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Keywords: ABSTRACT: Prediabetes, a transitional metabolic state preceding type 2
diabetes, is characterized by insulin resistance, moderate hyperglycaemia,
dyslipidaemia, and oxidative stress. This study evaluates the preventive effects

of aqueous extracts from the leaves, calyces, and seeds of Hibiscus sabdariffa L.

Type 2 diabetes prevention, Hibiscus
sabdariffa L., High-calorie diet,
Glucose and lipid metabolism

(white variety) on glucose and lipid metabolism disorders induced by a high-
calorie diet in Wistar rats. Eight groups of six male Wistar rats were fed for 12
weeks with either a standard diet, a high-calorie diet, or a high-calorie diet
combined with two doses (100 or 200 mg/kg) of the plant extracts. The leaf and
calyx extracts significantly reduced weight gain, BMI, blood glucose, insulin
levels, HOMA-IR, and HOMA-B indices (p < 0,05), showing no significant
differences compared to the standard diet group (p > 0,05). Postprandial blood
glucose levels also approached those of the standard group. These extracts
significantly lowered triglycerides, total cholesterol, and atherogenic indices
(TG/HDL-C, CRI, AIP) (p < 0.05), while the reduction in HDL cholesterol
remained non-significant (p > 0,05). In contrast, untreated high-calorie diet rats
showed a significant decrease in HDL cholesterol (p < 0,05). The extracts also
mitigated oxidative stress, with non-significant changes in SOD, catalase, and
MDA levels (p > 0.05). Overall, Hibiscus sabdariffa L. leaf and calyx extracts
exert a protective effect against early metabolic disturbances associated with
type 2 diabetes, supporting their traditional use in Central and Northern Benin.
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INTRODUCTION: Type 2 diabetes (T2D) is a
chronic metabolic disease resulting from an
imbalance  between insulin  production and
utilization. It is usually preceded by a prediabetic
state, characterized by insulin  resistance,
dyslipidemia, low-grade chronic inflammation, and
oxidative stress *.
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A high-calorie diet, rich in saturated fats, is one of
the main factors involved in the onset of these early
metabolic disorders 2. However, conventional
antidiabetic treatments can have notable side
effects, especially gastrointestinal disturbances *,
which highlights the growing interest in effective

natural alternatives.

Several studies have reported the antihyper-
glycemic and hypolipidemic properties of some
medicinal plants *“® which may also play a
beneficial role in preventing metabolic disorders
induced by high-fat diets Our previous
investigations have shown that the white variety of
Hibiscus sabdariffa L. is widely used in central and
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northern Benin for the treatment of various
ailments, including T2D. This study aims to
evaluate the preventive effects of aqueous extracts
from the leaves, calyces, and seeds of this plant on
glucose and lipid metabolism alterations, as well as
oxidative stress markers, induced by a high-calorie
diet in Wistar rats.

MATERIALS AND METHODS:

Preparation of Organ Extracts: Each organ was
first shade-dried and then ground into powder.
Subsequently, 100 g of the powdered form of each
white organ of Hibiscus sabdariffa L. were
macerated in 1 L of distilled water for 24 hours.
The supernatant was then filtered and dried in an
oven at 37°C to obtain the extracts.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Preparation of Experimental Diets: The standard
diet used in this study consisted of "rabbit
fattening” pellets supplied by Véto-Services SA
(Cotonou, Benin). Nutritional analysis, conducted
at the Animal Nutrition Laboratory of the Faculty
of Agronomic Sciences (FSA, UAC/Benin),
revealed that the pellets contained 65.72%
carbohydrates, 18,86% protein, and 7,5% lipids,
with an energy value of 3358,4 Kcal/kg. The high-
fat diet (HFD) was prepared following the protocol
recommended by °. The proportions of the
ingredients were calculated using the "Formulation-
Lapin 2" software. The final composition of the
HFD was confirmed by analysis at the Animal
Nutrition Laboratory of the FSA.

TABLE 1: PROPORTIONS OF INGREDIENTS USED IN PREPARATION OF HFD

Ingredients Quantities (g/kg) Quantities (kg) for 80 kg
Soybean oil (37 kJ/g) 235 = 8695 18.8 kg
Casein (Cowbell milk) (17-20 kJ/g) 265 = 4505 21.2 kg
Corn starch (16 kJ/g) 186 = 2976 29.76 kg
Sugarcane juice (3-4 kJ/g) 10=30 0.8 kg
Sucrose (17 kJ/g) 60 = 1020 4.8kg
Sugarcane bagasse (0-1 kJ/g) 30=15 2.4kg
Wheat bran (8-10 kJ/g) 30 =270 2.4 kg
Vitamin/mineral premix 15 1.2kg
L-cystine 4,2 0.32 kg
Choline bitartrate 2.5 0.2Kg
Fish meal (18-22 kJ/g) 50 = 1000 4 kg
Wheat flour (14-15 kJ/g) 30 =435 2.4kg
Pork fat (37-39 kJ/g) 82,3=3127.4 6.58 Kg
Energy value (kcal/kg) 5275.54
TABLE 2: COMPOSITION THE DIETS
Nutritional Elements Standard Diet HFD Diet
Crude Protein 18.86 % 13.3%
Crude Fat 7.5 % 43.6 %
Carbohydrates 57.68 % 24.8 %
Minerals and Vitamins 8.15 % 8.9 %
Moisture 7.87 % 9.4 %
Gross Energy 3358.4 Kcal/Kg 5275.54 Kcal /Kg

The experiments were conducted at the Laboratory
of Experimental Physiology and Pharmacology
(University of Abomey-Calavi), which has an
animal facility where animals are bred and
maintained under controlled conditions. All
procedures adhered to ethical principles of animal
experimentation, aiming to minimize suffering and
reduce the number of animals used.

TABLE 3: ANIMAL GROUPS

The methodology, adapted from °, was used to

evaluate the potential anti-hyperglycemic effect of
aqueous extracts of Hibiscus sabdariffa L. on
Wistar rats subjected to an unbalanced diet high in
fat and sugar. Forty-eight (48) Wistar rats, aged 8
to 12 weeks, were divided into eight groups of six
animals each, as presented in Table 3 below.

Groups Diet + Treatments
STD Standard diet + distilled water (10 mL/kg body weight)
ENG High-fat diet (HFD) + distilled water (10 mL/kg body weight)
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C100
F100
G100
C200
F200
G200

HFD + Aqueous Extract of Hibiscus sabdariffa L. Calyces (AEHSC) at 100 mg/kg body weight
HFD + Aqueous Extract of Hibiscus sabdariffa L. Leaves (AEHSL) at 100 mg/kg body weight
HFD + Aqueous Extract of Hibiscus sabdariffa L. Seeds (AEHSS) at 100 mg/kg body weight
HFD + Aqueous Extract of Hibiscus sabdariffa L. Calyces (AEHSC) at 200 mg/kg body weight
HFD + Aqueous Extract of Hibiscus sabdariffa L. Leaves (AEHSL) at 200 mg/kg body weight
HFD + Aqueous Extract of Hibiscus sabdariffa L. Seeds (AEHSS) at 200 mg/kg body weight

Administration of Extracts: Extracts dissolved in
distilled water were administered directly into the
stomach by intragastric gavage daily at 9:00 AM
for a duration of 12 weeks. Body weight and length
were recorded at the end of each week throughout
the study period.

Blood Sampling and Biochemical Assays: In
accordance with ethical guidelines for animal
experimentation, all animals were anesthetized with
ether prior to blood collection to minimize pain and
distress. Blood samples were subsequently
collected via retro-orbital plexus puncture during
the experiment and at its conclusion. Samples were
drawn into dry tubes for analysis of metabolic and
biochemical parameters. Sampling was performed
at weeks (W) WO, W4, W8, and W12 to measure
metabolic markers including blood glucose,
triglycerides, and insulin. At week 12, additional
assays included total cholesterol, HDL-cholesterol,
blood urea nitrogen  (BUN), creatinine,
transaminases (AST and ALT), and alkaline
phosphatase ~ (ALP). Blood samples were
centrifuged at 3000 rpm for 10 minutes at 4°C, and
the resulting plasma was used for analyses. All
biochemical assays were conducted at the Regional
Laboratory for Health Safety Expertise and
Analysis, IRGIB Africa University, Akpakpa,
Cotonou.

Glucose Measurement: Glucose concentration
was determined by methode of Trinder . In this
assay, glucose is oxidized by glucose oxidase
(GOD) producing gluconic acid and hydrogen
peroxide (H:20:). The H:20: then reacts with 4-
aminoantipyrine (PAP) and chlorophenol in the
presence of peroxidase (POD) to form a red
qguinoneimine dye. Absorbance of the colored
complex was measured at 500 nm and is
proportional to glucose concentration.

Blood Urea Nitrogen (BUN): Serum urea was
quantified enzymatically following *2,  with
optimizations by 3. The concentration of urea
corresponds to the absorbance variation measured

at 340 nm.
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Aspartate Aminotransferase (AST): AST activity
was assessed using the method of ** as optimized
by °. Enzymatic activity was determined by the
decrease in absorbance at 340 nm.

Alanine Aminotransferase (ALT): ALT levels
were measured according to the method developed
by *°, with further optimizations. Enzyme activity
was monitored by the reduction in absorbance at
340 nm.

