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ABSTRACT

Diabetes mellitus is a chronic metabolic disorder marked by persistent high blood glucose due to impaired insulin secretion,
action, or both. It is a major global health challenge, with prevalence expected to rise from 537 million in 2021 to over 783
million by 2045. Type 2 diabetes mellitus constitutes over 90% of cases and is strongly associated with lifestyle and genetic
factors. It leads to serious complications such as retinopathy, nephropathy, neuropathy, and cardiovascular diseases, which
impose significant burdens on healthcare systems and reduce patients’ quality of life. Despite various pharmacological
treatments, managing diabetes long-term is difficult due to side effects, cost, and the progressive need for combination
therapies or insulin. This has sparked interest in alternative therapies, especially plant-based treatments that may offer fewer
side effects and additional benefits. Ficus racemosa L., or cluster fig, is traditionally used to treat diabetes and other ailments.
Its bark contains bioactive compounds like flavonoids, tannins, saponins, alkaloids, triterpenoids, and glycosides, which have
antioxidant, anti-inflammatory, and hypoglycemic properties. However, scientific evidence supporting the antidiabetic
effects of its ethanolic bark extract is limited. This study aims to evaluate the phytochemical profile and antidiabetic potential
of Ficus racemosa bark ethanolic extract in streptozotocin-induced diabetic rats. Parameters such as fasting blood glucose,
serum insulin, lipid profile, liver and kidney function markers, and pancreatic histology will be assessed to examine [-cell
protection or regeneration. The results are expected to validate traditional claims and support the use of Ficus racemosa in
diabetes management, especially in resource-poor settings.

Keywords: Ficus racemosa, phytochemical screening, antidiabetic activity, streptozotocin, f-cell regeneration, plant-based
medicine

1. INTRODUCTION

Diabetes mellitus is a complex, chronic metabolic disorder characterized by persistent hyperglycemia resulting from defects
in insulin secretion, insulin action, or both. It is a leading global health issue with a growing prevalence across both developed
and developing nations. According to the International Diabetes Federation, the number of individuals living with diabetes
reached approximately 537 million in 2021, and this figure is expected to escalate to over 783 million by the year 2045
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(Antar et al., 2023). Type 2 diabetes mellitus (T2DM), which accounts for more than 90% of all cases, is largely associated
with lifestyle factors such as sedentary behavior, obesity, poor dietary choices, and genetic predisposition. Uncontrolled
diabetes leads to a myriad of complications, including retinopathy, nephropathy, neuropathy, cardiovascular diseases, and
increased susceptibility to infections, thereby imposing a significant burden on healthcare systems and adversely affecting
the quality of life of patients (Antar et al., 2023). Despite the availability of various therapeutic options, the management of
diabetes remains a challenge. Current antidiabetic drugs such as biguanides (e.g., metformin), sulfonylureas, insulin analogs,
DPP-4 inhibitors, and SGLT2 inhibitors offer effective glycemic control but often fail to provide holistic management of the
disease. Long-term use of these medications is frequently associated with undesirable side effects, including gastrointestinal
disturbances, hypoglycemia, hepatotoxicity, and weight gain (Schootman et al., 2020). Moreover, the cost of lifelong
treatment, especially involving newer drug classes, creates a substantial financial burden, particularly in low- and middle-
income countries where access to healthcare may be limited. The progressive nature of diabetes also means that many patients
eventually require combination therapy or insulin supplementation as monotherapies become insufficient due to declining
pancreatic B-cell function or increasing insulin resistance (Olesen et al., 2021).

These limitations have led to a surge in interest in complementary and alternative medicine (CAM), particularly the use of
plant-derived compounds with antidiabetic properties. Natural products are considered to have minimal side effects, lower
toxicity, and the potential for long-term use in chronic conditions (Umapathy et al., 2018). Several medicinal plants used in
traditional healing systems have shown promising results in experimental models of diabetes. These plants are believed to
exert their effects through multiple mechanisms, including enhancement of insulin secretion, improvement of insulin
sensitivity, inhibition of carbohydrate-digesting enzymes, and antioxidant activity (Osei et al., 2003). One such plant of
significant ethnomedicinal relevance is Ficus racemosa L., also known as the cluster fig or ‘Gular’ in India. This deciduous
tree belongs to the Moraceae family and is widely distributed throughout the Indian subcontinent, Southeast Asia, and parts
of Australia. Various parts of the tree—bark, leaves, fruits, and latex—have been utilized in traditional systems of medicine
such as Ayurveda, Siddha, and Unani for treating diverse ailments (Deep et al., 2013). These include gastrointestinal
disorders, wounds, respiratory conditions, urinary infections, and metabolic syndromes including diabetes. The bark, in
particular, has been described in ancient Ayurvedic texts for its astringent, antidiarrheal, anti-inflammatory, and antidiabetic
properties. Despite these claims, scientific validation of its pharmacological potential remains limited and fragmented (Deepa
etal., 2018).

