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Abstract
Introduction/Background of the study: Diabetes mellitus is characterized by chronic hyperglycemia and inflammation, 
involving disruptions in incretin hormones, glucose transport, and inflammatory cytokines. Functional foods fortified 
with bioactive plants offer potential complementary therapies. This study investigates the molecular modulation effects 
of biscuits fortified with varying proportions of Sphenostylis stenocarpa and Ficus exasperata on key diabetes-related 
biomarkers in streptozotocin-induced diabetic rats. 

Materials and Methods: Biscuits were prepared with reciprocal ratios of Ficus exasperata leaf (fermented and 
unfermented) and Sphenostylis stenocarpa flour. Diabetic rats were administered fortified biscuits for 14 days. Pancreatic 
tissues were analyzed for gene expression of GLP-1, DPP-4, GLUT-4, and IL-6 via RT-PCR. Statistical analysis was 
performed using ANOVA with significance set at p<0.05.

Results: Fortification with 20g Ficus exasperata and 40g Sphenostylis stenocarpa significantly upregulated GLP-1 gene 
expression, enhancing incretin signaling. Higher Ficus exasperata doses (40g) downregulated DPP-4 and IL-6 genes 
expression. While fermented Ficus exasperata biscuits improved insulin-stimulated glucose transport via upregulation 
of GLUT-4 gene expression at both doses, the unfermented formulations showed superior upregulation of GLP-1 gene 
expression, anti-inflammatory and DPP-4 inhibitory effects.

Conclusion: S. stenocarpa–F. exasperata fortified biscuits positively modulate molecular pathways implicated in 
diabetes, improving glycemic control and attenuating inflammation. These functional biscuits hold promise as adjunct 
dietary interventions for diabetes management. Further studies are warranted to explore bioactive profiles and clinical 
efficacy.
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1. Introduction
Elevated blood glucose levels brought on by either insufficient 
or ineffective insulin are the hallmark of diabetes mellitus 
(DM), a metabolic disorder. The release of insulin and function 
are influenced by a variety of factors, such as genetics, lifestyle 
choices, and inheritance and epigenetic predisposition [1]. In 
this study, we investigated the modulatory effects of functional 
biscuits on key biomarker including the glucagon-like peptides 
(GLP-1), Dipeptidyl peptidase-4 (DPP-4), Glucose transporter 
type 4 (GLUT4) and interleukin-6 (IL-6) involved in diabetes 
progression.

The incretin hormone family includes the glucagon-like peptides 
GLP-1 and GLP-2, as well as the glucose-dependent insulinotropic 
polypeptide (GIP) [2]. These incretin hormones are secreted from 
the gut in response to nutrient intake and enhance insulin secretion 
in a glucose-dependent manner, helping to lower postprandial 
blood glucose levels. In addition, GLP-1 has cardioprotective 
properties, inhibits glucagon secretion, slows stomach emptying, 
and increases satiety. GIP is involved in lipid metabolism and 
mainly increases the release of insulin. These hormones are 
important targets in the treatment of type 2 diabetes because they 
collectively regulate energy balance and glucose homeostasis [3]. 
GLP-1 and GIP are inactivated by DPP-4, an enzyme prevalent in 
the bloodstream and on various cell types. DPP-4 inhibitors can 
increase active levels of GLP-1 and GIP by two to three times 
post-meal by preventing DPP-4 from functioning [4]. 

Glucose transporter type 4 (GLUT4) is essential for glucose uptake 
from the bloodstream, predominantly found in skeletal muscle and 
adipose tissue [5,6,7]. Its decreased expression is linked to elevated 
blood glucose levels, insulin resistance, and diabetes onset [8]. 
Additionally, interleukin-6 (IL-6), a pro-inflammatory cytokine, 
plays a significant role in diabetes mellitus (DM) [9]. Increased 
expression of IL-6 was previously linked to inflammation, 
glucose intolerance, insulin resistance, and the development of 
type 2 diabetes (T2DM), establishing it as a risk factor for insulin 
resistance and T2DM   [10].

