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Abstract 
 

The Northeastern region of India, with its unique ecological conditions, is home to 

a significant portion of India's biodiversity and serves as a gateway to its 

indigenous flora and fauna. The local tribes utilise traditional herbs of this region 

to lower blood glucose levels, regulate blood pressure, and manage metabolic 

disorders such as diabetes and obesity. This study employed metabolite profiling, 

integrative network pharmacology analysis, and in vitro and in vivo exploration to 

assess the therapeutic potential and mechanisms of action of three Northeast 

Indian food plants, selected for their traditional significance: Allium hookeri 

Thwaites, Benincasa hispida (Thunb.). Cogn., and Houttuynia cordata Thunb. To 

find druggable compounds in this extract, pseudotargeted metabolomic 

dereplication and enzyme inhibition with kinetic validation were performed. 

Integrative metabolomics and network pharmacology were employed to elucidate 

the mechanisms of phytomolecules. In vivo testing in diet-induced 

hyperglycaemia and hyperlipidaemia models proved the preventive efficacy of 

the extracts. Metabolite profiling and integrated network pharmacology analysis 

of hydroalcoholic extracts from A. hookeri, B. hispida, and H. cordata identified 

27, 16, and 17 compounds, respectively, demonstrating a multi-molecule, multi-

target approach to modulating molecular pathways. The dose-dependent 

inhibition of α-glucosidase, α-amylase, and pancreatic lipase was observed in 

vitro. A. hookeri had the lowest IC50 value in an in vitro enzyme inhibition potential 

test and was tested in vivo for its ability to prevent hyperglycemia and 

hyperlipidaemia from a high-fat, high-sugar diet. A. hookeri extract at 200 and 

400 mg/kg body weight, taken orally daily, significantly (p < 0.05) maintained 

normal blood glucose levels compared to the disease control group. Moreover, 

the extract maintained anthropometric parameters and HbA1c levels. This study 

utilises established evidence of A. hookeri, a well-known medicinal food plant 

native to northeastern India, to develop an improved extract that prevents 

diabetes and obesity associated with modern diets. The findings will help develop 

safe and effective A. hookeri nutraceuticals to prevent metabolic disorders, such 

as diabetes and obesity. 
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1.1. Translation of traditional knowledge system through metabolomics 

The World Health Organization (WHO) reports that over 80% of the global 

population utilises traditional herbal medicine as the primary approach to 

healthcare and the promotion of health and well-being (World Health 

Organization, 2023). The application of medicinal plants and polyherbal 

formulations in Indian healthcare dates back to approximately 5000 BC, as 

evidenced in ancient texts such as the "Charak Samhita" and the "Sushruta 

Samhita" (Mukherjee et al., 2022a). This traditional knowledge system initiates a 

translational approach in developing value-added phytopharmaceuticals for 

human health and well-being. The quality control and regulation of traditional 

medicinal plants and formulations present considerable challenges that can be 

addressed through thorough metabolite profiling (Mukherjee, 2019a).  

The metabolomics of medicinal plants provides a detailed analysis of secondary 

metabolites, serving as an essential resource in drug discovery and development 

(Mukherjee et al., 2016). Metabolomics can be categorised as either targeted, 

focusing on specific metabolites, or untargeted, which aims to identify all 

metabolites within a defined mass range (Mukherjee, 2019a). Untargeted 

metabolomics, along with hybrid methods that integrate both untargeted and 

targeted metabolomics (pseudotargeted metabolomics), serve as an effective 

strategy for identifying metabolites in plant extracts, which encompass a wide 

variety of molecules. This method offers flexibility for extensive metabolite 

profiling in untargeted approaches, while enabling precision-based quantification 

in targeted metabolomics, thereby supporting simultaneous high-throughput 

detection (Du et al., 2025). Metabolomics involves analytical methods such as 

liquid chromatography-tandem mass spectrometry (LC-MS), nuclear magnetic 

resonance (NMR) spectroscopy, and high-performance thin-layer 

chromatography-tandem mass spectrometry (HPTLC-MS), integrated with 

modern multivariate statistics for metabolite data analysis (Mukherjee et al., 

2016). 

LC-MS-based metabolomics utilises chromatographic separation before mass 

spectrometric analysis, which decreases sample complexity and alleviates matrix 
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effects during ionisation (Zhou et al., 2012). Reverse-phase liquid 

chromatography typically employs C18 columns for the separation of semipolar 

compounds, including phenolic acids, flavonoids, glycosylated steroids, alkaloids, 

and other glycosylated species. Mass spectrometric analysis employs an ion 

source within a mass spectrometer to convert samples or extracts into ions. The 

mass analyser subsequently separates these ions, utilising either a time-of-flight 

(ToF) tube or an electromagnetic field, followed by a detector for the identification 

of metabolites (Mukherjee, 2019a). Gas chromatography–mass spectrometry 

(GC-MS) is utilised in metabolomics to analyse metabolites that exhibit low 

polarity, low boiling points, or volatility after a derivatisation step. The main 

limitation of GC–MS is its applicability exclusively to volatile compounds or those 

that can be made volatile through derivatisation, often requiring extensive sample 

preparation (Putri et al., 2022). NMR spectroscopy represents a significant 

analytical platform utilised in plant metabolomics studies. NMR can trace 

metabolic pathways and fluxes through isotope labelling and quantify abundant 

compounds without requiring complex sample preparation or fractionation 

(Markley et al., 2017). 

These analytical techniques are essential for the scientific validation and 

standardisation of traditional medicine, facilitating quality evaluation through the 

use of key biological and phytochemical reference standards (Mukherjee et al., 

2016). Plant metabolomics facilitates the rapid dereplication and effective 

identification of biomarkers, contributing to the discovery of novel bioactive 

compounds. Metabolomics can also be employed to dereplicate the biosynthesis 

of natural products across different developmental stages in their biological 

sources, while simultaneously screening for bioactivity. The use of various 

analytical techniques streamlines the bioassay-guided isolation process, 

facilitating the rapid reproduction of established activity (Tawfike et al., 2013). 

Thus, plant metabolomics differs from conventional phytochemical analysis in 

fundamental ways, notably as a data-driven approach with predictive capabilities 

that aims to investigate all detectable metabolites without preconceived notions 

or pre-selection (Bijttebier et al., 2016). The geographic origin of a plant has a 

significant influence on its metabolite fingerprints. Metabolite fingerprints can be 
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employed in quality control using a metabolomics approach. Metabolite 

accumulation variations directly affect sensory properties, such as flavour and 

aroma, as well as bioactivity. Regional chemical profiling is crucial for ensuring 

quality control and validating authenticity. The metabolomic profiles of medicinal 

plants show considerable variation depending on their geographical origin. A 

study revealed that the compounds in a plant extract exhibited regional variation, 

allowing for targeted breeding and quality improvement through metabolomics 

(Jing et al., 2024). 

The metabolomics-based translational strategy employs chemometrics and 

statistical modelling to interpret data. Chemometrics combines mathematics, 

statistics, and computer science to identify significant patterns in complex 

multivariate data, facilitating the analysis of chemical fingerprints in medicinal 

plant extracts for quality assessment and standardisation. Principal component 

analysis (PCA) is an unsupervised method for identifying patterns in multivariate 

data, applied without prior knowledge of the samples involved. PCA minimises 

the dimensionality of a dataset characterised by numerous interrelated variables, 

while preserving the maximum variance. PCA evaluates the discriminative 

capacity of common components by utilising the relative peak areas of common 

peaks as input data, instead of the complete fingerprint (Nahar and Sarker, 

2022). 

 

1.1.1. Metabolomics in quality control of herbal drugs 

The increasing demand for herbal medicines in both developing and developed 

countries requires the preservation of quality and purity in herbal raw materials 

and finished products.  Herbal drugs are formulated using extracts or fractions 

derived from whole plants or specific plant parts.  The intricate chemical 

composition of medicinal plants necessitates the standardisation of herbal drugs 

to ensure the preparation of safe and effective products.  The quality of the 

precursor material is crucial for ensuring the therapeutic reproducibility of herbal 

remedies (Mukherjee, 2019b). The assessment of quality control techniques in 

herbal medicine has been conducted through the evaluation of one or two types 

of indicators. Medicinal plants contain various compounds, suggesting that 
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relying on one or two markers would be insufficient for effective quality control. 

Consequently, quality control, which incorporates the assessment of all 

compounds through metabolomics, has become increasingly important in 

preventing the production of substandard and adulterated pharmaceuticals 

derived from natural products (Lee et al., 2017). 

Metabolomics plays a critical role in ensuring the quality control and authenticity 

of plant-derived products, thereby safeguarding consumer safety and meeting 

regulatory standards. Metabolomics aids in the classification of medicinal plants 

and the creation of metabolic fingerprints for the authentication and quality 

control of natural products, as well as in understanding the metabolic pathways 

that produce bioactive compounds (Adeeyo et al., 2024). Thus, untargeted and 

pseudotargeted metabolomics of herbal medicine, utilising techniques like LC-MS 

or NMR alongside multivariate statistical methods, facilitates the identification of 

biomarkers between authentic and counterfeit samples (Jiang et al., 2024). The 

applications of metabolomics in quality control are given in Figure 1.1. 

 

Figure 1.1. Metabolomics in medicinal plant research 
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1.1.2. Metabolomics in drug discovery against metabolic disorders 

Metabolic disorders, including diabetes and obesity, continue to pose a global 

challenge, and contemporary drug discovery research involving medicinal plants 

emphasises the mechanistic pathways through which phytoconstituents exert 

their effects. Metabolomics-driven drug discovery involves the identification of 

bioactive phytochemicals and their associated biological markers, along with the 

application of in silico methods to elucidate the underlying mechanisms (Nafie et 

al., 2025). Metabolomics, a leading omics technology, is the preferred method for 

correlating drug or gene expression patterns with the modulation of signalling 

pathways (Pan et al., 2024). Metabolomics provides insight into the key pathways 

through which bioactive phytoconstituents act, employing a multi-molecule, multi-

target approach (Mukherjee et al., 2022b).  

Recent studies have utilised metabolomics as an efficient tool in the mechanistic 

elucidation and scientific validation of traditional medicine. A metabolomics-based 

network pharmacology study revealed that the fruits of Benincasa hispida 

(Thunb.) Cogn., which contain the compounds kaempferol, catechin, and 

naringenin, inhibit Non-insulin-Dependent Diabetes Mellitus (NIDDM) via critical 

bioactive pathways, including insulin resistance, the AMPK signalling pathway, 

the PPAR signalling pathway, and the PI3K-Akt signalling pathway (Das Gupta et 

al., 2025b). Lagenaria siceraria Stand. metabolomics showed that p-Coumaric 

acid, Ferulic acid, monolignol, coniferyl alcohol, hesperidin, and apigenin-7-

glucoside enhanced lipid profiles in hyperlipidaemic rats via IRS–Akt–Foxo1 

regulation (Banerjee et al., 2023). A metabolomics analysis of Bruguiera 

cylindrica (L.) Bl. displayed anti-hyperglycaemic potential through the modulation 

of both PPAR and PI3-AKT signalling pathways by Urolithin A, Urolithin B, and 

Esculetin (Gayen et al., 2024).  

 

1.1.3. Synergy of herbal medicine 

The processes underlying the synergistic effects of herbal components can be 

investigated to develop novel multitarget nutraceutical combinations, as well as to 

identify effective combinations that are individually subtherapeutic yet potent 

when used together. Synergistic actions entail interactions with several locations, 
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targets, and pathways that are intricately affected by genetic, environmental, 

behavioural, and temporal characteristics. It is asserted that herbs and herbal 

formulations exhibit synergistic effects. There is substantial in vitro and/or in vivo 

evidence supporting the existence of synergism among ingredients in specific 

herbal extracts. Synergy is also understood as the reduction of adverse effects, 

with another fundamental principle of herbs and herbal formulations positing that 

the toxicity of plant extracts is inferior to that of a singular isolated component. 

Thus, synergy plays a significant role in the therapeutic efficacy of medicinal 

plants and plant-derived formulations. The mechanisms of action of numerous 

phytomedicines remain unidentified, and there are multiple cases where a 

complete herbal extract demonstrates superior efficacy compared to an 

equivalent dosage of an isolated compound. Synergistic effects are typically 

regarded as advantageous, with the utilisation of low doses viewed as beneficial; 

yet, it is evident that negative interactions may also exist (Mukherjee et al., 

2022a). 

 

1.1.4. System biology and metabolomics 

Systems biology seeks to comprehend the biological complexity of various 

measurements without resorting to hypotheses. Systems biology focuses on the 

dynamics of genetic, regulatory, and metabolic processes within cells, aiming to 

understand the complexity of cellular networks. Adopting a systems biology 

approach would help to explore the scientific implications of herbal medicine and 

modernise traditional medicine (Kitano, 2002). Metabolomics aims to identify a 

diverse range of compounds both qualitatively and quantitatively. 

Chromatographic techniques, combined with mass spectrometry and nuclear 

magnetic resonance spectrometry, are used in these analyses. Combining the 

results of these analyses with other parameters can reveal unexpected 

correlations, such as the relationship between the presence of specific 

compounds in extracts and their biological activity (Hood and Perlmutter, 2004). 

Metabolomics-validated herbal products can be rapidly investigated using 

innovative approaches, such as reverse pharmacology and systems biology, both 

of which are grounded in traditional medicine knowledge (Mukherjee et al., 
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2022a). Metabolomics thus becomes an effective tool for studying the function 

and safety of herbal drugs (Figure 1.2). 

 

 

Figure 1.2. Metabolomics and system biology in drug discovery 

 

1.2. Network pharmacology in the validation of traditional medicine 

To address the limitations of the reductionist approach in drug discovery, systems 

biology has emerged as an integrative method to comprehend biological 

complexity. It represents biological systems as networks of interacting elements – 

genes, proteins, and metabolites – within cells or among tissues. In this context, 

network pharmacology has emerged as an innovative instrument that correlates 

drugs with various targets and pathways, synthesising information from 

genomics, transcriptomics, proteomics, and cheminformatics (Hopkins, 2007). 

Introduced by Andrew L. Hopkins, network pharmacology transcends the “one-

drug-one-target” paradigm of the reductionist approach to adopt “multi-drug, 
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multi-target” approaches, which are ideally suited for examining traditional and 

herbal medicinal systems. 

Network pharmacology provides (Hopkins, 2008): 

• Prediction of targets for various compounds in a conventional formulation. 

• Identification of critical hub genes or proteins implicated in disease 

modulation. 

• Visualisation of compound-target-pathway networks. 

• Integration with disease ontology and pathway databases (e.g., KEGG, 

Reactome). 

The integration of ethnopharmacology, computational biology, and bioinformatics 

now provides a systematic and evidence-based framework for the scientific 

validation and global recognition of traditional medical systems, such as AYUSH, 

Thai traditional medicine, and traditional Chinese medicine. Metabolite profiling, 

combined with network pharmacology analysis, systems biology, multidirectional 

pharmacology, and bioinformatics, is widely used to determine the synergy 

(samyoga) between phytomolecules, predict and validate medicinal plants and 

their products, and discover novel therapeutic prospects (Das Gupta et al., 

2025a). 

 

1.2.1. Network Pharmacology in Systems Biology 

Traditional herbs and formulations comprise multiple phytoconstituents that act in 

synergy to exhibit an overall pharmacological potential by targeting multiple sites 

(Chandran, 2015). Network pharmacology within systems biology provides 

integrated multi-omics data and computational methodologies to elucidate the 

mechanism of action and molecular interactions related to a disease (Imran et al., 

2025). The reductionist method in pharmacological research emphasises the 

examination of individual components in isolation to understand their function in 

disease and therapeutic efficacy. Network pharmacology adopts a holistic 

perspective, examining the intricate interactions within a biological system to 

comprehend the overall impact of drugs on that system (Azmi, 2012). This 

methodology for understanding multi-targeted therapeutics and synergy 
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assessment, as provided by traditional medicinal plants, comprises numerous 

small clusters of phytomolecules, genes, proteins, and pathways integrated to 

create a biological network (Talevi, 2015). 

This methodology for synergy assessment offers significant benefits in herbal 

drug discovery and the validation of traditional herbs and formulations, which 

include – 

• Addressing multiple targets and pathways, demonstrating a cluster of 

therapeutic effects that reduce drug resistance (Li et al., 2023). 

• Identification of synergistic interactions that minimise therapeutic 

concentrations to reduce side effects (Mukherjee et al., 2022b). 

• Forecast secure pharmacological combinations and provide an overview 

of herb-herb and herb-drug interactions (Zhang et al., 2013). 

• Identification of novel targets and repurposing of existing drugs/traditional 

formulations through the analysis of interaction potential to expedite drug 

discovery (Ye et al., 2016). 

• Elucidating intricate disease mechanisms through gene mapping, protein-

protein interactions, and the identification of disease-associated pathways 

(Mukherjee et al., 2022b). 

• Advancement of precision medicine derived from traditional herbs and 

formulations through the identification of critical bioactive targets and 

pathways, resulting in optimised traditional formulations tailored for 

precision (Mukherjee et al., 2022b). 

Consequently, network pharmacology elucidates the intricacies of biological 

systems to formulate innovative, precision-based therapeutics and drug 

repositioning strategies, aiming to create safe and effective alternative 

treatments.  

 

1.2.2. Network Pharmacology tools in the validation of Traditional 

Medicine 

The network pharmacology approach combines network biology, systems 

pharmacology, and bioinformatics to elucidate the complex relationships between 
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various herbal components in traditional medicine. It challenges the conventional 

"one drug-one target" paradigm by recognising that most diseases are complex 

and involve multiple genes, proteins, and signalling pathways (Mukherjee et al., 

2022b). Traditional medicinal formulations comprise various compounds that 

target distinct genes and proteins, thereby affecting multiple pathways with a 

collectively beneficial impact on disease conditions. Utilising research and 

accessible molecular datasets in the formulation, one can develop and assess 

networks to delineate distinct features. Follow these procedures to authenticate 

the assertions of traditional medicines through a network pharmacology 

methodology (Noor et al., 2022). 

Identification of active compounds: The preliminary step in network 

pharmacology analysis involves identifying phytoconstituents present in herbs 

and formulations through an exhaustive literature survey or by conducting LC–

MS/MS analysis. 

Protein–target interactions and pathway analysis: This phase involves predicting 

the targets of the identified phytoconstituents using databases such as Binding 

DB (www.bindingdb.org), Swiss Target Prediction (www.swisstargetprediction.ch), 

and DrugBank (go.drugbank.com). The protein targets are examined for their 

corresponding gene encoding in Uniprot (www.uniprot.org). The genes are 

subsequently utilised to investigate disease interactions in the Therapeutic Target 

Database (TTD; db.idrblab.net), DrugBank (go.drugbank.com), the Online 

Mendelian Inheritance in Man database (OMIM; www.omim.org), the DisGeNET 

database (www.disgenet.org), and STRING (string-db.org), among others. The 

disease-associated genes are used to create pathway analysis through which 

proteins interact, as determined by STRING (string-db.org), Database for 

Annotation, Visualisation, and Integrated Discovery (DAVID; 

davidbioinformatics.nih.gov), and ShinyGO (bioinformatics.sdstate.edu) 

(Mukherjee et al., 2022b).  

Network construction and analysis: The network illustrating botanical–bioactive, 

bioactive–target, and target–disease interactions is generated using Cytoscape 

(cytoscape.org) (Das Gupta et al., 2025a). Cytoscape is an open-source software 
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platform that enables the visualisation and analysis of complex networks. 

Network analysis techniques allow the identification of central nodes (highly 

interconnected proteins) and clusters (groups of strongly interacting proteins) 

(Shannon et al., 2003). The amalgamation of individual interacting networks 

produces a composite network that demonstrates multi-molecule, multi-target 

interactions to establish synergy. The methodology of integrative metabolomics-

based network pharmacology is illustrated in Figure 1.3. 

 

Figure 1.3. Integrative metabolomics-based network pharmacology 

approach in natural product drug discovery 

 

Validation and hypothesis generation: Validation involves comparing network 

findings with established assertions to ensure consistency, thereby corroborating 

both sources of knowledge. It is crucial to juxtapose network and pathway 

analysis with the established claims of traditional medicine/formulations within the 

framework of network pharmacology. It validates the alignment between network 

findings and conventional wisdom. The outcome confirms the ability of network 
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pharmacology to identify pathways consistent with traditional uses. It may unveil 

new insights and correct inconsistencies (Noor et al., 2022). A combination of 

traditional knowledge with contemporary methodologies facilitates a more 

thorough comprehension of the effectiveness of traditional medicinal flora and 

formulations. This validation may be succeeded by experimental cross-validation 

to enhance reliability. The development of hypotheses arises from previously 

unrecognised pathways identified during research, facilitating new insights into 

mechanisms of action and highlighting the capacity of network pharmacology to 

validate traditional medicine while revealing novel mechanisms (Srikanth, 2021). 

 

1.2.3. Network pharmacology in personalised healthcare systems 

Recent research on healthcare treatment emphasises the importance of 

minimising unnecessary side effects and addressing the underlying causes of 

diseases, while also promoting personalised preventive measures (Pandey and 

Gupta, 2024). Network pharmacology employs molecular interactions between 

bioactive compounds and their respective gene targets to customise the specific 

application of traditional herbs and their derived formulations (Li et al., 2023). 

Precision medicine, inspired by traditional medicine, is made possible by the 

combination of network pharmacology with omics technologies such as 

transcriptomics, proteomics, metabolomics, and epigenomics, which focus on 

synergistic network targets. The discovery of bioactive metabolites in herbs and 

herbal formulations provides valuable evidence that can be used in large clinical 

trials to evaluate their efficacy (Poornima et al., 2016). A study reveals that two 

traditional Chinese medications, WeiFuChun (WFC) and MoLuoDan (MLD), 

which are used to address gastritis, have pharmacological effects through distinct 

mechanisms. MLD demonstrated greater specificity of action compared to WFC, 

underscoring the need for network pharmacology-based elucidation of the 

mechanism of action in the development of precision medicine (Zhang et al., 

2024).  
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1.2.4. Role in drug discovery and repurposing 

The network pharmacology method for expedited drug discovery initiates with 

target identification through metabolite profiling and the determination of 

corresponding human gene targets, subsequently leading to disease association 

and the establishment of pertinent mechanistic pathways. In drug repurposing, 

established metabolites and gene targets are integrated with disease-gene 

networks from an alternative disease to explore potential pathway modifications 

(Joshi et al., 2025). Gene mapping and disease association in network 

pharmacology has markedly decreased the time and expense associated with 

drug development and repurposing (Hopkins, 2007).  

The recent outbreak of COVID-19 has underscored the necessity for high-

throughput screening of traditional herbs and herbal formulations to identify leads 

through network pharmacology-based computational approaches. These leads 

can be validated through experimental validation and the exploration of 

alternative therapeutics in the management of various diseases. Plumbago 

zeylanica L., commonly referred to as Chitrak, is an esteemed Ayurvedic herb 

noted for its therapeutic efficacy in addressing digestive insufficiency, intestinal 

disorders, haemorrhoids, abdominal pain, and perianal swelling (Government of 

India, 2001a). The repurposing of P. zeylanica for exhibiting antiproliferative 

potential was studied using metabolomics-based network pharmacology analysis. 

The study provided mechanistic insights into the potential apoptotic and 

antitumour activity of P. zeylanica extract, mediated by Plumbagin and other 

phytometabolites, against prostate cancer, hepatocellular carcinoma, breast 

cancer, and tumour growth (Das Gupta et al., 2025a).  

The repurposing of Curcuma longa L., traditionally utilised for wound healing, 

skin ailments, and metabolic disorders, has been reported as a potential lead for 

drug development against Alzheimer’s disease via network pharmacology (Kadiri 

and Tiwari, 2025). Another example of drug repurposing includes the fresh fruits 

of Lagenaria siceraria (Mol.) StandI., which are used in fever, cough, 

dyspnoea/respiratory distress and Inflammation (Government of India, 2001b). 

Recent research has indicated the involvement of L. siceraria in hyperlipidaemia 



Barun Das Gupta, PhD Thesis Chapter 1: Introduction  
 

14 

 

management through mechanistic assessment utilising metabolite profiling and 

network pharmacology methodologies (Banerjee et al., 2023). In addition to 

natural products, drug repurposing through network pharmacology has identified 

selegiline, a monoamine oxidase inhibitor used in the treatment of depression, as 

a potential anticancer agent (Kumkar et al., 2024). Thus, network pharmacology 

is a practical approach in the drug discovery and scientific validation of traditional 

medicine. 

 

1.3. Metabolic and lifestyle-related disorders: An overview 

Lifestyle-related disorders like Diabetes mellitus (DM) and Obesity are chronic 

metabolic disorders recognised as a global public health concern. WHO identifies 

Diabetes and Obesity as one of the ten most significant global health issues 

(Ghosh, 2022; Basile et al., 2022). ICMR has identified India as the most 

important contributor to metabolic diseases (Anjana et al., 2023). Diabetes, 

especially non-insulin-dependent diabetes mellitus and Obesity, are 

heterogeneous and multifaceted disorders leading to conditions like insulin 

resistance, hyperglycaemia, hyperlipidaemia, hypertension, hypertriglyceridemia 

and hypercholesterolaemia (Kar et al., 2024; Pi-Sunyer, 2003). NIDDM is a 

persistent metabolic condition characterised by abnormalities in both the 

production and function of insulin. Obesity is caused by low rates of physical 

activity and chronic overeating despite its genetic and epigenetic influences 

(Safaei et al., 2021). 

 

1.3.1. Current treatment strategies and limitations 

Contemporary approaches to managing NIDDM and obesity encompass non-

pharmacological interventions, specifically dietary adjustments and the 

incorporation of physical activity (Dent et al., 2012). The pharmacological 

treatment options comprise appetite suppressants, digestion and absorption 

inhibitors (α-glucosidase, α-amylase, and pancreatic lipase inhibitors), metabolic 

enhancers, glucose reabsorption blockers (SGLT2 inhibitors), glucose uptake 

enhancers (activators of GLUT2 and GLUT4), and incretin mimetics (GLP-1 

receptor agonists) (Mukherjee et al., 2020). Nevertheless, numerous therapeutic 
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alternatives lack sustained efficacy and holistic management. Lifestyle 

modifications yield varied individual responses and are most effective as 

preventive strategies; nonetheless, the aforementioned drugs often result in 

flatulence, diarrhoea, indigestion, vomiting, soft and oily stools, and 

gastrointestinal disturbances (Das Gupta et al., 2025b). In addition to the 

aforementioned adverse effects, these medications are contraindicated for those 

with a history of seizures, hypertension, congestive heart failure, myocardial 

infarction, or arrhythmias. Moreover, discontinuation of these medications often 

leads to a reversal of effects, including considerable weight gain (Bonnet and 

Scheen, 2017). These limitations in modern treatment strategies direct the 

therapeutic focus towards the traditional system of medicine for the exploration of 

novel therapeutic targets, cost-effective treatment alternatives, and the holistic 

management of NIDDM, obesity, and related comorbidities. 

 

1.3.2. Alternative therapeutics with herbal medicine 

Plant-based therapy in the management of NIDDM and obesity has been used 

since ancient times and is documented in traditional texts of Ayurveda and 

Charak Samhita. Natural alternatives include whole extracts and plant-derived 

phytochemicals. Phytomolecules like quercetin (1) and daidzein (2) act by AMPK 

activation and enhancing glucose uptake by activating GLUT1 and GLUT4 

transporters (George Thompson et al., 2015). Phenolic compounds like 

kaempferol (3), resveratrol (4), luteolin (5) have shown promising α-glucosidase 

inhibitory potential, while epicatechin (6), myricetin (7), rosmarinic acid (8) and 

caffeic acid (9) exhibited α-amylase inhibitory potential (Kar et al., 2024). 

Flavones such as apigenin (10) have been shown to stimulate lipolysis in rat 

adipocytes, whereas luteolin has been demonstrated to decrease triglyceride 

formation in murine 3T3-L1 preadipocytes in a dose-dependent manner (Williams 

et al., 2013). Flavonoids, such as naringenin (11), have been found to inhibit 

hepatic steatosis and dyslipidaemia by increasing fatty acid oxidation, reducing 

VLDL overproduction, improving insulin sensitivity, and decreasing cholesterol 

synthesis (Yoshida et al., 2013). Genistein (12) has been shown to exhibit 
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antiobesity effects by enhancing the methylation of six cytosine-guanine sites, 

thereby modifying obesity susceptibility (Dolinoy et al., 2006). 

 

   

(1) (2) (3) 

 
  

(4) (5) (6) 

 

 
 

(7) (8) (9) 

  
 

(10) (11) (12) 

 

Many compounds have been identified as beneficial in pancreatic β-cell 

regeneration. These compounds have been reported to regulate oxidative stress, 

inflammation, and apoptotic pathways, thereby improving β-cell function and 

regeneration (Kimani et al., 2023). Swertisin (13), a flavonoid, was found to 

promote islet neogenesis via the Activin-A-driven MEK-TKK pathway in mice 

subjected to partial pancreatectomy (Dadheech et al., 2015). In another study, 

Salidroside (14), a phenylpropanoid glycoside, was shown to enhance β-cell 

mass and replication by diminishing oxidative stress, activating the AMPK-AKT 

pathway, and restoring mitochondrial membrane potential through the reduction 
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of NOX2 expression (Ju et al., 2017). Capsaicin (15), a capsaicinoid, has been 

shown to demonstrate remarkable efficacy in managing metabolic disorders, 

including obesity and NIDDM. Capsaicin has been shown to mitigate obesity-

induced insulin resistance, enhance SIRT-1 expression to induce the browning of 

white adipose tissue, augment AMPK activity, regulate genes associated with 

gluconeogenesis and glycogen synthesis, and inhibit ghrelin release in animal 

models (Ghosh, 2022).  

 

 
 

 

(13) (14) (15) 

 

In addition to isolated phytomolecules, various plant extracts, encompassing both 

medicinal and culinary species, have demonstrated significant antidiabetic and 

antiobesity properties. Aegle marmelos Correa. leaves were reported to contain 

coumarins (16), umbelliferone (17), and esculetin (18), which enhanced lipolysis. 

Allium cepa L. peels, which contain quercetin, were found to suppress 

preadipocyte differentiation and inhibit adipogenesis. The bulbs comprising 

cycloalliin (19), S-methyl-L-cysteine (20), S-propyl-L-cysteine sulfoxide (21), and 

dimethyl trisulfide (22) were observed to reduce serum triglyceride and free fatty 

acid levels in diabetic rats (Mukherjee et al., 2015). Benincasa hispida (Thunb.) 

Cogn. whole fruits containing kaempferol, catechin (23), linolenic acid (24) and 

linoleic acid (25) were found to inhibit α-glucosidase and α-amylase enzymes 

comparable to reference standard acarbose (Das Gupta et al., 2025b). Fruits of 

Momordica dioica Roxb. ex Willd. containing β-sitosterol (26), gypsogenin (27), 

stigmasterol (28), kaempferol 7-O-neohesperidoside (29), and balsaminoside-A 

(30) have been documented to inhibit α-glucosidase, α-amylase, and pancreatic 

lipase in a dose-dependent manner, demonstrating antihyperglycaemic and 



Barun Das Gupta, PhD Thesis Chapter 1: Introduction  
 

18 

 

antihyperlipidaemic potential comparable to standard inhibitors (Singha et al., 

2024).  

Fruits of Lagenaria siceraria (Molina) Standl. containing coniferyl alcohol (31), 

ferulic acid (32), and p-coumaric acid (33), these compounds inhibited carbonic 

anhydrase activity in a dose-dependent manner, potentially aiding in the 

management of oedema, hypertension, obesity, and associated metabolic 

disorders (Chanda et al., 2021). In a report by Chanda et al., the fruits of 

Coccinia grandis (L.) Voigt, which contain caffeic acid, sinapic acid (34), ferulic 

acid, caffeoylquinic acid (35), p-coumaroylquinic acid (36), feruloyl quinic acid 

(37), Cucurbitacin E (38), and Sophorol (39), exhibit inhibitory effects on the α-

glucosidase enzyme and may function as a functional food for managing 

diabetes-related disorders (Chanda et al., 2020). The extract of Dalbergia sissoo 

Roxb. bark, which includes β-amyrone (40), Ergosta-4,6,8(14),22-tetraen-3-one 

(41), Lup-20(29)-en-3-one (42), Lupeol (43), and Soyasapogenol B (44), exhibits 

various anti-diabetic effects against the enzymes α-amylase, α-glucosidase, and 

DPP-4, as demonstrated by molecular docking analysis (Vijh and Gupta, 2024). 

The extensive heritage of medicinal and food plants in India has consistently 

captivated researchers' interest in the development of innovative and alternative 

therapies for managing metabolic disorders. Medicinal plants are cultivated 

throughout India, with particular emphasis on the northeastern region due to its 

distinctive diversity and traditional heritage. The medicinal plants of the 

northeastern region of India are explored in detail in the subsequent section. 

 

 
  

(16) (17) (18) 
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(43) (44)  

 

1.4. Traditional medicinal plants of northeast India in the management of 

metabolic disorders 

The northeastern region of India (NER) is a notable biodiversity hotspot owing to 

its ecological conditions. NER comprises roughly fifty per cent of India's 

biodiversity and is acknowledged as the geographical conduit for the majority of 

indigenous flora and fauna. The traditional communities of the NER possess 

profound ethnobotanical knowledge, largely due to their deep connection with 
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local natural resources. This indigenous traditional knowledge is crucial for the 

development of novel therapeutics with improved efficacy and safety (Das et al., 

2024). 

 

1.4.1. Medicinal plants of NER: Traditional uses in diabetes, obesity and 

associated complications 

Natural products play a vital role in daily nutrition, significantly enhancing our 

health and well-being. Traditional medicinal systems have acknowledged food 

plants as powerful healing agents, emphasising the principle of "food as 

medicine". This concept emphasises that a comprehensive diet abundant in 

natural bioactive compounds can significantly contribute to the prevention and 

management of diverse health concerns (Mukherjee et al., 2022). This diet, 

inspired by traditional healthcare practices, is deeply rooted in the northeastern 

region of India. The unique climatic and geographical characteristics of the region 

significantly contribute to the diverse array of plant species containing potent 

bioactive compounds (Sheikh et al., 2015). 

Most of the medicinal food plants available in the NER are an integral part of the 

daily diet. Allium hookeri Thwaites, belonging to the family Liliaceae, also known 

as hooker chive and locally referred to as Napakpi in Manipur, is consumed 

whole as a vegetable (Deb et al., 2023). Parkia roxburghii G.Don (Fabaceae), 

popularly known as the tree bean and locally known as Yongchak in Manipur, has 

pods and seeds that are consumed as a vegetable in various forms, including 

raw, salad, boiled, or pickled (Chhikara et al., 2018). Houttuynia cordata Thunb. 

(Saururaceae) commonly known as Toningkok is mostly consumed raw as a 

salad (Kumar et al., 2014). Apart from being a part of the daily diet, these food 

plants are also consumed together in dishes known as ‘Singju’ and ‘Eromba’ in 

Manipur (Dagawal et al., 2023; Devi and Basumatary, 2017; Singha et al., 2021). 

