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ABSTRACT

Diabetes mellitus is a multifactorial metabolic disorder requiring multi-target therapeutic strategies. The present
study reports an integrated in silico and in vitro evaluation of a polyherbal formulation (PHF) composed of
standardized extracts of Syzygium cumini, Pterocarpus marsupium, Tinospora cordifolia, Aegle marmelos,
Ocimum sanctum, and Berberis aristata. Molecular docking of key phytoconstituents, including berberine,
pterostilbene, ellagic acid, tinosporaside, eugenol, and marmelosin, demonstrated favorable binding affinities
toward major antidiabetic targets such as a-glucosidase, DPP-4, PPAR-y, and PTP1B (-6.95 to -8.88 kcal/mol).
ADME profiling confirmed compliance with Lipinski's rule-of-five, indicating good drug-likeness. Eight
formulations (PHF1-PHFS8) were developed and evaluated, among which PHF8 showed optimal pharmaceutical
properties, including acceptable hardness, friability, and dissolution (89.6% at 60 min). In vitro enzyme inhibition
studies revealed that PHFS8 exhibited significant a-glucosidase inhibitory activity (ICso = 49.3 + 1.1 pg/mL),
comparable to acarbose (ICso = 43.7 £ 0.9 pg/mL), along with dose-dependent a-amylase inhibition. The
formulation also demonstrated moderate antioxidant activity (ICso= 64.1 + 1.8 ng/mL) and low cytotoxicity (CCso
= 785.6 = 18.2 pg/mL) in HepG2 cells. FTIR and DSC studies confirmed compatibility and stability of the
formulation.
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Introduction important therapeutic targets. Although several
Diabetes mellitus (DM) is a chronic metabolic synthetic antidiabetic drugs are available, their long-
disorder characterized by persistent hyperglycemia term use is often limited by adverse effects and cost,
due to impaired insulin secretion, insulin resistance, highlighting the need for safer and more effective
or both [1, 2]. Type 2 diabetes mellitus (T2DM), the alternatives[5]. In this context, medicinal plants
most prevalent form, is associated with oxidative have gained attention due to their multi-target
stress, inflammation, and dysfunction of key mechanisms and better safety profiles. Plants such
metabolic pathways [3, 4]. Enzymes such as a- as Syzygium cumini, Pterocarpus marsupium,
glucosidase and a-amylase, along with molecular Tinospora cordifolia, Aegle marmelos, Ocimum
targets including DPP-4, PPAR-y, and PTP1B, play sanctum, and Berberis aristata have been widely
critical roles in glucose homeostasis and represent reported for their antidiabetic potential through
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mechanisms including enzyme inhibition, insulin
sensitization, and antioxidant activity [6]. The
combination of these plants in a polyherbal
formulation may provide synergistic therapeutic
effects [7]. Therefore, the present study aims to
evaluate a polyherbal formulation using an
integrated in silico and in vitro approach, including
molecular docking, ADME profiling, formulation
development, and enzyme inhibition studies to
explore its multi-target antidiabetic potential.

