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ABSTRACT

Diabetes mellitus is a chronic metabolic disorder characterized by persistent hyperglycemia resulting from impaired
insulin secretion, insulin action, or both. Metformin remains the first-line oral antidiabetic drug due to its efficacy,
safety, and cost-effectiveness. However, the growing interest in plant-based therapeutics has encouraged the exploration
of medicinal plants such as Momordica charantia (bitter melon), which possesses significant antidiabetic properties. In-
silico ADME (Absorption, Distribution, Metabolism, and Excretion) and toxicity studies provide a rapid and cost-
effective approach for evaluating the pharmacokinetic and safety profiles of bioactive compounds before experimental
investigations. This review compares the ADME and toxicity characteristics of metformin with major phytoconstituents
of M. charantia, including charantin, momordicoside, vicine, gallic acid, and quercetin. The analysis focuses on drug-
likeness, oral bioavailability, gastrointestinal absorption, blood-brain barrier permeability, cytochrome P450
interactions, and toxicity parameters. The findings suggest that several phytoconstituents exhibit promising
pharmacokinetic properties and acceptable safety profiles, indicating their potential as complementary or alternative
antidiabetic agents. Further experimental validation is necessary to confirm their therapeutic applicability.
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Diabetes Mellitus.

INTRODUCTION

Diabetes mellitus represents one of the most prevalent
metabolic disorders worldwide, affecting millions of
individuals and contributing significantly to
morbidity and mortality. The disease is characterized
by chronic hyperglycemia resulting from defects in
insulin secretion,
both.[1]Conventional pharmacotherapy primarily
relies on oral hypoglycemic agents, among which
metformin is considered the gold standard for the
management of type 2 diabetes mellitus.Despite its

insulin action, or

effectiveness, long-term use of synthetic drugs may
be associated with adverse effects, encouraging the
search for safer and more affordable alternatives.

Medicinal plants have attracted considerable attention
because of their therapeutic potential and relatively
lower toxicity. Among them, Momordica charantia L.
(Cucurbitaceae), commonly known as bitter melon,
has been extensively studied for its antidiabetic
activity.Advancements in computational biology have
enabled the prediction of pharmacokinetic and
toxicological properties of drug candidates through
in-silico approaches. ADME and toxicity prediction
tools help identify compounds with favorable drug-
like characteristics, reducing the time and cost
associated with drug development. This review aims
to compare the in-silico ADME and toxicity profiles
of metformin and selected phytoconstituents of M.
charantia.[2]
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S production

Improving lipid profile

Exerting antioxidant and
anti-inflammatory effects

Momordica charantia
(Bitter Melon)

Botanical name: Momordica charantia

Family: Cucurbitaceae

Use: Traditional herb used for
diabetes and metabolic disorders

Figure 1. Comparative Diagram of Metformin and Momordica charantia in Type 2 Diabetes

Management
Parameter Metformin Momordica charantia
Category Synthetic antidiabetic drug Medicinal plant
Source Synthetic Natural
Main Use Type 2 diabetes management Traditional diabetes treatment
Mechanism Improves insulin sensitivity and Enhances insulin secretion and glucose

reduces glucose production

utilization

Charantin, Momordicoside, Vicine,

Key Constituents Metformin . . . .
Y Quercetin, Gallic Acid, Polypeptide-p
Pharmacological . . Antidiabetic, Antioxidant, Anti-
e Antidiabetic , .
Activities inflammatory, Hepatoprotective
Effecti fe, low h 1 i . .
Advantages eetive, sa e,ri:\liv Ypogycetua Natural, multi-target therapeutic effects
. GI disturbances, vitamin B12 Lack of standardization and limited clinical
Limitations

deficiency, lactic acidosis risk

evidence

Table: Comparative Overview of Metformin and Momordica charantia/3,4]

In-Silico ADME Analysis

ADME (Absorption, Distribution, Metabolism, and
Excretion) analysis is a crucial computational
approach used to predict the pharmacokinetic
behavior of drug candidates. It helps assess the drug-
likeness, bioavailability, and safety of compounds
before experimental studies. Absorption parameters
such as gastrointestinal absorption, water solubility,
Caco-2 permeability, and oral bioavailability
determine the extent to which a compound can be