Polygonum posumbu Buch. Ham. Ex D. Don (Polygonaceae), commonly referred 

to as Phak-pai, is traditionally utilised for the treatment of fever and dyspepsia. 

The delicate shoots and leaf portions were utilised as cooked vegetables or 

chutney by the natives in the northeastern states of India (Das et al., 2025a). 

Hogdsonia heteroclita (Roxb.), belonging to the family Cucurbitaceae and 
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commonly known as Hagrani jwgwnar, is widely used on an empty stomach for 

the treatment of diabetes and various other health ailments (Basumatary et al., 

2024).  

Lagenaria siceraria (Molina) Standl., commonly known as the bottle gourd, is 

traditionally used as a cardiac tonic, aphrodisiac, general tonic, hepatoprotective 

agent, analgesic, anti-inflammatory, expectorant, and diuretic (Das et al., 2024). 

Diplazium esculentum (Retz.) Sw., a member of the Athyriaceae family, is 

predominantly utilised as a vegetable by the hill tribes of NER. The decoction of 

the plant is utilised to address haemoptysis and cough, and is traditionally 

reported for the treatment of dysentery, glandular swellings, indigestion, 

diarrhoea, and various skin infections (Junejo et al., 2018). Phlogacanthus 

puninervius T. Anderson, commonly referred to as Dein kajut, is a member of the 

Acanthaceae family. The leaves and flowers are utilised to manage diabetes, 

while an infusion of the leaves and a curry made from the aerial parts are 

consumed with rice (Kripasana and Xavier, 2020). Glinus oppositifolius (L.) Aug. 

DC, a member of the Molluginaceae family, is utilised by certain traditional 

healers for diabetes treatment through leaf decoction (Ragasa et al., 2015). 

Andrographis paniculata (Burm.f.) Wall. ex Nees (Acanthaceae) is referred to as 

Kalmegh and Hnakhapui. Traditionally, the leaves and aerial components of the 

plant are utilised to address diabetes, hepatic disorders, and splenomegaly (Das 

et al., 2025b). Momordica charantia L. (Cucurbitaceae), commonly referred to as 

Changkha, Kerela Tita-kerala, and Karon Akhabi in NER, possesses a bitter 

flavour and is documented to lower elevated cholesterol levels and promote fat 

reduction (Ahmad et al., 2016). The familial distribution of the traditional utilisation 

of some ethnopharmacologically potential medicinal plants in NER is presented 

in Table 1.1 (Deb et al., 2023). 
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Table 1.1. Ethnopharmacological uses of some well-known medicinal plants 

of NER 

Family Scientific Name Local Name Traditional Use 

Acanthaceae 

Andrographis 

paniculata (Burm.f.) 

Wall. 

Chirata (K), 

Kalmegh, 

Bhubati 

Decoction of the entire 

plant, Juice and powder 

derived from the dried 

leaves of the whole 

plant, as well as juice 

from the flowers and 

stems. 

Aizoaceae 
Glinus oppositifolia 

L. 
Bakhate Boiled plant extract 

Asteraceae 

Stevia 

rebaudiana (Bertoni) 

Bertoni 

Stevia 
Extract of the whole 

plant 

Athyraceae 

Diplazium 

esculentum (Retz.) 

Sw. 

Hiikahamang Young fruit extract 

Bignoniacea

e 
Oroxylum indicum L. 

Tokharung, 

Shamba, 

Sonaka, 

Totola, 

Phagorip, 

Kakidziihe 

(Mao tribe) 

Decoction of bark and 

seed, 15–20 ml of 

freshly peeled or dried 

stem bark decoction 

administered twice daily. 

Caryophyllac

eae 

Drymaria cordata 

(Linn.) Willd. and 

Schult. 

Tandan mana, 

Abhijalo 

Whole aerial plants in 

cooked form with 

Channa orientalis 

Cucurbitacea

e 

Momordica 

charantia L. 

Karela, Kairu, 

Changkhate, 

Korola, Karot 

akhabi 

25 ml of fruit extract 

administered twice daily 

for a duration of 12 to 14 

weeks, or raw fruit juice 
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(50 ml) administered 

orally once daily for a 

duration of 5 to 6 weeks. 

Extract of branches can 

also be used. Leaf and 

fruit are utilised as a 

vegetable 

Solena heterophylla 

Lour. 
Bankundri Roots decoction 

Cyperaceae Cyperus rotundus L. 

Mutha, Lam-

thang, 

Sembang 

Kaothum 

Fresh juice of rhizome or 

decoction of tuber or 

boiled extract of whole 

plant and rhizome 

Lauraceae 

Cinnamomum 

tamala (Buch.-Ham.) 

T.Nees & Eberm. 

Tespata, 

Sinkauli, 

Napsor, 

Mensing, 

Tejpat, 

Tezpata 

Oral administration of 5 

g/per day of powdered 

dried leaves for a 

duration of 5 to 6 weeks 

or a decoction of the 

stem bark thrice daily for 

a duration of 3 to 4 

weeks. 

Infusion of leaves 

Liliaceae 
Allium hookerii 

Thwaites 

Zawngtuipui, 

Napakpi 

Decoction of the whole 

plant or the fresh whole 

plant as a vegetable 

Mimosaceae 
Parkia timoriana (A. 

DC.) Merr 
Yongchak 

Decoction of bark with 

Centella asiatica and 

Ficus glomerata fruits 

Passiflorace

ae 

Passiflora edulis 

Sims 

Shitaphal, Bel 

(Angami tribe) 

Fresh fruits and 

decoction of leaves 
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1.4.2. Molecular mechanism of medicinal plants of NER against NIDDM and 

obesity 

The P. posumbu hydroalcoholic extract was reported to exhibit antidiabetic 

potential by inhibiting the in vitro α-amylase enzyme. When administered orally to 

STZ-induced diabetic mice, the extract showed improved glucose tolerance, 

lower fasting glucose, and HbA1c levels compared to the disease control group 

(Das et al., 2025a). The ethanolic extract of H. heteroclita fruit demonstrated a 

dose-dependent inhibition of the α-amylase enzyme, effectively reducing 

elevated glucose, lipid, and triglyceride levels in diabetic mice (Basumatary et al., 

2024). The rhizome extract of Paris polyphylla Sm. containing diosgenin (45), the 

compound inhibited α-amylase and α-glucosidase, reduced fasting blood glucose 

and HbA1c levels, and enhanced oral glucose tolerance in streptozotocin (STZ)- 

induced diabetic rats. It also normalised liver enzyme markers while reducing 

serum urea and creatinine, indicating hepatoprotective and renoprotective effects 

(Kshetrimayum et al., 2023). A separate study demonstrated that the 

hydroalcoholic extract of dried rhizomes of P. polyphylla, which contains Paris 

saponin VII (46), Dioscin (47), and Polyphyllin V (48), significantly accelerated 

diabetic wound healing in STZ-induced diabetic rats compared to both control 

and standard povidone iodine ointment groups (Kshetrimayum et al., 2024).  

The hydroalcoholic extract of dried aerial parts of Ageratina adenophora 

(Spreng.) R. King & H. Robinson, containing chlorogenic acid (49) and caffeic 

acid, showed significant inhibitory effects on α-amylase and α-glucosidase 

activities. It was also found to lower fasting glucose and HbA1c levels, improve 

serum biochemical markers, boost tissue antioxidant levels, and partially 

regenerate pancreatic islets in STZ and nicotinamide-induced diabetic rats 

(Chanu et al., 2023). Methanolic leaf extract of Drymaria cordata (Linn.) Willd. 

and Schult. demonstrated antidiabetic and antihyperlipidemic properties through 

α-amylase and α-glucosidase inhibition, enhanced glycaemic regulation, and 

reduced serum lipid and triglyceride concentrations in STZ and nicotinamide-

induced type 2 diabetic rats (Patra et al., 2020). The ethyl acetate fraction of 

Solena heterophylla Lour. fruits, containing Cucurbitacin B (50), demonstrated 

antidiabetic and hepatoprotective effects by lowering fasting blood glucose and 
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HbA1c levels, as well as normalising liver antioxidant enzyme levels (Jana et al., 

2024). The hydroalcoholic extract of Cyperus rotundus L. rhizome demonstrated 

a reduction in weight gain and enhanced glucose and lipid metabolism in 

olanzapine induced obese rats. The bioactive compounds identified using 

network pharmacology were shown to regulate PTP1B and HSD11B1, thereby 

downregulating adipogenesis (Kanagali et al., 2022). The ethanolic extract of 

Oroxylum indicum (L.) Kurz bark, rich in oroxylin A (51), chrysin (52) and 

baicalein (53), was reported to inhibit pancreatic lipase in a dose-dependent 

manner and downregulate adipogenesis in 3T3-L1 preadipocytes (Mangal et al., 

2017). The mechanism of action of medicinal plants of NER has been listed in 

Table 1.2. 

  
 

(45) (46) (47) 

 

 

 

(48) (49) (50) 
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Table 1.2. The pharmacological action of medicinal plants of NER against 

T2DM and obesity. 

Sl. 

No

. 

Plant 

name 

Mechanism of action 

Reference 
In vitro In silico In vivo 

1.  

Polygonu

m 

posumbu 

Buch. 

Ham. Ex 

D. Don 

Inhibition of 

the α-amylase 

enzyme 

↓ postprandial 

hyperglycaemi

a 

Modulation 

of PI3K-

AKT, 

MAPK and 

TGF-β 

pathways 

↓ fasting glucose 

(FBG) & 

glycated 

haemoglobin 

(HbA1c) 

↓ inflammation 

normalised 

AST/ALP/creatin

ine 

↑ increased 

glucose uptake 

(Das et al., 

2025a) 

2.  

Hogdsoni

a 

heteroclita 

(Roxb.) 

 

Inhibition of 

the α-amylase 

enzyme 

↓ postprandial 

hyperglycaemi

a 

– 

Improve 

glycemic control, 

lipid and 

triglyceride 

levels 

Maintain body 

weight 

(Basumatary 

et al., 2024) 

3.  

Paris 

polyphylla 

Sm  

 

 

– – 

Formulated 

ointments 

accelerated 

diabetic wound 

healing 

↑ collagen 

deposition and 

fibroblast 

regeneration 

(Kshetrimay

um et al., 

2024) 
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↑ hair follicle 

regeneration and 

skin architecture 

restoration 

↑ re-

epithelialization 

and keratin layer 

formation 

↑ angiogenesis 

4.  

Inhibition of α-

amylase and 

α-glucosidase 

enzymes 

↓ postprandial 

hyperglycaemi

a 

– 

↓ FBG  

↓ HbA1c 

Restored body 

weight and 

serum protein 

levels. 

Corrected 

dyslipidaemia 

↓ TC, TG, LDL 

↑ HDL 

hepatoprotective 

and 

renoprotective 

↓ serum urea 

and creatinine 

↑ β-cell 

regeneration 

(Kshetrimay

um et al., 

2023) 

5.  

Ageratina 

adenopho

ra 

(Spreng.) 

R. King & 

H. 

Inhibition of α-

amylase and 

α-glucosidase 

enzymes 

↓ postprandial 

hyperglycaemi

– 

↓ FBG and 

HbA1c levels 

↑ glycaemic 

control 

Restored body 

weight 

(Chanu et 

al., 2023) 
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Robinson 

 

a Hepatoprotective 

and 

renoprotective 

Normalisation of 

SGPT, SGOT, 

ALP, total 

protein, urea, 

and creatinine 

6.  

Drymaria 

cordata 

(Linn.) 

Willd. and 

Schult. 

 

Inhibition of α-

amylase and 

α-glucosidase 

enzymes 

↓ postprandial 

hyperglycaemi

a 

– 

↓ FBG  

↓ HbA1c 

↓ TC, TG, LDL 

↑ HDL 

↓ serum urea 

and creatinine 

↑ β-cell 

regeneration 

↑SOD and GSH, 

↓MDA 

(Patra et al., 

2020) 

7.  

Solena 

heterophyl

la Lour. 

 

Inhibition of α-

amylase and 

α-glucosidase 

enzymes 

↓ postprandial 

hyperglycaemi

a 

– 

↓ FBG  

↓ HbA1c 

↓ TC, TG, LDL 

↑ HDL 

↑ β-cell 

regeneration 

↑ SOD, CAT to 

improve redox 

balance 

(Jana et al., 

2024) 

8.  

Osbeckia 

nepalensi

s Hook. f. 

↑ glucose 

uptake in CC1 

Rodent 

Primary 

Hepatocytes 

Taxifolin-3-

O-

glucoside 

and 

Quercetin-

Reduction of 

hyperglycaemia 

by 

↓ FBG  

↑ serum insulin 

(Gurumayum 

et al., 2023) 
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Inhibition of 

hepatic 

gluconeogene

sis 

↓ 

gluconeogenic 

enzymes, 

G6Pase & 

PEPCK. 

3-O-

rhamnosid

e in n-

butanol 

fraction 

gave 

stable 

hydrogen 

bonds, and 

showed 

hydrophobi

c & Pi 

interaction

s 

Taxifolin-3-

O-

glucoside –

G6Pase 

complex 

was found 

to be 

stable 

↓ triglycerides 

↓ LDL ↑ HDL 

↓ SGOT, SGPT 

↑ AMPK 

phosphorylation 

↓ G6Pase 

↓ PEPCK 

↓ FOXO1 ↓ 

HNF4α 

↓ PGC1α 

9.  

Cyperus 

rotundus 

L. 

– 

PTP1B 

and 

HSD11B1 

identified 

as hub 

targets in 

obesity 

regulation 

↑ insulin 

signalling 

↓ Body weight, 

BMI 

↓ abdominal 

circumference 

↓ food intake 

↑ locomotor 

activity 

↓ FBG  

↓ TC, TG, LDL, 

VLDL 

(Kanagali et 

al., 2022) 



Barun Das Gupta, PhD Thesis Chapter 1: Introduction  
 

31 

 

(PTP1B 

modulation

) 

↓ 

adipogene

sis 

(HSD11B1 

modulation

) 

↓  appetite 

and 

improved 

energy 

balance 

↑ HDL 

↓ adipocyte size 

10.  

Oroxylum 

indicum 

(L.) Kurz 

Inhibition of 

pancreatic 

lipase enzyme 

Anti-

adipogenesis 

in 3T3-L1 

preadipocytes 

– – 
(Mangal et 

al., 2017) 

 

1.5. Conclusion 

The metabolomics-integrated network pharmacology approach elucidates the 

interactions of phytoconstituents with diverse physiologically active targets, 

highlighting the multi-molecule, multi-target characteristics of plant extracts in 

delivering therapeutic effects. This distinctive approach finds bioactive 

metabolites and therapeutic pathways to elucidate the mechanism of action. The 

technique for screening bioactive phytometabolites expedites the identification of 

leads. This systems biology technique is essential for advancing India's 

traditional medicine system in the global market by facilitating the identification of 

novel phytochemical leads for complex diseases and ensuring the safety and 
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efficacy of treatments through diverse methodologies. The northeastern region of 

India is abundant in a diverse array of medicinal herbs that have been 

traditionally utilised for generations to treat and manage metabolic diseases. 

Despite their traditional use, the absence of scientific validation and safety 

research diminishes the popularity of these medicinally active plants as 

alternatives in contemporary healthcare. Consequently, the incorporation of 

metabolomics in the evidence-based validation of traditional medicine and 

formulations from India, especially in the northeastern region, will yield novel 

leads and accelerate the drug discovery process.   

 

1.6. Publications and conference presentations 

1.6.1. Paper communicated 

- Mukherjee, P.K., Banerjee, S., Das Gupta, B., Kar, A., 2022. Chapter 1 - 

Evidence-based validation of herbal medicine: Translational approach, in: 

Mukherjee, Pulok K. (Ed.), Evidence-Based Validation of Herbal Medicine 

(Second Edition). Elsevier, pp. 1–41. https://doi.org/10.1016/B978-0-323-

85542-6.00025-1 

- Gayen, S., Das Gupta, B., Mukherjee, P.K., Haldar, P.K., Network 

Pharmacology in the Scientific Validation of Traditional Medicine for 

Management of Metabolic Disorders, in: Nissapatron, V., Bodade, R., 

Bala, A., Pandey, R., Gaurav, A. (Ed.), Network Pharmacology : Exploring 

New Horizons in Drug Discovery. Elsevier. ISBN: 9780443440892. 

[Communicated] 
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2.1. Scope and rationale of the work 

Medicinal plants have been employed for centuries for their therapeutic 

properties and nutritional purposes. Medicinal plants have been utilised in 

disease mitigation since antiquity and have continually evolved as a form of 

adjunctive medicine, attributable to their accessibility and cost-efficiency as 

alternative healthcare solutions (Chaachouay and Zidane, 2024). Indian 

healthcare has utilised medicinal plants and polyherbal formulations since 

approximately 5000 BC, as documented in the "Charak Samhita" and "Sushruta 

Samhita". There is an increasing interest in utilising crude extracts and dry 

powder samples from medicinal and aromatic plants to develop alternative 

therapeutics and food additives. Herbal medicines garner the attention of both 

patients and researchers in all facets of drug development, encompassing natural 

products and the validation of traditional medicine (Mukherjee et al., 2022).  

The pursuit of alternative medicine has prompted investigations into biodiversity 

hotspots in India. NER contains a substantial share of the nation's biodiversity, 

owing to its distinct ecological conditions, and functions as the geographical entry 

point for the majority of India's native flora and fauna. NER contains 

approximately 50% of India's biodiversity and possesses a unique geography and 

climate that support the growth of medicinally important flora and fauna (Devi et 

al., 2022). The residents of the Indo-Burma region in Northeast India have 

practised traditional healing methods, passing down knowledge through 

generations by more than 200 tribal groups, each possessing distinct cultural 

traditions (Das et al., 2025). These conventional practices underpin innovative 

pharmacological discoveries and bioprospecting.  

The extensive ethnopharmacological potential of medicinal and food plants in 

NER serves as a significant resource for the development of drugs influenced by 

Ayurveda, local healing practices, and indigenous knowledge systems (Das et al., 

2024). This extensive repository of medicinal plants remains unexamined in 

modern phytochemistry and pharmacology, which will enhance the search for 

novel bioactive compounds with therapeutic relevance. Preserving 

ethnomedicinal knowledge protects cultural heritage and biodiversity. The 
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sustainable utilisation of resources can provide economic opportunities for local 

communities (Devi et al., 2022). 

Among the numerous extensive methods in drug discovery, metabolomics offers 

a distinct advantage in the discovery and scientific validation of traditional 

medicine. The metabolomics of medicinal plants provides an in-depth analysis of 

secondary metabolites, which are essential for drug discovery and development 

(Mukherjee et al., 2016). Untargeted and pseudotargeted metabolomics serve as 

an efficient approach for identifying metabolites in plant extracts, encompassing a 

diverse array of molecules. Analytical techniques, including LC-MS, are utilised in 

conjunction with synergy estimation methods and contemporary multivariate 

statistical approaches for metabolite data analysis (Mukherjee et al., 2022). 

Metabolomics integrated network pharmacology research emphasises advanced 

systems biology methodologies to elucidate the prediction and validation of 

mechanisms of action. Network Pharmacology is an innovative approach to 

elucidate the systems pharmacology of drug combinations and their synergistic 

effects (Hopkins, 2008).  

The importance and preventative function of traditional medicinal plants in the 

management of lifestyle-related metabolic diseases cannot be overstated. The 

medicinal flora of NER has been traditionally employed in culinary practices and 

used to regulate metabolic disorders, particularly in the context of diabetes, 

obesity, and hypertension. However, the absence of evidence regarding the 

mechanisms of action and phytochemical constituents of traditional medicinal 

food plants from NER underscores the necessity for scientific validation of 

traditional claims and the pursuit of novel leads in drug discovery initiatives.  

 

2.2. Objectives of the study 

The concept of "food as medicine" gives a substantial advantage in the 

development of herbal drugs with negligible adverse effects (Mukherjee et al., 

2015). This type of food, enriched with medicinal value, is a mainstay in the 

northeast Indian diet, contributing to the management of various metabolic 

disorders. The development of evidence-based and value-added alternative 
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therapeutics from food plants in the northeastern region of India may expand the 

regional bioeconomy (Das et al., 2024).  

The present study was done to evaluate three (03) traditional food plants of NER 

of India, selected based on their traditional use, viz. Allium hookeri Thwaites, 

Benincasa hispida (Thunb.) Cogn. and Houttuynia cordata Thunb. against 

NIDDM and obesity with their metabolite profiling and network pharmacology 

analysis to elucidate the mechanism of action. 

The following objectives were taken into consideration: 

• Selection of medicinal plants of NER on the basis of traditional uses. 

• Development of hydroalcoholic extracts utilising a green extraction 

technique. 

• Chemoprofiling using UHPLC-QTOF-MS for the identification and 

characterisation of bioactive metabolites that contribute to therapeutic 

potential. 

• Investigation of molecular mechanisms and therapeutic targets through 

network pharmacology analysis. 

• Enzyme inhibition potential of enriched extracts in vitro, focusing on α-

amylase, α-glucosidase, and pancreatic lipase for the management of 

metabolic disorders. 

• Enzyme inhibition kinetics assay to determine the mode of inhibition. 

• Evaluation of anti-hyperglycaemic and anti-hyperlipidaemic potential of 

the most promising bioactive extract using in vivo animal models. 

 

2.3. Work Plan 

The current study involved the preparation of enriched extract of A. hookeri, B. 

hispida and H. cordata through microwave-assisted extraction (MAE), followed by 

extensive pseudotargeted metabolomic dereplication, enzyme inhibition with 

kinetic validation. The work plan has been illustrated as a schematic diagram 

(Figure 2.1). 
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Figure 2.1. Schematic representation of the work plan 
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A thorough literature search was conducted using the search engines like 

Scopus, ScienceDirect, Google Scholar and PubMed to search literatures from 

2001-2025. The literature search was conducted using keywords such as 

northeastern medicinal plants, ethnopharmacology, traditional medicine, 

metabolic disorders, diabetes, obesity, phytochemistry, pharmacology etc. The 

exclusion criteria consisted of articles available solely as abstracts, 

bibliographies, and images, as well as the texts in languages other than English. 

The inclusion criteria consisted of full-text research articles, reviews, mini-

reviews, short communications, book chapters, government datasheets, and 

books written in the English language were included. Finally, 167 articles 

including reviews and original research papers were included in the thesis. 

Integrative metabolomics and network pharmacology analyses were employed to 

elucidate the probable mechanism of action for the phytomolecules. The network 

pharmacology analysis was followed by in vivo testing in models of diet-induced 

hyperglycaemia and hyperlipidaemia to demonstrate preventive efficacy. The 

current study aims to validate the traditional claim, bridge the gap by linking the 

phytochemical composition, and establish mechanistic insights to promote the 

advancement of safe and effective alternative therapeutics derived from A. 

hookeri, B. hispida, and H. cordata for the management of metabolic 

dysregulations induced by non-insulin-dependent diabetes mellitus (NIDDM) and 

obesity.  



Chapter 3 

 

Allium hookeri Thwaites – Metabolomics integrated network pharmacology and in 

vitro evaluation 

 

3.1. Allium hookeri Thwaites – A profile 

3.2. Materials and methods 

3.3. Results 

3.4. Discussion 

3.5. Publications and conference presentations 
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3.1. Allium hookeri Thwaites – A profile 

Scientific classification 

Kingdom: Plantae 

Division: Pteridobiotina 

Class: Angiosperms 

Order: Asparagales 

Family: Liliaceae/Amaryllidaceae 

Genus: Allium 

Species: Allium hookeri var. hookeri 

Vernacular names 

English: East-Himalayan Chives 

Manipuri: Maroi napakpi 

Mizo: Runphek 

Nagamese: Zhiva (Sangtam) 

Tangkhul: Namrei 

 

 

3.1.1. Plant description 

Allium hookeri Thwaites, a member of the Liliaceae family, is distributed over 

India, southwestern China, Korea, Bhutan, Myanmar, and Sri Lanka. A. hookeri is 

found in the northeastern parts of India and is utilised in culinary applications. 

The plant blooms from August to September, producing white flowers. The 

rhizomes are diminutive and possess fibrous roots; the leaves are green, linear, 

and thick, featuring prominent midribs (Deka et al., 2022). A. hookeri is often 

found in the wild but is now cultivated domestically and in kitchen gardens 

because of its therapeutic significance (Ayam, 2011). The aerial parts of A. 

hookeri are shown in Figure 3.1. 

 

  

A B 

Figure 3.1. A: Aerial parts of Allium hookeri Thwaites; B: Herbarium 



Barun Das Gupta, PhD Thesis Chapter 3: Allium hookeri Thwaites  
 

39 

 

3.1.2. Traditional uses of A. hookeri 

A. hookeri has been utilised traditionally for various ailments. The roots have 

been utilised to remedy coughs and treat burn injuries. The leaf juice and 

decoction have been utilised for stomach ulcers, fever, and to lower blood 

pressure (Deka et al., 2022). Traditional applications for antidiabetic effects 

include the consumption of a decoction made from the entire plant or the use of 

the fresh whole plant as a vegetable (Deb et al., 2023). The local tribes of the 

northeast have used the leaf powder A. hookeri to manage diabetes (Singh et al., 

2024; Deka et al., 2021). 

 

3.1.3. Phytochemical profile of A. hookeri 

A. hookeri was identified as abundant in bioactive phytomolecules, predominantly 

organosulfur compounds. Rhyu and Park documented that Dimethyl thiosulfinate 

(54), Allyl methyl thiosulfinate (55), 1-Propenyl methyl thiosulfinate (56), Methyl 

propyl thiosulfinate (57), Allyl propyl thiosulfinate (58), 1-Propenyl allyl 

thiosulfinate (59), and 1-Propenyl propyl thiosulfinate (60) are the alkyl 

thiosulfinates identified in the hydroalcoholic extract of A. hookeri root. The 

phytomarker Allicin (61) was found to be more abundant in the roots than in the 

stem (Rhyu and Park, 2013). Non-volatile organosulfur compounds were 

identified in both the stem and roots of A. hookeri. The HPLC-PDA analysis of 

stem and root identified 11 non-volatile compounds, including γ-L-glutamyl-S-

allyl-L-cysteine (62), γ-L-glutamyl-S-(trans-1-propenyl)-L-cysteine (63), γ-L-

glutamyl-S-methyl-L-cysteine (64), γ-glutamyl-phenylalanine (65), (+)-S-(trans-1-

propenyl)-L-cysteine (66), (+)-S-methyl-L-cysteine (67), Alliin (68), Isoalliin (69), 

Methiin (70), Cycloalliin (19) and Allicin. The study documented that Alliin and 

Allicin were detected only in the roots (Kim et al., 2016, 2015). Furthermore, 

numerous reports have been issued identifying volatile compounds in the leaves 

and roots of A. hookeri. The volatile compounds were identified as belonging to 

the class of aldehydes, ketones, sulphides, and vinyldithiins (Deka et al., 2022). 
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(69) (70)  

 

3.1.4. Pharmacological activities of A. hookeri 

The methanolic extract of A. hookeri root was examined for its anti-inflammatory 

properties in in vitro LPS-induced RAW264.7 macrophage cells. The extract 

effectively inhibited the production of nitric oxide and reactive oxygen species, 

and partially suppressed the activation of nuclear factor-kappa B (Jang et al., 

2017). In vitro studies of 3T3-L1 adipocytes demonstrated that the A. hookeri root 

extract significantly diminished fat accumulation and inhibited adipogenesis. The 

root extract effectively decreased liver weight, hepatic steatosis, and triglyceride 

concentrations (Kim et al., 2019). The impact of A. hookeri on cognitive health 

was examined in scopolamine-induced mice with cognitive impairment. The 

ethanolic extract from the root of A. hookeri elevated acetylcholine levels and 

enhanced choline acetyltransferase expression in the hippocampus, concurrently 

reducing acetylcholinesterase activity. Behavioural assessments indicated that 

the extract was efficacious for strengthening spatial learning and memory (Choi 

et al., 2021).  

The antiulcer efficacy of A. hookeri leaf methanolic extract was examined in vivo 

in rats with indomethacin-induced gastric ulcers. The extract was reported to 

exhibit a dose-dependent gastroprotective effect (Singh et al., 2018). The 

fermented extract of A. hookeri roots has demonstrated in vitro inhibition of 

angiotensin-converting enzyme, resulting in reduced systolic and diastolic blood 

pressure, a phenomenon also observed in vivo in hypertensive rats. The extract 

effectively modulated oxidative stress in vivo and demonstrated an 

antihypertensive effect (Tong et al., 2021).  
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3.2. Materials and methods 

3.2.1. Chemicals and reagents 

The α-glucosidase enzyme (Saccharomyces cerevisiae) type I (≥10 units/mg 

protein), 4-nitrophenyl-α-D-glucopyranoside (p-NPG, purity ≥99%), α-amylase 

(from Aspergillus oryzae), powder-30U/mg, starch from potato (Soluble), 3,5-

dinitrosalicylic acid (98%), lipase (from porcine pancreas), type II (≥125 units/mg 

protein), Orlistat (≥98%, solid), 4-methylumbelliferyl oleate (≥95%, HPCE), 

potassium sodium tartrate tetrahydrate ACS reagent (99%), sodium dihydrogen 

phosphate, disodium hydrogen phosphate were procured from Sigma-Aldrich, 

USA. Acarbose extrapure, 95%, was procured from Sisco Research Laboratories 

Pvt. Ltd, India. Acetonitrile, water, and formic acid (LC–MS grade) were obtained 

from Sisco Research Laboratories (Maharashtra, India). Other chemicals and 

reagents were obtained from e-Merck (Mumbai, India). 

 

3.2.2. Instrumentation 

The plant samples were weighed using a weighing balance purchased from Sarto 

vision scales & systems (West Bengal, India) bearing Model No. CST-1K. 

Extraction and drying of the dried sample were performed using a microwave 

extraction unit (Catalyst microwave synthesizer-CATA R), a rotary vacuum 

evaporator (Hahnshin, Republic of Korea; HS–2005 V–N), and a lyophiliser 

(Indian Instrumentation, Kolkata, West Bengal), respectively. Kinetics assays of 

the enzyme were performed using a microplate reader (SpectraMax ID3, 

Molecular Devices LLC, USA), and metabolite profiling was conducted using 

UHPLC-QTOF-MS (Agilent, Santa Clara, CA, United States). 

 

3.2.3. Plant collection and extraction 

The leaves of A. hookeri, fruits of B. hispida and leaves of H. cordata were 

purchased from the local market in Imphal, Manipur, in the month of April 2024 

and 2022, and the voucher specimen (SNPS-JU/2024/1521; SNPS-

JU/2022/1493 and SNPS-JU/2024/1522) is maintained at the School of Natural 

Product Studies, Jadavpur University. The leaves and fruits were cleaned and 

dried at 50°C in a leaf dryer for 48 hours, then converted into a coarse powder. 



Barun Das Gupta, PhD Thesis Chapter 3: Allium hookeri Thwaites  
 

43 

 

The dried leaves and fruits (500g) were extracted using a microwave-assisted 

extraction technique (Das Gupta et al., 2025b). The microwave-assisted 

extraction was performed at 60°C with a microwave power of 595 watts. The 

extraction time was set to 15 minutes, and a hydroalcoholic solvent consisting of 

80% ethanol (v/v) was used. The material-to-solvent ratio was fixed at 1:10 g/mL. 

The menstruum was filtered and dried in a rotary vacuum evaporator at 60°C, 

followed by lyophilisation at -45°C, 0.120 m. barr pressure. The extracts were 

named the hydroalcoholic extracts of A. hookeri (HEAH), B. hispida (HEBH), and 

H. cordata (HEHC) and stored until further use. 

 

3.2.4. Metabolite profiling by UHPLC-QTOF-MS analysis 

The ultra-high performance liquid chromatography-quadrupole time-of-flight mass 

spectrometry (UHPLC-QTOF-MS) analysis of HEAH and HEHC was conducted 

using the previously established method (Das Gupta et al., 2025a). The Agilent 

LC-QTOF 6500 system, equipped with an Agilent Zorbax Eclipse Plus C18 

column (2.1 mm × 50 mm) and a particle size of 1.8 μm, was utilised for UHPLC-

QTOF-MS analysis. A gradient elution method was employed with a flow rate of 

0.3 mL/min. Water (A) and acetonitrile (C), each containing 0.1% formic acid, 

were utilised as solvent systems with the following gradient profile: 65% A at 2 

minutes, 40% A at 10 minutes, 15% A at 35 minutes, 8% A at 45 minutes, and 

concluding with 65% A at 57 minutes. The injection volume was 5 μL, and the 

column temperature was sustained at 40°C. The elutions were analysed in 

positive ion mode, with a gas temperature of 320°C, a gas flow rate of 9 L/min, 

and a mass-to-charge ratio (m/z) range set between 50–3200 Da. The mass 

spectrometry data were analysed using Agilent Mass Hunter B.08.00 software 

(Qualitative navigator, Qualitative workflows) for target screening, utilising a 

custom library developed through a comprehensive literature review. The 

compounds were identified using the "Find by formula" algorithm, based on 

molecular formula, mass, score (≥ 75), and mass error (≤ 5 ppm). 
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3.2.5. Network pharmacology analysis 

3.2.5.1. Identification of Targets for Bioactive Phytoconstituents 

The targets for each phytocompound identified from HEAH, HEBH and HEHC, 

along with Acarbose, Orlistat, Metformin and Atorvastatin, were identified using 

Binding DB (https://www.bindingdb.org/) and DrugBank 

(https://go.drugbank.com/) with a similarity threshold of ≥0.7. The UniProt 

database was used to search the corresponding human gene targets 

(https://www.uniprot.org/). The target genes were filtered for status "Reviewed 

(Swiss-Prot)" and the popular organism "Human." The gene names in bold were 

taken for further analysis (Das Gupta et al., 2025b). 

 

3.2.5.2. Construction of Gene Diseases Association Network 

The obtained gene targets were screened against existing disease-based targets 

in DisGeNET and presented in a Venn diagram (Oliveros, 2007). The target 

corresponding genes were matched with the associated diseases to obtain a 

summary of gene–disease associations using DisGeNET 

(http://www.DisGeNET.org). The results were filtered to understand the potential 

link between the targets and the following conditions: "Non-insulin-Dependent 

Diabetes Mellitus", "Hyperglycaemia", "Obesity", "Hyperlipidaemia", and 

"Hypertriglyceridaemia". The gene−disease association score was set to 0.1. The 

gene-disease association results were downloaded in Excel format, containing 

the Gene, Disease, and disease ID (Banerjee et al., 2023). 

 

3.2.5.3. Protein–Protein Interaction, Target–Disease Network, and 

Pathway Analysis 

Protein–protein interaction (PPI) was analysed using STRING Version 12.0 

(Szklarczyk et al., 2017). The gene list was uploaded in the "Multiple Proteins by 

Names/Identifiers" search, and the organism choice was set to Homo sapiens. 

