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ABSTRACT
Background: Buchanania lanzan Spreng. is a plant having anti-diabetic, anti-inflammatory 
properties. Aim: The aim of this research is to assess methanolic extract of Buchanania lanzan 
leaves for insulin sensitivity in diet induced insulin resistance rats and to elucidate the mechanisms 
of Buchanania lanzan phytoconstituents. Materials and Methods: Bioactive compounds from 
Buchanania lanzan were retrieved from phytochemical databases and published literature. 
Docking was performed using GNU Parallel-based pipeline- Parallelized Open Babel & AutoDock 
suite Pipeline. Diet-induced insulin resistance model was used to evaluate the Buchanania lanzan 
for insulin sensitivity followed by an oral glucose tolerance test, fasting glucose, and fasting 
insulin. Biochemical parameters such as glycogen content, glucose uptake, Tumor Necrosis 
Factor-α (TNF-α), antioxidant biomarkers, and lipid profiles were quantified along with histology 
study on the liver and pancreas. Results: Pathways enrichment analysis of 33 targets identified 
14 molecular pathways associated with insulin resistance and its complications. It was found that 
the PI3K-Akt signaling pathway had the lowest false discovery rate and the highest gene count. 
Myricetin 3-galactoside-3'-rhamnoside (-8.9 kcal/mol), kaempferol-7-o’glucoside (-8.5 kcal/
mol), myricetin 3-galactoside-3'-rhamnoside (-7.6 kcal/mol) were identified as best hits against 
Peroxisome Proliferator-Activated Receptor Gamma (PPARG), Dipeptidyl Peptidase-4 (DPP4), 
and Protein Tyrosine Phosphatase Non-Receptor Type 1 (PTPN1) respectively that formed the 
highest interactions with active site residues compared to standard molecules. These results 
were correlated with the results of in-vivo study. Buchanania lanzan lowered elevated blood 
glucose levels by stimulating insulin secretion, played a vital role in preserving liver and islet cells, 
regulating glycolysis or gluconeogenesis, increasing glucose uptake in skeletal muscles, and 
decreasing TNF-α levels in serum. Conclusion: Results confirmed that Buchanania lanzan exhibit 
significant anti-insulin resistance, anti-inflammatory, anti-hyperlipidemic, anti-hyperglycemic, 
and antioxidant activities. These effects are likely ascribed to the presence of flavonoids in the 
leaves. Buchanania lanzan potentially modulate key proteins such as PPARG, DPP4, and PTPN1, 
thereby enhancing insulin sensitivity through the activation of the PI3K-Akt signaling pathway.
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INTRODUCTION

Insulin Resistance (IR) is a pivotal factor in the development 
of various pathophysiologic conditions, including Polycystic 
Ovary Syndrome (PCOS), hypertension, hyperlipidemia, and 
atherosclerosis, as well as being a cornerstone of Type 2 Diabetes 
Mellitus (T2DM) pathogenesis. In T2DM, the inability of the 
tissues to utilize insulin effectively leads to hyperglycemia. 
Although the precise mechanisms linking IR to these disorders 

remain incompletely understood, research indicates that 
inflammation, oxidative stress, and alterations in lipid metabolism 
contribute significantly.1 Obesity, affecting one-third of the global 
population, exacerbates IR and its associated health risks. By 2030, 
projections suggest that 20% of adults worldwide will be obese 
and 38% overweight, highlighting the urgent need for effective 
intervention.2 Both obesity and T2DM exhibit IR, characterized 
by diminished insulin-driven glucose transport and metabolism 
in adipose tissues and skeletal muscle, along with inadequate 
inhibition of hepatic glucose output.3

Diet plays a crucial role in exacerbating IR and related 
metabolic disorders. High intake of fructose and saturated fats, 
common in processed foods, increases the risk of obesity and 
metabolic diseases such as insulin resistance, hyperinsulinemia, 
hypertriglyceridemia, and hyperglycemia.4 Saturated fats, which 
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are present in animal products and specific plant-based oils, 
increase the levels of Low-Density Lipoprotein (LDL) heightening 
the risk of heart disease and stroke.5,6 Concurrent consumption 
of saturated fats and sugars exacerbates health risks, particularly 
due to the potential accumulation of liver fat.4 Managing 
IR is essential in treating T2DM and preventing associated 
conditions. Medications like metformin and Thiazolidinediones 
(TZDs) are commonly used for this purpose.7 A multifaceted 
approach encompassing dietary modifications, pharmacological 
intervention, and lifestyle changes is necessary for effective 
diabetes management.8,9

Phytoconstituents such as polyphenols and flavonoids 
demonstrate promising results in managing diabetes by 
improving insulin sensitivity, promoting insulin secretion, 
inhibiting hepatic glucose production, delaying carbohydrate 
absorption, and reducing inflammation and oxidative stress.10,11 
Dysregulation of signaling pathways, including oxidative stress, 
inflammatory, and insulin signaling pathways, underlies IR at the 
molecular level.12 Buchanania lanzan (BL), a sensitive medicinal 
plant, possesses various pharmacological properties, including 
anti-diabetic, antioxidant, wound healing, anticancer, and 
larvicidal activities. Its leaves contain secondary metabolites such 
as phenols, glycosides, flavonoids, tannins, carbohydrates, and 
saponins. Previous studies have reported the methanolic extract of 
BL exhibiting anti-diabetic, antioxidant, and anti-hyperlipidemic 
activities.13-15 Utilizing a systems biology approach to understand 
the molecular pathways underlying the anti-IR activity of BL 
leaves could unveil novel therapeutic targets for diabetes and 
related metabolic diseases.14,16 This comprehensive understanding 
is essential for the advancement of effective treatments and the 
development of herbal medicines in the public health sector.

MATERIALS AND METHODS

Data mining, network construction

Bioactive constituents from BL leaves were retrieved available 
phytochemical databases viz., PCIDB (https://www. genome.
jp/db/pcidb), ChEBI (https://www.ebi.ac.uk/chebi/init.do), and 
Dr. Dukes (https://phytochem.nal.usda.gov/phytochem/search). 
Swiss Target Prediction (http://www.swisstargetprediction.
ch/) and Binding DB (https://www.bindingdb.org/) were used 
to predict the probable protein targets and the prediction was 
limited to “Homo sapiens”. IR-linked targets were screened 
from Gene Cards using “Insulin Resistance” as the key term 
and a with high-confidence association score ≥20 (Table 
1). The above-selected protein targets of phytocompounds 
Protein-Protein Interactions (PPIs) data were analyzed by 
STRING (https://string-db.org/) database. The Cytoscape version 
3.7.2 was used to build the network that links compounds, targets, 
and pathways.

