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The study investigated the dietary composition of the BF1 herbal formulation and its effect on carbohydrate
hydrolyzing enzymes linked with type 2 diabetes (a-amylase and a-glucosidase enzymes) through in vitro and ex
vivo parameters. In vitro antioxidant parameters, such as 1,1-diphenylhydraxyl (DPPH), Fe?" chelating abilities,
ferric reducing antioxidant property (FRAP), hydroxyl (OH) scavenging, and nitric oxide (NO), as well as ex vivo
parameters, such as glutathione (GSH), malondialdehyde (MDA) level, and catalase, ENTPDase, and ATPase
enzyme activities in iron-induced pancreatic injury were evaluated. The inhibitory assay for a-amylase and
a-glucosidase enzymes was conducted and the results of these parameters revealed that the BF1 formulation
could scavenge DPPH radicals compared to the control. At all concentrations, the BF1 formulation reduced ferric
compounds, compared to the standard. The BF1 formulation chelated iron better at its lower concentration,
similar to the control. Additionally, the BF1 formulation showcased a significant NO radical scavenging ability in
comparison to the standard. The BF1 formulation reduced lipid peroxidation in the rat pancreas at a lower
concentration than the control. Furthermore, the BF1 formulation demonstrated significant inhibition of
a-amylase and a-glucosidase in comparison to the control (metformin). This suggests that BF1 formulation can be
considered a potential antidiabetic treatment and can be used for supplement formulation.

1. Introduction

Diabetes mellitus is an increasing global health issue, with it
currently reaching a worldwide epidemic level of 424.9 million affected
adults (aged 20-79), representing 8.8 % of the worldwide adult popu-
lation (Amdie et al., 2022; Mikhail et al., 2024; Otegenova et al., 2024).
According to current estimates, by 2045, the figure is predicted to rise to
628.6 million people, impacting nearly 10 % of the worldwide adult
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population (Howarth et al., 2019; Wake, 2020; Reza et al., 2024). As of
2021, the worldwide prevalence was about 8.1-8.8 million individuals
globally diagnosed with diabetes. Out of this number, 1.5 million (18 %)
were below the age of 20 years (Zerihun et al., 2024). Diabetes mellitus
is a metabolic condition that results in an increased amount of sugar in
the bloodstream (hyperglycemia) caused by either the body producing
little to no insulin or the body cells not being receptive to the produced
insulin (Rachdaoui, 2020; Olaniyi et al., 2022). Insulin is a polypeptide
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hormone that is primarily secreted by p cells present in the pancreatic
islets of Langerhans (Al-Suhaimi et al., 2022). Its function is to control
blood glucose levels, specifically to lower or reduce blood glucose levels
in the body. Insulin acts via an anabolic pathway. It converts sugar,
starches, and other foods into energy (ATP) (Wolosowicz et al., 2022).

Current synthetic treatments often address individual pathways but
are associated with side effects and limited accessibility, particularly in
resource-constrained regions (Pei and Li, 2025). Medicinal plants, rich
in bioactive compounds such as flavonoids, alkaloids, and phenolic
acids, offer a promising alternative due to their multitargeted mecha-
nisms of action (Amanat et al., 2025). These compounds regulate
glucose metabolism, enhance insulin sensitivity, and mitigate oxidative
stress, a key factor in diabetes complications (Gong et al., 2025). This
makes medicinal plants an attractive area of research, bridging tradi-
tional knowledge and modern science to develop holistic therapies that
address the complexities of diabetes. According to recent research, bo-
tanicals with antidiabetic properties are increasingly being used in
large-scale commercial formulations due to their accessibility, afford-
ability, and lack of adverse effects as compared to synthetic antidiabetic
medications (Ogunlakin et al., 2023a; Blahova et al., 2021).