The string network was created with a minimum required interaction score set to 

0.4. The high-resolution string network was downloaded, and the top 10 

interactions, determined by degree centrality and shortest path length, were 

visualised using Cytoscape. The gene targets were mapped to their respective 
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diseases, and a target–disease network was created. The pathway analysis was 

conducted using ShinyGO 0.82 (https://bioinformatics.sdstate.edu/go/). The gene 

list was uploaded, and GO Enrichment Analysis was performed to identify the 

pathways involved (Ge et al., 2020). The pathways were used to elucidate the 

mechanism of action of the protein targets. The pathways enriched with the 

genes were visualised using a Kyoto Encyclopedia of Genes and Genomes 

(KEGG) diagram (Kanehisa et al., 2021; Luo and Brouwer, 2013). 

 

3.2.5.4. Network analysis-based combination synergy 

The combined synergy of the phytocompounds of HEAH, HEBH and HEHC 

linked with Non-Insulin-Dependent Diabetes Mellitus (NIDDM), Hyperglycaemia, 

Obesity, Hyperlipidaemia, and Hypertriglyceridaemia was analysed based on 

neighborhood approach to obtain a bioactive–target–disease network in 

Cytoscape (http://Cytoscape.org/, Version 3.10.0) (Das Gupta et al., 2025b; 

Banerjee et al., 2023). Separate files of plant–phytomolecule (BOT-BA), 

phytomolecule–gene (BA-TAR), and gene–disease (TAR-DIS) were prepared in 

Excel format and uploaded separately in Cytoscape. The source node, target 

node, and target node attribute were set accordingly, and each network was 

created. The network was filtered for "self-loop" and "duplicate edge" and finally 

merged in union to create the bioactive–target–disease network. 

 

3.2.6.  Total flavonoid and phenolic content determination 

The total flavonoid content (TFC) and total phenolic content (TPC) in test 

samples HEAH, HEBH, and HEHC were determined according to a previously 

reported high-throughput assay method with slight modifications (Das Gupta et 

al., 2025b). 

In TFC, 90μL distilled water was added to a 96-well plate with NaNO2 (10μL) and 

25μL of standard (Rutin) and test sample solution in different rows. A solution of 

AlCl3 (15 μL) was added after 15 minutes, followed by 50 μL of NaOH solution. 

Absorbance was measured at 510nm. In TPC, 70 μL of distilled water was added 

to a 96-well plate containing 30 μL of sample or standard (Gallic acid) and 20 μL 

of Folin–Ciocalteu (FC) reagent. After 6 minutes, 100 μL of Na2CO3 was added to 
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each well. The plate was left in the dark for 90 minutes, and absorbance was 

measured at 765nm after shaking the plate for 20 seconds orbitally in the plate 

reader. All analyses were performed in triplicate. The standard and test samples 

were prepared in concentrations ranging from 0.025 to 0.5mg/mL. The TPC and 

TFC were denoted as GAE mg/g and RE mg/g, respectively. 

 

3.2.7. Antioxidant potential of A. hookeri, B. hispida and H. cordata 

The DPPH radical scavenging capacity was assessed utilising the 2,2-diphenyl-

1-picrylhydrazyl free radical scavenging assay (DPPH–FRSA) method, performed 

in triplicate according to the previously documented method (Das Gupta et al., 

2025b). DPPH solution (0.1 mM) was introduced to each well containing the test 

sample or ascorbic acid standard (15.625-500 μg/mL). The plate was maintained 

at room temperature for one hour under dark conditions, and absorbance was 

subsequently measured using a spectrophotometer. The IC50 value was 

calculated through nonlinear regression utilising GraphPad Prism version 8.0.2 

(Boston, Massachusetts, United States). A concentration-response curve was 

constructed by plotting the percentage of relative activity versus concentration. 

The nitric oxide antioxidant potential (NO) of the hydroalcoholic extract was 

assessed by ascertaining the scavenging ability against nitric oxide radicals 

(Singha et al., 2024). Different concentrations (20–400 μg/mL) of test sample or 

ascorbic acid were combined with sodium nitroprusside in a 96-well plate and 

incubated for one hour. The Griess reagent was added to the mixture, and it was 

incubated for five minutes. Afterwards, the absorbance was measured at 532 nm.  

The hydroxyl radical scavenging activity (OH) was determined using the 2-deoxy-

D-ribose oxidation method with some modifications (Kazeem and Ashafa, 2015). 

The experiment (n = 3) involved the addition of FeCl3, H2O2, 2-deoxy-D-ribose, 

and ascorbic acid (standard) or test sample (20–400 μg/mL) to a 96-well plate, 

followed by incubation at 37°C for 1 hour. The incubated mixtures were mixed 

with thiobarbituric acid (TBA) and tricarboxylic acid (TCA), followed by heating at 

100°C for 30 minutes. Absorbance was measured at 532 nm using a microplate 
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reader after the sample reached room temperature. All the experiments were 

performed in triplicate (n = 3). 

The percentage of antioxidant potential was calculated according to the following 

equation: 

% antioxidant potential = [[(A1-A0)/A1] x 100 

Where A1 represents the absorbance of the control (without sample), while A0 

denotes the absorbance of the sample reaction mixture. 

 

3.2.8.  In vitro assay for enzyme inhibition 

An in vitro α-amylase and α-glucosidase inhibition assay of test samples HEAH, 

HEBH and HEHC was performed in a 96-well plate according to the previous 

method (Das Gupta et al., 2025b). For α-amylase enzyme inhibition, the 

substrate (potato starch) and test sample or acarbose were prepared in a 20 mM 

phosphate buffer at pH 6.9. The reaction mixture consisted of 40 μL of α-amylase 

(1 U/mL) and 40 μL of sample solutions (0.8–0.1mg/mL). The 96-well plate was 

preincubated for 10min (37°C) before adding 40μL of 1% w/v potato starch 

solution and incubated for 30min (37°C). The reaction mixture was terminated by 

80μL DNS colour reagent and heated for 10min (100°C). The absorbance was 

measured at 540nm, and percentage relative activity and IC50 were calculated. 

In case of α-glucosidase enzyme inhibition assay, 20μL of 0.5U/mL α-glucosidase 

enzyme and 20μL of test sample were taken in dilutions 0.8–0.1mg/mL and 

incubated for 10 min (37°C), followed by the addition of 5.0 mM, 20 μL 4-

nitrophenyl-β-D-glucopyranoside (p-NPG) substrate and incubated for 30min 

(37°C). The reaction was terminated by the addition of 50 μL of Na2CO3 (0.1 M), 

and the absorbance of the released p-nitrophenol was measured at 405 nm. 

Acarbose was used as the reference standard drug in both studies. 

The in vitro pancreatic lipase inhibition assay was conducted according to a 

previously validated method (Singha et al., 2024). Porcine pancreatic lipase was 

dissolved in 50 mM phosphate buffer at pH 7.0. The substrate used was 4-

methylumbelliferyl oleate (4-MUO), with Orlistat serving as the reference 

standard (positive control). Test samples and the standard were dissolved in a 
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Tris-HCl buffer at pH 8.0. The reaction mixtures were incubated further, and the 

reaction was terminated by the addition of sodium citrate (0.1 M). Absorbances 

were measured at 460 nm. Inhibitory activities were quantified as a percentage of 

inhibition. All the experiments were performed in triplicate (n = 3). 

The % inhibitory activity was calculated as follows: 

Inhibitory activity (%) = (1 − As/Ac) ×100 

Where As represents the absorbance in the presence of the test substance, and 

Ac denotes the absorbance of the control. 

 

3.2.9. In vitro enzyme kinetic assay 

The inhibitory mechanism, whether reversible or irreversible, was assessed at 

varying sample concentrations by plotting reaction velocity (ΔOD/min) against 

enzyme concentrations [E], employing previously established methods with minor 

modifications (Das Gupta et al., 2025b; Singha et al., 2024). Substrate 

concentrations were taken in the range of 1.5–6.0mM, and the inhibitor (HEAH or 

HEBH or HEHC) concentration varied from 0.25–1mg/mL. The inhibitory effect 

was calculated by taking absorbance at every one-minute interval (0–30 min). 

The reaction rates were assessed to identify the type of inhibition: competitive, 

noncompetitive, uncompetitive, or mixed. The Michaelis constant (Km) and 

maximum reaction velocity (Vmax) were obtained from the Lineweaver–Burk 

double reciprocal plot using Sigma Plot 14.0 (CA, USA). 

 

3.2.10. Statistical analysis 

The results were visualised graphically and statistically analysed using GraphPad 

Prism 8.0.2 software (GraphPad Software, Inc., Boston, MA, USA). All results 

(n=3) were statistically analysed and presented as mean value ± standard 

deviation (SD). The Pearson correlation test was utilised to investigate the 

relationship between antioxidant levels, total phenolic content, total flavonoid 

content, and enzyme inhibitory activity. 
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3.3. Results 

3.3.1. Metabolite profile of A. hookeri 

The percentage yield of HEAH was found to be 19.34% w/w. The UHPLC–

QTOF–MS revealed a variety of compounds, which are detailed in Table 3.1. The 

positive ion chromatogram is depicted in Figure 3.2., displaying the total ion 

chromatogram. The analysis identified 27 distinct compounds; the details of these 

compounds, including their chemical formula, theoretical mass (g/mol), observed 

mass-to-charge ratio (m/z), retention time (RT), mass error (Dif (Tgt, ppm)), and 

compound class, are presented in Table 3.1. The results confirmed the existence 

of several compounds known for their therapeutic properties in addressing 

metabolic disorders, such as diabetes and obesity. 

 

Table 3.1. Compounds identified in the hydroalcoholic extract of A. hookeri 

leaves by UHPLC-QTOF-MS. 

Sl. 

No. 
RT Name Formula 

Mass 

(g/mol) 
m/z 

Error 

(ppm) 

Class of 

compounds 

1.  2.127 Arginine 
C6H14N4

O2 

174.11

22 

175.

1195 
3.22 

Carboxylic 

acids and 

derivatives 

2.  2.509 
Indoleacryli

c acid 

C11H9NO

2 

187.06

39 

188.

0711 
3.13 

Indoles and 

derivatives 

3.  3.150 Ferulic acid C10H10O4 194.18 
195.

0658 
2.94 

Cinnamic 

acids and 

derivatives 

4.  4.158 
Tryptophan

ol 

C11H14N2

O 
190.24 

191.

1155 
-12.72 

Indoles and 

derivatives 

5.  4.188 
Vanilloylgly

cine 

C10H11N

O5 

225.06

36 

226.

0715 
-0.41 

Benzene and 

substituted 

derivatives 

6.  4.989 

Benzoyl 

meso-

tartaric acid 

C11H10O7 254.19 
255.

0427 
-28.41 

Benzene and 

substituted 

derivatives 
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7.  5.700 Coumarin C9H6O2 
146.03

67 

147.

044 
-0.39 

Coumarins 

and 

derivatives 

8.  6.417 
Umbellifero

ne 
C9H6O3 

162.03

18 

163.

0393 
0.67 

Coumarins 

and 

derivatives 

9.  7.903 

3'-Hydroxy-

3,4,5,4'-

tetramethox

ystilbene 

C17H18O5 
302.11

52 

303.

1208 
-0.88 Stilbenes 

10.  8.147 Catechin C15H14O6 290.27 
291.

0772 
-30 Flavonoids 

11.  
10.83

5 

Apigenin 7-

O-glucoside 

C21H24O9 420.14

06 

421.

1488 

-3.35 
Flavonoids 

12.  
12.49

7 
Apigenin C15H10O5 

270.05

21 

271.

0587 
-2.74 Flavonoids 

13.  
12.76

7 

Vanillin 4-

sulfate 
C8H8O6S 

232.00

5 

233.

0129 
3.82 

Organic 

sulfuric acids 

and 

derivatives 

14.  
14.26

5 
Allicin 

C6H10OS

2 
162.27 

163.

0246 
-0.16 

Thiosulfinic 

acid esters 

15.  
21.42

3 

Dimethylma

tairesinol 
C22H26O6 

386.17

29 

387.

1801 
-0.03 

Furanoid 

lignans 

16.  
21.42

3 
Gomisin M2 C22H26O6 

386.17

29 

387.

1801 
-0.03 Tannins 

17.  
24.01

8 

3-

Hydroxyphe

nylpropionic 

acid 

C9H10O3 
166.06

36 

167.

071 
3.52 

Phenylpropa

noic acids 

18.  
24.01

8 

Dihydro-p-

coumaric 
C9H10O3 

166.06

36 

167.

071 
3.52 

Phenylpropa

noic acids 
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acid 

19.  

24.01

8 

Methoxyphe

nylacetic 

acid 

C9H10O3 
166.06

36 

167.

071 
3.52 

Benzene and 

substituted 

derivatives 

20.  

29.73

2 
m-Coumaric 

acid 
C9H8O3 

164.04

81 

165.

0554 
4.78 

Cinnamic 

acids and 

derivatives 

21.  

29.73

2 
o-Coumaric 

acid 
C9H8O3 

164.04

81 

165.

0554 
4.78 

Cinnamic 

acids and 

derivatives 

22.  
30.01

8 

Linoleic 

acid 
C18H32O2 280.45 

281.

2463 
-4.76 Fatty Acyls 

23.  
31.45

7 

Cinnamic 

acid 
C9H8O2 

148.05

24 

149.

0596 
-0.41 

Cinnamic 

acids and 

derivatives 

24.  
34.09

8 
Carnosol C20H26O4 

330.18

21 

331.

1888 
-2.97 Prenol lipids 

25.  
34.62

7 

Coniferyl 

alcohol 
C10H12O3 

180.07

83 

181.

0854 
-2.16 Phenols 

26.  
38.07

3 
Oleic acid C18H34O2 

282.25

67 

283.

2643 
-4.76 Fatty Acyls 

27.  
38.81

0 

Linolenic 

acid 
C18H30O2 278.43 

279.

2365 
0.64 

Lineolic 

acids and 

derivatives 

 

Figure 3.2. Total ion chromatogram of HEAH in the positive ionisation mode 
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The class of compounds identified includes Benzene and substituted derivatives 

– vanilloylglycine (117), benzoyl meso-tartaric acid (118) and 

methoxyphenylacetic acid (119); carboxylic acids and derivatives – arginine 

(120); cinnamic acids and derivatives – ferulic acid (32), m-coumaric acid (121), 

o-coumaric acid (122), and cinnamic acid (123); coumarins and derivatives – 

coumarin (16) and umbelliferone (17); fatty acyls – linoleic acid (25) and oleic 

acid (124); flavonoids – catechin (23), apigenin 7-o-glucoside (125) and apigenin 

(10); furanoid lignans – dimethylmatairesinol (126); indoles and derivatives – 

indoleacrylic acid (127) and tryptophanol (128); lineolic acids and derivatives – 

linolenic acid (24); organic sulfuric acids and derivatives – vanillin 4-sulfate (129); 

phenols – coniferyl alcohol (31); phenylpropanoic acids – 3-

hydroxyphenylpropionic acid (130) and dihydro-p-coumaric acid (131); prenol 

lipids – carnosol (132); stilbenes – 3'-hydroxy-3,4,5,4'-tetramethoxystilbene (133); 

tannins – gomisin M2 (134); and thiosulfinic acid esters – allicin (61). 

 

  

 

(117) (118) (119) 

 

  

(120) (121) (122) 
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(123) (124) (125) 

  
 

(126) (127) (128) 

 
  

(129) (130) (131) 

   

(132) (133) (134) 
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3.3.2. Network analysis 

3.3.2.1. Identified targets and disease association network 

The compounds (BA) were screened in BindingDB, and the associated genes 

(TAR) were identified from the UniProt database. The 27 compounds showing 

targets were used to create a bioactive-target (BA–TAR) network, as shown in 

Figure 3.3. The network topology statistics revealed 867 nodes interconnected 

through 11,485 edges, indicating a dense connectivity between the 

phytocompounds and their targets. The phytocompound apigenin exhibited the 

highest connectivity, targeting 302 proteins. Aldose reductase (AKR1B1) was 

found to be the most targeted protein, targeted by 14 compounds. 

 

 

Figure 3.3. The bioactive–target (BA–TAR) network 

[A. hookeri denoted as AH in green node, identified compounds are in pink 

squares, and corresponding protein targets are in orange circles] 
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The disease association was performed in the DisGeNET database, and the 

common targets for NIDDM, Obesity, Hyperlipidaemia, Hypertriglyceridaemia, 

and Hyperglycaemia are shown in the Venn diagram (Figure 3.4.).  

 

  

A B 

Figure 3.4. Venn diagrams showing the common targets for (A) NIDDM and 

Hyperglycaemia; (B) Obesity, Hyperlipidaemia and Hypertriglyceridaemia 

between identified protein targets of HEAH and disease targets in the 

DisGeNET database. 

 

There were 56 common targets for NIDDM, followed by Obesity (53), 

Hyperglycaemia (9),  Triglyceridaemia (4) and Hyperlipidaemia (3) between 

targets of HEAH and disease targets in the DisGeNET database. The list of 

common targets is listed in Table 3.2.  
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Table 3.2. Shared targets between the identified phytocompounds of A. 

hookeri and selected metabolic disorders and reference standards. 

Common elements in "Targets" and "selected disorders": 

Disorder Number of 

Common 

Genes from the 

obtained 

targets 

Common targets 

Hyperlipidaemia 3 ABCB1, ADRB2, PPARA 

Triglyceridaemia 4 AKT1, BCHE, MET, PPARA 

NIDDM 56 ABCB1, ACE, ADAM17, ADRA2A, 

ADRA2B, AKR1B1, AKT1, ALDH2, AXL, 

BCHE, BCL2, BCL2L1, BCL2L11, CASP3, 

CASP9, CD38, CDK4, CNR1, CYP1A1, 

CYP1A2, CYP2C9, CYP3A4, DPP4, 

DRD2, EDNRA, EDNRB, EGFR, ESR1, 

FABP3, FFAR1, GLO1, GSTM1, GSTP1, 

HIF1A, HSD11B1, IDE, IKBKB, INPPL1, 

INSR, MAPK8, MTNR1B, NFKB1, NR1H2, 

PIK3CG, PIK3R1, PPARA, PPARD, 

PPARG, PRKCB, PTPN1, SHBG, 

SLC1A2, SRC, STAT3, TLR4, TNF 

Hyperglycaemia 9 CNR2, CYP2C9, HSD11B1, INSR, 

NFE2L2, NQO1, PRKCB, PTGS2, TERT 

Obesity 53 ACHE, ADRA2B, ADRB1, ADRB2, AHR, 

AKR1C3, AKT1, AR, BCHE, CA3, CDK4, 

CNR1, CYP1B1, CYP2E1, DRD2, EP300, 

ESR1, F2, FAAH, FABP2, FASN, GPR17, 

HSD11B1, HSD11B2, HTR2A, HTR2C, 

IDO1, INPPL1, KCNH2, MIF, MMP9, 

NQO1, NR1H2, NR1H3, NR1I2, NR1I3, 

NR3C1, NTRK2, OPRM1, PARP1, 
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PFKFB3, PGR, PPARA, PPARD, PPARG, 

PTGS2, PTPN1, SCD, SERPINE1, 

SLC6A3, STAT3, TNF, TRPV1 

Common elements in "Targets" and "selected reference standards": 

Atorvastatin 4 HDAC1, HDAC2, SLCO1B1, SLCO1B3 

 

Metformin 0  

Orlistat 3 ABHD16A, FAAH, FASN 

Acarbose 5 AMY1A, AMY2A, GAA, MGAM, SI 

 

The common targets for acarbose, Orlistat, Metformin, and Atorvastatin with 

HEAH were also screened and given in Figure 3.5. While Atorvastatin shared 

HDAC1, HDAC2, SLCO1B1 and SLCO1B3 as common targets with HEAH, no 

common targets were found between Metformin and HEAH. Similarly, acarbose 

shared AMY1A, AMY2A, GAA, MGAM, SI and Orlistat shared ABHD16A, FAAH, 

FASN as common targets with HEAH. These common targets suggest a 

mechanistic overlap and potential of HEAH as an alternative therapeutic. The 

gene-disease association (TAR–DIS) networks were created using Cytoscape. 

The top 50 hub proteins acting on NIDDM, Obesity, Hyperlipidaemia, 

Hypertriglyceridaemia, and Hyperglycaemia, calculated by degree and shortest 

path length using cytoHubba, are shown in Figure 3.5. 

 

  

A B 
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C D 

 

E 

Figure 3.5. The common targets for (A) acarbose, (B) orlistat, (C) metformin 

and (D) atorvastatin with HEAH. (E) The top 50 hub proteins acting on 

NIDDM, Obesity, Hyperlipidaemia, Hypertriglyceridaemia and 

Hyperglycaemia 
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3.3.2.2. Analysis of protein-protein interactions and associated 

pathways 

The target genes were visualised in STRING 12.0, and the PPI enrichment 

analysis showed that the target proteins have significantly more interactions, 

indicating that they are at least partially biologically connected as a group. The 

PPI enrichment analysis exhibited 10073 edges, which is significantly more than 

the expected number of 4285. The average node degree was found to be 43, 

suggesting each protein interacts with 43 others (Figure 3.6.). 

 

 

Figure 3.6. Protein-protein interaction network 
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The PPI enrichment network was filtered by degree and shortest path length 

using the cytoHubba tool in Cytoscape to calculate the top 10 hub proteins 

(Figure 3.7.). 

 

 

Figure 3.7. PPI enrichment network with the top 10 hub proteins 

 

The pathway enrichment analysis by KEGG demonstrated hsa04910: Insulin 

signalling pathway, hsa04930: Type II diabetes mellitus, hsa04931: Insulin 

resistance, hsa04933: AGE-RAGE signalling pathway in diabetic complications, 

hsa04973: Carbohydrate digestion and absorption, hsa00010: 

Glycolysis/Gluconeogenesis, and hsa00040: Pentose and glucuronate 

interconversions to be involved in NIDDM and Hyperglycaemia. In the case of 

Obesity, Hyperlipidaemia, and Hypertriglyceridaemia, the pathways involved were 

hsa03320: PPAR signalling pathway, hsa05417: Lipid and atherosclerosis, 

hsa04152: AMPK signalling pathway, hsa04920: Adipocytokine signalling 

pathway, and hsa01100: Metabolic pathways. Other critical pathways included 

hsa04151: PI3K-Akt signalling pathway, hsa04310: Wnt signalling pathway, 

hsa04972: Pancreatic secretion, and hsa04970: Salivary secretion (Table 3.3.). 

The hub gene-enriched pathways have been shown in Figure 3.8. 
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Table 3.3. KEGG enrichment pathways involved in NIDDM, Obesity, 

Hyperlipidaemia, Hypertriglyceridaemia and Hyperglycaemia. 

Enrichment 

FDR 
Pathway Genes 

5.38E-24 
Path:hsa01100 

Metabolic pathways 

AKR1A1  CYP1A1  CYP1A2  CYP2A6  

CYP2B6  CYP2C19  CYP2C8  CYP2C9  

CYP2C18  CYP2E1  CYP2J2  CYP3A4  

CYP19A1  NQO1  DNMT1  EPHX2  

ALDH1A1  ALDH2  FASN  FBP1  FDPS  

AKR1B1  ALOX12  ALOX15  ALPL  

FUT6  G6PD  GALNT2  GAPDH  GLO1  

AMY1A  AMY2A  GSR  GSTM1  GSTP1  

GUSB  HSD11B1  HSD11B2  HSD17B1  

HSD17B3  IDO1  INPPL1  ARG1  MAOA  

MAOB  KMT2A  MPI  NT5E  PDE4D  

ENPP2  PFKFB3  PIK3CG  PKM  

PLA2G1B  PLA2G2A  PLA2G4A  

PLCG1  UGT1A10  UGT1A6  UGT1A4  

UGT1A1  PTGS1  PTGS2  PYGL  SCD  

SRR  SI  SORD  SRD5A1  SRD5A2  

NSD2  XDH  CA2  CA3  CA4  CA5A  

SETD7  CYP4F2  AKR1C3  PDE5A  

CBR1  ALDH1A2  GSTO1  CD38  

PTGES 

5.38E-24 
Path:hsa05417 Lipid 

and atherosclerosis 

NLRP3  MAPK14  CYP1A1  CYP2A6  

CYP2B6  CYP2C8  CYP2C9  CYP2J2  

AKT1  LY96  GSK3B  HSP90AA1  

IKBKB  MMP1  MMP3  MMP9  NFE2L2  

NFKB1  PIK3R1  PLCG1  PPARG  

PRKCA  MAPK8  MAPK10  BCL2  RELA  

BCL2L1  RXRA  NCF1  SRC  STAT3  

TLR4  CALM1  CAMK2A  CASP3 
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1.16E-20 

Path:hsa04933 AGE-

RAGE signalling 

pathway in diabetic 

complications 

CDK4  MAPK14  AGTR1  AKT1  F3  

SMAD3  MMP2  NFKB1  NOX4  

SERPINE1  PIM1  PIK3R1  PLCG1  

PRKCA  PRKCB  PRKCE  MAPK8  

MAPK10  BCL2  RELA  STAT1  STAT3  

VEGFA  CASP3 

8.71E-20 
Path:hsa04066 HIF-1 

signalling pathway 

CREBBP  EGFR  EP300  AKT1  FLT1  

GAPDH  HIF1A  IGF1R  INSR  NFKB1  

SERPINE1  PFKFB3  PIK3R1  PLCG1  

EGLN1  PRKCA  PRKCB  MAP2K1  

BCL2  RELA  STAT3  TLR4  VEGFA  

CAMK2A 

1.70E-15 

Path:hsa04151 PI3K-

Akt signalling 

pathway 

BCL2L11  CDK2  CDK4  CDK6  CHRM2  

EGFR  AKT1  FGFR1  FLT1  FLT3  

GSK3B  HSP90AA1  IGF1R  IKBKB  IL2  

INSR  KDR  MCL1  MET  MYC  NFKB1  

NTRK2  PGF  PIK3CG  PIK3R1  PRKCA  

MAP2K1  BCL2  RELA  BCL2L1  RXRA  

TLR4  VEGFA 

4.60E-14 
Path:hsa04931 

Insulin resistance 

NR1H3  AKT1  GSK3B  IKBKB  INSR  

NFKB1  PIK3R1  PPARA  PRKCB  

PRKCE  MAPK8  MAPK10  PTPN1  

PYGL  RELA  RPS6KA3  STAT3  

NR1H2  OGT 

1.44E-12 
Path:hsa04068 FoxO 

signalling pathway 

BCL2L11  CDK2  CREBBP  MAPK14  

EGFR  EP300  AKT1  IGF1R  IKBKB  

INSR  SMAD3  ATM  PIK3R1  PLK1  

MAPK8  MAPK10  MAP2K1  STAT3  

SETD7 

6.25E-12 

Path:hsa04010 

MAPK signalling 

pathway 

MAPK14  EGFR  AKT1  FGFR1  FLT1  

FLT3  IGF1R  IKBKB  INSR  KDR  MET  

MYC  NFKB1  NTRK2  PGF  PLA2G4A  
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PRKCA  PRKCB  MAPK8  MAPK10  

MAP2K1  RELA  RPS6KA3  VEGFA  

CASP3  MAPKAPK5 

1.28E-09 

Path:hsa04932 Non-

alcoholic fatty liver 

disease 

BCL2L11  NR1H3  MAPK14  CYP2E1  

AKT1  GSK3B  IKBKB  INSR  NFKB1  

PIK3R1  PPARA  PPARG  MAPK8  

MAPK10  RELA  RXRA  CASP3 

6.18E-09 
Path:hsa03320 PPAR 

signalling pathway 

NR1H3  FABP4  FABP1  FABP2  FABP3  

FABP5  MMP1  PPARA  PPARD  

PPARG  RXRA  SCD 

1.76E-08 

Path:hsa04935 

Growth hormone 

synthesis secretion 

and action 

CREBBP  MAPK14  EP300  AKT1  

GSK3B  PIK3R1  PLCG1  PRKCA  

PRKCB  MAPK8  MAPK10  MAP2K1  

STAT1  STAT3 

5.77E-08 

Path:hsa04923 

Regulation of lipolysis 

in adipocytes 

ADORA1  ADRB1  ADRB2  AKT1  

FABP4  INSR  PIK3R1  PTGER3  

PTGS1  PTGS2 

8.44E-08 

Path:hsa04910 

Insulin signalling 

pathway 

AKT1  FASN  FBP1  GSK3B  IKBKB  

INPPL1  INSR  PIK3R1  MAPK8  

MAPK10  MAP2K1  PTPN1  PYGL  

CALM1 

9.83E-07 

Path:hsa04152 

AMPK signalling 

pathway 

CFTR  ADRA1A  ELAVL1  AKT1  FASN  

FBP1  IGF1R  INSR  PFKFB3  PIK3R1  

PPARG  SCD 

2.21E-06 

Path:hsa00040 

Pentose and 

glucuronate 

interconversions 

AKR1B1  GUSB  UGT1A10  UGT1A6  

UGT1A4  UGT1A1  SORD 

2.59E-06 

Path:hsa04920 

Adipocytokine 

signalling pathway 

AKT1  IKBKB  NFKB1  PPARA  MAPK8  

MAPK10  RELA  RXRA  STAT3 

5.58E-06 Path:hsa04310 Wnt CREBBP  EP300  GSK3B  SMAD3  
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signalling pathway MMP7  MYC  PPARD  PRKCA  PRKCB  

MAPK8  MAPK10  PSEN1  CAMK2A 

8.86E-06 
Path:hsa04972 

Pancreatic secretion 

CFTR  CHRM3  AMY1A  AMY2A  

PLA2G1B  PLA2G2A  PRKCA  PRKCB  

CA2  CD38 

1.31E-05 
Path:hsa04930 Type 

II diabetes mellitus 

IKBKB  INSR  PIK3R1  PKM  PRKCE  

MAPK8  MAPK10 

2.32E-05 
Path:hsa04970 

Salivary secretion 

CHRM3  ADRA1A  ADRB1  ADRB2  

AMY1A  AMY2A  PRKCA  PRKCB  

CALM1 

7.25E-05 

Path:hsa04922 

Glucagon signalling 

pathway 

CREBBP  EP300  AKT1  FBP1  PKM  

PPARA  PYGL  CALM1  CAMK2A 

0.000146568 

Path:hsa04973 

Carbohydrate 

digestion and 

absorption 

AKT1  AMY1A  AMY2A  PIK3R1  

PRKCB  SI 

0.027636655 

Path:hsa00010 

Glycolysis/Gluconeog

enesis 

ALDH2  FBP1  GAPDH  PKM 
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E 

Figure 3.8. The hub gene enriched pathways A: Insulin signalling pathway; 

B: AGE-RAGE signalling pathway in diabetic complications; C: Insulin 

resistance pathway; D: Lipid and atherosclerosis pathway; E: PPAR 

signalling pathway  

 

The Gene Ontology (GO) analysis, performed using ShinyGO 0.82, explored the 

biological processes in which the target genes were involved. At FDR cutoff of 

0.05 the enriched biological processes included lipid metabolic process 

(GO:0006629), cellular lipid metabolic process (GO:0044255), lipid biosynthetic 

process (GO:0008610), fatty acid metabolic process (GO:0006631), lipid 

transport (GO:0006869), response to insulin (GO:0032868), cellular response to 

insulin stimulus (GO:0032869), glucose homeostasis (GO:0042593), glucose 

metabolic process (GO:0006006), regulation of lipid transport (GO:0032368) and 
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regulation of glucose transmembrane transport (GO:0010827) (Table 3.4.). The 

target gene-enriched biological processes are shown in Figure 3.9. 

 

Table 3.4. GO Biological process pathways involved in NIDDM, Obesity, 

Hyperlipidaemia, Hypertriglyceridaemia and Hyperglycaemia. 