(5]
&
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absorbed into systemic circulation. Distribution
studies evaluate the volume of distribution, plasma
protein binding, and blood-brain barrier permeability,
indicating how the compound is distributed
throughout the body. Metabolism analysis focuses on
cytochrome P450 enzyme interactions and metabolic
stability, which influence drug biotransformation and
potential  drug-drug  interactions.  Excretion
parameters, including renal and total clearance,
predict the rate at which compounds are eliminated
from the body. Together, these ADME properties
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provide valuable insights into the pharmacokinetic
profile and therapeutic potential of metformin
and Momordica charantia phytoconstituents.[5]

3. Metabolism :involves

determine how extensively a drug is
distributed throughout the body.[7]

the  biochemical

Renal

1. Absorption :refers to the process by which a transformation of drugs into metabolites,
drug enters the bloodstream  after primarily in the liver. Cytochrome P450
administration. Factors such as (CYP450) enzymes play a major role in drug
gastrointestinal absorption, water solubility, metabolism and can affect the duration of
membrane permeability, and oral action, efficacy, and potential drug-drug
bioavailability influence the extent and rate of interactions.[§]
drug absorption.[6]

4. Excretion :is the elimination of drugs and

2. Distribution : describes the movement of a their metabolites from the body, mainly
drug from the bloodstream to various tissues through the kidneys and, to a lesser extent,
and organs. Parameters such as volume of through bile, sweat, and feces.
distribution, plasma protein binding, and clearance and total body clearance are
blood-brain  barrier permeability help important parameters used to evaluate the rate

of drug elimination.[9]
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IMPORTANCE OF ADME STUDIES

ADME analysis helps in predicting the pharmacokinetic behavior, efficacy, toxicity,

2

and safety of drug candidates, thereby supporting rational drug design and
decision-making in drug discovery and development.

( :
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Figure 2. Overview of ADME (Absorption, Distribution, Metabolism, and Excretion) processes involved
in determining the pharmacokinetic behavior of drug molecules in the body.

ADME Parameter

Description

Gastrointestinal Absorption

administration.

Predicts the extent of absorption from the digestive tract after oral

Water Solubility

Determines the ability of a compound to dissolve in aqueous media,
influencing absorption and bioavailability.
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Caco-2 Permeability

Estimates intestinal membrane permeability and oral drug absorption.

Oral Bioavailability

Predicts the fraction of an orally administered dose reaching systemic

circulation.

Volume of Distribution (Vd)

Indicates the extent of drug distribution into body tissues.

Blood-Brain Barrier (BBB)
Permeability

Assesses the ability of a compound to cross the blood-brain barrier.

Plasma Protein Binding (PPB)

Predicts the proportion of drug bound to plasma proteins in circulation.

Cytochrome P450 Interactions

Evaluates the potential of a compound to inhibit or be metabolized by

CYP enzymes.

Metabolic Stability

Predicts the resistance of a compound to metabolic degradation.

Renal Clearance

Estimates drug elimination through the kidneys.

Total Clearance

Represents the overall rate of drug removal from the body.

Table: Brief description of ADME parameters used in in-silico pharmacokinetic evaluation[10]

Comparative ADME Profile

The comparative ADME profile evaluates and
compares the pharmacokinetic characteristics of
metformin and selected Momordica
charantia phytoconstituents. ADME analysis helps
predict how efficiently a compound is absorbed,
distributed, metabolized, and excreted in the body.
Metformin exhibits high gastrointestinal absorption,
excellent water solubility, and favorable oral
bioavailability, contributing to its established clinical
efficacy. Among the phytoconstituents, quercetin and
gallic acid demonstrate good absorption and
acceptable bioavailability, while charantin shows
relatively lower absorption due to its larger molecular
structure. Most compounds exhibit limited blood-
brain barrier permeability, reducing the likelihood of