Adipose tissue
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Figure 1: Mechanism of Insulin Action

Preliminary pharmacognostic studies have revealed that Ficus racemosa bark is rich in bioactive phytoconstituents such as
flavonoids, tannins, saponins, alkaloids, triterpenoids, and glycosides. These compounds are known to possess antioxidant,
anti-inflammatory, and hypoglycemic activities, which could theoretically contribute to antidiabetic effects. Flavonoids and
phenolic compounds, in particular, have been widely studied for their ability to scavenge free radicals, improve insulin
sensitivity, and modulate carbohydrate metabolism (Zanzabil et al., 2023). Furthermore, tannins and saponins have been
reported to have insulin-mimetic properties, reduce oxidative stress, and support pancreatic tissue repair. However, the
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specific pharmacological contributions of these constituents, particularly in the context of ethanolic extracts of Ficus
racemosa bark, remain inadequately explored (Shah et al., 2016). The use of streptozotocin (STZ)-induced diabetic rats as
an experimental model provides a reliable and widely accepted approach for assessing the efficacy of antidiabetic agents.
STZ is a compound that selectively destroys pancreatic B-cells, thereby inducing a diabetic condition that closely mimics the
pathology of type 1 and, to some extent, type 2 diabetes. This model allows for the examination of not only the glucose-
lowering potential of an extract but also its impact on insulin levels, lipid profile, and histopathological changes in key organs
such as the pancreas, liver, and kidneys (Maske et al., 2023).

Given the pharmacological potential and traditional usage of Ficus racemosa, there is a compelling need for systematic
scientific investigation to validate its antidiabetic activity and identify the phytochemicals responsible for this effect. While
some studies have examined the aqueous or methanolic extracts of the plant, there is a paucity of data specifically focusing
on ethanolic extracts, which are known to extract a broader spectrum of both polar and nonpolar compounds. Moreover, the
majority of existing research has not employed a robust experimental design that includes both biochemical and histological
assessments (Pahari et al., 2022). In this context, the present study aims to fill this critical research gap by investigating the
phytochemical composition and antidiabetic efficacy of the ethanolic extract of Ficus racemosa bark using a validated animal
model. The study is designed to carry out a comprehensive phytochemical screening to qualitatively assess the presence of
secondary metabolites such as alkaloids, flavonoids, saponins, tannins, glycosides, and terpenoids (Biswas & Mukherjee,
2003). Subsequently, the extract will be administered to STZ-induced diabetic rats to evaluate its effects on key biochemical
parameters including fasting blood glucose levels, serum insulin concentration, lipid profile, and markers of hepatic and renal
function (Bhargava & Shah, 2021).

The study will also include a detailed histopathological examination of pancreatic tissues to assess the extent of B-cell
regeneration or preservation following treatment with the plant extract. These evaluations are crucial for understanding the
morphological basis of the extract’s pharmacological action and for identifying potential therapeutic mechanisms.
Additionally, the findings from this study will contribute to a growing body of literature supporting the integration of plant-
based medicines into conventional diabetes management strategies (Kalailingam et al., 2014). Overall, this research aims to
provide a scientific foundation for the traditional use of Ficus racemosa bark in the treatment of diabetes mellitus. The
outcomes are expected to highlight its potential as a natural, multi-targeted antidiabetic agent and to encourage further
pharmacological and clinical studies. Given the increasing demand for effective and affordable alternatives to synthetic
drugs, especially in underserved populations, validating such ethnomedicinal claims through rigorous experimental research
is both timely and essential (Huang et al., 2024).

2. MECHANISMS OF ANTIDIABETIC ACTION FROM PLANT CONSTITUENTS

Plants used in traditional medicine for the treatment of diabetes mellitus contain a wide spectrum of bioactive
phytoconstituents. These compounds exert antidiabetic effects through diverse mechanisms that target various physiological
and molecular pathways involved in glucose metabolism, insulin signaling, and pancreatic B-cell function. The ethanolic
extract of Ficus racemosa bark, like many medicinal plants, contains secondary metabolites such as flavonoids, tannins,
alkaloids, glycosides, saponins, and terpenoids, which are known to contribute synergistically to its therapeutic potential
(Tran et al., 2020).

