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Abstract

Background and objectives: Natural products are investigated as interventions for
diabetes-related alterations. This study assessed the antihyperglycemic and in vitro
antioxidant potential of honey.

Methods: The glucose-lowering effect of honey was investigated in alloxan-
induced diabetic male albino rats treated with 0.2, 0.5, and 0.8 mL/kg honey for 21
days, with glibenclamide as the standard drug. Fasting blood glucose (FBG) was
monitored before induction and on Days 3, 7, 14, and 21. Antioxidant activity was
assessed using DPPH and ABTS radical-scavenging assays, ferric reducing
antioxidant power (FRAP), total phenolic content (TPC), and total flavonoid
content (TFC).

Results: Alloxan administration increased FBG from approximately 91-92 mg/dL
to above 318 mg/dL. Untreated diabetic rats showed progressive hyperglycemia,
reaching 358.23+19.74 mg/dL on Day 21. Honey significantly (p<0.05) reduced
FBG in a dose-dependent manner. The 0.8 mL/kg dose reduced FBG to
116.42+8.51 mg/dL, approaching the glibenclamide value of 108.56+8.13 mg/dL.
Honey showed substantial antioxidant activity, with DPPH and ABTS scavenging
capacities of 78.42+2.16% and 81.57+1.94%, respectively, FRAP of 623.45+18.62
umol Fe?*/g, TPC of 68.84+3.25 mg GAE/g, and TFC of 24.37+1.41 mg QE/qg.
Conclusion: Honey demonstrated significant dose-dependent antihyperglycemic
activity and antioxidant capacity, indicating potential as an adjunct for diabetes
management.

Keywords: alloxan, antioxidant activity, diabetes mellitus, honey, fasting blood
glucose.

INTRODUCTION

Diabetes mellitus (DM) is a multifactorial endocrine-
marked by impaired glucose
homeostasis arising from insufficient insulin secretion,
diminished insulin action, or a combination of both.
Beyond disturbances in glucose metabolism, diabetes
also disrupts normal lipid and protein homeostasis,
contributing to its widespread health burden and
making it a major global public health challenge.
Prolonged elevation of blood glucose levels initiates a
cascade of biochemical alterations, including elevated
ROS production, which contributes to oxidative stress,
compromises pancreatic 3-cell integrity, and promotes
the development of diabetes-associated complications

metabolic disorder
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such as kidney injury, liver dysfunction, nerve damage,
and cardiovascular abnormalities™?.

Honey is a biologically active natural food containing
diverse bioactive constituents, such as phenolic acids,
flavonoids, enzymes, vitamins, amino acids, and
organic acids. These compounds contribute to its anti-
oxidant, anti-inflammatory,  antimicrobial, and
metabolic modulating effects®. Growing experi-mental
evidence indicates that honey possesses anti-
hyperglycemic activity by improving glucose homeo-
stasis, reducing oxidative stress, and preserving
pancreatic p-cell integrity®. These properties have
made honey an attractive complementary therapeutic
agent for the management of diabetes mellitus.
Previous investigations by Alaebo et al.®, showed that
evidence from experimental studies suggests that
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honey may mitigate oxidative stress and preserve renal
function in diabetic animals by strengthening
endogenous antioxidant defenses and reducing bio-
chemical indicators of kidney damage. Alaebo et al.’,
similarly demonstrated that honey administration
improved lipid homeostasis and attenuated hepatic
dysfunction in alloxan-induced diabetic rats. These
protective effects may be associated with the phenolic
and flavonoid compounds present in honey, which can
enhance cellular antioxidant mechanisms and scavenge
reactive oxygen species®. The antioxidant capacity of
natural products can be characterized using comple-
mentary analytical methods, including DPPH and
ABTS radical-scavenging assays, ferric-reducing anti-
oxidant power (FRAP), and quantification of total
phenolic and flavonoid contents®*°.

The present investigation was undertaken to assess the
glucose-lowering potential of honey in male albino rats
with alloxan-induced diabetes and to characterize its
antioxidant capacity under in vitro conditions.