Enrichme

nt FDR 
Pathway Genes 

1.62E-36 
GO:0006629 lipid 

metabolic process  

 ALOX5  SOAT1  PLA2G10  PTGS2  

PTGS1  SCD  CYP2D6  PIK3CG  CYP2C18  

ALOX12  PPARD  PLA2G4A  FAAH  

HSD11B1  EPHX2  CYP2E1  HSD17B3  

PPARG  ENPP2  CYP2C9  CYP2C8  

SRD5A1  PIK3R1  PTGES  AKR1C2  FDPS  

ALOX15  CYP2C19  FASN  PLA2G1B  

CYP4F2  PPARA  PLA2G2A  AKR1C3  

CYP2B6  CYP2A6  SRD5A2  NFKB1  

FABP3  CYP1A1  CYP3A4  UGT1A1  

NR1H4  GSTP1  HTR2A  HSD17B1  

ALDH1A2  GSTM1  CYP2J2  HTR2B  

CYP19A1  CYP1B1  CYP1A2  AKT1  

HTR2C  FUT6  CBR1  NR0B1  KAT5  F2  

TNF  MIF  UGT1A4  CFTR  NR1H3  

AKR1B1  ESR1  MAPK14  NR3C1  

AKR1A1  TTR  CNR1  LYPLA1  PLCG1  

THRA  NR1H2  PTPN22  CDK4  EDNRB  

IGF1R  APP  SNCA  FABP2  ATM  

ADORA1  FABP1  FABP5  ALDH1A1  

INPPL1  ALK  PRKCE  HSD11B2  TRPV1  

SRC  UGT1A10  ADRA2A  FLT1  G6PD  

HCAR2  FLT3  NR5A1  NR1I2 

5.90E-23 
GO:0044255 cellular 

lipid metabolic 

 ALOX5  SOAT1  PLA2G10  PTGS2  

PTGS1  SCD  CYP2D6  PIK3CG  CYP2C18  
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process  ALOX12  PPARD  PLA2G4A  FAAH  

EPHX2  CYP2E1  PPARG  ENPP2  

CYP2C9  CYP2C8  PIK3R1  PTGES  

AKR1C2  FDPS  ALOX15  CYP2C19  FASN  

PLA2G1B  CYP4F2  PPARA  PLA2G2A  

AKR1C3  CYP2B6  CYP2A6  FABP3  

UGT1A1  NR1H4  GSTP1  HTR2A  

ALDH1A2  GSTM1  CYP2J2  HTR2B  

CYP1B1  CYP1A1  CYP1A2  HTR2C  FUT6  

CYP3A4  KAT5  MIF  NR1H3  AKR1B1  

MAPK14  TTR  CNR1  LYPLA1  PLCG1  

NR1H2  SNCA  FABP2  SRD5A1  ATM  

FABP1  FABP5  ALDH1A1  INPPL1  AKT1  

UGT1A10  UGT1A4  CBR1 

1.74E-21 
GO:0008610 lipid 

biosynthetic process  

 ALOX5  PTGS2  PTGS1  SCD  PIK3CG  

ALOX12  HSD17B3  SRD5A1  PIK3R1  

PTGES  FDPS  ALOX15  FASN  PLA2G1B  

SRD5A2  NFKB1  FABP3  NR1H4  GSTP1  

HTR2A  HSD17B1  PLA2G4A  ALDH1A2  

GSTM1  HTR2B  AKT1  HTR2C  FUT6  

NR0B1  KAT5  AKR1C3  TNF  MIF  CFTR  

PLA2G10  PPARD  NR3C1  CDK4  

CYP19A1  IGF1R  CYP1A1  ATM  CYP3A4  

FABP5  INPPL1  NR1H3  NR1H2  G6PD  

PPARA  AKR1B1  CYP2D6  CYP2E1  

NR5A1  CYP2C9  CYP2C8  CYP1A2  

CBR1 

3.28E-28 

GO:0006631 fatty 

acid metabolic 

process  

 ALOX5  PTGS2  PTGS1  SCD  CYP2D6  

CYP2C18  ALOX12  PPARD  FAAH  

CYP2E1  PPARG  CYP2C9  CYP2C8  

PTGES  AKR1C2  ALOX15  CYP2C19  

FASN  PLA2G1B  CYP4F2  PPARA  



Barun Das Gupta, PhD Thesis Chapter 3: Allium hookeri Thwaites  
 

71 

 

AKR1C3  CYP2B6  CYP2A6  GSTP1  

PLA2G4A  GSTM1  CYP2J2  CYP1B1  

CYP1A1  MIF  PLA2G10  AKR1B1  

MAPK14  CNR1  LYPLA1  FABP3  CYP1A2  

SNCA  FABP2  CYP3A4  FABP1  FABP5  

NR1H3  NR1H2  AKT1  UGT1A1  UGT1A10  

UGT1A4  CBR1 

5.81E-19 
GO:0006869 lipid 

transport  

 ABCB1  SLCO1B3  FABP3  SLC10A2  

SLCO1B1  SLCO2B1  FABP2  FABP1  

FABP5  FABP4  NFKB1  PPARG  NR1H3  

DRD4  PLA2G10  ABCC11  ABCC4  

NR1H2  NMUR2  CYP19A1  DRD2  DRD3  

ACE  AVPR1B  CFTR  ABCC2  PTGS2  

PPARD  PLA2G4A  ABCG2  REN  

SIGMAR1  PTGES  PLA2G1B  PLA2G2A  

MIF  AKT1  CYP4F2  AGTR1  PPARA 

1.46E-15 
GO:0032868 

response to insulin  

 PKM  GSK3B  PIK3R1  PPARG  KAT2B  

PARP1  OGT  INSR  NR1H4  OPRK1  

MAPK14  STAT1  CDK4  IGF1R  AKT1  

SRD5A1  FBP1  INPPL1  ESRRA  PTPN2  

HSD11B2  PPARA  PTPN1  SRC  

SLC22A12  PRKDC  PRKCB  PLA2G1B  

IDE 

2.46E-13 

GO:0032869 cellular 

response to insulin 

stimulus  

 PKM  GSK3B  PIK3R1  PPARG  KAT2B  

PARP1  OGT  INSR  NR1H4  STAT1  CDK4  

IGF1R  AKT1  SRD5A1  FBP1  ESRRA  

PTPN2  PTPN1  SRC  SLC22A12  PRKDC  

PRKCB  PLA2G1B  IDE 

1.12E-10 
GO:0042593 

glucose homeostasis  

 IGF1R  INSR  NR1H4  HIF1A  CFTR  

ALOX5  OPRK1  NOX4  PPARD  CNR1  

FFAR1  AKT1  PIK3R1  ADRA2A  ACE  

FABP5  STAT3  PRKCE  KAT5  PTPN2  
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PYGL  PPARG  MTNR1B 

1.22E-10 

GO:0006006 

glucose metabolic 

process  

 G6PD  FBP1  EP300  INSR  PKM  GAPDH  

MAPK14  NR3C1  KAT2B  AKT1  OGT  

FABP5  INPPL1  PTPN2  PPARA  SRC  

TNF  CLK2  PPARD  GSK3B  SORD 

3.42E-10 

GO:0032368 

regulation of lipid 

transport  

 NFKB1  PPARG  NR1H3  NR1H2  

CYP19A1  AVPR1B  PLA2G10  PLA2G4A  

FABP3  REN  PTGES  MIF  AKT1  CYP4F2  

AGTR1  PPARA 

4.51E-12 

GO:0010827 

regulation of glucose 

transmembrane 

transport  

 PRKCB  INSR  SLC1A2  MAPK14  NFE2L2  

RNASEL  EDNRA  ACE  TERT  FABP5  

FFAR4  TNF  AKT1  PIK3R1  PLA2G1B 

 

 

Figure 3.9. Enriched biological process involved in the regulation of NIDDM 

and Obesity 
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3.3.2.3. Combination network analysis 

The union network of BOT–BA–TAR–DIS for NIDDM, Obesity, Hyperlipidaemia, 

Hypertriglyceridaemia, and Hyperglycaemia was created in Cytoscape and 

summarised in yfiles organic layout model. Each network was analysed using the 

"Analyze Network" tool, and in all cases, apigenin showed the highest degree of 

connectivity, and AKR1B1 was found to be the most targeted protein. All the 

combination synergy networks have been illustrated in Figure 3.10. 
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E 

Figure 3.10. Combination synergy networks for HEAH against A: NIDDM; B: 

Hyperglycaemia; C: Obesity; D: Hyperlipidaemia; E: Hypertriglyceridaemia 

[AH is denoted by the green diamond; Pink circles are the identified 

phytoconstituents; Orange circles represent human target proteins; Orange 

squares represent the disorder] 

 

The top 50 hub nodes for each NIDDM, Obesity, Hyperlipidaemia, 

Hypertriglyceridaemia, and Hyperglycaemia were calculated by degree, and the 

shortest path length is shown in Figure 3.11.  
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Figure 3.11. Combination synergy network analysis of Allium hookeri 

Thwaites (green circle denoted with AH) showing the top 50 hub nodes 

interacting to exert the pharmacological effect against A: NIDDM; B: 

Hyperglycaemia; C: Obesity; D: Hyperlipidaemia, and E: 

Hypertriglyceridaemia. The bigger the size of each node, the more 

interaction potential there is. 

[Blue circles are the identified phytoconstituents; Pink circles represent 

human target proteins; Orange circles represent the disorder] 

 

3.3.3.  Total flavonoid and phenolic content of A. hookeri 

The percentage yield of HEAH was found to be 19.34% w/w. The phenolic and 

flavonoid content was determined from the equations of gallic acid (y = 0.0012x + 

0.1132, R2 = 0.9836) and Rutin (y = 0.001x + 0.0362, R2 = 0.9919), respectively. 

The standard curve is presented in Figure 3.12. HEAH exhibited a TPC of 18.503 

± 0.903 mg gallic acid equivalent/g and TFC of 10.73 ± 0.76 mg Rutin 

equivalent/g. 
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A B 

Figure 3.12. Standard curve of (A) Gallic acid and (B) Rutin 

 

3.3.4.  Free radical scavenging potential of A. hookeri 

HEAH exhibited dose-dependent antioxidant potential (Figure 3.13.). In the 

DPPH radical scavenging potential assay, HEAH showed an IC50 value of 128.5 ± 

0.031 µg/mL compared to 53.58 ± 0.064 µg/mL by ascorbic acid. The hydroxyl 

scavenging capacity of HEAH exhibited an IC50 value of 210.5 ± 3.4 µg/mL 

compared to 59.94 ± 0.49 µg/mL by ascorbic acid. HEAH demonstrated 

significant antioxidant potential, with an IC50 of 234 ± 3.5 µg/mL, compared to 120 

± 2.3 µg/mL for ascorbic acid in the nitric oxide scavenging assay. 

 

  

A B 
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C 

Figure 3.13. Antioxidant potential of A. hookeri (A) DPPH free radical 

scavenging potential (B) Nitric oxide (NO) scavenging potential, and (C) 

Hydroxyl (OH) radical scavenging potential 

 

3.3.5. Enzyme inhibitory potential of A. hookeri 

In the α-glucosidase inhibition assay, the half-maximal inhibitory concentration 

(IC50) of HEAH was found to be 0.517 ± 0.07 mg/mL compared to 0.294 ± 0.08 

mg/mL for acarbose. In the α-amylase inhibition assay, the IC50 of HEAH was 

found to be 1.138 ± 0.57 mg/mL, which is comparable to an IC50 of 0.532 ± 0.04 

mg/mL for acarbose. In the case of pancreatic lipase, HEAH exhibited an 

inhibition potential of 0.809 ± 0.06 mg/mL compared to 0.739 ± 0.09 for Orlistat. 

The dose–response curve of HEAH and acarbose against α-glucosidase and α-

amylase inhibition, and Orlistat against pancreatic lipase inhibition is shown in 

Figure 3.14. Multiple comparisons of the IC50 values with two-way ANOVA 

between HEAH and acarbose for both enzymes, α-glucosidase and α-amylase, 

and Orlistat for pancreatic lipase, followed by Dunnett's test, showed significant 

results (p < 0.0001), suggesting that HEAH has inhibited all three enzymes in a 

strong manner comparable to the standard inhibitors. 
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A B 

 

C 

Figure 3.14. Dose–response curve of HEAH and acarbose against (A) α-

glucosidase and (B) α-amylase inhibition, and orlistat against (C) 

Pancreatic lipase inhibition. 

( ) acarbose ( ) orlistat and ( ) HEAH; data are presented as mean ± 

SD (n = 3). 

 

3.3.6. Kinetic parameters and inhibition mechanism of A. hookeri 

Reaction velocity (v) vs enzyme concentration (I = 0–1000 μg/mL) showed 

reversible inhibition of α-glucosidase, α-amylase, and pancreatic lipase by HEAH, 

with an inversely decreasing slope at higher inhibitor concentrations (I). The α-

glucosidase inhibition kinetics yielded a Vmax of 24.2 ± 1.49 mM/min, a Km of 1.9 ± 

0.34 mM, a Ki of 353.2, and an α of 2.9. The α-amylase inhibition kinetics yielded 

a Vmax of 24.6 ± 2.33 mM/min, a Km of 3.4 ± 0.55 mM, a Ki of 208.2, and an α of 

17.4. The pancreatic lipase inhibition kinetics yielded a Vmax of 149.8 ± 34.71 
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mM/min and a Km of 2.7 ± 0.93 mM, a Ki of 197.4, and an alpha of 3.7 (Figure 

3.15). 

 

 
 

A B 

  

C D 
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E F 

Figure 3.15. Enzyme inhibition kinetics of HEAH (  I=0 μg/ml;  I=250 μg/ml; 

 I=500 μg/ml;  I=750 μg/ml;  I=1000 μg/ml).  

Michaelis–Menten plot against (A) α-glucosidase, (C) α-amylase and (E) 

pancreatic lipase inhibitory activity; Lineweaver–Burk plot against (B) α-

glucosidase, (D) α-amylase and (F) pancreatic lipase inhibitory activity. 

 

3.3.7. Correlation Analysis of TPC, TFC, and antioxidant potential with 

enzyme inhibitory potential 

Pearson correlation analysis between the α-glucosidase and α-amylase inhibitory 

potential and the TPC & TFC values was evaluated and is shown in Table 3.5. 

The IC50 value of enzymes in mg/mL was correlated with the IC50 value (mg/mL) 

of the antioxidant potential (DPPH, NO, OH) and mg/g of TPC and TFC. It was 

observed that TPC and TFC of HEAH showed a perfect positive linear 

relationship with α-amylase, α-glucosidase, and pancreatic lipase, which was 

reflected in the Pearson r value at p<0.05. The enzyme inhibitory activity of 

HEAH was found to be related to TPC and TFC, indicating that the phenolic and 

flavonoid compounds present in A. hookeri leaves play a significant role in 

inhibitory activity. 

Similarly, Pearson correlation analysis exhibited a very strong correlation 

between the antioxidant potential and enzyme inhibitory activity of HEAH. The 
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Pearson correlation coefficient, along with the level of significance, has been 

summarised in Table 3.5. The strong correlation suggests that the antioxidant 

potential of HEAH was beneficial in inhibiting all three enzymes. 

 

Table 3.5. Pearson correlation analysis of enzyme inhibitor potential of 

HEAH with total phenolic and flavonoid content and antioxidant potential [p 

< 0.05]. 

Pearson correlation coefficient (r) for α-amylase inhibition potential 

DPPH NO OH GAE RE 

0.99* 0.99* 0.99ns 1.00*** 1.00*** 

Pearson correlation coefficient (r) for α-glucosidase inhibition potential 

DPPH NO OH GAE RE 

0.99* 0.99* 0.99ns 1.00*** 1.00*** 

Pearson correlation coefficient (r) for pancreatic lipase inhibition potential 

DPPH NO OH GAE RE 

0.99* 0.99* 0.99ns 1.00*** 1.00*** 

 

3.4. Discussion 

The concept of "food as medicine" gives a substantial advantage in the 

development of herbal drugs with negligible adverse effects (Mukherjee et al., 

2015). This type of food, enriched with medicinal value, is a mainstay in the 

northeast Indian diet, contributing to the management of various metabolic 

disorders. The development of evidence-based and value-added alternative 

therapeutics from food plants in the northeastern region of India may expand the 

regional bioeconomy (Das et al., 2024). Irrespective of the ethnopharmacological 

evidence and recent research, no efforts have been made to study the exact 

mechanistic pathways by which A. hookeri exhibits therapeutic activity. This 

thought led to the development of HEAH, intended for the prevention of metabolic 

disorders. 

Microwave-assisted extraction was selected for its superior effectiveness in 

extracting phytometabolites, requiring reduced extraction time and minimal 

solvent volume (Das Gupta et al., 2025a). The metabolite profiling of HEAH 
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revealed 27 compounds, including flavonoids such as Apigenin and Apigenin 7-

O-glucoside, tannins like Gomisin M2, phenolic acids, and fatty acids. These 

class of compounds have been previously reported to possess therapeutic 

potential against metabolic disorders, such as NIDDM and Obesity (Das Gupta et 

al., 2025b; Singha et al., 2024; Banerjee et al., 2023). Previous studies have 

reported that hub compounds identified in HEAH exert an antidiabetic and 

antiobesity effect. Apigenin was found to activate the PI3K/Akt/Glut-4 signalling 

pathway (Miao et al., 2023). Catechin improves insulin resistance, alleviates 

oxidative stress, regulates mitochondrial function, mitigates endoplasmic 

reticulum stress, exhibits anti-inflammatory effects, and modulates intestinal 

function to reduce glucose absorption (Wen et al., 2022).  

A study reported that Cinnamic acid was found to reduce blood glucose levels in 

diabetic rats by improving glucose tolerance (Hafizur et al., 2015). Coumaric acid, 

particularly m-coumaric acid and dihydro-p-coumaric acid, significantly reduced 

blood glucose levels, HbA1c, and formation of advanced glycation end products 

(AGEs) in diabetic rats (Mani et al., 2022; Moselhy et al., 2018). The PPI 

enrichment analysis demonstrated that the proteins exhibit a high degree of 

interconnectivity, with interactions occurring 2.4 times more than expected and a 

very low p-value, indicating their involvement in shared biological pathways. The 

phytocompounds were found to be linked to human gene targets INSR, PI3K, 

AKT1, PPARG, PTPN1, and DPP4 (Bao et al., 2020), as well as EGFR, which 

have therapeutic implications in hyperglycaemia and hyperlipidaemia (Banerjee 

et al., 2019). 

The network pharmacology analysis identified key pathways, including the insulin 

signalling pathway, insulin resistance pathway, Type 2 Diabetes Mellitus pathway, 

PI3K-AKT signalling pathway, regulation of lipolysis in adipocytes, and PPAR 

signalling pathway. Prior research indicates that these pathways are crucial at the 

cellular level, as they initiate an insulin response, facilitate glucose uptake, and 

enhance lipogenesis (Banerjee et al., 2023). The insulin signalling pathway and 

the PI3K-AKT signalling pathway are crucial in regulating glucose and lipid 

homeostasis, making them essential for the management of diabetes and 
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obesity. The pathway exhibited enrichment in INSR, PI3K, AKT, and GSK3B. 

INSR activates the PI3K-AKT pathway, facilitating glucose uptake through the 

translocation of GLUT4, inhibiting gluconeogenesis via the suppression of FOXO, 

and enhancing glycogen synthesis by inhibiting GSK3B (Wen et al., 2022).  

FABP4 regulates lipid concentrations within blood vessels. The Regulation of 

Lipolysis in Adipocytes pathway was identified as decreasing lipolysis through the 

downregulation of FABP4 (Floresta et al., 2022). The PPAR signalling pathway, 

enriched with PPARA, facilitates cholesterol metabolism through LXRα in the liver 

and skeletal muscle, leading to an improved lipid profile and a reduction in 

steatosis (Moller and Berger, 2003). TNFα, a significant mediator in adipose 

tissues, plays a role in the development of insulin resistance and impedes 

glucose uptake in various tissues. Inhibiting TNFα may improve the progression 

of NIDDM (Akash et al., 2018). 

The hydroalcoholic extract of A. hookeri exhibited significant inhibition potential 

against α-glucosidase, α-amylase, and pancreatic lipase enzymes, in accordance 

with previous studies (Deka et al., 2021). All three enzymes exhibited mixed-type 

inhibition by HEAH, as both the apparent Vmax and Km values altered with 

increasing inhibitor concentration. The alterations in Vmax and Km values indicate 

that HEAH does not just compete with the substrate for the active site. Instead, it 

may interact with both the free enzyme and the enzyme–substrate complex. The 

Pearson correlation analysis revealed a positive correlation between the 

antioxidant potential and the phenolic and flavonoid content of A. hookeri, 

suggesting a multi-target pharmacological mechanism that may involve reducing 

ROS and promoting enzyme inhibition (Singha et al., 2024).  

 

3.5. Publications and conference presentations 

3.5.1. Paper communicated 

- Das Gupta, B., Gayen, S., Chowdhury, S., Chatterjee, T., Kar, A., 

Duangyod, T., Charoensup, R., Haldar, P. K., & Mukherjee, P. K. 

Integrative metabolomics and network pharmacology - Exploring the 
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antidiabetic and antiobesity potential of Allium hookeri Thwaites in 

C57BL/6J mice. Phytomedicine. Elsevier. [Communicated]. 

 

3.5.2. Paper presented 

- Das Gupta, B., Gayen, S., Haldar, P. K., Sharma, N., Mukherjee, P. K., & 

Kar, A. Metabolomics integrated network pharmacology analysis for 

combination synergy-based approach for exploring traditionally used 

medicinal plants of NER for the management of diabetes and obesity. In 

the 11th Convention of the Society for Ethnopharmacology & International 

Conference (SECON 2024) at BRIC-Institute of Bioresources and 

Sustainable Development, Gangtok, Sikkim, India, during November 15-

16, 2024. 

- Das Gupta, B., Kar, A., Haldar, P. K., Sharma, N., & Mukherjee, P. K. 

UHPLC-QTOF-MS/MS analysis coupled with validated network 

pharmacology approach to reveal synergy-based mechanism of action of 

medicinal food plants from NER in the treatment of diabetes and related 

disorders. In P. K. Haldar (Ed.), Proceedings of the International 

Conference on Indian Medicinal Plants in Drug Discovery: Tradition, 

Science & Innovation (ISBN: 978-93-48215-95-6). School of Natural 

Product Studies, Jadavpur University, Kolkata, India, during January 21–

22, 2025. 
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4.1. Benincasa hispida (Thunb.) Cogn. – A profile 

Scientific classification 

Kingdom: Plantae 

Division: Pteridobiotina 

Class: Angiosperms 

Order: Cucurbitales 

Family: Cucurbitaceae 

Genus: Benincasa 

Species: Benincasa hispida Cogn. 

Vernacular names 

English: Wax gourd 

Hindi: Petha 

Sanskrit: Kooshmaanda 

Mizo: Manipat 

Manipuri: Torobot 

Assamese: Komora 

Goa: Kuvalo 

 

4.1.1. Plant description 

Benincasa hispida (Thunb.) Cogn., a member of the Cucurbitaceae family, is 

found in Java and Japan and is extensively cultivated in India (Singh et al., 

2024). It is grown throughout the plains and hill areas of India, up to an altitude of 

1200 m (Haldar et al., 2024). The climber possesses hairy stems, petioles, 

leaves, petals, immature fruits, and yellow flowers. Typically, the female flowers 

are capitate, whereas the male flowers may occur solitarily or in slender 

pedunculate racemes. The fruits function as a vegetable and can be ingested 

fresh or cooked, as well as in pickles, stews, preserves, and several other dishes 

(Singh et al., 2024). The fruits and leaves of B. hispida have been demonstrated 

in Figure 4.1. 

  

A B 

Figure 4.1. A: Fruits and leaves of Benincasa hispida (Thunb.) Cogn. B: 

Herbarium 
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4.1.2. Traditional uses of B. hispida 

The bark of B. hispida has been found to have a strong diuretic effect, and the 

fruits are used in traditional Chinese medicine to treat cough and urinary 

diseases (Islam et al., 2021). Ayurveda reports that dried fruits can be used to 

treat urinary retention (Mutraghata), diabetes and related metabolic disorders 

(Prameha), dysuria or urinary tract infection (Mutrakṛcchra), urolithiasis (Aśmarī), 

polydipsia (Tṛṣṇā), mental disorders (Mānasa Vikāra), constipation (Malabandha) 

(Government of India, 2004). The fruits have also been utilised for the treatment 

of jaundice, dyspepsia, and diabetes (Singh et al., 2024). 

 

4.1.3. Phytochemical profile of B. hispida 

B. hispida is enriched with bioactive phytoconstituents, alkaloids, glycosides, 

tannins, flavonoids and triterpenes. A study indicated the existence of D-(+)-malic 

acid (71), atractylenolide Iii (72), 10-hydroxydecanoate (73), sebacic acid (74), 

(E)-9,12,13-trihydroxyoctadec-10-enoic acid (75), (9E,11E)-13-hydroxyoctadeca-

9,11-dienoic acid (76) and 16-hydroxypalmitic acid (77) in the hydroalcoholic 

extract of B. hispida fruit pulp (Patil et al., 2025). The fruits were identified to 

contain lupeol (43), β-sitosterol (26), cucurbitin (78), rhamnose (79), mannitol 

(80), triacontanol (81), and trigonelline (82), while the root was found to contain 

bryonolic acid (83) (Singh et al., 2024). A separate study revealed the 

phytochemical composition of the fermented fruit pulp extract of B. hispida, 

identifying 2-furoic acid (84), 2,3-dihydroxybenzoic acid (85), and rubinaphthin A 

(86), which were absent in detectable quantities in the hydroalcoholic extract 

(Choi et al., 2024).  

 

  

 

(71) (72) (73) 
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(74) (75) (76) 

   

(77) (78) (79) 

 

  

(80) (81) (82) 

   

(83) (84) (85) 



Barun Das Gupta, PhD Thesis Chapter 4: Benincasa hispida (Thunb.) Cogn.  
 

92 

 

 

  

(86)   

 

4.1.4. Pharmacological activities of B. hispida 

The anti-inflammatory efficacy of B. hispida seeds was evaluated in rats 

exhibiting carrageenan-induced paw oedema. The methanolic extract of the 

seeds, administered at a dosage of 300 mg/kg body weight, demonstrated an 

inhibitory effect on oedema comparable to that of diclofenac (Gill et al., 2010). 

The antidiabetic efficacy of B. hispida seeds was investigated in alloxan-induced 

diabetic rats. The methanolic seed extract demonstrated a dose-dependent 

decrease in serum glucose levels, as well as reductions in cholesterol and 

triglyceride levels (Patil et al., 2011). The neuroprotective effect of B. hispida fruits 

was studied in vivo in rats with aluminium chloride-induced Alzheimer’s disease. 

The ethanolic extract improved memory and spatial learning in a dose-dependent 

manner, as revealed by behavioural tests. The extract reduced Amyloid-β42 

levels and increased antioxidant enzymes, such as SOD and GSH, thereby 

reducing oxidative stress (Rapaka et al., 2021).  

The hydroalcoholic extract of B. hispida fruit pulp was evaluated for its anti-

inflammatory characteristics and its efficacy in alleviating irritable bowel 

syndrome in Wistar rats produced by monosodium glutamate and microplastics. 

The extract demonstrated a reduction in body weight and serum lipid levels. 

Normalised SGPT, SGOT, triglyceride, and cholesterol levels showed a 

hepatoprotective effect. The regulation of mTOR/PI3K-Akt signalling was 

explored as the mechanism of action (Patil et al., 2025). The anti-ulcer efficacy of 

B. hispida was assessed in vivo by providing fresh fruit juice and alcoholic extract 

to rats subjected to ulcer induced by aspirin restriction, indomethacin + histamine 

and serotonin models. At a dosage of 2 mL per animal, the juice conferred ulcer 
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protection across all models, whereas the alcoholic extract demonstrated a dose-

dependent decrease in the ulcer index in the aspirin + restraint and swimming 

stress models (Grover et al., 2001). 

 

4.2. Metabolite profiling by UHPLC-QTOF-MS analysis 

UHPLC–QTOF–MS/MS analysis with Agilent 1260 Infinity II LC System and 

Agilent 6530 LC/Q-TOF (Agilent, Santa Clara, CA, United States) was executed 

to identify metabolites in HEBH. The chromatographic method and conditions 

were optimised as per the previously developed method, with slight modifications 

to the mobile phase (Gupta et al., 2023). The mobile phase consisted of 

acetonitrile (A) & water (B) both containing 0.1% formic acid in gradient elution of 

5% A (0–1 min), 17% A (1–6 min), 100% A (6–35 min), and 5% A (from 35–45 

min), operating at 0.5 mL/min. A 100 μg/mL sample was injected, and 

phytocompounds were identified based on mass, score (0–100), and theoretical 

formula. The column temperature was set at 25°C with a 5 μL injection volume. 

Data interpretation was done using MassHunter B.06.01 software (Agilent 

Technologies, CA, USA). The compound identification was achieved by uploading 

a custom library; the phenolic compounds were obtained from the Phenol-

Explorer database (Neveu et al., 2010). 

 

4.3. Results 

4.3.1. Metabolite profile of B. hispida 

The percentage yield of HEBH was found to be 21.2% w/w. The UHPLC–QTOF–

MS revealed a variety of compounds, which are detailed in Table 4.1. The 

positive ion chromatogram is depicted in Figure 4.2., displaying the total ion 

chromatogram. The analysis identified 17 distinct compounds; the details of these 

compounds, including their chemical formula, theoretical mass (g/mol), observed 

mass-to-charge ratio (m/z), retention time (RT), mass error (Dif (Tgt, ppm)), and 

compound class, are presented in Table 4.1. The results confirmed the existence 

of several compounds known for their therapeutic properties in addressing 

metabolic disorders, such as diabetes and obesity. 
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Table 4.1. Compounds identified in the hydroalcoholic extract of B. hispida 

fruits by UHPLC-QTOF-MS. 

Sl. 

No

. 

RT Name Formula 
Mass 

(g/mol) 
m/z 

Erro

r 

(pp

m) 

Class of 

compounds 

1.  
10.90

3 
Catechin C15H14O6 290.27 

290.07

90 
0.00 Flavonoid 

2.  
15.28

1 

Friedoolean-8-

en-3-one 
C30H48O 424.7 

424.37

02 
-0.70 

Friedooleanane-

type Triterpenes 

3.  16.4 Cucurbitacin E C32H44O8 556.7 
556.30

30 
-1.07 Triterpenes 

4.  
17.22

0 
Naringenin C15H12O5 272.25 

272.06

87 
1.10 Flavonoid 

5.  
17.67

3 

Butanoic acid, 

2,3-

dihydroxypropy

l ester 

C21H40O4 162.18 
356.29

29 
0.84 Glycerolipids 

6.  19.3 β-sitosterol C29H50O 414.7 
414. 

3860 
0.84 

Stigmastanes 

and derivatives 

7.  
22.84

4 
Linolenic acid C18H30O2 278.43 

278.22

50 
1.79 

Lineolic acids 

and derivatives 

8.  
23.17

4 
Linoleic acid C18H32O2 280.45 

280.24

02 
0.00 Fatty acyls 

9.  
25.00

2 
Stigmasterol C29H48O 412.7 

412.37

05 
0.00 

Stigmastanes 

and derivatives 

10.  
25.22

2 
Palmitic acid C16H32O2 256.42 

256.24

01 
-0.39 

Long-chain fatty 

acids 

11.  
25.65

5 
Stearic acid C18H36O2 284.5 

284.27

17 
0.70 

Long-chain fatty 

acids 

12.  
26.79

2 
Oleic acid C18H34O2 

282.25

67 

282.25

55 
-1.06 Fatty acyls 

13.  
26.80

3 

9,12-

Octadecadenoi

c acid 

C18H32

O2 
280.4 

280.24

04 
0.71 Fatty acyls 
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14.  
27.18

1 
Esculetin C9H6O4 178.14 

178.02

65 
-0.56 

6,7-

Dihydroxycouma

rins 

15.  
28.94

6 
Eicosenoic acid C20H38O2 310.5 

310.28

75 
1.28 

Monounsaturate

d long-chain fatty 

acid 

16.  
29.29

2 
Kaemperol 

C27H30O1

5 
286.24 

594.15

89 
0.84 

Tetrahydroxyflav

one 

17.  
29.72

3 

Kaempferol 3-

O-L-

rhamnopyranos

ide 

C21H19O1

0 
432.11 

431.09

74 
-0.92 

Flavonoid 

glycoside 

 

Figure 4.2. Total ion chromatogram of HEBH in the positive ionisation mode 

 

The class of compounds identified includes Flavonoid – catechin (23), naringenin 

(11); Friedooleanane-type triterpenes – friedoolean-8-en-3-one (135); Triterpenes 

– cucurbitacin E (38); Glycerolipids – butanoic acid, 2,3-dihydroxypropyl ester 

(136); Stigmastanes and derivatives – β-sitosterol (26), stigmasterol (28); Lineolic 

acids and derivatives – linolenic acid (24); Fatty acyls – linoleic acid (25), oleic 

acid (124), 9,12-octadecadenoic acid (137); Long-chain fatty acids – palmitic acid 

(138), stearic acid (139); 6,7-Dihydroxycoumarins – esculetin (18); 

Monounsaturated long-chain fatty acid – eicosenoic acid (140); 

Tetrahydroxyflavone – kaempferol (3); Flavonoid glycoside – kaempferol 3-O-L-

rhamnopyranoside (141). 
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(135) (136) (137) 

   

(138) (139) (140) 

 

  

(141)   

 

4.3.2. Network analysis 

4.3.2.1. Identified targets and disease association network 

The compounds (BA) were screened in BindingDB, and the associated genes 

(TAR) were identified from the UniProt database. The 16 compounds showing 

target activity were used to create a bioactive–target (BA–TAR) network, as 

shown in Figure 4.3. The network topology statistics revealed 145 nodes 

interconnected through 269 edges, indicating a dense connectivity between the 

phytocompounds and their targets. The phytocompound Apigenin exhibited the 
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highest connectivity by targeting 54 proteins, and aldose reductase (ESR2) was 

found to be the most targeted protein, targeted by 7 compounds. 

 

 

Figure 4.3. The bioactive–target (BA–TAR) network 

[Phytocompounds are shown in green circles, and corresponding protein 

targets are in red circles] 

 

The disease association was performed using the DisGeNET database, and the 

common targets for Non-Insulin-Dependent Diabetes Mellitus (NIDDM), Obesity, 

Hyperlipidaemia, Hypertriglyceridaemia, and Hyperglycaemia are shown in the 

Venn diagram (Figure 4.4).  
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A B 

Figure 4.4. Venn diagrams showing the common targets for (A) NIDDM and 

Hyperglycaemia; (B) Obesity, Hyperlipidaemia and Hypertriglyceridaemia 

between identified protein targets of HEBH and disease targets in the 

DisGeNET database. 

 

There were 29 common targets for NIDDM, followed by Obesity (34), 

Hyperglycaemia (3), Triglyceridaemia (1) and Hyperlipidaemia (2) between 

targets of HEBH and disease targets in the DisGeNET database. The list of 

common targets is listed in Table 4.2. 

 

Table 4.2. Shared targets between the identified phytocompounds of B. 

hispida and selected metabolic disorders and reference standards. 

Common elements in “Targets” and “selected disorders”: 

Disorder Number of 

Common 

Genes from 

the obtained 

targets 

Common targets 

Hyperlipidaemia 2 ABCB1, NOS3 

Triglyceridaemia 1 MET 
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NIDDM 29 ABCB1, ACE, ACP1, AKR1B1, AKT1, BCHE, 

BCL2, CNR1, CYP1A1, CYP1A2, DPP4, 

DRD2, ECE1, EDNRA 

EDNRB, EGFR, ESR1, FABP3, FFAR1, 

HIF1A, HMGCR 

NOS2, PIK3CG, PPARA, PPARD, PPARG, 

PRKAA2, SHBG, SRC 

Hyperglycaemia 3 CNR2, PTGS2, TERT 

Obesity 34 ACHE, ACP1, AHR, AKR1C3, AR, CES1, 

CNR1, CYP1B1, DRD2, ESR1, F2, FAAH, 

FABP2, GRIA4, HSD11B1, HSD11B2, 

HTR2A, HTR2C, IDO1, MMP9, NR1H3, 

NR1I2, NR1I3, NR3C1, NTRK2, OPRM1, 

PARP1, PGR, PPARD, PPARG, PRKCH, 

PTGS2, SERPINE1, SLC6A3 

Common elements in “Targets” and “selected reference standards”: 

Atorvastatin 1 HMGCR 

Metformin 1 PRKAB1 

Orlistat 2 FAAH, PNLIP 

Acarbose 1 GAA 

 

The common targets for acarbose, Orlistat, Metformin, and Atorvastatin with 

HEBH were also screened and given in Figure 4.5. While Atorvastatin shared 

HMGCR as a common target with HEBH, Metformin shared PRKAB1 as the 

common target with HEBH. Similarly, acarbose shared GAA, and Orlistat shared 

FAAH and PNLIP as common targets with HEBH. The gene-disease association 

(TAR–DIS) networks were created using Cytoscape. The top 50 hub proteins 

acting on NIDDM, Obesity, Hyperlipidaemia, Hypertriglyceridaemia, and 

Hyperglycaemia, calculated by degree and shortest path length using cytoHubba, 

are shown in Figure 4.5. 
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D E 

Figure 4.5. The common targets for (A) The top 50 hub proteins acting on 

NIDDM, Obesity, Hyperlipidaemia, Hypertriglyceridaemia and 

Hyperglycaemia (B) acarbose, (C) orlistat, (D) metformin and (E) 

atorvastatin with HEBH. 

 

4.3.2.2. Analysis of protein-protein interactions and associated 

pathways 

The target genes were visualised in STRING 12.0, and the PPI enrichment 

analysis showed that the target proteins have significantly more interactions, 

indicating that they are at least partially biologically connected as a group. The 

PPI enrichment analysis exhibited 1750 edges, which is significantly more than 

the expected number of 600. The average node degree was found to be 19.7, 

suggesting each protein interacts with 19 others (Figure 4.6.). 
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Figure 4.6. Protein-protein interaction network 

 

 

Figure 4.7. PPI enrichment network with the top 10 hub proteins 
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The PPI enrichment network was filtered by degree and shortest path length 

using the cytoHubba tool in Cytoscape to calculate the top 10 hub proteins 

(Figure 4.7.). 