The rise in diabetes mellitus cases has prompted significant 
research into natural products as possible alternative therapies. 
Ficus exasperata commonly known as the "SANDPAPER 
LEAF," a species belonging to the Moraceae family that is widely 
distributed in tropical and subtropical regions, including Africa and 
Asia, where it has been traditionally utilized for various therapeutic 
purposes, have been reported to possesses significant antioxidant 
and antidiabetic activities, mediated through restoration of thiol 
defenses, reduction of oxidative stress, and modulation of insulin 
signaling genes [11-13]. Ficus exasperata leaf extract contains 
bioactive compounds including caffeic, ferulic, tannic acids, 
apigenin, naringenin attributed to its wide range of pharmacological 
activities including antiulcer, hypotensive, hypoglycemic, anti-
inflammatory, antimicrobial, and insecticidal properties [14]. 
Sphenostylis stenocarpa, an underutilized legume, native to West 
and Central Africa have been reported to possess antioxidant, 

antihyperglycemic, hypolipidemic activities, nutrient-rich tubers 
and seeds with a low glycemic index [15-17]. Its high protein, 
dietary fiber, and slow-digesting carbohydrates make it suitable for 
functional foods aimed at managing blood glucose levels.

Wheat is a widely consumed staple grain known for its low cost 
and eases of access, primarily used in baked goods. However, its 
consumption has become problematic due to associated nutritional 
disorders, with approximately 0.35% to 1% of the population 
suffering from celiac disease and about 1–3% affected by other 
gluten disorders and other autoimmune disorders such as type 1 
diabetes and inflammatory bowel [18-20]. African yam bean is 
gluten-free, making it suitable for those with gluten intolerance 
or celiac disease.  While extensive studies have documented 
the individual hypoglycemic and vast array of pharmacological 
activities of Sphenostylis stenocarpa and Ficus exasperata, 
however, no previous research has examined the synergistic 
potential of combining these two botanicals into a functional food 
format on diabetes management. Replacing part of the wheat flour 
in biscuits with African yam bean flour and fortifying them with 
Ficus exasperata leaves could enhance nutritional quality and 
provides therapeutic benefits, offering a novel dietary approach for 
managing diabetes. This study evaluates the molecular effects of S. 
stenocarpa- and F. exasperata-fortified biscuits on GLP-1, DPP-4, 
GLUT-4 and IL-6 genes expression in STZ-induced diabetic rats. 
While focusing on evaluating the modulatory effect of fortified 
biscuits, the study also recognize the need for future investigations 
comparing the bioactive profiles of Sphenostylis stenocarpa 
enriched biscuits fortified with fermented or unfermented  Ficus 
exasperata leaf.

2. Materials and Methods
2.1. Collection of Plant Samples 
The leaves of Ficus exasperata was obtained from Akungba 
Akoko and the raw ingredients required for biscuit formulation 
and Sphenostylis stenocarpa bean seed were purchased at Osele 
market in Ikare Akoko, Ondo State, Nigeria [7.5248 ºN, 5.7669 
ºE]. The plants were identified and authenticated in the herbarium 
of Plant Science and Biotechnology Department, Adekunle 
Ajasin University, Akungba Akoko and voucher specimens were 
deposited for further references.

