[ ]
-Danir
L
JournalferEngineering and Pure Sciences H R
BJEPS AHI

O T

Manuscript 1108

Fish oil and Vernonia amygdalina Leaves-Supplemented Biscuits Increased
Insulin Secretion and Suppressed Pro-Inflammatory Cytokines in Type 2
Diabetic Wistar Rats

Omolola Soji-Omoniwa

Uthman Olanrewaju Abdulazeez

Christfavour Oluwaseyi Oloba

Samuel Olajuwon Kolawole

Johnson Opeyemi Olayinka

See next page for additional authors

Follow this and additional works at: https://bjeps.alkafeel.edu.ig/journal

b Part of the Biochemistry, Biophysics, and Structural Biology Commons, Food Science Commons, and the Nutrition
Commons


https://bjeps.alkafeel.edu.iq/journal/
https://bjeps.alkafeel.edu.iq/journal/
https://bjeps.alkafeel.edu.iq/journal?utm_source=bjeps.alkafeel.edu.iq%2Fjournal%2Fvol7%2Fiss2%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1?utm_source=bjeps.alkafeel.edu.iq%2Fjournal%2Fvol7%2Fiss2%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/84?utm_source=bjeps.alkafeel.edu.iq%2Fjournal%2Fvol7%2Fiss2%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/95?utm_source=bjeps.alkafeel.edu.iq%2Fjournal%2Fvol7%2Fiss2%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/95?utm_source=bjeps.alkafeel.edu.iq%2Fjournal%2Fvol7%2Fiss2%2F4&utm_medium=PDF&utm_campaign=PDFCoverPages

Fish oil and Vernonia amygdalina Leaves-Supplemented Biscuits Increased
Insulin Secretion and Suppressed Pro-Inflammatory Cytokines in Type 2 Diabetic
Wistar Rats

Authors

Omolola Soji-Omoniwa, Uthman Olanrewaju Abdulazeez, Christfavour Oluwaseyi Oloba, Samuel Olajuwon
Kolawole, Johnson Opeyemi Olayinka, Emmanuel Olorunleke Oludipe, Anuoluwapo Faith Ajediti, and
Habib Tajudeen Yusuf



ORIGINAL STUDY

Fish Oil and Vernonia amygdalina
Leaves-supplemented Biscuits Increased Insulin
Secretion and Suppressed Pro-inflammatory
Cytokines in Type 2 Diabetic Wistar Rats

Omolola Soji-Omoniwa 2" Uthman O. Abdulazeez ?, Christfavour O. Oloba ?,
Samuel O. Kolawole “, Johnson O. Olayinka °, Emmanuel O. Oludipe b
Anuoluwapo F. Ajediti ¥, Habib T. Yusuf *

@ Department of Biochemistry, Faculty of Life Sciences, P.M.B. 1515, University of Ilorin, Ilorin, Kwara State, Nigeria
P Faculty of Ecotechnologies, ITMO University, Saint Petersburg, Russia

Abstract

This research determined the effect of fish oil and Vernonia amygdalina-enriched biscuits (FVSB) on insulin sensi-
tivity and inflammatory cytokines in type 2 diabetic rats. Forty-nine male rats were grouped into seven, i.e. A-G. Type 2
diabetes (T2DM) was induced in groups B-G by administering 230 mg/kg body weight [BW] NAD (ip) and 65 mg/kg
BW streptozotocin (ip). Group A represented the control (Non-diabetic + unsupplemented biscuit), B (untreated dia-
betic), C (diabetic 4 120 mg/kg BW metformin), D-F (diabetic + FVSB at1g, 2 g and 3 g leaf inclusion respectively), and
G (diabetic 4+ conventional biscuit). The experiment lasted 35 days, and rats were monitored for changes in fasting
blood glucose (FBG), insulin levels, interleukin-6 (IL-6), C-reactive protein (CRP), and tumor necrosis factor-o. (TNF-a).
FVSB reduced FBG, insulin, HOMA-IR, IL-6, CRP and TNF-a but increased HOMA-B score in comparison with un-
treated diabetic groups. FVSB reduced FBG in an exposure duration-dependent manner. At 3 g leaf inclusion level,
FVSB reduced insulin and HOMA-IR to levels comparable to metformin. At 2 g leaf inclusion, FVSB reduced IL-6 to
levels comparable with the sham control. At all the leaf inclusion levels, FVSB reduced CRP and TNF-a, while also
increasing HOMA-B score to levels comparable to either the sham control or the metformin-treated groups. In
conclusion, FVSB elicited insulin sensitivity-improvement activity by reducing FBG and insulin concentrations and
also anti-inflammatory properties by reducing IL-6, CRP and TNF-a in diabetic rats. The 3 g leaf inclusion biscuit is the
most potent and may be considered for the management of T2DM.
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1. Introduction hepatic glucose synthesis, and enhanced lipid

catabolism [1].