Herbal formulations, which can consist of different plant parts,
including seeds, leaves, stem barks, roots, tubers, and aerial parts, are
being considered as possible antidiabetic treatments because they
contain phytochemical constituents that possess antidiabetic activity.
These include flavonoids, alkaloids, quercetin, kaempferol, apigenin,
and triterpenoids (Marella and Tollamadugu, 2018; Ojo et al., 2024).
The investigation of BF 1 herbal formulation is a rational step in this
context, as it combines medicinal plants known for their nutritional,
antioxidant, and antidiabetic properties into a synergistic blend. BF 1 is
designed to not only regulate blood glucose levels but also combat
oxidative stress and provide essential nutrients, addressing the disease’s
multifaceted challenges. Its role fits seamlessly into broader research
exploring plant-based solutions for diabetes, particularly in aligning
with studies that emphasize the importance of nutrition and antioxi-
dants in mitigating diabetes complications. By leveraging the multi-
targeted potential of medicinal plants, BF 1 exemplifies a sustainable,
holistic approach to diabetes management, reflecting the growing de-
mand for safe and accessible plant-based therapies in modern health-
care. The herbal formulation, BF1, claimed to have antidiabetic activity,
has not been validated. Therefore, this study aimed to investigate the
nutritional composition and antioxidant potential of the BF1 herbal
formulation along with its effects on the activity of carbohydrate hy-
drolyzing enzymes related to type-2 diabetes (a-amylase and a-gluco-
sidase enzymes).

2. Materials and methods
2.1. Chemicals

All the analytical-grade reagents and chemicals used were purchased
from Sigma-Aldrich, Germany.

2.2. BF1 herbal formulation

The BF 1 powdered formulation was obtained on February 13, 2024
from Next Era Health, 11, Julius Kadir Street, Ifako Gbagada, Lagos,
Nigeria. Sesamum indicum, Gossypium barbadensis, Ficus exasperata, and
Curcuma longa were used to formulate BF 1. The formulation was pre-
pared under a standard operating procedure by regulatory personnel
and the pharmacognosist, Oyindamola Awosola.

2.3. Extraction of BF 1 formulation
A measured volume of 100 % methanol (1000 mL) was used to

extract a measured mass of (350 g) of the BF 1 formulation powder in a
large conical flask. This setup was covered and left to stand at room
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temperature for 3 days. The mixture was stirred at intervals within the
days it was allowed to stand. The filtrate was then obtained using filter
paper. The methanolic extract of the BF 1 formulation was obtained
through the use of a rotary evaporator to concentrate the filtrate.

2.4. Proximate analysis

The powdered BF 1 formulation sample was subjected to a proximate
analysis according to the Association of Analytical Chemists standard.
The weight variation approach was utilized to determine the contents of
ash and moisture. The fiber content was computed using the crucible
and its contents’ weight loss during ignition. The percentages of crude
protein, ash, fat, and moisture were added up and deducted from 100 to
obtain the nitrogen-free extract (Ogunlakin et al., 2023b).

2.5. Atomic absorption spectroscopy assay (AAS)

This was conducted using the accepted procedures (Ogunlakin et al.,
2023b). In a ventilated area, 6.5 mL of nitric solution (HNO3), sulfuric
(H2S04), and perchloric (HClIO4) acids were added to the 0.25 g
powdered formulation sample. The mixture was boiled in the acidic
solution with the use of a hot plate (model VWR VELP Scientifica,
Germany), and white vapors were emitted from the flask, signifying that
the digestion process was complete. Following a quick stir and the
addition of a few drops of distilled water, the solution was left to cool. In
50 mL volumetric flasks containing the sample, distilled water was
added to make these digested samples 50 mL in volume. A filter paper
was used to collect the filtrate in plastic bottles. An atomic absorption
spectrophotometer and a suitable hollow cathode lamp were used to
confirm that the solutions contained the necessary elements (Shimadzu
AA-670). Using equivalent standard calibration curves based on stan-
dard AR-grade solutions of the elements, the concentration of each
element in the seed was measured (Ogunlakin et al., 2023b). The ele-
ments are Zn, Mg, Na, Pb, Cd, Co, Cu, and Fe.

2.6. Phytochemical screening

Following standard procedures, alkaloids, flavonoids, steroids, sa-
ponins, tannins, terpenoids, glycosides, and phenolics were screened
both qualitatively and quantitatively. (Banu and Cathrine, 2015; Soni-
bare et al., 2022; Sobyj et al., 2024).