2.2. Preparation of plant samples
Ficus exasperata Leaf Powder was prepared according to the 
method described by Shodehinde et al. (2025) as reported by Bello 
et al. (2025) [12,14]. Preparation of Ficus exasperata Leaf Powder 
involved washing fresh leaves with potable water, shading them 
to drain, and then fermenting some wrapped in plantain leaves 
while air-drying others for three weeks. Both fermented and 
unfermented samples were pulverized, sieved for uniformity, and 
stored in airtight containers for biscuit fortification. Sphenostylis 
stenocarpa (African Yam Bean) mature seeds were sorted, rinsed, 
dried, and milled into fine flour, which was also stored in airtight 
containers for biscuit formulation.
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2.3. Preparation of Functional Biscuits

INREDIENTS CONTROL Ficus                                     exasperata
FERMENTED FERMENTED UNFERMENTED UNFERMENTED

PLANT SAMPLE (g) - 20 40 20 40
WHEAT FLOUR (g) 200 140 140 140 140
AYB (g) - 40 20 40 20
SUGAR (g) 60 - - - -
SUGAR CANE (g) - 60 60 60 60
FAT (g) 40 40 40 40 40
SALT (g) 2 2 2 2 2
VANILA (g) 1 1 1 1 1
WATER (mL) 65 65 65 65 65
GMS
(EULSIFIER)(mg) - 0.5 0.5 0.5 0.5

Table 1: Composition of dough with varying proportions of ingredients for preparation of Stephnostylis stenocarpa- Ficus 
exasperate fortified biscuits

2.4. Animal Handling
Twenty eight rats (28) weighing 100-150g from the Department of 
Animal and Health Production, Federal University of Technology 
Akure were acclimatized for two weeks and place on ad libitum 
on a commercial diet. The handling of animals was carried out in 
accordance with the recommended international standard.

2.5. Experimental Design and Induction of Diabetes
The experiment was conducted with 4 rats per experimental group 
to assess the potential of biscuits fortified with Ficus exasperata 
and Stephnostylis stenocarpa flours on incretin system, glucose 
transport pathway and inflammatory cytokine in STZ-induced 
diabetic rats. The animals were subjected to the overnight fast 
before induction of diabetes. Freshly prepared streptozotocin (STZ) 
in citrate buffer (0.1 M, pH 4.5) was administered intraperitoneally 
at a single dose of 60 mg/kg body weight except the normal control 
group which receives citrate buffer. After 72 hours glucose test 
was conducted on animals to ascertain high glucose in the blood. 
Animals with blood glucose >250 mg/dL were considered diabetic.
Group 1: Received 1 citrate buffer (0.1 M, pH 4.5)
Group 2: DM + 500mg/kg Metformin
Group 3: DM + No Treatment
Group 4: DM + Stephnostylis stenocarpa-20g fermented Ficus 
exasperata biscuits (20g FFE BIS)
Group 5: DM + Stephnostylis stenocarpa-40g fermented Ficus 
exasperata biscuits (40g FFE BIS)
Group 6: DM + Stephnostylis stenocarpa-20g unfermented Ficus 
exasperata biscuits (20g UFFE BIS)
Group 7: DM + Stephnostylis stenocarpa-40g unfermented Ficus 
exasperata biscuits (40g UFFE BIS).

2.6. Gene expression study 
2.6.1. Isolation of total RNA 
At the end of 14 days, the rats were sacrificed by cervical dislocation. 

Total RNA was isolated from the pancreas tissues with Quick-
RNA MiniPrep™ Kit (Zymo Research). The DNA contaminant 
was removed following DNAse I (NEB, Cat: M0303S) treatment. 
The RNA was quantified at 260 nm and the purity confirmed at 260 
nm and 280 nm using A&E Spectrophotometer (A&E Lab. UK).

2.6.2. cDNA Conversion 
One (1 μg) of DNA-free RNA was converted to cDNA by reverse 
transcriptase reaction with the aid of cDNA synthesis kit based on 
ProtoScript II first-strand technology (New England BioLabs) in a 
condition of 3-step reaction: 65 °C for 5 min, 42 °C for 1 h, and 80 
°C for 5 min [21]. 

