-induced diabetes mellitus. Therefore, it has been demonstrated that EECNH is an effective extract exhibiting both anti-
hyperglycemic and antioxidant activity in rats, suggesting its potential for further investigation.
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1.0 INTRODUCTION

Diabetes mellitus (DM) is a chronic progressive endo-
crine metabolic disease with carbohydrate metabolism
abnormalities that are accompanied by hyperglycemia [1,
2]. The majority of diabetes occurs in two broad etiopath-
ogenetic forms. The first type is type 1 diabetes (T1DM)
due to absolute insulin secretion deficiency [3]. The sec-
ond is type 2 diabetes mellitus (T2DM) with insulin re-
sistance (decline in adipose tissue and liver sensitivity to
insulin-stimulated glucose uptake) and insulin secretion
disorder (due to pancreatic B-cell dysfunction) [4]. The
prevalence of diabetes mellitus in general across the
world is estimated at approximately 6%, of which 90% is
type 2 diabetes [2, 5]. According to the International Dia-
betes Federation (IDF) 2017 survey, 425 million people
were impacted by DM (90 % of which are T2DM) across
the globe and 629 million people might develop diabetes
by 2045 [6]. Type 2 diabetes is a metabolic syndrome
characterized by high levels of glucose, the generation of
reactive oxygen species (ROS), and inflammation, all of
which are linked with obesity. The role of free radicals in
the molecular mechanisms of vascular diabetic disease
cannot be overemphasized [7, 8]. In diabetes pathogene-
sis, hyperglycemia induces the overproduction of super-
oxide free radical by the mitochondria; and ROS interacts
with nitric oxide (NO) to produce peroxynitrite that irre-
versibly inhibits two atheroprotective enzymes, epithelial
NO synthase (eNOS) and prostacyclin synthase [7].
Nonetheless, excess glucose entry through glycolysis and
the Krebs cycle results in mitochondrial electron
transport chain overexcitation and mitochondrial damage
and increased ROS production in hyperglycemia [9]. Oxi-
dative stress results from discordance in the generation of
oxidants and antioxidants, with the excess ROS genera-
tion that penetrates molecular targets and begins damage
[10]. Studies have confirmed the primary antioxidant en-
zymes that participate in detoxification of reactive nitro-
gen species (RNS) and reactive oxygen species (ROS) as
superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx), and glutathione reductase (GRx) [11].

Several clinical and experimental studies suggest that the
foundation of pathogenesis and development of type 2
diabetes complications is oxidative stress [12, 13] by
quantifying diabetic patients' and mice's oxidative stress
markers [14]. Side effect-free control of diabetes remains
the biggest challenge. However, the majority of diseases
that proved to be insensitive to the application of conven-
tional medicines can be effectively managed using the

application of herbal medicine [15].

Therefore, efficient and natural anti-diabetic drugs from
medicinal plants are progressively attracting interest for
the effective treatment of diabetes mellitus. Phytochemi-
cals are major sources of medicines because they are rela-
tively safe and effective with minimal or no side effects
[16]. Plant-derived compounds, such as phenolic mole-
cules, flavonoids, tannins, alkaloids, and the like, possess
numerous applications for treating several diseases, in-
cluding diabetes mellitus [17]. Most of the synthetic
drugs used today in the therapy of diabetes mellitus such
as metformin, sulfonylureas, dipeptidyl peptidase 4 inhib-
itors, SGLT2 inhibitors, glucagon like peptide 1 receptor
agonists, and thiazolidinediones necessarily have side
effects such as hypoglycemia, gastrointestinal disease,
weight gain, lactic acidosis, bone fracture, peripheral ede-
ma, and cardiovascular disease even though the drugs
show positive impacts on the management of type 2 dia-
betes mellitus (T2DM) [18]. For example, fluid overload
and congestive heart failure evidence has been found
among a patient cohort that received thiazolidinediones,
and various trials have reported weight gain as a side ef-
fect of sulfonylureas or metformin [19]. In particular, the
drug cost of managing diabetes has been a gigantic bur-
den on societies and, occasionally, a lack thereof, particu-
larly for residents of rural areas, attracting the attention of
numerous scholars to come up with new antidiabetic
drugs or herbal nutritional supplements with improved
safety [16, 20].

Cocos nucifera husk is among the herbs/plants presumed
to be helpful in controlling diabetes mellitus and its com-
plications. Cocos nucifera Linn. is a palm belonging to
the Palmae (Arecaceae) family and is widely known as
the coconut tree. It is a wide family that comprises 217
genera and 2,500 species [21]. Cocos nucifera husk
(Figure 1) possesses anti-inflammatory, anti-bacterial,
antifungal, and antiviral properties. However, its antioxi-
dant activity has not yet been established.

Therefore, this present study attempted to understand the
antihyperglycemic and antioxidant mechanisms of an
ethanolic extract of the husk of Cocos nucifera on a bio-
chemical basis, in vivo and in vitro.