Active site identification and docking

The putative active/binding sites of the selected protein structures 
were predicted using the P2Rank server (https://prankweb.
cz/), which employs machine learning-based pocket detection 
algorithms. The identified binding pockets were prioritized based 
on their ranking scores and druggability estimates provided by the 
server. Based on previous reports, we prioritized PPARG (PDB 
ID: 3U9Q), DPP4 (PDB ID: 6B1E), and PTPN1 (PDB ID: 3EB1) 
because these targets are involved in the regulation of glucose 
and lipid metabolism and  play key roles in the development 
and modulation of  insulin resistance.17 Pioglitazone, Sitagliptin 
and 4-[3-(dibenzylamino)phenyl]-2,4-dioxobutanoic acid 
were used as standard molecules of PPARG, DPP4 and PTPN1 
respectively. For molecular docking, a GNU Parallel-based 
POAP pipeline integrating Open Babel (for ligand preparation 
and format conversion) and the Auto Dock suite (for docking 
simulations) was employed, enabling high-throughput virtual 
screening in an optimally parallelized manner. Ligand structures 
were energy-minimized using the MMFF94 force field in Open 
Babel prior to docking. Docking was carried out using Auto 
Dock Vina with an exhaustiveness parameter set to 100 to 
ensure extensive conformational sampling.18 For each ligand, 
nine docking conformations (poses) were generated. Among 
these, the conformation that has the lowest binding energy and 
RMSD score relative to the top-ranked pose was selected as the 
most reliable binding orientation. Protein–ligand interactions, 
including hydrogen, hydrophobic, and π–π interactions, were 
analyzed using Discovery Studio Visualizer (DSV) v2019. All 
docking experiments were performed under default Auto Dock 
Vina parameters except where specified.

Extraction of leaves

Leaves of BL were collected, washed twice with tap water and 
once with double-distilled water to remove adhering dust and 
debris, and then shade-dried at room temperature (25–28°C) for 
7–10 days. The dried leaves were pulverized into coarse powder 
using a mechanical grinder and sieved through a 40-mesh sieve. 
Approximately 250 g of powdered leaves were first subjected to 
defatting with petroleum ether (boiling point range: 60–80°C) 
in a Soxhlet apparatus for 8–10 cycles until the siphon solvent 
became colourless. The defatted material was then dried at room 
temperature to remove residual petroleum ether. The dried marc 
was subsequently extracted with 99% methanol using a soxhlet 
apparatus for 72 hr with continuous reflux, replacing fresh 
solvent every 8 hr to ensure complete extraction. In order to 
obtain a viscous, semi-solid crude extract, the methanolic extract 
was filtered through whatman No. 1 filter paper and concentrated 
under reduced pressure using a rotary evaporator (IKA RV 10) 
at 40°C. The extract was further dried in a vacuum desiccator 
to remove traces of solvent and stored at 4°C in an airtight 
container.16
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Animal grouping and design of study

Albino Wistar rats (Either sex, 180–200 g) were procured 
with an approval by the IAEC, Belagavi (Reg. No. 221/Re/S/
CPCSEA/2000; Resolution No. 29). The animals were housed 
in solid-bottom polypropylene cages with stainless-steel grills 
and provided bedding of clean, dust-free paddy husk. They were 
maintained under standard laboratory conditions (ambient 
temperature, controlled humidity, and a 12 hr light/dark cycle) 
with free access to standard feed and water. After a 10-day 
acclimatization period, the animals were switched to a high-fat, 
high-fructose diet to induce metabolic alterations (48 days).

Randomly, 36 rats were divided into six groups, with six rats in 
each group.

Group I (Normal): Received standard pellets and distilled water 
for 10 weeks.

Group II (HFHF): Received standard pellets, 25% fructose in 
drinking water, and high-fat diet (3 ml/kg) until the end of the 
study.

Group III (PIO): Received standard pellets, high-fat diet (3 ml/
kg) and 25% fructose for 6 weeks, followed by Pioglitazone (2.7 
mg/kg/day, p.o.) for 28 days.

Group IV (BL 200): Received standard pellets, high-fat diet (3 ml/
kg) and 25% fructose for 6 weeks, followed by BL leaves extract 
(200 mg/kg/day, p.o.) for 28 days.

Group V (BL 400): Received standard pellets, high-fat diet (3 ml/
kg) and 25% fructose for 6 weeks, followed by BL leaves extract 
(400 mg/kg/day, p.o.) for 28 days.

Group VI (BL 800): Received standard pellets, high-fat diet (3 ml/
kg) and 25% fructose for 6 weeks, followed by BL leaves extract 
(800 mg/kg/day, p.o.) for 28 days.

Simple randomization method was used for group allocation, 
with a total of 36 animals (N = 36) included in the study. The 
dose was selected based on reported toxicity studies; no mortality 
is showed amongst the treated animals during 14 days at a dose 
of 2000 mg/kg. Therefore, submaximal doses i.e., 1/10th, 1/5th, and 
2/5th of the Maximum Tolerated Dose of LD50 were administered 
orally for 28 days to evaluate the dose dependent effect.18

Induction of insulin resistance

IR was induced in Wistar albino rats (Either sex, weighing 180–
200 g, aged 8–10 weeks) by oral administration of a high-fat 
emulsion in combination with a high sugar diet, following 
the protocol of Renuka et al.,7,8 with minor modifications. The 
high-fat diet was made by combining Indian vanaspati ghee and 
coconut oil in a 3:1 (v/v) ratio. We took 75 mL of vanaspati ghee 
and 25 mL of coconut oil and made total volume 100 mL, it had 
gone for 2 weeks. The rats were given 3 mL/kg body weight of 

emulsion orally (per day). The rats were provided a high sugar 
diet that contained 25% fructose and was administered orally 
along with drinking water. High fat and high sugar died was given 
till 42 days. The induction of insulin resistance was confirmed by 
measuring Fasting Blood Glucose (FBG) levels after an overnight 
fast (12 hr). Rats with FBG levels ≥150 mg/dL were considered 
insulin-resistant and included in subsequent experiments. A total 
of 36 rats, 30 rats were subjected to insulin resistance induction, 
and 6 rats were maintained as a normal control group receiving a 
standard laboratory diet and distilled water only.