Alkaline Phosphatase (ALP): ALP activity was
evaluated by the colorimetric method of *'. The
formation of a red-colored complex, proportional to
enzymatic activity, was measured at 510 nm.

Creatinine:  Creatinine  concentration  was
measured using themethod of 2, without
pretreatment, optimized via a two-point Kinetic
method. Absorbance was recorded at 490 nm.

Total Cholesterol (TC): Total cholesterol was
measured enzymatically as described by '°. The
assay involves: Hydrolysis of cholesterol esters into
free cholesterol and fatty acids. Oxidation of
cholesterol to cholest-4-en-3-one with concomitant
production of H20.. Reaction of H.O: with phenol
and PAP, catalyzed by peroxidase (POD), forming
a colored quinoneimine measured at 500 nm.

HDL Cholesterol (HDL-C): HDL cholesterol was
quantified using a selective detergent-accelerated
direct method without specimen pretreatment 2°.

Phase 1: LDL, VLDL, and chylomicrons release
free cholesterol which produces hydrogen peroxide
through enzymatic reaction; H20: is degraded via
POD and DSBmT without forming a colored
product.

Phase 2: A specific detergent solubilizes HDL
cholesterol. The combined action of cholesterol
oxidase (CO) and cholesterol esterase (CE) along
with POD and 4-AAP produces a color reaction
proportional to HDL-C concentration, measured at
600 nm.
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Triglycerides:  Triglycerides were  assayed
following combined with the reaction.
Enzymatic hydrolysis of triglycerides into glycerol
and fatty acids is followed by phosphorylation and
oxidation of glycerol, generating H.O-. This reacts
with 4-AAP and phenol in presence of POD to
form a colored complex measured at 500 nm.

Insulin: Serum insulin was measured using a
commercial REALY TECH kit (China) by
chemiluminescent immunoassay (CLIA). The assay
IS based on antigen-antibody complex formation
and detection of a light signal proportional to
insulin concentration via luminometry %,

Superoxide Dismutase (SOD): SOD activity was
assessed by its ability to inhibit the reduction of
nitroblue tetrazolium (NBT) by superoxide radicals
generated in-vitro . Enzymatic activity correlates
with the decrease in absorbance at 560 nm.

Catalase (CAT): Catalase activity was measured
using a colorimetric method assessing the
decomposition of hydrogen peroxide (H20:) into
water and oxygen 2*. Blood samples incubated with
H:0: had residual peroxide quantified by a color
reaction at 520 nm. Color intensity inversely
correlates with catalase activity.

Malondialdehyde (MDA): Lipid peroxidation was
evaluated by the thiobarbituric acid reactive
substances (TBARS) assay °. Blood samples were
treated with reagents, heated at 100°C for 60 min,
then centrifuged. Absorbance of the supernatant
was measured at 532, 450, and 600 nm. MDA
concentration was calculated from absorbance
differentials as an index of oxidative stress.

Oral Glucose Tolerance Test (OGTT): After 12
weeks of treatment and dietary intervention
(standard or high-fat diet), animals were fasted for
12 hours with free access to water *°. A glucose
solution (2 g/kg body weight) was administered
orally via a gastro-esophageal tube (1 mL/kg).
Blood glucose was measured at baseline (T0) and
at 20, 40, 60, 90, and 120-minutes post-
administration using a glucometer with test strips
(Gluco Dr).

Statistical Analysis: The results are presented as
means + standard deviations. Differences between
means were assessed using one-way analysis of
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variance (ANOVA) followed by Dunnett’s post hoc
test, performed with GraphPad version 10 software.
A p-value < 0,05 was considered statistically
significant in all experiments.

RESULTS: Overall, a progressive weight gain was
observed in all animal groups over the 12-weeks
experimental period, although the rates of increase
differed among groups Table 4. The highest weight
gain was recorded in animals fed the HFD without
any treatment, while the lowest weight gain was
observed in animals maintained on the standard
diet without treatment (STD group). Animals that
received the aqueous extracts from the three organs
of Hibiscus sabdariffa L. at both doses exhibited
significantly lower weight gain compared to the
untreated HFD group (p < 0.05). Among the treated
groups, the animals that received the leaf extracts
showed the lowest weight gain, whereas those
treated with the seed extracts exhibited a faster
weight gain, closer to that of the untreated HFD
group. However, the differences in weight gain
among the treated groups were not statistically
significant (p > 0.05).
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FIG. 1: VARIATION IN WEIGHT GAIN OVER TIME

12Weeks

Effect of Hibiscus sabdariffa L. (HS) Extracts on
Body Mass Index (BMI): BMI increased in all
groups throughout the experimental period, but at
different rates (Table IV). After four weeks, HFD-
fed animals treated with leaf or calyx extracts
exhibited BMI values similar to those of the
standard diet group (p > 0.05). In contrast, the BMI
of HFD-fed animals treated with seed extracts, as
well as that of the untreated HFD group, was
significantly higher (p < 0.05). After 8 and 12
weeks, extracts from all three organs helped limit
the increase in BMI, with a more pronounced effect
observed for the leaf extracts. However, the BMI of
treated animals remained significantly higher than
that of animals fed the standard diet (p < 0.05).
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TABLE 4: VARIATION IN BMI OVER EEK
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Week 0 Week 4 Week 8 Week 12
F100 0.31+0.01 0.38+0.012 0.47 £0.02° 0.53+0.02°
F200 0.31 +0.00 0.37 + 0.00° 0.43+0.01° 0.50 £ 0.01°
C100 0.31 +0.00 0.38 + 0.00° 0.46 +0.01° 0.56 + 0.00°
C200 0.32 +0.00 0.39 + 0.00° 0.46 +0.01° 0.52+0.01°
G100 0.33+0.01 0.41+0.01° 0.51+0.01° 0.56 +0.01°
G200 0.32 +0.00 0.41+0.01° 0.51+0.01° 0.55+0.01°
HFD 0.31+0.00 0.42 + 000° 0.52 +0.01° 0.61+0.01°
STD 0.31 + 0.00 0.38 + 0.00° 0.41 + 0.00° 0.45 + 0.00°

Mean values obtained from 6 rats per group * standard deviation. Values with the same letter are not significantly different (p >
0.05). Values with different letters are significantly different (p < 0.05).

Effect of HS Extracts on Liver and Kidney
Mass: The administration of Hibiscus sabdariffa L.
organ extracts, combined with a high-calorie diet,
resulted in increased liver and kidney weights, with
variations depending on the type of extract used
Table 5. The liver weights of rats treated with both
doses of leaf and calyx extracts did not
significantly differ from those of the STD group (p
> 0.05). In contrast, the percentage increases of
16.57%, 18.34%, and 26.16% observed in the
G100, G200, and HFD groups, respectively, were

TABLE 5: ORGAN MASS

significantly higher compared to the STD group (p
< 0.05).Regarding the kidneys, animals treated with
both doses of leaf and calyx extracts showed non-
significant weight increases compared to the STD
group. However, the kidney weights of animals
treated with seed extracts at both doses, as well as
those in the wuntreated HFD group, were
significantly higher than those in the STD group (p
< 0.05). Nonetheless, the increases observed in the
G100 and G200 groups were significantly lower
than those in the HFD group (p < 0.05).

Groups F100 F200 C100 C200 G100 G200 HFD STD
Liver 11.45 11.35+0.4 1178 % 1151 + 1252 + 12.71+ 13.56 10.73 +
% variation/ STD ~ +0.27° 42 0.27° 0.59° 0.21° 0.25° +0.49° 0.31°
+ 6.64 + 5.67 + 9,68 + 7,23 + 16,57 + 18,34 +26.16
Kidney 1.19 + 117 + 1.23+ 121+ 1.30 + 1.36 + 153+  1.11+0.1°
% varation/ STD 0.02° 0.11° 0.06° 0,04? 0.04° 0.02° 0.04°
+5.00 +3.82 +8.53 +6.76 +15.29 +20.00 +35.01

Mean values obtained from 6 rats per group + standard deviation. Values sharing the same letter are not statistically different (p

> 0,05). Values with different letters are statistically different (p < 0,05).

Carbohydrate Metabolism Parameters:

Effect of Hibiscus sabdariffa L. Extracts on
Blood Glucose Levels: Over the 12-week
experimental period (Week 0 to Week 12), blood
glucose levels increased in all animal groups, but at
varying rates Table 6. Between Week 0 and Week
4, significantly higher increases in blood glucose
levels were observed in the G100 and HFD groups
compared to the standard diet (STD) group (p <
0.05). In contrast, the increases observed in the
other groups were not significantly different from
those in the STD group (p > 0.05). By Week 12, the
percentage increases in blood glucose levels in

animals treated preventively with leaf (F100 and
F200) and calyx (C100 and C200) extracts were not
significantly different from those in the STD group
(p > 0.05). However, significantly higher increases
(p < 0.001) were recorded in the groups treated
with seed extracts at both doses (100 and 200
mg/kg BW), as well as in the untreated HFD group.
Comparisons between the two doses of each extract
showed no significant differences within each plant
part (p > 0.05). Notably, a decrease in blood
glucose levels was observed between Week 8 and
Week 12 in animals treated with both doses of the
leaf and calyx extracts.