2.0 METHODOLOGY
2.1. Collection and Identification of Plant Material

Recently gathered ripe Cocos nucifera were picked from
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Figure 1. Cocos nucifera (coconut) Husk

Ogbomoso, Oyo State. Dr (Mrs) A.F. Ogundola, with
voucher number LH0932, taxonomically identified and
authenticated the plant in the Department of Pure and Ap-
plied Biology, Ladoke Akintola University of Technolo-
gy, Ogbomoso, Oyo State.

2.2. Preparation of Plant Extract

A slightly altered procedure [22, 23] was adopted to pro-
duce the plant extract. Freshly collected Cocos nucifera
husk was peeled off and separated carefully. Two weeks
of air-drying at room temperature (25°C) were performed.
Dried husk was then crushed using a commercial grinding
mill to obtain the powder form. The powdered drug was
then macerated with 99% ethanol for 72 hours and was
well filtered with a fine cotton cloth. A semi-solid extract
from the filtrate was produced upon evaporation at 78°C
in a rotary evaporator. It was then air-dried to obtain pow-
der form at room temperature and stored in a refrigerator
at 0°C - 4°C until use. The ethanolic extract was made
soluble in Dimethylsulphoxide (DMSO) and administered
in the experiment at the required dose at the time of ad-
ministration.

2.3. Experimental Animals

One hundred albino female Wistar strain rats weighing
180-200g were supplied by the Animal House, Physiolo-
gy Department, Faculty of Basic Medical Sciences, La-
doke Akintola University of Technology, Ogbomoso,
Oyo State. The rats were kept in clean wooden cages, in a
well-ventilated room, and acclimatized to laboratory con-
ditions for two weeks before the experiment started. They
were maintained in a 12-hour light: dark cycle under nor-
mal conditions. The animals were given standard animal
pellets and free access to water ad libitum. The animals
were randomly divided into ten groups of ten animals
each for an antidiabetic study by streptozotocin-induced
type 2 diabetic experiment.

2.4. Drugs and Chemicals

Streptozotocin was obtained from Biotech, Ilorin. Estima-
tion of oxidative stress markers was achieved through the
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use of chemicals such as epinephrine, sodium carbonate,
potassium heptaoxodichromate, hydrogen peroxide, acetic
acid, dichromate, 5,5'-dithiobis-(2-nitrobenzoic acid)
(DTNB), sulphosalicylic acid, reduced glutathione, tri-
chloroacetic acid, thiobarbituric acid, tris base and potas-
sium chloride which were obtained from Biotech, Ilorin.
Other chemicals were of analytical grade. Freshly dis-
tilled water was utilized wherever necessary.

2.5. Animal Grouping

The rats were divided into 10 groups. Group A was fed a
standard diet with free access to water. Groups B-H were
diabetic induced, and groups I and J were non-diabetic,
treated with the plant extract.

2.6. Induction of Type 2 Diabetes

Type 2 diabetes mellitus was induced in experimental
animals through a high-fat diet-low-dose streptozotocin
model, which was considerably comparable with the dis-
ease pathophysiology in a minimally altered technique
[24].

2.6.1. Induction of obesity

To induce obesity, groups B-H rats were continuously
kept on a modified high-fat diet for 8 weeks. The high-fat
diet contains 43.7% fat, 13.8% protein, 40% carbohy-
drates, 0.9% salt, and 1.6% vitamin and mineral premix.
Meanwhile, rats from the control group (A) and non-
diabetic groups (I and J) were kept on modified standard
rat feed (5% fat, 33% protein, 60% carbohydrates, 1%
salt, and 1% vitamin and mineral premix). Rats' BMI (g/
cm2) was calculated weekly for eight weeks according to
body weight and body length (nose to anus). Rats with a
BMI above 0.5044g/cm2 were considered obese [25].

2.6.2. Induction of Diabetes

The animals were fasted for about 12 hrs with ad libitum
access to water before the induction of diabetes [26]. The
animal's weight and blood glucose were measured using
an Accu-Chek glucometer (Active, Roche Diagnostics,
Germany). Diabetes was also induced in obese rats by 40
mg/kg intraperitoneal injection of freshly dissolved STZ
in cold 0.1 M citrate buffer, pH 4.5, by body weight [27].

Diabetes was confirmed 72 hours after STZ injection by
overnight fasting blood glucose by glucometer [28]. Dia-
betes Mellitus was established with elevated fasting glu-
cose levels above 200 mg/dL [29].

2.7. Experimental Design and Treatment Schedule

The rats were divided randomly into ten groups, each
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comprising ten animals. Group A (standard control) was
administered only distilled water daily, Group B was
streptozotocin-induced diabetic rats that were left untreat-
ed, and Group C was diabetic rats treated with 75 mg/kg
b.w. Metformin every day, Group D was diabetic rats
treated with 125 mg/kg b.w. ethanolic extract of Cocos
nucifera husk daily, Group E was diabetic rats adminis-
tered 250mg/kg b.w. ethanolic extract of Cocos nucifera
husk daily, Group F was diabetic rats administered
500mg/kg b.w. ethanolic extract of Cocos nucifera husk
daily, Group G was diabetic rats administered 750mg/kg
b.w. ethanolic extract of Cocos nucifera husk daily,
Group H was diabetic rats administered 1000mg/kg b.w.
ethanolic extract of Cocos nucifera husk daily, Group I
consisted of non-diabetic rats receiving 125mg/kg b.w.
ethanolic extract of Cocos nucifera husk was adminis-
tered daily, and Group J consisted of non-diabetic rats
that received 1000mg/kg b.w. ethanolic extract of Cocos
nucifera husk daily. The treatments were given to all the
groups orally once a day for 21 days. The body weight of
rats and blood glucose levels were measured on days 0, 7,
14, and 21 of the experiment.