2.6.3. PCR amplification and agarose gel electrophoresis 
Polymerase chain reaction (PCR) for the amplification of genes 
of interest, dipeptidyl peptidase 4 (DPP-4), glucagon-like peptide 
(GLP-1), Glucose transporter 4 (GLUT-4) and Interleukin 6 (IL-6) 
were carried out with OneTaqR2X Master Mix (NEB) using the 
following primers (Inqaba Biotec, Hatfield, South Africa).  PCR 
amplification was performed in a total of 25 μl volume reaction 
mixture containing cDNA, primer (forward and reverse) and 
Ready Mix Taq PCR master mix. Under the following condition: 
Initial denaturation at 95°C for 5 min, followed by 30 cycles of 
amplification (denaturation at 95°C for 30 s, annealing for 30 s 
and extension at 72°C for 60 s) and ending with final extension at 
72°C for 10 min. The amplicons were resolved on 1.0% agarose 
gel. The GAPDH gene was used to normalize the relative level of 
expression of each gene, and quantification of band intensity was 
done using “image J” software [22].

2.6.4. Statistical Analysis
GraphPad Prism was used for the statistical analysis, statistical 
significance was evaluated using one way analysis of variance 
(ANOVA), followed by Turkey's multiple range tests to compare 
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the means. Data points correspond to the mean of independent 
experiments and error bars (S.E.M); the level of significance was 
set at p<0.05.

3. Results
The gene expression analysis provided important insights into the 
antidiabetic and modulatory potential of the functional biscuits. 
Functional biscuits significantly upregulated and downregulated 
GLP-1 and DPP-4 genes expression respectively compared to 
diabetic controls (Figure 1 and Figure 2), suggesting enhanced 
incretin activity promoting insulin secretion, glucose regulation and 
improved glucose homeostasis. The substantially downregulation 

of DPP-4 gene expression indicates a decreased inactivation of 
incretin hormones (GLP-1). IL-6 is linked to insulin resistance 
and chronic inflammation in diabetes, its downregulation (Figure 
3) reflects mitigation of disease progression. The observed 
upregulation in GLUT-4 gene expression indicates enhanced 
glucose uptake which is critical for lowering blood glucose levels 
and improving insulin sensitivity (Figure 4). The variation in gene 
expression correlated with biscuit formulations as shown in Table 
1, where ratios of Sphenostylis stenocarpa and Ficus exasperata 
(20:40, 40:20) and fermentation of Ficus leaves affected the 
magnitude of molecular changes, suggesting dose-dependent and 
bioactive compound availability effects.
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DM + 
MET DM

20
g FFE BIS

40
g FFE BIS

20
g UFFE BIS

40
g UFFE BIS

GLP-1
GAPDH

Figure 1: Effect of Stephnostylis stenocarpa Biscuit fortified with Ficus exasperata on Gene

expression of Glucagon-Like Peptide-1 (GLP-1).

Bars are represented in mean ± SEM (n= 4). Values are significantly different ****p<0.0001

compared to DM. FFE: Fermented Ficus exasperata, UFFE: Unfermented Ficus exasperata, BIS:

Biscuit, NC: Normal Control, DM: Diabetes Mellitus, MET: Metformin.

Figure 1: Effect of Sphenostylis stenocarpa Biscuit fortified with Ficus exasperata on Gene expression of Glucagon-Like Peptide-1 
(GLP-1).

Bars are represented in mean ± SEM (n = 4). Values are significantly different ****p < 0.0001 compared to DM. FFE: Fermented Ficus 
exasperata, UFFE: Unfermented Ficus exasperata, BIS: Biscuit, NC: Normal Control, DM: Diabetes Mellitus, MET: Metformin.



J ophthalmol Clin Res, 2025 Volume 9 | Issue 2 | 5

NC

DM + M
ET DM

20
g FFE BIS

40
g FFE BIS

20
g UFFE BIS

40
g UFFE BIS

R
el

at
iv

e 
ex

pr
es

si
on

 o
f

D
PP

-4
 g

en
e

DPP-4

GAPDH

Figure 2: Effect of Stephnostylis stenocarpa Biscuit fortified with Ficus exasperata on Gene

expression of Dipeptidyl peptidase-4 (DPP-4).