TABLE 6: EFFECT OF AQUEOUS EXTRACTS OF HIBISCUS SABDARIFFA L. ON BLOOD GLUCOSE LEVELS

(MG/DL)
Glucose Levels (mg/dL)
F100 F200 C100 C200 G100 G200 HFD STD P
Week 0 85.53 8740+ 8547+ 84.83 + 85.95+ 87.35+ 83.52 + 8552+ 0.95
3.74 7.89 5.61 6.57 7.29 7,12 5.33 3.65
International Journal of Pharmaceutical Sciences and Research 2101
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Week 4 89.93 + 88.4+ 90.63+ 89.75+ 1023+ 9592+ 105.5 + 8362+ <0.0
% 3.22% 2.74° 2.81° 2.52° 6.97° 2.7° 8.28° 1.29% 001
variation +5.28+ +1.9+11. +6.33+  +6.37+ +19.60+1 +10.70+1  +27.00% -2.10  0.000
0-4 5.73° 213 5.85° 9.38° 3.51° 3.14° 15.18° +3.53 4
Week 8 96.17 + 93.19 96.02+ 93.06+ 9751+ 1008+ 99.48 + 86.62+ <0.0
% 8.01° +5.01% 8.76% 4.39% 6.97° 5.04 4.72° 4.45° 001
variation/  +12.6+11.18° +7.2+9.8 +13.1+16 +10.3+11 +13.6#8. +16.3+14 +19.60+10 +1.41  0.244
0-8 8 75 .80° 94° .94° 37" +6.27° 9
Week 12 90.95+4.13° 88.6+8.1 91.67+ 9042+  103.8+ 1023+ 124.3 + 86.10+ <0.0
% +6.46 52 7.50° 4.37° 6.04° 8.01° 14.21° 1.54% 001
Variat +7.54? +2.40 +7.73 +7.20 +20.86 +17.55 +49.24 +0.83
0-12 +13.76°  +12.52% #1118 = +7.12° +6.71° +18.68° +4.67°  0.07

Mean values obtained from 6 rats per group + standard deviation. Values sharing the same letter are not statistically different (p
> 0.05). Values with different letters are statistically different (p < 0.05).

Effect of Hibiscus sabdariffa L. Extracts on Oral
Glucose Tolerance (OGTT): During the oral
glucose tolerance test (OGTT), blood glucose
levels increased in all groups from time 0 to 40
minutes, followed by a gradual decrease between
60 and 120 minutes Fig. 2. In the untreated HFD
group, the blood glucose spike was highly
significant (p < 0.001) compared to the control
group. In animals treated preventively with leaf and
calyx extracts at 200 mg/kg BW, this elevation was

attenuated, with blood glucose values not
significantly different from those of the control
group at all time points. At the lower dose (100
mg/kg BW), the same extracts induced significant
increases (p < 0.05) in blood glucose levels. The
seed extract, regardless of the dose, did not
substantially attenuate the postprandial glucose
elevation, showing glucose profiles very similar to
those of the untreated HFD group.
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FIG. 2: ORAL GLUCOSE TOLERANCE TEST (OGTT) RESPONSE

Effect of Hibiscus sabdariffa L. Aqueous
Extracts on Insulin level: Insulin levels increased
in all animal groups throughout the experimental
period (from Week 0 to Week 12) Table 7.
Compared to the percentage increases recorded in
animals fed a standard diet (STD group), the
increases observed in animals preventively treated
with the agqueous seed extracts (G100 and G200)
and in the untreated HFD group were significant (p
< 0.05). In contrast, the increases observed in

TABLE 7: CHANGES IN INSULIN LEVELS OVER TIME

animals preventively treated with the leaf and calyx
extracts were not statistically significant. At Week
12, the percentage increases in insulin levels in the
G100 and G200 groups were significantly lower
than those observed in the HFD group (p < 0.05).
For all three organ extracts (leaves, calyces, and
seeds), the 100 mg/kg body weight doses did not
produce significant differences when compared to
the 200 mg/kg doses (p > 0.05) after 12 weeks of
experimentation.

Insulin levels (uUI/mL)

F100 F200 C100 C200 G100 G200 HFD STD P-value
Week 0 12.39 + 11.90 + 11.24 + 11.60 £ 12.22 + 12.56 + 11.22 + 12.43 + 0.9623
2.81 2.67 1.83 2.53 2.84 2.9 2.38 2.13
International Journal of Pharmaceutical Sciences and Research 2102
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Week 4 13.76+1.61% 1215+ 13.92+ 13.69+ 2462+ 33.66+ 28.66+ 11.09+  <0.0001
%Variation ~ +16.5+32.45° 0.75° 0.79° 1.81° 0.76° 3.6° 4.07° 1.15°
0-4 +6.89+  +26.4+2 +21.47+ +112.3+ +94.36+ +212.8+ -9.47+  <0.0001
26.18° 0.04% 24.52° 59.54" 60.22° 78.78"°  12.01°
Week 8 20.30+ 1.97° 18.06+  21.18+ 1952+  46.63+ 49.20+ 5358+ 13.68+  <0.0001
%Variation +71.8+46.15% 1.98 2.42% 4,05% 8.25" 4.72° 9.1° 1.84°
0-8 +55.9+2  +94.7+5 +71.9+3 +293.2+ +312.0+ +386.9+ +12.6+2 <0.0001
6.92° 2.40° 6.21° 80.95>  115.0°  86.84° 5.07°
Week 12 20.56+ 18.56+  22.66+ 2058+  44.86+ 4128+ 654+ 1521+  <0.0001
%V ariation 1.79% 1.86° 1.40° 2.88° 5.52° 6.10° 3.69° 1,73 <0,0001
0-12 +76.58+57.36°  +61.48  +88.98 +80.98+ +247.6  +2465 +504.0+ +24.7
+32.85%° +37.96° 25.19°  +84.08° +109,3° 124.6° +21.51°

Mean values obtained from 6 rats per group + standard deviation. Values sharing the same letter are not statistically different (p
> 0,05). Values with different letters are statistically different (p < 0,05).

Effect of Hibiscus sabdariffa L. Aqueous
Extracts on Insulin Resistance (HOMA-IR): The
insulin resistance values determined using the
Homeostasis Model Assessment of Insulin
Resistance (HOMA-IR) were not statistically
different at the beginning of the experiment (Week
0) (p > 0.05), as shown in Fig. 3. After four weeks
(Week 4), the increases observed in the F100,
F200, C100, C200, and G200 groups were not
statistically significant compared to the STD group
(p > 0.05). However, the HOMA-IR values in the

G100 and HFD groups increased significantly
relative to the STD group (p < 0.05).At both Week
8 and Week 12, HOMA-IR values in the G100,
G200, and HFD groups remained significantly
higher than those in the STD group (p < 0.05),
while the values for the F100, F200, C100, and
C200 groups were statistically comparable to those
of the STD group (p > 0.05). Comparison of the
two doses of each organ extract (100 mg/kg vs. 200
mg/kg body weight) showed no significant
differences in HOMA-IR values (p > 0.05).
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FIG. 3: VARIATION OF HOMA-IR ACROSS DIFFERENT GROUPS

Effect of Hibiscus sabdariffa L. Extracts on
HOMA-B (Homeostasis Model Assessment of
Pancreatic p-Cell Function): At the beginning of
the experiment (Week 0), HOMA-B values
(Homeostasis Model Assessment of Pancreatic -
Cell Function) were not statistically different across
the groups (p > 0.05), as shown in the Week 0

International Journal of Pharmaceutical Sciences and Research

graph of Fig. 4. After four weeks (Week 4), the
HOMA-B values in the F100, F200, C100, C200,
and G200 groups were not significantly different
from those of the STD group. However, the
HOMA-B values in the G100 and HFD groups
increased significantly compared to the STD group
(p < 0.05). At Week 8, HOMA-B values in the
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G100, G200, and HFD groups were significantly
higher than those in the STD group (p < 0.05). In
contrast, HOMA- values in the F100, F200, C100,
and C200 groups remained statistically similar to

E-ISSN: 0975-8232; P-ISSN: 2320-5148

value in the G100 group was no longer
significantly higher than that of the STD group.
Comparison of the effects of the two doses of each
organ extract (100 mg/kg vs. 200 mg/kg body

those of the STD group. The same observations  weight) showed no significant differences in
were made at Week 12, except that the HOMA-B  HOMA-B values (p > 0.05).
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Effect of Hibiscus sabdariffa L. Extracts on the secrete insulin in compensation for insulin

Insulin Disposition Index (DI): The Disposition
Index (DI) assesses the ability of the pancreas to

resistance. The DI values determined in this study
are presented in Fig. 5.
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At baseline (Week 0), DI values did not differ
significantly among the animal groups. From Week
4 to Week 12, DI values in the groups treated with
Hibiscus sabdariffa L. extracts (F100, F200, C100,
C200, G100, G200) and in the HFD group
significantly decreased compared to the STD group
(p < 0.05). When comparing the rates of decrease
among the high-fat diet (HFD)-fed groups,
significantly greater reductions were observed in
the G100, G200, and HFD groups compared to the
F100, F200, C100, and C200 groups (p < 0.05).
The comparison between the two doses of each
organ extract showed no significant differences in
DI values between animals treated with 100 mg/kg
body weight and those treated with 200 mg/kg
body weight (p > 0.05).