2.1. Insulin Secretagogue Activity

Phytochemicals found in medicinal plants, particularly flavonoids and alkaloids, have been shown to possess insulin
secretagogue activity, which is crucial for managing type 2 diabetes in its early stages. These compounds mimic the action
of sulfonylureas by targeting the ATP-sensitive potassium channels on pancreatic B-cell membranes. Their interaction leads
to the depolarization of these membranes, resulting in the opening of voltage-dependent calcium channels. The subsequent
influx of calcium ions triggers the exocytosis of insulin-containing granules from the B-cells, thereby increasing circulating
insulin levels and promoting glucose uptake by peripheral tissues (Alam et al., 2022). In the context of Ficus racemosa,
previous phytochemical investigations have indicated the presence of flavonoid-rich fractions that may contribute to this
mechanism. These compounds not only stimulate insulin release but may also enhance the sensitivity of $-cells to glucose,
providing a dual effect (Rahman et al., 2022). This property is especially beneficial in patients with partially functioning
pancreatic cells, as it helps delay disease progression and reduces dependency on external insulin or complex drug regimens.
Moreover, plant-based secretagogues are considered to have fewer side effects compared to synthetic drugs, making them
promising candidates for long-term diabetes management. Future studies should explore the dose-dependency and receptor-
mediated effects of these phytochemicals (Singh et al., 2022).

2.2. B-Cell Regeneration and Protection

One of the most significant complications of chronic hyperglycemia in diabetes mellitus is the progressive loss of functional
pancreatic B-cells due to oxidative stress and inflammatory damage. Plant-derived compounds, particularly flavonoids and
tannins, have demonstrated potent cytoprotective effects on pancreatic tissue, helping to preserve or even regenerate -cell
architecture (Hosseini et al., 2015). These phytochemicals act as antioxidants by scavenging reactive oxygen species (ROS)

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 32s
pg. 2889



Anamika kulshrestha, Veerendra C. Yeligar, Asokan B.R., Pruthviraj C. Meshram,
Pramod Ramrao, Monisha A, Chand Kaur, Santa Mandal

and reducing oxidative stress biomarkers such as malondialdehyde (MDA). Simultaneously, they upregulate the activity of
endogenous antioxidant enzymes like superoxide dismutase (SOD), catalase, and glutathione peroxidase (GPx), which fortify
the cell’s defenses against oxidative damage (Lee & Jun, 2014). Histopathological studies in diabetic animal models treated
with plant extracts rich in these compounds have shown preserved islet morphology and even regeneration of islet cells,
which supports their use as B-cell protectants. In the case of Ficus racemosa, its bark extract has shown promise in
preliminary studies for maintaining the structural integrity of pancreatic tissues (Wang & Wang, 2017). This regenerative
potential not only improves insulin secretion over time but may also help reverse the underlying pathology of diabetes.
Therefore, such phytochemicals could play a crucial role in delaying insulin dependency and improving long-term glycemic
control in diabetic patients (Passino et al., 2024).

2.3. Improvement of Peripheral Insulin Sensitivity

Insulin resistance, especially in skeletal muscle, liver, and adipose tissue, is a defining feature of type 2 diabetes and
contributes significantly to chronic hyperglycemia. Certain phytoconstituents, particularly polyphenols and saponins,
improve insulin sensitivity by modulating key proteins and signaling pathways involved in glucose uptake and metabolism.
One of the most notable mechanisms involves the upregulation of glucose transporter-4 (GLUT-4) in skeletal muscle and
adipose tissue, facilitating enhanced glucose entry into cells in response to insulin (Johnson et al., 2016). Additionally, many
of these compounds activate AMP-activated protein kinase (AMPK), a critical energy-sensing enzyme that promotes glucose
uptake and fatty acid oxidation while inhibiting hepatic gluconeogenesis. Activation of the AMPK pathway not only
enhances insulin sensitivity but also improves overall energy metabolism, contributing to better glycemic control. Saponins
and flavonoids may also exert effects on adiponectin levels, an insulin-sensitizing adipokine, further enhancing this effect
(Gilijamse et al., 2020). Plant extracts from Ficus racemosa have demonstrated potential in modulating these metabolic
pathways, possibly due to their phytochemical complexity. Improving insulin sensitivity is especially vital in the early and
intermediate stages of type 2 diabetes to delay the onset of complications and reduce the requirement for high-dose
pharmacological therapy (Ryan et al., 2020).