Bars are represented in mean ± SEM (n= 4). Values are significantly different ****p<0.0001

compared to DM, #p<0.05 compared to DM+MET. FFE: Fermented Ficus exasperata, UFFE:

Unfermented Ficus exasperata, BIS: Biscuit, NC: Normal Control, DM: Diabetes Mellitus, MET:

Metformin.

Figure 2: Effect of Sphenostylis stenocarpa Biscuit fortified with Ficus exasperata on Gene expression of Dipeptidyl peptidase-4 (DPP-
4).

Bars are represented in mean ± SEM (n= 4).  Values are significantly different ****p<0.0001 compared to DM, #p<0.05 compared to 
DM+MET. FFE: Fermented Ficus exasperata, UFFE: Unfermented Ficus exasperata, BIS: Biscuit, NC: Normal Control, DM: Diabetes 
Mellitus, MET: Metformin.
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Figure 3: Effect of Stephnostylis stenocarpa Biscuit fortified with Ficus exasperata on Gene

expression of Interleukin-6 (IL-6).

Bars are represented in mean ± SEM (n= 4). Values are significantly different ***p<0.05,

****p<0.0001 compared to DM. FFE: Fermented Ficus exasperata, UFFE: Unfermented Ficus

exasperata, BIS: Biscuit, NC: Normal Control, DM: Diabetes Mellitus, MET: Metformin.

Figure 3: Effect of Sphenostylis stenocarpa Biscuit fortified with Ficus exasperata on Gene expression of Interleukin-6 (IL-6)
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Bars are represented in mean ± SEM (n= 4).  Values are significantly different ***p<0.05, ****p<0.0001 compared to DM. FFE: 
Fermented Ficus exasperata, UFFE: Unfermented Ficus exasperata, BIS: Biscuit, NC: Normal Control, DM: Diabetes Mellitus, MET: 
Metformin.
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Figure 4: Effect of Stephnostylis stenocarpa Biscuit fortified with Ficus exasperata on Gene

expression of Glucose Transporter 4 (GLUT-4).

Bars are represented in mean ± SEM (n= 4). Values are significantly different *p<0.05,

****p<0.0001 compared to DM. FFE: Fermented Ficus exasperata, UFFE: Unfermented Ficus

exasperata, BIS: Biscuit, NC: Normal Control, DM: Diabetes Mellitus, MET: Metformin.

Figure 4: Effect of Sphenostylis stenocarpa Biscuit fortified with Ficus exasperata on Gene expression of Glucose Transporter 4 
(GLUT-4).

4. Discussion
This study investigated the molecular modulation effects of biscuits 
fortified with varying proportions of Sphenostylis stenocarpa 
and Ficus exasperata on key diabetes-related biomarkers in 
streptozotocin-induced diabetic rats. The biomarkers studied, 
including incretin hormones (GLP-1, DPP-4), glucose transporter 
(GLUT-4), and inflammatory cytokine (IL-6), are pivotal in the 
pathophysiology of diabetes mellitus and its complications. The 
results obtained from this study have provided valuable insights 
into the therapeutic efficacy of Sphenostylis stenocarpa and Ficus 
exasperata, as well as the role of functional foods in regulating 
glucose levels and ameliorating common diseases associated with 
metabolic dysregulation.

Through the PI3K/Akt pathway, GLP-1 not only increases the 
release of insulin but also improves the responsiveness of pancreatic 
β-cells to insulin, boosting insulin signal transduction and raising 
peripheral tissue sensitivity [23,24]. Thus, as observed in Figure 1, 
the rise and upregulation of GLP-1 gene expression is expected to 
improve glycemic control and β-cell health. Native GLP-1 is rapidly 
inactivated by DPP-4, giving it a plasma half-life of ~1–2 minutes; 
that’s why either raising GLP-1 or inhibiting DPP-4 is mainstream 

strategies. DPP-4 is the key enzyme that inactivates GLP-1 and 
GIP, limiting their insulinotropic effects [25]. The result (Figure 
2) from this study show lower DPP-4 gene expression in biscuit-
treated groups which implies prolonged endogenous GLP-1 action 
and better post-prandial insulin responses. This is consistent with 
foundational and clinical literature on DPP-4 biology and incretin 
pharmacology [26].