Diabetes mellitus is a chronic metabolic disorder
marked by hyperglycemia, which, if inadequately
controlled, can result in damage to the heart,
vasculature, eyes, kidneys, and nerves over time.

ype 2 diabetes mellitus (T2DM) is defined by a
conjunction of peripheral insulin resistance
and insufficient insulin production from pancreatic
beta cells. Insulin resistance, caused by heightened

concentrations of free fatty acids and proin-
flammatory cytokines in plasma, results in dimin-
ished glucose transport into muscle cells, increased

More than 90 % of diabetes mellitus cases are
classified as type 2 diabetes mellitus (T2DM). It is
characterized by inadequate insulin synthesis from
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pancreatic islet B-cells and tissue insulin resistance
(IR) [2,3].

A crucial element of T2DM is a persistent low-
grade inflammatory condition. Diabetes mellitus
induces heightened lipolysis, leading to hyperlip-
idemia and an accumulation of free fatty acids
(FFAs). Elevated FFAs and hyperglycemia result in
heightened activity of oxidative pathways resulting
in increased reactive oxygen species (ROS) gener-
ation [4]. Oxidative stress can stimulate the immune
system by activating redox-sensitive transcription
factors, nuclear factor kappa B (NF-kB) [5], which
contributes to the early phases of low-grade
inflammation. Low-grade systemic inflammation is
defined by a two to threefold elevation in systemic
plasma levels of cytokines, including tumor necro-
sis factor (TNF-a), interleukin-6 (IL-6), and C-reac-
tive protein (CRP) [6].

Although there is proof that receiving the best
diabetes care can lead to fewer complications and
better financial results, this is frequently not the
case [7—10]. During the 1990s, the share of primary
care visits by diabetic patients using five or more
prescription drugs rose from 18 % to 30 %.
Furthermore, the number of visits involving more
than one medication for blood sugar control grew
from under 1 %—17 %. [11]. The utilization of oral
hypoglycemic agents rose from 45 % to 53 %, while
the prevalence of combination therapy involving
insulin and an oral agent increased from 3 % to
11 % [11]. A study involving diabetes patients in
primary care revealed that they were prescribed a
diverse range of medication combinations for gly-
cemic control, with the majority using up to two
medications. An increased quantity of antidiabetic
drugs correlates with suboptimal glucose regula-
tion, highlighting the constraints of existing drug
treatment. Twenty-five percent of patients are pre-
scribed glycemic medications that may have con-
traindications [12].

Over time, there has been a growing interest in
researching alternative medicines derived from
natural sources to supplement traditional diabetes
care practices. Among the numerous natural thera-
pies, Vernonia amygdalina, also known as bitter leaf,
and fish oil have sparked interest for their possible
therapeutic effects in diabetes. Vernonia amygdalina
is a plant indigenous to West Africa and portions of
Asia. It has a long history of usage in traditional
medicine to treat a variety of conditions, including
diabetes. It is high in secondary metabolites such
polyphenols, flavonoids, and alkaloids. Vernonia
amygdalina has antioxidant, anti-inflammatory, and
hypoglycemic effects, making it an attractive choice
for diabetes treatment [13,14]. Fish oil, on the other

hand, comes from oily fish like salmon, mackerel,
and sardines. It is famous for having a lot of omega-
3 fatty acids, especially eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA). Omega-3 fatty
acids reduce inflammation by changing immune
reactions and the production of cytokines. This may
help lower the low-grade inflammation that comes
with diabetes mellitus [15].

Fish oil and Vernonia amygdalina have been
extensively studied for their potential roles in the
management of diabetes [13—15]. However, existing
research has predominantly examined the effects of
fish oil and V. amygdalina leaves in isolation with
respect to type 2 diabetes management. To date, no
studies have evaluated the combined use of fish oil
and V. amygdalina leaves formulated as a thera-
peutic biscuit, except those conducted by our
research team [14]. Our investigation into this novel
combination aimed to elucidate potential synergis-
tic effects and assess its viability as a functional
food product for diabetes management. Developing
a therapeutic biscuit as an alternative to conven-
tional pharmacological treatments holds promise,
as it may enhance patient compliance by presenting
treatment in the familiar form of food, rather than
as a lifelong medication regimen. Improved adhe-
rence is critical, given that non-compliance and
therapy discontinuation remain leading contribu-
tors to poor disease control across populations.