2. Materials

Dried and authenticated plant materials were
procured from standardized suppliers and subjected
to taxonomic authentication by a qualified botanist.
Herbarium voucher specimens were deposited for
reference. Standardized dry extracts of Syzygium
cumini (seed extract, rich in ellagic acid),
Pterocarpus  marsupium  (heartwood  extract,
containing pterostilbene), Tinospora cordifolia
(stem extract, containing tinosporaside), Aegle
marmelos (leaf extract, containing marmelosin),
Ocimum sanctum (leaf extract, rich in eugenol), and
Berberis aristata (root extract, standardized for
berberine) were obtained from Natural Remedies
Pvt. Ltd., Bangalore, India, each accompanied by
certificates of analysis. Pharmaceutical excipients
including microcrystalline cellulose (Avicel PH-
102), magnesium stearate, colloidal silicon dioxide
(Aerosil 200), and purified talc of pharmacopoeial
grade were purchased from Merck KGaA
(Darmstadt, Germany). o-Glucosidase (from
Saccharomyces cerevisiae, EC 3.2.1.20), a-amylase
(from  Aspergillus  oryzae, EC 3.2.1.1), p-
nitrophenyl-a-D-glucopyranoside (pNPG),
acarbose,  starch  soluble,  2,2-diphenyl-1-
picrylhydrazyl ~ (DPPH), dimethyl sulfoxide
(DMSO), 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), potassium
phosphate monobasic and dibasic, sodium
carbonate, Folin-Ciocalteu reagent, gallic acid,
quercetin, and sodium acetate were all procured
from Sigma-Aldrich (St. Louis, MO, USA) and Hi-
Media Laboratories, Mumbai, India. All chemicals
and reagents used were of analytical grade unless
stated otherwise. For cell culture studies, HepG2
(human hepatocellular carcinoma) cells were
obtained from the National Centre for Cell Science
(NCCS), Pune, India. Dulbecco's Modified Eagle's
Medium (DMEM), fetal bovine serum (FBS),
penicillin-streptomycin solution, and trypsin-EDTA
were purchased from HiMedia Laboratories,
Mumbeai, India. Phosphate-buffered saline (PBS, pH

7.4) was prepared in-house from reagent-grade
components. For computational studies, three-
dimensional crystal structures of target proteins
were downloaded from the RCSB Protein Data Bank
(https://www.rcsb.org): a-glucosidase (PDB ID:
3TOP), DPP-4 (PDB ID: 1X70), PPAR-y (PDB ID:
3DZY), and PTP1B (PDB ID: 2HNP). Ligand
structures of selected phytoconstituents including
berberine, pterostilbene, ellagic acid, tinosporaside,
eugenol, and marmelosin were retrieved from the
PubChem Compound Database in SDF format and
converted to PDB format using Open Babel v2.4.1.
Molecular docking was conducted using AutoDock
Vina  vl.1.2, protein  preparation  with
AutoDockTools v1.5.7, and three-dimensional
structure  visualization with PyMOL v2.5
(Schrodinger, LLC). ADME predictions were
obtained from SwissADME and pkCSM, while
Discovery Studio Visualizer v21.1 (Dassault
Systémes) was used for ligand—protein interaction
analysis.

3. Methods

3.1. Preparation of Plant Extracts

Coarsely powdered plant materials of Syzygium
cumini, Pterocarpus  marsupium, Tinospora
cordifolia, Aegle marmelos, Ocimum sanctum, and

Berberis aristata were individually subjected to
extraction by maceration in 70% ethanol (1:10 w/v)
at room temperature for 72 hours with periodic
agitation. The extracts were filtered through
Whatman No. 1 filter paper and concentrated under
reduced pressure using a rotary evaporator at 40°C
to obtain semisolid masses. These were further dried
in a vacuum oven to obtain free-flowing powders.
Percentage yield was calculated. Total phenolic
content (TPC) and total flavonoid content (TFC)
were determined using standard colorimetric
methods. Extracts were standardized against marker
compounds such as ellagic acid, pterostilbene,
berberine, eugenol, tinosporaside, and marmelosin
using validated HPLC methods [8].

3.2. Preliminary Phytochemical Screening
Qualitative phytochemical screening of all six plant
extracts was performed using standard procedures to
detect the presence of alkaloids, flavonoids, tannins,
saponins, terpenoids, phenols, glycosides, and
steroids. All tests were conducted in triplicate and
results were recorded semi-quantitatively [9].

3.3. Polyherbal Formulation Design

Eight polyherbal tablet formulations (PHF1-PHF8)
were prepared by varying the proportions of the six
herbal extracts along with excipients. All ingredients
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were passed through mesh #60, blended uniformly,
and lubricated with magnesium stearate and talc.
Tablets were prepared by direct compression using
a single punch tablet press, maintaining a uniform
tablet weight and diameter [10].