2.8. Animal Sacrifice and Sample Collection

Animals were sacrificed via cervical dislocation on day
22. About 5 mL of blood was collected by cardiac punc-
ture [8] and serum was separated following centrifugation
of blood at 3000 rpm for 10 minutes [30]. The serum was
stored in a freezer at -20 °C for future estimation. Liver,
kidney, and heart were excised. The organs were opened
and cleaned using ice-cold saline and used in additional
experimental research.

2.9. Biochemical Analyses
2.9.1. Estimation of Blood Glucose Level

The ACCU-CHEK glucometer sensor was used to esti-
mate the fasting blood glucose level of the rats every
week by puncturing the rats' tails. The glucometer uses
glucose oxidase—specific strips and is a type of reflec-
tance photometry.

2.9.2. Estimation of Renal Function Markers

Renal marker concentration (Urea, uric acid, and creati-
nine) in plasma was estimated using the method pre-
scribed in the instructional manual of Labkit (Chemelex,
S.A)).

2.9.3. Superoxide Dismutase Activity Assay

The level of SOD activity was determined by the method
of Misra and Fridovich [31]. It was expressed as a unit of

activity. One unit of SOD activity was given as the
amount of SOD necessary to cause 50% inhibition of the
oxidation of adrenaline to adrenochrome during 1 minute.

2.9.4. Catalase Activity Assay

The catalase activity was estimated by adopting the tech-
nique described by Sinha [32]. It was expressed as units
V).

2.9.5. Lipid Peroxidation (Malondialdehyde) Assay

The malondialdehyde content of lipid peroxidation was
estimated using the Vashney and Kale [33] method. Its
amount was computed in terms of pmol/L.

2.9.6. Reduced Glutathione (GSH) Assay

The reduced glutathione content was determined using
Anderson's method [34].

2.10. Statistical Analysis

Data from the present study were expressed as mean +
standard error of the mean (mean + SEM). Data were sta-
tistically analyzed using GraphPad Prism 5 by one-way
ANOVA followed by post hoc Tukey's test [2]. Statisti-
cally significant results were assumed with P values
<0.05.

3.0 RESULTS

3.1. Qualitative Analysis of Phytochemicals in Etha-
nolic Extract of Cocos nucifera Husk

The different secondary metabolite classes, such as alka-
loids, cardiac glycosides, tannins, steroids, terpenoids,
flavonoids, anthraquinones, saponins, and carbohydrates,
were screened for in the ethanolic extract of Cocos nucif-
era husk. The existence of tannin, saponin, terpenoid,
steroid, flavonoid, and phenolic compounds was estab-
lished in the qualitative test. Carbohydrate was extremely
strong, whereas cardiac glycosides were absent in the
plant extract (Table 1).

3.2. Biochemical analysis

Table 1: Results of the Qualitative Phytochemical Compositions of

Ethanolic Extract of Cocos nucifera Husk.

Phytochemical Compositions Properties

Phenolics Present

Steroids Present

Present
Present

Flavonoids
Tannins

Saponins Present
Present
Absent

Very strong

Terpenoids
Cardiac glycosides
Carbohydrate
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3.2.1. Blood Glucose Level of Rats

Effect of weekly record of daily doses of ethanolic ex-
tract of Cocos nucifera husk on the blood glucose level
of streptozotocin-induced diabetic rats is presented in
Figure 2 and Figure 3. The significant (p<0.05) increase
in the blood glucose level of the rats in the 2nd to the 7th
group on the Oth day was due to induction with strepto-
zotocin. It was observed that the control normal group
and the non-diabetic groups of 125mg/kg and 1000mg/kg
ethanolic extract of Cocos nucifera husk showed erratic
rise and fall in blood glucose over the days. The increase
observed in the untreated diabetic group remained higher
until the end of the experiment. Administration of diabet-
ic rats daily in all groups with the plant extract and con-
trol drug-treated group with ethanolic extract of Cocos
nucifera husk for 7 days led to an appreciable (p<0.05)
reduction of the fasting blood glucose levels compared to
the untreated diabetic group. However, a more marked
(p<0.05) reduction was observed in the 125 and 750mg/
kg b.w.-treated groups of the plant's extract.

Blood Glucose

Control

DM

DM+ Met (150mg/kg)
DM+ CocoH (125mg/kg)
DM+ CocoH (250mg/kg)
DM+ CocoH (500mg/kg)
DM+ CocoH (750mg/kg)
DM+ CocoH (1000mg/kg)
CocoH (125mg/kg)
CocoH (1000mg/kg)

Blood Glucose (mg/dL)

800 DDEDREE

Figure 2. Blood Glucose Levels of rats after induction with streptozotocin
(0th Day), 7days after commencement of treatment (7th Day).