Measurement and methods
Oral Glucose Tolerance Test (OGTT)

Throughout the study, daily food and water intake were 
monitored for each cage, while body weights of individual rats 
were recorded weekly to assess metabolic changes. After 28 days 
of treatment, Fasting Blood Glucose (FBG) and Oral Glucose 
Tolerance Test (OGTT) were conducted. For the OGTT, animals 
were fasted overnight (12 hr) with free access to water. Baseline 
fasting glucose was determined at 0 min via tail vein sampling 
using a portable glucometer (Janaushadhi glucometer, Pradhan 
Mantri Bhartiya Janaushadhi Pariyojana, Government of India). 
Subsequently, rats received an oral glucose solution (2 g/kg body 
weight in distilled water) by gavage. Blood glucose concentrations 
were then measured at 30, 60, 90, and 120 min following glucose 
administration. The glucose tolerance of each animal was assessed 
by calculating the Area Under the Curve (AUC).19

Sample collection for biochemical, ex vivo, and 
histological studies

At the end of the study period (day 76), all rats were fasted for 12 
hr, anesthetized with ketamine (80 mg/kg, i.p.) and xylazine (10 
mg/kg, i.p.), and euthanized by cervical dislocation. Whole blood 
was collected into heparinized tubes and centrifuged at 3000 rpm 
for 10 min at 4°C to separate plasma, which was stored at −20°C 
until biochemical analysis.

The liver and skeletal muscle tissues were excised immediately, 
rinsed with ice-cold saline, blotted, and homogenized in 
Phosphate Buffer Saline (PBS, 0.1 M, pH 7.4) using a Teflon-glass 
homogenizer. The homogenates were centrifuged at 2500 rpm for 
10 min at 4°C, and the resulting supernatants were collected for 
biochemical assays (e.g., antioxidant enzymes, lipid peroxidation, 
glycogen estimation). For the glucose uptake study, the rat 
hemi-diaphragm was carefully excised, rinsed in Tyrode’s buffer, 
and incubated with glucose solution (200 mg/dL) in the presence 
or absence of insulin, as per standard protocols. The liver and 
pancreas tissues were fixed in 10% neutral-buffered formalin for 
48 hr, processed by standard paraffin embedding, sectioned at 5 
μm thickness, and stained with Hematoxylin and Eosin (H&E) 
for histological evaluation.20
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Determination of rerum biochemical parameters

The separated plasma samples were used for the estimation of 
lipid profile and insulin levels. Commercially available diagnostic 
kits (YUCCA Diagnostics, Kagal, India) were used to determine: 
Total Cholesterol (TC) (enzymatic CHOD-PAP method), 
High-Density Lipoprotein Cholesterol (HDL-C) (precipitation 
method followed by enzymatic CHOD-PAP method), and 
Triglycerides (TG) (enzymatic GPO-PAP method).

All assays were performed according to the manufacturer’s 
instructions using a UV-Visible spectrophotometer (Shimadzu 
UV-1800, Japan) at specified wavelengths (TC: 505 nm; TG: 
510 nm; HDL-C: 546 nm). The levels of Very Low-Density 
Lipoproteins (VLDL-C) and Low-Density Lipoproteins (LDL-C) 
were calculated using Friedewald’s formula:

LDL-C (mg/dl) = TC− (HDL - C+VLDL - C)

Plasma insulin concentrations were determined using a sandwich 
ELISA technique with a commercial kit (GENLISA™ Rat Insulin 
ELISA Kit, Krishgen Biosystems, Mumbai, India) according to 
the manufacturer’s instructions. The absorbance was measured 
at 450 nm with a microplate reader (Bio-Rad iMark™, USA), 
and insulin levels were quantified based on a standard curve 
generated from rat insulin standards.21 The Homeostatic Model 
Assessment of Insulin Resistance (HOMA-IR) was calculated 
using the following formula:

HOMA-IR = ​​Fasting glucose (mg / dL ) × Fasting insulin (µU / mL)   _________________________  405   ​​

where fasting glucose values were obtained during OGTT 
measurements.

Serum tumor necrosis factor-alpha (TNF-α) levels were 
quantified with a commercial ELISA kit (GENLISA™ Rat TNF-α 
ELISA, Krishgen Biosystems, Mumbai, India) following the 
manufacturer’s instructions. Absorbance was read at 450 nm 
using a microplate reader, and concentrations were calculated 
from the corresponding standard curve.

Determination of glycogen content, oxidative Stress 
biomarkers and glucose uptake

The collected liver and skeletal muscle supernatants were used 
for the estimation of glycogen content and oxidative stress 
biomarkers.

Glycogen content

Glycogen was quantified by the anthrone method.22 Briefly, 0.5 mL 
of tissue supernatant was mixed with 5 mL of anthrone reagent 
(0.2% anthrone in concentrated sulfuric acid), heated in a boiling 
water bath for 10 min, and rapidly cooled on ice. The absorbance 
was recorded at 620 nm using a UV-Visible spectrophotometer 

(Shimadzu UV-1800, Japan). Glycogen content was calculated 
using a standard calibration curve prepared with D-glucose and 
expressed as mg glycogen/g wet tissue.

Oxidative stress biomarkers

The following antioxidant biomarkers were analyzed in tissue 
homogenates:

Catalase (CAT) activity was assessed using the colorimetric 
method of Aebi,23 which measures the rate of Hydrogen Peroxide 
(H₂O₂) decomposition at 240 nm. Enzyme activity was expressed 
as units per milligram of protein (U/mg protein). Reduced 
Glutathione (GSH) content was estimated following the method 
of Ellman24 using 5,5’-dithiobis-(2-nitrobenzoic acid) (DTNB) as 
the reagent. The formation of a yellow-colored chromophore was 
recorded at 412 nm, and results were expressed as micromoles of 
GSH per milligram of protein (µmol/mg protein).

Superoxide Dismutase (SOD) activity was measured using 
the pyrogallol auto-oxidation method,25 where the inhibition of 
pyrogallol oxidation was recorded at 420 nm. Enzyme activity 
was expressed as units per milligram of protein (U/mg protein).

Glucose uptake in rat hemi-diaphragm

Glucose uptake was evaluated following the method of Kulkarni 
and Aiman (1958), with minor modifications as outlined by 
Chattopadhyay et al.,26 In brief, hemi-diaphragms were isolated 
from overnight-fasted rats, rinsed with Tyrode’s buffer, and 
incubated at 37°C for 30 min in flasks containing 2 mL of glucose 
solution (200 mg/dL), either in the presence or absence of 
insulin (0.25 IU/mL). Following incubation, the residual glucose 
concentration in the medium was determined using the Glucose 
Oxidase–Peroxidase (GOD-POD) method, with absorbance 
measured at 505 nm. The percentage of glucose uptake was 
calculated using the formula:

​

Histopathological analysis of the liver and pancreas

The excised liver and pancreas tissues were immediately rinsed 
in ice-cold phosphate buffer saline (PBS, pH 7.2) to remove 
adhering blood and clots. The tissues were then immersed in 
10% neutral-buffered formalin and kept at room temperature 
for 24-48 hr to achieve optimal fixation. After fixation, the 
specimens underwent routine paraffin embedding. This involved 
sequential dehydration in graded ethanol concentrations (70%, 
80%, 90%, and 100%), clearing with xylene, and infiltration with 
molten paraffin wax maintained at 58-60°C. Paraffin blocks 
were prepared, and thin tissue sections (4–5 μm) were cut using 
a rotary microtome. The sections were placed on glass slides, 
deparaffinized with xylene, rehydrated through descending 
ethanol grades, and stained with Hematoxylin and Eosin (H&E) 
using standard procedures. The stained tissues were examined 
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under a light microscope (Olympus CX43, Japan) at 100× and 

400× magnifications to assess histopathological alterations. 

