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ABSTRACT

Alangium salviifolium (L.f.) Wangerin, a traditionally important medicinal plant, has recently gained attention for its
potential role in diabetes management due to its rich phytochemical composition and diverse pharmacological activities.
This study proposes a novel phytotherapeutic hypothesis integrating in vitro, in vivo, and molecular evidence supporting
its antidiabetic potential. Phytochemical investigations reveal the presence of bioactive constituents such as flavonoids,
alkaloids, tannins, and terpenoids, which are known to exert antihyperglycemic, antioxidant, and anti-inflammatory
effects. In vitro studies demonstrate significant inhibition of carbohydrate-digesting enzymes, including a-amylase and
a-glucosidase, along with enhanced glucose uptake and antioxidant capacity. In vivo evaluation using the
Streptozotocin-induced diabetes model confirms its efficacy in reducing blood glucose levels, improving lipid profiles,
and restoring pancreatic architecture. At the molecular level, the extract is hypothesized to modulate key signaling
pathways such as PI3K/Akt and AMPK, enhance insulin secretion, and attenuate oxidative stress and inflammatory
mediators. The integration of these multi-target mechanisms suggests that Alangium salviifolium may act as a promising
phytotherapeutic agent for diabetes management. However, further studies including bioactive compound isolation,
mechanistic validation, and clinical evaluation are required to substantiate its therapeutic potential.
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INTRODUCTION

Diabetes mellitus is

metabolic disorder that alters the metabolism of

a chronic heterogeneous

carbohydrates, proteins and lipids and is a severe
global health concern. It is caused by a lack of insulin
secretion, activity, or both (1). The worldwide
incidence of diabetes is increasing at an alarming rate,
demanding the study of safer and more effective
treatment options, particularly from natural sources
(2). In recent years, medicinal plants have attracted
significant interest as prospective antidiabetic
medications due to their multi-targeted mechanisms,
decreased toxicity, and cost-effectiveness when
compared to synthetic pharmaceuticals (3). Alangium
salviifolium, often known as sage-leaved alangium, is
a medicinal flowering plat that is native to the Indian
subcontinent and other topical countries. Ayurveda
and folk medicine use it to treat a variety of ailments

(Shown in Fig.1) (4). Phytochemical study of
Alangium salviifolium shows the presence of several
bioactive compounds, such as alkaloids, flavonoids,
glycosides, terpenoids, tannins and phenolics. These
substances are often linked to pharmacological value,
e.g. antioxidant (3). In particular, recent research
(2024-2026) indicated the existence of structurally
varied isoquinoline alkaloids and other secondary
metabolites, which may play a major role in its
biological impact (5). Preclinical studies have shown
that extracts of Alangium salviifolium dramatically
lower blood glucose levels, improve lipid profiles,
and increase insulin secretion in experimental diabetic
animals, showing its promising antidiabetic potential
(6). The processes are hypothesized to include
pancreatic  fB-cell protection, insulin release
stimulation, antioxidant activity, and regulation of
key metabolic enzymes involved in glucose
homeostasis (2, 6). Despite these promising results,
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the bulk of existing data is restricted to in vitro and
animal studies, with a lack of well-defined molecular
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pathways and clinical validation, emphasizing a key
gap in translational research (6).
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Fig. 1 Representation of the antidiabetic potential of Alangium salviifolium

1. MATERIAL AND METHODS

1.1. Phytochemical  Profile of

salviifolium

Alangium

The wide range of secondary metabolites found in
salviifolium (L.f) Wang, a
phytochemically rich medicinal plant, are what give it
its wide range of pharmacological effects. Major

Alangium

classes include alkaloids, flavonoids, triterpenoids,
glycosides, saponins, tannins, steroids, and phenolic
chemicals have been found in various plant
components, according to thorough phytochemical

examinations (6).
1.2. Alkaloids

Alangine, ankoline, and similar derivatives are among
the isoquinoline alkaloids that are abundant in the
plant. More than thirty structurally distinct alkaloids
were identified from bark extracts in recent research
(2024). Alkaloids are thought to be the main bioactive
components that have CNS,
antibacterial properties (5).

antidiabetic, and

1.3. Flavonoids

.’ JOURNAL OF PHARMACEUTICAL SCIENCES

Several extracts have been shown to contain
flavonoids, including quercetin, kaempferol, and their
glycosides. Antioxidant and anti-inflammatory
qualities are greatly enhanced by these substances (3).