2.4. Inhibition of Intestinal Glucose Absorption

One effective mechanism for reducing postprandial hyperglycemia is the inhibition of carbohydrate-digesting enzymes in
the gastrointestinal tract, specifically a-amylase and a-glucosidase. These enzymes play a central role in breaking down
complex carbohydrates into glucose, which is then rapidly absorbed into the bloodstream. Phytochemicals such as tannins
and flavonoids present in medicinal plants, including Ficus racemosa, can inhibit the activity of these enzymes, thereby
slowing the rate of carbohydrate digestion and glucose absorption (Li et al., 2022). This enzymatic inhibition mimics the
pharmacological action of drugs like acarbose, which are clinically used to blunt postprandial blood glucose spikes. However,
plant-based inhibitors may offer this benefit with fewer gastrointestinal side effects. By reducing the glycemic load of meals,
these compounds help smoothen blood glucose fluctuations, improve overall glycemic control, and reduce oxidative stress
that accompanies postprandial glucose surges (Hasaninezhad et al., 2020). Moreover, the delay in glucose absorption also
reduces the stimulus for excessive insulin secretion, thereby mitigating insulin resistance over time. Regular intake of such
plant-based enzyme inhibitors may also contribute to appetite regulation and improved satiety, indirectly aiding in weight
management—another crucial aspect of diabetes control. This makes the inhibition of intestinal glucose absorption a key
therapeutic strategy in managing type 2 diabetes (Gong et al., 2020).

3. MATERIALS AND METHODS
3.1. Plant Collection and Authentication

The bark of Ficus racemosa L. was collected in the month of March 2024 from the rural areas surrounding Meerut district,
Uttar Pradesh, India. The plant material was botanically verified and authenticated at the Department of Botany, Chaudhary
Charan Singh University (CCSU), Meerut. The authentication was performed by Dr. Anil Kumar (Botanist) and Dr. Suresh
Chandra (Taxonomist), both faculty members of the Department of Botany, CCSU. The botanical identity was confirmed
based on macroscopic and microscopic characteristics, and comparison with standard herbarium specimens. A voucher
specimen was submitted and preserved in the university herbarium under Authentication No: CCSU/BOT/2024/FR-07 for
future reference. Following authentication, the collected bark was washed thoroughly with running tap water to eliminate
surface impurities, shade-dried for 10—15 days at room temperature (25-30°C), and coarsely powdered using a mechanical
grinder. The powdered material was stored in an airtight container in a cool and dry place until further use. The authentication
procedure ensured the scientific accuracy, traceability, and reproducibility essential for the phytochemical and
pharmacological evaluation of the plant material.

3.2. Preparation of Ethanolic Extract

The coarse powder of Ficus racemosa bark obtained after authentication was subjected to extraction using the Soxhlet
apparatus. Approximately 250 grams of dried bark powder were packed into a thimble and extracted continuously using 95%
ethanol as the solvent. The extraction process was carried out for 8—10 hours until the solvent in the siphon tube appeared
colorless, indicating the exhaustion of phytoconstituents. Ethanol was selected due to its efficiency in extracting a broad
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range of polar and non-polar bioactive compounds including flavonoids, tannins, alkaloids, saponins, and glycosides. After
completion of the extraction, the ethanolic solution was concentrated under reduced pressure using a rotary evaporator at
40—45°C to remove excess solvent and obtain a semi-solid crude extract. The extract was further dried in a desiccator over
anhydrous silica gel until a constant weight was achieved (Pradeep Kumar & Sachin, 2013). The yield of the extract was
calculated using the formula:

% Yield = (Weight of extract / Weight of plant material used) x 100

The percentage yield of the ethanolic extract was found to be approximately 12.4% w/w. The dried extract was stored in an
airtight container at 4°C for further phytochemical screening and pharmacological evaluation.

3.3. Phytochemical Screening

Preliminary phytochemical screening of the ethanolic extract of Ficus racemosa bark was conducted to qualitatively identify
the presence of major secondary metabolites. Standard procedures were employed as described in established phytochemical
manuals.

e Alkaloids: Detected using Mayer’s and Dragendorff’s reagents. Formation of a cream-colored precipitate (Mayer’s)
or orange-brown precipitate (Dragendorff’s) indicated the presence of alkaloids.

e Flavonoids: Identified by the alkaline reagent test. The addition of sodium hydroxide solution produced an intense
yellow color, which turned colorless upon addition of dilute hydrochloric acid, confirming flavonoids.

e Saponins: Determined using the froth test. A persistent froth lasting more than 15 minutes after vigorous shaking with
water indicated the presence of saponins.

e Tannins: Confirmed by adding ferric chloride (FeCls) solution. A dark green or blue-black coloration indicated the
presence of hydrolyzable or condensed tannins, respectively.

e  Glycosides: Detected using Keller-Killiani test. A reddish-brown color at the junction and bluish-green color in the
upper layer indicated cardiac glycosides.

e Terpenoids: Identified by Salkowski’s test. The formation of a reddish-brown interface upon mixing the extract with
chloroform and concentrated sulfuric acid confirmed the presence of terpenoids.