Changes in hepatocytes, central vein, sinusoidal architecture, 

pancreatic acini, and islets of Langerhans were carefully 

documented, and differences between control and experimental 

groups were compared. Representative micrographs were 

captured using a digital imaging system for record-keeping. 

Representative photomicrographs were captured using a digital 

camera attachment for documentation.

Histopathological analysis of liver and pancreas

The data has been expressed in “Mean±SEM” “(n=6 or 3)” and 

analyzed by one-way ANOVA or two-way ANOVA followed by 

Bonferroni’s multiple comparison test by Graph Pad Prism 9.1.2. 

p”<“0.05” was consider as statistically significant.”

Sl. No. Target Name Uniprot ID Gene Name
1. Adrenoceptor Beta 2 P07550 ADRB2
2. AKT Serine/Threonine Kinase 1 P31749 AKT1
3. Alpha-glucosidase P10253 GAA
4. Androgen Receptor P10275 AR
5. ATP Binding Cassette Subfamily G Member 2 Q9UNQ0 ABCG2
6. Dipeptidyl Peptidase 4 P27487 DPP4
7. Epidermal Growth Factor Receptor P00533 EGFR
8. Estrogen Receptor 1 P03372 ESR1
9. Fatty Acid Binding Protein 4 P15090 FABP4
10. Glucagon-Like Peptide 1 Receptor P43220 GLP1R
11. Glucagon Receptor P47871 GCGR
12. Glycogen Synthase Kinase 3 Beta P49841 GSK3B
13. Hypoxia Inducible Factor 1 Subunit Alpha Q16665 HIF1A
14. Insulin-Like Growth Factor 1 P05019 IGF1
15. Insulin-Like Growth Factor Binding Protein 1 P08833 IGFBP1
16. Insulin-Like Growth Factor Binding Protein 3 P17936 IGFBP3
17. Insulin Receptor P06213 INSR
18. Insulin Receptor Substrate 2 Q9Y4H2 IRS2
19. Interleukin 2 P60568 IL2
20. Interleukin 6 P05231 IL6
21. Mechanistic Target of Rapamycin Kinase P42345 MTOR
22. Mitogen-Activated Protein Kinase 1 P28482 MAPK1
23. Mitogen-Activated Protein Kinase 10 P53779 MAPK10
24. Mitogen-Activated Protein Kinase 14 Q16539 MAPK14
25. Nitric Oxide Synthase 2 P35228 NOS2
26. Peroxisome Proliferator-Activated Receptor Alpha Q07869 PPARA
27. Peroxisome Proliferator-Activated Receptor Gamma P37231 PPARG
28. Protein Kinase C Alpha Q9NRD5 PRKCA
29. Protein Tyrosine Phosphatase Non-receptor Type 1 P18031 PTPN1
30. Resistin Q9HD89 RETN
31. Toll-Like Receptor 2 O60603 TLR2
32. Tumor Necrosis Factor P01375 TNF
33. Vascular Endothelial Growth Factor A P15692 VEGFA

Table 1:  Thirty-three insulin resistance-related targets of Buchanania lanzan leaves.
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RESULTS

Enrichment and network analysis

To identify the pathways that are modulated by the 

phytoconstituents, gene set enrichment analysis was performed 

on the set of proteins associated in IR. Among them, 14 pathways 
were significantly enriched for IR and associated complications 
pathways. The PI3K-Akt signaling pathway scored the highest edge 
count of 12 and the lowest FDR value of 8.33E-12 via modulating 
MAPK1, IL2, TLR2, EGFR, IGF1, INSR, GSK3B, MTOR, IL6, 

Figure 1: A) Protein-protein interaction network B) Network interaction of pathways, protein molecules, and 
phytoconstituents. In the network interaction, the node with the higher edge is represented with green color, which 

gradually decreases to blue.
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PRKCA, AKT1, and VEGFA. Similarly, insulin resistance and 
MAPK signaling pathway scored the second-highest edge count 
of 10. Table 2 summarizes the 14 molecular pathways modulated 
by phytocompounds.

Compound, protein, pathways connection network contains 
182 edges and 57 nodes (Figure 1 A). Among 57 nodes, 10 were 
phytoconstituents, 33 protein targets, and 14 molecular pathways. 
Among 10 compounds, anacardic acid scored the highest edge 
count i.e., 15, via targeting 15 protein molecules i.e., INSR, IGF1, 
MAPK1, EGFR, GSK3B, PTPN1, PRKCA, ESR1, IL2, FABP4, 
PPARG, PPAR, ADRB2, MAPK10, and FFAR1. Similarly, among 
14 pathways, the PI3K-Akt signaling pathway scored the highest 
edge count that includes 12 protein molecules i.e., INSR, IGF1, 
Akt1, MAPK1, EGFR, GSK3B, mTOR, VEGFA, PRKCA, IL2, 
IL6, and TLR2. (Figure 1 B).

Docking analysis

Based on the current therapeutic drug targets for DM, we selected 
phytocompounds predicted for three essential protein targets 
i.e., DPP4, PPARG, and PTPN1 for molecular docking analysis. 
Among the selected compounds, Myricetin 3-galactoside-3'-
rhamnoside, kaempferol-7-o’glucoside, and quercetin were found 
to be the best hits for PPARG via scoring lowest BE of -8.9, -8.3, 

-7.6 kcal/mol and via forming a maximum number of interactions 
with active site residues i.e., 8, 7, 7 respectively compared to 
standard molecule Pioglitazone that scored lowest BE of -8.3 and 
7 interactions with active site residues (Figure 2A and 2D).

Myricetin 3-galactoside-3'-rhamnoside, kaempferol-7-
O’glucoside, and quercetin formed common four interactions 
with amino acid residues of PPARG i.e., Ile262, Arg280, Arg288, 
Ile341. Further, kaempferol-7-o’glucoside, quercetin, and gallic 
acid were found to be the best hits against DPP4. These three 
compounds scored the lowest BE of -8.5, -7.9, and -6.4 kcal/
mol and formed 7, 7, 7 interactions with active site residues of 
DPP4 respectively. However, kaempferol, pinitol, and vomicine 
were also found to be the next best hits. A standard molecule 
Sitagliptin scored the lowest BE of -8.7 kcal/mol and formed 6 
interactions with active site residues (Figure 2B and 2E).

