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1.0 Table S1: Pharmacological attributes of selected botanicals individually and within PHFs supporting their inclusion in GB5 1 

The selection of these botanicals for GB5 is carefully crafted based on their individually validated pharmacological profiles and proven synergistic efficacy in PHFs, which align precisely with the metabolic improvements demonstrated in our study. 2 

Sl. 

No. 

Botanical 

name 

Antidiabetic mechanisms Associated metabolic actions Additional relevant 

pharmacological effects 

Clinical validation 

as part of 

polyherbal 

formulations 

Clinically proven outcomes References 

Carbohydrate 

digestion enzyme 

inhibition 

Glycaemic and insulin-

related effects 

Antioxidant 

activity 

Anti-inflammatory 

effects 

Lipid 

metabolism 

regulation 

α-GLU α-AMY 

01 Asparagus 

racemosus 

✓ ✓ ↑ insulin secretion 

(isolated pancreas), ↓ 

blood glucose 

✓DPPH, ✓OH ↓TNF-α, ✓NO ↓TC, ↓LDL Mild diuretic; Reduction 

of polyuria, polydipsia, 

polyphagia, fatigue 

Yes ↓HbA1c, ↓FG, ↓PPG, ↑Fasting 

insulin, improved β-cell function 

(HOMA-B), ↓Insulin resistance 

(HOMA-IR), safe and tolerable 

[1–5] 

02 Cyperus 

rotundus 

- ✓ ↓DPP-4, ↓PTP1B, 

↑GLUT1 mRNA, ↑PGU, 

↓FG, ↑HG 

↑SOD, ↑GPx, 

↑CAT, ↓H₂O₂, 

✓DPPH 

↓TNF-α, ↓IL-6, 

↓HAase, ↓MPO 

↓Lipase, ↓TG, 

↓TC, ↓HDL, 

↓LDL, ↓LPO 

- Yes ↓FG, ↓PPG, ↓HbA1c, safe and 

tolerable 

[6–10] 

03 Tinospora 

cordifolia  

✓ ✓ ↓FG, ↑PGU, ↑HG, 

histopathological 

protection of β-cells and 

liver 

↑SOD, ↑GSH, 

✓DPPH 

↓VEGF, ↓PKC, 

↓TNF-α, ↓IL-1β, 

↓MPO, ↓HAase, 

✓NO 

↓TG, ↓LDL, 

↓LPO 

osmotic diuresis Yes Reduced diabetes progression, 

↓FG, ↓PPG, ↓HbA1c, ↓PPG, 

↓insulin resistance, safe and 

tolerable 

[11–15] 

04 Terminalia 

arjuna  

✓ - ↓DPP-4, ↓FG, ↓HbA1C ✓DPPH, ↑CAT, 

↑SOD, ↑GSH 

↓IL-6, ↓IL-1β, 

↓TNF-α, ✓NO 

↓TG, ↓TC, 

↓HDL, ↓LDL, 

↓LPO 

Significant reductions in 

polyphagia, polydipsia, 

polyuria, nocturia 

Yes ↓FG, ↓PPG, ↓HbA1c, safe and 

tolerable 

[10, 16–

18] 

05 Mimosa 

pudica 

- ✓ 2-NBDG uptake, 

↓pancreatic insulin, 

normalized PPG, 

↓HbA1C 

↑SOD, ↑GSH, 

↑GPx, ↑GST, 

✓DPPH 

↓IL-1β, ↓TNF-α, 

✓NO 

↓LPO Restored vitamin E and 

C; ↓AST, ↓ALT, ↓ALP, 

↓ACP, ↓γ-GTP 

Yes ↓FG, ↓PPG, ↓HbA1c, safe and 

tolerable 

[19–22] 

FG, Fasting glucose; PGU, Peripheral glucose utilization; HG, Hepatic glycogen; PPG, Postprandial glucose; OH, Hydroxyl radical scavenging potential; H2O2, Hydrogen peroxide scavenging ability; TC, Total cholesterol; TG, 3 

Triglyceride; LPO, Lipid peroxidation. 4 
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2.0 Experimental 1 