Diabetes is driven by chronic low-grade inflammation; IL-6 is a 
consistent predictor and mediator of insulin resistance and T2D 
risk. As shown in Figure 3, the downregulation of IL-6 gene 
expression following treatment with the fortified biscuits indicates 
attenuation of inflammatory tone, which helps preserve β-cell 
function and insulin signaling. Researchers have linked the pro-
inflammatory cytokine interleukin-6 (IL-6) to the progression 
of diabetes nephropathy (DN), observing elevated levels in DN 
patients compared to those without DN [24]. GLUT-4 is the key 
insulin-responsive transporter that translocate to the membrane 
in muscle and adipose tissue to clear blood glucose. Restoration/
upregulation of GLUT-4 gene expression, as shown in Figure 4, 
is a canonical molecular sign of improved insulin sensitivity and 
trafficking. Recent overviews of GLUT-4 biology and insulin 

Bars are represented in mean ± SEM (n= 4).  Values are significantly different *p<0.05, ****p<0.0001 compared to DM. FFE: Fermented 
Ficus exasperata, UFFE: Unfermented Ficus exasperata, BIS: Biscuit, NC: Normal Control, DM: Diabetes Mellitus, MET: Metformin.
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signaling confirm that increasing GLUT-4 availability/trafficking 
is central to improving whole-body glucose disposal [27]. 

Taken together, the molecular changes observed upregulated GLP-
1, GLUT-4 and downregulated DPP-4, IL-6 indicates that fortified 
biscuits improved glycemic regulation through multiple pathways. 
These directions map neatly onto established diabetes biology: 
higher GLP-1 with lower DPP-4 sustains incretin signaling; 
higher GLUT-4 supports insulin-stimulated glucose uptake; lower 
IL-6 indicates attenuated low-grade inflammation. The significant 
increase in GLP-1 gene expression observed with 20g fortification 
of Ficus exasperata and 40g Sphenostylis stenocarpa (Table 1) 
highlights the potential of this formulation to enhance incretin 
activity.  GLP-1 plays a critical role in glucose homeostasis by 
stimulating glucose-dependent insulin secretion and improving 
pancreatic β-cell function [2]. The phytochemical profile of Ficus 
exasperata, rich in flavonoids, phenolics, and organic acids, likely 
contributes to this upregulation by stimulating enteroendocrine 
cells or by preserving GLP-1 activity through inhibiting its 
degradation [14]. In addition, Oboh et al. (2010) found that African 
Yam Bean (AYB) has the lowest glycemic index (GI) among 
Nigerian legumes, with a GI of 17, compared to cowpea (41), 
pigeon pea (24), and groundnut (24) [28]. Legumes generally elicit 
low glycemic responses in both healthy individuals and diabetics 
(Gbenga-Fabusiwa et al., 2018a, 2019)" [29,30]. 