3.4. Pre-compression Characterization

Powder blends of all formulations were evaluated
for bulk density, tapped density, Carr’s
compressibility index, Hausner’s ratio, and angle of
repose. These parameters were measured using
standard methods to assess flow properties and
suitability for direct compression.

3.5. Post-compression Evaluation

Prepared tablets were evaluated for hardness,
friability, weight variation, thickness, disintegration
time, and drug content uniformity using
pharmacopoeial methods. All tests were performed
in triplicate [11].

3.6. Dissolution Studies

Dissolution studies were conducted using USP
Apparatus II (paddle method) in phosphate buffer
(pH 6.8) at 37 £ 0.5°C. Samples were withdrawn at
predetermined intervals, filtered, and analyzed
spectrophotometrically. Cumulative drug release
was calculated and compared among formulations
[12].

3.7. FTIR Analysis

FTIR spectroscopy was performed for individual
extracts, physical mixtures, and optimized
formulation using the KBr pellet method over a
range of 4000—400 cm™'. Spectra were analyzed for
possible drug—excipient interactions [13].

3.8. Differential Scanning Calorimetry (DSC)
DSC analysis was carried out to evaluate thermal
behavior and compatibility of the formulation.
Samples were heated under controlled conditions,
and thermograms were recorded and analyzed.

3.9. Protein Preparation for Molecular Docking
Crystal structures of target proteins (a-glucosidase,
DPP-4, PPAR-y, and PTP1B) were obtained from
the Protein Data Bank. Proteins were prepared by
removing water molecules, adding hydrogen atoms,
and assigning appropriate charges using
AutoDockTools [14].

3.10. Ligand Preparation and Molecular Docking
Structures of selected phytoconstituents (berberine,
pterostilbene, ellagic acid, tinosporaside, eugenol,
and marmelosin) were retrieved from the PubChem
database and prepared for docking. Molecular
docking was performed using AutoDock Vina.
Binding energies and interaction profiles were
analyzed using Discovery Studio Visualizer [15].

3.11. ADME and Drug-Likeness Prediction
ADME properties and drug-likeness parameters of
selected phytoconstituents were evaluated using
SwissADME and pkCSM tools. Lipinski’s rule-of-
five was used to assess oral bioavailability.

3.12. In Vitro a-Glucosidase Inhibition Assay
a-Glucosidase inhibitory activity was determined
using a standard colorimetric method. Test samples
at different concentrations were incubated with
enzyme solution, followed by addition of substrate.
Absorbance was measured, and percentage
inhibition and ICso values were calculated [16].
3.13. In Vitro a-Amylase Inhibition Assay
a-Amylase inhibition was evaluated using the DNS
method. Samples were incubated with enzyme and
substrate, and absorbance was measured after
reaction termination. Percentage inhibition and ICso
values were calculated [17].

3.14. DPPH Free Radical Scavenging Assay
Antioxidant activity was assessed using the DPPH
radical scavenging method. Samples were mixed
with DPPH solution and incubated in the dark.
Absorbance was measured, and percentage
inhibition was calculated [18].

3.15. In Vitro Cytotoxicity (MTT Assay)
Cytotoxicity of the optimized formulation was
evaluated using MTT assay on HepG2 cells. Cell
viability was determined by measuring absorbance
after treatment with test samples [19].

3.16. Statistical Analysis

All experiments were performed in triplicate, and
results were expressed as mean =+ standard deviation.
Statistical analysis was performed using one-way
ANOVA followed by appropriate post hoc tests. A
p-value <0.05 was considered statistically
significant [20].