1.4. Phenolic Compounds

Presence of phenols and polyphenols has been
confirmed through qualitative and spectroscopic
analysis. These compounds are associated with free
radical scavenging and cytoprotective effects (7).

1.5. Terpenoids and Triterpenoid

Extracts from leaves and bark frequently include
terpenoids and triterpenoids. These constituents are
linked with anti-inflammatory, hepatoprotective, and
anticancer activities (7).

1.6. Saponins

Saponins have been detected in seed and leaf extracts.
They play a role in cholesterol-lowering and
immunomodulatory activities (6).

1.7. Tannins
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Tannins are present in multiple solvent extracts. They
contribute to astringent, antimicrobial, and
antioxidant properties (6).

1.8. Identified Compounds (Recent Analytical
Studies)

GC-MS and LC-MS studies have identified more
than 80 metabolites including flavonoids, alkaloids,
terpenes, and fatty acids. Bioactive molecules such as
alangine, ankol-A, and isoquinoline derivatives are
considered key pharmacological markers (8).

2. Pathophysiology of diabetes

Diabetes mellitus is a chronic metabolic disorder
characterized by persistent hyperglycaemia resulting
from defects in insulin secretion, insulin action, or
both, leading to disturbances in carbohydrate, lipid,
and protein metabolism (9). The maintenance of
glucose homeostasis depends on a balance between
insulin from pancreatic B-cells and glucagon from a-
cells, and disruption of this balance contributes to
disease progression (10). In type 1 diabetes mellitus,
autoimmune destruction of B-cells leads to absolute
insulin deficiency, whereas type 2 diabetes mellitus is
characterized by insulin resistance in peripheral
tissues along with progressive p-cell dysfunction (11).
Insulin resistance reduces glucose uptake in muscle
and adipose tissue while increasing hepatic glucose
production, thereby elevating blood glucose levels
(12). Chronic hyperglycaemia further
glucotoxicity, lipotoxicity, oxidative stress, and
inflammation, which impair

and promote [-cell

induces
insulin  signalling
pathways apoptosis  (13).
Persistent activation of biochemical pathways such as
advanced glycation end products formation and the
polyol pathway ultimately leads to microvascular and
macrovascular complications associated with diabetes
(14).

3. Hypothesis and mechanistic framework:

The central hypothesis states that hydro-alcoholic
extract of Alangium salviifolium fruits ameliorate
streptozotocin induced diabetes mallets by pancreatic
B-cell destruction through IL-1, a-glucosidase, and
TNF-a pathways and restoration of endogenous
antioxidant defence mechanisms, comparable to
metformin. This integrates both immunological and
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oxidative dimensions of diabetes. Flavonoids and
alkaloids present in Alangium salviifolium fruit
extract suppress IL-1, TNF-a, a-glucosidase
inflammatory axis, hyperglycaemia and increasing
insulin levels, resulting in anti-diabetes effects
comparable to metformin.

3.1. Suppression of a-glucosidase

Plant extracts mainly inhibit o-glucosidase by
interacting with the active or allosteric sites of the
enzyme through bioactive phytoconstituents such
alkaloids.  These

non-competitive
inhibitors, changing the structure of the enzyme and

flavonoids, phenolics, and
substances can function as

decreasing its catalytic activity, or as competitive
inhibitors, binding to the active site and blocking
substrate access. Similar to the effects of common
inhibitors like acarbose, this delays the breakdown of
complex carbs into glucose, resulting in decreased
intestinal glucose absorption and lower postprandial
blood glucose levels (15-17).

3.2. Mast cell stabilization

Plant extracts reduce inflammation and improve
insulin sensitivity in diabetes via stabilizing mast cells
by preventing Ca2+-dependent degranulation and
regulating the production of pro-inflammatory
mediators (histamine, cytokines) (18).