These findings indicate a broad spectrum of bioactive constituents in the extract.
3.4. Experimental Animals

Healthy adult Wistar albino rats of either sex, weighing between 150-200 grams, were used for the study. The animals were
procured from a certified animal breeding facility and housed in clean polypropylene cages under standard laboratory
conditions: a 12-hour light/dark cycle, temperature of 22 + 2°C, and relative humidity of 50-60%. The rats were acclimatized
to the laboratory environment for one week before initiating the experimental procedures. They were provided with a
standard pellet diet and water ad libitum throughout the study. All experimental protocols involving animals were conducted
in strict accordance with the guidelines of the Committee for the Purpose of Control and Supervision of Experiments on
Animals (CPCSEA), Government of India. Ethical clearance was obtained from the Institutional Animal Ethics Committee
(IAEC) of Chaudhary Charan Singh University, Meerut, Uttar Pradesh. The study protocol was approved under TAEC
approval number CCSU/TAEC/2024/PH-12. Efforts were made to minimize animal suffering and to use the minimum
number of animals required to obtain scientifically valid results. The housing, handling, and all experimental procedures
adhered to ethical standards to ensure humane treatment and welfare of the laboratory animals.

3.5. Induction of Diabetes

Diabetes mellitus was experimentally induced in overnight-fasted Wistar albino rats by a single intraperitoneal (i.p.) injection
of Streptozotocin (STZ). STZ was freshly prepared in a cold citrate buffer (0.1 M, pH 4.5) at a dosage of 50 mg/kg body
weight and administered within 15 minutes of preparation to ensure chemical stability. The injection was performed under
mild anesthesia to minimize discomfort (Akbarzadeh et al., 2007). Following STZ administration, the rats were provided
with 5% glucose solution in their drinking water for the next 24 hours to prevent initial hypoglycemic shock due to sudden
insulin release from damaged pancreatic -cells. After 72 hours, fasting blood glucose (FBG) levels were measured using a
glucometer by tail vein puncture. Rats with FBG levels exceeding 250 mg/dL were considered diabetic and selected for
further study (M. A. Ali & Mustafa, 2023). The STZ model is widely recognized for its ability to induce selective cytotoxicity
in pancreatic -cells, thus mimicking insulin-deficient diabetes. This model reliably reproduces hyperglycemia and related
metabolic disturbances, making it suitable for evaluating the antidiabetic potential of therapeutic agents. All procedures were
performed in compliance with ethical guidelines and under the supervision of a qualified veterinarian (Saadane et al., 2020).

3.6. Experimental Design

The study was designed to evaluate the antidiabetic efficacy of the ethanolic extract of Ficus racemosa bark in streptozotocin-
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induced diabetic rats. A total of 30 Wistar albino rats were randomly divided into five groups (n = 6 per group) as follows:
¢  Group I Normal Control): Received vehicle (distilled water) only and served as a baseline.
e  Group II (Diabetic Control): Received STZ (50 mg/kg, i.p.) but no treatment.
e  Group III (Standard Drug): Diabetic rats treated with metformin at a dose of 100 mg/kg body weight/day orally.

e  Group IV (Low Dose Extract): Diabetic rats treated with Ficus racemosa ethanolic extract at 200 mg/kg body
weight/day orally.

e Group V (High Dose Extract): Diabetic rats treated with Ficus racemosa ethanolic extract at 400 mg/kg body
weight/day orally.

The treatment duration was 21 consecutive days, during which animals were monitored regularly for body weight, fasting
blood glucose levels, and behavioral changes. At the end of the experimental period, blood samples were collected for
biochemical analysis, and pancreatic tissues were harvested for histopathological examination. This design allowed
comparative evaluation of dose-dependent efficacy against a standard antidiabetic drug.