Data expressed as MeantSEM, “p< 0.05 compared to control, °p< 0.05 compared to

DM, ‘p< 0.05 compared to DM + Met. CocoH: Cocos nucifera husk, Met: Metformin,
DM: Diabetes Mellitus

Blood Glucose

8

Control
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DM+ Met (150mg’kg)
DM+ CocoH (125mg/’kg)
DM+ CocoH (250mg'kg)
DM+ CocoH (500mg’kg)
DM+ CocoH (750mg'kg)
DM+ CocoH (1000mg/kg)
CocoH (125mg/kg)
CocoH (1000mg/kg)

©
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Figure 2. Blood Glucose Levels of rats after induction with streptozotocin
(0th Day), 7days after commencement of treatment (7th Day).

Data expressed as MeantSEM, “p< 0.05 compared to control, °p< 0.05 compared to
DM, “p< 0.05 compared to DM + Met. CocoH: Cocos nucifera husk, Met: Metformin,
DM: Diabetes Mellitus

3.2.2. Serum Kidney Function Markers
3.2.2.1. Urea Level of STZ-induced Diabetic Rats

There was no considerable (p>0.05) elevation in the level
of urea in the untreated diabetic rats compared to control
rats. However, the level of urea decreased significantly
(p<0.05) upon treatment of the diabetic groups with met-
formin and ethanolic extract of Cocos nucifera husk at
doses of 125, 250, 500, and 750mg/kg b.w. Compared to
diabetic untreated rats, administration with 1000mg/kg of
the plant extract did not reduce urea content (Figure 4).
Additionally, more reduction was seen in the group treat-
ed with 750mg/kg BW of the plant extract.

3.2.2.2. Uric Acid Level of STZ-induced Diabetic Rats

Urea

Urea(mg/dL)

b
zZ
Z
Z
Z

Figure 4. Urea levels of rats 21 days after commencement of treatment.

Data expressed as MeantSEM, “p < 0.05 compared to control, *p < 0.05 compared to DM,
p <0.05 compared to DM+ CocoH (125mg/kg). CocoH: Cocos nucifera husk, Met: Metfor-

Uric acid

Uric acid (mg/dL)

Figure 5. Uric acid levels of rats 21 days after commencement of treatment.
Data expressed as Mean+SEM, °p < 0.05 compared to control, °p < 0.05 com-
pared to DM+ Met (75mg/kg), DM+ CocoH (125mg/kg), DM+ CocoH (250mg/
kg), DM+ CocoH (500mg/kg) and DM+ CocoH (750mg/kg). CocoH: Cocos
nucifera husk, Met: Metformin, DM: Diabetes Mellitus

The creatinine level was considerably (p<0.05) greater in
the diabetic untreated rats when compared to the control.
Likewise, following treatment with the plant extract at all
the dosages, there was a considerable (p<0.05) reduction
of the creatinine value in the diabetic rats compared to
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the untreated group. The result obtained, albeit, showed
that the ethanolic extract at 750mg/kg BW dose was sig-
nificantly higher (p<0.05) (Figure 5).

3.2.2.3. Creatinine Level of STZ-induced Diabetic
Rats

The creatinine value was considerably (p<0.05) greater
in the diabetic untreated rats compared to the control.
Also, following treatment with the plant extract at all the
doses, there was a notable (p<0.05) reduction of the cre-
atinine value in the diabetic rats compared to the untreat-
ed group. The result obtained, albeit, showed that the
ethanolic extract at 750mg/kg BW dose was significantly
higher (p<0.05) (Figure 6).

Creatinine

a
8

§

100

Creatinine (mg/dL)
N
8

Figure 6. Creatinine levels of rats 21 days after commencement of treat-
ment. Data expressed as Mean+SEM, “p < 0.05 compared to control, °p
< 0.05 compared to DM, ‘p < 0.05 compared to DM+ CocoH (125mg/

3.2.3. Albumin Level of STZ-induced Diabetic Rats

The result of the study showed considerable (p<0.05)
decrease in diabetic untreated rats' albumin level as com-
pared to control group (Figure 7). Contrary to this, oral
administration of metformin (75mg/kg BW), 125,
250,500 and 750mg/kg BW of Cocos nucifera husk etha-
nolic extract showed considerable (p<0.05) increase in
albumin level of diabetic rats with highest increase in the
group treated with 250mg/kg BW of plant extract.

Abumin g1

Figure 7. Albumin level of rats 21 days after commencement of treatment.

Data expressed as Mean=SEM, “p < 0.05 compared to control, °p < 0.05 compared to
DM, ‘p < 0.05 compared to CocoH (1000mg/kg). CocoH: Cocos nucifera husk, Met:

3.2.4. Tissue Oxidative Stress Markers of STZ-

induced Diabetic Rats
3.2.4.1. Superoxide Dismutase (SOD) Activities

There was a notable (p < 0.05) decrease in SOD activities
in the liver, kidney, brain, and heart of STZ-induced dia-
betic rats compared with the control rats (Figure 8). Oral
administration of ethanolic extract Cocos nucifera husk
at 125, 250, 500 and 75kg/kg BW, however, noticeably
(p < 0.05) increased the lowered SOD activities in the
four tissues compared with the diabetic untreated group.
The highest SOD activity was observed at 750mg/kg BW
in all the tissues in comparison to only a moderate in-
crease which was observed in the group administered
1000mg/kg BW of ethanolic extract of Cocos nucifera
husk.