2. Materials and methods
2.1. Plant preparation

Vernonia amygdalina leaves were collected from a
garden on Ajowa Street, Sango, llorin Nigeria
(8°31/37.12116”N, 4°35'19.21848"E). The leaves were
identified and verified at Plant Biology Department,
University of Ilorin, Kwara State, Nigeria and
assigned a voucher number (UILH/001/1324/2023)
for reference purpose. The harvested leaves were
rinsed and air-dried at room temperature (28 °C)
and subsequently ground using an electric blender.

2.2. Collection of fish and extraction of oil

Fish oil was obtained from the visceral tissues of
Heteroclarias spp. catfish. The tissues were obtained
from catfish market located on Unity Road in Ilorin,
Nigeria, where they are manually excised by the
fish sellers. Oil extraction from fish viscera was
conducted using the method previously described
[16]. The chopped viscera (1000 g) was mixed with
distilled water (1000 mL) in a cooking bowl and
boiled (100 °C) for a duration of 50 min. Following a
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cooling period of 3 h, the oil that had risen to the
surface was then separated from the mixture with
the aid of a separating funnel. The transparent oil
underwent a process of decantation, sieving, and
heating to remove any residual moisture.

2.3. Preparation of experimental biscuits

Four biscuit samples were made: biscuit devoid of
fish oil and V. amygdalina (C), biscuit containing fish
oil and 1 g of V. amygdalina leaf (FVSB-1g), biscuit
containing fish oil and 2 g of V. amygdalina leaf
(FVSB-2g), and biscuit containing fish oil and 3 g of
V. amygdalina leaf (FVSB-3g). Biscuits incorporated
with fish oil and Vernonia amygdalina leaf were pro-
duced based on Whitley's recipe, with slight ad-
justments in ingredient proportions [17]. Briefly, to
prepare the control biscuit, wheat flour (240 g),
sweetener (15 g), salt (1 g), baking powder (4 g),
butter (60 g), and milk (60 g) were manually mixed to
create a dough. The dough underwent kneading,
was rolled out, shaped into rounds, and baked at
175 °C for a duration of 15 min. The test biscuits
were prepared using the ingredients described
above with different levels of VA (1 g 2 g 3 g) in-
clusion, and butter was substituted for 69.5 g of fish
oil. Following baking, the biscuits were allowed to
cool at room temperature and subsequently stored
in Ziplock bags.

The conventional biscuit, designated CB, was a
commercially manufactured biscuit (Yale Foods
Industrial LTD, Ibadan, Nigeria), acquired from a
local vendor in Ilorin. The constituents of the con-
ventional biscuits used as listed on the label claim
are; whole wheat flour, vegetable fat, sugar, fat fil-
led milk, inverted syrup, soya lecithin, edible salt,
glucose syrup, leavening agent (sodium bicarbon-
ate, malic acid, ammonium bicarbonate) and anti-
oxidant (E321).

2.4. Experimental animals, diabetes induction and
treatment administration

Forty nine (49) male Wistar rats of average weight
1215 + 10.5 g, which were obtained from the ani-
mal-rearing facility of the University of Ilorin, were
utilized for this study. They were accommodated in
adequately ventilated cages and permitted a 14-day
period of acclimatization to animal house condi-
tions (temperature -28—31 °C; a 12-h natural light/
dark cycle; and humidity -50—51 %). Throughout
the acclimatization phase, they were supplied with
rat pellets (Premier Feeds Company Limited,
Nigeria) and had unrestricted access to drinkable
water.

Forty-nine male rats were distributed into seven
groups, each containing seven rats (i.e. A-G). Type
2 diabetes (T2DM) was induced in groups B-G by
intraperitoneal injection of nicotinamide adenine
dinucleotide (NAD) in deionized water (230 mg/kg
BW). Fifteen minutes later, intraperitoneal injec-
tion of 65 mg/kg BW streptozotocin freshly dis-
solved in 0.1 M ice-cold citrate buffer (pH 4.5)
was administered to the rats. Blood glucose levels
were measured after 72 h, and rats with levels
exceeding 200 mg/dL were selected for further
experimentation.