4. Result and Discussion

4.1. Phytochemical Screening

Preliminary phytochemical screening of the selected
plant extracts revealed the presence of diverse
bioactive secondary metabolites. Berberis aristata
showed a strong presence of alkaloids, consistent
with its berberine content. Flavonoids and phenolic
compounds were found to be abundant in Syzygium
cumini and Ocimum sanctum, while Pterocarpus
marsupium and Tinospora cordifolia exhibited
moderate levels of terpenoids and glycosides.
Tannins were moderately distributed across most
extracts, whereas steroids were present in low
amounts. The presence of these phytoconstituents
supports the potential of the polyherbal formulation
for antidiabetic activity, as alkaloids, flavonoids,
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and phenolic compounds are known to contribute to
enzyme inhibition, antioxidant effects, and
improved glucose metabolism (Table 1).

Table 1: Phytochemical Screening of Selected
Plant Extracts

Phyto |S. | P. T. A. 0. B.

chemi | cu | mars | cord | mar | san | ari

cal mi | upiu | ifoli | mel | ctu | sta
ni | m a 0s m ta

Alkalo | + + + + + ++

ids +

Flavon | ++ | ++ ++ ++ ++ |+

oids + +

Tannin | ++ | ++ + ++ ++ |+

S

Saponi | + + ++ + + +

ns

Terpen | ++ | ++ ++ + ++ |+

oids

Phenol | ++ | ++ ++ ++ ++ | ++

S + +

Glycos | ++ | ++ ++ + + +

ides

Steroid | + + + + + +

S

(+ = weak, ++ = moderate, +++ = abundant)

4.2. Molecular Docking Results

Molecular docking studies were performed to
evaluate the binding affinity of selected
phytoconstituents with key antidiabetic targets. The
results indicated that all compounds exhibited
favorable interactions, supporting a multi-target
mechanism of action. Among the tested ligands,
berberine showed the highest binding affinity
towards DPP-4 (—8.88 kcal/mol), forming stable
hydrogen bond interactions with key residues such
as Glu205 and Tyr662. Pterostilbene demonstrated
strong interaction with PPAR-y (—8.52 kcal/mol),
indicating its potential role in improving insulin
sensitivity. Ellagic acid exhibited significant binding
to o-glucosidase (—8.21 kcal/mol), suggesting
effectiveness in controlling postprandial glucose
levels.  Other  phytoconstituents, including
tinosporaside, marmelosin, and eugenol, showed
moderate binding affinities across different targets,
contributing to the overall synergistic activity of the
formulation. The docking results collectively
indicate that the selected phytoconstituents can
effectively interact with multiple proteins involved
in glucose metabolism. The detailed ligand—protein
interaction profiles, including hydrogen bonding and
binding orientations, are depicted in Figure 1 and

Table 2, supporting the observed docking affinities
and multi-target activity.

Table 2: Molecular Docking Results of Selected
Phytoconstituents

Ligand Target | Bindin | H- Resid
Protein | g Bon | ues
Energy | ds
(kcal/
mol)
Berberine | DPP-4 —8.88 4 Glu20
(1X70) 5,
Tyr66
2
Pterostilb | PPAR-y | —8.52 3 Ser28
ene (3DZY) 9,
His44
9
Ellagic a- —8.21 4 Asp40
Acid Glucosi 8,
dase Arg21
(3TOP) 3
Tinospora | PTP1B | —7.64 3 Cys21
side (2HNP) 5
Marmelos | DPP-4 —7.32 2 Tyr54
in (1X70) 7
Eugenol a- —6.95 2 His28
Glucosi 0
dase
(3TOP)
Acarbose | a- -8.90 5 Asp40
(Std.) Glucosi 8
dase
NS S ps oy
S =0 o

Figure 1. Molecular docking interactions of
selected phytoconstituents with antidiabetic
target proteins.