MATERIALS AND METHODS

Experimental design

A completely randomized design was adopted to
investigate the antihyperglycemic potential and in vitro
antioxidant properties of honey in male albino rats with
alloxan-induced diabetes. The animal experiment was
conducted over a period of 21 days, whereas the
antioxidant properties of the honey were determined in
vitro using established analytical methods.
Experimental animals

Thirty-six healthy male albino rats, weighing 150-180
g, were sourced from the Animal House of the
Department of Veterinary Medicine, Michael Okpara
University of Agriculture, Umudike. The animals were
maintained in well-ventilated, clean steel cages under
controlled environmental conditions of 25+2°C
temperature, 50-60% relative humidity, and a 12-hour
light/12-hour dark photoperiod. Before the commence-
ment of the experiment, the rats were allowed to
acclimatize for two weeks. Throughout the acclimati-
zation and experimental periods, they had unrestricted
access to commercially formulated growers' mash and
potable drinking water.

Honey collection and preparation

Raw natural honey was procured from a certified
beekeeper located in Isuochi, Umunneoche Local
Government Area, Abia State, Nigeria. The collected
honey was carefully filtered to eliminate visible
particulate matter and other extraneous materials.
Following filtration, the sample was transferred into
sterile, airtight, amber-colored containers and main-
tained at room temperature until required for the
experimental procedures.

Chemicals and reagents

Alloxan monohydrate and glibenclamide were
procured from established pharmaceutical suppliers.
The reagents employed for the antioxidant analyses
included 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-
azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (AB
TS), Folin—Ciocalteu reagent, gallic acid, quercetin,
potassium  ferricyanide,  ferric  chloride, and
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trichloroacetic acid. All other chemicals and reagents
used in the study were of analytical grade and obtained
from Sigma-Aldrich (USA) or other accredited
suppliers.

Induction of experimental diabetes

Diabetes was experimentally induced following an
overnight fast by administering a single intraperitoneal
injection of alloxan monohydrate at 120 mg/kg body
weight. Immediately following alloxan administration,
the animals were provided with a 5% glucose solution
for 24 hours to prevent possible hypoglycaemic shock
associated with the initial insulin-releasing effect of
alloxan. After 72 hours, fasting blood glucose (FBG)
concentrations were determined from tail-vein blood
using a digital glucometer. Animals exhibiting FBG
levels of >200 mg/dL were classified as diabetic and
selected for subsequent experimentation*.
Experimental grouping

Following confirmation of diabetes, the animals were
randomly distributed into six experimental groups, with
six rats assigned to each group (n=6), as follows:
Group 1: Normal control rats receiving distilled water
only.

Group 2: Diabetic control rats induced with alloxan
but left untreated.

Group 3: Diabetic rats administered glibenclamide at 5
mg/kg body weight.

Group 4: Diabetic rats administered honey at 0.2
mL/kg body weight.

Group 5: Diabetic rats administered honey at 0.5
mL/kg body weight.

Group 6: Diabetic rats administered honey at 0.8
mL/kg body weight.

All treatments were delivered orally once daily for 21
consecutive days. The animals in the normal and
diabetic control groups received the corresponding
vehicle according to the experimental protocol.
Determination of fasting blood glucose

Fasting blood glucose (FBG) concentrations were
measured at baseline before diabetes induction (Day 0),
72 h following alloxan administration (Day 3), and
subsequently on Days 7, 14, and 21. Before each
measurement, the rats were fasted overnight, after
which blood was collected from the tail vein. Glucose
concentrations were determined using an Accu-Chek®
glucometer (Roche Diagnostics, Germany) according
to the manufacturer's instructions.