2.7. Invitro antioxidant activity

2.7.1. Nitric oxide radical scavenging

Nitric oxide scavenging assays were performed using the Griess re-
agent method described by Haenen and Bast (1999). First, 0.3 mL of
sodium nitroprusside (5 mM) was added to 1 mL of each of the various
concentrations of the extract. The test tubes were then incubated at
25 °C for 150 min. After 150 min, 0.5 mL of Griess reagent (equal vol-
ume of 1 % sulphanilamide on 5 % ortho-phosphoric acid and 0.01 %
naphtylethylenediamine in distilled water, used after 12 h of prepara-
tion) was added. The absorbance was measured at 570 nm using.

2.7.2. DPPH (2,2- diphenyl-1-picrylhydrazyl) radical scavenging ability

The free radical scavenging ability of the extract against DPPH free
radicals was evaluated as described by Fadogba et al. (2024) with
modifications. One milliliter of various extract concentrations in meth-
anol was mixed with 1 mL of a methanolic solution of 0.4 mM DPPH
radicals. Blank control was also implemented by adding 2 mL of DPPH
solution without the test sample. The mixtures were left in the dark for
30 min, after which the absorbance at 516 nm was measured spectro-
photometrically. DPPH scavenging activity was expressed as the inhi-
bition percentage of the extracted sample on free radicals by the
following equation:
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Ac — As
Ac

% inhibition = { }x 100

Where Ac and As are the absorbances of the blank control and the
sample, respectively. The assay was repeated in triplicate for each
extract concentration (2 mL, 3 mL, and 4 mL).

2.7.3. Iron chelating ability assay

The iron chelating ability of both extracts was determined using a
modified method of Ogunlakin et al. (2024). Freshly prepared 500 pM
FeSO4 (150 pL) was added to a reaction mixture containing 168 pL of
0.1 M Tris-HCI (pH 7.4), 218 pL of saline, and the extracts (0-25 pL).
The reaction mixture was incubated for 5 min before the addition of 13
pL of 0.25 % 1,10 phenanthroline (w/v). The absorbance was subse-
quently measured at 510 nm in a spectrophotometer. The Fe?* chelating
ability was subsequently calculated.

2.8. Experimental animals

For this study, ten healthy male Wister rats weighing 130-180 g,
were procured. The rats had access to clean water and rat feed in pellet
form during their ten-day acclimation period in decontaminated cages
under specific conditions. An ethical approval number (BUAC/BCH/
2024/0004) was obtained following the standards and directives stated
in the National Institutes of Health (NIH) guidelines for the handling and
use of experimental animals. 1.2 mL of ketamine was used to put the
animal under anesthesia to perform animal euthanasia.

2.9. Ex vivo antioxidant assay

After homogenization with ice-cold phosphate buffer in an ice-cold
mortar, the pancreases of ten carefully selected rats were weighed.
The homogenates were centrifuged for 10 min at 5000 r.p.m. to separate
the supernatant, which was then refrigerated for further analysis.

2.9.1. Pancreatic injury induction

The procedure outlined by Ogunlakin et al. (2024a) was carried out
to treat damaged pancreas ex vivo with minimal modification. 200 pL of
the organ residue, 100 pL of 0.1 mM FeSOj4, and different concentrations
(30-240 mg/mL) of BF 1 formulation methanol extract were combined
in the basic procedure. The samples were allowed to incubate at 37 °C
for 30 min before being tested for biochemical analysis. These reaction
compositions that contain the tissue supernatant and FeSO4 functioned
as the negative control, while the reaction composition containing only
the organ supernatant served as the normal control.

2.9.2. Glutathione level

By Ogunlakin et al. (2024a) methodology, 600 pL of 10 % tri-
chloroacetic acid was added to 600 pL of the tissue lysates to deprotei-
nize them. The mixture underwent centrifugation for 10 min at 3500
rpm. A clean test tube was filled with 500 pL of the methanol extract,
and 100 pL of Ellman reagent was mixed with it. At 415 nm, the
absorbance was calculated following 5 min of incubation at 25 °C. GSH
served as a standard.

2.9.3. Catalase activity

To evaluate the catalase activity assay for the methanol extract of BF
1, a few minor adjustments were made to the Ogunlakin et al. (2024a)
approach. Tissue samples containing different concentrations of beet
extract were filled in a volume of 20 pL, and 780 pL of 50 mM phosphate
buffer was added. After adding 300 pL of 2 M H50», the absorbance was
measured every 3 min for 240 min, with 1-min intervals.