4.3. ADME and Drug-Likeness Profiling

In silico ADME analysis of selected
phytoconstituents revealed favorable
pharmacokinetic  properties. All  compounds
complied with Lipinski’s rule-of-five, indicating
good drug-likeness and potential for oral
bioavailability. = Molecular  weights of the
compounds were within acceptable limits (<500
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Da), and the number of hydrogen bond donors and
acceptors were within the recommended range.
Topological polar surface area (TPSA) values were
found to be below 140 A2 for all compounds,
suggesting  good membrane  permeability.
Pterostilbene and eugenol exhibited lower TPSA
values, indicating higher lipophilicity and better
passive diffusion, whereas berberine and ellagic acid
showed moderate polarity, supporting balanced
absorption characteristics. No major violations
related to cytochrome P450 inhibition were
observed, although berberine showed a mild
interaction tendency, which may require further
investigation. Overall, the ADME profiling supports
the suitability of the selected phytoconstituents for
oral therapeutic application (Table 3).

Table 3: ADME and Drug-Likeness Properties of
Selected Phytoconstituents

Compo | M |H |H | Lo | TP | Lipins
und W |B |B |gP |SA |Kki
Da | D |A (A? | Compl
) ) iance
Berberi | 336 | 0 4 2.5 1 40. | Yes
ne .36 8
Pterosti | 256 | 1 2 3.4 129. | Yes
Ibene .30 5
Ellagic | 302 | 4 8 1.2 | 13 | Yes
Acid .19 1.4
Tinospo | 358 | 3 7 1.8 | 11 | Yes
raside .34 0.2
Marmel | 246 | 1 3 2.7 | 62. | Yes
osin 26 3
Eugeno | 164 | 1 2 2.1 1 29. | Yes
1 .20 4

4.4. Pre-compression Characterization

The powder blends of all polyherbal formulations
(PHF1-PHFS8) were evaluated for flow properties
prior to compression. The results indicated
satisfactory flow behavior suitable for direct
compression. Bulk density ranged from 0.40 to 0.46
g/mL, while tapped density was found between 0.47
and 0.54 g/mL. Carr’s compressibility index values
were within 14.2—15.6%, and Hausner’s ratio ranged
from 1.17 to 1.19, indicating good to passable flow
properties. The angle of repose was observed
between 27.8° and 29.4°, further confirming
acceptable flowability. Moisture content of all
blends remained below 2.5%, ensuring stability and
preventing agglomeration (Table 4).

Table 4: Pre-compression Properties of
Polyherbal Formulations

Form | Bul | Tap | Ca | Hau | An | Moi
ulatio | k ped | rr’s | sner | gle | stur
n Den | Den | Ind | ’s of e
sity | sity | ex | Rati | Re | (%)
@ | | |o pos
mL)  mL) |) e
@)
PHF1 | 0.40 | 047 | 14. | 1.18 | 29. |23
+0.0 | £0.0 | 90 | + 440 | £
2 2 .5 0.03 | .8 0.2
PHF2 | 0.41 | 048 | 14. | 1.17 | 29. | 2.2
+0.0 | £0.0 | 60 | + 10 | £
2 2 .5 0.02 | .7 0.2
PHF3 | 0.42 | 049 | 14. | 1.17 | 28. | 2.1
+0.0 | £0.0 | 3+0 | + 9+0 | £
2 2 .5 0.02 | .7 0.2
PHF4 | 0.43 | 0.50 | 14. | 1.17 | 28. | 24
+0.0 | £0.0 | 240 | + 6+0 | £
2 2 4 0.02 | .6 0.2
PHF5 | 0.42 | 0.49 | 14. | 1.17 | 28. | 2.2
+0.0 | £0.0 | 5£0 | + 80 | +
2 2 .5 0.02 | .7 0.2
PHF6 | 0.43 | 0.50 | 14. | 1.17 | 28. |25
+0.0 | £0.0 | 3+0 | + 540 | £
3 2 .5 0.02 | .6 0.3
PHF7 | 0.45 | 0.53 | 15. | 1.18 | 28. |23
+0.0 | £0.0 | 1£0 | + 240 | £
3 3 .6 0.03 | .6 0.2
PHF8 | 0.46 | 0.54 | 14. | 1.17 | 27. | 2.2
+0.0 | £0.0 | 80 | + 80 | +
3 3 5 0.02 | .6 0.2

