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ABSTRACT: ARTICLE INFO

Diabetes mellitus remains a critical global health challenge, with Afghanistan
disproportionately affected due to limited access to conventional
treatments. Despite extensive traditional use of medicinal plants for diabetes Received: February 5, 2025
management, no prior systematic review has comprehensively documented Revised: June 2, 2025
Afghanistan's anti-diabetic flora, their bioactive compounds, mechanisms of Acce_pted: August 9, 2025

. . . . . Published: September 30, 2025
action, or preparation methods. This study bridges this gap through a
PRISMA-guided systematic review of1o0o0 medicinal plants from
Afghanistan's ethnomedicine, analyzing their anti-diabetic potential using
exclusively peer-reviewed ethnobotanical, pharmacological, and biomedical
literature (2000—-2024). Databases (PubMed, Scopus, ScienceDirect, regional
repositories) were searched with keywords: "Diabetes Mellitus," "Traditional
Medic'ine," j'Ph'ytochemicaIs," "A'\nti-.diab.etic' pIan.ts.," AND "'Afghanistan." Diabetes Mellitus; Medicinal
Inclusion criteria encompassed in vitrofin vivo/clinical studies on Afghan Plants; Traditional Medicine;
plants; exclusions were non-peer-reviewed sources, conference abstracts, Afghanistan; Phytochemicals
and studies lacking methodological clarity. Fabaceae (14 species), Lamiaceae
(9), and Asteraceae (8) emerged as dominant families. Flavonoids (65% of
plants), alkaloids (25%), and saponins (20%) were primary bioactive
compounds, with key mechanisms including insulin sensitization
(e.g., Trigonella foenum-graecum), a-glucosidase inhibition
(e.g., Cinnamomum tamala), and antioxidant effects (e.g., Zingiber
officinale). This synthesis validates Afghanistan's ethnobotanical heritage as
a viable resource for diabetes management, though clinical trials and
standardization protocols are urgently needed to translate traditional
knowledge into evidence-based therapies.
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INTRODUCTION

Diabetes mellitus (DM) represents a persistent global health crisis characterized by chronic
hyperglycemia and severe complications, including cardiovascular disease, neuropathy, and
renal failure. With 537 million adults affected worldwide, this metabolic disorder
disproportionately burdens low-resource nations. Afghanistan faces particularly acute
challenges, where 1.6 million adults live with DM amid fragmented healthcare infrastructure,
pharmaceutical shortages, and economic barriers that limit insulin and medication access.
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Conventional treatments remain inaccessible to 67% of rural populations, resulting in a heavy
reliance on traditional plant-based alternatives as primary healthcare interventions.

The critical knowledge gap motivating this research is the absence of comprehensive
documentation of Afghanistan's anti-diabetic flora. While global studies have validated
plants like Momordica charantia (from Ayurveda) and Azadirachta indica (from Unani
medicine), Afghanistan's ethnobotanical heritage remains severely understudied. No prior
work has systematically synthesized the country's anti-diabetic plant diversity, bioactive
compounds, mechanisms of action, or regional preparation methods. This significant void
hinders the scientific validation of traditional remedies, the development of culturally
relevant therapies, and the conservation of endangered medicinal species.

Addressing this research gap is urgently important for three interconnected reasons.
First, there is a growing public health necessity: diabetes prevalence in Afghanistan increased
by 24% between 2019 and 2023, with rising cases of preventable amputations and blindness
due to treatment gaps. Second, the cultural relevance is undeniable, with 83% of rural
communities already using plant-based therapies as primary care. Validating these
approaches aligns with the WHO's strategies for integrating traditional medicine. Third,
there is a biodiversity imperative, as approximately 14% of documented medicinal species
are facing extinction due to overharvesting and habitat loss, which threatens both ecological
stability and future medicinal resources.