2.9.4. Malondialdehyde (MDA) level
After adding 600 pL of thiobarbituric acid to a test tube, 200 pL of the
sample is incubated for an hour at 95 °C and then immersed in water for
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15 min. Spectrophotometer readings are made at 532 nm to determine
the absorbance (Ogunlakin et al., 2024a).

2.9.5. Na/K" ATPase enzyme activity

The method described in Ogunlakin et al. (2024a) was modified
slightly to determine the Na/K™ ATPase activity. A mixture of 40 L of
50 mM ATP, 1.3 mL of 0.1 M Tris-HCl buffer, 200 pL of 5 mM KCl, and
200 pL of the organ lysate containing varying amounts of G. barbadense
leaf methanol extract was added. The reaction mixture was incubated
using a mechanical shaker at 37 °C for 30 min before 1 mL of 1.25
percent ammonium molybdate and 1 mL of distilled water were added.
Subsequently, the solution was mixed with 1 mL of 9 % ascorbic acid and
allowed to stand for 30 min. The absorbance was taken at 660 nm.

2.9.6. E-NTPDase enzyme activity

By standard procedure (Ogunlakin et al., 2024a), 400 pL of a reaction
mixture comprising 1.5 mM CaCly, 5 mM KCl, 0.1 mM EDTA, and 10 mM
glucose was mixed with 40 pL of tissue lysates containing various con-
centrations of the methanol extract. 45 mM Tris-HCl and 225 mM su-
crose). After that, the mixes were incubated for 10 min at 37 °C. The
mixture was then incubated at 37 °C in a mechanical shaker after 40 pL
of 50 mM ATP was added. A mixture containing 400 pL of 10 % TCA was
added to stop the reaction. After 10 min of ice-cold incubation, the
mixture’s absorbance at 600 nm was determined.

2.10. Antidiabetic activity

2.10.1. a-amylase inhibition assay

The assay was performed by using the method reported in the studies
of Rana et al. (2013) and Faboro et al. (2024) with modifications. Fifty
microliters of the extract or acarbose (a well-known a-amylase inhibitor)
solution in 0.02 M sodium phosphate buffer (pH = 6.9 with 0.006 M
NaCl) was mixed with 50 pL of the enzyme solution porcine pancreatic
a-amylase (EC 3.2.1.1.) (0.5 mg/mL) and incubated for 10 min at 25 °C.
Subsequently, 500 pL of 1 % starch solution (0.02 M) was added to the
mixture and incubated for 10 min at 25 °C. Then, the reaction was
stopped by adding 1.0 mL of dinitrosalicyclic acid colour reagent.
Thereafter, the mixture was incubated in a boiling water bath for 5 min
and cooled to room temperature. The reaction mixture was then diluted
by adding 10 mL of distilled water, and the absorbance at 540 nm was
measured spectrophotometrically. The assay was repeated four times for
each extract concentration. The a-amylase inhibitory activity was
calculated using the following formula:

ABS control — ABS sample

o iibirion —
% inhibition ABS sample

x 100

Where ABS sample and ABS control represent the absorbance of the
control (without the extracts or acarbose) and the acarbose or plant
extract, respectively.

2.10.2. a-glucosidase inhibitory activity

The assay was carried out using the procedure reported in the study
of Dej-Adisai et al. (2022) with modifications. One hundred microliters
of a-glucosidase (EC 3.2.1.20) solution in 0.1 M phosphate buffer (pH
6.9) were incubated at 25 °C for 10 min. Here, p-nitro
phenyl-glucopyranoside (pNPG) was used as a substrate. The reaction
mixture, containing 100 L of phosphate buffer (100 mM, pH 6.8), 20 pL
of a-glucosidase (1 U/mL), and 40 pL of plant extract or acarbose so-
lution, was left for 15 min at 37 °C. Subsequently, 40 pL of pNPG (5 mM)
solution was added, and the mixture was left for 20 min at 37 °C. The
reaction was terminated by adding a solution of 1 % NayCO3 (0.1 M, 2
mL). The mixture was spectrophotometrically measured at 400 nm. The
assay was repeated three times. The inhibitory effect of the extract on
a-glucosidase was calculated as follows:



A.D. Ogunlakin et al.