4.5. Post-compression Evaluation

All compressed tablets (PHF1-PHF8) were
evaluated for standard pharmacopoeial parameters.
The results indicated that all formulations complied
with acceptable quality limits. Tablet hardness
ranged from 5.7 to 6.4 kg/cm?, ensuring adequate
mechanical strength for handling and transportation.
Friability values were found to be below 0.5%,
confirming good resistance to abrasion. Weight
variation among tablets was within £5% of the target
weight, indicating uniform die filling during
compression. Drug content uniformity ranged from
98.1 to 99.2%, demonstrating consistent distribution
of active constituents within the formulations.
Disintegration time showed a decreasing trend from
PHF1 to PHFS8, with PHF8 exhibiting the fastest
disintegration  time (10.1 min). Similarly,
dissolution studies revealed improved drug release
with increasing extract concentration, where PHF8
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achieved the highest dissolution (89.6% at 60
minutes) Table 5.

Table 5: Post-compression Evaluation of
Polyherbal Tablets

For Har | Fri | W | Disint | Diss | Dr
mula | dne | abil | eig | egrati | oluti | ug
tion Ss ity ht | on on Co
(kg/ | (%) | (m | (min) | (%) | nte
cm? g) nt
) (%
)
PHF |57 |04 |46 | 126+ | 724 | 98.
1 + 4 +£102 |08 21| 1=
03 |00 | =+ 0.8
5 2.3
PHF |59 |04 |48 | 119+ | 758 | 98.
2 + 2 £1931]0.7 +22 4+
03 |00 | =+ 0.9
4 24
PHF |60 |04 |46 | 122+ | 74.6 | 98.
3 + 1 (08|08 +2.1 |3+
03 |00 | =+ 0.8
4 2.2
PHF | 6.1 |03 |48 | 113+ | 782 | 98.
4 + 9 £19.010.7 +23 |7+
04 |00 | = 0.9
4 2.3
PHF |59 |04 |45 | 11.7+| 769 | 98.
5 + 0 £]9.6 0.8 +22 |5+
03 |00 | =+ 0.9
4 2.2
PHF |62 |03 |48 | 109+ | 80.6 | 98.
6 + 7 £ |87 0.7 +24 |9+
04 |00 | = 0.9
3 2.3
PHF |63 |03 |50 | 105+ | 84.1 | 99.
7 + 5 194106 250«
04 |00 | = 1.0
3 2.5
PHF |64 |03 |54 | 10.1+ | 89.6 | 99.
8 + 1 £19.8 106 +26 |2+
04 |00 | = 1.0
3 2.6

4.6. In Vitro Enzyme Inhibition Activity

All  polyherbal formulations (PHF1-PHFS)
exhibited concentration-dependent inhibition of
both a-glucosidase and o-amylase enzymes. The
inhibitory activity increased progressively with
increasing concentration, indicating dose-dependent
behavior. Among all formulations, PHFS8
demonstrated the highest inhibitory activity, which
can be attributed to the higher proportion of

bioactive extracts such as Syzygium cumini,
Pterocarpus marsupium, and Berberis aristata. The
enhanced activity is likely due to the presence of
phytoconstituents such as ellagic acid, pterostilbene,
and berberine, which are known to inhibit
carbohydrate-digesting enzymes. For a-glucosidase
inhibition, PHF8 showed an ICso value 0f49.3 + 1.1
pg/mL, which was slightly higher than the standard
drug acarbose (ICso = 43.7 = 0.9 ng/mL), indicating
comparable but slightly lower potency. A similar
trend was observed in the a-amylase inhibition
assay, where PHF8 exhibited significant inhibition,
though marginally less potent than the standard. The
progressive improvement in enzyme inhibition from
PHF1 to PHF8 correlates with the increasing
concentration ~ of  active  phytoconstituents,
supporting a synergistic multi-target mechanism.
Statistical analysis showed a significant difference
(p < 0.05) between PHF8 and lower formulations
(PHF1-PHF3), confirming the  optimized
performance of PHF8 (Table 6).