This research delivers unique academic and social value through its contributions.
Academically, it establishes the first comprehensive taxonomy of 100 Afghan anti-diabetic
plants, identifies dominant therapeutic families (Fabaceae and Lamiaceae), links specific
phytochemicals (flavonoids and alkaloids) to biochemical mechanisms, and flags
conservation-priority species. Socially, it empowers communities with evidence-based
traditional therapies, could reduce diabetes treatment costs by 59% compared to
pharmaceuticals, preserves indigenous knowledge at risk of erosion, and supports the WHO
"integrated medicine" goals for low-income countries. By cataloging species with anti-
diabetic applications, analyzing bioactive compounds and action mechanisms, and
establishing conservation priorities, this systematic review bridges ethnobotanical tradition
with pharmacological science. Through this foundational work, we enable evidence-based
integration of Afghanistan's botanical heritage into contemporary diabetes care strategies.

This systematic review addresses this void by bridging traditional wisdom and modern
science. Its significance extends beyond immediate healthcare solutions to encompass
biodiversity conservation (Naseri et al. 2022) and preservation of intangible cultural heritage.
By documenting and analyzing Afghanistan's plant-based therapies, we aim to:

e (atalog 100 medicinal plantsused in Afghan traditional medicine for diabetes
management.

e Analyze bioactive compounds (e.g., flavonoids, alkaloids, saponins) and their
literature-reported mechanisms.

e Identify critical research gaps to guide future pharmacological and clinical studies.
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e Through this work, we establish a foundation for standardizing traditional
preparations and accelerating evidence-based integration of Afghanistan's botanical
resources into diabetes care.

METHODS AND MATERIALS

This systematic review was conducted following the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines to ensure methodological rigor and
transparency in reporting. The study employed a comprehensive approach to identify,
evaluate, and synthesize relevant literature on medicinal plants used for diabetes
management in Afghanistan.

Search Strategy

A comprehensive literature search was conducted across PubMed, Scopus, ScienceDirect,
Medline, and Google Scholar databases to identify relevant studies. The search strategy
utilized Boolean operators (AND/OR) to combine key terms in three categories: (1) core
concepts ("Diabetes Mellitus," "Anti-diabetic plants," "Phytochemicals," "Insulin sensitivity"),
(2) regional focus ("Traditional medicine Afghanistan," "Afghan ethnobotany," "Medicinal
plants Afghanistan"), and (3) mechanistic actions ("a-glucosidase inhibition," "Insulin
secretion," "Glucose uptake"). Results were restricted to publications from 2000 to 2024.
After deduplication, the initial search yielded 1,402 records. Through PRISMA-guided
screening, 218 studies were retained after title/abstract evaluation, with g4 studies meeting
full-text inclusion criteria. The final synthesis integrates 94 peer-reviewed sources that
document 100 medicinal plant species.

Inclusion and Exclusion Criteria

The review included studies that specifically examined plants traditionally used in
Afghanistan for diabetes management, encompassing in vitro, in vivo, and clinical studies
that investigated anti-diabetic mechanisms. Articles published in English, Persian, and
Pashto were considered, with non-English publications required to have English abstracts for
inclusion. The exclusion criteria eliminated non-peer-reviewed articles, conference abstracts
without full papers, studies lacking clear methodology sections, and duplicate publications to
ensure the reliability and quality of the included data.

Data Extraction and Analysis

A systematic approach was employed for data extraction, with collected information
including both scientific and local plant names, taxonomic family classifications, and the
specific plant parts traditionally used. The analysis focused on identifying and documenting
bioactive compounds such as flavonoids, alkaloids, and saponins, along with their
demonstrated mechanisms of action, including insulin secretion enhancement, glucose
uptake modulation, and antioxidant effects. All extracted data were carefully referenced to
peer-reviewed journal articles and authoritative books in the field.
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Quality Assessment

All sources were evaluated against standard secondary research criteria: (1) source credibility
(prioritizing peer-reviewed literature); (2) coverage comprehensiveness; (3) evidence
recency/relevance; (4) presentation objectivity; (5) methodological transparency; and (6)
analytical depth. This appraisal ensured that conclusions were informed by high-quality
sources, with rigorous attention to minimizing bias and verifying facts.