central nervous system effects. Metabolic studies
indicate minimal to moderate interactions with
cytochrome P450 enzymes, suggesting a low potential
for drug-drug interactions. Excretion parameters
further reveal efficient clearance profiles for these
compounds. Overall, the comparative ADME analysis
indicates that several Momordica
charantia phytoconstituents  possess
pharmacokinetic properties, supporting their potential
as promising antidiabetic agents. Metformin exhibits
excellent

favorable

water solubility and favorable oral
absorption but limited membrane permeability.
Quercetin demonstrates good oral bioavailability and
antioxidant properties, while charantin shows
moderate absorption due to its larger molecular
structure. Gallic acid possesses excellent solubility

and favorable pharmacokinetic characteristics.[11]

Parameter Metformin | Charantin | Quercetin | Gallic Acid | Vicine
Lipinski Rule Pass Partial Pass Pass Pass
GI Absorption High Moderate High High Moderate
BBB Permeability No No Low No No
CYP450 Inhibition | Minimal Low Moderate Low Low
Oral Bioavailability Good Moderate Good Good Moderate
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Water Solubility Very High Low

Moderate High High

Table: Comparative ADME Profile

In-Silico Toxicity Analysis[12,13]

In-silico toxicity analysis is a computational method
used to predict the safety and potential adverse effects
of compounds before laboratory and clinical studies.
It helps identify toxic compounds at an early stage of
drug development, reducing cost, time, and the need
for animal testing.

1. Acute Oral Toxicity

e Predicts the harmful effects of a compound
after a single oral dose.

e Usually expressed as LDso (lethal dose
causing death in 50% of test subjects).

e Helps classify compounds as highly toxic,
moderately toxic, or non-toxic.

e Lower toxicity indicates better safety for oral
administration.

2. Hepatotoxicity

e Evaluates the potential of a compound to
cause liver damage.

e The liver is the primary organ responsible for
drug metabolism.

e Hepatotoxic compounds may lead to liver
inflammation, dysfunction, or failure.

e Low hepatotoxicity is desirable for long-term
therapeutic use.

3. Mutagenicity

e Assesses the ability of a compound to induce
genetic mutations or DNA damage.

e Mutagenic compounds can alter genetic
material and increase health risks.

e Commonly predicted using computational
models based on the Ames test.

e Non-mutagenic compounds are considered
safer.

4. Carcinogenicity

e Predicts the potential of a compound to cause
cancer after prolonged exposure.

e Carcinogenic substances may promote
uncontrolled cell growth.

e Early prediction helps eliminate unsafe drug
candidates.

e Non-carcinogenic compounds are preferred
in drug development.

5. Skin Sensitization

e Evaluates the likelihood of a compound
causing allergic skin reactions.

e Important for compounds that may come into
contact with the skin.

e Sensitizing agents can cause Iirritation,
redness, itching, or dermatitis.

e Low skin sensitization potential indicates
better tolerability.

6. Cytotoxicity

e Measures the ability of a compound to
damage or kill normal cells.

e Excessive cytotoxicity may result in tissue
injury and adverse effects.

e Moderate or low cytotoxicity is preferred for
therapeutic agents.

e Helps assess the overall safety of a compound
at the cellular level.
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Toxicity Parameter | Metformin | Charantin | Quercetin | Gallic Acid | Vicine
Hepatotoxicity Low Low Low Low Low
Mutagenicity Negative | Negative | Negative | Negative | Negative
Carcinogenicity Negative | Negative | Negative | Negative | Negative
Skin Sensitization Low Low Low Low Low
Acute Toxicity Low Moderate Low Low Moderate

Table: Comparative Toxicity Profile[15]

Significance of In-Silico Toxicity Analysis[16]
e Reduces time and cost in drug discovery.

e Identifies potential safety issues before
experimental studies.

e Minimizes animal testing.

e Supports the selection of safer and more
effective drug candidates.

e Improves the success rate of pharmaceutical
development.