In vitro antioxidant assays

DPPH free-radical scavenging test

The radical-scavenging capacity of the honey sample
was assessed using the method of Brand-Williams et
al.*?, with appropriate modifications where necessary.
Briefly, a measured volume of the prepared honey
solution was combined with freshly prepared DPPH
solution and maintained in the dark for 30 min. The
absorbance of the reaction mixture was subsequently
determined at 517 nm using a UV-Visible spectro-
photometer. Ascorbic acid was used as the reference
antioxidant. The DPPH scavenging activity was
calculated and reported as percentage inhibition.
Assessment of ABTS radical-scavenging activity
The ABTS radical-scavenging capacity of honey was
determined following the procedure reported by
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Re et al.'%. The prepared ABTS radical cation solution
was mixed with appropriately diluted honey samples
and allowed to react for the specified incubation
period. Absorbance was then measured at 734 nm, and
the antioxidant activity was expressed as the
percentage inhibition of the ABTS radical.
Determination of ferric-reducing
potential

The reducing capacity of honey was determined using
the FRAP procedure described by Benzie and Strain®.
The freshly prepared FRAP reagent was combined with
the honey sample and incubated at 37°C for 30 min.
Absorbance was measured at 593 nm, and the reducing
antioxidant capacity was calculated as pmol Fe**
equivalents per gram of honey.

Determination of Total Phenolic Content

The total phenolic content (TPC) of honey was
estimated using the Folin—Ciocalteu colorimetric
procedure described by Singleton et al.”®. Gallic acid
was used as the reference standard for constructing the
calibration curve. The phenolic concentration of the
honey sample was expressed as milligrams of gallic
acid equivalents per gram (mg GAE/g).

Determination of total flavonoid concentration

Total flavonoid content (TFC) was quantified using the
aluminium chloride colorimetric method of Chang et
al.**. Quercetin was employed as the standard for
calibration, and the flavonoid concentration was
expressed as milligrams of quercetin equivalents per
gram (mg QE/g).

Statistical analysis

Results were presented as meanzstandard deviation
(SD). Statistical analyses were conducted using
GraphPad Prism version 9.0 (GraphPad Software Inc.,
San Diego, CA, USA). Differences between
experimental groups were evaluated using one-way
analysis of variance (ANOVA), followed by Tukey's
multiple-comparison test for post hoc comparisons.

antioxidant

RESULTS AND DISCUSSION

Values are expressed as meanzstandard deviation (SD)
for six animals per group (n=6). Fasting blood glucose
(FBG) levels were determined with a glucometer at
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baseline (Day 0), 72 h following alloxan administration
(Day 3), and subsequently on Days 7, 14, and 21.
Diabetes was induced through a single intraperitoneal
administration of alloxan monohydrate at 120 mg/kg
body weight. Honey was administered orally once
daily at 0.2, 0.5, and 0.8 mL/kg body weight for 21
days, while glibenclamide (5 mg/kg body weight) was
used as the reference antidiabetic treatment. Within
each column, mean values carrying different super-
script letters differ significantly at p<0.05, based on
one-way analysis of variance (ANOVA) followed by
Tukey's multiple-comparison test. Values are expressed
as meanzstandard deviation (SD) from three inde-
pendent determinations (n=3). DPPH denotes 2,2-
diphenyl-1-picrylhydrazyl; ABTS represents 2,2'-
azinobis-(3-ethylbenzothiazoline-6-sulfonic acid); FR
AP refers to ferric-reducing antioxidant power; GAE
indicates gallic acid equivalents; and QE denotes
quercetin equivalents. Greater DPPH and ABTS
radical-scavenging percentages and higher FRAP
values are indicative of stronger antioxidant capacity.
Statistical comparisons were performed using one-way
analysis of variance (ANOVA), followed by Tukey's
multiple-comparison test, with significance established
at p<0.05. Honey exhibited appreciable antioxidant
capacity under in vitro conditions, as evidenced by its
ability to scavenge DPPH and ABTS radicals and
reduce ferric ions. The substantial levels of phenolic
and flavonoid compounds detected in the sample may
account, at least in part, for its antioxidant activity.
These phyto-chemical constituents could contribute to
the biological effects of honey observed in the diabetic
animal model, particularly its glucose-lowering and
tissue-protective actions. Overall, the findings indicate
that honey possesses both antihyperglycemic and
antioxidant properties in alloxan-induced diabetic male
albino rats. The improvement in fasting blood glucose,
together with the marked antioxidant capacity demons-
trated in vitro, suggests that honey may exert beneficial
effects through mechanisms involving regulation of
glucose homeostasis and reduction of oxidative stress.
These observations further support investigations into
honey and other bee-derived products as potential
complementary interventions in diabetes management.