Myricetin 3-galactoside-3'-rhamnoside, kaempferol-7-
o’glucoside, and kaempferol were found to be the best hit against 
PTPN1 which scored the lowest BE of -7.6, -8, -7.5 kcal/mol 
and formed 6, 5, and 5 interactions with active site residues of 
the PTPN1 (Figure 2C and 2F). Whereas, standard molecule 
4-[3-(dibenzylamino) phenyl]-2,4-dioxobutanoic acid showed 8 
interactions with active site residues at -7.1kcal/mol BE. Detailed 
results are reported in Table 3.

KEGG pathway 
ID

Pathway description Gene 
count

FDR Genes within pathway

hsa04151 PI3K-Akt signaling 
pathway

12 8.33E-12 MAPK1,IL2,TLR2,EGFR,IGF1,INSR,GSK3B,MTOR,IL6,PR
KCA,AKT1,VEGFA

hsa04931 Insulin resistance 10 1.51E-13 INSR,GSK3B,MAPK10,MTOR,PTPN1,IRS2,PPARA,IL6,TN
F,AKT1

hsa04010 MAPK signaling pathway 10 7.16E-10 MAPK1,MAPK14,EGFR,IGF1,INSR,MAPK10,TNF,PRKCA,
AKT1,VEGFA

hsa04068 FoxOsignaling pathway 9 2.76E-11 MAPK1,MAPK14,EGFR,IGF1,INSR,MAPK10,IRS2,IL6,
AKT1

hsa04910 Insulin signaling pathway 8 9.34E-10 MAPK1,INSR,GSK3B,MAPK10,MTOR,PTPN1,IRS2,AKT1
hsa04150 mTORsignaling pathway 8 1.75E-09 MAPK1,IGF1,INSR,GSK3B,MTOR,TNF,PRKCA,AKT1
hsa04920 Adipocytokinesignaling 

pathway
6 1.54E-08 MAPK10,MTOR,IRS2,PPARA,TNF,AKT1

hsa04668 TNF signaling pathway 6 1.45E-07 MAPK1,MAPK14,MAPK10,IL6,TNF,AKT1
hsa04152 AMPK signaling pathway 6 2.47E-07 PPARG,IGF1,INSR,MTOR,IRS2,AKT1
hsa04930 Type II diabetes mellitus 6 2.70E-09 MAPK1,INSR,MAPK10,MTOR,IRS2,TNF
hsa04923 Regulation of lipolysis in 

adipocytes
5 1.82E-07 FABP4,INSR,ADRB2,IRS2,AKT1

hsa04520 Adherens junction 4 1.87E-05 MAPK1,EGFR,INSR,PTPN1
hsa03320 PPAR signaling pathway 3 0.00049 FABP4,PPARG,PPARA
hsa04911 Insulin secretion 2 0.0128 GLP1R,PRKCA

Table 2:  Gene set Enrichment analysis of proteins involved in insulin resistance.
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Effect of HFHF diet and various treatments on water 
intake, Body Weight (BW), and food intake

Figure 3 revealed that, the BW is examined weekly and compared 
at the end of the ten weeks. HFHF group showed highly significant 
increase in BW (325.1±13.40) compared to normal control group 
(248.7±2.462) (Figure 3A). Group treated with PIO showed 
slightly increase in BW at the completion of 10th week, while BL 
800 group decrease BW at the termination of 10th week compared 
to initial treatment week 7. Food (Figure 3B) and water intake 
(Figure 3C) are considerably higher in the HFHF group (p<0.001) 
than in the normal control group till the end of week 10.

Effect of HFHF and BL extract on fasting insulin level 
and FBG level.

There was significantly (p<0.001) increase in fasting blood 
glucose level plus fasting insulin levels has been seen in HFHF 
treated groups (144.7±3.180, 47.09±3.115) in comparison with 
normal control group (82.67±1.764, 4.07±1.443). The treatment 
with BL extract lowered both glucose as well as insulin level as 
associated to disease control group (Figure 3D, Figure 4B).

Effect of HFHF and BL extract on insulin sensitivity

OGTT revealed, in association to the normal control group, the 
AUC of glucose in disease control group increased significantly 
(p<0.001)  (Figure 3D and 3F). And which was significantly 
(p<0.01) decreased in PIO, and dose-dependent decline in total 

area under curve in BL 200, BL 400 and BL 800 groups, compared 
to normal control group. Insulin sensitivity is confirmed by 
HOMA-IR (Figure 4A). Less HOMA-IR value indicates more 
insulin sensitivity. The values of it are represented in Figure 4A. 
Normal control group (0.6895±0.2537) is shown statistically 
significant change (p<0.001) in insulin sensitivity associated 
to disease control group (16.8±1.018). Group treated with PIO 
(2.085±0.314) exhibited more insulin sensitivity than BL 800 
(3.590±0.569) treated group.

Effect of HFHF and BL extract on lipid profile

As depicted in Table 4, the disease control group demonstrated 
a significant (p<0.001) rise in TG, TC, LDL, and VLDL and 
significant (p<0.001) reduction in HDL when associated to 
the normal control group. All of the treatments reversed these 
changes. The BL treated groups had a significant (p<0.001) rise in 
HDL and a significant (p<0.001) reduction in TG, TC, LDL, and 
VLDL when related to the disease control group.

Effect of HFHF and BL extract on serum TNF-α level

Normal control group (4.42±1.424) is shown statistically 
considerable difference (p<0.05) in insulin sensitivity associated 
with disease control group (17.56±5.489). BL 400 and BL 800 
groups (11.64±2.648, 6.93±3.009) showed decrease in TNF-α level 
in compared with the disease control group but the difference is 
not statistically significant (Figure 4F).

Figure 2: 2D interactions Binding energies of compounds A) PPARG-Myricetin 3-galactoside-3'-rhamnoside C) DPP4-Kaempferol-7-O-
glucoside E) PTPN1-Kaempferol-7-O-glucoside; 3D interactions/3D pose binding energies of compounds B) PPARG-Myricetin 3-galactoside-

3'-rhamnoside D) DPP4-Kaempferol-7-O-glucoside F) PTPN1-Kaempferol-7-O-glucoside.
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Effect of HFHF and BL extract on glycogen level in 
liver and skeletal muscle

As shown in Figure 4D and 4E, the glycogen in the liver and skeletal 
muscle was significantly (p<0.001) lower into the disease control 
group. (12.56±0.4406 and 6.747±0.3671) as compared to normal 
control group (43.47±1.395 and 14.15±0.3486 respectively). There 

was significantly (p<0.001) increase in stored glycogen of the 
skeletal muscle into PIO (12.80±0.3655), BL 400 (9.406±0.3708) 
and BL 800 (10.72±0.5996) treated groups compared to disease 
control group (6.747±0.3671). Similarly, a significant (p<0.001) 
rise in liver glycogen was seen in PIO (39.17±0.4664), BL 400 
(19.68±0.9751) and BL 800 (30.60±0.6167) groups in comparison 
with disease control group (12.56±0.4406).