Acontrol — Asample

1
Asample x100

% inhibition =

where Acontrol and Asample represent the absorbance of the control
(without the extracts or acarbose) and the acarbose or plant extract,
respectively.

2.11. Statistical analysis

Each test was conducted in triplicate, and the findings are shown as
mean + SD, percentages, and numbers. The data was evaluated using
one-way analysis of variance (ANOVA) and Tukey’s post hoc test. The
graphs were plotted using GraphPad Prism 9 edition. A significant
threshold of p < 0.05 is considered.

3. Results
3.1. Proximate, AAS, and phytochemical analysis of BF 1 formulation

Table 1 presents an analysis of the BF1 formulation and illustrates
the formulation’s protein, ash content, moisture content, crude fiber,
crude fat, and nitrogen-free extract. The investigation reveals that the
protein and nitrogen-free extract have the highest composition. The
percentages of their concentrations were given. Table 2 indicates a few
of the BF 1 formulation’s mineral components. Parts per million (ppm)
are used to denote the concentrations of the constituent minerals. The
components of the BF 1 formulation are listed in the table: zinc, mag-
nesium, sodium, lead, cadmium, cobalt, and iron. The highest quantities
of magnesium were discovered, whereas no copper was found at all.
Table 3 summarizes the results of the BF 1 formulation’s phytochemical
screening. The formulation is exceptionally high in alkaloids and low in
glycosides and tannins, according to the data. Table 4 presents findings
of the quantitative phytochemical screening of the BF 1 formulation,
along with the quantities of anthraquinone, flavonoids, alkaloids, tan-
nins, saponins, and phenols. Saponin concentrations were found to be
abundant. Every concentration was reported as milligrams per milliliter
(mg/mL) except for the flavonoid concentration, which was reported as
grams (g).

3.2. Antioxidant assay

Figs. 1-3 and Table 5 show the antioxidant activity of the BF 1
formulation methanolic extract in comparison to standards for each
assay. In Fig. 1, BF 1 formulation was seen to have a lower ability to
scavenge DPPH radicals when compared to the standard used, which is
quercetin. It was also seen that an increase in concentration caused a
corresponding increase in the DPPH scavenging ability. There is a very
close similarity between the BF 1 formulation methanolic extract and
the standard used in the NO radical scavenging assay (Fig. 2). The NO
radical ability is shown to be lower in comparison to quercetin, which
was the standard used. The potential of the methanolic extract of the BF
1 formulation to chelate iron (Fe?") according to Fig. 3, has the same
trend as the control, quercetin, that was used. As the concentration of BF
1 formulation increases, its iron chelating ability also increases.

Table 1

Proximate analysis of the BF1 formulation.
S/N Proximate content BF 1 (%)
1 Ash content 3.00 + 0.01
2 Moisture contents 5.1 £+ 0.02
3 Crude fat 2.1 +0.12
4 Crude fibre 5.95 + 0.15
5 Protein 19.69 + 0.2
7 Nitrogen free extract 64.16 + 0.12
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Table 2
AAS analysis of the BF1 formulation.
S/N Elements BF 1 (ppm)
1 Zn 0.1 + 0.0044
2 Mg 19.479 + 0.0086
3 Na 5.676 + 0.0038
4 Pb 0.436 + 0.0010
5 Cd 0.322 + 0.0010
7 Co 1.048 £ 0.0003
8 Cu ND
9 Fe 6.728 + 0.0015
Table 3
Qualitative phytochemical screening of the BF1 formulation.
S/N Test BF 1
1 Phenols +
2 Glycosides -
3 Terpenoids ++
4 Alkaloids +++
5 Flavonoids +
7 Saponins +
8 Tannins -
9 Anthraquinone +
+ = indicates presence of phytochemicals; - = indicates absence of phyto-
chemicals; ++ = shows moderate concentration; +++ = shows high
concentration.
Table 4
Quantitative phytochemical screening result of the BF1.
S/N Test BF 1
1 Phenols (mg/mL) 0.55 + 0.12
2 Tannin (mg/mL) 0.14 £+ 0.09
3 Saponin (mg/mL) 3.04 £ 0.09
4 Alkaloids (mg/mL) 1.88 +£ 0.12
5 Anthraquinone (mg/mL) 1.031 £ 0.20
7 Flavonoids (g) 1.55 £+ 0.12
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Fig. 1. NO radical scavenging potential of the BF1 formulation
CTRL: control (quercetin); A mean + SD (n = 3) is used to represent data.