Table 1: Effect of honey on Fasting Blood Glucose (FBG) levels (mg/dL) in alloxan-induced diabetic male

wistar rats.
Day 0 (Pre- Day 3 (Post-

Clzligs inélluct(ion) in)(;lucgion) LEw o DELS Dy 211
Group 1: Normal Control 91.254+4.18 92.16+3.952 90.84+4.27= 91.36+3.822 90.9244.11=
Group 2: Diabetic Control 92.43+4.65° 322.84+18.74°  335.12421.63¢  347.41+20.15¢ 358.23+19.74¢
Group 3: Glibenclamide (5 mg/kg) 90.78+3.87= 318.75+16.52¢  245.36+14.27¢ 168.47+11.28° 108.56+ 8.13%
Group 4: Honey (0.2 mL/kg) 91.84+4.26° 320.63+17.36°  281.52+15.83¢ 226.41+13.65¢ 172.38+11.42¢
Group 5: Honey (0.5 mL/kg) 90.95+4.01= 321.46+18.14°  266.18+14.69¢ 195.74+12.83¢ 136.84+9.76
Group 6: Honey (0.8 mL/kg) 91.16+3.95¢ 319.92+17.88¢  248.36+13.92¢ 172.65+10.74c 116.42+8.51®

Table 2: Evaluation of in vitro antioxidant activity and bioactive phytochemical contents of honey.

Parameter Honey Ascorbic Acid (Standard)
DPPH Radical Scavenging Activity (%) 78.42+2.16 91.63+1.04

ABTS Radical Scavenging Activity (%) 81.57+1.94 94.28+0.87

Ferric Reducing Antioxidant Power (FRAP, pmol Fe?'/g)  623.45+£18.62  782.51+15.37

Total Phenolic Content (mg GAE/g) 68.84+3.25 —

Total Flavonoid Content (mg QE/g) 24.37+1.41 —
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A major observation was the significant (p<0.05)
decline in fasting blood glucose following honey
administration. At baseline, FBG values across the
experimental groups were relatively similar, ranging
from approximately 90 to 92 mg/dL, indicating
comparable glycaemic status before diabetes induction.
Administration of alloxan monohydrate at 120 mg/kg
body weight resulted in a pronounced elevation of
FBG, with concentrations exceeding 318 mg/dL among
the diabetic groups. This marked increase confirmed
the successful establishment of experimental diabetes.
In contrast, the untreated diabetic group demonstrated
persistent hyperglycaemia throughout the study, with
FBG reaching 358.23+19.74 mg/dL on Day 21. The
sustained hyperglycaemia is consistent with alloxan-
mediated pancreatic p-cell damage and consequent
impairment of insulin secretion™.

Honey administration produced a progressive decline
in FBG, with the magnitude of the response increasing
with dose. The 0.8 mL/kg treatment produced the
greatest reduction, followed by the 0.5 and 0.2 mL/kg
doses. By Day 21, FBG in rats receiving 0.8 mL/kg
honey had declined to 116.42+8.51 mg/dL, which was
relatively close to the 108.56+8.13 mg/dL recorded for
the glibenclamide-treated group. The greater response
observed at the highest honey dose suggests a dose-
related glucose-lowering effect. This finding indicates
that increasing honey administration within the tested
range may enhance its ability to restore glycaemic
balance in experimentally diabetic animals.