The seven groups (i.e. A-G) were treated as
follows:

Group A (Sham Control):
unsupplemented biscuit,

Group B (Untreated diabetic Control): NAD
(230 mg/kg BW) + Streptozotocin (65 mg/kg
BW) + unsupplemented biscuit,

Group C (Standard Drug Control): NAD (230 mg/
kg BW) + Streptozotocin (65 mg/kg BW) + 120 mg/
kg BW metformin

Group D: NAD (230 mg/kg BW) + Streptozotocin
(65 mg/kg BW) + FVSB at 1 g leaf inclusion,

Group E: NAD (230 mg/kg BW) + Streptozotocin
(65 mg/kg BW) + FVSB at 2 g leaf inclusion,

Group F: NAD (230 mg/kg BW) + Streptozotocin
(65 mg/kg BW) + FVSB at 3 g leaf inclusion,

Group G: NAD (230 mg/kg BW) + Streptozotocin
(65 mg/kg BW) + conventional biscuit

Treatment lasted for 35 days. FBG was deter-
mined every week. Rats were anesthetized with
dichloromethane 24 h after the final day of treat-
ment and euthanized via jugular vein incision.
Venous blood was collected into plain (non-anti-
coagulant) tubes and left to clot at room tempera-
ture (27 °C). The resulting serum was subsequently
separated and transferred into clean vials using a
Pasteur pipette for biochemical analysis.

Non-diabetic +

2.5. Biochemical assays

2.5.1. Determination of fasting blood glucose (FBG)
concentration

The ACCU CHECK® glucometer was utilized to
assess FBG concentrations across all experimental
groups. Tail vein blood samples were obtained from
the rats. Weekly assessments of FBG levels were
conducted over the course of the study.

2.5.2. Assessment of serum insulin level

Serum insulin levels were quantified following
the protocol outlined by the manufacturer of the
insulin ELISA kit (Calbiotech Inc., El Cajon, CA,
USA). Optical density was read at 450 nm using a
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microplate ELISA reader (Model 680, Bio-Rad
Laboratories, Japan).

2.5.3. Assessment of Homeostasis Model for Insulin
Resistance and Homeostasis Model for Beta Scores

The previously described mathematical formula
was utilized to compute the Homeostasis Model
Assessment for Insulin Resistance (HOMA-IR) and
the Homeostasis Model Assessment for Beta Scores
(HOMA-B scores) [18];

HOMA —IR= [Insulin (#) x Bloodglucose (mr;wl) ]

+22.5

HOMA — 8 = [20 x insulin (uU/1))

+[Blood glucose(mmol /1) — 3.5]

2.5.4. Determination of Interleukin-6, C-reactive
protein, and Tumor Necrosis Factor-o concentrations
Cusabio Technology ELISA kits sourced from
Wuhan, China, were employed to assess the con-
centrations of IL-6, CRP, and TNF-a in the serum of
the rats. Standard and sample (100 pL) were added
to each well, covered with an adhesive strip, and
incubated for 2 h at 37 °C. Subsequently, the liquid
was extracted from each well, and 50 pL of biotin-
antibody was added, followed by the application of
a new adhesive strip. The incubation was extended
for an additional hour at 37 °C. Following incuba-
tion, each well was aspirated and rinsed with 200 pL
of wash buffer. The wells were permitted to remain
undisturbed for 2 min prior to the complete removal
of the liquid. The process was conducted twice,
resulting in a total of three washes. The plate was
inverted and blotted with a clean paper towel
following the final wash. One hundred microliters of
horseradish peroxidase-avidin was added to each
well, followed by covering the microtiter plate with

a fresh strip and incubating it at 37 °C for 1 h. The
aspiration and washing process was repeated five
times. Subsequently, 90 pL of 3,3,55-Tetrame-
thylbenzidine substrate was added to each well and
incubated at 37 °C for 15 min. To halt the reaction,
50 uL of stop solution was introduced into each well,
and the plate was gently tapped to ensure thorough
mixing. The optical density of each well was then
measured at 450 nm using a microplate reader

2.6. Statistical analysis

Statistical analysis was performed using SPSS
software version 20. A one-way analysis of variance
(ANOVA) was used to determine significant dif-
ferences, followed by Duncan's multiple range test
for post hoc multiple comparisons. The significance
level was set at p < 0.05 with a 95 % confidence
interval. Data were presented as the mean of seven
determinations + SEM

3. Results
3.1. Blood glucose

FBG level in NAD and streptozotocin-induced
diabetic rats fed FVSB is presented in Table 1. Prior
to diabetes induction, there was no significant dif-
ference (p > 0.05) in FBG level in all the groups.