SODLIVER SOD KIDNEY

SOD (U mg of protein)
SOD (U/ mg of protein)

SOD BRAIN
= 80
g abcd
g 60
9% b
E b bedbd
-
2 2
§ ) B =
o DABRBBB BB o S gﬁ‘i‘;ﬁ@
3 » Q7 &V o Q7 8h s
STSESRE S FAPPAP S
SR PEA S FEEEy
F F F

Figure 8. Superoxide Dismutase (SOD) activities of rats 21 days after com-
mencement of treatment. Data expressed as Mean+SEM, *p < 0.05 compared to control,
®p < 0.05 compared to DM, °p < 0.05 compared to DM+ Met (75mg/kg), p < 0.05 compared
to DM+ CocoH (125mg/kg). CocoH: Cocos nucifera husk, Met: Metformin, DM: Diabetes

3.2.4.2. Catalase (CAT) Activities

There was a significant (p < 0.05) reduction in catalase
activities of STZ-induced diabetic untreated rats in liver,
brain, kidney and heart when compared to the control
group. Ethanolic extract of Cocos nucifera husk at 125,
250, 500 and 750mg/kg BW significantly (p < 0.05) in-
creased the catalase activities in all the tissues when
compared to the diabetic untreated group. However, there
was a significant (p < 0.05) increase at 1000mg/kg BW
of the plant extract in the kidney and heart alone. The
maximum increase of the plant extract was at 250mg/kg
BW in the liver, heart and kidney whereas the brain
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showed the maximum level at 750mg/kg BW (Figure 9).

CAT LIVER CAT KIDNEY

CAT (U/mg protein)
CAT (U/mg protein)

CAT BRAIN

CAT (U/mg protein)
CAT (Ulmg protein)

Figure 9. Catalase (CAT) activities of rats 21 days after commencement of

treatment.

Data expressed as MeantSEM, *p < 0.05 compared to control, °p < 0.05 compared to
DM, “p < 0.05 compared to DM+ Met (75mg/kg), %p < 0.05 compared to DM+ CocoH

3.2.4.3. Reduced Gluthatione (GSH) Concentration

GSH level was decreased significantly (p < 0.05) in STZ-
induced diabetic untreated rats in all four tissues com-
pared to the control group. Figure 10 illustrates that fol-
lowing treatment with ethanolic extract of Cocos nucif-
era husk, there was a significant (p < 0.05) increase at
125, 250 and 750mg/kg BW compared to diabetic un-
treated group in all the tissues. However, 500 and
1000mg/kg BW administration of the plant extract did
not significantly affect the GSH level.

3.2.4.4. Lipid Peroxidation, Malondialdehyde (MDA)
Level

It was observed from this experiment (Figure 11) that the
value of MDA was highly (p < 0.05) increased in untreat-
ed diabetic group as compared to control, which de-
creased significantly (p < 0.05) after the administration
of ethanolic extract of Cocos nucifera husk in doses of
125, 250, 750 and 100mg/kg BW in liver, kidney and
heart compared with untreated diabetic group. In con-
trast, the reduction at 500mg/kg BW was not statistically
significant in these tissues when compared to the diabetic
untreated. Markedly (p < 0.05) lowering of the level of
MDA at all dosages compared to the diabetic untreated
group was observed in the brain. Moreover, administer-
ing the plant extract at the dose of 1000mg/kg BW in the

GSHLIVER

GSH KIDNEY

GSH (mg/100g tissue)
°

GSHHEART

@

S
o

GSH (mg/100g tissue)
N

Figure 10. Reduced Gluthatione (GSH) concentration of rats 21 days after
commencement of treatment. Data expressed as Mean+SEM, “p < 0.05 compared to
control, the "p < 0.05 compared to DM, ‘p < 0.05 compared to DM+ Met (75mg/kg), “p <
0.05 compared to DM+ CocoH (125mg/kg). CocoH: Cocos nucifera husk, Met: Metformin,
DM: Diabetes Mellitus.

MDA LIVER

MDA KIDNEY

N
S

N

S

o
o
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3
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3

»

MDA BRAIN MDA HEART

MDA (j:mol mL"')

Figure 11. Malondialdehyde (MDA) concentrations of rats 21 days after com-
mencement of treatment. Data expressed as MeanSEM, “p < 0.05 compared to control,
®p < 0.05 compared to DM, p < 0.05 compared to DM+ Met (75mg/kg), %p < 0.05 compared
to DM+ CocoH (125mg/kg). CocoH: Cocos nucifera husk, Met: Metformin, DM: Diabetes
Mellitus

normal rats tends to increase lipid peroxidation in every
tissue compared to the one given 125mg/kg BW with low
MDA concentration.