The antihyperglycemic effect observed following
honey administration may be related to the diverse
bioactive constituents present in honey. In addition to
glucose and fructose, honey contains amino acids,
vitamins, minerals, phenolic acids, flavonoids,
enzymes such as catalase and glucose oxidase, and
other biologically active compounds that may influence
glucose metabolism and cellular redox balance®®.
Although honey contains naturally occurring sugars, its
biological effects extend beyond its carbohydrate
content. Previous studies have suggested that honey
may improve insulin sensitivity, facilitate peripheral
glucose utilization, modulate hepatic  glucose
production, and attenuate oxidative stress**>'®. These
properties provide a plausible biochemical basis for the
reduction in fasting blood glucose observed in the
present study.

The progressive decline in fasting blood glucose
following honey administration is consistent with
previous experimental evidence. Alaebo et al.’,
reported that honey administration improved glycaemic
regulation and attenuated diabetes-associated dyslipid-
aemia without producing evidence of hepatic toxicity.
Similarly, Erejuwa et al., demonstrated that honey
supplementation reduced hyperglycaemia, oxidative
stress, and inflammatory responses in experimental
diabetes. Samarghandian et al.°, also reported
beneficial effects of honey on glucose regulation and
oxidative status, suggesting that its anti-diabetic
activity may involve preservation of pancreatic -cell
function and improvement of cellular antioxidant
defenses. In human subjects, Abdulrhman et al.’®,
reported improved glycaemic parameters following
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honey supplementation alongside conventional diabetic
therapy. The agreement between these findings and the
present results suggests that the glucose-lowering
effect of honey warrants further investigation in both
experimental and clinical settings.

The biochemical basis of the observed reduction in
blood glucose may involve the ability of honey-derived
polyphenols and flavonoids to modulate pathways
associated with glucose homeostasis. Phenolic
compounds can act as free-radical scavengers and may
protect pancreatic B-cells from oxidative injury. This is
particularly relevant in diabetes, where persistent
hyperglycaemia promotes excessive reactive oxygen
species (ROS) generation. Oxidative stress can impair
B-cell function, interfere with insulin signaling, and
contribute to progressive metabolic dysfunction®. By
reducing oxidative burden, antioxidant constituents of
honey may help preserve residual pancreatic B-cell
activity and support glucose utilization.

The untreated diabetic rats in the present study showed
progressive hyperglycaemia throughout the experi-
mental period, whereas honey-treated animals demons-
trated a dose-related reduction in fasting blood glucose.
This difference is physiologically important because
sustained hyperglycaemia is a major contributor to the
development of diabetic complications. Chronic
elevation of glucose activates several interconnected
biochemical pathways, including the polyol pathway,
formation of advanced glycation end products (AGEs),
protein kinase C activation, and mitochondrial ROS
generation. These processes promote oxidative stress,
inflammation, endothelial dysfunction, and tissue
injury**°. Therefore, the reduction in blood glucose
observed following honey treatment may have
implications beyond glycaemic regulation by
potentially reducing the biochemical burden associated
with diabetes-related complications.

The dose-dependent response observed in this study is
particularly noteworthy. Honey administration at 0.2,
0.5, and 0.8 mL/kg produced progressively greater
reductions in fasting blood glucose, with the 0.8 mL/kg
treatment producing the most pronounced response.
This pattern suggests that the biological activity of
honey may be influenced by the quantity of its active
constituents delivered to the animals. Increasing the
administered amount may provide greater exposure to
polyphenols, flavonoids, organic acids, peptides,
enzymes, and other antioxidant constituents capable of
influencing glucose metabolism and oxidative balance.
Similar dose-related responses have been documented
with other polyphenol rich natural products, in which
increasing phytochemical exposure was associated with
improved metabolic and antioxidant outcomes®*?.,

By Day 21, the highest honey dose reduced fasting
blood glucose to 116.42+8.51 mg/dL, compared with
108.56+8.13 mg/dL in the glibenclamide-treated group.
Although the response to the highest honey dose
approached that observed with glibenclamide, the two
treatments should not be interpreted as therapeutically
equivalent without direct statistical comparison
between the groups and confirmation in additional
experimental and clinical studies. Nevertheless, the
finding demonstrates the considerable glucose-
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lowering potential of honey under the conditions of the
present experiment. Glibenclamide acts primarily by
stimulating pancreatic insulin secretion, whereas honey
is likely to exert a broader biological effect involving
antioxidant, anti-inflammatory, metabolic, and possibly
insulin-sensitizing mechanisms**,