After 1 week of diabetes induction, FBG concen-
tration was significantly elevated (p < 0.05) in all the
NAD and streptozotocin-exposed rats when
compared with the sham control group. FBG level
in the FVSB-exposed group did not significantly
differ (p > 0.05) from those of diabetic untreated
(group B) and conventional biscuit-exposed (group
G) groups, but significantly lower (p < 0.05) than
that of metformin-treated rats (group C) (Table 1).

After week 2, FBG level in the FVSB-treated rats
was significantly lower (p < 0.05) than the diabetic
untreated group (group B). There was no significant

Table 1. Fasting blood glucose level in NAD and streptozotocin-induced diabetic rats fed fish oil and Vernonia amygdalina-supplemented biscuits.

Groups FBG (mg/dL)
Pre-induction Week 1 Week 2 Week 3 Week 4 Week 5

A 81.57 + 5.79° 82.86 + 6.27° 83.83 + 6.78° 75.83 + 6.04° 76.83 + 4.30° 70.17 + 3.23°
B 77.43 + 4.04° 258.57 + 4.49° 266.71 + 3.97° 272.29 + 8.82° 295.71 + 4.70° 304.00 + 3.75°
C 82.43 + 4.46% 239.00 + 8.07° 237.00 + 3.87° 206.00 + 4.04° 186.67 + 1.17° 150.33 + 0.33°
D 81.57 + 2.93% 258.33 + 6.56° 208.50 + 4.99¢ 206.40 + 5.55° 177.60 + 3.94¢ 146.00 + 1.94¢
E 83.86 + 2.94° 250.43 + 6.68° 222,50 + 5.39°¢ 201.17 + 7.95° 180.25 + 2.76¢ 134.40 + 1.88°
F 85.14 + 6.23% 25257 + 6.67° 232.00 + 5.62° 202.20 + 4.94° 175.80 + 3.68¢ 124.40 + 1.88
G 85.71 + 1.66° 258.29 + 6.97° 259.20 + 8.12° 249.67 + 4.88° 260.33 + 4.67° 229.50 + 3.508

n = 7 + SEM; mean values with different superscripted alphabets are significantly different (p < 0.05), A (Non-
diabetic + unsupplemented biscuit), B (diabetic + unsupplemented biscuit), C (Diabetic + 120 mg/kg BW metformin), D
(Diabetic + FVSB at 1g leaf inclusion), E (Diabetic + FVSB at 2g leaf inclusion), F (Diabetic + FVSB at 3 g leaf inclusion), G

(Diabetic + conventional biscuit); FVSB (Fish oil and Vernonia amygdalina-supplemented biscuits).
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difference (p > 0.05) in FBG level in the FVSB-
treated groups (at 2 and 3 g leaf inclusion levels) and
conventional biscuit-treated rats when compared
with the metformin-treated rats. However, FVSB at
1 g leaf inclusion level significantly reduced
(p < 0.05) FBG level than metformin (Table 1).

After week 3, FBG level in all the diabetic treated
rats was significantly lower (p < 0.05) than in the
diabetic untreated group. There was no significant
difference (p < 0.05) in the FBG level of rats fed
FVSB and conventional biscuits and those exposed
to metformin (Table 1).

After week 4, as usual, FBG level in all the dia-
betic treated rats was significantly lower (p < 0.05)
than in the diabetic untreated group. FBG level in
all the treated rats was significantly lower (p < 0.05)
than in the untreated group. FVSB-fed rats showed
a significantly lower (p < 0.05) FBG than the met-
formin-exposed rats and those fed conventional
biscuits (Table 1).

Similarly, FBG level in all the diabetic treated rats
was significantly lower (p < 0.05) than in the dia-
betic untreated group after week 5. Rats fed FVSB
had a significantly lower (p < 0.05) FBG level than
those exposed to metformin and the conventional
biscuit. FVSB reduced FBG in rats as leaf inclusion
level increased (Table 1).

3.2. Insulin concentration, homeostatic model assessment
for insulin resistance, and pancreatic beta-score of
experimental rats

Insulin  concentration, Homeostatic Model
Assessment for Insulin Resistance and pancreatic -
cell score in NAD and streptozotocin-induced

Table 2. Insulin concentration, Homeostatic Model Assessment for
Insulin Resistance and pancreatic 3-cell score in NAD and streptozo-
tocin-induced diabetic rats fed fish oil and Vernonia amygdalina-
supplemented biscuits.