Quicki (Quantitative Insulin Sensitivity Check
Index): QUICKI is another parameter commonly
used to assess insulin sensitivity. At the beginning
of the experiment (Week 0), the QUICKI values
did not differ significantly among the animal
groups (p > 0.05), as shown in Fig. 6. At Week 0,
statistically significant decreases of -16.66%, -
12.12%, and -11.21% were observed in the HFD,
G100, and G200 groups, respectively, compared to

E-ISSN: 0975-8232; P-ISSN: 2320-5148

the STD group. In contrast, the decreases of -
4.35%, -3.8%, -3.9%, and -2.1% observed in the
C100, C200, F100, and F200 groups, respectively,
were not statistically different from the STD group
(p > 0.05).At Week 8, non-significant decreases of
-4.78%, -5.55%, and -6.65% were observed in the
F200, C200, and F100 groups, respectively,
compared to the STD group (p > 0.05). However,
significant decreases of -7.10%, -15.9%, -16.91%,
and -17.52% were observed in the C100, G100,
G200, and HFD groups, respectively (p < 0.05 vs.
STD).At Week 12, non-significant decreases of -
3.08%, -4.61%, -4.74%, and -4.91% were recorded
in the F200, C200, F100, and C100 groups,
respectively, compared to the STD group (p >
0.05). In contrast, significant decreases of -14.03%,
-13.98%, and -20.28% were observed in the G100,
G200, and HFD groups, respectively, when
compared to the STD group (p < 0.05).

The comparison between the two doses of each
Hibiscus sabdariffa L. organ extract revealed that
the decreases observed in the F100, C100, and
G100 groups were not significantly different from
those observed in the F200, C200, and G200
groups, respectively (p > 0.05).
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Effect of Hibiscus sabdariffa L. L. on Lipid
Metabolism:

Effect of Hibiscus sabdariffa L. Extracts on
Triglycerides: Compared to baseline values,
triglyceride levels increased in all groups by the
twelfth week (Week 12) of the experiment, with
varying proportions across the different groups
Table 8. After 4 weeks, only the HFD group
exhibited a significantly higher increase compared
to the STD group (p < 0.05). At both Weeks 8 and
12, significant increases in triglyceride levels were
observed in the G100, G200, and HFD groups

E-ISSN: 0975-8232; P-ISSN: 2320-5148

compared to the STD group (p < 0.05). In contrast,
the increases observed in the F100, F200, C100,
and C200 groups were not statistically significant
when compared to the STD group. The comparison
of the percentage increases between the two doses
(100 mg/kg b.w. and 200 mg/kg b.w.) of each
extract showed no statistically significant
differences (p > 0.05). Furthermore, the increases
in triglyceride levels in the groups treated with both
doses of the extracts from the three Hibiscus
sabdariffa L. organs were significantly lower than
those observed in the HFD group.

TABLE 8: VARIATION IN TRIGLYCERIDE LEVELS OVER TIME

Triglycerides en g/L

F100 F200 C100 C200 G100 G200 HFD STD P
Week 0 0.96 + 085+ 0.88+ 0.93+ 0.84 + 0.88 + 0.79 + 098+  0.9642
0.26 0.37 0.29 0.38 0.37 0.32 0.38 0.34
Week 4 1.32 + 1.01+ 1.24 + 1.14 + 1.33+ 1.40 + 1.65 + 1.03 + 0.13
%Variation 0.43 0.35° 0.38° 0.24° 0.38° 0.12° 0.26" 0.37°
0-4 +4955+76 +34,33+7 +60,84 +38,90+5 +60,91+ +79,04+7 +154.09  +9.98+
4d4a 580°  +93,68%  847° 49,17 489°  +12493°  13.07
Week 8 1.36 + 1.09+ 147+ 1.23+ 1.74 + 1.64 + 2.59 + 112+  <0.000
%Variation 0.20% 0.32 0.19% 0.32% 0.19° 0.16" 0.15° 0.40°% 1
0-8 +47.74+28  +41.10 +83.42  +47.63  +135.69 +105.55 +249.63  +17.86
25 +58.58% +71.34° +61.90° +82.58°  +78.28°  +177.9°  +33.58%
Week 12 1.47 + 117+ 149+ 1,37 + 1.81 + 1.85+ 2.36% 1.32 <0.000
%Variation 0.13% 0.11 0.25% 0,10 0.24° 0.14° 0.35° 0.31° 1
0-12 +62.19 +53.80  +79.73 46552  +15521  +129.62 +251.24  +43.69
+40.47° +48.40° +38.82° +54.71° +118.76° +69.63° +143.57°  +42.47°

Mean values obtained from 6 rats per group + standard deviation. Values sharing the same letter are not statistically different (p
> 0,05). Values with different letters are statistically different (p < 0,05).

Effect of Hibiscus sabdariffa L. Extracts on HDL
Cholesterol (HDL-C): HDL-C levels decreased in
all groups over the 12-week period, with varying
degrees of reduction Table 9. After 4 weeks,
significantly greater decreases were observed in the
groups treated with calyx extracts (C100 and
C200), seed extracts (G100 and G200), and in the
HFD group compared to the STD group. However,
in the groups treated with leaf extracts (F100 and
F200), the reductions were not statistically
significant compared to the STD group. From
Week 8 to Week 12, significant decreases in HDL-

C levels compared to the STD group were recorded
in the F100, C100, G100, G200, and HFD groups,
whereas the decreases observed in the F200 and
C200 groups were not statistically significant (p >
0.05). The reductions observed with the 100 mg/kg
b.w. dose of the leaf and calyx extracts (F100 and
C100) were significantly greater than those
observed with the 200 mg/kg b.w. dose (p < 0.05).
For the seed extracts, the differences in HDL-C
reduction between the two doses were not
significant (p > 0.05) when compared to the HFD

group.

TABLE 9: VARIATION IN HDL CHOLESTEROL L LEVELS OVER TIME

HDL Cholesterol (g/L)

F100 F200 C100 C200 G100 G200 HFD STD P
WO 0.56 + 0.53+ 0.56+ 0.59+ 0.55 + 059+ 061 057+ 0.5175
0.08 0.06 0.01 0.04 0.11 0.0 0.07 0.06
W4 0,42 + 0,48+ 0,32 + 0,35+ 0.30 = 035+ 0.29% 0.53 + <0.0001
%\Variation 0,03a 0,02a 0.09b 0,14b 0.07b 0.04b 0,06b 0.03a
0-4 -4.08+ -7.73+ -41.59+ -2.39+ -3.35+ -0.10+ -2.52+ -6,35+
14.02° 13 .50° 17.19° 20.76°  20.64° 850" 889" 1374
W8 0.41° 0.51+ 0,40 + 0,46 0,21+ 0,23+ 0,20% 0,54 + <0.0001
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0.02 0.03* 0,05° 0,03° 0.02° 0.0  0.01° 0,02°
%V ariation -5.10+ -2.10+ -28.13+ -1.16+  -8.91+ -9.78+ -6.81+ -4.31+
0-8 14.18° 11.06° 11.14° 851  12.81° 9.14° 473  1351°
W12 037+ 0.46+ 0.25 + 046+ 020+ 023+ 018+ 051+ <0.0001
0.03 0.03° 0.06" 0.25° 0.02° 0.04°  0.02° 0.01°
%V ariation -2.34+ -1.56+ -54.16+ -1.62+  -2.38+ -0.68+ -9.42+ -0.17+  <0.0001
0-12 13.45° 7.91° 10.87° 7.94° 7.91° 7.44°  426°  10.17°

Mean values obtained from 6 rats per group + standard deviation.

Values sharing the same letter are not statistically different (p

> 0,05). Values with different letters are statistically different (p < 0,05).

Effect of Aqueous Extracts of Hibiscus
sabdariffa L. on Total Cholesterol (T
Cholesterol): Compared to baseline values, total
cholesterol levels increased throughout the
experiment, with varying degrees among the
different groups Table 10.

At Week 4, the percentage increases observed in
the groups of animals subjected to the HFD,
whether treated or not, were not significantly
different compared to the STD group. At Week 8,
only the HFD group showed a significantly higher
variation rate compared to the STD group (p <
0.05). At Week 12, the increases observed in the

F100, F200, C100, and C200 groups compared to
the STD group were not significant (p > 0.05),
whereas those observed in the G100, G200, and
HFD groups were significant (p < 0.05).

Comparison of the variations observed in these
latter three groups showed that the increases in the
G100 and G200 groups were significantly lower
than those in the HFD group. The comparison of
total cholesterol increases between the 100 mg/kg
b.w. and 200 mg/kg b.w. doses for each extract
indicated that these differences were not
statistically significant (p > 0.05).