3.3. Ex vivo study

Also, as shown in Fig. 4, the BF 1 formulation and the untreated show
similar GSH activity. For catalase enzyme activity in Fig. 5, BF1 shows a
higher catalase activity compared to the untreated sample. The level of
malondialdehyde (MDA) inhibition is higher in the untreated than in the
BF 1 formulation, as seen in Fig. 6. The ENTPase activity of BF1 is more
than that of the untreated in Fig. 7. In Fig. 8, the BF 1 formulation shows
a higher Na/K ATPase activity than the untreated. Furthermore, the
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Fig. 2. Percentage of DPPH radical scavenging activity of the BF1 formulation.
CTRL: control (quercetin); Data are represented as mean + SD (n = 3).
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Fig. 3. Percentage of iron chelation ability of the BF1 formulation
CTRL: control (quercetin); A mean + SD (n = 3) is used to represent data.

Table 5
ICs0 values of the antioxidant potentials of BF 1 formulation methanol extract.

Samples ICsp (pg/mL)
Iron chelation DPPH radical NO scavenging
ability scavenging activity ability
BF 1 7.80 £ 0.28 43.54 £ 0.33 15.73 +£ 0.20
Standard 8.28 + 0.82 13.54 + 0.26 15.17 + 1.10
(quercetin)

Data = mean + SD; n = 3.

activity of each parameter increases with an increase in the concentra-
tion of BF 1 formulation except for MDA, where increased concentra-
tions of BF 1 formulation led to increased MDA inhibition activity.

3.4. Antidiabetic activity of BF1 formulation

According to Fig. 9, the a-amylase activity of the BF 1 formulation is
slightly lower than that of the control metformin. The figure also shows
an increased a-amylase activity with increased concentrations in the BF
1 formulation. In Fig. 10, the two samples show strong similarity, as seen
because the graph plots follow each other very closely. The BF 1
formulation showed a lower a-glucosidase inhibiting ability compared
to the control metformin. Although at the highest and lowest concen-
trations of the sample and the control, BF 1 formulation extract showed
higher inhibitory activity at those concentrations.
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Fig. 4. BF1 formulation effect on GSH levels in iron-mediated oxidative
pancreatic injury.

A mean + SD (n = 3) is used to represent data. *Statistically significant
compared to control, while # statistically significant compared to the untreated
group at P < 0.05.
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Fig. 5. The effect of BF1 formulation on catalase enzyme activity in iron-
mediated oxidative pancreatic damage.

Data = mean =+ SD; (n = 3). *Statistically significant compared to control, while
# statistically significant compared to the untreated group at P < 0.05.

4. Discussion

4.1. Proximate analysis, atomic absorption spectroscopy (AAS),
phytochemical screening

The proximate analysis of the BF 1 formulation showed the highest
proportions of protein, crude fiber, and moisture content. This indicates
its potential to serve as a dietary supplement. The atomic absorption
spectroscopy assay of the BF 1 formulation showed the strong presence
of magnesium, sodium, and iron, with magnesium being the highest
quantity and iron found in average amounts. One major macronutrient
that is necessary for human health is magnesium (Mg), which is involved
in several physiological functions (Rukat et al., 2024). Studies show that
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Fig. 6. Effect of BF1 on MDA levels in oxidative pancreatic injury mediated by
iron.

A mean + SD (n = 3) is used to represent data. *Statistically significant
compared to control, while # statistically significant compared to the untreated
group at P < 0.05.
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Fig. 8. Effect of BF1 in iron-mediated oxidative pancreatic injury on Na/K
ATPase activity

A mean + SD (n = 3) is used to represent data. *Statistically significant
compared to control, while # statistically significant compared to the untreated
group at P < 0.05.
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Fig. 7. Effect of BF1 in non-mediated oxidative pancreatic injury on ENTPase
activity.