3.7. Biochemical Analysis

Biochemical analysis was conducted to assess the therapeutic effects of the ethanolic extract of Ficus racemosa bark in STZ-
induced diabetic rats. Fasting blood glucose (FBG) levels were measured on days 0, 7, 14, and 21 using a glucometer
following overnight fasting. Body weight was recorded weekly to monitor changes associated with diabetes and treatment
response. At the end of the 21-day treatment period, blood samples were collected from the retro-orbital plexus under mild
anesthesia and centrifuged at 3000 rpm for 15 minutes to obtain serum. Serum insulin levels were estimated using a standard
ELISA kit. Lipid profile parameters, including total cholesterol, triglycerides, high-density lipoprotein (HDL), and low-
density lipoprotein (LDL), were measured using commercially available biochemical assay kits (Veerapur et al., 2012). In
addition, liver function was assessed by estimating serum glutamate oxaloacetate transaminase (SGOT) and serum glutamate
pyruvate transaminase (SGPT), while renal function was evaluated by measuring serum creatinine levels. All tests were
performed according to the manufacturers' protocols using semi-automated or fully automated biochemical analyzers. These
analyses provided comprehensive data on the extract’s effect on glycemic control, lipid metabolism, and organ function (. &
Mishra, 2019; Abeeleh et al., 2009).

3.8. Histopathological Examination

At the end of the treatment period, animals were euthanized, and the pancreas was carefully excised, rinsed with normal
saline, and immediately fixed in 10% neutral-buffered formalin for 2448 hours. The fixed tissues were then processed using
standard histological procedures, including dehydration in graded alcohol series, clearing in xylene, and embedding in
paraffin wax. Thin sections (5 pm) were cut using a microtome and mounted on glass slides. The sections were stained with
hematoxylin and eosin (H&E) and examined under a light microscope to assess histopathological changes in the pancreatic
tissue (S. Ali, Ekbbal, et al., 2023; Shamim et al., 2025a). Particular attention was given to the structure and morphology of
the islets of Langerhans, cellular integrity, B-cell population, and evidence of necrosis, inflammation, or regeneration. The
histological findings from the treated groups were compared with those of the normal and diabetic control groups to evaluate
the protective or regenerative effects of the Ficus racemosa extract on pancreatic B-cells. Photomicrographs were taken for
documentation and analysis. This examination helped to correlate the biochemical findings with structural changes and
provided insight into the potential mechanisms of antidiabetic action of the plant extract (S. Ali, Ali, et al., 2023; Ekbbal et
al., 2024; Shamim et al., 2025b).

4. RESULTS
4.1 Phytochemical Constituents

The preliminary phytochemical screening of the ethanolic extract of Ficus racemosa bark confirmed the presence of several
key bioactive constituents. These secondary metabolites are associated with various pharmacological effects, especially
antidiabetic, antioxidant, and anti-inflammatory properties. The results indicated a rich phytochemical profile, supporting
the ethnomedicinal use of this plant. The presence of flavonoids and tannins suggests potential antioxidant and B-cell
protective activities, while alkaloids and glycosides are known for their insulin-mimetic and glucose-lowering effects.
Saponins and terpenoids also play roles in improving insulin sensitivity and modulating lipid metabolism. The findings are
presented in the table below:
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Table 1: Qualitative Phytochemical Screening of Ethanolic Extract of Ficus racemosa Bark

Phytochemical Class | Test Result | Pharmacological Significance

Alkaloids + Stimulates insulin secretion, reduces blood glucose
Flavonoids +++ Antioxidant, protects B-cells, improves insulin action
Saponins ++ Enhances insulin sensitivity, lowers cholesterol

Tannins ++ Enzyme inhibition (a-amylase), reduces glucose absorption
Glycosides + Cardiotonic effects, improves glucose metabolism
Terpenoids + Anti-inflammatory, supports metabolic regulation

Note: (+) Present; (++) Moderately present, (+++) Abundantly present
These results justify further pharmacological evaluation of the extract.
4.2 Effect on FBG and Body Weight

The effect of Ficus racemosa ethanolic extract on fasting blood glucose (FBG) and body weight was evaluated over a 21-
day treatment period. In STZ-induced diabetic rats (Group II), a significant increase in FBG levels was observed,
accompanied by progressive weight loss. Treatment with both low (200 mg/kg) and high (400 mg/kg) doses of the extract
(Groups IV and V) resulted in a significant, dose-dependent reduction in FBG levels compared to the diabetic control group.
The high-dose group showed glucose-lowering effects comparable to the standard drug (metformin, Group III). Furthermore,
treated rats exhibited partial restoration of body weight, suggesting improved metabolic balance and glycemic control. The
data are presented below.

Table 2: Effect of Ficus racemosa Extract on FBG and Body Weight in Rats

Group FBG (mg/dL) Day 0 | Day 21 | Body Weight (g) Initial | Final

Normal Control (I) 90+5 95+4 180+6 195+7
Diabetic Control (II) 280+ 10 310+ 15 | 178+5 150+ 6
Standard Drug (IIT) 27512 120+8 | 18247 188+5
Low Dose Extract (IV) | 278 +9 155+10 | 179+6 182+4
High Dose Extract (V) | 281+ 11 125+7 | 180%5 190+6

Values expressed as Mean = SEM (n = 6); significant at p < 0.05 compared to diabetic control.