Target Compound BE 
(Kcal/
mol)

Conventional HBI Non-conventional 
interactions

No. of 
HBI

No. of 
non-Conventional 
interactions

No. of 
interaction 
with active site 
recidues

PPARG Gallic acid -5.2 His425,Leu421,Phe432 Lys422 3 1 0

Kaempferol -7.3 Ser342 Ile281,Ile341,Cys285,Arg288 1 4 5

Kaempferol-7-
o’glucosides

-8.3 Glu291,Glu259,Arg280,Ser342 Arg288,Ile262,Ile341 4 3 7

Myricetin 
3-galactoside-3'-
rhamnoside

-8.9 Arg280,Ile262 Glu259,Lys261,Phe287,Arg288,
Ile341,Cys285

2 6 8

Pinitol -5.4 Arg433 - 1 0 0

Quercetin -7.6 Ser342,Ile262,Arg280 Arg288,Ile281,Ile341,Gly284,
Cys285

3 5 7

Vomicine -9.2 Met463 Leu465,Lys457 1 2 3

Pioglitazone -8.3 Cys285 Arg288,Leu330,Tyr473,Leu469,
Leu465,Leu453,Gly469

1 7 7

DPP4 Gallic acid -6.4 Thy351,Ser349,Arg382,Glu347 Val354,Gly355,Ser376 4 3 7

Kaempferol -8.1 Asn562,Gln527,Lys512 Pro510,Ile529,Phe559,Arg560 3 4 5

Kaempferol-7-
o’glucosides

-8.5 Arg358,Ser209,Glu205,Arg125 Phe357,His740,Ser630 4 3 7

Myricetin 
3-galactoside-3'-
rhamnoside

-8.8 Ala306,Leu410,Ser462 Ala409,Ala465,Pro218,Pro15
9,His363

3 5 0

Pinitol -5.6 Thy350,Ser376,Asn377 Met348,Glu378 3 2 5

Quercetin -7.9 Arg358,Ser630,Arg125,Asn71
0,Glu206

Tyr662,Phe357 5 2 7

Vomicine -8.9 Lys554,Tyr752 Trp629,Trp627 2 2 4

Sitagliptin -8.7 Gly355,Thy351,Glu378,Lys589
,Trp352,Arg382,

Val354,Glu347,Met348,Glu379 6 4 6

PTPN1 Gallic acid -5.5 Ser50,Arg47,Leu37 Lys36,Asn44,Typ46 3 2 1

Kaempferol -7.5 Arg221,Asp181,Gly183,Ser216 Thy263 4 1 5

Kaempferol-7-
o’glucosides

-8 Lys120,Arg221,Gly183,Thy263
,Trp179,Asp48

Ala217,Gly183,Gln266 6 2 5

Myricetin 
3-galactoside-3'-
rhamnoside

-7.6 Glu115,Ser216,Trp179,Thr263
,Gln266,Arg221

Asp48,Ala217 6 1 6

Pinitol -5.4 Gly183,Trp179,Gln266 Trp179,Gly183 3 2 4

Quercetin -7.4 Arg221 Thy263 1 1 2

Vomicine -8.2 Ser216 Ala217,Cys215 1 2 3

4-[3-(dibenzylamino)
phenyl]-
2,4-dioxobutanoic acid

-7.1 Gly183,Trp179,Pro180,Asp18
1,Arg221

Tyr46,Ala217,Lys120 5 3 8

Table 3: Binding energies and proteins associated with the interaction of targets and phytoconstituents.
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Effect of HFHF and BL extract on glucose uptake

After treatment of 28 days, in comparison to the normal group 
(70.41±1.523), the disease control (15.59±0.6310)  group’s 
percentage of glucose uptake was considerably (p<0.001) lower 
(Figure 4C). Similarly, PIO treatment groups (58.37±1.370), 
had a significant (p<0.001) increase in percent glucose uptake 
comparison to disease control group (15.59±0.6310), also BL 800 
treated group showed significant increase (46.79±1.811) in glucose 
uptake, compared to disease control group (15.59±0.6310).

Effect of HFHF and BL extract on oxidative imbalance

HFHF induced (disease control group) insulin resistance rats 
(SOD-0.1085±0.002 and CAT-1.046±0.22) exhibited significantly 

(p<0.001) decrease in GSH, SOD as well as CAT levels related 
to normal control group (5.897±0.5627, 0.2904±0.003 and 
7.423±1.323 respectively) (Table 5). Treatment with BL 800 
(9.364±0.8334, 0.2189±0.004, 6.27±0.6788) exhibited good 
antioxidant capacity in comparison with BL 200 (6.44±0.3744, 
0.215±0.002, 3.452±0.617) and BL 400 (9.707±0.6267, 
0.2182±0.009, 4.578±0.317) (Table 5).

Effect of HFHF and BL extract on liver histology

HFHF treated group bared highest degree of venous congestion, 
least degree of inflammation, and, ballooning degeneration 
compared to normal control group. The least degree of venous 
congestion is seen in PIO treated group and it repaired ballooning 

Figure 3: Effect of various treatments on (A) Body weight, (B) Food intake and (C) Water intake of IR rats. *p<0.001 vs. Normal group. Effect 
of HFHF and BL extract on (OGTT) oral glucose tolerance test. D) Fasting blood glucose level. E) Glucose level at 30 min interval during oral 

glucose tolerance test; F) Total area under curve of glucose. *p<0.001 vs. Normal group; #p<0.001, ##p<0.01, ###p<0.05 vs. HFHF group.

Group HDL (mg/dL) LDL (mg/dL) TG (mg/dL) VLDL (mg/dL) TC (mg/dL)
Group I 
(NORMAL)

48.28±1.889 37.15±3.006 68.76±2.401 13.75±0.4803 99.18±1.752

Group II 
(HFHF)

20.55±0.5546* 110.3±1.553* 112.5±3.062* 22.5±0.6125* 153.3±1.217*

Group III 
(PIO)

42.94±1.811# 51.93±3.302# 73.59±1.838# 14.72±0.3677# 109.6±2.184#

Group IV (BL 
200)

23.27±0.7057#@ 97.68±3.011###@ 107.7±1.586@ 21.54±0.3173@ 143.5±2.201##@

Group V (BL 
400)

30.75±1.389#@$$$ 81.45±2.118#@$$ 103.6±1.631@ 20.71±0.3262@ 132.9±1.562#@$$

Group VI (BL 
800)

36.11±1.797#@@@$ 59.31±1.151#$% 95.76±1.105#@$$ 19.15±0.2210#@$$ 115.8±1.746#$%

*p<0.001 vs. Normal group; #p<0.001, ##p<0.01, ###p<0.05 vs. HFHF group; @p<0.001 vs. PIO group, $p<0.001, $$p<0.01, $$$p<0.05 vs. BL 200 group; %p<0.001 vs. BL 400 
group.