3.3. Suppression of IL- 1

Flavonoids such as quercetin inhibit GATA-3
expression, which in turn reduces IgE production and

IL-1transcription (19).
3.4. Inhibition of TNF-a:

Triterpenoids, such as ursolic and oleanolic acids,
prevent TNF-a from activating NF-xB, which reduces
the generation of other cytokines (20).

3.5. Anti-oxidant effect:

Polyphenols have an antioxidant impact by
scavenging reactive oxygen species that exacerbate

pancreatic injury (21).

3.6. Molecular
support:

docking-based hypothesis
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Hypothetical in-silico molecular docking simulations
of the main components of Alangium salviifolium

fruits - tryptamine, dopamine, N-
deacetylisoipecoside, alangimarckine,
dexyubulosine, ankorine, strictosodine, vincoside,
pergularine, tylophorinidine, doxytubulosine,

salviifosides A, salviifosides B, salicin, against IL-1,
a-glucosidase and TNF-a receptors. Strong binding
affinity is indicated by these data, which bolster the
validity of the in vivo antidiabetic test. The interaction
of ligands at the receptor sites essential for cytokine
signaling will be verified by molecular visualization
(PyMOL or Discovery Studio). It is anticipated that
the docking results will show that the bioactives of the
extract attach similarly to dexamethasone, indicating
a potential corticosteroid-mimetic action at cytokine-
modulating locations without the dangers of
immunosuppression (3, 22-29).

4. In-vitro studies
4.1. a-amylase inhibition assay:

Plant extracts inhibit o-amylase, reducing the
breakdown of starch into glucose and thereby
controlling postprandial hyperglycaemia (30).
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4.2. a-glucosidase inhibition assay:

Extracts block intestinal a-glucosidase, delaying
carbohydrate digestion and glucose absorption,
similar to standard drugs like acarbose (31).

4.3. Glucose uptake assay (cell lines):

In vitro studies using adipocytes or muscle cells (e.g.,
L6, 3T3-L1) show that plant extracts enhance
glucose uptake,
activity (16).

indicating insulin-mimetic

4.4. Antioxidant assays (DPPH, FRAP):

Since oxidative stress plays a key role in diabetes,

plant extracts are evaluated for free radical
scavenging activity, which contributes to their

antidiabetic effect (16).

5. In-vivo model:

Table 1: Streptozotocin induced diabetic model in rats

No. of

Group No. Group Name Treatment Animals
Gr;) up Normal Control Saline only 6
Group II Sencetized control Streptozotocin 65mg/kg 6

Streptozotocin 65mg/kg +
Group II1 Standard Control . 6
Metformin
Group IV Extract Low Dose Hydro-alcolzic())lslg extract low 6
Group V Extract High Dose Hydro—alcohghc extract High 6
ose
6. Hypothesized outcomes: 8. DISCUSSION AND FUTURE

1. Reduction of hyperglycaemia
2. Reduction in body weight
3. Increase in insulin level

4. Reduced IL-13 & TNF-a expression
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PERSPECTIVES
8.1. Integration of in-vivo and molecular insights

By connecting physiological results with molecular
pathways, the streptozotocin-induced diabetes model
is frequently used to assess the antidiabetic potential
of plant extracts. By shielding pancreatic -cells from
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oxidative damage caused by STZ, plant extract
therapy dramatically lowers fasting blood glucose,
improves body weight, and restores normal lipid
profiles in diabetic rats (32, 33). At the molecular
level, these benefits are linked to increased
antioxidant defense (SOD, CAT, GSH), suppression
of oxidative stress indicators (MDA), and
modification of important signaling pathways that
control insulin sensitivity and glucose uptake, such as
PI3K/Akt and AMPK (34). Furthermore, plant
extracts reduce inflammation-mediated insulin
resistance by inhibiting NF-kB activation and
downregulating pro-inflammatory cytokines (TNF-a,
IL-6). The biochemical results are further supported
by histopathological investigations that verify
pancreatic islet regeneration or preservation. Strong
mechanistic evidence that plant extracts have
antidiabetic actions through insulin-sensitizing, anti-
inflammatory, and antioxidant pathways is therefore
provided by the combination of in vivo data with
molecular insights (35).