2.1 Materials S1 2 

IBMX (3-isobutyl-1-methylxanthine) (≥ 98% purity), Porcine Pancreatic α-Amylase (≥ 1000 U/mg 3 

protein), Soluble Potato Starch, Acarbose (≥ 95% purity), α-Glucosidase from S. cerevisiae (≥ 100 U/mg 4 

protein), PAHBAH (p-hydroxybenzoic acid hydrazide) (≥ 97% purity), pNPG (p-nitrophenyl-α-D-5 

glucopyranoside) (≥ 98% purity), MTT (3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide), 6 

Metronidazole (≥ 98% purity), Rosiglitazone (≥ 98% purity), and Dexamethasone (≥ 97% purity) were 7 

sourced from Sigma-Aldrich, India. DMEM (Dulbecco’s Modified Eagle Medium, high glucose) and Fetal 8 

Bovine Serum (FBS, heat inactivated) was procured from Gibco™, USA. DPPH (2,2-diphenyl-1-9 

picrylhydrazyl) (95% purity), L-Ascorbic acid (99.7% purity), Sodium Nitroprusside Dihydrate (99% purity), 10 

DNSA (3,5-dinitrosalicylic acid) (99% purity), Insulin (25 USP U/mg), and Oil Red O (75%) was procured 11 

from Sisco Research Laboratories Pvt. Ltd., India.  All other chemicals were sourced commercially and were 12 

of analytical grade. 13 

2.2 Methods S1 14 

2.2.1 GC-MS analysis 15 

GC-MS analysis of the polyherbal extract was conducted using a Clarus 680 gas chromatography 16 

system coupled to a Clarus 600 mass spectrometer (PerkinElmer, USA), operating under electron ionization 17 

(EI) conditions. System operation and data acquisition were managed through TurboMass™ software, version 18 

5.4.2, with compound identification performed using the NIST mass spectral library (version 2008). For 19 

analytical preparation, 2 g of the lyophilized extract was dissolved in 10 mL of ethanol with gentle agitation. 20 

The solution was filtered through a 0.45 µm Millex™ hydrophilic PTFE syringe filter (SLFH1R00N, Merck, 21 

Germany) to remove particulate matter and higher molecular weight non-volatile constituents. The filtrate was 22 

subsequently passed through a column packed with anhydrous Na2SO4, and the eluate collected. The eluate 23 

was concentrated to a final volume of 1 mL under a gentle nitrogen stream at ambient temperature (25°C). 24 

Chromatographic separation was performed using an Elite-5MS capillary column (30 m × 0.25 mm internal 25 

diameter × 0.25 µm film thickness) consisting of 5% diphenyl and 95% dimethylpolysiloxane, with helium as 26 
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the carrier gas at a constant flow rate of 1.0 mL/min. Injector temperature was maintained at 260°C, and 1 µL 1 

of the concentrated extract was injected in split mode (ratio 10:1). The oven temperature program began at 2 

60°C (held for 2 min), ramped at a rate of 10°C/min up to 300°C, and was held isothermally at 300°C for an 3 

additional 6 min, yielding a total runtime of 32 min. Mass spectrometry parameters included ion source 4 

temperature set at 240°C, interface (transfer line) temperature at 240°C, and a solvent delay of 2 min. 5 

Acquisition was carried out in full-scan mode over a mass range of 50–600 m/z, with a scan time of 0.2 sec 6 

and scan interval of 0.1 sec. Analytical reproducibility was confirmed through triplicate injections, 7 

demonstrating consistent retention times and peak area reproducibility. Routine solvent and matrix blank 8 

injections were also conducted to ensure baseline stability and identify potential contaminants such as 9 

plasticizers from laboratory consumables or column bleed artifacts, thereby validating peak authenticity. 10 

2.2.2 Network pharmacology 11 

2.2.2.1 Construction of compound-target network of GB5 12 

Network pharmacology analysis was executed to uncover potential therapeutic mechanisms. SDF files 13 

of selected compounds were analysed using SwissTargetPrediction (http://www.swisstargetprediction.ch/), 14 

leveraging similarity-based algorithms linking chemical structure and bioactivity profiles. Human-specific 15 

targets with prediction probabilities ≥ 10% were selected, yielding annotated proteins with UniProt identifiers. 16 