Factors such as dietary fiber, protein, and starch type in legumes 
affect glucose release and absorption. AYB, due to its low GI, is 
effective in managing postprandial blood glucose levels and has 
been associated with disease management and prevention. The 
medicinal properties of plants secondary metabolites are many and 
well documented [32,36]. The nutritional value of AYB, combined 
with the pharmacological potential of Ficus exasperata, reinforces 
the observed therapeutic efficacy and nutritional benefit of 
fortified biscuits in this study, which could help alleviate diabetes 
prevalence when effectively utilized. This offers a promising 
complementary approach (due to its synergistic blend of nutrients 
from AYB, Ficus exasperata, and other ingredients, nutritional 
value, and potential for improved glycemic control) to synthetic 
GLP-1 receptor agonists used in diabetes therapy [4].Conversely, 
downregulation of DPP-4 gene expression at higher 40g 
fortification of Ficus exasperata and 20g Sphenostylis stenocarpa 
indicates dose-dependent enzyme inhibition that helps sustain 
active incretin hormone levels. The inhibition of DPP-4 gene 
expression suggests that the biscuits could mimic pharmacological 
DPP-4 inhibitors such as sitagliptin, enhancing incretin-mediated 
glycemic control. The observed downregulation of IL-6 at higher 
fortification with Ficus exasperata further indicates pronounced 
anti-inflammatory actions, which are likely to mitigate the chronic 
low-grade inflammation characteristic of diabetes and its vascular 
complications [9]. Anti-inflammatory effects have been attributed 
to the suppression of NF-κB signaling and cytokine production 
by bioactive compounds in Ficus exasperata, strengthening its 
therapeutic profile [37].

Interestingly, biscuits fortified with fermented Ficus exasperata 

leave augmented GLUT-4 gene expression at both dose levels. 
GLUT-4 is central to insulin-stimulated glucose uptake in muscle 
and adipose tissue, and its diminished expression or translocation 
is a hallmark of insulin resistance in diabetes [6]. Fermentation 
alters phytochemical composition and enhances the production 
of bioactive compounds, which may enhance GLUT-4 expression 
via improved oxidative stress modulation and signaling pathway 
activation [8,13]. This effect synergizes with the macronutrient 
profile of Sphenostylis stenocarpa, which serves as a source of 
protein, dietary fiber, and resistant starch, further improving 
insulin sensitivity and glycemic regulation [16].

The reciprocal proportions used in the biscuit formulations (Table 
1), 20g Ficus exasperata to 40g Sphenostylis stenocarpa, and 
vice versa underscore a dose-dependent synergism between these 
botanicals. Higher concentrations of Ficus exasperata promote 
anti-inflammatory and enzymatic inhibitory actions, while 
increased Sphenostylis stenocarpa content supports enhanced 
glucose transport and insulin responsiveness. This balance 
optimizes the modulation of multifaceted diabetes pathways, 
reducing hyperglycemia and inflammation simultaneously. 
These findings are consistent with combined herbal strategies in 
functional food development, where phytochemical diversity and 
macronutrient supplementation jointly contribute to metabolic 
regulation [14,15].

The present study also highlights the superiority of unfermented 
Ficus exasperata in attenuating pro-inflammatory markers, DPP-4 
enzyme activity and ameliorating GLP-1. However, fermentation 
improves bioactive compound bioavailability favoring glucose 
transporter modulation. Hence, formulation optimization 
should consider processing impacts to maximize multi-targeted 
therapeutic effects. This investigation is limited and focused 
on mRNA expression without concomitant characterization of 
biscuits bioactive profile which future work should address to 
affirm mechanistic insights. Furthermore, long-term effects and 
clinical translation remain to be explored through extended animal 
studies and human trials.

5. Conclusion
This study illustrates that biscuits containing Sphenostylis 
stenocarpa and Ficus exasperata positively influence molecular 
biomarkers related to diabetes. The observed upregulation of 
GLP-1 and GLUT-4 genes expression alongside downregulation 
of DPP-4 and IL-6 genes expression suggests improved glycemic 
control through better incretin signaling, increased glucose uptake 
and reduced inflammation. The results emphasize the need to 
optimize both the proportions of these herbs and their processing 
methods to enhance therapeutic effects. The findings advocate for 
these functional biscuits as innovative dietary options for diabetes 
management, highlighting the potential advantages of combining 
plant-derived compounds with legumes. Future research should 
aim at detailed phytochemical analyses and clinical studies to 
validate these insights in practical treatment approaches.
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