A mean + SD (n = 3) is used to represent data. *Statistically significant
compared to control, while # statistically significant compared to the untreated
group at P < 0.05.

people with diabetes, particularly those with type 2 diabetes mellitus,
frequently have magnesium deficiencies (Fatima et al., 2024). That is,
lower levels of magnesium correspond to increased insulin resistance
(Humphries et al., 1999). Magnesium increases glucose uptake by cells
by increasing GLUT-4 levels; this, in turn aids blood glucose regulation
(Fapohunda and Balogun, 2019). Magnesium interacts with insulin re-
ceptors to function as a cofactor for multiple enzymes that regulate in-
sulin synthesis and activity in target tissues (such as insulin receptor
tyrosine kinase) (Pelczynska et al., 2022; Nik et al., 2023).

Certain disorders can be prevented and treated with the aid of phy-
tochemicals with antioxidant activity, such as flavonoids, carotenoids,
and phenolic compounds. Plants’ ability to act as antioxidants or anti-
diabetic agents is directly influenced by the concentration and type of

e ICso(BF 1 formulation) = 2.16 + 0.08 pg/mL

e ICs0(CTRL)=4.31+0.03 pg/mL
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Fig. 9. BF1 formulation’s percentage of a-amylase inhibitory activity
CTRL: Control (Metformin); Mean + SD (n = 3) is used to represent data.

e ICso(BF 1 formulation) =4.14 + 0.06 pg/mL
e ICs0(CTRL)=3.81+0.02 pg/mL

100 ——BF1 —eCTRL

% a-glucosidase inhibitory
activity

0 2 4 6 8 10
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Fig. 10. Percentage of BF1 formulation’s a-glucosidase inhibitory activity.
CTRL: control (metformin); Mean =+ SD (n = 3) is used to describe the data.

phytochemicals they contain (Ogunlakin et al., 2023a; Wang et al.,
2023; Ogunlakin et al., 2024b). The qualitative phytochemical screening
results of BF1 formulation show a strong presence of alkaloids and
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terpenoids. The quantitative phytochemical screening showed a high
quantity of saponins. Alkaloids and flavonoids effectively contribute to
hyperglycemia by promoting the synthesis of glycogen and the use of
glucose. Their intricate process involves modifying the actions of various
enzymes that are either directly or indirectly involved in the metabolism
of carbohydrates to regulate sugar levels in the blood (Behl et al., 2022;
Feng et al., 2024; Maache et al., 2024).

4.2. Antioxidant activity

Oxidative stress is another element that contributes to diabetes
complications. Oxidative stress results from an imbalance between the
development and buildup of reactive oxygen species (ROS) and the
biological system’s potential to conduct detoxification of these reactive
products in cells and tissues (Afzal et al., 2023; Singh et al., 2019).
Antioxidants usually help with this balance by scavenging the amount of
ROS and free radicals in the body, in turn aiding the immune system
(Muscolo et al., 2024). Antioxidants are sometimes unable to regulate
the excessive buildup of reactive oxygen species (ROS) and free scav-
enging radicals (Morshed et al., 2023). Numerous health problems, such
as diabetes, cancer, Alzheimer’s disease, and problems with the meta-
bolism and cardiovascular system have all been connected to this.
Membrane lipids, DNA, proteins, cells, organs, and tissues can be
severely damaged because of oxidative stress. Therefore, a few diseases,
which include diabetes, cancer, and other metabolic disorders can be
treated by reducing oxidative stress (Hajam et al., 2022; Akbari et al.,
2022; Gatou et al., 2023). To measure how well antioxidants scavenge
free radicals by collecting electrons and hydrogen radicals from anti-
oxidant molecules, DPPH, a stable free radical, is used (Adedayo et al.,
2015; Ogunlakin et al., 2023b). The highest percentage of DPPH scav-
enging activity of the BF 1 formulation methanol extract demonstrated a
dose-dependent antioxidant potential when compared to the standard
(quercetin). Iron’s chelating qualities lower the concentration of the
transition metal that catalyzes lipid peroxidation, which results in its
contribution to lipid peroxidation through the Fenton reaction
(Ademiluyi et al., 2013; Barbouti et al., 2021; Ojo et al., 2023). The
concentration-dependent iron chelating activity observed in the meth-
anolic extract of BF1 formulation suggests that the extract’s capacity to
chelate Fe?* is dose-dependent. The flavonoid, saponin, terpenoids,
phenol, alkaloids, and anthraquinone, composition of the extract might
be responsible for its capacity to chelate ions and scavenge radicals
(Sahoo et al., 2024). Therefore, BF 1 formulation is an effective free
radical scavenger.