Software Used for In-Silico ADME and Toxicity
Analysis

The in-silico ADME and toxicity assessment of

metformin and Momordica

charantia phytoconstituents was performed using
freely accessible computational
tools. SwissADME was  employed to  predict
physicochemical properties, drug-likeness,
gastrointestinal  absorption, blood-brain  barrier
permeability, water solubility, and pharmacokinetic
parameters. ProTox-3.0 (or ProTox-II) was used to
evaluate toxicity parameters including acute oral
toxicity, hepatotoxicity, carcinogenicity,
mutagenicity, cytotoxicity, and immunotoxicity. The
chemical structures of the compounds were retrieved
from the PubChem database and analyzed using their
respective canonical SMILES representations. These
computational tools provide a rapid, cost-effective,
and reliable approach for the preliminary evaluation
of pharmacokinetic and safety profiles of potential
drug candidates.[17]

Software Purpose

SwissADME ADME, drug-likeness, pharmacokinetics
ProTox-II Toxicity prediction
PubChem | Retrieval of compound structures and SMILES

Table: Software Used for In-Silico ADME and Toxicity Analysis[18]
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( IN-SILICO ADME AND TOXICITY ANALYSIS WORKFLOW ]

1. COMPOUND SELECTION
* Metformin (standard drug)
* Momordica charantia
phytoconstituents

2. STRUCTURE RETRIEVAL

Chemical structures downloaded
from PubChem database

—

3. INPUT PREPARATION

Structures converted to

canonical SMILES format
'“
‘é) ProTox-3.0
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ADME and Toxicity prediction
using computational tools
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Figure 3. Computational methodology employed for ADME and toxicity prediction of metformin
and Momordica charantia phytoconstituents.

Advantages of In-Silico Approaches

In-silico approaches have become an essential
component of modern drug discovery and
development. These computational methods enable
the rapid screening of numerous drug candidates,

significantly reducing the time required for
preliminary evaluation. They help minimize
experimental costs by identifying promising

compounds before conducting expensive laboratory
and animal studies. In-silico tools also facilitate the
early detection of potential toxicity and unfavorable
pharmacokinetic properties, thereby reducing the
likelihood of late-stage drug failure. Furthermore,
these approaches improve the success rate of drug
discovery by prioritizing compounds with desirable
ADME and safety profiles. The integration of
computational predictions with experimental research
supports rational drug design and accelerates the
development of safer and more effective therapeutic
agents.[19,20]

Future Perspectives

The integration of computational pharmacology with
phytochemical  research  presents  significant
opportunities for the development of novel plant-
derived  antidiabetic  agents.  Advances in
bioinformatics, artificial intelligence, and molecular

(5]
&
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modeling enhancing the accuracy of
pharmacokinetic and toxicity predictions. Future

arec

studies should combine molecular docking, molecular
dynamics simulations, ADME analysis, and toxicity
prediction with in-vitro and in-vivo validation to
better the
of Momordica charantia phytoconstituents.

understand therapeutic  potential
Additionally, the identification of new bioactive
compounds and optimization of their pharmacokinetic
properties may contribute to the development of
effective, safe, and affordable antidiabetic therapies.
Such integrated approaches the

translation of traditional medicinal knowledge into

can facilitate

evidence-based pharmaceutical applications.[21,22]

CONCLUSION

The present review on comparative in-silico study
indicates that metformin and selected
phytoconstituents of Momordica charantiaexhibit
favorable pharmacokinetic properties along with
acceptable safety profiles. Although metformin
continues to serve as the standard antidiabetic agent
with well-established clinical efficacy,
phytocompounds such as quercetin, gallic acid, and
charantin demonstrate promising drug-likeness and
predicted
computational assessments. These findings highlight

comparatively  low toxicity  in
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the potential of M. charantia as a valuable natural
source for the development of novel antidiabetic
agents. However, further validation through extensive
in vitro, in vivo, and clinical studies is essential to
confirm these in-silico predictions and to establish
their true therapeutic efficacy and safety.

REFERENCES

1.

10.

Sharma UK, Pujani M, Anuradha J. Type Il
diabetes mellitus: etiology, epidemiology, risk
factors and diagnosis and insight into
demography (urban versus rural). Faridabad:
Metro Heart Institute with Multispecialty; Jaipur:
NIMS University; n.d.