The antioxidant findings provide additional insight into
the possible mechanism underlying the anti-
hyperglycemic response. Honey demonstrated DPPH
radical-scavenging activity of 78.42+2.16%, ABTS
radical-scavenging activity of 81.57+1.94%, and FRAP
of 623.45+18.62 umol Fe?*/g. The sample also
contained 68.84+3.25 mg GAE/g total phenolics and
24.37£1.41 mg QE/g total flavonoids. Collectively,
these findings demonstrate that the honey sample
possesses appreciable free-radical-scavenging and
ferric-reducing capacities. The wuse of several
complementary antioxidant assays is important because
each method reflects a different aspect of antioxidant
behavior. DPPH and ABTS assays primarily evaluate
radical-scavenging capacity, whereas FRAP reflects
the ability of antioxidant compounds to reduce ferric
ions.

The relatively high DPPH and ABTS scavenging
activities observed in the present study indicate that
honey contains constituents capable of donating
electrons or hydrogen atoms to reactive radicals. Such
activity is relevant to diabetes because excessive ROS
generation contributes to oxidative damage of lipids,
proteins, nucleic acids, and cellular membranes. Brand-
Williams et al.”, described DPPH reduction as an
indicator of the radical-scavenging ability of anti-
oxidant compounds, while Re et al.'’, established
ABTS radical decolourization as a useful measure of
antioxidant capacity. The substantial responses
obtained with both assays therefore suggest that the
antioxidant constituents of the honey operate through
more than one radical-scavenging mechanism.

The FRAP result further supports the antioxidant
potential of the honey sample. The ferric-reducing
capacity of 623.45+18.62 pmol Fe?'/g indicates the
presence of compounds capable of donating electrons
and reducing oxidized iron. Although FRAP does not
directly measure all antioxidant mechanisms occurring
in biological systems, its result complements the
radical-scavenging findings obtained from DPPH and
ABTS assays. The combined results therefore provide
stronger evidence of the overall antioxidant capacity of
the honey than reliance on a single assay would
provide.

The phytochemical findings may explain, at least
partly, the antioxidant activity observed. The honey
contained 68.84+3.25 mg GAE/g total phenolics and
24.37+1.41 mg QE/g total flavonoids. Phenolic
compounds possess hydroxyl groups capable of
donating hydrogen atoms or electrons to reactive
species, while some phenolics can chelate transition
metals involved in oxidative reactions®. Flavonoids
similarly possess structural features that enable them to
neutralize free radicals and modulate cellular
antioxidant defenses. Consequently, the phenolic and
flavonoid constituents detected in the honey may have
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contributed substantially to its DPPH, ABTS, and
FRAP activities.

The present findings are consistent with the
observations of Cianciosi et al.®, who emphasized the
contribution of phenolic compounds to the antioxidant
properties of honey. Pasupuleti et al? likewise
reported that the antioxidant characteristics of honey
are strongly influenced by its phenolic composition and
botanical origin. Variations in phenolic and flavonoid
concentrations among honey samples may arise from
differences in floral source, geographical location,
climatic conditions, processing, storage, and harvesting
practices. Therefore, the antioxidant values obtained in
this study should be interpreted in the context of the
specific honey sample investigated rather than
generalized to all varieties of honey. A potentially
important  relationship  emerged  between the
antioxidant and antihyperglycemic findings. Diabetes
is characterized not only by disturbed glucose
metabolism but also by increased oxidative stress.
Pancreatic B-cells are particularly wvulnerable to
oxidative injury because of their relatively limited
antioxidant  defense capacity. Excessive ROS
production can impair insulin synthesis and secretion,
damage cellular membranes, and exacerbate insulin
resistance’.  Consequently, an  antioxidant-rich
intervention capable of reducing oxidative stress may
indirectly contribute to improved glycaemic regulation.
The strong antioxidant activity demonstrated by the
honey in vitro therefore provides a plausible mecha-
nistic explanation for part of its glucose-lowering effect
observed in the diabetic rats™.