350
300
250 / \ == Group
200 == FBG (mg/dL)
150 - == Insulin (uIU/mL)
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Figure 2: Effect of Ficus racemosa Extract on FBG and Body Weight in Rats
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4.3 Effect on Serum Insulin and Lipids

The ethanolic extract of Ficus racemosa bark significantly improved serum insulin levels and lipid profiles in STZ-induced
diabetic rats. The diabetic control group (Group II) showed a marked reduction in insulin levels and a deranged lipid profile,
characterized by elevated total cholesterol (TC), triglycerides (TG), and low-density lipoprotein (LDL), along with decreased
high-density lipoprotein (HDL). Treatment with Ficus racemosa extract, especially at the high dose (400 mg/kg),
significantly increased insulin levels and restored lipid parameters toward normal ranges. The results were comparable to
those of the standard drug (metformin), indicating the extract’s potential role in improving both glycemic and lipid
metabolism.

Table 3: Effect of Ficus racemosa Extract on Serum Insulin and Lipid Profile

Group Insulin (uIU/mL) | TC (mg/dL) | TG (mg/dL) | LDL (mg/dL) | HDL (mg/dL)
Normal Control (I) 152+0.8 85+5 78+4 40+3 4242
Diabetic Control (II) | 5.1+0.6 150+ 10 160+ 8 98+7 25+2
Standard Drug (III) | 13.8+0.7 95+6 88+5 48 £3 40+2
Low Dose (IV) 10.2+0.6 1107 102+6 60+4 34+3
High Dose (V) 13.0+£0.8 905 84+4 46+3 39+2

Values expressed as Mean = SEM (n = 6); p < 0.05 vs. diabetic control.
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Figure 3: Effect of Ficus racemosa Extract on Serum Insulin and Lipid Profile

4.4 Histopathological Observations

Histopathological examination of pancreatic tissues revealed distinct morphological differences across the treatment groups.
The normal control group (Group I) showed healthy islets of Langerhans with normal B-cell architecture and no signs of
inflammation or necrosis. In contrast, the diabetic control group (Group II) exhibited severe B-cell destruction, islet
shrinkage, and infiltration of inflammatory cells—hallmarks of STZ-induced pancreatic damage. The standard drug group
(Group III) displayed near-normal islet architecture with minimal degeneration, reflecting the protective effect of
metformin. Notably, rats treated with the ethanolic extract of Ficus racemosa demonstrated dose-dependent restoration of
islet structure. The low-dose group (Group IV) showed moderate cellular recovery, while the high-dose group (Group V)
revealed significant regeneration of B-cells, increased islet size, and reduced necrosis. These findings support the hypothesis
that Ficus racemosa bark extract possesses pancreatic protective and regenerative potential.

Table 4: Histopathological Changes in Pancreatic Tissues Across Groups

Group Islet Structure B-cell Integrity Inflammation | Regeneration Evidence
Normal Control (I) Normal, well-defined Intact Absent Not applicable
Diabetic Control (II) Shrunken, damaged Severely degenerated | Prominent Absent
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Standard Drug (III) Near normal Largely preserved Mild Evident
Low Dose Extract (IV) | Moderately preserved Partial restoration Mild Moderate
High Dose Extract (V) | Well-preserved, enlarged | Regenerating B-cells | Minimal Marked

Note: Observations based on H&E staining under light microscopy (40%).
4.5 Statistical Analysis

All experimental data were expressed as Mean + Standard Error of Mean (SEM) for each group (n = 6). Statistical analysis
was performed using one-way analysis of variance (ANOVA) to determine the overall significance among groups. When
ANOVA showed significant differences (p < 0.05), intergroup comparisons were carried out using Tukey’s post hoc test to
identify specific group differences. The software used for analysis was GraphPad Prism (version 9.0). A p-value less than
0.05 (p < 0.05) was considered statistically significant, while p <0.01 and p < 0.001 were considered highly and very highly
significant, respectively. All comparisons were made between treated groups and the diabetic control group unless otherwise
specified. This statistical approach ensured accurate interpretation of the treatment effects of Ficus racemosa extract on
various biochemical and histological parameters.