4.0 DISCUSSION

This investigation comprehensively explored the intricate
influence of an ethanolic extract derived from Cocos nu-
cifera husk on key physiological parameters, specifically
blood glucose levels, kidney function indicators, and oxi-
dative stress markers, within a rat model of type 2 diabe-
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tes. The successful establishment of this diabetic state
was achieved through a meticulously designed protocol
involving a high-fat diet coupled with a low dose of
streptozotocin (STZ). STZ is a well-established beta-
cytotoxin, recognized for its selective destructive action
on the pancreatic beta cells located within the islets of
Langerhans [15, 24]. This targeted destruction results in
a profound reduction in the endogenous production and
secretion of insulin, a hormone critical for glucose home-
ostasis. The ensuing insulin deficiency directly leads to
impaired glucose uptake and utilization by various pe-
ripheral tissues, culminating in the significant and sus-
tained elevation of blood glucose levels observed in our
untreated diabetic rats. This hyperglycemia is a crucial
indicator of the successful and accurate induction of the
diabetic phenotype [35].

Further underscoring the physiological cascade initiated
by STZ, Shanmugam and Venkatesan [36] reported that a
reduction in insulin biosynthesis and secretion signifi-
cantly impacts the expression levels of glucose trans-
porter 2 (GLUT2). This downregulation of GLUT2, cou-
pled with other factors, contributes to a diminished sensi-
tivity at peripheral insulin receptors, thereby fostering an
environment of heightened insulin resistance. This intri-
cate interplay of insulin deficiency and resistance is a
hallmark of the hyperglycemia consistently observed in
STZ-induced type 2 diabetic rat models, as corroborated
by studies from Nurinda et al. [37] and Ossai ef al. [26].
Beyond its direct effects on pancreatic beta cells, STZ is
also known to induce considerable oxidative stress. This
occurs by generating reactive oxygen species, including
nitric oxide, and can directly damage cellular compo-
nents like DNA. The subsequent disruption of the deli-
cate physiological balance between pro-oxidants and an-
tioxidants leads to oxidative stress, a phenomenon exten-
sively discussed by Ozdek et al. [38]. Therefore, our
model accurately replicated the multifaceted pathology
of type 2 diabetes, allowing for a robust evaluation of the
Cocos nucifera husk extract's therapeutic potential.

This study's profound impact of the Cocos nucifera husk
extract on blood glucose regulation was a central finding.
As depicted in Figures 2 and 3, the untreated STZ-
induced diabetic rats exhibited significantly elevated se-
rum blood glucose levels compared to the normal control
group, confirming the successful induction of hypergly-
cemia. Notably, both the standard antidiabetic drug met-
formin (at 75 mg/kg body weight) and all tested dosages

of the Cocos nucifera husk ethanolic extract (ranging
from 125 mg/kg to 1000 mg/kg body weight) demon-
strated a remarkable ability to reduce these elevated se-
rum blood glucose levels significantly. These compelling
findings resonate with existing literature supporting the
antidiabetic potential of various plant extracts. For in-
stance, Al-ahdab [39] reported that plant extracts, such as
those from T. indica, possess bioactive compounds capa-
ble of scavenging harmful free radicals in diabetic rats,
consequently decreasing blood glucose levels. This sug-
gests a direct antioxidant-mediated mechanism contrib-
uting to glycemic control. Furthermore, our study, in
conjunction with Table 1 (which presumably details the
phytochemical constituents of the extract), highlights the
likely involvement of flavonoids. Flavonoids, a promi-
nent class of bioactive compounds, are theorized to exert
their hypoglycemic effects through several mechanisms.
One crucial pathway involves protecting pancreatic beta
cells within the islets of Langerhans from oxidative dam-
age and dysfunction. By preserving the integrity and
functionality of these insulin-producing cells, flavonoids
can lead to improved endogenous insulin production and
its subsequent release into the bloodstream, as noted by
Issusilaningtyas et al. [40].

Diabetic nephropathy, a devastating microvascular com-
plication, is a frequently observed and severe conse-
quence of diabetes mellitus. Its pathogenesis is intricately
linked to oxidative stress, as emphatically stated by Oko-
ro et al. [41] and Hojs et al. [13]. Moreover, the dysfunc-
tion of pancreatic beta cells, which disrupts systemic glu-
cose homeostasis, indirectly exerts detrimental effects on
the kidneys, vital organs in maintaining metabolic bal-
ance [42, 43]. The kidney's paramount function is filter-
ing blood plasma to eliminate metabolic waste products,
including urea, uric acid, and creatinine. Consequently,
assessing these substances serves as a fundamental and
widely accepted method for evaluating kidney function-
ality.

Urea, noted as a by-product linked to protein breakdown
processes, alongside creatinine, recognized as a waste
material stemming from muscle breakdown, is exclusive-
ly expelled from the body through the kidneys, as per
findings in academic literature [44]. Our study's findings,
visually presented in Figures 4, 5, and 6, unequivocally
demonstrate a significant elevation in urea, uric acid, and
creatinine levels in the untreated diabetic rats. This col-
lective increase strongly indicates compromised kidney
function and potential renal damage in these animals [45,
46]. The underlying mechanisms for this elevation in
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diabetic conditions often involve profound alterations in
protein metabolism. These alterations include a reduced
uptake of amino acids by body tissues, an accelerated
rate of protein breakdown into smaller peptides or indi-
vidual amino acids, and a diminished synthesis of new
proteins. This metabolic imbalance can culminate in in-
creased urea production by the liver, as proposed by Nar-
simhulu et al. [47] and Sufiyan et al. [48].