The progressive improvement in fasting blood glucose
with increasing honey dose may further support this
proposed relationship. The highest dose produced the
greatest reduction in blood glucose and the honey
sample demonstrated substantial antioxidant activity
together with appreciable phenolic and flavonoid
concentrations. It is therefore plausible that antioxidant
mediated protection of pancreatic tissue, together with
modulation of glucose metabolism, contributed to the
observed response”®. However, because antioxidant
assays were conducted in vitro, the present study
cannot establish a direct causal relationship between
the measured antioxidant capacity and the in vivo anti-
hyperglycemic effect. Additional studies involving
pancreatic oxidative stress markers, insulin concen-
trations, B-cell histology, and molecular indicators of
insulin signaling would be necessary to confirm these
mechanisms?.

An important strength of the present investigation is
the combined assessment of honey using
complementary in vivo and in vitro approaches. The
animal experiment demonstrated its glucose-lowering
potential in an alloxan-induced diabetic model, while
DPPH, ABTS, FRAP, total phenolic, and total flavor-
noid assays characterized its antioxidant and phyto-
chemical properties’’. This integrated approach
provides a broader understanding of the potential bio-
logical activity of honey than an assessment of blood
glucose alone’®. The observed dose-response relation-
ship also provides useful preliminary information
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regarding the influence of honey quantity on glycaemic
outcomes.

Overall, the findings indicate that honey possesses
considerable antihyperglycemic and antioxidant
potential under the experimental conditions employed.
The reduction in fasting blood glucose, particularly at
the 0.8 mL/kg dose, together with the substantial
DPPH, ABTS, and FRAP activities and measurable
phenolic and flavonoid contents, supports the
possibility that honey may influence diabetes through
interconnected glucose-regulatory and antioxidant
mechanisms. Nevertheless, these findings should be
regarded as preliminary experimental evidence. Further
investigations are required to determine the specific
bioactive compounds responsible for the observed
effects, establish dose-response relationships, assess
long-term safety, standardize honey according to
botanical and physicochemical characteristics, and
determine whether the findings can be translated into
clinically meaningful benefits in humans.

Limitations of the study

The interpretation of the findings is subject to certain
limitations. First, the investigation was conducted
using an experimental animal model; therefore, the
observed effects may not necessarily reflect the
physiological and therapeutic responses that would
occur in humans. In addition, the individual bioactive
constituents of the honey sample were not isolated or
chemically characterized, making it difficult to
attribute the observed biological effects to specific
compounds. The antioxidant assessment was also
performed using in vitro assays, which may not
completely reproduce the complex biological environ-
ment in vivo. Further studies involving detailed
phytochemical characterization, mechanistic investi-
gations, longer-term toxicity assessment, and well-
controlled clinical trials are recommended to establish
the therapeutic relevance of honey in diabetes
management.

CONCLUSIONS

The findings of this study demonstrate that honey
possesses appreciable antihyperglycemic and anti-
oxidant properties in alloxan-induced diabetic male
albino rats. Honey administration produced a dose-
related reduction in fasting blood glucose, with the
highest tested dose producing the most pronounced
glucose-lowering response. The honey sample also
demonstrated substantial DPPH and ABTS radical-
scavenging capacities, ferric-reducing activity, and
appreciable levels of total phenolic and flavonoid
compounds. These findings suggest that the biological
activity of honey may involve complementary glucose-
regulatory and antioxidant mechanisms, including
attenuation of oxidative stress. Although the results
provide promising experimental evidence for the use of
honey as a potential complementary nutritional
intervention in diabetes management, further investi-
gations are necessary to establish its active
constituents, optimal dosage, safety profile, and clinical
efficacy.
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