The pathway enrichment analysis by KEGG demonstrated that hsa04910: Insulin 

signalling pathway, hsa04930: Type II diabetes mellitus, hsa04931: Insulin 

resistance, and hsa04933: AGE-RAGE signalling pathway in diabetic 

complications are involved in NIDDM and Hyperglycaemia. In the case of 

Obesity, Hyperlipidaemia, and Hypertriglyceridaemia, the pathways involved were 

hsa03320: PPAR signalling pathway, hsa05417: Lipid and atherosclerosis, 

hsa04152: AMPK signalling pathway, hsa04920: Adipocytokine signalling 

pathway, and hsa01100: Metabolic pathways. Other important pathways included 

hsa04151: PI3K-Akt signalling pathway, hsa04310: Wnt signalling pathway, and 

hsa04972: Pancreatic secretion (Table 4.3.). The hub gene-enriched pathways 

are shown in Figure 4.8. 

 

Table 4.3. KEGG enrichment pathways involved in NIDDM, Obesity, 

Hyperlipidaemia, Hypertriglyceridaemia and Hyperglycaemia. 

Enrichment 

FDR 
Pathway Genes 

3.00E-11 

Path:hsa04151 

PI3K-Akt signalling 

pathway 

CDK2  CDK6  EGFR  AKT1  FGFR1  FLT3  

GSK3B  HSP90AA1  IGF1R  INSR  MCL1  

MET  NOS3  NTRK2  PGF  PIK3CG  

PRKAA2  BCL2  RXRA  TEK  VEGFA 

9.12E-11 
Path:hsa01100 

Metabolic pathways 

MGLL  CYP1A1  CYP1A2  CYP17A1  

CYP19A1  DHCR7  DNMT1  AKR1B1  

ALOX12  ALOX15  ALPL  G6PD  GALNT2  

HMGCR  HSD11B1  HSD11B2  HSD17B1  

HSD17B3  IDO1  ARG1  MAOA  MAOB  

NOS2  NOS3  NT5E  ACP1  PIK3CG  

PLA2G2A  PLA2G5  PNLIP  PTGS1  

PTGS2  SRD5A1  SRD5A2  CA2  CA4  
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AKR1C3  PDE5A  CBR1  ENTPD1  

PTGES 

5.38E-10 

Path:hsa04933 

AGE-RAGE 

signalling pathway in 

diabetic 

complications 

AKT1  F3  SMAD3  MMP2  NOS3  NOX4  

SERPINE1  PIM1  PRKCD  BCL2  STAT1  

VEGFA 

5.95E-09 

Path:hsa03320 

PPAR signalling 

pathway 

NR1H3  FABP4  FABP1  FABP2  FABP3  

FABP5  PPARA  PPARD  PPARG  RXRA 

9.56E-08 

Path:hsa05415 

Diabetic 

cardiomyopathy 

PARP1  CTSD  ACE  AKT1  G6PD  

GSK3B  INSR  SMAD3  MMP2  MMP9  

NOS3  PPARA  PRKCD 

1.58E-06 
Path:hsa04931 

Insulin resistance 

NR1H3  AKT1  GSK3B  INSR  NOS3  

PPARA  PRKAA2  PRKAB1  PRKCD 

2.71E-06 

Path:hsa04923 

regulation of lipolysis 

in adipocytes 

MGLL  ADORA1  AKT1  FABP4  INSR  

PTGS1  PTGS2 

2.29E-05 

Path:hsa04932 Non-

alcoholic fatty liver 

disease 

NR1H3  AKT1  GSK3B  INSR  PPARA  

PPARG  PRKAA2  PRKAB1  RXRA 

3.01E-05 

Path:hsa04152 

AMPK signalling 

pathway 

CFTR  AKT1  HMGCR  IGF1R  INSR  

PPARG  PRKAA2  PRKAB1 

4.34E-05 
Path:hsa05417 Lipid 

and atherosclerosis 

CYP1A1  AKT1  GSK3B  HSP90AA1  

MMP9  NOS3  PPARG  BCL2  RXRA  

SRC 

5.05E-05 

Path:hsa04068 

FoxO signalling 

pathway 

CDK2  EGFR  AKT1  IGF1R  INSR  

SMAD3  PRKAA2  PRKAB1 

0.00010073

2 

Path:hsa04975 Fat 

digestion and 

FABP1  FABP2  PLA2G2A  PLA2G5  

PNLIP 



Barun Das Gupta, PhD Thesis Chapter 4: Benincasa hispida (Thunb.) Cogn.  
 

105 

 

absorption 

0.00026770

5 

Path:hsa04976 Bile 

secretion 

CFTR  HMGCR  ABCB1  RXRA  CA2  

ABCG2 

0.00070398

7 

Path:hsa04920 

Adipocytokine 

signalling pathway 

AKT1  PPARA  PRKAA2  PRKAB1  RXRA 

0.00346509

5 

Path:hsa04972 

Pancreatic secretion 
CFTR  PLA2G2A  PLA2G5  PNLIP  CA2 

0.01016886

9 

Path:hsa04910 

Insulin signalling 

pathway 

AKT1  GSK3B  INSR  PRKAA2  PRKAB1 

0.01529816

7 

Path:hsa04150 

mTOR signalling 

pathway 

AKT1  GSK3B  IGF1R  INSR  PRKAA2 

0.01878915

9 

Path:hsa04922 

Glucagon signalling 

pathway 

AKT1  PPARA  PRKAA2  PRKAB1 

0.01914197

9 

Path:hsa04714 

Thermogenesis 

MGLL  CNR1  FGFR1  PPARG  PRKAA2  

PRKAB1 

0.02348549

7 

Path:hsa00561 

Glycerolipid 

metabolism 

MGLL  AKR1B1  PNLIP 

0.07789486

8 

Path:hsa04930 Type 

II diabetes mellitus 
INSR  PRKCD 

0.19400890

6 

Path:hsa04310 Wnt 

signalling pathway 
GSK3B  SMAD3  PPARD 
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E 

Figure 4.8. The hub gene enriched pathways A: Insulin signalling pathway; 

B: AGE-RAGE signalling pathway in diabetic complications; C: Insulin 

resistance pathway; D: Lipid and atherosclerosis pathway; E: PPAR 

signalling pathway 

 

The Gene Ontology (GO) analysis, performed using ShinyGO 0.82, explored the 

biological processes in which the target genes were involved. At FDR cutoff of 

0.05 the enriched biological processes included Lipid metabolic process 

(GO:0006629), cellular lipid metabolic process (GO:0044255), lipid biosynthetic 

process (GO:0008610), fatty acid metabolic process (GO:0006631), lipid 

transport (GO:0006869), response to insulin (GO:0032868), cellular response to 

insulin stimulus (GO:0032869), glucose homeostasis (GO:0042593), glucose 

metabolic process (GO:0006006), regulation of lipid transport (GO:0032368) and 
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regulation of glucose transmembrane transport (GO:0010827) (Table 4.4.). The 

target gene-enriched biological processes are shown in Figure 4.9. 

 

Table 4.4. GO Biological process pathways involved in NIDDM, Obesity, 

Hyperlipidaemia, Hypertriglyceridaemia and Hyperglycaemia. 

Enrichmen

t FDR 
Pathway Genes 

8.74E-32 
GO:0006629 lipid 

metabolic process  

ALOX5  PLA2G10  PTGS2  PTGS1  CYP2D6  

PIK3CG  ALOX12  PPARD  HMGCR  FAAH  

HSD11B1  PLA2G5  HSD17B3  PPARG  

CYP11A1  SRD5A1  PTGES  CYP17A1  

ALOX15  DHCR7  PNLIP  PPARA  PLA2G2A  

AKR1C3  CES1  NEU1  SRD5A2  FABP3  

CYP1A1  NR1H4  MGLL  HTR2A  HSD17B1  

HTR2B  CYP19A1  CYP1B1  CYP1A2  AKT1  

HTR2C  CBR1  PRKCD  NR0B1  F2  CFTR  

NR1H3  AKR1B1  ESR1  PRKAB1  NR3C1  

TTR  CNR1  EDNRB  IGF1R  APP  SNCA  

FABP2  PRKAA2  ADORA1  FABP1  FABP5  

SERPINA6  HSD11B2  SRC  TEK  G6PD  

RORC  FLT3  NR1I2 

1.11E-26 

GO:0009725 

response to 

hormone  

NOS2  PGR  GSK3B  ESR1  PPARD  

NR3C1  STAT1  PPARG  ESR2  CYP11A1  

NR3C2  NOS3  AR  PPARA  SRC  NR1H3  

CA2  PARP1  PRKCD  NR0B1  INSR  RXRA  

AKR1C3  NR1H4  MAOB  PTGS2  

HSP90AA1  MMP2  BCHE  ARG1  PGF  

FLT3  HTR1B  EDNRB  CYP1B1  IGF1R  

AKT1  SRD5A1  EDNRA  ACE  PRKAA2  

ALPL  DDR2  BCL2  HSD11B2  MME  

SRD5A2  CTSL  CTSB  HSPA1A 

6.49E-26 GO:0010817 ECE1  CYP11A1  CYP17A1  DHCR7  FFAR4  
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regulation of 

hormone levels  

AKR1C3  ACE  NR1H4  CYP2D6  HIF1A  

HSD17B1  CYP19A1  CYP1B1  CYP1A1  

CYP1A2  CTSK  MME  SRD5A2  CFTR  

ALOX5  AKR1B1  ESR1  PPARD  NR3C1  

TTR  CNR1  FFAR1  PPARG  EDNRB  

IGF1R  SRD5A1  HTR2C  DRD2  ADORA1  

CTSB  PNLIP  NOS2  CTSL  BCHE  

HSD17B3  DPP4 

1.81E-24 

GO:0050727 

regulation of 

inflammatory 

response  

NR1H4  NR1H3  PPARD  PPARG  PPARA  

PRKCD  ALOX5  SNCA  ALOX15  PLA2G10  

PTGS2  ESR1  ABCC1  PIK3CG  CNR1  

ADORA2A  IDO1  NT5E  EDNRB  RIPK1  

CYP19A1  PTGES  ACE  ADORA1  SMAD3  

FABP4  FFAR4  CNR2  SERPINE1  APP  

MGLL  MMP9  TEK  PLA2G2A  SRC 

1.10E-23 

GO:0042592 

homeostatic 

process  

HTR2A  CA2  HTR2B  IGF1R  HTR2C  

DRD2  INSR  GPR35  SRC  HIF1A  NR1H4  

NR1H3  TRPA1  OPRM1  FFAR1  SNCA  

EDNRA  ALPL  SMAD3  BCL2  GRIN1  F2  

FFAR4  CFTR  PKD1  ALOX5  PLA2G10  

PTGS2  AKR1B1  NOX4  ACHE  PIK3CG  

ALOX12  PRKAB1  PPARD  CNR1  FABP3  

ADORA2A  HTR1B  NT5E  EDNRB  APP  

AKT1  CTSK  TRPM8  PTGES  ACE  

PRKAA2  ADORA1  FABP5  NOS3  FABP4  

CDK6  MET  VEGFA  STAT1  PPARG  

G6PD  CES1  HSPA1A  ESR1  FLT3  

PLA2G2A  MCL1  NOS2 

7.01E-23 

GO:0042445 

hormone 

metabolic process  

ECE1  CYP11A1  CYP17A1  DHCR7  

AKR1C3  ACE  CYP2D6  HIF1A  HSD17B1  

CYP19A1  CYP1B1  CYP1A1  CYP1A2  

CTSK  MME  SRD5A2  AKR1B1  ESR1  
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NR3C1  TTR  EDNRB  IGF1R  SRD5A1  

CTSB  PNLIP  CTSL  BCHE  HSD17B3  

DPP4 

1.07E-22 

GO:0008610 lipid 

biosynthetic 

process  

ALOX5  PTGS2  PTGS1  PIK3CG  ALOX12  

HMGCR  HSD17B3  CYP11A1  SRD5A1  

PTGES  ALOX15  DHCR7  SRD5A2  FABP3  

NR1H4  HTR2A  HSD17B1  HTR2B  AKT1  

HTR2C  PRKCD  NR0B1  AKR1C3  CES1  

CFTR  PLA2G10  MGLL  PRKAB1  PPARD  

NR3C1  CYP19A1  IGF1R  CYP1A1  

CYP17A1  PRKAA2  FABP5  NR1H3  G6PD  

PPARA  AKR1B1  CYP2D6  CYP1A2  CBR1 

4.02E-21 

GO:0006979 

response to 

oxidative stress  

SNCA  HIF1A  MMP9  TRPA1  FABP1  

PRKCD  NOS3  AKR1C3  MPO  ALOX5  

PTGS2  MMP2  PTGS1  STAT1  ARG1  

RIPK1  CYP1B1  APP  MCL1  PARP1  

SIGMAR1  EDNRA  PRKAA2  DDR2  PSIP1  

CDK1  BCL2  SRC  MET  AKT1  EGFR  

G6PD  ABCC1  HSPA1A 

6.59E-21 

GO:0034599 

cellular response 

to oxidative stress  

SNCA  HIF1A  MMP9  TRPA1  FABP1  

PRKCD  NOS3  AKR1C3  MPO  ALOX5  

MMP2  ARG1  RIPK1  CYP1B1  MCL1  

PARP1  SIGMAR1  EDNRA  PRKAA2  DDR2  

CDK1  BCL2  SRC  MET  AKT1  EGFR  

G6PD  ABCC1  HSPA1A 

8.07E-20 

GO:0006631 fatty 

acid metabolic 

process  

ALOX5  PTGS2  PTGS1  CYP2D6  ALOX12  

PPARD  FAAH  PPARG  PTGES  ALOX15  

PPARA  AKR1C3  CYP1B1  CYP1A1  CES1  

PLA2G10  MGLL  AKR1B1  PRKAB1  CNR1  

FABP3  PLA2G5  CYP1A2  SNCA  FABP2  

PRKAA2  FABP1  FABP5  NR1H3  AKT1  

CBR1 
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2.31E-19 

GO:0019216 

regulation of Lipid 

metabolic process  

PPARD  PPARG  PPARA  FABP3  NR1H4  

HTR2A  HTR2B  AKT1  HTR2C  PRKCD  

NR0B1  F2  AKR1C3  PTGS2  PIK3CG  

NR3C1  CNR1  IGF1R  SNCA  ADORA1  

FABP1  FABP5  DHCR7  SRC  NR1H3  TEK  

CES1  RORC  FLT3 

2.53E-19 

GO:0032870 

cellular response 

to hormone 

stimulus  

PGR  GSK3B  ESR1  PPARD  NR3C1  

PPARG  ESR2  CYP11A1  NR3C2  AR  

PPARA  SRC  NR1H3  CA2  PARP1  

PRKCD  NR0B1  INSR  RXRA  AKR1C3  

NR1H4  STAT1  ARG1  PGF  FLT3  CYP1B1  

IGF1R  AKT1  SRD5A1  EDNRA  ACE  

PRKAA2  DDR2  CTSL  CTSB  HSPA1A 

3.69E-17 

GO:0044255 

cellular lipid 

metabolic process  

ALOX5  PLA2G10  PTGS2  PTGS1  CYP2D6  

PIK3CG  ALOX12  PPARD  HMGCR  FAAH  

PLA2G5  PPARG  PTGES  ALOX15  PPARA  

PLA2G2A  AKR1C3  NEU1  FABP3  NR1H4  

MGLL  HTR2A  HTR2B  CYP1B1  CYP1A1  

CYP1A2  HTR2C  PRKCD  CES1  NR1H3  

AKR1B1  PRKAB1  TTR  CNR1  SNCA  

FABP2  SRD5A1  PRKAA2  FABP1  FABP5  

PNLIP  AKT1  CBR1 

6.51E-17 

GO:0045834 

positive regulation 

of Lipid metabolic 

process  

PPARD  PPARG  PPARA  FABP3  NR1H4  

HTR2A  HTR2B  AKT1  HTR2C  F2  PTGS2  

IGF1R  ADORA1  FABP1  SRC  NR1H3  

TEK  PRKCD  CES1  FLT3 

1.06E-16 
GO:0006869 lipid 

transport  

ABCB1  FABP3  PLA2G5  SLCO2B1  FABP2  

FABP1  FABP5  FABP4  PPARG  NOS2  

NR1H3  PLA2G10  CYP19A1  DRD2  ACE  

CFTR  PTGS2  ABCC1  PPARD  ABCG2  

SIGMAR1  PTGES  PNLIP  PLA2G2A  AKT1  

PRKCD  CES1  PPARA 
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1.51E-16 

GO:0042327 

positive regulation 

of phosphorylation  

FGFR1  MET  VEGFA  PGF  TEK  FLT3  

IGF1R  EGFR  NTRK2  DDR2  INSR  HIF1A  

AURKB  SRC  PKD1  HSP90AA1  PIK3CG  

OPRD1  HTR2B  APP  AKT1  SNCA  

PRKCD  F2  PTGS2  NOX4  HTR2A  EDNRB  

RIPK1  PDE5A  DRD2  ACE  ADORA1  

BCL2  PPARG  MMP9  AR  PRKAA2 

4.06E-13 
GO:0016042 lipid 

catabolic process  

FAAH  HSD11B1  PNLIP  CES1  NEU1  

PLA2G10  MGLL  PLA2G5  CYP19A1  

AKR1C3  PIK3CG  PPARD  CNR1  CYP1B1  

SRD5A1  ADORA1  FABP1  PLA2G2A  

SRD5A2  CYP1A2  AKT1  PRKCD  PPARA 

1.40E-12 

GO:0046890 

regulation of Lipid 

biosynthetic 

process  

FABP3  NR1H4  HTR2A  HTR2B  AKT1  

HTR2C  PRKCD  NR0B1  AKR1C3  PTGS2  

NR3C1  IGF1R  FABP5  DHCR7  NR1H3  

PPARA  CES1 

2.48E-12 

GO:0043491 

protein kinase B 

signalling  

MET  TEK  IGF1R  NTRK2  INSR  PIK3CG  

VEGFA  F10  AKR1C3  HSP90AA1  NOX4  

AKT1  DRD2  FGFR1  F3  EGFR  PPARA  

SRC 

2.29E-11 

GO:0014065 

phosphatidylinosit

ol 3-kinase 

signalling  

PIK3CG  TEK  IGF1R  NTRK2  INSR  

HTR2A  HTR2B  PPARD  F2  VEGFA  AKT1  

EGFR  FGFR1  FLT3  SRC 

3.32E-11 

GO:0043434 

response to 

peptide hormone  

GSK3B  STAT1  CYP11A1  PPARG  CA2  

PARP1  PRKCD  INSR  NR1H4  PTGS2  

ARG1  EDNRB  CYP1B1  IGF1R  AKT1  

SRD5A1  EDNRA  DDR2  HSD11B2  PPARA  

SRC  SRD5A2 

9.01E-09 

GO:0043467 

regulation of 

generation of 

HIF1A  INSR  PPARA  HTR2A  CISD1  APP  

AKT1  CDK1  PRKAA2  NOS2  GSK3B  

SNCA 
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precursor 

metabolites and 

energy  

1.69E-08 

GO:0008203 

cholesterol 

metabolic process  

CYP11A1  DHCR7  HMGCR  CES1  CFTR  

CYP2D6  CYP1A2  APP  PRKAA2  G6PD  

NR1H4  PPARD 

1.83E-08 

GO:0042593 

glucose 

homeostasis  

IGF1R  INSR  NR1H4  HIF1A  CFTR  ALOX5  

NOX4  PPARD  CNR1  FFAR1  AKT1  ACE  

PRKAA2  FABP5  PPARG 

2.61E-07 

GO:0043068 

positive regulation 

of programmed 

cell death  

CTSD  TOP2A  RIPK1  MCL1  AKR1C3  

PTGS2  MMP2  MMP9  NR3C1  CNR1  

ADORA2A  IDO1  PPARG  CYP1B1  ACE  

PRKCD  SRC  BACE1  NOS2  SNCA 

3.69E-07 
GO:0034440 lipid 

oxidation  

ALOX5  ALOX12  ALOX15  PPARD  CNR1  

FABP3  PPARG  FABP1  PPARA  AKT1 

1.17E-06 
GO:0032868 

response to insulin  

GSK3B  PPARG  PARP1  INSR  NR1H4  

STAT1  IGF1R  AKT1  SRD5A1  PRKCD  

HSD11B2  PPARA  SRC 

2.63E-06 

GO:0032368 

regulation of lipid 

transport  

PPARG  NR1H3  CYP19A1  PLA2G10  

FABP3  PTGES  AKT1  PRKCD  PPARA 

5.15E-06 

GO:0032869 

cellular response 

to insulin stimulus  

GSK3B  PPARG  PARP1  INSR  NR1H4  

STAT1  IGF1R  AKT1  SRD5A1  PRKCD  

SRC 

1.15E-05 

GO:0010827 

regulation of 

glucose 

transmembrane 

transport  

INSR  EDNRA  ACE  TERT  FABP5  FFAR4  

AKT1 

3.32E-05 

GO:0006006 

glucose metabolic 

process  

G6PD  INSR  NR3C1  AKT1  FABP5  PPARA  

SRC  RORC  PPARD  GSK3B 
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Figure 4.9. Top 30 enriched biological processes involved in the regulation 

of NIDDM, Obesity, Hyperlipidaemia, Hypertriglyceridaemia and 

Hyperglycaemia. 

 

4.3.2.3. Combination network analysis 

The union network of BOT–BA–TAR–DIS for NIDDM, Obesity, Hyperlipidaemia, 

Hypertriglyceridaemia, and Hyperglycaemia was created in Cytoscape and 

summarised in a yFiles organic layout model. Each network was analysed using 

the “Analyze Network” tool. In NIDDM, hyperglycaemia, obesity, and 

hyperlipidaemia, kaempferol exhibited the highest level of connection. While 

FABP1 was identified as the main targeted protein in NIDDM, hyperglycaemia, 

and hyperlipidaemia, ESR1 was identified as the most targeted protein in obesity. 

In Hypertriglyceridaemia, Catechin had the strongest connection, while PPARA 

emerged as the most targeted protein. All the combination synergy networks 

have been illustrated in Figure 4.10. 
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E 

Figure 4.10. Combination synergy networks for HEBH against A: NIDDM; B: 

Hyperglycaemia; C: Obesity; D: Hyperlipidaemia; E: Hypertriglyceridaemia 

[AH is denoted by the green diamond; Pink circles are the identified 

phytoconstituents; Orange circles represent human target proteins; Red 

rounded square represents the disorder] 

 

The top 50 hub nodes for NIDDM, Obesity, Hyperlipidaemia, and 

Hyperglycaemia, together with the 35 nodes for Hypertriglyceridaemia, were 

identified based on degree, and the shortest path length is illustrated in Figure 

4.11. 
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E 

Figure 4.11. Combination synergy network analysis of Allium hookeri 

Thwaites (green circle denoted with AH) showing top 50 hub nodes 

interacting to exert the pharmacological effect against A: NIDDM; B: 

Obesity; C: Hyperglycaemia; D: Hyperlipidaemia, and the top 35 hub nodes 

against E: Hypertriglyceridaemia. The bigger the size of each node, the 

more interaction potential. 

[The green circle represents BH; Blue circles are the identified 

phytoconstituents; Pink circles represent human target proteins, and Red 

circles represent the disorder] 

 

4.3.3.  Total flavonoid and phenolic content of B. hispida 

The phenolic and flavonoid content was determined from the equations of gallic 

acid (y = 0.001x + 0.0299, R2 = 0.9913) and Rutin (y = 0.0008x + 0.0367, R2 = 

0.9848), respectively. The standard curve is presented in Figure 4.12. HEBH 

exhibited a TPC of 15.353 ± 1.019 mg gallic acid equivalent/g and TFC of 12.42 ± 

0.97 mg Rutin equivalent/g. 
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A B 

Figure 4.12. Standard curve of (A) Gallic acid and (B) Rutin 

 

4.3.4.  Radical scavenging potential of B. hispida 

HEBH exhibited dose-dependent antioxidant potential (Figure 4.13.). In the 

DPPH radical scavenging potential assay, HEBH showed an IC50 value of 199.6 ± 

0.57 µg/mL compared to 53.58 ± 0.064 µg/mL by ascorbic acid. The hydroxyl 

scavenging capacity of HEBH exhibited an IC50 value of 239.2 ± 0.24 µg/mL 

compared to 59.94 ± 0.49 µg/mL by ascorbic acid. HEBH demonstrated 

significant antioxidant potential, with an IC50 of 339.5 ± 0.65 µg/mL, compared to 

120 ± 0.23 µg/mL for ascorbic acid in the nitric oxide scavenging assay. 

 

  

A B 



Barun Das Gupta, PhD Thesis Chapter 4: Benincasa hispida (Thunb.) Cogn.  
 

124 

 

 

C 

Figure 4.13. Antioxidant potential of B. hispida (A) DPPH free radical 

scavenging potential (B) Nitric oxide (NO) scavenging potential, and (C) 

Hydroxyl (OH) radical scavenging potential 

 

4.3.5. Enzyme inhibitory potential of B. hispida 

In the α-glucosidase inhibition assay, the half-maximal inhibitory concentration 

(IC50) of HEBH was found to be 1.394 ± 0.16 mg/mL compared to 0.294 ± 0.08 

mg/mL for acarbose. In the α-amylase inhibition assay, the IC50 of HEBH was 

found to be 1.905 ± 0.21 mg/mL, which is comparable to an IC50 of 0.532 ± 0.04 

mg/mL for acarbose. In the case of pancreatic lipase, HEBH exhibited an 

inhibition potential of 2.564 ± 0.08 mg/mL compared to 0.739 ± 0.09 for Orlistat. 

The dose–response curve of HEBH and acarbose against α-glucosidase and α-

amylase inhibition, and Orlistat against pancreatic lipase inhibition is shown in 

Figure 4.14. Multiple comparisons of the IC50 values with two-way ANOVA 

between HEBH and acarbose for both enzymes, α-glucosidase and α-amylase, 

and Orlistat for pancreatic lipase, followed by Dunnett’s test, showed significant 

results (p < 0.0001), suggesting that HEBH has inhibited all three enzymes in a 

strong manner comparable to the standard inhibitors. 
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A B 

 

C 

Figure 4.14. Dose–response curve of HEBH and acarbose against (A) α-

glucosidase and (B) α-amylase inhibition, and orlistat against (C) 

Pancreatic lipase inhibition. 

( ) acarbose ( ) orlistat and ( ) HEBH; data are presented as mean ± 

SD (n = 3). 

 

4.3.6. Kinetic parameters and inhibition mechanism of B. hispida 

Reaction velocity (v) vs enzyme concentration (I = 0–1000 μg/mL) showed 

reversible inhibition of α-glucosidase, α-amylase, and pancreatic lipase by HEBH, 

with an inversely decreasing slope at higher inhibitor concentrations (I). The α-

glucosidase inhibition kinetics yielded a Vmax of 26.3 ± 0.54 mM/min, a Km of 1.7 ± 

0.44 mM, a Ki of 738.4, and an α of 1.2. The α-amylase inhibition kinetics yielded 

a Vmax of 27.5 ± 1.16 mM/min, a Km of 3.7 ± 0.91 mM, a Ki of 447.8, and an α of 

1.7. The pancreatic lipase inhibition kinetics yielded a Vmax of 152.1 ± 4.26 

mM/min and a Km of 2.8 ± 1.24 mM, a Ki of 173.5, and an α of 13 (Figure 4.15). 
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E F 

Figure 4.15. Enzyme inhibition kinetics of HEBH (  I=0 μg/ml;  I=250 μg/ml; 

 I=500 μg/ml;  I=750 μg/ml;  I=1000 μg/ml).  

Michaelis–Menten plot against (A) α-glucosidase, (C) α-amylase, and (E) 

pancreatic lipase inhibitory activity; Lineweaver–Burk plot against (B) α-

glucosidase, (D) α-amylase, and (F) pancreatic lipase inhibitory activity. 

 

4.3.7. Correlation Analysis of TPC, TFC, and antioxidant potential with 

enzyme inhibitory potential 

Pearson correlation analysis between the α-glucosidase and α-amylase inhibitory 

potential and the TPC & TFC values was evaluated and is shown in Table 4.5. 

The IC50 value of enzymes in mg/mL was correlated with the IC50 value (mg/mL) 

of the antioxidant potential (DPPH, NO, OH) and mg/g of TPC and TFC. It was 

observed that TPC and TFC of HEBH showed a positive linear relationship with 

α-amylase, α-glucosidase, and pancreatic lipase, which was reflected in the 

Pearson r value at p<0.05. The enzyme inhibitory activity of HEBH was found to 

be related to TPC and TFC, indicating that phenolic and flavonoid compounds 

present in B. hispida fruits play a significant role in inhibitory activity, albeit not as 

significant as those in A. hookeri. 
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Similarly, Pearson correlation analysis exhibited a strong correlation between the 

antioxidant potential and enzyme inhibitory activity of HEBH. The Pearson 

correlation coefficient, along with the level of significance, has been summarised 

in Table 4.5. The strong correlation suggests that the antioxidant potential of 

HEBH was beneficial in inhibiting all three enzymes, albeit to a lesser extent, 

compared to A. hookeri. 

 

Table 4.5. Pearson correlation analysis of enzyme inhibitor potential of 

HEBH with total phenolic and flavonoid content and antioxidant potential [p 

< 0.05]. 

Pearson correlation coefficient (r) for α-amylase inhibition potential 

DPPH NO OH GAE RE 

0.98ns 0.93ns 0.88ns 0.90ns 0.99* 

Pearson correlation coefficient (r) for α-glucosidase inhibition potential 

DPPH NO OH GAE RE 

0.98ns 0.93ns 0.88ns 0.90ns 0.99* 

Pearson correlation coefficient (r) for pancreatic lipase inhibition potential 

DPPH NO OH GAE RE 

0.98ns 0.93ns 0.88ns 0.90ns 0.99* 

 

4.4. Discussion 

Polyphenols, flavonoids, phenols, triterpenes, flavanones, stigmastanes and 

amino acids were identified as significant compounds through metabolite 

profiling. The identified bioactive compounds like catechin, naringenin, 

kaempferol, kaempferol 3-O-L-rhamnopyranoside, cucurbitacin E, butanoic acid, 

linolenic acid, linoleic acid, palmitic acid, stearic acid, oleic acid, eicosenoic acid, 

β-sitosterol, stigmasterol, Friedoolean-8-en-3-one and Esculetin were all 

previously reported to possess therapeutic potential against metabolic disorders 

(Maity et al., 2022; Shahwan et al., 2022; Wang et al., 2022; Yang et al., 2022; 

Behl et al., 2021; Hussain et al., 2020; Alkhalidy et al., 2018). 

The phytocompound target interaction network exhibited a total of 269 predicted 

interactions. The Venn diagram analysis suggested B. hispida shared a 
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mechanistic overlap with the reference standards atorvastatin, metformin, Orlistat 

and acarbose. The PPI enrichment analysis demonstrated that the proteins 

exhibit a high degree of interconnectivity, with interactions occurring 2.9 times 

more than expected and a very low p-value, indicating their involvement in 

shared biological pathways. The phytocompounds were found to be linked to 

human gene targets AKT1 and PPARG (Bao et al., 2020), as well as EGFR, 

which have therapeutic implications in hyperglycaemia and hyperlipidaemia 

(Banerjee et al., 2019). The pathway enrichment analysis revealed that HEBH 

modulated the insulin signalling pathway through INSR, AKT, GSK3B, and AMPK. 

Upregulation of INSR phosphorylates insulin receptor substrates, which further 

activate AKT in the PI3K/AKT pathway. This activation leads to the regulation of 

glucose and Lipid (Lee et al., 2023). Inhibition or downregulation of GSK3B was 

found to enhance glycogen synthesis (Ullah et al., 2023). Activation of AMPK 

triggers catabolic pathways that produce ATP, such as glucose uptake and fatty 

acid oxidation, in skeletal muscles (Long and Zierath, 2006). The compounds 

were also found to modulate PPARα, PPARβ and PPARγ in the PPAR signalling 

pathway. PPAR was found to metabolise cholesterol and improve lipid profile 

(Moller and Berger, 2003). The biological processes identified through enrichment 

analysis normalise lipid and glucose metabolism, restore insulin sensitivity, 

reduce fat accumulation in tissues, and balance blood sugar and lipid levels.  

The combination network analysis revealed that kaempferol and catechin were 

the most biologically active phytocompounds. Previous studies report that 

kaempferol and catechin act through the PPAR signalling pathway via fatty acid-

binding protein (FABP), regulating fatty acid metabolism, oxidation, and Lipid 

storage through PPARα, PPARβ, and PPARγ (Ebrahimi et al., 2015). The 

potential of kaempferol to improve insulin sensitivity and protect against β-cell 

dysfunction by upregulating glucose transport-4 (GLUT4) and AMP-dependent 

protein kinase (AMPK) expression in a high-fat diet animal model has also been 

reported previously (Banerjee et al., 2023). A recent study revealed that estrogen 

receptor 1 (ESR1) upregulates VEGFA in adipose tissue, thereby regulating 

obesity through angiogenesis and decreasing inflammation (Fatima et al., 2017). 
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The enzyme inhibition analysis results indicate that B. hispida effectively inhibited 

both α-glucosidase, α-amylase, and lipase to a degree comparable to that of 

conventional inhibitors. Although the correlation study demonstrated a positive 

correlation between enzyme inhibition potential and antioxidant and phenolic 

content, the correlations were largely found to be non-significant except for the 

correlation with flavonoid content at p < 0.05. Thus, flavonoids were identified as 

the principal bioactive molecules responsible for enzyme inhibition, working in 

conjunction with antioxidant properties and phenolic compounds to produce a 

synergistic effect in mitigating diabetes, obesity, and associated metabolic 

disorders. 

 

4.5. Publications and conference presentations 

4.5.1. Paper communicated 

- Das Gupta, B., Kar, A., Singha, S., Gayen, S., Jana, S., Sharma, N., 

Haldar, P.K., Mukherjee, P.K., 2025b. Metabolite Profiling and Integrated 

Network Pharmacology Based Mechanism of Benincasa hispida (Thunb.) 

Cogn. Fruit Against Non-insulin-Dependent Diabetes Mellitus. 

Phytochemical Analysis 36, 884–895. https://doi.org/10.1002/pca.3476. 
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5.1. Houttuynia cordata Thunb. – A profile 

Scientific classification 

Kingdom: Plantae 

Division: Pteridobiotina 

Class: Angiosperms 

Order: Piperales 

Family: Saururaceae 

Genus: Houttuynia 

Species: Houttuynia cordata Thunb. 

Vernacular names 

English: Chameleon plant 

Hindi: Simdalu 

Assamese: Musundari, Aich 

Khasi: Ja mardoh 

Manipuri: Toningkhok, Tokningkhok 

Nepali: Gane 

Mizo: Uithinthang 

 

5.1.1. Plant description 

Houttuynia cordata Thunb., a member of the Saururaceae family, is recognised 

by its distinctive aroma and astringent taste. It is found in Asian and Southeast 

Asian countries at altitudes ranging from 300 to 2600 meters. In India, it is 

extensively found in northeast India, encompassing Manipur, Mizoram, Assam, 

Arunachal Pradesh, and Sikkim. H. cordata possesses a thin stem, cordate 

leaves, greenish-yellow flowers, and fibrous roots. The young shoots and leaves 

are consumed as raw or cooked vegetables, and the leaves are used as a spice 

for salads (Pradhan et al., 2023). The whole plant of H. cordata has been shown 

in Figure 5.1. 