Crucially, our observations revealed a considerable de-
cline in these elevated kidney indices following treatment
of the diabetic rats with the Cocos nucifera husk extract,
and notably, compared to the untreated diabetic group.
This compelling result strongly suggests that the ethanol-
ic extract derived from Cocos nucifera husk harbors ac-
tive compounds, such as flavonoids, alkaloids, phenolics,
and terpenoids (as identified in Table 1), which actively
contribute to ameliorating diabetes-related kidney dam-
age [49]. These beneficial effects may stem from several
mechanisms, such as antioxidant activity that reduces
oxidative stress in renal tissues, anti-inflammatory effects
that reduce renal injury, and improved glycemic control.
The extract might directly enhance the kidneys' structural
integrity and functional capacity, possibly by influencing
glomerular filtration rate, reducing albuminuria, or pro-
moting the repair of damaged renal cells [44, 50]. This
suggests a multifaceted renoprotective action of the Co-
cos nucifera husk extract.

Albumin, the most abundant protein in human blood plasma,
accounts for approximately 25% of the liver's total protein syn-
thesis, with a significant portion secreted into the bloodstream
[51]. Its synthesis is known to be significantly reduced in vari-
ous pathological states, including chronic diseases like diabe-
tes. In the current study, as delineated in Figure 7, a significant
reduction in serum albumin levels was observed in the untreat-
ed diabetic group compared to the normal control group. This
finding is consistent with prior reports by Bae and Ahn [52],
who explained that chronic hyperglycemia often leads to an
increased breakdown of proteins throughout the body. This is
typically accompanied by a heightened transport of amino ac-
ids to the liver, where they are shunted towards gluconeogene-
sis (the production of glucose from non-carbohydrate sources)
rather than protein synthesis. This chain of events leads to ac-
celerated urea production, which can result in a decline in
overall blood protein levels, including a notable decrease in
albumin counts [52].

However, a crucial observation in our study was that treatment
with the Cocos nucifera husk extract across all tested dosing
ranges resulted in significant improvements in albumin levels
compared to the untreated diabetic group. This positive effect
indicates that the ethanolic extract from Cocos nucifera husk

likely promotes protein synthesis, particularly in the liver,
thereby potentially counteracting the catabolic effects of diabe-
tes. By restoring protein homeostasis, the extract indirectly
contributes to better overall physiological function, including
improved kidney health, as adequate albumin levels are essen-
tial for maintaining oncotic pressure and preventing fluid leak-
age into tissues, which can be a complication in advanced kid-
ney disease.

A cornerstone in preventing and mitigating diabetes-related
complications lies in bolstering the body's antioxidant status
and simultaneously reducing levels of lipid peroxidation, as
underscored by Okoro ef al. [40]. The body's intricate antioxi-
dative defense mechanisms encompass a diverse array of enzy-
matic antioxidants, such as superoxide dismutase (SOD) and
catalase (CAT), which act as a first line of defense against
highly reactive free radicals, as observed by Li et al. [53] and
Alghazeer et al. [11]. These enzymes work in concert to neu-
tralize harmful reactive oxygen species (ROS) and prevent
cellular damage.

Our research revealed a notable and consistent decrease in the
activities of SOD, CAT, and reduced glutathione (GSH) in
various vital organs, including the liver, heart, kidney, and
brain, of the untreated STZ-induced diabetic rats when com-
pared to the normal control rats (Figures 8, 9, and 10). This
widespread reduction in antioxidant enzyme activity and GSH
levels is a clear indicator of compromised tissue integrity and
an overwhelmed antioxidant defense system in these diabetes-
affected animals. Such findings are consistent with previous
reports demonstrating similar drops in SOD, CAT, and GSH
levels in diabetic subjects [54, 55]. The chronic hyperglycemia
and associated metabolic derangements in diabetes generate an
excessive amount of ROS, leading to an imbalance where the
production of oxidants surpasses the capacity of the antioxi-
dant defense system.

Conversely, the administration of the Cocos nucifera husk ex-
tract to the treated groups, across all tested dosages, exerted
remarkable restorative effects. This was evidenced by an ob-
served increase in the activities of these crucial antioxidant
enzymes (SOD and CAT) and GSH levels across all tissue
types examined. This significant increase unequivocally re-
flects a potential enhancement in the antioxidant status of the
treated animals. This amelioration of oxidative stress is likely
attributed to the rich phytochemical profile of the Cocos nucif-
era husk extract, which includes compounds such as phenolics
and flavonoids. These compounds are widely recognized for
their potent antioxidant activities, including their ability to
effectively scavenge free radicals. Their chemical structure,
often characterized by the presence of multiple hydroxyl
groups attached to aromatic rings and/or conjugated double
bonds, allows them to donate electrons and neutralize reactive
oxygen species, thereby reducing oxidative damage [56]. This
aligns perfectly with earlier studies demonstrating that plants
contain a diverse array of phytochemicals and bioactive com-
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pounds with the inherent capacity to neutralize free radicals or
diminish the production of oxidants [57].