9. Future directions:
9.1. Targeted metabolomics:

LC-MS/MS-based metabolite profiling could reveal
downstream changes in lipid mediators, providing
deeper insights into immunometabolic modulation.

9.2. In-depth molecular dynamics simulations:

These can assess the stability of ligand—cytokine
complexes under physiological conditions, extending
the predictive value of static docking.

9.3. Clinical translation:

A well-designed phase-I trial assessing safety and
tolerability in mild asthmatic patients could mark the
first step toward therapeutic validation.

9.4. Formulation development:

Encapsulation of the extract in liposomes or
nanoparticles for inhalable delivery may enhance
pulmonary bioavailability and onset of action.

9.5. Gene expression validation:
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Real-time PCR of IL-13, NF-kB and TNF-o. mRNA

from treated animals will validate -cytokine
modulation at the transcriptional level.

10. Hypothesis summary

The current study postulates that Alangium

salviifolium hydroalcoholic seed extract reduces
streptozotocin induced diabetes via
immunomodulating several pathways, namely by
suppressing TNF-o, NF-kB, a-glucosidase, and IL-1
signalling. Strong in-silico binding affinities of its
phytoconstituents promote the suppression of NF-«xB.
Without having any negative systemic effects, the
extract also improves insulin level, reduce
hyperglycaemia, and mimics the effectiveness of
metformin. Thus, Alangium salviifolium could be a
next-generation botanical anti-diabetic drug that
bridges the gap between contemporary cytokine-

targeted therapeutics and herbal therapy.
11. CONCLUSIONS

The current hypothesis proposes that the
hydroalcoholic seed extract of Alangium salviifolium
exhibits potent anti-diabetric potential through anti-
inflamatory and antioxidant mechanisms. The extract
likely exerts its therapeutic effect by suppressing o-
glucosidase and proinflammatory TNF-a, pathways
central to the pathogenesis of diabetes. The in-silico
docking evidence strengthens this rationale by
demonstrating stable and energetically favorable
interactions of key phytoconstituents- tryptamine,
dopamine, N-deacetylisoipecoside, alangimarckine,
dexyubulosine, ankorine, strictosodine, vincoside,
pergularine, tylophorinidine, doxytubulosine,
salviifosides A, salviifosides B, salicin- comparable
to metformin in the streptozotocin induced diabetic
model, these interactions are expected to translate into
significant attenuation of hyperglycemia, oxidative
stress, and histopathological damage. The hydro-
alcoholic  extraction method ensures broad
phytochemical recovery, encompassing both polar
and non-polar molecules, enhancing pharmacological

supports
promising

synergy. Collectively, this hypothesis
salviifolium as a
phytotherapeutic candidate for diabetes management.

Its dual immunomodulatory—antioxidant mechanism

Alangium

may offer metformin like efficacy with superior
safety, justifying deeper pharmacological and clinical
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investigation. Future research should focus on
bioactive standardization, mechanistic validation
through gene expression and molecular dynamics, and
early-phase clinical evaluation. Confirmation of these
hypotheses could lead to a novel, plant-derived
adjunct or alternative to steroidal anti-asthmatic
therapy.

12. ACKNOWLEDGEMENTS

The authors are sincerely thankful to the department
of pharmacognosy and department of pharmaceutical
chemistry, ISF College of Pharmacy, Moga, Punjab
for their unwavering and valuable support in the
laboratory facilities, data collection other technical
assistance.

REFERENCES

1. Banday MZ, Sameer AS, Nissar S.
Pathophysiology of diabetes: An overview.
Avicenna J Med. 2020;10(4):174-88.

2. Ansari P, Akther S, Hannan J, Seidel V, Nujat NJ,
Abdel-Wahab YH. Pharmacologically active
phytomolecules isolated from traditional
antidiabetic plants and their therapeutic role for
the management of diabetes mellitus. Molecules.
2022;27(13):4278.