 

  

A B 

Figure 5.1. A: Leaves of Houttuynia cordata Thunb.; B Herbarium 
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5.1.2. Traditional uses of H. cordata 

Traditionally, the leaves of H. cordata are utilised by northeastern Indian tribes for 

their anthelmintic properties. The entire plant is utilised to alleviate stomach pain, 

dysentery, and cholera (Pradhan et al., 2023). According to another report, the 

whole plant is ingested raw to reduce blood glucose levels (Kumar et al., 2014b). 

The local tribes of India utilise the shoots to address cardiovascular disorders 

(Kala, 2005). The traditional folk medicine of Southeast Asian countries employs 

the entire plant to address hyperglycaemia and hyperlipidaemia. Ancient texts of 

Japanese traditional medicine document the utilisation of H. cordata for 

combating oxidative stress and inflammation (Wei et al., 2024). 

 

5.1.3. Phytochemical profile of H. cordata 

H. cordata has been documented to be abundant in alkaloids, followed by 

flavonoids, volatile oils, and organic acids. The distinctive fishy odour of H. 

cordata resulted from the presence of houttuynin (87) (Qing-Song and Sai-Jin, 

2015). The ethyl acetate fraction of the aerial parts was found to contain volatile 

compounds, specifically α-pinene (88), limonene (89), β-myrcene (90), 

megastigmatrienone (91), decanal (92), (Z)-13-octadecenal (93), 2-undecanone 

(94), 1-decen-3-one (95), 4-tridecanone (96), methylbutanoic acid (97) and 

methyl n-nononone (98) (Kumar et al., 2014a). Ma and fellow researchers 

identified bioactive alkaloids from the ethanolic extract of H. cordata aerial parts, 

namely piperolactam B (99), C (100) and D (101), sauristolactam (102), 

cepharanone B (103), 7-oxodehydroasimilobine (104), lysicamine (105), 

atherospermidine (106), liriodenine (107), ouregidione (108), cepharadione A 

(109) and B (110), 1,2-dimethoxy-3-hydroxy-5-oxonoraporphine (111) and 1,2,3-

trimethoxy-3-hydroxy-5-oxonoraporphine (112) (Ma et al., 2017). A separate 

study discovered three novel alkaloids: houttuynamide B (113), houttuynamide C 

(114), and houttuycorine (115) from the aerial components of H. cordata. In 

addition to the three, the study also identified perlolyrine (116) (Ahn et al., 2017). 
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(114) (115) (116) 

 

5.1.4. Pharmacological activities of H. cordata 

The diabetic wound-healing efficacy of H. cordata decoction-infused hydrogel 

was examined in vitro using reactive oxygen species scavenging and fibroblast 

proliferation, and in vivo, utilising an excision wound model in mice with 

streptozotocin-induced diabetes. The hydrogel significantly enhanced wound 

healing by augmenting collagen deposition, neovascularisation, and fibroblast 

viability (Yang et al., 2025). The pharmacological potential of the H. cordata 

polysaccharide fraction was examined in an in vivo MC903-induced atopic 

dermatitis mouse model, as well as in vitro using RAW264.7 macrophages and 

HaCaT keratinocytes. The polysaccharide-enriched fraction enhanced the skin 

barrier by elevating Occludin and Claudin-1 levels, while reducing epidermal 

hyperplasia and mast cell infiltration. The normalisation of collagen and matrix 

functionality evidenced this. The fraction exhibits antioxidant characteristics and 

antibacterial activity against S. aureus. Reduced nitric oxide, cyclooxygenase-2, 

and phosphorylated p38 mitogen-activated protein kinase levels were reported in 

RAW264.7 and HaCaT cells, indicating the anti-inflammatory effect (Huang et al., 

2025).  
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The antiapoptotic efficacy of H. cordata root hydroalcoholic extract was examined 

on human hepatocarcinoma cells, HepG2. The extract induced cytotoxicity in the 

HepG2 cell line by disrupting cytoskeletal components, including β and γ-tubulin, 

leading to morphological alterations (Sarkar et al., 2023). The antihyperglycemic 

effectiveness of the ethanolic extract of the whole plant of H. cordata was 

examined in a streptozotocin-induced diabetic rat model. The extract reduced 

fasting blood glucose and normalised antioxidant enzyme levels in the liver, 

pancreas, and adipose tissue (Kumar et al., 2014b). In a separate investigation, 

H. cordata leaves were extracted with green tea in water and subsequently 

fermented with L. paracasei subsp. paracasei NTU 101. The fermented tea 

suppressed lipogenesis in 3T3-L1 adipocytes by promoting lipolysis, and it 

additionally diminished body weight and body fat in obese mice (Wang et al., 

2018). 

 

5.2. Results 

5.2.1. Metabolite profile of H. cordata 

The percentage yield of HEHC was found to be 15.37% w/w. The UHPLC–

QTOF–MS revealed a variety of compounds, which are detailed in Table 5.1. The 

positive ion chromatogram is depicted in Figure 5.2., displaying the total ion 

chromatogram. The analysis identified 26 distinct compounds; the details of these 

compounds, including their chemical formula, theoretical mass (g/mol), observed 

mass-to-charge ratio (m/z), retention time (RT), mass error (Dif (Tgt, ppm)), and 

compound class, are presented in Table 5.1. The results confirmed the existence 

of several compounds known for their therapeutic properties in addressing 

metabolic disorders, such as diabetes and obesity. 

 

Table 5.1. Compounds identified in the hydroalcoholic extract of H. cordata 

leaves by UHPLC-QTOF-MS. 

Sl. 

No. 
RT Name Formula 

Mass 

(g/mol) 
m/z 

Error 

(ppm) 

Class of 

compounds 

1.  
2.53

1 

Cinnamic 

acid 
C₉H₈O₂ 

148.05

34 

166.

0872 
6.69 

Cinnamic 

acids and 
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derivatives 

2.  
2.62

9 

Dehydrolina

lool 
C₁₄H₂₀O₉ 

332.11

29 

355.

1027 
-2 

Organooxyg

en 

compounds 

3.  
3.68

4 

Ethyl p-

anisate 
C₁₀H₁₂O₃ 

180.07

87 

203.

068 
2.63 

Benzene and 

substituted 

derivatives 

4.  
3.68

4 
Thymusin C₁₇H₁₄O₇ 

330.07

23 

331.

081 
2 Flavonoids 

5.  
7.89

6 

Ethyl 

abietate 
C₂₂H₃₄O₂ 

330.25

46 

331.

2621 
-3.98 Prenol lipids 

6.  
8.10

8 

Phloretic 

acid 
C₉H₁₀O₃ 

166.06

18 

167.

0692 
-6.53 

Phenylpropa

noic acids 

7.  
8.53

5 
Quinic acid C₇H₁₂O₆ 

192.06

3 

193.

0703 
-2 

Organooxyg

en 

compounds 

8.  
9.47

0 
Scopolin C₁₆H₁₈O₉ 

355.10

36 

355.

1023 
-3.5 

Coumarins 

and 

derivatives 

9.  
10.8

31 
Pyrogallol C₆H₆O₃ 

126.03

15 

127.

0388 
5.87 Phenols 

10.  
11.9

64 

Chlorogenic 

acid 
C₁₆H₁₈O₉ 

354.09

5 

355.

1026 
-0.5 

Organooxyg

en 

compounds 

11.  
12.1

3 

3-

Hydroxyphe

nylpropionic 

acid 

C₉H₁₀O₃ 
166.06

31 

167.

0704 
0.84 

Phenylpropa

noic acids 

12.  
12.4

29 
Kaempferol C₁₅H₁₀O₆ 

286.04

9 

287.

0564 
0.81 Flavonoids 

13.  
13.0

29 
Luteolin C₁₅H₁₀O₆ 

286.04

9 

287.

0564 
0.81 Flavonoids 
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14.  
13.9

38 
Salutaridine 

C₁₉H₂₁NO

₄ 

328.15

52 

328.

1543

47 

-2.6 

Phenanthren

es and 

derivatives 

15.  
14.0

80 
Reticuline 

C₁₉H₂₃NO

₄ 

330.16

99 

330.

1713 
0.3 

Isoquinolines 

and 

derivatives 

16.  
14.6

26 

Houttuynoid 

A 
C₃₃H₃₈O₁₃ 

642.60

31 

642.

6039

35 

1.3 Flavonoids 

17.  
14.7

2 

Oxypeuced

anin 

hydrate 

C₁₆H₁₆O₆ 
304.09

46 

327.

0839 
-0.23 

Coumarins 

and 

derivatives 

18.  
15.5

72 
Tricin C₁₇H₁₄O₇ 

330.07

46 

353.

0642 
2 Flavonoids 

19.  
16. 

37 

Taraxastero

ne 
C₃₀H₄₈O 

424.36

93 

425.

3768 
-2.95 Prenol lipids 

20.  
16.5

37 
Miliacin C₃₁H₅₂O 

440.40

29 

463.

3919 
2.35 Prenol lipids 

21.  
18.2

95 

Phytyl 

acetate 
C₂₂H₄₂O₂ 

338.31

84 

361.

3073 
-1.12 Prenol lipids 

22.  
20.3

74 

Sphinganin

e 

C₂₀H₄₁NO

₂ 

327.31

4 

350.

3027 
0.77 

Organic 

nitrogen 

compounds 

23.  
22.1

55 

Trimethyltri

decanoic 

acid 

C₁₆H₃₂O₂ 
256.24

12 

279.

2303 
2.49 Prenol lipids 

24.  
26.2

26 

Heptyl 

butanoate 
C₁₁H₂₂O₂ 

186.16

19 

204.

1967 
-0.18 Fatty acyls 

25.  
31.0

83 

3'-O-

Methylcatec

hin 

C₁₆H₁₆O₆ 
304.09

44 

305.

1023 
-0.98 Flavonoids 

26.  32.1 Oleic acid C₁₈H₃₄O₂ 282.25 283. -6.39 Fatty acyls 
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74 63 2638 

 

Figure 5.2. Total ion chromatogram of HEHC in the positive ionisation mode 

 

The class of compounds identified includes Cinnamic acids and derivatives – 

cinnamic acid (123); Organooxygen compounds – dehydrolinalool (142), quinic 

acid (143), chlorogenic acid (49); Benzene and substituted derivatives – ethyl p-

anisate (144); Flavonoids – thymusin (145), kaempferol (3), luteolin (5), 

houttuynoid A (146), tricin (147), 3'-O-methylcatechin (148); Prenol lipids – ethyl 

abietate (149), taraxasterone (150), miliacin (151), phytyl acetate (152), 

trimethyltridecanoic acid (153); Phenylpropanoic acids – phloretic acid (154), 3-

hydroxyphenylpropionic acid (130); Coumarins and derivatives – scopolin (155), 

oxypeucedanin hydrate (156); Phenols – pyrogallol (157); Phenanthrenes and 

derivatives – salutaridine (158); Isoquinolines and derivatives – reticuline (159); 

Organic nitrogen compounds – sphinganine (160); Fatty acyls – heptyl butanoate 

(161), oleic acid (124). 

 

 
 

 

(142) (143) (144) 
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(156) (157) (158) 
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5.2.2. Network analysis 

5.2.2.1. Identified targets and disease association network 

The compounds (BA) were screened in BindingDB, and the associated genes 

(TAR) were identified from the UniProt database. The 17 of the 26 compounds 

exhibiting targets were used to create a bioactive–target (BA–TAR) network, as 

shown in Figure 5.3.  
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Figure 5.3. The bioactive–target (BA–TAR) network 

[Identified compounds are green circles and protein targets are red circles] 

 

The network topology statistics revealed 448 nodes interconnected through 1535 

edges, indicating a dense connectivity between the phytocompounds and their 

targets. The phytocompound Luteolin exhibited the highest connectivity by 

targeting 300 proteins, and carbonic anhydrase 2 (CA2) was found to be the 

most targeted protein, targeted by 10 compounds. The disease association was 

performed in the DisGeNET database, and the common targets for Non-Insulin-

Dependent Diabetes Mellitus (NIDDM), Obesity, Hyperlipidaemia, 

Hypertriglyceridaemia, and Hyperglycaemia are shown in the Venn diagram 

(Figure 5.4.).  
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A B 

Figure 5.4. Venn diagrams showing the common targets for (A) NIDDM and 

Hyperglycaemia; (B) Obesity, Hyperlipidaemia and Hypertriglyceridaemia 

between identified protein targets of HEHC and disease targets in the 

DisGeNET database. 

 

There were 50 common targets for NIDDM, followed by Obesity (49), 

Hyperglycaemia (6), Triglyceridaemia (4), and Hyperlipidaemia (3) between 

targets of HEHC and disease targets in the DisGeNET database. The list of 

common targets is listed in Table 5.2.  

 

Table 5.2. Shared targets between the identified phytocompounds of H. 

cordata and selected metabolic disorders and reference standards. 

Common elements in “Targets” and “selected disorders”: 

Disorder Number of 

Common Genes 

from the obtained 

targets 

Common targets 

Hyperlipidaemia 3 ADRB2, PPARA, ABCB1 

Triglyceridaemia 4 AKT1, BCHE, PPARA, MET 

NIDDM 50 ABCB1, ACE, ADAM17, ADRA2A, 
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ADRA2B, AKR1B1, AKT1, AXL, BCHE, 

BCL2, BCL2L1, BCL2L11, CASP3, 

CD38, CDK4, CNR1, CYP1A1, CYP1A2, 

CYP2C9, CYP3A4, DPP4, DRD2, 

EGFR, ESR1, FABP3, FFAR1, GLO1, 

GSTM1, GSTP1, HIF1A, HMGCR, 

HSD11B1, IDE, IKBKB, INPPL1, INSR, 

MAPK8, MTNR1B, NFKB1, NR1H2, 

PIK3CG, PIK3R1, PPARA, PPARD, 

PPARG, PTPN1, SHBG, SIRT1, SRC, 

TLR4 

Hyperglycaemia 6 CNR2, CYP2C9, HSD11B1, INSR, 

PTGS2, TERT 

Obesity 49 ACHE, ADRA2B, ADRB1, ADRB2, AHR, 

AKR1C3, AKT1, AR, BCHE, CA3, 

CDK4, CES1, CNR1, CYP1B1, CYP2E1, 

DRD2, EP300, ESR1, F2, FAAH, 

FABP2, FASN, HSD11B1, HTR2A, 

HTR2C, IDO1, INPPL1, KCNH2, MMP9, 

NCOA3, NR1H2, NR1H3, NR1I2, 

NR3C1, NTRK2, OPRM1, PARP1, 

PFKFB3, PGR, PPARA, PPARD, 

PPARG, PTGS2, PTPN1, SCD, 

SERPINE1, SIRT1, SLC6A3, TRPV1 

Common elements in “Targets” and “selected reference standards”: 

Atorvastatin 6 HDAC1, HDAC2, HDAC6, HMGCR, 

SLCO1B1, SLCO1B3 

Metformin 0  

Orlistat 2 FAAH, FASN 

Acarbose 5 AMY1A, AMY2A, GAA, MGAM, SI 
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The common targets for acarbose, orlistat, metformin, and atorvastatin with 

HEHC were also screened and are presented in Figure 5.5. While atorvastatin 

shared HDAC1, HDAC2, HDAC6, HMGCR, SLCO1B1 and SLCO1B3 as 

common targets with HEHC, no common targets were found between metformin 

and HEHC. Similarly, acarbose shared AMY1A, AMY2A, GAA, MGAM and SI, 

and Orlistat shared FAAH and FASN as common targets with HEHC. These 

common targets suggest a mechanistic overlap and potential of HEHC as an 

alternative therapeutic. The gene-disease association (TAR–DIS) networks were 

created using Cytoscape. The top 50 hub proteins acting on NIDDM, Obesity, 

Hyperlipidaemia, Hypertriglyceridaemia, and Hyperglycaemia, calculated by 

degree and shortest path length using cytoHubba, are shown in Figure 3.5. 

 

  

A B 

  

C D 
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E 

Figure 5.5. The common targets for (A) acarbose, (B) orlistat, (C) metformin 

and (D) atorvastatin with HEHC. (E) The top 50 hub proteins acting on 

NIDDM, Obesity, Hyperlipidaemia, Hypertriglyceridaemia and 

Hyperglycaemia 

 

5.2.2.2. Analysis of protein-protein interactions and associated 

pathways 

The target genes were visualised in STRING 12.0, and the PPI enrichment 

analysis showed that the target proteins have significantly more interactions, 

indicating that they are at least partially biologically connected as a group. The 

PPI enrichment analysis exhibited 860 edges, which is significantly more than the 
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expected number of 279. The average node degree was found to be 19.8, 

suggesting each protein interacts with 19 others (Figure 5.6.). 

 

 

Figure 5.6. Protein-protein interaction network 

 

The PPI enrichment network was filtered by degree and shortest path length 

using the cytoHubba tool in Cytoscape to calculate the top 10 hub proteins 

(Figure 5.7.). 
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Figure 5.7. PPI enrichment network with the top 10 hub proteins 

 

The pathway enrichment analysis by KEGG demonstrated hsa04910: Insulin 

signalling pathway, hsa04930: Type II diabetes mellitus, hsa04931: Insulin 

resistance, hsa04933: AGE-RAGE signalling pathway in diabetic complications, 

hsa04973: Carbohydrate digestion and absorption, and hsa00040: Pentose and 

glucuronate interconversions to be involved in NIDDM and Hyperglycaemia. In 

case of Obesity, Hyperlipidaemia, and Hypertriglyceridaemia, the pathways 

involved were hsa03320: PPAR signalling pathway, hsa05417: Lipid and 

atherosclerosis, hsa04152: AMPK signalling pathway, hsa04920: Adipocytokine 

signalling pathway, and hsa01100: Metabolic pathways. Other important 

pathways included hsa04151: PI3K-Akt signalling pathway, hsa04310: Wnt 

signalling pathway, and hsa04970: Salivary secretion (Table 5.3.). 

 

Table 5.3. KEGG enrichment pathways involved in NIDDM, Obesity, 

Hyperlipidaemia, Hypertriglyceridaemia and Hyperglycaemia. 

Enrichme

nt FDR 
Pathway Genes 

3.27E-12 
Path:hsa05417 Lipid 

and atherosclerosis 

CYP1A1  CYP2C9  AKT1  IKBKB  MMP9  

NFKB1  PIK3R1  PPARG  MAPK8  BCL2  

BCL2L1  SRC  TLR4  CASP3 

1.73E-10 
Path:hsa04931 

Insulin resistance 

NR1H3  AKT1  IKBKB  INSR  NFKB1  

PIK3R1  PPARA  MAPK8  PTPN1  NR1H2 
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8.72E-10 

Path:hsa04151 PI3K-

Akt signalling 

pathway 

BCL2L11  CDK4  EGFR  AKT1  IKBKB  

INSR  MET  NFKB1  NTRK2  PIK3CG  

PIK3R1  BCL2  BCL2L1  TLR4 

7.01E-09 

Path:hsa04152 

AMPK signalling 

pathway 

AKT1  FASN  SIRT1  HMGCR  INSR  

PFKFB3  PIK3R1  PPARG  SCD 

3.20E-08 

Path:hsa04933 AGE-

RAGE signalling 

pathway in diabetic 

complications 

CDK4  AKT1  NFKB1  SERPINE1  PIK3R1  

MAPK8  BCL2  CASP3 

8.76E-08 
Path:hsa03320 PPAR 

signalling pathway 

NR1H3  FABP2  FABP3  PPARA  PPARD  

PPARG  SCD 

2.41E-07 
Path:hsa01100 

Metabolic pathways 

CYP1A1  CYP1A2  CYP2C9  CYP2E1  

CYP3A4  FASN  AKR1B1  SIRT1  GLO1  

GSTM1  GSTP1  HMGCR  HSD11B1  

IDO1  INPPL1  PFKFB3  PIK3CG  PTGS2  

SCD  CA3  AKR1C3  CD38 

2.68E-07 

Path:hsa04910 

Insulin signalling 

pathway 

AKT1  FASN  IKBKB  INPPL1  INSR  

PIK3R1  MAPK8  PTPN1 

1.70E-05 

Path:hsa04920 

Adipocytokine 

signalling pathway 

AKT1  IKBKB  NFKB1  PPARA  MAPK8 

6.33E-05 
Path:hsa04930 Type 

II diabetes mellitus 
IKBKB  INSR  PIK3R1  MAPK8 

0.0205062

49 

Path:hsa04973 

Carbohydrate 

digestion and 

absorption 

AKT1  PIK3R1 

0.0362614

99 

Path:hsa04310 Wnt 

signalling pathway 
EP300  PPARD  MAPK8 

0.0610705 Path:hsa04970 ADRB1  ADRB2 
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54 Salivary secretion 

0.1479956

6 

Path:hsa00040 

Pentose and 

glucuronate 

interconversions 

AKR1B1 

 

The hub gene enriched pathways for NIDDM, Hyperglycaemia, Obesity, 

Hyperlipidaemia, and Hypertriglyceridaemia are shown in Figure 5.8. 

 

 

A 
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E 

Figure 5.8. The hub gene enriched pathways A: Insulin signalling pathway; 

B: Insulin resistance pathway; C: AGE-RAGE signalling pathway in diabetic 

complications; D: PPAR signalling pathway; E: Lipid and atherosclerosis 

pathway 
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The Gene Ontology (GO) analysis, performed using ShinyGO 0.82, explored the 

biological processes in which the target genes were involved. At FDR cutoff of 

0.05 the enriched biological processes included lipid metabolic process 

(GO:0006629), cellular lipid metabolic process (GO:0044255), lipid biosynthetic 

process (GO:0008610), fatty acid metabolic process (GO:0006631), lipid 

transport (GO:0006869), response to insulin (GO:0032868), cellular response to 

insulin stimulus (GO:0032869), glucose homeostasis (GO:0042593), glucose 

metabolic process (GO:0006006), regulation of lipid transport (GO:0032368) and 

regulation of glucose transmembrane transport (GO:0010827) (Table 5.4.). The 

target gene-enriched biological processes are shown in Figure 5.9. 

 

Table 5.4. GO Biological process pathways involved in NIDDM, Obesity, 

Hyperlipidaemia, Hypertriglyceridaemia and Hyperglycaemia. 

Enrichment 

FDR 
Pathway Genes 

4.67E-23 

GO:0006629 lipid 

metabolic 

process  

PTGS2  SCD  PIK3CG  PPARD  HMGCR  

FAAH  HSD11B1  CYP2E1  PPARG  

CYP2C9  PIK3R1  FASN  PPARA  AKR1C3  

CES1  NFKB1  FABP3  CYP1A1  CYP3A4  

GSTP1  HTR2A  GSTM1  CYP1B1  

CYP1A2  AKT1  HTR2C  F2  NR1H3  

AKR1B1  ESR1  SIRT1  NR3C1  CNR1  

NR1H2  CDK4  FABP2  INPPL1  TRPV1  

SRC  ADRA2A  NR1I2 

4.26E-21 

GO:0006631 

fatty acid 

metabolic 

process  

PTGS2  SCD  PPARD  FAAH  CYP2E1  

PPARG  CYP2C9  FASN  PPARA  AKR1C3  

GSTP1  GSTM1  CYP1B1  CYP1A1  CES1  

AKR1B1  SIRT1  CNR1  FABP3  CYP1A2  

FABP2  CYP3A4  NR1H3  NR1H2  AKT1 

2.90E-19 

GO:0008610 lipid 

biosynthetic 

process  

PTGS2  SCD  PIK3CG  HMGCR  PIK3R1  

FASN  NFKB1  FABP3  GSTP1  HTR2A  

GSTM1  AKT1  HTR2C  AKR1C3  CES1  
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SIRT1  PPARD  NR3C1  CDK4  CYP1A1  

CYP3A4  INPPL1  NR1H3  NR1H2  PPARA  

AKR1B1  CYP2E1  CYP2C9  CYP1A2 

2.11E-17 

GO:0044255 

cellular lipid 

metabolic 

process  

PTGS2  SCD  PIK3CG  PPARD  HMGCR  

FAAH  CYP2E1  PPARG  CYP2C9  PIK3R1  

FASN  PPARA  AKR1C3  FABP3  GSTP1  

HTR2A  GSTM1  CYP1B1  CYP1A1  

CYP1A2  HTR2C  CYP3A4  CES1  NR1H3  

AKR1B1  SIRT1  CNR1  NR1H2  FABP2  

INPPL1  AKT1 

3.12E-09 

GO:0042593 

glucose 

homeostasis  

INSR  HIF1A  SIRT1  PPARD  CNR1  

FFAR1  AKT1  PIK3R1  ADRA2A  ACE  

PPARG  MTNR1B 

4.16E-09 

GO:0032868 

response to 

insulin  

PIK3R1  PPARG  SIRT1  PARP1  INSR  

CDK4  AKT1  INPPL1  PPARA  PTPN1  

SRC  IDE 

6.10E-09 

GO:0019725 

cellular 

homeostasis  

HTR2A  HTR2C  DRD2  TRPV1  HIF1A  

OPRM1  IDE  FFAR1  BCL2  F2  CD38  

SIRT1  PIK3CG  PPARD  CNR1  MTNR1B  

PIK3R1  ADRA2A  ACE  ESR1 

7.90E-09 
GO:0006869 lipid 

transport  

ABCB1  FABP3  FABP2  NFKB1  PPARG  

NR1H3  NR1H2  DRD2  ACE  PTGS2  

PPARD  AKT1  CES1  PPARA 

6.85E-08 

GO:0032869 

cellular response 

to insulin 

stimulus  

PIK3R1  PPARG  SIRT1  PARP1  INSR  

CDK4  AKT1  PTPN1  SRC  IDE 

8.46E-07 

GO:0006006 

glucose 

metabolic 

process  

SIRT1  EP300  INSR  NR3C1  AKT1  

INPPL1  PPARA  SRC  PPARD 

2.32E-06 GO:0032368 NFKB1  PPARG  NR1H3  NR1H2  FABP3  
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regulation of lipid 

transport  

AKT1  PPARA 

4.91E-05 

GO:0010827 

regulation of 

glucose 

transmembrane 

transport  

INSR  ACE  TERT  AKT1  PIK3R1 

 

 

Figure 5.9. Top 30 enriched biological processes involved in the regulation 

of NIDDM, Obesity, Hyperlipidaemia, Hypertriglyceridaemia and 

Hyperglycaemia. 

 

5.2.2.3. Combination network analysis 

The union network of BOT–BA–TAR–DIS for NIDDM, Obesity, Hyperlipidaemia, 

Hypertriglyceridaemia, and Hyperglycaemia was created in Cytoscape and 

summarised in yfiles organic layout model. Each network was analysed using the 

“Analyze Network” tool. Luteolin had the highest level of connectivity in NIDDM 

and obesity. In hyperlipidaemia and hypertriglyceridaemia, kaempferol had the 
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highest level of connectivity. In hyperglycaemia, 3'-O-methylcatechin had the 

highest degree of connection. PTPN1 was recognised as the primary targeted 

protein in NIDDM, PTGS2 in hyperglycaemia and obesity, ABCB1 in 

hyperlipidaemia, and MET in hypertriglyceridaemia. Figure 5.10. illustrates all the 

combination synergy networks. 

 

 

A 
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E 

Figure 5.10. Combination synergy network analysis of Houttuynia cordata 

Thunb. (green circle denoted with HC) showing hub nodes interacting to 

exert the pharmacological effect against A: NIDDM; B: Hyperglycaemia; C: 

Obesity; D: Hyperlipidaemia and E: Hypertriglyceridaemia. The larger the 

size of each node, the greater its interaction potential. 
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[Blue circles are the identified phytoconstituents; Pink circles represent 

human target proteins; Orange circles represent the disorder] 

 

5.2.3.  Total flavonoid and phenolic content of H. cordata 

The phenolic and flavonoid content was determined from the equations of gallic 

acid (y = 0.0012x + 0.1132, R2 = 0.9836) and Rutin (y = 0.001x + 0.0362, R2 = 

0.9919), respectively. The standard curve is presented in Figure 5.11. HEHC 

exhibited a TPC of 12.873 ± 0.952 mg gallic acid equivalent/g and TFC of 7.49 ± 

1.1 mg Rutin equivalent/g. 

 

  

A B 

Figure 5.11. Standard curve of (A) Gallic acid and (B) Rutin 

 

5.2.4.  Radical scavenging potential of H. cordata 

HEHC exhibited dose-dependent antioxidant potential (Figure 5.12.). In the 

DPPH radical scavenging potential assay, HEHC showed an IC50 value of 137.8 

± 0.29 µg/mL compared to 53.58 ± 0.064 µg/mL by ascorbic acid. The hydroxyl 

scavenging capacity of HEHC exhibited an IC50 value of 213.1 ± 0.56 µg/mL 

compared to 59.94 ± 0.49 µg/mL by ascorbic acid. HEHC demonstrated 

significant antioxidant potential, with an IC50 of 262.3 ± 0.54 µg/mL, compared to 

120 ± 2.3 µg/mL for ascorbic acid in the nitric oxide scavenging assay. 
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A B 

 

C 

Figure 5.12. Antioxidant potential of H. cordata (A) DPPH free radical 

scavenging potential (B) Nitric oxide (NO) scavenging potential, and (C) 

Hydroxyl (OH) radical scavenging potential 

 

5.2.5. Enzyme inhibitory potential of H. cordata 

In the α-glucosidase inhibition assay, the half-maximal inhibitory concentration 

(IC50) of HEHC was found to be 0.645 ± 0.27 mg/mL compared to 0.294 ± 0.08 

mg/mL for acarbose. In the α-amylase inhibition assay, the IC50 of HEHC was 

found to be 1.145 ± 0.08 mg/mL, which is comparable to an IC50 of 0.532 ± 0.04 

mg/mL for acarbose. In the case of pancreatic lipase, HEHC exhibited an 
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inhibition potential of 1.02 ± 0.42 mg/mL compared to 0.739 ± 0.09 for Orlistat. 

The dose–response curve of HEHC and acarbose against α-glucosidase and α-

amylase inhibition, and Orlistat against pancreatic lipase inhibition is shown in 

Figure 5.13. Multiple comparisons of the IC50 values with two-way ANOVA 

between HEHC and acarbose for both enzymes, α-glucosidase and α-amylase, 

and Orlistat for pancreatic lipase, followed by Dunnett’s test, showed significant 

results (p < 0.0001), suggesting that HEHC has inhibited all three enzymes in a 

strong manner comparable to the standard inhibitors. 

 

  

A B 

 

C 

Figure 5.13. Dose–response curve of HEHC and acarbose against (A) α-

glucosidase and (B) α-amylase inhibition, and orlistat against (C) 

Pancreatic lipase inhibition. 

( ) acarbose ( ) orlistat and ( ) HEHC; data are presented as mean ± 

SD (n = 3). 
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5.2.6. Kinetic parameters and inhibition mechanism of H. cordata 

Reaction velocity (v) vs enzyme concentration (I = 0–1000 μg/mL) showed 

reversible inhibition of α-glucosidase, α-amylase, and pancreatic lipase by HEHC, 

with an inversely decreasing slope at higher inhibitor concentrations (I). The α-

glucosidase inhibition kinetics yielded a Vmax of 28.4 ± 0.75 mM/min, a Km of 2.9 ± 

0.38 mM, a Ki of 380.6, and an α of 1.4. The α-amylase inhibition kinetics yielded 

a Vmax of 23 ± 0.33 mM/min, a Km of 3.7 ± 0.55 mM, a Ki of 249.3, and an α of 6.8. 

The pancreatic lipase inhibition kinetics yielded a Vmax of 152.7 ± 1.54 mM/min 

and a Km of 2.6 ± 0.43 mM, a Ki of 188.4, and an α of 5.4 (Figure 5.14). 

 

  

A B 

  

C D 
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E F 

Figure 5.14. Enzyme inhibition kinetics of HEHC (  I=0 μg/ml;  I=250 μg/ml; 

 I=500 μg/ml;  I=750 μg/ml;  I=1000 μg/ml).  

Michaelis–Menten plot against (A) α-glucosidase, (C) α-amylase and (E) 

pancreatic lipase inhibitory activity; Lineweaver–Burk plot against (B) α-

glucosidase, (D) α-amylase and (F) pancreatic lipase inhibitory activity. 

 

5.2.7. Correlation Analysis of TPC, TFC, and antioxidant potential with 

enzyme inhibitory potential 

Pearson correlation analysis between the α-glucosidase and α-amylase inhibitory 

potential and the TPC & TFC values was evaluated and is shown in Table 5.5. 

The IC50 value of enzymes in mg/mL was correlated with the IC50 value (mg/mL) 

of the antioxidant potential (DPPH, NO, OH) and mg/g of TPC and TFC. It was 

observed that TPC and TFC of HEHC showed a positive linear relationship with 

α-amylase, α-glucosidase, and pancreatic lipase, which was reflected in the 

Pearson r value at p<0.05. The enzyme inhibitory activity of HEHC was found to 

be related to TPC and TFC, indicating that phenolic and flavonoid compounds 

present in H. cordata leaves play a significant role in inhibitory activity, although 

not as significant as those in A. hookeri and B. hispida. 

Similarly, Pearson correlation analysis exhibited a strong correlation between the 

antioxidant potential and enzyme inhibitory activity of HEHC. The Pearson 
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correlation coefficient, along with the level of significance, has been summarised 

in Table 5.5. The strong correlation suggests that the antioxidant potential of 

HEHC was beneficial in inhibiting all three enzymes. 

 

Table 5.5. Pearson correlation analysis of enzyme inhibitor potential of 

HEHC with total phenolic and flavonoid content and antioxidant potential [p 

< 0.05]. 

Pearson correlation coefficient (r) for α-amylase inhibition potential 

DPPH NO OH GAE RE 

0.97ns 0.94ns 0.87ns 0.90ns 0.83ns 

Pearson correlation coefficient (r) for α-glucosidase inhibition potential 

DPPH NO OH GAE RE 

0.97ns 0.94ns 0.87ns 0.90ns 0.83ns 

Pearson correlation coefficient (r) for pancreatic lipase inhibition potential 

DPPH NO OH GAE RE 

0.97ns 0.94ns 0.87ns 0.90ns 0.83ns 

 

5.3. Discussion 

The hydroalcoholic extract of H. cordata was found to be rich in flavonoids, 

prenol lipids and organooxygen compounds. Flavonoids, such as kaempferol 

(Yao et al., 2024), luteolin (Sojan and Xu, 2025), and tricin (Lee and Imm, 2018) 

have been previously reported to exhibit therapeutic potential against metabolic 

disorders. The metabolomics integrated network pharmacology analysis explored 

thymusin, a flavonoid, as a novel compound showing a high degree of 

association with the bioactive targets involved in the regulation of non-insulin 

dependent diabetic mellitus, hyperglycaemia, obesity, hyperlipidaemia, and 

hypertriglyceridaemia. 