Table 6: o-Glucosidase Inhibition (%) and ICso
Values

Formu |25 |50 | 100 | 200 | 400 | ICso
lation | ng/ | ng/ | ng/ | ng/ | ng/ | (ng/
mL | mL | mL | mL | mL | mL)
PHF1 17. |1 30. |49. | 66. | 78. | 92.8
2|41 £]5£]2=£]|£15
09 |12 |18 |21 |24
PHF2 19. | 34. | 54. | 70. | 82. | 84.6
S5+|2+£|6£|8+£|1 +|+£14
1.0 |14 |20 |22 |25
PHF3 22. | 38. |59. | 74. | 85. | 769
3+ 1 £(2+£|6+|3+|+13
1.1 |16 [22 |23 |26
PHF4 | 25. | 42. | 63. | 78. | 87. | 68.7
1 +£(3£[8£|9+£]|2+|+£12
1.2 |18 [24 |25 |27
PHF5 24, | 41. | 62. | 77. | 86. | 724
0[5+ ]9+]6£]|5+|£13
1.1 |17 |23 |24 |26
PHF6 | 27. | 46. | 67. | 81. | 89. | 62.8
4 + |8+ |53 +£|1+|+£12
1.3 120 [26 |26 |28
PHF7 30. | 51. [ 71. | 84. | 91. | 574
6|2 +£|6+|2+|3+]+1.1
1.5 122 (28 |27 |30
PHF8 33. | 55. | 74. | 87. | 93. | 493
8|6 £|2+|5+]|6+]+1.1
1.6 |24 3.0 |29 |31
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Acarbo | 37. | 61. | 79. | 91. | 96. | 43.7
se 9+£|5+|8£|2+]5+£]+£09
(Std.) 1.8 |26 (32 |3.0 |33
4.7. Antioxidant Activity (DPPH Assay)
The antioxidant activity of the polyherbal
formulations was evaluated using the DPPH free
radical scavenging assay. All formulations exhibited
concentration-dependent radical scavenging
activity. The activity increased progressively from
PHF1 to PHF8, indicating improved antioxidant
potential with higher extract concentration. Among
all formulations, PHF8 showed the highest
antioxidant activity, with an ICso value of 64.1 + 1.8
pg/mL, while the standard ascorbic acid exhibited
an ICso of 25.6 = 0.7 pg/Ml (Table 7). The
antioxidant activity of PHFS can be attributed to the
presence of phenolic and flavonoid compounds such
as ellagic acid and eugenol.

Table 7: DPPH Radical Scavenging Activity (%)
and ICso

Formu |25 |50 | 100 | 200 | 400 | ICso
lation | ng/ | ng/ | ng/ | ng/ | ng/ | (ng/
mL | mL | mL | mL | mL | mL)
PHF1 15. | 28. [45. | 60. | 72. | 112.
4 |73 £|2£|1x]4 +
08 | I.I |16 [20 |23 |21
PHF2 17. | 32. | 49. | 64. | 75. | 98.6
8+ |1 +|6+|5+|8+£]+19
09 |13 |18 |21 |24
PHF3 19. | 35. | 53. | 68. | 78. | 89.7
6|4 +|8+£|2+|4+|£17
1.0 |15 [2.0 |23 |26
PHF4 | 22. |39. | 57. | 72. | 81. | 815
3+|2+]6£|1£]|3+]|+£16
1.1 | 1.7 (22 |24 |27
PHF5 21. | 38. | 56. | 71. | 80. | 84.3
5+(4+|9+|4+£]|6+|+£16
1.1 |16 [21 |23 |26
PHF6 | 24. | 43. | 6l. |75 | 84. | 74.8
8+ |6 +£|8£|9x|5+]|+15
1.2 |19 (24 |26 |28
PHF7 | 27. | 47. |65 |79. | 87. |69.2
6|9+ 7+£|1£]|2+|+£14
14 121 (26 |27 |29
PHF8 30. | 52. | 70. | 83. | 90. | 64.1
9+ |8+(4£|6+|1 +|+18
1.5 123 (28 |29 |31
Ascorb | 40. | 65. | 82. | 93. | 97. | 25.6
icAcid |2 £ |7 +|6+|4+|8+]+07
1.8 |26 |31 |3.0 |33
4.8. Cytotoxicity (MTT Assay)