Groups Insulin (mIU/L) HOMA-IR HOMA B-score
A 475 + 0.28° 0.86 + 0.11*°  9.04 + 1.15%
B 6.26 + 0.28" 3.63+012° 046+ 0.08
C 4.90 + 0.07° 236 + 0.13°  0.80 + 0.12°
D 5.45 + 0.24° 321 +0.06% 073 + 0.23°
E 5.43 + 0.35° 3.14 + 0.03¢  0.76 + 0.04°
F 4.72 + 0.21° 218 + 028 097 + 0.19°
G 5.97 + 0.06" 333 +0.20° 052+ 0.08°

n =7 + SEM; mean values with different superscripted alphabets
are  significantly  different (p < 005, A (Non-
diabetic + unsupplemented biscuit), B (diabetic + unsupple-
mented biscuit), C (Diabetic + 120 mg/kg BW metformin), D
(Diabetic + FVSB at 1 g leaf inclusion), E (Diabetic + FVSB at2g
leaf inclusion), F (Diabetic + FVSB at 3g leaf inclusion), G
(Diabetic + conventional biscuit); FVSB (Fish oil and Vernonia
amygdalina-supplemented biscuits)) HOMA-IR- Homeostatic
Model Assessment for Insulin Resistance, HOMA B-score- Ho-
meostatic Model Assessment for pancreatic B-score.

diabetic rats fed fish oil and Vernonia amygdalina-
supplemented biscuits is presented in Table 2.

Insulin concentration significantly increased
(p < 0.05) in untreated diabetic rats in comparison
to the sham control group. Exposure to FVSB
significantly reduced (p < 0.05) insulin concentra-
tion when compared with the diabetic untreated
group. FVSB at 3 g leaf inclusion level reduced in-
sulin concentration to a level significantly compa-
rable (p > 0.05) to metformin. There was no
significant difference (p > 0.05) in insulin level of
rats fed FVSB at 1 and 2 g leaf inclusion level and
rats fed conventional biscuit (Table 2).

HOMA-IR was significantly increased (p < 0.05)
while HOMA B-score was significantly reduced
(p < 0.05) in diabetic untreated rats when compared
with the sham control group. HOMA-IR significantly
reduced (p < 0.05) in rats exposed to FVSB and
metformin when compared with the diabetic un-
treated group. Only rats fed FVSB at 3 g leaf inclusion
level had HOMA-IR comparable (p > 0.05) with that
of metformin-exposed rats. HOMA- [-score was
significantly increased (p < 0.05) in rats exposed to
FVSB and metformin when compared with diabetic
untreated rats. There is no significant difference
(p > 0.05) in HOMA- B-score of FVSB-fed rats (all leaf
inclusion levels) and that of metformin-exposed rats.

3.3. Interleukin-6, C - reactive protein and tumor
necrosis factor-a concentrations of experimental rats

Interleukin-6, C - reactive protein and tumor ne-
crosis factor-o concentrations in NAD and strepto-
zotocin-induced diabetic rats fed fish oil and
Vernonia amygdalina-supplemented biscuits are
presented in Table 3.

Table 3. Interleukin-6, C - reactive protein and tumor necrosis factor-o
concentrations in NAD and streptozotocin-induced diabetic rats fed fish
oil and Vernonia amygdalina-supplemented biscuits.

Groups IL-6 (pg/mL) CRP (ng/mL) TNF-a (mg/mL)
A 2.80 + 0.10° 0.06 + 0.01% 25.00 + 0.12°
B 3.78 + 0.19° 0.58 + 0.00° 88.33 + 0.33°
C 2.94 + 0.03¢ 0.04 + 0.00 31.00 + 0.58°
D 2.89 + 0.11¢ 0.05 + 0.01* 25.69 + 0.16
E 2.78 + 0.08*¢ 0.04 + 0.00* 25.00 + 0.28°
F 2.29 + 0.06° 0.04 + 0.00% 24.00 + 0.42°
G 343 + 0.11° 0.58 + 0.01° 81.00 + 0.10¢

n = 7 + SEM; mean values with different superscripted alpha-
bets are significantly different (p < 0.05), A (Non-diabetic +
unsupplemented biscuit), B (diabetic + unsupplemented bis-
cuit) C (Diabetic + 120 mg/kg BW metformin), D
(Diabetic + FVSB at 1 g leaf inclusion), E (Diabetic + FVSB at2g
leaf inclusion), F (Diabetic + FVSB at 3 g leaf inclusion), G
(Diabetic + conventional biscuit); FVSB (Fish oil and Vernonia
amygdalina-supplemented biscuits); IL-6 — Interleukin-6, CRP —
C-reactive protein, TNF-o - Tumor necrosis factor-a
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Interleukin-6 concentration was significantly
elevated (p < 0.05) in diabetic untreated rats when
compared with the sham control group. There was a
significant reduction (p < 0.05) in interleukin-6
concentration in rats exposed to FVSB and metfor-
min in comparison to the diabetic untreated group.
FVSB treatment (at all leaf inclusion levels) caused
a significant reduction (p < 0.05) in interleukin
concentration than metformin. Rats fed FVSB at2 g
leaf inclusion level showed interleukin concentra-
tion comparable (p > 0.05) to the sham control
group. Interleukin-6 concentration in rats exposed
to conventional biscuits did not differ significantly
from that of the diabetic untreated rats (Table 3).