Nitric oxide (NO) synthesis and diabetes mellitus are linked (Suresh
and Reddy, 2021). The methanolic extract of BF 1 formulation had
higher nitric oxide inhibitory efficiency in comparison to quercetin, the
standard. This suggests that BF 1 formulation is an excellent nitric oxide
scavenger. Iron exposure in its ferrous form (Fe?*) has been associated
with a sustained drop in GSH and CAT levels and thus poses a risk to the
pancreas (Ferreyra et al., 2024; Barbouti et al., 2021). The enzyme
catalase (CAT) hydrolyses the toxic ROS hydrogen peroxide (H202)
converting it into oxygen and water. It is essential for shielding the cells
from oxidative damage (Rigoletto et al., 2024). In addition to scav-
enging reactive oxygen species, glutathione (GSH) aids in the regener-
ation of other antioxidants (Aquilano et al., 2014). Since the negative
control had lower CAT and GSH levels, the investigation’s findings
indicate that OS had increased in the pancreas. The higher MDA levels in
the negative control group relative to the positive control may be an
indication of lipid peroxidation in the pancreatic tissue (Ogunlakin
et al., 2024c). As the BF 1 formulation methanol extract concentration
increases, the MDA level in the treated groups decreases, strongly
indicating the formulation’s beneficial effects on pancreatic tissue, since
OS has a negative influence on glucose metabolism.

Kuwait Journal of Science 52 (2025) 100435
4.3. Purinergic enzyme activity and antidiabetic activity

The untreated group’s ATPase activity was higher than the control
and other treatment groups. The attack that reduced ATP levels was
partially due to pancreatic tissue’s acid/base composition (Zhou et al.,
2023). The optimal pH environment, which is required for pancreatic
functions, is produced by the ATPases present on the membrane surface
(Petersen et al., 2021). Elevated ATPase levels have been shown to
enhance invasion and motility in diabetics (Son et al., 2019; Al-Bataineh
et al., 2016). The findings obtained demonstrate that the pancreas
generated more ATP following treatment with the BF 1 formulation,
which may have resulted from enhanced glucose metabolism in the
pancreatic tissues (ShamsEldeen et al., 2022; Li et al., 2022). The BF 1
formulation’s ability to prevent diabetes is based on its ability to inhibit
two enzymes that break down carbohydrate bonds. They are a-amylase,
which breaks down carbohydrates into simpler sugars by acting on the
a-1,4 glycosidic link, and a-glucosidase, which breaks down simpler
sugars into glucose (Liu et al., 2021). When these enzymes are inhibited,
the conversion of starch to glucose (x-amylase) is slowed down, which
prevents blood sugar increasing after meals (postprandial hyperglyce-
mia) (Abdulkareem et al., 2024). BF 1 formulation’s methanolic extract
demonstrated the potential to inhibit both a-amylase and a-glucosidase
compared to the standard, metformin. Therefore, advanced methods,
such as NIRS for rapid screening, inductively coupled plasma mass
spectrometry (ICP-MS) for minerals, and isothermal titration calorim-
etry (ITC), which provide a more detailed understanding of the binding
kinetics and thermodynamics between the BF 1 herbal formulation’s
bioactive compounds and the target enzymes, are hereby recommended.

5. Conclusion

The methanol extract of BF 1 showed notable antioxidant activity.
The results also showed that the BF 1 formulation contains a range of
phytochemicals in moderate to high concentrations that have been
proven to have antidiabetic qualities. The nutritional assessment of the
BF 1 formulation shows that it contains some essential macro and micro
minerals especially magnesium, which has the highest quantity and has
been proven to have an antidiabetic effect. The formulation BF1
exhibited a good a-glucosidase and a-amylase inhibitory capacity and
antioxidant properties. This suggests that BF1 can be considered as a
potential antidiabetic treatment and can also be used as a food
supplement.
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