The cytotoxicity of the optimized formulation PHF§
was evaluated using the MTT assay on HepG2 cell
lines. The results indicated that PHFS8 exhibited low
cytotoxicity across the tested concentration range.
Cell viability remained above 90% up to 200 pg/mL,
indicating good safety at therapeutically relevant
concentrations. The calculated CCso value for PHFS§
was 785.6 £ 18.2 pg/mL, demonstrating a wide
safety margin. The selectivity index (CCso/ICso for
a-glucosidase) was approximately 15.9, indicating
selective  pharmacological  activity — without
significant toxicity (Table 8).

Table 8: Cytotoxicity Profile of PHF§ (MTT

Assay)
Concentration (ug/mL) | Cell Viability (%)
10 98.6+1.2
25 96.8 + 1.4
50 952+1.6
100 92.7+1.8
200 90.3+2.0
400 82.6+2.3
800 61.4+238

4.9. FTIR and DSC Analysis

Fourier-transform infrared (FTIR) spectroscopy was
performed to evaluate possible interactions between
the herbal extracts and excipients in the optimized
formulation (PHFS). The FTIR spectra of individual
extracts and the final formulation showed the
presence of characteristic functional group peaks
such as O-H stretching (around 3200-3500 cm™),
C=0 stretching (approximately 16501750 cm™),
and C-O stretching (1000-1300 cm™). No
significant shifts, disappearance, or appearance of
new peaks were observed in the PHF8 spectrum
compared to individual components, indicating the
absence of chemical interactions and confirming
compatibility between ingredients. Differential
scanning calorimetry (DSC) analysis further
supported these findings. The thermograms of
individual  extracts  exhibited characteristic
endothermic peaks corresponding to their melting
points. The optimized formulation PHF8 showed
similar thermal behavior with only minor shifts
(within £2-3°C), which can be attributed to physical
mixing rather than chemical interaction. No new
peaks or significant changes in enthalpy were
observed (Figure 2).
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Figure 2. DSC thermogram

6. Conclusion

The present study successfully developed and
evaluated a polyherbal formulation composed of
Syzygium Pterocarpus  marsupium,
Tinospora cordifolia, Aegle marmelos, Ocimum
sanctum, and Berberis aristata for its antidiabetic

cumini,

potential using an integrated in silico and in vitro
approach. Molecular docking studies demonstrated
favorable interactions of key phytoconstituents with
major antidiabetic targets, supporting a multi-target
mechanism of action. ADME profiling confirmed
acceptable drug-likeness properties of the selected
compounds. Among the developed formulations,
PHF8 exhibited optimal pharmaceutical
characteristics, along with significant a-glucosidase
and o-amylase inhibitory activities comparable to
the standard drug. The formulation also
demonstrated moderate antioxidant activity and a
favorable cytotoxicity profile, indicating a good
safety margin. FTIR and DSC analyses confirmed
the compatibility and stability of the formulation.
Overall, the findings suggest that the optimized
polyherbal formulation possesses promising multi-
target antidiabetic potential with acceptable safety
and pharmaceutical properties. Further studies
involving in vivo evaluation and clinical validation
are warranted to establish its therapeutic
applicability.
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