FINDINGS

The extracted data were systematically organized into comprehensive tables that
categorized plants by their botanical families and mechanisms of action. These organized
findings were then compared with existing pharmacological literature to identify
consistencies, contradictions, and gaps in the current research landscape. This comparative
analysis helped contextualize the Afghan traditional medicinal knowledge within the broader
scientific understanding of anti-diabetic plants.
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No

4

Alcea rosea L.

Abutilon indicum (L.) Sweet

Name

Abelmoschus esculentus L.

Achillea santolina L.

(also known as

Althaea rosea L.)

Plant

Malvaceae

Malvaceae

Asteraceae

Malvaceae

Family

Local

Bendi, Bamya

Begand sorkh, Peli boti

Zawil, Boi Madran,gulbenii

Gul-e-khatmi

Names

Parts Used

Fruits

Aqueous extract.

Aqueous extract.

flowers

Related

Phytochemicals

Polyphenols,
flavonoids.

Alkaloids,
flavonoids

Flavonoids,
sesquiterpene
lactones

Flavonoids,
tannins

Mechanism of Action

Increasing insulin

secretion, increasing

insulin  sensitivity, and
inhibiting

absorption in

carbohydrate
the
intestine, but showed no
effect in inhibiting alpha-
glucosidase and alpha-
amylase enzymes.
Polyphenols help reduce

blood glucose levels by

improving insulin
sensitivity. Flavonoids
exert antioxidant effects,
protecting against
oxidative damage in
diabetes.

Inhibited glucose
absorption and
stimulated insulin
secretion in rodents.
Alkaloids promote

insulin secretion and
glucose  metabolism.
Flavonoids reduce
oxidative stress, which
is often elevated in
diabetes.
Enhanced B-cell)
proliferation in vitro.
Flavonoids  improve
insulin  sensitivity by
reducing oxidative
stress. Sesquiterpene

lactones have anti-
inflammatory

properties that help in
diabetes management.
Antidiabetic.
Flavonoids improve
insulin sensitivity, while
tannins reduce

oxidative stress and

inflammation, both of

References

Keusgen et al
(2020).
Bano et al.
(2015)

Aligita et al;
(2009).

Subramoniam.
(2017).
Ramakrishnan
etal. (2013)

Keusgen et al;
(2020).
Subramoniam.
(2017).
Cevik et al.
(2012)

Keusgen et al
(2020).
Mirtajaddini et
al. (2014)
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Alkekengi officinarum

Allium cepa L.

Allium sativum L. Allium porrum L.

Aloe barbadensis Mill.

Moench

Solanaceae

Amaryllidaceae

Amaryllidaceae Amaryllidaceae

Aloeaceae

Gul-e-pusurda, charagh

Piaz

Gandana

Hoga, sayer

Alovera

cheni

Fresh leaves, bulbs flowers

Ethanolic extract of the
bulb

Bulblets, fresh leaves

Leaves

which are beneficial for
diabetes regulation.

Alkaloids promote
insulin secretion and

improve glucose
) Keusgen et al
) metabolism.
Alkaloids, ) ) (2020).
) Flavonoids provide
flavonoids o . Zhang et al.
antioxidant protection,
(2012)

helping mitigate

diabetes-related

oxidative stress.

Quercetin  helps in

reducing blood glucose

levels and improving Aggarwal &
Quercetin, sulfur  insulin sensitivity, while (Shish 2011).

compounds sulfur compounds help Zare et al.
regulate blood sugar (2012)
through their

antioxidant action.
Saponins  help in

improving insulin
Saponins, sensitivity and reducing ~ Subramoniam.
flavonoids. glucose  absorption, (2017).

while flavonoids have Jovanovic et al.
antioxidant effects that (2013)
help  in  controlling
blood sugar levels.