The concentration of C-reactive protein was
significantly increased (p < 0.05) following induc-
tion of diabetes. Treatment with FVBS significantly
reduced (p < 0.05) C-reactive protein concentration
when compared with the diabetic untreated group.
There was no significant difference (p > 0.05) in C-
reactive protein concentration of the FVSB-treated
group, metformin-treated group and the sham
control group. C-reative protein concentration in
rats exposed to conventional biscuits did not differ
significantly (p > 0.05) from that of the diabetic
untreated rats (Table 3).

Induction of diabetes significantly increased
(p < 0.05) the concentration of TNF-a when
compared to the sham control group. Exposure
to FVSB, metformin and conventional biscuit
significantly reduced (p < 0.05) the concentration of
TNF-a in comparison to the diabetic untreated rats.
TNF-a in the FVSB-treated rats was significantly
lower (p < 0.05) than in the metformin-treated and
conventional biscuit-treated groups (Table 3).

4. Discussion

Biscuits are a common snack that can be fortified
with medicinal substances to aid in the treatment of
certain disorders. Despite the fact that biscuits are
widely regarded as harmful due to the high levels of
sugar and fat that they contain, there are a number
of ways in which they can be made healthier. For-
tifying biscuits with nutrition is one method to
make them healthier [19], For instance, biscuits that
have been fortified with chickpea flour, broad bean
flour, and soy protein are those that are considered
to be high-protein biscuits. According to the find-
ings of a study conducted in India, biscuits can have
thirty percent soy flour added to them in order to
increase their nutritional content without affecting
their physical features [20]. When researchers
added vitamins B12, C, and folic acid to their bis-
cuits, in addition to prebiotic fiber, they were able

to transform a conventional biscuit into a functional
food. This was accomplished by addition of these
ingredients. Participants who consumed these for-
tified biscuits had reduced blood level of homo-
cysteine and glucose, indicating that the biscuits
could aid in lowering risk factors for cardiovascular
disease such as heart attack, stroke, and blood clot
formation [21]. Similarly, glucomannan extracted
from Amorphophallus konjac root was incorporated
into biscuits, their intake lowered blood glucose
levels by 74 % in healthy participants and 63 % in
individuals with diabetes [22].

Dietary administration of FVSB elicited a signifi-
cant hypoglycemic effect in diabetic rats. The
glucose-lowering effect of FVSB (at all the leaf in-
clusion levels tested) recorded in this study was
more pronounced than metformin especially after
extended exposure duration. Also, the glucose
lowering activity of FVSB seemed to be dose and
duration dependent, with the 3 g leaf inclusion level
performing better than the lower leaf inclusion
levels. Although blood glucose concentrations in the
treatment groups declined progressively over the
35-day period, euglycemia was not achieved by
study termination. The recorded time-dependent
decline suggests that a longer intervention may be
required to fully restore glycemic control. This
glucose-lowering activity of FVSB may be attributed
to bioactive compounds contained in V. amygdalina
leaf.

Type 2 diabetes is characterised by peripheral
insulin resistance and insufficient insulin produc-
tion. In this study, a derangement of insulin syn-
thesis was recorded following diabetes induction.
FVSB counteracted diabetes-occasioned elevation
of insulin, with FVSB at 3 g leaf inclusion level
restoring insulin concentration to normal level and
comparing favourably with metformin. HOMA-IR
and HOMA-B score are computational parameters
for predicting insulin resistance and pancreatic
beta cell functioning respectively. A high HOMA-
IR signals the presence of insulin resistance while
a low HOMA-B score indicates the beta cell are not
working efficiently. The presence of hyper-
insulinemia and low HOMA-j score as recorded in
this study confirms the successful induction of in-
sulin resistance, with the pancreas working
excessively to normalize blood sugar. Although
FVSB improved the HOMA-IR and HOMA- score
in the treated animals, normalcy was not achieved
before the experiment was terminated. However,
FVSB compared favourably with metformin at 3 g
leaf inclusion level for HOMA-IR and at all leaf
inclusion levels for HOMA-B score. V. amygdalina
leaf has been reported to contain metabolites such
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as vernonoisides, luteolin-7-O-B-glucuronoside,
and luteolin [23]. These compounds have been
shown to stimulate pancreatic B-cell activity via
modulation of ATP-sensitive potassium (Karp)
channels and increased Ca*" influx, thereby pro-
moting insulin release [24,25]. Additionally, they
enhance peripheral insulin sensitivity through up-
regulation of insulin receptor substrate-1 (IRS-1)
phosphorylation and activation of the PI3K/Akt
signaling cascade, facilitating GLUT4 translocation
in skeletal muscle and adipose tissue. Concurrent
activation of AMP-activated protein kinase
(AMPK) further promotes glucose uptake and
suppresses hepatic gluconeogenesis.