2.2.2.2 Construction disease-targets protein-protein interaction network 17 

Disease-associated genes for ‘Diabetes Mellitus’ and ‘Lipid Metabolism’, retrieved from GeneCards 18 

(https://www.genecards.org/) with relevance scores ≥ 10, ensured biological significance. Common targets 19 

between compound-associated and disease-related gene sets were identified and analysed using STRING 20 

(https://string-db.org/) to construct a high-confidence protein-protein interaction network. For STRING, we 21 

selected Homo sapiens and kept only experimentally supported or database-curated interactions (evidence 22 

mode), requiring a confidence score ≥ 0.70. Functional enrichment analysis, encompassing Gene Ontology 23 

biological processes and KEGG, WikiPathways, and Reactome pathways, ranked enriched pathways by false 24 

discovery rate. The top 5–10 pathways were visualized using ChiPlot (https://www.chiplot.online/). 25 

http://www.swisstargetprediction.ch/
https://www.genecards.org/
https://string-db.org/
https://www.chiplot.online/
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2.2.2.3 Network analysis 1 

Interaction networks were further constructed to delineate compound-target-pathway relationships. 2 

The CytoHubba plug-in (ver. 0.1) within Cytoscape (ver. 3.10.3) employed the MCC algorithm to identify hub 3 

genes based on node degree, centrality, and shortest path metrics. Functional modules within the compound-4 

target network were identified through MCODE analysis (degree cutoff 10, node density ≥ 0.5, node score ≥ 5 

0.5, K-core = 2, max depth = 100). The original STRING network underwent topological analysis via 6 

stringApp (ver. 2.2.0) to identify top hub genes essential to network integrity. Visualizations were produced 7 

with yFiles Layout Algorithms (ver. 1.1.5) and annotated using the Legend Creator plug-in (ver. 1.1.7) for 8 

clarity. 9 

2.2.3 Statistical analysis 10 

All statistical analyses were conducted using GraphPad Prism version 8.0.2 (263) (GraphPad Software, 11 

San Diego, CA, USA), supplemented by Microsoft Excel 2021. Data normality was assessed via the Shapiro–12 

Wilk test (α = 0.05). 13 

Nonlinear sigmoidal four-parameter logistic (4PL) regression was applied to antioxidant, enzymatic 14 

inhibition, and MTT assays to determine EC50/IC50 values, with the X-axis log-transformed, following: 15 

𝑆𝑝𝑎𝑛 = 𝑇𝑜𝑝 − 𝐵𝑜𝑡𝑡𝑜𝑚          S. Eq. 1 16 

𝑌 = 𝐵𝑜𝑡𝑡𝑜𝑚 +
𝑆𝑝𝑎𝑛

(1+10
((𝑙𝑜𝑔 𝐼𝐶50−𝑋) · 𝐻𝑆)

)
         S. Eq. 2 17 

Here, ‘Y’ represents percentage inhibition, ‘X’ is log concentration, ‘Top’ and ‘Bottom’ are asymptotes, 18 

‘logIC50’ is log of half-maximal inhibitory concentration, and ‘HS’ is the Hill slope. The model fitting 19 

employed least squares regression (max 1000 iterations), without weighting. Model suitability for datasets 20 

was confirmed by the Extra Sum-of-Squares F test. Confidence intervals (95%) and prediction bands (MTT 21 

assay) were plotted, with model fit quality assessed by R2, Sy.x, and sum of squares. 22 

Enzyme kinetics parameters were derived using linear regression analyses (Lineweaver–Burk and 23 

Dixon plots). Velocity data are expressed as mean ± SD from triplicated independent experiments. Initial-rate 24 

linearity was confirmed (R2 ≥ 0.99) with residual distribution checks. Each regression provided slope, y-25 

intercept (± SE), 95% CI, R2, Sy·x, and F-statistics. 26 
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Lineweaver–Burk mixed-inhibition was evaluated using: 1 