Table 4: Effect of BL extract on serum levels of HDL, LDL, TG, VLDL, and TC in HFHF induced insulin resistance rats. 



Indian Journal of Pharmaceutical Education and Research, Vol 60, Issue 3 (Suppl), Jul-Sep, 2026 S1225

Watangi, et al.: Insulin-Sensitizing and Anti-Inflammatory Effects of Buchanania lanzan

degeneration and inflammatory damage. Among three doses, BL 
800 recovered inflammatory damage but failed to recover venous 
congestion and ballooning degeneration compared to PIO treated 
group (Figure 5 and Table 6).

Effect of HFHF and BL extract on histology of 
pancreas

Figure 6 Revealed that, there is significantly (p<0.001) increase in 
average size of β-cells and length of islet in disease control group 
(34.40±2.386, 346.7±30.87) as compared to normal control group 
(11.20± 0.6110, 64.97±7.620). The groups treated with PIO, BL 
400, and BL 800 saved the normal morphology of islets and 
β-cells as compared to disease control group (Figures 6 and 7).

DISCUSSION

The current study evaluated the anti-insulin resistance (anti-IR) 
activity of BL leaves and explored the underlying mechanisms 
through in silico and in vivo methods. HFHF-induced obesity and 
its associated IR led to metabolic alterations, including weight 
gain, disrupted glucose homeostasis, and inflammatory states.28 
Treatment with BL extract improved physical parameters, such 

as body weight, food, and water intake, in HFHF-induced IR rats 
(Figure 3). This is consistent with the traditional use of BL leaves 
as a thirst quencher.27,28 Furthermore, the observed reductions in 
food intake may correlate with DPP4 modulation by BL, which 
influences appetite control via glucagon-like peptide-1 (GLP-1) 
signaling.29

PTP1B overexpression is a hallmark of IR as it impairs insulin 
receptor signaling, reducing glucose uptake in tissues.30,31 In 
this study, BL-treated rats demonstrated increased glycogen 
levels in the liver and skeletal muscles (Figure 4D and Figure 
4E), suggesting that BL may modulate PTP1B activity, restoring 
insulin signaling and glucose metabolism. This aligns with 
findings showing that inhibiting PTP1B improves insulin 
sensitivity and glycogen synthesis.32 Histopathological analysis 
further showed that BL treatment reduced β-cell hypertrophy and 
islet enlargement, commonly observed in IR and diabetic states, 
suggesting a protective role of BL in pancreatic function.33,34

The activation of PPARG is crucial for improving insulin 
sensitivity by regulating glucose metabolism genes.35 BL treatment 
improved glucose tolerance and HOMA-IR values, showing a 
comparable effect to Pioglitazone (PIO) (Figure 4A). In silico 

Figure 4: Effect BL extract on fasting insulin level and HOMA-IR. A) HOMA-IR level B) Fasting insulin level. C) Effect of BL extract on glucose 
uptake.. Effect of BL extract on glycogen level in D) Skeletal muscle and E) Liver. F) Effect of HFHF and BL extract on serum TNF-α. *p<0.001 vs. 
Normal group; #p<0.001, ##p<0.01 vs. HFHF group; @p<0.001, @@p<0.01, @@@p<0.05 vs. PIO group, $p<0.001 vs. BL 200 group; %p<0.001, %%p<0.01 

vs. BL 400 group.
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Groups SOD (unit/mg protein) Catalase (U/min.mg of protein) GSH (µMol/mg of protein)
Group I (NORMAL) 0.2803±0.01682 7.423±1.323 14.91±0.303
Group II (HFHF) 0.1085±0.02559* 1.046±0.2272* 5.897±0.5627*
Group III (PIO) 0.2543±0.019## 5.921±0.9017## 11.91±0.3418#
Group IV (BL 200) 0.1112±0.02315@@ 3.452±0.6176 6.44±0.3744@
Group V (BL 400) 0.1976±0.02667 4.578±0.3171# 9.707±0.6267#$$
Group VI (BL 800) 0.2291±0.02831###$$$ 6.27±0.6788### 9.364±0.8334##@@@$$

*p<0.001 vs. Normal group; #p<0.001, ##p<0.01, ###p<0.05 vs. HFHF group; @p<0.001,; @@p<0.01, @@@p<0.05 vs. PIO group, $p<0.001, $$p<0.01, $$$p<0.05 vs. BL 200 group.

Table 5: Effect of HFHF and BL on oxidative imbalance.

Group I 
(Normal)
A

Group II 
(Disease 
control)
B

Group III (PIO)
C

Group IV (BL 
200)
D

Group V (BL 
400)
E

Group VI (BL 
800)
F

Venous congestion - ++ + ++ ++ +
Ballooning 
degeneration

- ++ - ++ ++ +

Note: ++ signify “highest degree of damage”, + denote “least degree of damage” and - signify “total repair”.

Table 6: Histological changes in the liver. 

Figure 5: Histological changes in liver. A) Normal, B) Disease control, C) PIO, D) BL 200, E) BL 400, F) BL 800.
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docking revealed that myricetin 3-galactoside-3'-rhamnoside, 
kaempferol-7-o'-glucoside, and quercetin exhibited strong 
interactions with PPARG, supporting the hypothesis that these 
flavonoids may act as PPARG activators. The improved glucose 
uptake, glycogen synthesis in liver and skeletal muscles observed 
in vivo suggest a potential stimulatory effect of BL on PPARG, 
similar to PIO.36,37

Currently diet-induced insulin resistance model, BL treatment 
improved glycemic control and insulin sensitivity alongside 
meaningful antioxidant gains (↑SOD, ↑GSH; ↓lipid peroxidation). 
While Pioglitazone (PIO), a Thiazolidinedione (TZD),38 is an 
established insulin sensitizer via PPARG agonism, the BL appears 
to leverage multi-target, synergistic mechanisms that extend 
beyond a single nuclear receptor pathway and may carry a more 
favorable side-effect profile at the effective doses tested.39-42