The phytocompound target interaction network exhibited a total of 1535 predicted 

interactions. The Venn diagram analysis suggested that H. cordata shared a 

mechanistic overlap with the reference standards atorvastatin, orlistat and 

acarbose, suggesting a multitargeted approach in the management of non-insulin 

dependent diabetic mellitus, hyperglycaemia, obesity, hyperlipidaemia, and 
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hypertriglyceridaemia. The PPI enrichment analysis demonstrated that the 

proteins exhibit a high degree of interconnectivity, with interactions occurring 3 

times more than expected and a very low p-value, indicating their involvement in 

shared biological pathways.  

The phytocompounds were found to be linked to human gene targets AKT1, 

PPARA, and PPARG (Bao et al., 2020), as well as EGFR, which have therapeutic 

implications in hyperglycaemia and hyperlipidaemia (Banerjee et al., 2019). The 

pathway enrichment analysis explored INSR, PI3K, AKT, PTP1B, and FAS to be 

modulated by HEHC in the insulin signalling pathway. The upregulation of INSR 

phosphorylates insulin receptor substrates, which in turn further activate PI3K-

AKT in the INSR-PI3K/AKT signalling pathway. The activation of PI3K-AKT leads 

to the regulation of glucose and lipid metabolism (Lee et al., 2023). Previous 

studies have shown that PTP1B negatively regulates both insulin and leptin 

signalling. Inhibition of PTP1B may be able to modulate type 2 diabetes mellitus 

(Paul et al., 2023). The compounds were also found to modulate PPARα, PPARβ 

and PPARγ in the PPAR signalling pathway. PPAR was found to metabolise 

cholesterol and improve lipid profile (Moller and Berger, 2003). The biological 

processes identified through enrichment analysis normalise lipid and glucose 

metabolism, restore insulin sensitivity, reduce fat accumulation in tissues, and 

balance blood sugar and lipid levels.  

The combination network analysis revealed that kaempferol and catechin were 

the most biologically active phytocompounds. Previous studies have reported 

that kaempferol acts through the PPAR signalling pathway via fatty acid-binding 

protein (FABP), regulating fatty acid metabolism, oxidation, and lipid storage via 

PPARα, PPARβ, and PPARγ (Ebrahimi et al., 2015). The potential of kaempferol 

to improve insulin sensitivity and protect against β-cell dysfunction by 

upregulating glucose transport-4 (GLUT4) and AMP-dependent protein kinase 

(AMPK) expression in a high-fat diet animal model has also been previously 

reported (Banerjee et al., 2023). 

The enzyme inhibition analysis results indicate that H. cordata successfully 

inhibited α-glucosidase, α-amylase, and lipase, exhibiting efficacy comparable to 
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the reference standards. H. cordata demonstrated a hybrid inhibition mechanism, 

exhibiting the most effective inhibitory effect on α-amylase which highlights the 

beneficial effect of H. cordata on postprandial hyperglycaemia. H. cordata 

exhibited a certain level of pancreatic lipase inhibition. The correlation analysis 

indicated a favourable association between enzyme inhibition potential and both 

antioxidant and phenolic content; however, these correlations were largely 

considered non-significant at p < 0.05. Thus, the cluster of phytoconstituents 

collectively contributed to enzyme inhibition, rather than relying solely on 

polyphenolic concentration. 

 

5.4. Comparative estimation 

The metabolite profiling of the hydroalcoholic extracts of A. hookeri, B. hispida 

and H. cordata revealed the rich cluster phytoconstituents present mainly from 

flavonoids, fatty acyls, prenol lipids, cinnamic acid derivatives and others. A. 

hookeri (27 compounds) exhibited richer and a more diverse array of bioactive 

phytocompounds compared to B. hispida (17 compounds) and H. cordata (26 

compounds). The comparative analysis has been illustrated in Figure 5.15.  

An integrative approach combining metabolomics and network pharmacology 

analysis was employed to evaluate the bioactive potential of the uncovered 

phytocompounds. A. hookeri exhibited all 27 compounds identified to be linked to 

human targets, while B. hispida presented 16 compounds, and H. cordata 

revealed 17 compounds related to human targets, indicating a significant 

assortment of bioactive phytoconstituents in the hydroalcoholic extract of A. 

hookeri. The compound-target relationship, assessed by the BA-TAR network, 

examined connections via network topology data. A. hookeri exhibited distinct 

system-level interactions with 867 nodes and 11485 edges, resulting in a highly 

interconnected network, in contrast to the other two plants. This dense 

connectivity demonstrated a notable polypharmacological and synergistic 

mechanism-based strategy in the management of metabolic dysregulations such 

as NIDDM and obesity. 
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Figure 5.15. Alluvial plot comparative analysis of the cluster of 

phytocompounds and their classes present in the hydroalcoholic extracts 

of A. hookeri, B. hispida and H. cordata. 

 

A. hookeri demonstrated a greater number of common genes linked to non-

insulin dependent diabetic mellitus, hyperglycaemia, obesity, hyperlipidaemia, 

and hypertriglyceridaemia. H. cordata demonstrated analogous gene correlations 

similar to those of A. hookeri. In instances of hyperlipidaemia and 

hypertriglyceridaemia, both A. hookeri and H. cordata exhibited an equivalent 
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quantity of shared genes. In all instances, B. hispida exhibited the fewest shared 

genes with the DisGeNET database.  

The analysis of protein-protein interaction enrichment for targets associated with 

NIDDM, hyperglycaemia, obesity, hyperlipidaemia, and hypertriglyceridaemia 

indicated that A. hookeri exhibited the highest PPI enrichment. A. hookeri 

demonstrated approximately double the anticipated enrichment and an average 

node degree of 43, suggesting it operates as a multi-target modulator. In 

contrast, B. hispida and H. cordata exhibited significantly fewer interconnections 

and a lower average node degree. As a result, A. hookeri appears to exert a 

broader regulatory impact, which is relevant to the amelioration of metabolic 

dysregulations. 

The top 10 hub proteins of A. hookeri demonstrated extensive mechanistic 

regulation through proteins linked to glucose homeostasis, inflammation, lipid 

metabolism, and glycolytic regulation. B. hispida and H. cordata have common 

targets with A. hookeri, like AKT1 and PPARG, while the other targets primarily 

focus on inflammation and apoptosis in B. hispida and lipid metabolism in H. 

cordata. The pathway enrichment analysis examined pathways associated with 

the selected metabolic disorders. While all three plants were found to follow 

similar pathways in the management of selected metabolic dysregulations, the 

pathways were more enriched with bioactive targets in A. hookeri, followed by H. 

cordata and B. hispida. These results suggest that A. hookeri exhibits a higher 

level of targeted regulation of metabolic dysregulation. This multi-target network 

enhances the translational potential and the likelihood of in vivo efficacy of A. 

hookeri.  

In vitro analysis of the enzyme inhibition potential of A. hookeri demonstrated the 

lowest IC50 value among the three enzymes: α-glucosidase, α-amylase, and 

pancreatic lipase. A. hookeri demonstrated significant inhibitory activity, 

presenting the highest probability of seeing antihyperlipidaemic and 

antihyperglycaemic effects in vivo.  
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The enzyme kinetics analysis of A. hookeri against α-glucosidase, α-amylase, 

and lipase indicated a strong inhibitory potential against α-glucosidase and α-

amylase, which are crucial in the management of NIDDM and hyperglycaemia. 

Furthermore, the moderate inhibition potential against lipase suggests an 

inhibitory potential against obesity, hyperlipidaemia, and hypertriglyceridaemia. In 

α-glucosidase and α-amylase inhibition, A. hookeri exhibited the lowest Km 

values, moderate to low Ki values, and the highest α values, suggesting a higher 

affinity towards the free enzyme and potent inhibitory activity. In lipase inhibition 

kinetics, all three plants exhibited similar Vmax and Km values. A. hookeri showed 

moderate Ki and α values, indicating moderate lipase inhibition. B. hispida 

showed better lipase inhibition than the other two. 

Thus, the strong inhibition potential of A. hookeri, combined with its moderate 

lipase inhibitory potential, provides a mechanistic rationale for managing 

hyperglycemia and hyperlipidaemia. Ultimately, concentrating resources on the 

most promising candidate reduces animal usage, laboratory time, and expenses, 

while enhancing the likelihood of identifying significant antihyperglycemic and 

antihyperlipidemic effects. Hence, A. hookeri hydroalcoholic extract was 

considered for further in vivo evaluation. 

 

5.5. Conclusion 

The comparative analysis of A. hookeri, B. hispida, and H. cordata, utilising 

metabolite profiling, network pharmacology to elucidate mechanisms of action, 

and in vitro enzyme inhibition assays, demonstrated substantial pharmacological 

potential against lifestyle-related metabolic disorders, particularly NIDDM and 

obesity, corroborating the traditional claims. A. hookeri emerged as the most 

potent contender due to its abundant array of bioactive compounds and its 

exceptional antioxidant and enzyme inhibitory capabilities. These findings 

demonstrate a promising lead to the therapeutic potential of A. hookeri 

hydroalcoholic extract and can be associated with appropriate in vivo 

investigations into metabolic dysregulations generated by modern lifestyle-

oriented diets containing high-fat and high-sugar contents. The following chapter 

explored the in vivo pharmacological potential of A. hookeri hydroalcoholic extract 
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in an experimental mouse model mimicking current lifestyle-oriented dietary 

patterns. 

 

5.6. Publications and conference presentations 

5.6.1. Paper communicated 

- Das Gupta, B., Gayen, S., Kar, A., Haldar, P. K., & Mukherjee, P. K. 

Metabolite profiling and network pharmacology analysis of Houttuynia 

cordata Thunb. against hyperlipidaemia and hyperglycaemia. 

Phytochemical Analysis. Wiley. [Communicated]. 

 

5.6.2. Paper presented 

- Das Gupta, B., Kar, A., Singha, S., Jana, S., Gayen, S., Chowdhury, S., 

Haldar, P. K., & Mukherjee, P. K. LC-QTOFMS-based metabolite profiling 

and evaluation of α-glucosidase and α-amylase inhibitory potential of 

combined plant extract-based nutraceutical formulation from NER. In 

International Bioresource Conclave & Ethnopharmacology Congress: 

22nd International Congress of International Society for 

Ethnopharmacology & 10th International Congress of Society for 

Ethnopharmacology: at Institute of Bioresources and Sustainable 

Development, Imphal, Manipur, India, during February 24–26, 2023. 
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6.1. In vivo evaluation of antihyperglycaemic and antihyperlipidaemic 

effects 

While recent advancements in in vitro and in silico models have proven crucial in 

the drug development process, in vivo investigations validate the biological 

efficacy of a drug’s pharmacological action. In vivo research emulates the 

intricate biological system, providing toxicity profiles and safety data (Tang and 

Prueksaritanont, 2010). Regardless of its significance, ethical considerations 

must be upheld in the utilisation of animals. The utilisation of experimental 

animals must adhere to ethical norms encapsulated by the 3Rs: reduction, 

refinement, and replacement (Mukherjee et al., 2022). Various types of animal 

models are utilised to investigate metabolic disorders, including genetic models, 

diet-induced models, and chemically induced models. Among these, the diet-

induced C57BL/6J model provides the most accurate representation of lifestyle-

related aetiology. This procedure is replicable and encapsulates the intricacy of 

the condition in humans (Janapati and Junapudi, 2024). 

Traditional medicine is used in the prevention, immediate treatment prior to 

diagnosis, acute treatment and recovery phase (Upton, 2022). The adage 

“Prevention is better than cure” underscores that traditional herbs and 

formulations offer a holistic strategy for managing chronic conditions before they 

progress. This method not only targets the underlying cause of an illness but also 

minimises side effects and is economically viable. Traditional herbs enhance 

immunity and help maintain the balance of bodily systems, thereby preventing 

the progression of chronic diseases (Mukherjee et al., 2022). The rapid pace of 

contemporary living has led to an increase in metabolic dysregulation due to 

current lifestyle choices. Although therapies exist, they often incur high costs and 

fail to address the underlying cause. As previously noted, the emphasis has 

transitioned to developing preventive strategies to alleviate the progression of 

metabolic dysregulations. 

This chapter examines the preventive effect of A. hookeri leaf hydroalcoholic 

extract on the advancement of hyperlipidaemia and hyperglycaemia induced by a 

high-fat and high-sugar diet in C57BL/6J mice. The current study aims to provide 
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scientific validation of the traditional claim that this plant serves as “food as 

medicine” and offer insights for the development of value-added alternative 

medicines for managing metabolic dysregulations, including diabetes and obesity. 

 

6.2. Materials and methods 

6.2.1. Chemicals and reagents 

Atorvastatin calcium was sourced from Sigma-Aldrich Chemicals (Karnataka, 

India), and Metformin hydrochloride was obtained from HiMedia Laboratories 

(Maharashtra, India). Commercially available kits, specifically the Q-Line S+ and 

Selectra system pack (Q-Line Biotech, New Delhi, India), were obtained for the 

assessment of serum and haematological parameters. All other analytical grade 

chemicals were obtained from HiMedia Laboratories (Maharashtra, India). 

 

6.2.2. Instrumentation 

The 5-part automatic blood cell counter (Medonic M51) was acquired from Boule 

Medical (Aktiebolag, Sweden), while a fully automated biochemical analyser 

(Selectra S-Lite) was sourced from ELITech Group (Puteaux, France). Animal 

tissue sections were prepared with an LEICA CM1520 cryostat (Leica 

Biosystems, Germany) and examined using an Olympus CX21i light microscope 

(Olympus Corporation, Tokyo, Japan), in conjunction with a Magcam DC 14 and 

MagVision image analysis software (Magnus Opto Systems, New Delhi, India). 

 

6.2.3. Animal Maintenance  

Male C57BL/6J mice, aged 7-8 weeks and weighing 18-20g, were obtained from 

the State Centre for Laboratory Animal Breeding, Kalyani, West Bengal. The 

animals were acclimatised for 10 days in the University animal house, provided 

with commercial rodent pellets (Kalyani Feed Milling Plant, Kalyani, India) and 

allowed free access to water. The animals were housed in groups of five per cage 

under controlled conditions of 22 ± 2°C temperature, 50 ± 10% relative humidity, 

and a 12-hour light/dark cycle. The Institutional Animal Ethical Committee (IAEC) 

[JU/IAEC-25/82 dated 16/01/2025] authorised the experimental study prior to the 

commencement of the initial animal experiment (Das Gupta et al., 2025). 
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6.2.4. Acute toxicity and oral glucose tolerance test (OGTT) 

The acute toxicity study utilised the up-and-down procedure in accordance with 

OECD Test Guideline 425. The limit test involved experimental mice of both 

sexes (n = 5), which were gavaged with 2000 mg/kg body weight of HEAH after 

an overnight fast. The study examined the animals for indicators of toxicity, 

including alterations in weight, behaviour, physiology, morphology, and mortality 

rates (Das Gupta et al., 2025). 

The experimental mice, exhibiting normal glycaemic levels (85–90 mg/dL), 

underwent an overnight fast followed by an OGTT. The experimental animals 

were divided into four groups (n = 5). Group I (normal control) received distilled 

water at a dosage of 5 mL/kg body weight, administered orally. Groups II and III 

received HEAH at doses of 200 and 400 mg/kg body weight, orally, based on the 

acute toxicity study. Group IV was administered an oral dose of 150 mg/kg body 

weight of Metformin. Subsequent to these treatments, each group received an 

oral administration of glucose at a dosage of 2 g/kg body weight. Blood samples 

for the OGTT were obtained from the tail vein at baseline (0 minutes) and at 30, 

60, and 120 minutes post-glucose administration, with measurements taken 

using a single-touch glucometer (Gayen et al., 2024). 

 

6.2.5. Experimental design 

The experimental animals were divided into six groups, each consisting of five 

animals. The experimental dose was selected based on the results of an acute 

toxicity study. A dose of 200 mg/kg b.w. and 400 mg/kg b.w. (1/10th and 1/5th of 

2000 mg/kg b.w. respectively) was selected. The experimental animals were fed 

with high-fat and high-sugar diet (HFSD) consisting of 50% fat, 25.6% 

carbohydrate, 14.4% protein and 10% sugar for a period of 8 weeks (60 days) 

along with the test drug (HEAH) and reference control drug (RC) containing 

Metformin and Atorvastatin (Thakur et al., 2024; Banerjee et al., 2023). The 

experimental animals, after a 10-day acclimatisation period, were fasted 

overnight, and fasting blood glucose (FBG) levels were noted. The animal 

experimentation setup is illustrated in Figure 6.1., and the treatment schedule is 

presented in Table 6.1. 
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Table 6.1. Treatment regimen of HEAH, administered once daily per oral for 

60 days (n=5) 

Group 

code 
Group name Details 

NC Normal control 
Normal pellet diet + Normal saline (5 ml/kg, 

p.o.) 

DC Disease control HFSD only 

LD Test drug – Low dose HFSD + HEAH (200 mg/kg b.w., p.o.) 

HD Test drug – High dose HFSD + HEAH (400 mg/kg b.w., p.o.) 

RC Reference control 
HFSD + Metformin (150 mg/kg b.w., p.o.) + 

Atorvastatin (10 mg/kg b.w., p.o.) 

COMB 

A combination of the 

test drug and the 

reference control drug 

HFSD + HEAH (400 mg/kg b.w., p.o.) + 

Metformin (75 mg/kg b.w., p.o.) + 

Atorvastatin (05 mg/kg b.w., p.o.) 

 

 

Figure 6.1. Experimental setup with C57BL/6J mice (7-8 weeks old, Male) 

fed with a high-fat and high-sugar diet (HFSD) for 60 days and treated with 

HEAH and reference control drugs 
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6.2.6. Estimation of fasting blood glucose level 

The fasting blood glucose levels were measured every 10 days using a 

glucometer. The blood glucose levels were recorded in milligrams per deciliter 

(mg/dL) and then compared with disease control and normal control levels after 

the treatment period (Gayen et al., 2024). 

 

6.2.7. Measurement of body weight and body mass index parameters 

The body weight of the experimental animals was measured using a digital 

weighing scale every 10 days to assess changes in body weight (g) and the 

percentage change in body weight. The body mass index (BMI) was determined 

by measuring body weight (g)/Naso-anal length (cm2) every 10 days, with the 

percentage change in BMI subsequently calculated. Similarly, Lees index (LI) 

was determined by the cubic root of body weight (g)/Naso-anal length (cm). After 

the treatment period, the mice were euthanised (overdose of ketamine, i.p.) and 

the heart, liver, and adipose tissues were excised, washed in PBS, and 

measured to quantify the accumulated subcutaneous fat and visceral fat (Thakur 

et al., 2024). The data from the test groups (LD and HD) were compared with 

those from the normal control (NC), disease control (DC), and reference control 

(RC) groups. 

 

6.2.8. Estimation of serum biochemical parameters 

Blood samples were collected to assess the blood and serum biochemical 

parameters from ketamine + xylazine (80 + 10mg/kg b.w., i.p.) anaesthetised 

animals by cardiac puncture, following overnight fasting and maintaining a 24-

hour gap after the last dose (post-treatment period). The glycosylated 

haemoglobin (HbA1c) was calculated using an automatic blood cell counter (5-

part) (Gayen et al., 2024). The serum was separated by centrifugation for 10 

minutes at 3000 rpm, and quantification was performed using a biochemical auto-

analyser with commercially available kits (Q-Line S+, Selectra system pack, Q-

Line Biotech, New Delhi, India). The separated serum was utilised to analyse lipid 

parameters, including total cholesterol (TC), triglycerides (TG), low-density 

lipoprotein (LDL), high-density lipoprotein (HDL), Apolipoprotein A-I (Apo A-I), and 
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Apolipoprotein B (Apo B) (Banerjee et al., 2023). To measure kidney and liver 

damage, serum levels of aspartate aminotransferase (AST), alkaline 

phosphatase (ALP), alanine transaminase (ALT), total protein, blood urea 

nitrogen (BUN), and serum creatinine were quantified (Gayen et al., 2024). The 

urine samples were collected using a metabolic cage (post-treatment period) and 

used to calculate urinary output, urine microalbumin, and urine creatinine 

clearance (Kumari et al., 2021). 

 

6.2.9. Estimation of tissue antioxidant parameters 

After the treatment period, the experimental animals were euthanised (overdose 

of ketamine, i.p.) and the pancreas, liver and kidney were collected and 

homogenised individually in 10mL of phosphate buffer (20mM, pH: 7.4). The 

homogenised mixture underwent centrifugation at 12,000 rpm for 30 minutes at 

4°C utilising a Remi cooling centrifuge (RM-12C). After centrifugation, the 

supernatants were collected and analysed to assess the levels of lipid 

peroxidation (LPO), glutathione (GSH), superoxide dismutase (SOD), and 

catalase (CAT) (Gayen et al., 2024). Absorbance was measured using the 

Spectra Max iD3 Multi-Mode Microplate Reader (Molecular Device, USA). 

 

6.2.10. Tissue histopathological study 

The harvested organs were rinsed in normal saline and preserved in a 10% 

formalin solution for 24 hours. The tissues were embedded in paraffin wax and 

sectioned (5-10μm) in a rotary microtome (Leica Biosystems, Germany). The 

tissues were affixed to slides and stained with haematoxylin and eosin. The 

tissues were visualised for any structural damage in a light microscope, and 

pictomicrographs were captured through MagVision software (Das Gupta et al., 

2025). 

 

6.2.11. Statistical analysis 

The results were visualised graphically and statistically analysed using GraphPad 

Prism 8.0.2 software (GraphPad Software, Inc., Boston, MA, USA). All results 

(n=3) were statistically analysed and presented as mean value ± standard 
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deviation (SD). A two-way ANOVA, followed by Dunnett’s multiple comparison 

test at p<0.0001, was conducted to analyse the significant differences between 

the control, untreated, and treated groups. 

 

6.3. Results 

6.3.1. Acute oral toxicity and OGTT analysis 

The acute oral toxicity study with HEAH showed no significant changes in the 

dietary habits, body weight, or behavioural pattern. The extract did not produce 

any signs of drowsiness or diarrhoea. All the animals survived, suggesting that 

the LD50 is greater than the test dose (2000 mg/kg). The OGTT results indicated 

an elevated blood glucose level during the initial 30 minutes of glucose 

administration, which gradually decreased to near-normal levels at 60 minutes 

and returned to normal by 120 minutes, as presented in Table 6.2.  

 

Table 6.2. Results of Oral Glucose Tolerance Test (OGTT) at mg/dL. Mean ± 

SD 

Groups 0 min 30 min 60 min 120 min 

NC 83.6 ± 2.42 187 ± 8.67 145.6 ± 4.45 120.2 ± 2.56 

LD 90.6 ± 2.42 179 ± 5.22 140.8 ± 5.84 118 ± 4.56 

HD 88.4 ± 4.96 169 ± 5.59 130.2 ± 4.40 109.2 ± 2.71 

RC 87 ± 7.69 171.6 ± 6.28 137 ± 9.34 108.8 ± 4.12 

 

The 400 mg/kg b.w dose of HEAH and the 150 mg/kg b.w dose of Metformin 

showed comparable results in downregulating elevated blood glucose levels 

around 120 minutes after the induction of oral glucose (Figure 6.2.). 

 

6.3.2. Effect of HEAH on blood glucose and glycosylated haemoglobin 

levels 

The fasting blood glucose levels of HFSD-induced C57BL/6J mice (DC, LD, HD, 

RC, and COMB) were significantly elevated compared to those of NC during the 

experimental study. Daily administration of HEAH extract at doses of 200 and 400 

mg/kg b.w., p.o. significantly (p < 0.05) maintained blood glucose levels near 
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normal compared to the disease control group. Metformin (150 mg/kg b.w. p.o.) 

and Atorvastatin (10 mg/kg b.w. p.o.) treated mice in RC also exhibited 

maintained blood glucose levels compared to DC (Table 6.3.).  

 

 

Figure 6.2. Effect of HEAH on OGTT. Each value is expressed as Mean ± SD, 

where n=5. 

[NC: Normal Control, DC: Diabetic Control, LD: Test drug – Low dose 

(HEAH 200 mg/kg b.w.), HD: Test drug – High dose (HEAH 400 mg/kg b.w.), 

RC: Metformin treated group (150 mg/kg b.w.)] 

 

Table 6.3. Comparison of fasting blood glucose levels and post-prandial 

blood glucose levels upon treatment with HEAH and the reference 

standard. Mean ± SD  

Days 
Group name 

NC DC LD HD RC COMB 

Fasting Blood Glucose Levels 

Day 0 
93.6 ± 

5.08 

98.2 ± 

5.56 

100.8 ± 

7.68 

97.8 ± 

2.48 

108.2 ± 

2.04 

97.8 ± 

2.64 

Day10 
103.6 ± 

4.22 

100.2 ± 

3.76 

104.8 ± 

3.54 

97.8 ± 

2.48 

132.2 ± 

7.39 

97.8 ± 

2.64 

Day20 
113.6 ± 

5.95 

155.4 ± 

18.95 

180.6 ± 

34.75 

128.2 ± 

16.63 

155 ± 

17.99 

153 ± 

13.58 
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Day30 
114.2 ± 

8.23 

184.6 ± 

22.76 

136.4 ± 

18.21 

121.2 ± 

5.34 

156.8 ± 

16.62 

150.8 ± 

19.22 

Day40 
114.2 ± 

8.63 

218.4 ± 

41.17 

146.4 ± 

21.43 

124 ± 

14.64 

147 ± 

7.18 

120.6 ± 

16.06 

Day50 
115.6 ± 

4.32 

236.2 ± 

46.21 

140.6 ± 

17.23 

112.6 ± 

13.75 

111 ± 

9.78 
102 ± 2.28 

Day60 
121 ± 

18.97 

259 ± 

35.37 

128.8 ± 

23.30 

105.4 ± 

11.02 

91.8 ± 

15.37 

90.4 ± 

9.37 

Post-prandial Blood Glucose Levels 

Day0 
138 ± 

8.32 

135.2 ± 

4.66 

136.6 ± 

7.61 

133.2 ± 

4.31 

138.8 ± 

7.30 

128.6 ± 

8.71 

Day10 
176 ± 

15.01 

159.2 ± 

8.73 

155.2 ± 

11.30 

201.2 ± 

90.24 

190.8 ± 

29.97 

154.6 ± 

7.26 

Day20 
181.8 ± 

16.28 

195.8 ± 

30.29 

206 ± 

22.99 

179.6 ± 

12.72 

185.4 ± 

7.36 

170.6 ± 

18.02 

Day30 
168 ± 

20.95 

246 ± 

37.27 

140.6 ± 

7.91 

142 ± 

9.40 

157.6 ± 

19.68 

161.8 ± 

10.13 

Day40 
154.6 ± 

7.14 

279.8 ± 

35.98 

139.6 ± 

16.67 

139.4 ± 

8.59 

157.2 ± 

12.98 

145.4 ± 

10.98 

Day50 
154.6 ± 

7.14 

347 ± 

56.14 

145.6 ± 

9.93 

130.4 ± 

8.11 

123.2 ± 

7.08 

127.6 ± 

9.00 

Day60 
154.6 ± 

7.14 

458.2 ± 

99.69 

134 ± 

8.27 

117.8 ± 

5.19 

94 ± 

13.16 

108.6 ± 

7.09 

 

HD showed better maintenance of blood glucose levels compared to LD and was 

then combined with half doses of Metformin (75 mg/kg b.w., p.o.) and 

Atorvastatin (5 mg/kg b.w., p.o.). COMB exhibited near-normal blood glucose 

levels compared to RC (Figure 6.3.).  
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A 

 

B 

Figure 6.3. Effect of HEAH on (A) Fasting blood glucose levels; (B) Post-

prandial blood glucose levels. Each value is expressed as Mean ± SD, 

where n=5. 

[NC: Normal control, DC: Disease control, LD: Test drug – Low dose, HD: 

Test drug – High dose, RC: Reference control; COMB: Combination of test 

drug and reference control] 

 

After a 60-day treatment period, the FBG and post-prandial blood glucose levels 

were observed to reach near-normal levels in the treatment groups, with the HD 

and COMB groups showing comparable results to the RC group. The HbA1c 
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levels were recorded on the 61st day, and the treatment groups were found to 

have significantly (> 0.05) lower HbA1c levels than DC (Figure 6.4.). 

 

 

Figure 6.4. Effect of HEAH on glycated haemoglobin (HbA1c) levels. Each 

value is expressed as Mean ± SD, where n=5. 

[NC: Normal control, DC: Disease control, LD: Test drug – Low dose, HD: 

Test drug – High dose, RC: Reference control; COMB: Combination of test 

drug and reference control] 

 

6.3.3. Effect of HEAH on anthropometric parameters 

The body weight changes were recorded and shown in Figure 6.5. The body 

weight of DC was seen to have a significant weight gain compared to the 

treatment groups. Groups LD, HD, RC, and COMB were observed to control 

weight gain. LD exhibited weight control at near-normal levels, whereas HD, RC, 

and COMB reduced body weight to less than day 1. 

DC exhibited a high LI, which was positively correlated with increased body mass 

index (BMI). The HEAH and reference control treated groups demonstrated a 

significant reduction in LI and BMI. Figure 6.5. illustrates the comprehensive 

timeline of animal experimentation. The white adipose tissue (WAT) was collected 

from each group and measured. The DC showed an accumulation of significantly 

more WAT than the HEAH-treated groups (Figure 6.5.). 
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D E 

Figure 6.5. Effect of HEAH on (A) Body weight changes; (B) Body Mass 

Index (BMI) changes; (C) Lees Index (LI) changes; (D) Weight of 

accumulated white adipose tissue (WAT) and (E) Weight of liver. Each value 

is expressed as Mean ± SD, where n=5. 

[NC: Normal control, DC: Disease control, LD: Test drug – Low dose, HD: 



Barun Das Gupta, PhD Thesis Chapter 6: In-vivo therapeutic evaluation  
 

185 

 

Test drug – High dose, RC: Reference control; COMB: Combination of test 

drug and reference control] 

 

6.3.4. Blood and serum biochemical parameters 

The serum biochemical parameters of LD, HD, RC and COMB were compared 

with DC and analysed for ALP, AST, ALT, Total protein, total bilirubin, triglyceride 

levels, total cholesterol, HDL cholesterol, serum creatinine, blood urea nitrogen 

and uric acid. The test groups showed dose-dependent activity, maintaining 

levels of AST, ALT, total bilirubin, ALP, and total protein. In contrast, DC showed 

elevated levels of AST, ALT, total bilirubin, and ALP, and decreased levels of total 

protein. Similarly, LD, HD, RC, and COMB exhibited dose-dependent 

maintenance of triglyceride levels, total cholesterol, and HDL cholesterol levels. 

The hepatic function markers of the HEAH-treated groups compared to the 

reference control are illustrated in Figure 6.6. 

 

  

A B 
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E 

Figure 6.6. Effect of HEAH on hepatic function markers (A) Alkaline 

Phosphatase (ALP); (B) Aspartate Aminotransferase (AST); (C) Alanine 

Aminotransferase (ALT); (D) Total protein; (E) Total bilirubin. Each value is 

expressed as Mean ± SD, where n=5. 

[NC: Normal control, DC: Disease control, LD: Test drug – Low dose, HD: 

Test drug – High dose, RC: Reference control; COMB: Combination of test 

drug and reference control] 
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The HFSD groups exhibited a significant reduction in plasma apo A-I (p < 0.001), 

whereas plasma apo B levels were significantly increased (p < 0.001) compared 

to the other groups. The administration of HEAH and reference drugs in the 

HFSD fed groups was seen to maintain the Apo A-1 and Apo B levels compared 

to DC (Figure 6.7.). 

 

  

A B 

  

C D 
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E 

Figure 6.7. Effect of HEAH on lipid profile (A) Triglycerides; (B) Total 

cholesterol; (C) HDL cholesterol; (D) Apolipoprotein A1 (APO-A1); (E) 

Apolipoprotein B (APO B). Each value is expressed as Mean ± SD, where 

n=5. 

[NC: Normal control, DC: Disease control, LD: Test drug – Low dose, HD: 

Test drug – High dose, RC: Reference control; COMB: Combination of test 

drug and reference control] 

 

To determine the efficiency of the kidney, a kidney function test was conducted, 

and the HEAH-treated groups significantly maintained the levels of serum 

creatinine, blood urea nitrogen, and uric acid, whereas the DC group showed 

elevated levels of these markers. All the results of LD, HD, and COMB were 

compared to those of RC, and COMB was found to be the most effective, 

followed by HD and LD, in maintaining normal levels of serum and blood 

parameters in the experimental mice with a high-fat and high-sugar diet (Figure 

6.8).  
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A B 

 

C 

Figure 6.8. Effect of HEAH on renal function markers (A) Serum creatinine; 

(B) Blood Urea Nitrogen (BUN); (C) Uric acid. Each value is expressed as 

Mean ± SD, where n=5. 

[NC: Normal control, DC: Disease control, LD: Test drug – Low dose, HD: 

Test drug – High dose, RC: Reference control; COMB: Combination of test 

drug and reference control] 

 

The urine microalbumin levels, urinary creatinine clearance and urine volume 

were calculated for individual experimental animals in each group. The urine 
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microalbumin levels, urine volume, and urinary creatinine clearance were 

significantly maintained upon treatment with HEAH compared to DC (Figure 6.9.). 

The LD, HD, and COMB groups exhibited close similarity in regulating urine 

microalbumin, urinary creatinine clearance, and urine volume with RC. 

 

  

A B 

 

C 

Figure 6.9. Effect of HEAH on renal function markers (A) Urine 

microalbumin; (B) Urinary creatinine clearance test; (C) Urinary 

output/urine volume. Each value is expressed as Mean ± SD, where n=5. 
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[NC: Normal control, DC: Disease control, LD: Test drug – Low dose, HD: 

Test drug – High dose, RC: Reference control; COMB: Combination of test 

drug and reference control] 

 

6.3.5. Tissue antioxidant parameters 

The kidney and liver tissue antioxidant parameters SOD, LPO and GSH levels 

were monitored at the end of the study, and the levels were compared between 

LD, HD and COMB with DC, NC and RC. The HEAH-treated groups significantly 

(p < 0.05) maintained malondialdehyde levels, superoxide radicals, and reduced 

glutathione levels close to those of the NC and comparable to those of the RC 

(Figure 6.10.). 

 

  

A B 
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C 

Figure 6.10. Effect of HEAH on oxidative markers (A) Superoxide dismutase 

(SOD); (B) Lipid Peroxidation (LPO); (C) Reduced glutathione (GSH). Each 

value is expressed as Mean ± SD, where n=5. 

[NC: Normal control, DC: Disease control, LD: Test drug – Low dose, HD: 

Test drug – High dose, RC: Reference control; COMB: Combination of test 

drug and reference control] 

 

6.3.6. Histopathological parameters 

The histopathological examination of the pancreas, liver, and kidney tissues of 

HEAH-treated experimental mice and the reference control was compared to that 

of disease control and normal control mice (Figure 6.11.). The pancreas DC 

showed hydropic degeneration and necrosis, contributing to β-cell dysfunction 

and impaired insulin secretion. The HEAH-treated groups (LD, HD, and COMB) 

exhibited nominal disintegration of the islets of Langerhans and preserved β-

cells, comparable with the RC. 