Westman EC. Type 2 diabetes mellitus: a
pathophysiologic perspective. Durham (NC):
Duke University; n.d.

Lu X, Xie Q, Pan X. Type 2 diabetes mellitus in
adults: pathogenesis and prevention. Published
online 2024 Oct 2.

Dahlquist A, Jandali D, Nauman MC, Johnson JJ.
Clinical application of Momordica charantia
(bitter melon) for reducing blood sugar in type 2
diabetes mellitus. Chicago: University of Illinois
at Chicago College of Pharmacy; n.d.

Wikipedia. Momordica charantia [Internet]. 2024
[cited 2026 Feb 11]. Available
https://en.wikipedia.org/wiki/Momordica charan
tia

George M, Rajkumar A, Nair AK, Safna AP,
Vincent B, Christeena VR, et al. A review on

from:

antidiabetic properties of Momordica charantia.
2025 May 28. doi:10.69613/6ndcph37

Papanas N, Maltezos E. Metformin: a review of
its use in the treatment of type 2 diabetes. Greece:
Democritus University of Thrace; n.d.

Cheng M, Ren L, Jia X, Wang J, Cong B.
Understanding  the
metformin in the gastrointestinal tract. n.d.
Knollmann BC. Goodman & Gilman’s the
pharmacological basis of therapeutics. 13th ed.
New York: McGraw-Hill Education; 2018.
Katzung BG, Vanderah TW. Basic and clinical
pharmacology. 15th ed. New York: McGraw-Hill
Education; 2021.

action mechanisms of

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Tripathi  KD.  Essentials of  medical
pharmacology. 9th ed. New Delhi:
Brothers Medical Publishers; 2019.
StatPearls Publishing. Metformin [Internet].
Treasure Island (FL): StatPearls Publishing;
[updated 2024; cited 2026 Jun 3]. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK51898
3/

Brunton LL, Hilal-Dandan R, Knollmann BC.
Goodman & Gilman’s the pharmacological basis
of therapeutics. 13th ed. New York: McGraw-Hill
Education; 2018. Chapter: Drugs used in diabetes
mellitus — Metformin.

Jaypee

Ahmad A, et al. Momordica charantia: traditional
uses and pharmacology. J Drug Deliv Ther.
2016;6(2):40-44.

Trends in Pharmacological
2020;41(11):868-881.
doi:10.1016/5.tips.2020.09.001
Briggs GG, et al. Excretion of metformin into
breast milk and the effect on nursing infants.
Obstet Gynecol. 2005 Jun.

Ahmad E, Lim S, Lamptey R, Webb DR, Davies
MIJ. Type 2 diabetes. 2022 Nov.

Bora AFM, Kouame KIJE, Li X, et al. New
insights into the bioactive polysaccharides,
proteins, and triterpenoids isolated from

Sciences.

Momordica charantia. 2023.

Tucker G, Casey C, Phillips P, Connor H, Ward
J, Woods H. Metformin kinetics in healthy
subjects and in patients with diabetes mellitus. Br
J Clin Pharmacol. 1981;12:235-246.

Goyal R, Singhal M, Jialal I. Type 2 diabetes.
Updated 2023 Jun 23.

Singh VD, et al. In silico ADMET profiling using
pkCSM in drug discovery. J Mol Model. 2025.
Laczko-Z6ld E, et al. Systematic review on
Momordica charantia clinical effects. 2023.

INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH AND TECHNOLOGY

HOW TO CITE: Pranjali Uddhav Thombal*, Misbah
Sadaf Kasam Khan, Gayatri Santosh Jawanjal, Pranali
Devidas Asolkar, Mrunali Prashant Wankhade, A
Comparative Review Of In-Silico ADME And Toxicity
Analysis Of Metformin And Bioactive Compounds
From Momordica Charantia, Int. J. Sci. R. Tech., 2026,
3 (6), 329-336.
https://doi.org/10.5281/zenodo.20541735

336 |Page