Unlike pioglitazone, which acts mainly via PPARG and has 
notable side effects, BL exerts multi-targeted actions contributing 
to improved insulin sensitivity,43 synergistic insulin-sensitizing 
effects anchored in antioxidant,44 and anti-inflammatory 

actions,45 with signals of a gentler side-effect profile in the 
present model,46,47 These attributes suggest BL as a promising 
adjunct or alternative for insulin resistance,48 pending rigorous 
standardization, pharmacology, and clinical validation.49

HFHF diets disrupt the PI3K-Akt signaling pathway by 
upregulating Diacylglycerol (DAG) levels and activating PKC, 
leading to reduced GLUT4 translocation and impaired glucose 
metabolism.49 BL treatment improved lipid profiles, glucose 
uptake, and glycogen storage, indicating reactivation of PI3K-Akt 
signaling. In silico findings further supported these observations, 
demonstrating that BL's phytoconstituents target this pathway, 
thereby restoring metabolic homeostasis (Figure 4D and 4E).50

BL’s anti-inflammatory and antioxidant activities significantly 
contribute to its anti-IR effects. Elevated TNF-α levels in IR 
disrupt insulin signaling and glucose uptake in tissues.51 BL extract 
significantly reduced TNF-α levels. (Figure 4F), correlating with 
improved insulin signaling and glucose metabolism. Additionally, 
BL enhanced antioxidant enzyme activities (GSH, CAT, and 

Figure 6: Histological changes in pancreas. A) Normal, B) Disease control, C) PIO, D) BL 200, E) BL 400, F) BL 800.
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SOD) and reduced oxidative stress-related damage in the liver, as 
evidenced by histopathological analysis.52

The improvement in insulin resistance observed with BL 
treatment may be linked to its strong antioxidant potential, 
evidenced by increased levels of endogenous antioxidants, 
including Superoxide Dismutase (SOD) and reduced Glutathione 
(GSH).53 Excessive generation of Reactive Oxygen Species (ROS) 
activates stress-sensitive kinases such as c-Jun N-terminal kinase 
(JNK) and inhibitor of nuclear factor Kappa-B Kinase β (IKK-β), 
which induce serine phosphorylation of Insulin Receptor 
Substrate-1 (IRS-1). This modification reduces insulin sensitivity 
in peripheral tissues, including skeletal muscle, liver, and adipose 
tissue, by impairing insulin signaling.54

By increasing the activities of SOD and GSH, BL likely attenuate 
ROS accumulation and lipid peroxidation, thus restoring the 
redox balance. The dismutation of superoxide anions into 
hydrogen peroxide is catalysed by SOD55 which is subsequently 
detoxified by GSH-dependent peroxidases, ultimately protecting 
cells from oxidative damage. This antioxidant defence not only 
preserves pancreatic β-cell function by preventing oxidative 
apoptosis but also improves glucose uptake in peripheral tissues 
by allowing proper insulin receptor signaling.56

Moreover, phytoconstituents reported in BL such as phenolic 
acids, flavonoids, and tannins are known to exert free radical 
scavenging, metal-chelating, and anti-inflammatory properties, 
all of which contribute to reduced oxidative stress and improved 
insulin sensitivity.57 Flavonoids such as quercetin analogues 
have been shown to upregulate PI3K/Akt signaling, enhance 
Glucose Transporter Type-4 (GLUT4) translocation58 and 
suppress NF-κB–mediated inflammatory responses, collectively 
ameliorating insulin resistance.59

Thus, the antioxidant effect of BL, indicated by elevated SOD 
and GSH levels,60 appears to be a critical mechanism by which 

the extract exerts its insulin-sensitizing action. These findings 
support the therapeutic potential of BL as a natural source of 
bioactive compounds for the management of insulin resistance 
and related metabolic disorders.61

The study’s results demonstrate that BL’s anti-IR activity involves a 
multi-target approach, including key proteins like PPARG, DPP4, 
and PTP1B. These targets correlate with improvements in insulin 
sensitivity, glucose uptake, and pancreatic and hepatic function.62 
The presence of bioactive flavonoids such as kaempferol-7-o'-
glucoside, quercetin, and myricetin derivatives likely drives 
these effects. Prior studies support BL’s potential as a natural 
therapeutic agent for IR and metabolic disorders.63 On the other 
hand, further phytochemical profiling (HPLC, LC-MS/MS) are 
required to strengthen the translational relevance to confirm and 
quantify the identified bioactives. However, further molecular 
studies are necessary to validate these findings and explore their 
clinical implications comprehensively.

CONCLUSION

The present study highlights flavonoids through a systems biology 
approach, from BL leaves as key bioactive compounds that interact 
with major molecular targets implicated in diabetes mellitus, 
including PPARG, DPP4, and PTPN1 and PI3K-Akt signaling 
pathway was identified as a critical mediator in regulating 
insulin resistance. In vivo results demonstrated that BL treatment 
effectively attenuated HFHF diet-induced metabolic alterations 
by reducing weight gain, improving glucose tolerance, and 
enhancing insulin sensitivity. These effects were accompanied by 
significant anti-inflammatory, antioxidant, antihyperglycaemic, 
and antihyperlipidaemic activities. Overall, the findings suggest 
that flavonoids present in BL leaves may exert their anti-insulin 
resistance effects by modulating PPARG, DPP4, and PTPN1, 
thereby enhancing insulin signaling via the PI3K-Akt pathway. 
To strengthen these mechanistic insights, further validation using 
isolated phytoconstituents or enriched fractions, Western blot or 

Figure 7: Histological changes in pancreas. A) Average size of β-cells; B) Length of islets. *p<0.001 vs. Normal group; 
#p<0.001, ##p<0.01, ###p<0.05 vs. HFHF group.
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qPCR need to be performed to validate the expression changes of 
key proteins in the PI3K-Akt pathway.
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SUMMARY

The objective of this study is to evaluate methanolic extract of 
Buchanania lanzan leaves (BL) for insulin sensitivity in diet 
induced insulin resistance rats and to elucidate the mechanisms 
of B. lanzan leaves constituents with the support of computational 
tools. The PI3K-Akt signalling pathway was identified to score 
the highest gene count and lowest false discovery rate. Our 
findings confirmed that a BL showed anti-insulin resistance, 
anti-inflammatory, anti-hyperlipidaemia, anti-hyperglycaemic 
and, antioxidant activity might be due to presence of flavonoids. 
BL lowered elevated blood glucose levels by stimulating insulin 
secretion, played role in preserving liver and islet cell histology, 
regulating glycolysis or gluconeogenesis, increasing glucose 
uptake in skeletal muscles, and decreasing TNF-α levels in liver. 
Flavonoids in Buchanania lanzan leaves probably alter PPARG, 
DPP4, and PTPN1 proteins, enhancing insulin sensitivity via the 
PI3K-Akt signalling pathway.
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