TABLE 10: VARIATION IN TOTAL CHOLESTEROL LEVELS

Total Cholesterol (g/L)

F100 F200 C100 C200 G100 G200 HFD STD P
Week 0 0.86 + 0.85+ 0.83 + 0.95 + 0.87% 091+ 0.93 + 0.89 + 0.9847
0,15 0.15 0.22 0.22 0.20 0.37 0.26 0.14
Week 4 1.20 = 1.00 = 1.24 + 112 + 112 + 141+ 132+ 1.08+  <0.0001
%Variation 0.17° 0.11% 0.33% 0.12% 0.35a 0,17 0.18? 0.004% 0.22
0-4 +40.60+ +20,93+  +53.78+  +23.33+  +33.23+ +75.09+ +50.31+ +23.56+
17.57 26.30 38.97 32.32 54.07 59.63 36.58 26.10
Week 8 1.28 + 119+ 129+ 125+ 1.26 + 135+ 153+ 1.13+ <0.0001
%Variation 0.19° 0.20° 0.36° 0.23° 0.32¢ 0.003* 0.08" 0.11°
0-8 +50.16+  +43.64 +61.11 +39.38 +48.04 +59.43 +80.44 +28.85 0.616
22.18° +39.75° +43.67a +52.08° +42.42° +44.67° +68.55°  +15.30°
Week 12 147+ 137+ 1.49 + 1.46 = 181+ 1.78 = 275+ 120+ <0.0001
%Variation 0.13 0.16* 0.25% 0.04? 0.24" 0.18" 0.11° 0.24% 0.0019
0-12 +75.89 +66.20 +89.51 +62,12 +114.7 +127.3 +227.7 +38.58

+38.21°  +44.26° +49.57° +49,24°

+43.47°  +1015°  +139.0° +32.93°

Mean values obtained from 6 rats per group + standard deviation.

Values sharing the same letter are not statistically different (p

> 0,05). Values with different letters are statistically different (p < 0,05).

Effect of Hibiscus sabdariffa L. Aqueous
Extracts on the TG/HDL-C Ratio: The TG/HDL-
C ratio is a recognized indicator of cardiovascular
risk. It provides insights into insulin resistance and
the quality of circulating lipids. At Week 0,
TG/HDL-C values recorded in all animal groups
were within the normal range (< 2) and were
statistically equivalent to those of the STD group
Fig. 7. At Week 4, significant increases compared
to the STD group were observed in the HFD and
G100 groups (p < 0.05), whereas the increases

observed in the F100, F200, C100, C200, and G200
groups were not significant (p > 0.05). At Weeks 8
and 12, significant increases in the TG/HDL-C
ratio were observed in the C100, G100, G200, and
HFD groups compared to the STD group (p <
0.05). In contrast, the increases in the F100, F200,
and C200 groups were not significant (p > 0.05).

The increase observed with the 100 mg/kg b.w.
dose of the calyx extracts was significantly higher
than that observed with the 200 mg/kg b.w. dose.
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For the leaf and seed extracts, the increases
recorded at both doses were not significantly

observed in the C100 group compared to the C200
group, while the increases observed with the leaf

different. When comparing the two doses, a
significant increase in the TG/HDL-C ratio was

and seed extracts were not significant.
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R

Effect of Aqueous Hibiscus sabdariffa L.
Extracts on the Plasma Atherogenic Index
(AIP): Compared to baseline values, the

Atherogenic Index of Plasma (AIP) of the different
groups increased over the 12-week experimental
period Fig. 8.
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Compared to the STD group, the increases
observed in the groups treated with both doses of

the aqueous extracts from the leaves and calyces
(F100, F200, C100, and C200) were not significant
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(p > 0.05) at Week 4. However, the increases
recorded in the groups treated with the aqueous
seed extracts and in the HFD group were
significant (p < 0.05). At Week 8, only the higher
doses of the leaf and calyx extracts (F200 and
C200) produced increases that were not significant
compared to the STD group. In the other groups,
significant increases (F100 and C100) and highly
significant increases (G100, G200, and HFD) were
observed. At Week 12, still compared to the STD
group, only the F200 extract resulted in a non-
significant increase.

Effect of Aqueous Extracts of Hibiscus
sabdariffa L. on Castelli’s Coronary Risk Index I
(CRI = Total Cholesterol/HDL C Ratio): The
values of the coronary risk index (CRI), expressed
as the Total Cholesterol/HDL C ratio, increased in
all groups Fig. 9. At weeks 0 (W0) and (W 4), the

E-ISSN: 0975-8232; P-ISSN: 2320-5148

increases observed in the F100, F200, C100, and
C200 groups were not significant compared to the
STD group (p > 0,05). However, in the G100,
G200, and HFD groups, highly significant
increases were observed compared to the STD
group (p < 0,05). At week 12 (W12), the increases
observed in the F100, F200, and C200 groups were
not significant compared to the STD group (p >
0,05). In contrast, in the C100, G100, G200, and
HFD groups, highly significant increases were
observed compared to the STD group (p < 0,05).

The comparison of the increases observed with the
100 mg/kg bw dose and those with the 200 mg/kg
bw dose of each extract indicates that the
differences were not significant (p > 0.05) for the
leaf and seed extracts. However, a highly
significant increase was observed between the
C100 and C200 groups.
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Effect of Hibiscus sabdariffa L. Aqueous
Extracts on Oxidative Stress Parameters:
Plasma levels of superoxide dismutase (SOD) and
catalase in animals fed a high-fat diet (HFD)
without treatment, as well as those treated with
seed extracts at both doses (G100 and G200),
significantly decreased compared to the group fed a

International Journal of Pharmaceutical Sciences and Research

standard diet (STD) (p < 0.05), as shown in Table
VII. In the groups of animals that received HFD
along with leaf extracts (F100 and F200) or calyx
extracts (C100 and C200), the observed decreases
in these antioxidant parameters were not significant
(p > 0.05). The decreases observed in the HFD
group were significantly greater than those in the
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groups treated with seed extracts (G100 and G200)
(p < 0.05). Regarding malondialdehyde (MDA)
levels, significant increases were observed in the
HFD, G100, and G200 groups compared to the
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STD group (p < 0.05). However, in the groups
treated with leaf extracts (F100 and F200) and
calyx extracts (C100 and C200), the increases were
not significant (p > 0.05).

TABLE 10: VARIATION OF SELECTED OXIDATIVE STRESS PARAMETERS

F100 F200 C100 C200 G100 G200 HFD STD

Anti. Oxydant 7.77 8.31+ 7.83+ 7.90 + 6.45 + 7.12+ 4.61 8.87 +

Enzymes +0.20° 0.23° 0.76 0.59° 0.76° 0.62° +0.91° 1.14%

SOD (U/mL) -12.44 -6.44 -11.79 -11.02 -27.39 -19.82 -48.04 10.06

% Variation/STD 9.14+ 9.77+ 8.79+ 9.63+ 6.92+ 7.77+ 5.75+ 1.10°
Catalase (U/mL) 0.71° 0,85° 0.57° 0.48° 1.19° 0.81° 0.72°
% Variation/STD -9,11 -2,89 -12.68 -4.29 -31.21 -22,78 -42.77

Lipid 8.08 + 7.83 + 10,58+ 8.53 13.01 + 1217 + 15.12+ 7.13
Peroxydation 0.38° 0.82° 0,56° 0.70° 0.41° 1.00° 0.74° +0.47°
MDA (umol/L) +13.36 +9.88 +48.32 +16.62 +82.43 +70.58  +111.90

Mean values obtained from 6 rats per group + standard deviation. Values sharing the same letter are not statistically different (p
> 0,05). Values with different letters are statistically different (p < 0,05).

Effect of Aqueous Hibiscus sabdariffa L.
Extracts on Renal and Hepatic Parameters:
Alanine  aminotransferase ~ (ALT), aspartate
aminotransferase (AST), and alkaline phosphatase
(ALP) are biomarkers that provide information
about liver function. The results of serum
measurements of these parameters are presented in
Table 11. After 12 weeks of administration of
aqueous Hibiscus sabdariffa (HS) extracts
combined with a high-fat diet, compared to the
STD group, an increase in ALT levels was
observed in the G100, G200, and HFD groups,
whereas a decrease was noted in the F100, F200,
C100, and C200 groups. The increases observed in
the G100 (4.08%) and G200 (6.12%) groups were
not significant, while the increase in the HFD

group (10.61%) was significant. The decreases
observed in the F100 (-5.71%) and C100 (-4.08%)
groups were not significant, whereas those in the
C200 (-8.57%) and F200 (-11.83%) groups were
significant. Regarding AST, the increases ranging
from 8.17% to 16.89% compared to the STD group
observed in the groups treated with the three plant
extracts were not significant, whereas the increase
in the HFD group (+24.80%) was significant (p <
0.05). As for wurea, creatinine, and alkaline
phosphatase (ALP) levels, the increases observed
in the animals treated with both doses of the three
HS organ extracts were not significant compared to
the STD group (p > 0.05). However, in the
untreated HFD group, the observed increases were
significant (p < 0.05).