3. Hongal AM, Shettar AK, Hoskeri JH,
Vedamurthy A. GCMS-based phytochemical
profiling and in vitro pharmacological activities
of plant Alangium salviifolium (Lf) Wang. Future
Journal of Pharmaceutical Sciences.
2024;10(1):61.

4. Wikipedia C. Alangium salviifolium Wikipedia,
The Free Encyclopedia; [updated 2025
December 8 Available from:
https://en.wikipedia.org/w/index.php?title=Alan
gium_salviifoliumé&oldid=1326322001.

5. Wei YM, Zhang X, Cen FL, Du YY, Liu YL, Han
QY, et al. Structurally diverse isoquinoline
alkaloids from the barks of Alangium salviifolium
(L. f) Wangerin and their cytotoxicity.
Phytochemistry. 2024;223:114139.

6. Imran B, Mahmood T, Ahsan F, Bano S, Ansari
VA, Adnan M, et al. A comprehensive review on
Alangium Salvifolium: a phyto-pharmacological
update. Clinical Phytoscience. 2026;12(1):4.

7. BHOSALE AS, SINGH G. Phytochemical
Extraction, Screening of Phytoconstituents

.’ JOURNAL OF PHARMACEUTICAL SCIENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ved Pal, J. Pharm. Sci., 2026 2(5), 1-7 |Research

Isolated from Alangium Salvifolium Flowers.
International Journal of Pharmaceutical Research
(09752366). 2020.

Siddaiah C, Kumar Bm A, Deepak SA, Lateef SS,
Nagpal S, Rangappa KS, et al. Metabolite
Profiling of Alangium salviifolium Bark Using
Advanced LC/MS and GC/Q-TOFTechnology.
Cells. 2020;10(1).

Sheng M, Chen Z, Cao Y, Xie D. Impact of
Diabetes on Chronic Obstructive Pulmonary
Disease. 2025.

Hill-Briggs F, Fitzpatrick SL. Overview of Social
Determinants of Health in the Development of
Diabetes. Diabetes Care. 2023;46(9):1590-8.
Ozougwu J, Obimba K, Belonwu C, Unakalamba
C. The pathogenesis and pathophysiology of type
1 and type 2 diabetes mellitus. J Physiol
Pathophysiol. 2013;4(4):46-57.

Guerrini R, Conti V, Mantegazza M, Balestrini S,
Galanopoulou AS, Benfenati F. Developmental
and epileptic encephalopathies: from genetic
heterogeneity to  phenotypic  continuum.
Physiological Reviews. 2023;103(1):433-513.
Campos C. Chronic hyperglycemia and glucose
toxicity: pathology and clinical sequelae.
Postgraduate medicine. 2012;124(6):90-7.
Crosas-Molist E, Samain R, Kohlhammer L,
Orgaz JL, George SL, Maiques O, et al. Rho
GTPase signaling in cancer progression and
dissemination. Physiological Reviews.
2022;102(1):455-510.

Lee JY, Lee H-S, Lee Y-Y, Kim M-H, Kim H-J,
Han N, et al. Comprehensive study on the
inhibition mechanism of alpha-glucosidase by
flavonoids via kinetic and structural analysis.
Biotechnology and Bioprocess Engineering.
2024;29(2):413-25.

Lam TP, Tran NN, Pham LD, Lai NV, Dang BN,
Truong NN, et al. Flavonoids as dual-target
inhibitors against a-glucosidase and a-amylase: a
systematic review of in vitro studies. Nat Prod
Bioprospect. 2024;14(1):4.

Corkovi¢ I, Gaso-Soka¢ D, Pichler A, Simunovié
J, Kopjar M. Dietary Polyphenols as Natural
Inhibitors of a-Amylase and a-Glucosidase. Life
(Basel). 2022;12(11).

Kashtoh H, Baek K-H. Recent updates on
phytoconstituent alpha-glucosidase inhibitors: an

6|Page



Original Article

19.

20.

21.

22.

23.

24.

25.

26.

27.

approach towards the treatment of type two
diabetes. Plants. 2022;11(20):2722.

LiB, Dong B, Xie L, Li Y. Exploring advances in
natural plant molecules for allergic rhinitis
immunomodulation

in vivo and in vitro.