1

𝑣
=

𝐾𝑚

𝑉𝑚𝑎𝑥
(1 +

[𝐼]

𝐾𝑖𝑐
)

1

𝑆
+

1

𝑉𝑚𝑎𝑥
(1 +

[𝐼]

𝐾𝑖𝑢
)         S. Eq. 3 2 

Dixon plot analyses followed: 3 

1

𝑣
= (

𝐾𝑚

[𝑆]·𝑉𝑚𝑎𝑥·𝐾𝑖𝑐
+

1

𝑉𝑚𝑎𝑥·𝐾𝑖𝑢
) [𝐼] + (

𝐾𝑚

𝑉𝑚𝑎𝑥·[𝑆]
+

1

𝑉𝑚𝑎𝑥
)       S. Eq. 4 4 

Here, ‘v’ denotes initial velocity, ‘[S]’ substrate concentration, ‘[I]’ inhibitor concentration, ‘Km’ 5 

Michaelis constant, ‘Vmax’ maximal velocity, ‘Kic’ competitive inhibition constant, and ‘Kiu’ uncompetitive 6 

inhibition constant. 7 

Yeast GU EC50 was estimated via cubic polynomial nonlinear regression: 8 

𝑌 = 𝐵0 + 𝐵1𝑋 + 𝐵2𝑋2 + 𝐵3𝑋3         S. Eq. 5 9 

In this equation, ‘Y’ is percentage GU, ‘X’ the concentration, and coefficients ‘B0–B3’ are polynomial 10 

parameters. Outlier analysis utilized Q = 1%, with robustness evaluated by R2, Sy.x, sum of squares, and Runs 11 

test. 12 

Differentiated 3T3 adipocyte GU EC50 employed linear regression: 13 

𝑌 = 𝑚𝑋 + 𝐶            S. Eq. 6 14 

‘Y’ represents GU percentage, ‘X’ concentration, ‘m’ the slope, and ‘C’ the intercept, applying identical 15 

analytical settings as in the 4PL model. 16 

LA assay in 3T3 adipocytes utilized a one-phase exponential decay nonlinear regression: 17 

𝑌 = (𝑌0 − 𝑃𝑙𝑎𝑡𝑒𝑎𝑢) · 𝑒−𝐾𝑋 + 𝑃𝑙𝑎𝑡𝑒𝑎𝑢        S. Eq. 7 18 

Here, ‘Y’ denotes LA percentage, ‘X’ formulation concentration, ‘Y0’ initial response, ‘Plateau’ 19 

minimum response, and ‘K’ decay constant. 20 

Statistical significance for enzymatic inhibition and antioxidant assays was evaluated using multiple 21 

unpaired t-tests with Welch’s correction, controlling the false discovery rate (FDR) at 0.05 (Benjamini, 22 

Krieger, Yekutieli method). GU and LA assays underwent one-way ANOVA (Brown–Forsythe and Welch 23 

correction), with post-hoc comparisons by Dunnett’s T3 test. Statistical significance was set at p < 0.05. 24 

 25 

 26 
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3.0 Table S2: Qualitative phytochemical analysis of GB5 1 

The table presents results from standardized tests on the polyherbal extract, indicating the presence (+, ++, +++) or 2 

absence (–) of major phytochemical classes. This profile summarizes the bioactive constituents contributed by the five 3 

constituent botanicals. 4 

S. No. Test Inference 

1 Alkaloids +++ 

2 Carbohydrates + 

3 Glycosides – 

4 Proteins and amino acids +++ 

5 Flavonoids ++ 

6 Phenolic compounds +++ 

7 Tannins +++ 

8 Saponins – 

9 Phytosterol ++ 

10 Triterpenoid – 

11 Quinones – 

12 Anthraquinone – 

13 Coumarins + 

14 Fixed oils + 

Relative abundance of the phytochemical groups denoted as ‘+’, low; ‘++’, moderate; ‘+++’, high; and ‘–', 5 

absent. 6 

 7 

 8 

 9 
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