TABLE 11: EFFECT OF EXTRACTS ON RENAL AND HEPATIC FUNCTION ENZYMES

Groups ALT (U/L) AST (U/L) Urea (mg/dL) Creatinine (mg/dL) ALP (U/L)
F100 385+ 1.50° 73.83+ 4,16° 28.83 + 5.98° 0.73+0.10° 109.1 + 12.16°
F200 36 +2.53° 68.33 + 4,80° 26.17 + 4.66° 0.69 + 0.05° 105.3 + 5.05°
C100 39.17 +1.50° 72.33 + 4.80° 28.17 £ 4.21 0.721+ 0.072 104.8 + 6.11°
C200 37.33£2.16° 73.58 + 12.79° 27.50 + 3.67° 0.70 £ 0.12° 108.9 + 6.38°
G100 4250+ 2.73 73.58 + 12.79° 28.83 + 4.62° 0.73 +0.12° 107.07 + 4.10°
G200 43.33 + 6.65° 73.67 £ 3.38% 28.17 £ 7.02° 0.76 + 0.07% 109 + 5.14°
HFD 4517+ 1.47° 78.83 +8.23" 35.17 £3.97° 0,85 + 0.08° 123.2 +5.67°
STD 40.83 + 1,94° 63.17 + 6,66° 26.33 + 5.82° 0.65 + 0.03% 103.3+ 4.26°

P <0.0001 (****) 0.01(*) 0.9472 0.4520 0.2300

Mean values obtained from 6 rats per group + standard deviation. Values sharing the same letter are not statistically different (p

> 0,05). Values with different letters are statistically different (p < 0,05).

DISCUSSION: All animals fed with the high-fat
diet (HFD) experienced greater weight gain
compared to those fed with the standard diet
(STD), suggesting that our HFD promotes weight
gain. Numerous studies have shown that fat-
enriched foods lead to weight gain in rats " ?’. Oral
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administration of both doses (100 and 200 mg/kg
body weight) of aqueous extracts from the three
organs of the white variety of Hibiscus sabdariffa
L. (HS) to HFD-fed Wistar rats demonstrated a
potential anti-obesogenic effect. These rats
exhibited a significant reduction in body weight
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gain compared to untreated HFD-fed animals,
suggesting that the plant may act on mechanisms
regulating energy metabolism or lipogenesis. This
potential anti-obesogenic effect of HS aqueous
extracts is also suggested by their ability to
partially limit the increase in body mass index
(BMI) induced by the HFD. Although the BMls of
animals treated with the agueous extracts remain
significantly higher than those of the STD group,
they are nonetheless significantly lower than those
of the untreated HFD group. These results suggest
a modulatory effect of HS aqueous extracts on
weight gain, indicating a biological activity capable
of attenuating, though not fully reversing, the
deleterious metabolic effects associated with
obesogenic diets. This partial efficacy profile could
be attributed to an action on lipid and glucose
metabolism pathways, satiety regulation, or to
antioxidant or anti-inflammatory properties of
certain bioactive compounds such as flavonoids,
anthocyanins, leucoanthocyanins, tannins, and
mucilages present in the plant .

Effect of Hibiscus sabdariffa L. Aqueous
Extracts on Glucose Metabolism: The assessment
of the anti-hyperglycemic effect of aqueous
extracts from the leaves, calyces, and seeds of the
white variety of HS reveals different profiles
depending on the organ. The aqueous extracts of
leaves and calyces administered with the HFD
resulted in non-significant increases in blood
glucose levels compared to the STD group. This
suggests a relative capacity of these extracts to
regulate blood glucose. This trend could be
explained by the higher content of secondary
metabolites, particularly flavonoids, in these two
organs . Indeed, metabolites such as flavonoids,
mucilages, and tannins are known to not only slow
intestinal glucose absorption but also to improve
peripheral insulin sensitivity in skeletal muscles,
liver, and adipocytes. Several studies have
highlighted the protective effects of aqueous plant
extracts against metabolic  disorders and
nggoerglycemia associated with high-calorie diets "

Conversely, groups treated with aqueous seed
extracts, like the untreated HFD group, showed
significantly higher increases in blood glucose
levels compared to the STD group, indicating a
potential lack of efficacy at the doses used for this
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extract in mitigating metabolic disturbances
induced by high-calorie food intake leading to
hyperglycemia. Previous investigations have shown
that the seeds of the plant contain fewer secondary
metabolites and, for metabolites present in all three
organs, the seed content was lower compared to
leaves and calyces.

Administration of the HFD alone caused a
significant increase in blood glucose accompanied
by insulin hypersecretion in the HFD group
compared to the STD group (p < 0,05). However,
in animals that received both the HFD and aqueous
extracts of HS leaves and calyces, this diet did not
lead to an increase in either blood glucose or
insulin secretion. This suggests that the plant
extracts may act on blood glucose through extra-
pancreatic mechanisms. Therefore, the white
variety of HS may belong to plants exerting
hypoglycemic effects independently of insulin
action. The plant could act through mechanisms
such as enhancing peripheral glucose uptake and/or
inhibiting intestinal glucose absorption. Further
studies measuring basal and postprandial blood
glucose would be pertinent to determine whether
the plant's effects on insulin levels are accompanied
by improved glycemic control.

The significant increases in blood glucose and
insulin levels in the groups fed the HFD and treated
with seed aqueous extracts, though significantly
lower than those of the untreated HFD group, may
be linked to the lower potency of these extracts
compared to those from other organs. This lack of
potency could be related to the highly polar solvent
used in this study (water) or to the differentiated
metabolism of the organs. Since the seeds of the
white variety of HS are rich in fats, such a solvent
would only extract a fraction of their metabolites,
unlike the other organs that contain little to no
lipids. Seeds could potentially show similar
activities to those of leaves and calyces if the
extraction solvent had been an alcohol (ethanol or
methanol).

By maintaining low blood glucose and insulin
levels, the white variety of HS effectively preserves
glucose homeostasis. This observation is supported
by the stability of HOMA-IR and HOMA-B
indices, which respectively assess insulin
sensitivity and pancreatic beta-cell function and
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have proven relevant in predicting type 2 diabetes
risk *. For glucose homeostasis assessment, the
disposition index (DI) and the QUICKI
(Quantitative Insulin Sensitivity Check Index) were
also used. The DI integrates insulin sensitivity and
pancreatic response, while the QUICKI is based on
fasting glucose and insulin concentrations,
specifically reflecting peripheral insulin sensitivity.
Agqueous extracts from the leaves and calyces of the
white variety of HS significantly increased DI
compared to the HFD group, suggesting relative
protection of pancreatic cells from the stress
associated with insulin hypersecretion in response
to HFD-induced hyperglycemia. Similarly, the
decreases in QUICKI observed in these groups
were not statistically significant compared to the
STD group, indicating that these extracts partially
counteracted HFD-induced insulin resistance by
improving peripheral insulin sensitivity 3 %,

Evaluating glucose tolerance is essential for
detecting early abnormalities in  glucose
metabolism, particularly in the context of a high-
calorie diet. In our study, rats fed with the HFD
exhibited marked increases in blood glucose at time
points S2 and W4, followed by a gradual decrease
that remained significantly higher than that of the
control group. This profile is typical of insulin
resistance and glucose intolerance, commonly
observed in diet-induced obesity models *.
Administration of leaf and calyx extracts at 200
mg/kg body weight mitigated this dysregulation,
bringing the glucose curve back to levels
comparable to those of the control animals. This
normalization suggests a probable antidiabetic
effect, either by improving insulin sensitivity,
modulating intestinal glucose absorption, or
stimulating peripheral glucose uptake *. Several
studies have reported similar effects for extracts
rich in polyphenols or flavonoids capable of
positively modulating insulin signaling pathways,
particularly via the PI3K/Akt pathway and GLUT4
expression *°. However, the effect of the same
extracts at 100 mg/kg body weight, although
partially beneficial, was insufficient to restore
normal glucose tolerance. This result supports the
hypothesis of a dose-response relationship, often
observed in pharmacodynamic evaluations of
complex plant extracts (Sundaram et al., 2018), and
highlights the need for rigorous standardization and
dosage  optimization for any therapeutic
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development. In contrast, the seed extract did not
show a corrective effect on the glucose curve, with
increases observed at both early and late time
points similar to those of the untreated HFD group.
This lack of efficacy could be explained by the
absence of active hypoglycemic compounds or
their low bioavailability .

Effect of Aqueous Extracts of Hibiscus
sabdariffa L. on Oxidative Stress: High-calorie
foods cause the formation of reactive oxygen
species (ROS). The accumulation of these in the
body leads to several metabolic disorders,
including inhibition of the PI3K/Akt pathway and
activation of inhibitory kinases such as JNK and
IKKp, which contribute to insulin resistance and
then type 2 diabetes To counteract the
mechanisms behind these diseases, the body
secretes antioxidant enzymes, notably superoxide
dismutase (SOD) and catalase, which play a crucial
protective role by neutralizing ROS and
maintaining cellular redox balance favorable to
insulin signaling *° *°.

The aqueous extracts of the leaves and calyces of
the white variety of HS caused non-significant
decreases in serum SOD and catalase levels in the
animal groups that received them compared to the
STD group. This preservation of antioxidant
activity is associated with a partial attenuation of
insulin resistance, as evidenced by the QUICKI
values and disposition index (DI) observed in these
groups. These results could be linked to the
antioxidant activity of the plant extracts.