In liver tissues, hepatocellular damage in DC was characterised by disseminated 

vacuolisation in hepatocytes and sinusoidal dilation. These conditions were mild 

in LD, HD, and COMB, but negligible in COMB, with minimal cellular 

degeneration and no significant sinusoidal dilation.  
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The kidney tissues of HEAH-treated mice exhibited significantly lower 

glomerulosclerosis than those of untreated mice. Additionally, glomerular 

membrane thickening was observed to be less in HEAH-treated groups, 

particularly at HD (400 mg/kg b.w., p.o.) and combination group [HEAH (400 

mg/kg b.w., p.o.) + Metformin (75 mg/kg b.w., p.o.) + Atorvastatin (05 mg/kg b.w., 

p.o.)] compared to DC. The renal histology of the COMB was similar to that of the 

normal control group, with minimal tubular dilation, followed by HD, RC, and LD.  

 

 

Figure 6.11. Histopathology images with H&E stain of the Pancreas, Kidney, 

and Liver, showing tissue-level changes in disease control groups and 

HEAH-treated groups. Scale Bar 100 μm. 
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[In pancreas, the β-cell density is shown in circles; In kidney, the black 

arrows indicate glomerular membrane thickening and In Liver tissues, 

hepatocellular damage was characterised by disseminated vacuolisation in 

hepatocytes (Black arrow) and sinusoidal dilation (Red arrow)]. 

 

6.4. Discussion 

The in-vivo study with HEAH treatment for 60 days demonstrated the ability to 

maintain blood glucose levels and prevent weight gain and adipose tissue 

deposition. Mice treated with HEAH at doses of 200 and 400 mg/kg body weight 

exhibited regulated fasting and post-prandial blood glucose levels, near-normal 

glycated haemoglobin levels, and stable anthropometric parameters, including 

BMI and Lees index, when compared to the disease control group. HEAH at 400 

mg/kg body weight improved the therapeutic efficacy of Metformin and 

Atorvastatin by reducing the required dose to half that of the usual dose. The 

HEAH-treated groups were also found to be less prone to high-fat and high-sugar 

diet-induced hair loss and stomach upset. At 400 mg/kg body weight, the white 

adipose tissue deposition was found to be 1.5 times less than in the disease 

control group, whereas the combination group of HEAH and reference control 

drugs exhibited 3 times less fat deposition. Hepatomegaly was observed in the 

disease control group, with a threefold increase in weight compared to the 

HEAH-treated groups.  

The HD, RC and COMB. groups showed better glycaemic control than LD but 

experienced extensive weight loss with final weights less than their initial weights. 

LD was able to maintain its body weight in relation to the initial weight. 

Histological examinations of the pancreas, kidney, and liver conducted 60 days 

post-administration of HEAH revealed no degenerative alterations in these 

organs. All treated groups exhibited a significant reduction in tissue damage 

when compared to the disease control group. The combination dose of HEAH 

and reference control drugs, Metformin and Atorvastatin, had retained a greater 

β-cell density in the pancreas compared to the LD, HD, and RC treated groups. 

Liver sinusoidal dilation and disseminated vacuolisation were marked in the DC 

group, which appeared to be negligible in HEAH and COMB. treated groups. The 
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HD and COMB. groups were able to maintain the renal histology similar to that of 

the normal control groups. The present study demonstrated that HEAH exhibited 

prophylactic intervention in C57BL/6J mice in a dose-dependent manner. Chapter 

3 examined the mechanism of action indicated by the phytocompounds of HEAH. 

The modulation of the INSR-PI3K-AKT pathway may influence blood glucose 

regulation, whereas the upregulation of the transcription factor PPARA may 

account for the reduced fat formation reported in HEAH-treated mice. The likely 

mode of action of A. hookeri leaves is depicted in Figure 6.12. 

 

 

Figure 6.12. Probable mechanism of action of the phytocompounds of 

HEAH in glucose and lipid homeostasis 

 

6.5. Conclusion 

The current study encompasses the traditional evidence of A. hookeri, a popular 

medicinal food plant of the northeastern region of India. It leads to the 

development of an enriched extract of A. hookeri, providing a preventive strategy 
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for the progression of NIDDM and Obesity resulting from the current dietary 

lifestyle. The research demonstrated a significant reduction in the dosage of 

standard medications, Metformin and Atorvastatin, to 50% when administered 

alongside HEAH hydroalcoholic extract. Furthermore, studies should be 

conducted at the molecular and transcriptomic levels to validate the probable 

mechanism of action in greater detail, along with safety and toxicity studies on 

CYP isoenzymes and normal cell lines. These findings will prove to be 

quintessential in the development of safe and efficacious nutraceuticals from A. 

hookeri to prevent the risk of progression of metabolic disorders, such as 

diabetes and Obesity. This study will serve as a gateway to explore medicinal 

food plants of northeast India for human health and well-being and foster the 

bioeconomy of the region. 
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7.1. Summary 

The metabolomics-integrated network pharmacology approach identifies 

bioactive phytoconstituents that interact with functional targets and modulate 

pathways to address a condition. This thesis examined the mechanisms of action 

of three therapeutic food plants from the northeastern region of India: A. hookeri, 

B. hispida, and H. cordata, which possess notable ethnopharmacological 

potential, as evident in the exhaustive literature survey. The identification of 

bioactive phytomolecules was conducted using UHPLC-QTOF-MS, followed by 

the targeted identification of potent phytomolecules. This was complemented by 

functional association network analysis and an investigation into the mechanisms 

of action through network pharmacology. Furthermore, the medicinal food plants 

were evaluated in vitro by enzyme inhibition assays targeting α-amylase, α-

glucosidase, and pancreatic lipase, as well as in vivo in a mouse model 

simulating a modern lifestyle-induced hyperglycemic and hyperlipidemic 

condition. 

Chapter 1 explores the field of metabolomics and its implications for translating 

traditional knowledge through this scientific lens. The importance of 

metabolomics in ensuring the quality of herbal pharmaceuticals and in the 

discovery of medications for metabolic disorders has been highlighted, alongside 

the development of synergy and integration within systems biology. The 

integration of metabolomics with network pharmacology analysis has proven to 

be essential in overcoming the limitations inherent in the reductionist approach to 

drug discovery, particularly by employing combination synergy to investigate the 

synergistic effects found in traditional medicinal plants. The chapter further 

explores a network pharmacology-based approach to elucidate the mechanisms 

of action of traditional medicinal plants, thereby validating traditional claims. The 

methodology of mechanistic elucidation was further investigated, beginning with 

the untargeted or pseudo-targeted identification of bioactive compounds, followed 

by an examination of protein–target interactions, pathway analysis, network 

construction, and the analysis of combinatorial synergy.   
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These instruments may be employed to cultivate personalised healthcare 

systems and in the repurposing of traditional medicine. This chapter further 

explores the depth of metabolomics-integrated network pharmacology analysis in 

relation to metabolic and lifestyle-related disorders, highlighting the merits of this 

approach in advancing alternative therapeutics utilising herbal medicine. The 

chapter examines the application of traditional medicine, specifically the use of 

medicinal plants from the northeastern region (NER) of India, in addressing 

diabetes, obesity, and their associated complications. Case studies of several 

prominent medicinal plants and their bioactive compounds from the northeast 

region, addressing type 2 diabetes mellitus and obesity, were included along with 

their potential mechanisms of action. The chemical structures of the bioactive 

phytoconstituents identified through a literature review were also presented 

throughout.  

Chapter 2 outlines the scope and rationale of the thesis, as well as the study 

objectives and work plan design. The framework of the study was developed 

based on the objectives and the experimental analysis performed. 

Chapter 3 presents an exhaustive literature survey of Allium hookeri Thwaites, 

encompassing its scientific classification, vernacular names, traditional uses, 

phytochemical profile, and pharmacological activities. The methodology section 

of the chapter describes the collection, extraction, metabolite profiling, network 

pharmacology analysis, determination of total phenolic and flavonoid content, 

antioxidant potential, in vitro enzyme inhibition assays against α-amylase, α-

glucosidase, and pancreatic lipase, and in vitro enzyme kinetic assays of A. 

hookeri, B. hispida, and H. cordata. The extraction utilised a microwave-assisted 

technique to produce an enriched hydroalcoholic extract of A. hookeri (HEAH), 

achieving a percentage yield of 19.34% w/w. Metabolite profiling of HEAH in 

positive ionisation mode utilising UHPLC–QTOF–MS identified 27 compounds. 

The structures of the phytocompounds have also been illustrated. The network 

pharmacology analysis identified protein targets for the identified 

phytocompounds and generated a disease association network for NIDDM, 

obesity, hyperlipidaemia, hypertriglyceridemia, and hyperglycaemia. 
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Apigenin demonstrated the highest connectivity, and aldose reductase (AKR1B1) 

was identified as the most targeted protein. The disease association was 

subsequently analysed to identify common targets between HEAH and the 

disease conditions, as well as between HEAH and the reference standards: 

acarbose, Orlistat, Metformin, and Atorvastatin. Atorvastatin exhibited shared 

targets with HEAH, including HDAC1, HDAC2, SLCO1B1, and SLCO1B3, 

whereas no common targets were identified between Metformin and HEAH. 

Acarbose and HEAH share common targets, including AMY1A, AMY2A, GAA, 

MGAM, and SI, while Orlistat shares ABHD16A, FAAH, and FASN as common 

targets with HEAH. The identified common targets indicate a mechanistic overlap 

and the potential of HEAH as an alternative therapeutic approach. The protein-

protein enrichment analysis revealed that target proteins exhibit significantly 

greater interaction levels than expected, suggesting a partial biological 

connection among them as a collective entity. The PPI enrichment analysis 

showed that each protein interacts with at least 43 other proteins.  

The KEGG pathway enrichment analysis identified several pathways associated 

with NIDDM and hyperglycaemia, including hsa04910: Insulin signalling pathway, 

hsa04930: Type II diabetes mellitus, hsa04931: Insulin resistance, hsa04933: 

AGE-RAGE signalling pathway in diabetic complications, hsa04973: 

Carbohydrate digestion and absorption, hsa00010: Glycolysis/Gluconeogenesis, 

and hsa00040: Pentose and glucuronate interconversions. In the context of 

obesity, hyperlipidaemia, and hypertriglyceridaemia, the relevant pathways 

include hsa03320: PPAR signalling pathway, hsa05417: Lipid and 

atherosclerosis, hsa04152: AMPK signalling pathway, hsa04920: Adipocytokine 

signalling pathway, and hsa01100: Metabolic pathways. Additional significant 

pathways comprised hsa04151: PI3K-Akt signalling pathway, hsa04310: Wnt 

signalling pathway, hsa04972: Pancreatic secretion, and hsa04970: Salivary 

secretion. The combination network analysis indicated that Apigenin exhibited the 

highest degree of connectivity, while AKR1B1 emerged as the most targeted 

protein across all selected disease conditions. The hub nodes involving the 

bioactive compounds and protein targets were correlated with previous studies.  
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The total flavonoid and phenolic content of A. hookeri demonstrated a total 

phenolic content (TPC) of 18.503 ± 0.903 mg gallic acid equivalent/g and a total 

flavonoid content (TFC) of 10.73 ± 0.76 mg Rutin equivalent/g. In the DPPH 

radical scavenging potential assay, HEAH exhibited an IC50 value of 128.5 ± 

0.031 µg/mL, whereas ascorbic acid demonstrated an IC50 value of 53.58 ± 0.064 

µg/mL. The hydroxyl scavenging capacity of HEAH demonstrated an IC50 value of 

210.5 ± 3.4 µg/mL, in contrast to 59.94 ± 0.49 µg/mL for ascorbic acid. HEAH 

demonstrated notable antioxidant activity, exhibiting an IC50 of 234 ± 3.5 µg/mL, 

in contrast to 120 ± 2.3 µg/mL for ascorbic acid in the nitric oxide scavenging 

assay. The inhibition assay of α-glucosidase by A. hookeri yielded an IC50 of 

0.517 ± 0.07 mg/mL, in contrast to 0.294 ± 0.08 mg/mL for acarbose. The α-

amylase inhibition assay revealed an IC50 of HEAH at 1.138 ± 0.57 mg/mL, in 

comparison to an IC50 of 0.532 ± 0.04 mg/mL for acarbose. HEAH demonstrated 

an inhibition potential of 0.809 ± 0.06 mg/mL for pancreatic lipase, compared to 

0.739 ± 0.09 mg/mL for Orlistat.  

The enzyme kinetics assay indicated a potential for mixed inhibition by A. 

hookeri. The changes in Vmax and Km values suggest that HEAH does not solely 

compete with the substrate for the active site. It may interact with both the 

unbound enzyme and the enzyme–substrate complex. The Pearson correlation 

analysis indicated a positive correlation between the antioxidant potential and the 

phenolic and flavonoid content of A. hookeri, implying a multi-target 

pharmacological mechanism that may involve the reduction of reactive oxygen 

species (ROS) and the promotion of enzyme inhibition. 

Chapter 4 presents a comprehensive literature review of Benincasa hispida 

(Thunb.) Cogn., encompassing its scientific classification, common names, 

traditional applications, phytochemical composition, and pharmacological 

properties. The methodology section of the chapter outlines the metabolite 

profiling of B. hispida hydroalcoholic extract (HEBH). The UHPLC–QTOF–MS 

analysis revealed 17 distinct compounds, including polyphenols, flavonoids, 

phenols, triterpenes, flavanones, stigmastanes, and amino acids. The structures 

of the identified compounds have been depicted. The network pharmacology 
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analysis began with the bioactive–target (BA–TAR) network, which encompasses 

16 compounds and their associated targets. Apigenin exhibited the highest 

connectivity, whereas aldose reductase (ESR2) was identified as the most 

targeted protein. The Venn diagram analysis revealed the shared targets for 

acarbose, Orlistat, Metformin, and Atorvastatin in relation to HEBH. Atorvastatin 

and HEBH both target HMGCR, whereas Metformin and HEBH share PRKAB1 

as a common target. Acarbose and HEBH both target GAA, while Orlistat and 

HEBH share FAAH and PNLIP as common targets. The Venn diagram analysis 

indicated that HEBH exhibited a mechanistic overlap with the reference 

standards atorvastatin, Metformin, Orlistat, and acarbose.  

The PPI enrichment analysis revealed that target proteins exhibit interaction 

levels that are significantly higher than anticipated, suggesting a partial biological 

association among them as a collective group. Each protein was found to interact 

with a minimum of 19 other proteins. The KEGG pathway enrichment analysis 

indicated that the identified genes are associated with hsa04910 (Insulin 

signalling pathway), hsa04930 (Type II diabetes mellitus), hsa04931 (Insulin 

resistance), and hsa04933 (AGE-RAGE signalling pathway) in relation to diabetic 

complications linked to NIDDM and hyperglycaemia. Regarding obesity, 

hyperlipidaemia, and hypertriglyceridemia, the genes were associated with 

several critical pathways: hsa03320 (PPAR signalling pathway), hsa05417 (lipid 

and atherosclerosis), hsa04152 (AMPK signalling pathway), hsa04920 

(adipocytokine signalling pathway), and hsa01100 (metabolic pathways). Other 

notable pathways included hsa04151 (PI3K-Akt signalling pathway), hsa04310 

(Wnt signalling pathway) and hsa04972 (Pancreatic secretion).  

In combination network analysis, kaempferol demonstrated the strongest 

connectivity in NIDDM, hyperglycaemia, obesity, and hyperlipidaemia. FABP1 

has been identified as the primary targeted protein in NIDDM, hyperglycaemia, 

and hyperlipidaemia, whereas ESR1 is recognised as the most targeted protein 

in obesity. In hypertriglyceridemia, catechin exhibited the strongest association, 

whereas PPARA was identified as the most targeted protein. The total flavonoid 

and phenolic content of B. hispida demonstrated a total phenolic content (TPC) of 
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15.353 ± 1.019 mg gallic acid equivalent/g and a total flavonoid content (TFC) of 

12.42 ± 0.97 mg Rutin equivalent/g. In the DPPH radical scavenging potential 

assay, HEBH exhibited an IC50 value of 199.6 ± 0.57  µg/mL, whereas ascorbic 

acid demonstrated an IC50 value of 53.58 ± 0.064 µg/mL. The hydroxyl 

scavenging capacity of HEBH demonstrated an IC50 value of 239.2 ± 0.24 µg/mL, 

in contrast to 59.94 ± 0.49 µg/mL for ascorbic acid. HEBH demonstrated notable 

antioxidant activity, exhibiting an IC50 of 339.5 ± 0.65 µg/mL, in contrast to 120 ± 

2.3 µg/mL for ascorbic acid in the nitric oxide scavenging assay. The inhibition 

assay of α-glucosidase by B. hispida yielded an IC50 of 1.394 ± 0.16 mg/mL, in 

contrast to 0.294 ± 0.08 mg/mL for acarbose. The α-amylase inhibition assay 

revealed an IC50 of HEBH at 1.905 ± 0.21 mg/mL, in comparison to an IC50 of 

0.532 ± 0.04 mg/mL for acarbose. HEBH demonstrated an inhibition potential of 

2.564 ± 0.08 mg/mL for pancreatic lipase, in contrast to 0.739 ± 0.09 for Orlistat. 

The enzyme kinetics assay demonstrated a potential for mixed inhibition by B. 

hispida. The reaction velocity (v) in relation to enzyme concentration 

demonstrated reversible inhibition of α-glucosidase, α-amylase, and pancreatic 

lipase by HEBH, characterised by a decreasing slope at elevated inhibitor 

concentrations (I). The total phenolic content (TPC) and total flavonoid content 

(TFC) of HEBH exhibited a positive linear correlation with α-amylase, α-

glucosidase, and pancreatic lipase, as indicated by the Pearson r value at 

p<0.05. The enzyme inhibitory activity of HEBH correlates with TPC and TFC, 

suggesting that the phenolic and flavonoid compounds in B. hispida fruits 

contribute significantly to this activity, although to a lesser extent than A. hookeri. 

Pearson correlation analysis demonstrated a strong correlation between the 

antioxidant potential and enzyme inhibitory activity of HEBH. The significant 

correlation indicates that the antioxidant potential of HEBH was effective in 

inhibiting all three enzymes, albeit to a lesser extent than A. hookeri. The 

correlation study revealed a positive relationship between enzyme inhibition 

potential and both antioxidant and phenolic content; however, most correlations 

were non-significant, with the exception of the correlation with flavonoid content, 

which was significant at p < 0.05. Thus, flavonoids were identified as the primary 

bioactive molecules responsible for enzyme inhibition, functioning in conjunction 
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with antioxidant properties and phenolic compounds to create a synergistic effect 

in mitigating diabetes, obesity, and related metabolic disorders. 

Chapter 5 presents a comprehensive literature review of Houttuynia cordata 

Thunb., covering its scientific classification, common names, traditional uses, 

phytochemical composition, and pharmacological properties. The percentage 

yield of HEHC was determined to be 15.37% w/w. The UHPLC–QTOF–MS 

analysis identified 26 distinct compounds, comprising flavonoids, prenol lipids, 

and organooxygen compounds. The structures of the identified compounds are 

illustrated. Seventeen compounds demonstrating target association were utilised 

to construct a bioactive target network, identifying luteolin as the most interacting 

phytocompound. Carbonic anhydrase 2 (CA2) emerged as the most targeted 

protein. The Venn diagram analysis indicated that Atorvastatin shared HDAC1, 

HDAC2, HDAC6, HMGCR, SLCO1B1, and SLCO1B3 as common targets with 

HEHC; however, no common targets were identified between Metformin and 

HEHC. Acarbose and HEHC share common targets, including AMY1A, AMY2A, 

GAA, MGAM, and SI, while Orlistat shares FAAH and FASN as common targets 

with HEHC. The identified common targets indicate a mechanistic overlap and 

the potential of HEHC as an alternative therapeutic approach. 

The PPI enrichment analysis revealed that target proteins exhibit interactions, 

suggesting a partial biological association among them as a collective group. 

Moreover, each protein was observed to interact with at least 19 additional 

proteins. The KEGG pathway enrichment analysis revealed that the identified 

genes are linked to the following pathways: hsa04910 (Insulin signalling 

pathway), hsa04930 (Type II diabetes mellitus), hsa04931 (Insulin resistance), 

hsa04933 (AGE-RAGE signalling pathway in diabetic complications), hsa04973 

(Carbohydrate digestion and absorption), and hsa00040 (Pentose and 

glucuronate interconversions). The genes associated with obesity, 

hyperlipidaemia, and hypertriglyceridemia were linked to multiple essential 

pathways, including hsa03320 (PPAR signalling pathway), hsa05417 (Lipid and 

atherosclerosis), hsa04152 (AMPK signalling pathway), hsa04920 (Adipocytokine 

signalling pathway) and hsa01100 (Metabolic pathways). Additional significant 
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pathways comprised hsa04151 (PI3K-Akt signalling pathway), hsa04310 (Wnt 

signalling pathway), and hsa04970 (Salivary secretion).  

In combination network analysis, each network was analysed utilising the 

"Analyse Network" tool. Luteolin exhibited the highest connectivity in NIDDM and 

obesity. Kaempferol exhibited the highest connectivity in cases of hyperlipidaemia 

and hypertriglyceridemia. In hyperglycemia, 3'-O-methylcatechin exhibited the 

most substantial degree of association. PTPN1 is identified as the principal 

targeted protein in noninsulin-dependent diabetes mellitus, PTGS2 in 

hyperglycaemia and obesity, ABCB1 in hyperlipidaemia, and MET in 

hypertriglyceridaemia. The total flavonoid and phenolic content of H. cordata 

revealed a total phenolic content (TPC) of 12.873 ± 0.952 mg gallic acid 

equivalent/g and a total flavonoid content (TFC) of 7.49 ± 1.1 mg Rutin 

equivalent/g. In the DPPH radical scavenging potential assay, HEHC showed an 

IC50 value of 137.8 ± 0.29 µg/mL, while ascorbic acid presented an IC50 value of 

53.58 ± 0.064 µg/mL. The hydroxyl scavenging capacity of HEHC exhibited an 

IC50 value of 213.1 ± 0.56 µg/mL, compared to 59.94 ± 0.49 µg/mL for ascorbic 

acid. HEHC exhibited significant antioxidant activity, with an IC50 of 262.3 ± 0.54 

µg/mL, compared to 120 ± 2.3 µg/mL for ascorbic acid in the nitric oxide 

scavenging assay. The inhibition assay of α-glucosidase by H. cordata yielded an 

IC50 of 0.645 ± 0.27 mg/mL, in contrast to 0.294 ± 0.08 mg/mL for acarbose. The 

α-amylase inhibition assay revealed an IC50 of HEHC at 1.145 ± 0.08 mg/mL, in 

comparison to an IC50 of 0.532 ± 0.04 mg/mL for acarbose. HEHC demonstrated 

an inhibition potential of 1.02 ± 0.42 mg/mL for pancreatic lipase, in contrast to 

0.739 ± 0.09 for Orlistat. The enzyme inhibition analysis results indicate that H. 

cordata successfully inhibited α-glucosidase, α-amylase, and lipase, exhibiting 

efficacy comparable to the reference standards. H. cordata demonstrated a 

hybrid inhibition mechanism, exhibiting the most effective inhibitory effect on α-

amylase. This highlights the beneficial effect of H. cordata on postprandial 

hyperglycaemia. H. cordata exhibited a certain level of pancreatic lipase 

inhibition. The correlation analysis indicated a favourable association between 

enzyme inhibition potential and both antioxidant and phenolic content; however, 

these correlations were largely considered non-significant at p < 0.05. Thus, the 
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cluster of phytoconstituents collectively contributed to enzyme inhibition, rather 

than relying solely on polyphenolic concentration. 

This chapter presents a comparative analysis of the results derived from the 

hydroalcoholic extracts of A. hookeri, B. hispida, and H. cordata. A. hookeri 

demonstrated a greater richness and diversity of bioactive phytocompounds 

compared to B. hispida and H. cordata. An integrative approach utilising 

metabolomics and network pharmacology analysis was used to assess the 

bioactive potential of the identified phytocompounds. A. hookeri demonstrated 27 

compounds associated with human targets, whereas B. hispida showed 16 

compounds, and H. cordata revealed 17 compounds linked to human targets. 

This suggests a notable variety of bioactive phytoconstituents in the 

hydroalcoholic extract of A. hookeri. A. hookeri demonstrated unique system-

level interactions characterised by 867 nodes and 11,485 edges, leading to a 

highly interconnected network, unlike the other two plants. This dense 

connectivity illustrates a significant polypharmacological and synergistic 

mechanism-based approach in addressing metabolic dysregulations, including 

non-insulin-dependent diabetes and obesity. A. hookeri exhibited a higher 

quantity of shared genes associated with noninsulin-dependent diabetes mellitus, 

hyperglycemia, obesity, hyperlipidaemia, and hypertriglyceridemia. H. cordata 

exhibited gene correlations comparable to those of A. hookeri. In cases of 

hyperlipidaemia and hypertriglyceridaemia, A. hookeri and H. cordata 

demonstrated an equal number of shared genes. B. hispida consistently 

demonstrated the lowest number of shared genes with the DisGeNET database. 

The analysis of protein-protein interaction enrichment for targets associated with 

NIDDM, hyperglycaemia, obesity, hyperlipidaemia, and hypertriglyceridaemia 

suggests that A. hookeri may have a wider regulatory influence pertinent to the 

improvement of metabolic dysregulations. The ten primary hub proteins of A. 

hookeri exhibited significant mechanistic regulation via proteins associated with 

glucose homeostasis, inflammation, lipid metabolism, and glycolytic regulation. B. 

hispida and H. cordata share common targets with A. hookeri, such as AKT1 and 

PPARG, whereas the other targets predominantly address inflammation and 

apoptosis in B. hispida and lipid metabolism in H. cordata. All three plants 



Barun Das Gupta, PhD Thesis Chapter 7: Summary and conclusion 

 

206 

 

exhibited similar pathways in managing selected metabolic dysregulations; 

however, the pathways were more enriched with bioactive targets in A. hookeri, 

followed by H. cordata and B. hispida. The results suggest that A. hookeri exerts 

a more pronounced regulatory effect on metabolic dysregulation. This multi-target 

network enhances the translational potential and increases the likelihood of in 

vivo efficacy of A. hookeri. 

A. hookeri exhibited the lowest IC50 value in the in vitro analysis of enzyme 

inhibition potential among the three enzymes: α-glucosidase, α-amylase, and 

pancreatic lipase. A. hookeri exhibited notable inhibitory activity, indicating a high 

likelihood of anti-hyperlipidaemic and anti-hyperglycaemic effects in vivo. The 

enzyme kinetics analysis of A. hookeri against α-glucosidase, α-amylase, and 

lipase demonstrated a significant inhibitory potential against α-glucosidase and α-

amylase, which are important in the management of NIDDM and hyperglycaemia. 

The moderate inhibition potential against lipase indicates a potential inhibitory 

effect on obesity, hyperlipidaemia, and hypertriglyceridaemia. A. hookeri 

demonstrated the lowest Km values, moderate to low Ki values, and the highest α 

values in the inhibition of α-glucosidase and α-amylase, indicating a higher 

affinity for the free enzyme and significant inhibitory activity. All three plants 

demonstrated comparable Vmax and Km values in lipase inhibition kinetics. A. 

hookeri demonstrated moderate Ki and α values, indicating moderate lipase 

inhibition. B. hispida exhibited superior lipase inhibition compared to the other 

two species. Therefore, the significant inhibitory potential of A. hookeri, along with 

its moderate lipase inhibitory effects, provides a mechanistic basis for managing 

hyperglycaemia and hyperlipidaemia. 

Chapter 6 examines the in vivo assessment of the antihyperglycaemic and 

antihyperlipidaemic properties of A. hookeri leaf hydroalcoholic extract in 

C57BL/6J mice subjected to a high-fat and high-sugar diet. The methodology 

section outlines the specifics of experimental animal maintenance, acute toxicity 

assessments, and the oral glucose tolerance test (OGTT). It details the 

experimental design, fasting blood glucose level estimation, body weight and 
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body mass index measurements, serum biochemical parameter assessments, 

tissue antioxidant parameter evaluations, and tissue histopathological analyses. 

The acute oral toxicity study with HEAH demonstrated no significant alterations in 

dietary habits, body weight, or behavioural patterns. The extract exhibited no 

indications of drowsiness or diarrhoea. All animals survived, indicating that the 

LD50 is greater than the administered dose of 2000 mg/kg. The OGTT results 

demonstrated an increased blood glucose level at 30 minutes post-glucose 

administration, which progressively declined to near-normal levels at 60 minutes 

and normalised by 120 minutes. Daily administration of HEAH extract at doses of 

200 and 400 mg/kg b.w., p.o. Significantly (p < 0.05), the blood glucose levels 

were maintained near normal levels compared to the disease control group. T2 

showed better maintenance of blood glucose levels compared to T1 and was 

then combined with half doses of Metformin (75 mg/kg b.w. p.o.) and Atorvastatin 

(5 mg/kg b.w. p.o.) to form COMB, which exhibited near-normal blood glucose 

levels comparable to those of RC. The HbA1c levels were recorded on the 61st 

day, and the treatment groups were found to have significantly (> 0.05) lower 

HbA1c levels than DC. 

The body weight of DC exhibited a significant increase compared to the 

treatment groups. Groups T1, T2, RC, and COMB demonstrated control over 

weight gain. T1 demonstrated weight regulation to levels approaching normal, 

while T2, RC, and COMB decreased body weight to below that observed on day 

1. DC demonstrated a significant LI, positively correlated with an increase in body 

mass. The HEAH and reference control treated groups demonstrated a 

significant decrease in LI and BMI. The DC exhibited a significantly greater 

accumulation of WAT compared to the HEAH-treated groups. The test groups 

exhibited dose-dependent activity and stable levels of AST, ALT, total bilirubin, 

ALP, and total protein, while the DC group displayed elevated levels of AST, ALT, 

total bilirubin, ALP, and reduced levels of total protein. T1, T2, RC, and COMB 

demonstrated a dose-dependent effect on maintaining triglyceride levels, total 

cholesterol, and HDL cholesterol levels. The HEAH-treated groups significantly 

maintained serum creatinine, blood urea nitrogen, and uric acid levels, whereas 

the disease control group exhibited elevated levels. The results of T1, T2, and 
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COMB were compared to those of RC, revealing that COMB was the most 

effective in maintaining normal serum and blood parameters in experimental mice 

on a high-fat, high-sugar diet, followed by T2 and T1. The T1, T2, and COMB 

groups demonstrated a close similarity in their regulation of urine microalbumin, 

urinary creatinine clearance, and urine volume in relation to RC. The HEAH-

treated groups significantly (p < 0.05) maintained malondialdehyde levels, 

superoxide radicals, and reduced glutathione levels, which were similar to those 

in the NC and comparable to those in the RC. 

The DC pancreas exhibited hydropic degeneration and necrosis, leading to β-cell 

dysfunction and impaired insulin secretion. The HEAH-treated groups (T1, T2, 

and COMB) demonstrated minimal disintegration of the islets of Langerhans and 

maintained β-cell integrity similar to the RC. Hepatocellular damage in DC was 

characterised by widespread vacuolisation in hepatocytes and dilation of 

sinusoids in liver tissues. The conditions observed in T1, T2, and COMB were 

mild, while in COMB, they were negligible, characterised by minimal cellular 

degeneration and an absence of significant sinusoidal dilation. The kidney tissues 

demonstrated that HEAH-treated mice exhibited significantly reduced 

glomerulosclerosis compared to untreated mice. Furthermore, glomerular 

membrane thickening was noted to be reduced in the HEAH-treated groups, 

especially at T2 (400 mg/kg b.w., p.o.) and in the combination group [HEAH (400 

mg/kg b.w., p.o.) + Metformin (75 mg/kg b.w., p.o.) + Atorvastatin (05 mg/kg b.w., 

p.o.)] in comparison to the DC group. The renal histology of the COMB exhibited 

similarities to the normal control group, characterised by minimal tubular dilation, 

which was subsequently observed in T2, RC, and T1. 

 

7.2. Conclusion 

Metabolomics-integrated network pharmacology approach elucidates the 

interactions of phytoconstituents with diverse physiologically active targets, 

highlighting the multi-molecule, multi-target characteristics of plant extracts in 

delivering therapeutic effects. This distinctive approach to screening bioactive 

phytocompounds has expedited the lead identification process in phytomarker 

development and drug discovery from traditional medicine for the management of 
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lifestyle-related metabolic disorders. The northeastern region of India is rich in a 

diverse array of medicinal herbs and food plants that have been traditionally used 

for generations to manage lifestyle-related metabolic disorders. Despite their 

ethnopharmacological potential, there is a scarcity in the utilisation of these 

medicinal and food plants in newer drug development. The discovery and drug 

development process requires proper scientific validation and therapeutic 

evaluation of traditional claims, citing the chemical matrix and mechanistic 

approach in the management of lifestyle-related metabolic disorders. 

In relation to traditional uses, three plants from the northeastern region of India 

were selected for metabolite profiling, network pharmacology to elucidate 

mechanisms of action, and in vitro/in vivo therapeutic evaluation based on their 

enzyme inhibitory potential and preventive potential against diet-induced lifestyle-

related metabolic disorders. The metabolomics analysis of the plant extracts 

helped identify the bioactive phytocompounds present, which exhibited biological 

activity. The network pharmacology approach further mapped the bioactive 

phytocompounds with a probable mechanism of action in the management of 

lifestyle-related metabolic disorders. A. hookeri demonstrated a greater richness 

and diversity of bioactive phytocompounds along with a strong network of multi-

molecule multi-target interactions compared to B. hispida and H. cordata. The 

results of the enzyme inhibition study indicated that the compounds of A. hookeri, 

B. hispida, and H. cordata serve as major contributors to α-glucosidase, α-

amylase, and pancreatic lipase enzyme inhibition, which could play a useful role 

in the management of lifestyle-related metabolic disorders, especially Non-Insulin 

Dependent Diabetes Mellitus and Obesity. The in vivo assessment of the 

therapeutic potential against diet-induced hyperglycemia and hyperlipidaemia 

resulted in the exploration of the prophylactic potential of A. hookeri. These 

results will prove to be quintessential in the development of safe and efficacious 

nutraceuticals from A. hookeri to prevent the risk of progression of metabolic 

disorders, such as Non-Insulin Dependent Diabetes Mellitus and Obesity. 

 

7.3. Future prospect 
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Thus, the present work addresses several phytochemical and therapeutic 

aspects of the three selected plants of NER, widely used in the daily diet and 

traditional system of medicine. The integrative approach of metabolomics and 

network pharmacology, combined with therapeutic evaluation in in vitro and in 

vivo settings, may be beneficial in the development of value-added formulations 

for managing lifestyle-related metabolic disorders, particularly NIDDM and 

Obesity. Furthermore, studies should be conducted at the molecular and 

transcriptomic levels to validate the probable mechanism of action in greater 

detail, along with safety and toxicity studies on CYP isoenzymes and normal cell 

lines. The exploration of traditional diets and medicinal plants in the management 

of lifestyle disorders will not only be applicable in the development of novel 

alternative therapeutics but will also serve as a gateway to fostering the 

bioeconomy of Northeast India. 
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