Lipid peroxidation, a damaging process initiated by reactive
oxygen species acting on polyunsaturated fatty acids within
cell membranes, can severely compromise membrane integrity
and fluidity [58]. Malondialdehyde (MDA) is a commonly
measured end-product of lipid peroxidation and is a reliable
biomarker for assessing oxidative stress. Elevated MDA levels
have been consistently reported in patients with type 2 diabetes
[59, 60].

Our study's findings, vividly illustrated in Figure 11, demon-
strated that in the untreated diabetic group, MDA levels in the
liver, kidney, heart, and brain were significantly higher than
those observed in the normal control group. This pronounced
increase in MDA indicates widespread oxidative damage to
cellular membranes in these animals. However, a significant
and positive observation was that treating these diabetic rats
with the ethanolic extract from Cocos nucifera husk resulted in
a considerable drop in MDA levels across all tested tissues
compared to the untreated diabetic group. Furthermore, treat-
ment with metformin, the standard antidiabetic drug, also sig-
nificantly reduced MDA levels within the tissues. These find-
ings strongly agree with previous research by Bati et al. [44]
and Maduka ef al. [61], which noted significant increases in
MDA levels in STZ-induced diabetic subjects alongside nota-
ble enhancements in antioxidant parameters upon treatment
with various plant extracts.

The observed increase in lipid peroxidation levels in dia-
betic rats not receiving treatment, coupled with a con-
comitant decline in the activities of key antioxidant en-
zymes like superoxide dismutase and catalase, creates a
dangerous imbalance. These enzymes are crucial for effi-
ciently scavenging toxic byproducts generated during
incomplete oxidation [62, 63]. This compromised antiox-
idant defense leads to an accumulation of superoxide ani-
ons (O,—) and hydrogen peroxide (H,0O,), which, in the
presence of transition metals, can further react to form
highly reactive and damaging hydroxyl radicals (OH.).
These hydroxyl radicals are potent initiators and propaga-
tors of lipid peroxidation [9]. The compelling results of
this study strongly suggest that the ethanolic extract de-
rived from Cocos nucifera husk can reduce diabetes-
induced lipid peroxidation, thereby safeguarding cellular
membranes and mitigating overall oxidative damage.
This anti-lipid peroxidative effect is likely a direct conse-
quence of the extract's ability to enhance antioxidant en-
zyme activities and directly scavenge free radicals, as
discussed previously.

In this research, several distinct doses of the ethanolic
extract from Cocos nucifera husk were meticulously

evaluated: 125, 250, 500, 750, and 1000 mg/kg body
weight. A fascinating observation emerged regarding the
dose-response relationship: the therapeutic effects
achieved from the plant extract did not consistently fol-
low a linear pattern of dependency on the dose used. In-
stead, the highest efficacy for nearly all observed param-
eters, including blood glucose reduction, kidney function
improvement, and antioxidant status enhancement, ap-
peared to be concentrated at 125 mg/kg and 750 mg/kg.
At doses like 125 mg/kg and 750 mg/kg, it is plausible
that the plant extract contains an optimal concentration of
multiple active components that exert synergistic effects.

This non-linear dose-response curve suggests a more
complex pharmacological profile for the Cocos nucifera
husk extract, rather than a simple monotonic increase in
effect with increasing dose. This phenomenon is common
in phytomedicine, where complex mixtures of bioactive
compounds interact. The diminished efficacy observed at
the highest tested dose (1000 mg/kg) could indicate the
presence of antagonistic effects, which could result from
receptor saturation, competitive binding, increased toxici-
ty of other compounds, metabolic overload, and off-
target effects.

Understanding this non-linear dose-response is critical
for optimizing the therapeutic application of Cocos nucif-
era husk extract. It emphasizes that "more is not always
better" in phytotherapy and highlights the importance of
carefully determining the optimal therapeutic window for
natural products. Future studies could focus on isolating
and characterizing the key active compounds within the
extract and investigating their individual and synergistic
interactions to elucidate the precise mechanisms underly-
ing this observed dose-response pattern.

This research demonstrates that the ethanolic extract of
Cocos nucifera husk significantly alleviates hyperglyce-
mia and the associated oxidative stress in streptozotocin
(STZ)-induced diabetic rats. The observed reduction in
oxidative stress is likely due to the phytochemicals pre-
sent in the husk, which appear to enhance the body's nat-
ural antioxidant defenses while simultaneously reducing
harmful lipid peroxidation. Furthermore, our findings
suggest that this plant extract has ameliorative effects,
protecting the kidneys from diabetes-induced impair-
ment. Overall, Cocos nucifera husk exhibited safe and
effective antidiabetic activity, primarily attributed to its
potent antioxidant properties. Future studies should spe-
cifically investigate how individual bioactive compounds
within Cocos nucifera husk interact with and neutralize
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various free radicals. This could involve in vitro assays
to measure radical scavenging activity, antioxidant ca-
pacity, and their direct impact on oxidative pathways.
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