International Journal of General Medicine.
2025:529-65.

akada K, Nakane T, Masuda K, Ishii H. Ursolic
acid and oleanolic acid, members of pentacyclic
triterpenoid acids, suppress TNF-a-induced E-
selectin expression by cultured umbilical vein
endothelial cells. Phytomedicine.
2010;17(14):1114-9.

Rahman I, Biswas SK, Kode A. Oxidant and
antioxidant balance in the airways and airway
diseases. European journal of pharmacology.
2006;533(1-3):222-39.

Jain S, Sinha A, Bhakuni DS. The biosynthesis of
B-carboline and quinolizidine alkaloids of
Alangium lamarckii. Phytochemistry.
2002;60(8):853-9.

Pakrashi S, Achari B. Demethylcephaeline, a new
alkaloid from Alangium lamarckii.
Characterization of AL 60, the hypotensive
principle from the stem-bark. Experientia.
1970;26(9):933-4.

Hung TM, Dang NH, Kim JC, Choi JS, Lee HK,
Min B-S. Phenolic glycosides from Alangium
salviifolium leaves with inhibitory activity on
LPS-induced NO, PGE2, and TNF-a production.
Bioorganic & medicinal chemistry letters.
2009;19(15):4389-93.

Itoh A, Tanahashi T, Tabata M, Shikata M, Kakite
M, Nagai M, et al. Tetrahydroisoquinoline-
monoterpene and iridoid glycosides from
Alangium lamarckii. Phytochemistry.
2001;56(6):623-30.

Ramani VA, Jagajeevanram P. Extraction and
Characterization of Chromone from fat Alangium
salvifolium. Asian Journal
2003;15(3):1693.

Dhruve P, Nauman M, Kale RK, Singh RP. A
novel hepatoprotective activity of Alangium

of  Chemistry.

.’ JOURNAL OF PHARMACEUTICAL SCIENCES

28.

29.

30.

31.

32.

33.

34.

35.

Ved Pal, J. Pharm. Sci., 2026 2(5), 1-7 |Research

salviifolium in mouse model. Drug and Chemical
Toxicology. 2022;45(2):576-88.

Shravya S, Vinod BN, Sunil C. Pharmacological
and phytochemical studies of Alangium
salvifolium Wang.—A review. Bulletin of Faculty
of Pharmacy, Cairo University. 2017;55(2):217-
22.

Panara K, Singh P, Rawat P, Kumar V, Maruf M,
Patel K, et al. Importance of Alangium
salviifolium and Its Pharmacological Update.
European Journal of Medicinal Plants. 2016;12.
Mechchate H, Es-Safi I, Louba A, Algahtani AS,
Nasr FA, Noman OM, et al. In vitro alpha-
amylase and alpha-glucosidase inhibitory activity
and in vivo antidiabetic activity of Withania
frutescens L. Foliar extract. Molecules.
2021;26(2):293.

Jaber SA. In vitro alpha-amylase and alpha-
glucosidase inhibitory activity and in vivo
antidiabetic activity of Quercus coccifera (Oak
tree) leaves extracts. Saudi J Biol Sci.
2023;30(7):103688.

Szkudelski T. Streptozotocin—nicotinamide-
induced diabetes in the rat. Characteristics of the
experimental model. Experimental biology and
medicine. 2012;237(5):481-90.

King AJ. The use of animal models in diabetes
research. British journal of pharmacology.
2012;166(3):877-94.

Rorsman P, Ashcroft FM. Pancreatic B-cell
electrical activity and insulin secretion: of mice
and men. Physiological reviews. 2018;98(1):117-
214.

Donath MY, Shoelson SE. Type 2 diabetes as an
inflammatory  disease. = Nature
immunology. 2011;11(2):98-107..

reviews

HOW TO CITE: Vishal Goldar, Ved Pal, Alangium
salviifolium fruits a traditional medicinal plant used in

Diabetes
Hypothesis,

Management: A
J. Pharm. Sci.,

Phyto-therapeutic
2026, 2 (4), 1-7.

https://doi.org/10.5281/zenodo.19931536

7|Page