Effect of Hibiscus sabdariffa L. Aqueous
Extracts on Lipid Profile: In this study, extracts
from the three organs of HS were administered
preventively to Wistar rats on a high-fat diet (HFD)
for 12 weeks. In the groups that received aqueous
extracts of leaves and calyces, non-significant
increases in triglycerides (TG) and total cholesterol
(TC) accompanied by a non-significant decrease in
HDL cholesterol (HDL-C) levels compared to the
standard diet (STD) group (p > 0,05) were
observed. In contrast, in the groups fed the HFD
alone, TG and TC levels increased significantly,
and HDL-C levels decreased significantly
compared to the STD group (p < 0,05). These
results suggest that the lipid imbalance induced by
the HFD is partially attenuated by extracts from
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these two plant organs. This effect likely results
from bioactive compounds such as flavonoids *,
polyphenols “*, or saponins *}, known for their
antioxidant and hypolipidemic properties. These
findings agree with those of ** and ', who also
demonstrated that plant extracts regulate lipid
metabolism  profiles in  Wistar rats. The
mechanisms of action of these compounds might
involve promoting lipolysis and decreasing the
expression of adipogenic and lipogenic genes.

Regarding the groups that received seed extracts,
although the increases in TG and TC were
significantly higher than in the normally fed group,
these changes were also significantly lower than in
the HFD-only group. This indicates that seed
extracts less effectively attenuated lipid metabolic
disorders induced by the HFD than leaf and calyx
extracts. This could be explained by the relatively
low potency of the doses of seed extracts used in
this study or that the treatment duration was
insufficient to achieve  beneficial effects
specifically for this organ. Indeed, several studies
have shown the impact of dose and duration on
lipid metabolism improvement by plant extracts®*°.
A more detailed dose-response analysis would
better assess the effects of these extracts on the
lipid profile. Additionally, the TG/HDL-C ratio,
atherogenic index TC/HDL-C, and the AIP (log
TG/HDL-C), considered more sensitive indicators
of cardiovascular risk than isolated lipid parameters
% showed non-significant increases in treated
groups compared to the standard control group.
This indicates a partial reduction in cardiovascular
risk and metabolic imbalances caused by the HFD
in the untreated HFD group, where lipid disorders
were significant.

This study also revealed a non-significant increase
in malondialdenyde (MDA) in the serum of
animals treated with both doses of leaf and calyx
extracts of HS, unlike the HFD group where MDA
increases were significantly high. This suggests
that the extracts have antioxidant activity which,
although insufficient to completely counter the
increased lipid peroxidation induced by the HFD,
limits it compared to the HFD group. These results
align with ** and ’, who showed that extracts from
Ziziphus lotus (L.) Lam and HS calyces have
beneficial effects on lipid metabolism and are
cardioprotective.
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Effect of White Variety HS Extracts and HFD
on Hepatic and Renal Function Markers:
Exposure to the high-fat diet (HFD) in animals that
did not receive plant extracts led to a significant
increase in hepatic (ALT, AST, and ALP) and renal
(urea and creatinine) parameters compared to the
group fed a standard diet (STD). These results
confirm the ability of HFDs to induce hepato-renal
alterations in animals " .

Conversely, in animals fed the same diet but who
received preventive administration of extracts from
the leaves, calyces, and seeds of Hibiscus
sabdariffa L., non-significant decreases in ALT
levels were observed compared to the STD group.
This suggests a potential protective effect of the
plant on hepatic cells. However, non-significant
increases were noted in the other markers of
hepato-renal  toxicity, namely AST, ALP,
creatinine, and urea. These results may indicate a
partial effect of the extracts in counteracting the
harmful impacts of the HFD on these parameters.

The extracts from the leaves and calyces at the dose
of 100 mg/kg body weight caused non-significant
decreases in serum alanine aminotransferase
(ALT), which is a sensitive marker of hepatic cell
integrity, whereas the 200 mg/kg dose significantly
reduced this parameter. This difference suggests a
dose-dependent effect of these extracts, as higher
concentrations of bioactive compounds may have a
greater impact on this parameter compared to lower
concentrations. The extracts from these two plant
organs might act similarly to other medicinal plants
that require minimal effective concentrations to
interact with their endogenous targets (receptors,
enzymes, etc.). It is possible that at a dose of 100
mg/kg body weight, the amount of available active
compounds is too low to sufficiently counteract the
effects of the HFD. In contrast, the 200 mg/kg dose
likely increases bioavailability, promoting better
reduction of the oxidative stress induced by the
HFD and consequently preserving hepatocyte
integrity, which leads to lower ALT production.

CONCLUSION: The results of this study suggest
that the aqueous extracts of the leaves and calyces
of the white variety of Hibiscus sabdariffa L. exert
a notable preventive effect against the metabolic
alterations induced by a high-fat diet in Wistar rats.
These extracts helped limit disturbances in
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carbohydrate and lipid metabolism, as well as
oxidative stress markers, bringing the biological
parameters closer to those observed in the healthy
control group. These findings support the
traditional uses of this plant in Benin and open
promising perspectives for its integration into the
prevention of prediabetes and associated metabolic
disorders.

ACKNOWLEDGMENTS: The authors sincerely
thank Dr ISSOTINA Zibrila Abdoulaye, Mr.
BAMAI Conde Roland, Professor AHYI
Virgileand all the staff of the Regional Laboratory
for Sanitary Safety, Expertise, and Analysis at
IRGIB Africa University (Akpakpa, Cotonou).

Funding: The authors declare that they did not
receive any funding for this study.

Author Contributions: AKPO K. Jean-Michel:
Concept and design of the study, or acquisition,
analysis, and interpretation of data and drafting of
manuscript. SANGARE-OUMAR Maxime
Machioud: Drafting and critical revision of the
manuscript for important intellectual content.
GUINNIN Fanou Félix: Drafting and critical
revision of the manuscript for important intellectual
content. HOUEDJISSI Giséle: Final approval of
the version to be published

Data Availability: The data used in this study,
including animal weights and  measured
biochemical parameters, are not publicly available.
However, they may be provided by the
corresponding author upon reasonable request and
strictly for academic purposes.

CONFLICT OF INTEREST: The authors certify
that there are no conflicts of interest.

REFERENCES:

1. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S
and Unwin N: Estimations de la prévalence mondiale et
régionale du diabéte pour 2019 et projections pour 2030 et
2045: résultats de I’Atlas du diabete de la Fédération
internationale du diabéte, 9e édition. Diabetes Research
and Clinical Practice 2019; 157: 107843.

2. Durdo C, Severo M, Oliveira A and Lopes C: Sex-
Heterogeneity on the Association between Dietary Patterns
at 4 Years of Age with Adiposity and Cardiometabolic
Risk Factors at 10 Years of Age. Nutrients 2022; 14(3):
540.

3. Nabrdalik K, Hendel M, Irlik K, Kwiendacz H, Loniewski
I and Bucci T: Gastrointestinal adverse events of
metformin treatment in patients with type 2 diabetes
mellitus: a systematic review and meta-analysis with meta-

International Journal of Pharmaceutical Sciences and Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

regression of observational studies. BMC Endocrine
Disorders 2024; 24(1): 206.

Ajuwon OR, Ayeleso AO and Adefolaju GA: The
Potential of South African Herbal Tisanes, Rooibos and
Honeybush in the Management of Type 2 Diabetes
Mellitus. Molecules 2018; 23(12): 3207.

Charkravarty A and Ramasamy G: Profiling of volatiles in
tissues of Salacia reticulata wight. with anti-diabetic
potential Using GC-MS And Molecular Docking
[Internet]. arXiv; 2023 [cité 3 juin 2025]. Disponible sur:
http://arxiv.org/abs/2307.04109

Sukhikh S, Babich O, Prosekov A, Kalashnikova O,
Noskova S and Bakhtiyarova A: Antidiabetic Properties of
Plant Secondary Metabolites. Metabolites 2023; 13(4):
513.

Janson B, Prasomthong J, Malakul W, Boonsong T and
Tunsophon S: Hibiscus sabdariffa L. calyx extract
prevents the adipogenesis of 3T3-L1 adipocytes, and
obesity-related insulin resistance in high-fat diet-induced
obese rats. Biomedicine & Pharma 2021; 138: 111438.
Kaur A, Behl T, Makkar R and Goyal A: Effect of
ethanolic extract of Cuscuta reflexa on high fat diet-
induced obesity in Wistar rats. Obesity Medicine 2019; 14:
100082.

Furman BL: Streptozotocin-Induced Diabetic Models in
Mice and Rats. Current Protocols 2021; 1(4): 78.

Hamza N, Berke B, Cheze C, Agli AN, Robinson P and
Gin H: Prevention of type 2 diabetes induced by high fat
diet in the C57BL/6J mouse by two medicinal plants used
in traditional treatment of diabetes in the east of Algeria.
Journal of Ethnopharmacology 2010; 128(2): 513-8.
Trinder P: Determination of blood glucose using an
oxidase-peroxidase system with a non-carcinogenic
chromogen. J Clin Pathol 1969; 22(2): 158-61.

Talke H and Schubert GE: Enzymatic urea determination
in the blood and serum in the warburg optical test. Klin
Wochenschr 1965; 43: 174-5.

Tiffany TO, Jansen JM, Burtis CA, Overton JB and Scott
CD: Enzymatic kinetic rate and end-point analyses of
substrate, by use of a GeMSAEC fast analyzer. Clin Chem
1972; 18(8): 829-40.

Karmen A, Wroblewski F and Ladue JS: Transaminase
activity in human blood. J Clin Invest 1955; 34(1): 126-31.
Henry RJ, Chiamori N, Golub OJ and Berkman S: Revised
spectrophotometric methods for the determination of
glutamic-oxalacetic ~ transaminase,  glutamic-pyruvic
transaminase, and lactic acid dehydrogenase. Am J Clin
Pathol 1960; 34: 381-98.