5. DISCUSSION

The findings of this study provide strong evidence supporting the antidiabetic activity of the ethanolic extract of Ficus
racemosa bark in STZ-induced diabetic rats. Phytochemical analysis confirmed the presence of flavonoids, tannins, saponins,
alkaloids, and terpenoids, and glycosides secondary metabolites known for their therapeutic potential. Among these,
flavonoids and tannins are potent antioxidants that scavenge free radicals and protect pancreatic -cells from oxidative
damage, a key pathological event in diabetes mellitus. Saponins and alkaloids are reported to possess insulin-mimetic effects
or promote insulin secretion from residual -cells. The extract-treated groups showed a dose-dependent reduction in fasting
blood glucose (FBG) levels, with the 400 mg/kg dose producing effects nearly equivalent to those of metformin.
Improvement in serum insulin levels in extract-treated groups further supports the hypothesis that Ficus racemosa may
enhance endogenous insulin secretion or facilitate B-cell regeneration, as also evidenced by histopathological recovery of
islet cell structure.

Table 5: Comparative Analysis of FBG, Insulin, and TC across Groups

Group FBG (mg/dL) Insulin (uIU/mL) TC (mg/dL)
Normal Control () 95+4 152+0.8 85+5
Diabetic Control (IT) 310+ 15 51+£0.6 150+ 10
Metformin (I11) 120+ 8 13.8+0.7 95+6
Extract 200 mg/kg (1V) 155+ 10 10.2£0.6 110+7
Extract 400 mg/kg (V) 125+7 13.0+£0.8 90+5

Values are Mean + SEM; significant at p < 0.05 compared to diabetic control.
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Figure 4: Comparative Analysis of FBG, Insulin, and TC across Groups
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Comparison with metformin, a standard antidiabetic drug, revealed that the plant extract demonstrated comparable efficacy
in controlling hyperglycemia and improving metabolic parameters. While metformin is primarily an insulin sensitizer acting
through AMP-activated protein kinase (AMPK) pathways, Ficus racemosa appears to exert broader therapeutic effects,
including antioxidant, insulinogenic, and lipid-lowering actions. This multifactorial mechanism could be particularly useful
in managing the complex pathophysiology of type 2 diabetes. Lipid profile normalization was also observed, with reductions
in total cholesterol (TC), triglycerides (TG), and low-density lipoprotein (LDL), and an increase in high-density lipoprotein
(HDL) levels. This suggests that the extract not only exerts glycemic control but also mitigates the risk of diabetic
dyslipidemia and cardiovascular complications, possibly through inhibition of lipid peroxidation and improved hepatic lipid
metabolism. Furthermore, the use of Ficus racemosa in Ayurvedic medicine for treating "Madhumeha" aligns with the
outcomes of this research. The ability of the extract to target multiple mechanisms—such as oxidative stress, insulin
deficiency, p-cell damage, and lipid abnormalities—reaffirms its value in traditional medicine and highlights its promise as
a complementary therapeutic agent for diabetes management.

6. CONCLUSION

The findings of this study provide substantial scientific support for the traditional use of Ficus racemosa bark as an
antidiabetic agent. The ethanolic extract of Ficus racemosa bark demonstrated significant hypoglycemic activity in
streptozotocin-induced diabetic rats, as evidenced by marked reductions in fasting blood glucose levels and improvements
in serum insulin concentrations. Phytochemical screening revealed the presence of key bioactive compounds, including
flavonoids, tannins, saponins, alkaloids, triterpenoids, and glycosides, which are known for their antioxidant, anti-
inflammatory, and glucose-lowering properties. These phytoconstituents likely act synergistically to exert multifaceted
benefits, such as enhancing insulin secretion, improving insulin sensitivity, protecting pancreatic B-cells, and inhibiting
intestinal glucose absorption. The extract also favorably modulated lipid profiles and preserved hepatic and renal function,
indicating its potential to address not only hyperglycemia but also diabetes-associated metabolic disturbances and organ
damage. Histopathological analysis further confirmed the protective and regenerative effects of the extract on pancreatic
tissue, supporting its role in B-cell preservation. Importantly, the study highlights the value of plant-based therapies as safer,
more accessible alternatives or adjuncts to conventional antidiabetic drugs, particularly in resource-limited settings where
the burden of diabetes is rapidly increasing. However, while these results are promising, further research is needed to isolate
and characterize the specific active constituents, clarify their mechanisms of action, and establish the long-term safety and
efficacy of Ficus racemosa bark extract through rigorous clinical trials. Overall, this research lays a strong foundation for the
development of novel, affordable, and effective plant-based interventions for diabetes management, and underscores the
importance of integrating ethnomedicinal knowledge with modern pharmacological research.
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