Chronic low-grade inflammation is increasingly
recognized as a key pathogenic driver in type 2
diabetes mellitus (T2DM) [26,27]. In the present
study, the observed anti-inflammatory effects are
plausibly attributable to the suppression of pro-
inflammatory mediators—specifically interleukin-6
(IL-6), C-reactive protein (CRP), and tumor necro-
sis factor-alpha (TNF-a)—all of which are impli-
cated in the initiation and progression of T2DM
[25,28,29]. Although direct interrogation of inflam-
matory signaling pathways (e.g., NF-«B activation,
IL-6 receptor signaling, or SOCS-3 expression) was
beyond the scope of the present work, current ev-
idence supports a mechanistic model involving the
attenuation of IL-6 trans-signaling. IL-6 mediates
its pro-inflammatory activity primarily via the sol-
uble IL-6 receptor (sIL-6R), which forms a complex
with IL-6 to activate the glycoprotein 130 (gp130)
receptor subunit on target cells [30—32]. Dysregu-
lated IL-6 trans-signaling has been shown to
perpetuate chronic inflammation, exacerbate insu-
lin resistance, and accelerate T2DM progression
through induction of suppressor of cytokine
signaling 3 (5OCS-3) and subsequent inhibition of
insulin receptor substrate-1/2 (IRS-1/2) phosphor-
ylation in insulin-responsive tissues [25]. TNF-a,
another key mediator, disrupts insulin signaling
via serine phosphorylation of IRS-1, thereby
impairing downstream PI3K/Akt activation and
glucose uptake [33—36]. CRP, an acute-phase pro-
tein and established biomarker of systemic
inflammation, is frequently elevated in individuals
with T2DM and correlates with disease severity.
The significant reductions in IL-6, TNF-a, and CRP
observed in the present study therefore suggest
that the test supplements may modulate systemic
inflammatory responses, potentially alleviating in-
sulin resistance and mitigating the chronic in-
flammatory milieu characteristic of T2DM. The
anti-inflammatory activity observed in the present
study is further substantiated by the well-

documented bioactive profiles of the supplement
constituents. Vernonia amygdalina is a rich source of
phytochemicals with established anti-inflamma-
tory properties, including luteolin, chlorogenic
acid, vernodalin, caffeoyl quinic acid derivatives,
and various sesquiterpene lactones [37]. These
compounds have been reported to inhibit key pro-
inflammatory signaling cascades, notably the NF-
kB and mitogen-activated protein kinase (MAPK)
pathways, while also modulating cytokine pro-
duction through down-regulation of TNF-o, IL-6,
and other inflammatory mediators. In addition, fish
oil, a major source of omega-3 polyunsaturated
fatty acids—particularly eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA)—has
demonstrated  potent inflammation-resolving
properties. These effects are mediated, in part, by
activation of peroxisome proliferator-activated re-
ceptor gamma (PPAR-vy), suppression of NF-«B
nuclear translocation, and promotion of specialized
pro-resolving lipid mediators such as resolvins and
protectins [38—40]. The combined presence of these
bioactive compounds in the formulated supple-
ment likely produced a synergistic effect, contrib-
uting to the attenuation of inflammatory mediators
documented in this study.

5. Conclusions

The present study demonstrated that functional
biscuits formulated with Vernonia amygdalina leaf
and fish oil (FVSB) exerted glucose-lowering and
anti-inflammatory effects in diabetic rats, poten-
tially mediated through enhanced insulin secretion,
improved insulin sensitivity, and suppression of
proinflammatory cytokine expression. These find-
ings highlight the potential of FVSB as a functional
food candidate for the dietary management of type
2 diabetes.
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