Wroblewski F and Ladue JS: Serum glutamic pyruvic
transaminase (sgp-t) in hepatic disease: a preliminary
report [Internet]. 1956 [cité 24 juin 2025]. Disponible sur:
https://www.acpjournals.org/doi/10.7326/0003-4819-45-5-
801

Kind PR and King EJ: Estimation of plasma phosphatase
by determination of hydrolysed phenol with amino-
antipyrine. J Clin Pathol 1954; 7(4): 322-6.

Jaffe M: Ueber den Niederschlag, welchen Pikrinséure im
normalen Harn erzeugt, und ber eine neue Reaction des
Kreatinins [Internet]. 1886 [cité 24 juin 2025]. Disponible
sur: https://echo-old.mpiwg-
berlin.mpg.de/ECHOdocuView?url=/permanent/vip/lit166
35/index.meta

Allain CC, Poon LS, Chan CS, Richmond W and Fu PC:
Enzymatic determination of total serum cholesterol. Clin
Chem 1974; 20(4): 470-5.

Warnick GR, Benderson J and Albers JJ: Dextran sulfate-
Mg2+ precipitation procedure for quantitation of high-

2114



AKPO et al., IJPSR, 2025; Vol. 16(7): 2097-2115.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

density-lipoprotein cholesterol. Clin Chem 1982; 28(6):
1379-88.

Fossati P and Prencipe L: Serum triglycerides determined
colorimetrically with an enzyme that produces hydrogen
peroxide. Clin Chem 1982; 28(10): 2077-80.
Kricka LJ: Ultrasensitive immunoassay
Clinical Biochemistry 1993; 26(5): 325-31.
Beauchamp C and Fridovich I: Superoxide dismutase:
Improved assays and an assay applicable to acrylamide
gels. Analytical Biochemistry 1971; 44(1): 276-87.

Sinha AK: Colorimetric assay of catalase. Analytical
Biochemistry 1972; 47(2): 389-94.

Ohkawa H, Ohishi N and Yagi K: Assay for lipid
peroxides in animal tissues by thiobarbituric acid reaction.
Analytical Biochemistry 1979; 95(2): 351-8.

Keller DF and Hainline A: The Glucose Tolerance Test:
Appraisal of Criteria for Interpretation, Based on
laboratory Results. CCIM 1964; 31(2): 75-84.

Von Dentz KE, Silva BS, Queiroz EAIF, Bomfim GF,
Nascimento AF and Sugizaki MM: Hibiscus sabdariffa
ethanolic extract modulates adipokine levels, decreases
visceral fat and improves glycemic profile in high-
fat/sugar diet-induced obese rats. NFS 2021; 51(2):
222-33.

Akpo JMK, Sangare-Oumar MM, Sacramento IT, Issotina
AZ, Guinnin FF and Houngbeme A: Analyse
phytochimique des extraits éthanoliques de la variété
blanche d’ Hibiscus sabdariffa Linn (Malvaceae) et
évaluation de toxicité aigué par voie orale chez des rats
Wistar 2023.

Djohan YF: Influence d’un régime riche en huile de palme
sur le statut antioxydant, la fonction mitochondriale et les
désordres métaboliques associés a 1’obésité 2017.

Nkoubat Tchoundjwen S, Kamgang Tchawou AG,
Mvongo C, Mfopa A, Ngakou Mukam J and Noubissi PA:
A Cameroon Western Regions high-fat diet (MACAPOS
2) induces visceral obesity in rat. Heliyon 2025; 11(1):
41011.

Khalili D, Khayamzadeh M, Kohansal K, Ahanchi NS,
Hasheminia M and Hadaegh F: Are HOMA-IR and
HOMA-B good predictors for diabetes and pre-diabetes
subtypes? BMC Endocr Disord 2023; 23(1): 39.

Hadrich F, Mahmoudi A, Chamkha M, Isoda H and Sayadi
S: Olive Leaves Extract and Oleuropein Improve Insulin
Sensitivity in 3T3-L1 Cells and in High-Fat Diet-Treated
Rats via PI3K/AKT Signaling Pathway. Oxid Med Cell
Longev 2023; 2023: 6828230.

Huang W, Wang J, Xiao Z, Lin J, Tan Z and Sun G:
Lingguizhugan decoction alleviates obesity in rats on a
high-fat diet through the regulation of lipid metabolism
and intestinal microbiota. Front Microbiol 2024; 15:
1462173.

Ma Q, Jiang L, You Y, Ni H, Ma L and Lin X: Ketogenic
diet ameliorates high-fat diet-induced insulin resistance in
mouse skeletal muscle by alleviating endoplasmic
reticulum stress. BBRC 2024; 702: 149559.

Liu X, Khalil AEMM, Muthukumarasamy U, Onogi Y,
Yan X and Singh I: Reduced intestinal lipid absorption
improves glucose metabolism in aged G2-Terc knockout
mice. BMC Biol 2023; 21(1): 150.

techniques.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47,

48.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Pessoa EVM, Moura MHC, Rodrigues L, Rossi E Silva R,
Castro E and Festuccia WT: Jaboticaba (Plinia jaboticaba
(Vell.) Berg) polyphenols alleviate skeletal muscle insulin
resistance by modulating PI3K/Akt/GLUT-4 and AMPK
signaling pathways in diet-induced obese mice. Food Prod
Process and Nutr 2024; 6(1): 47.

Liu Y, Deng J, Zhao T, Yang X, Zhang J and Yang H:
Bioavailability and mechanisms of dietary polyphenols
affected by non-thermal processing technology in fruits
and vegetables. Curr Res Food Sci 2024; 8: 100715.

Tan BL and Norhaizan ME: Effect of High-Fat Diets on
Oxidative Stress, Cellular Inflammatory Response and
Cognitive Function. Nutrients 2019; 11(11): 2579.

Nandi A, Yan LJ, Jana CK and Das N: Role of Catalase in
Oxidative Stress- and Age-Associated Degenerative
Diseases. Oxidative Medicine and Cellular Longevity
2019; 2019: 1-19.

Zheng M, Liu Y, Zhang G, Yang Z, Xu W and Chen Q:
The applications and mechanisms of superoxide dismutase
in medicine. Food and Cosmetics. Antioxidants 2023;
12(9): 1675.

Bencheikh N, Bouhrim M, Merrouni IA, Boutahiri S,
Kharchoufa L and Addi M: Antihyperlipidemic and
Antioxidant Activities of Flavonoid-Rich Extract of
Ziziphus lotus (L.) Lam. Fruits. Applied Sciences 2021,
11(17): 7788.

Yugarani T, Tan BK, Teh M and Das NP: Effects of
polyphenolic natural products on the lipid profiles of rats
fed high fat diets. Lipids 1992; 27(3): 181-6.

Dong D, Qi Y, Xu L, Yin L, Xu Y and Han X: Total
saponins from Rosa laevigata Michx fruit attenuates
hepatic steatosis induced by high-fat diet in rats. Food
Funct 2014; 5(12): 3065-75.

Euroldyne TMD, Raoul A, Viendralle MR, Stéphane
WLB, Cénarlline LCA and Martin D: Effet de I’extrait
aqueux des feuilles de Tetracera potatoria Afzel ex G.
Don (Dilleniaceae) sur la prévention du désordre
métabolique induit par une alimentation hypercalorique
chez le rat wistar 2024;

Calabrese EJ, Dhawan G, Kapoor R, Agathokleous E and
Calabrese V: Moringa induces its beneficial effect via
hormesis. Nutr Res Rev 2024; 37(2): 239-48.

Althwab SA, Abdulmonem WA, Allemailem KS, Alarifi
SA and Hamad EM: Prediction of cardiovascular risk
factors and metabolic syndrome in adults from Saudi
Arabia using the logarithm of triglyceride/HDL-
cholesterol ratio. Int J Health Sci (Qassim) 2024; 18(2):
50-5.

Muller CR, Leite APO, Yokota R, Pereira RO, Americo
ALV and Nascimento NRF: Post-weaning Exposure to
High-Fat Diet Induces Kidney Lipid Accumulation and
Function Impairment in Adult Rats. Front Nutr [Internet]
2019 [citt 4 juin 2025]; 6. Disponible sur:
https://www.frontiersin.org/journals/nutrition/articles/10.3
389/fnut.2019.00060/full

Wang JP, Cui RY, Zhang KY, Ding XM, Luo YH and Bai
SP: High-Fat diet increased renal and hepatic oxidative
stress induced by vanadium of wistar rat. Biol Trace Elem
Res 2016; 170(2): 415-23.

How to cite this article:
AKPO JK, SANGARE-OUMAR MM, GUINNIN FF and HOUEDJISSI G: Preventive effects of Hibiscus sabdariffa linn. (white variety) agueous extracts on glucose and lipid metabolic
disorders characteristic of prediabetes in high-calorie diet-induced wistar rats. Int J Pharm Sci & Res 2025; 16(7): 2097-15. doi: 10.13040/1JPSR.0975-8232.16(7).2097-15.

All © 2025 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google

Playstore)

International Journal of Pharmaceutical Sciences and Research

2115