improve plasma lipid

metabolism and
plasma antioxidant
activity. Allicin helps

lower blood glucose Khan et al;
Allicin, sulfur levels by enhancing (2014).
compounds insulin secretion. Sulfur Rios et al.

compounds also help (2010).

reqgulate glucose
metabolism and
improve insulin
sensitivity.
Anthraquinones help
reduce blood glucose

levels by improving (Saxena et al;
Anthraquinones, glucose absorption, 2022).
polysaccharides while polysaccharides Yang et al.
enhance insulin (2013).

sensitivity and reduce
inflammation.
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10

11

12

13

14

15

16

Apium graveolens

Arachis

Artemisia herba-alba

Azadirachta indica A.

Berberis heterobotrys

Bergenia ciliata

Berberis vulgaris L.

hypogaea L. L.

Juss. Asso.

E. Wolf

(Haw.) Sternb.

Fabaceae Apiaceae

Berberidaceae Berberidaceae Meliaceae Asteraceae

Saxifragaceae

Marg-e-zanan

Mongpali

Tarkha

Neem, nil

Kori, Zarashk Kori, Zarashk

Pechpali

Herbs, leaves,
seeds

Seeds

Fruits, leaves, seeds,
Whole plant
oil, root, bark

Berries, roots, all
parts

Berries, roots, all parts

Whole plant

Apigenin, luteolin

Resveratrol,
polyphenols

Flavonoids,
sesquiterpene
lactones.

Azadirachtin,
flavonoids

Berberine,
flavonoids

Berberine,
alkaloids

Tannins,
flavonoids

Apigenin improves insulin
sensitivity by reducing
inflammation.  Luteolin
acts as an antioxidant,
helping to reduce
oxidative stress in diabetic
conditions.
Resveratrol enhances
insulin  sensitivity, while
polyphenols
oxidative stress, a major
contributor to diabetic
complications.

Flavonoids

reduce

improve
insulin sensitivity and
glucose uptake, while
sesquiterpene lactones
reduce inflammation
and oxidative stress in
diabetes.

Azadirachtin
regulate blood glucose by

helps

enhancing insulin activity.
Flavonoids reduce
oxidative  stress and
inflammation, supporting
the management of
diabetes.
Berberine improves

glucose metabolism by

enhancing insulin
sensitivity. Flavonoids
have antioxidant
properties, reducing
oxidative stress
associated with diabetes.
Berberine enhances
insulin  sensitivity and
improves glucose
metabolism. Alkaloids

reduce oxidative stress
and inflammation,
supporting the
management of diabetes.

Tannins help reduce blood
glucose  levels, and
flavonoids act as
antioxidants, preventing
oxidative damage and
improving insulin

sensitivity.

(Keusgen et al,
2020).
El-Demerdash et
al. (20112)

(Saxena et al;
2022).
Bao et al.
(2014)

(Subramoniam.
2017).
Baratta et al.
(2005)
(Verma et al;
2018).

(Keusgen et al,
2020).

(Kumar et al;
2015).,

(Kuntal. 2016).
Asif et al. (2012)

(Keusgen et al,
2020).
Liv et al. (2014)

(Keusgen et al,

2020).
(Subramoniam.
2017).

Zhang et al.
(2012)

(Breckle et al;
2010).
(Subramoniam.
2017).
Sharma et al.
(2013)
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17

18

19

20

21

22

23

Beta vulgaris L.

Cajanus cajan (L.) Brassica oleracea L., var. Boswellia

Cannabis sativa L.

Capsicum annuum L.

Carthamus

serrata Roxb.

botrytis.

Millsp.

tinctorius L.

ex Colebr.

Chenopodiacea

Solanaceae Cannabaceae Fabaceae Brassicaceae Burseraceae

Asteraceae

Joghandar,

Bang, chars Harhar Gulpi Samgh-e-

Sara Marach

Masoor

lablabo

Salajit, Samgh-

Extract of leaf
or root

gum

Stems and female Flower, leaves
Seeds resin
flowers

Fruits, fruit extract

flowers

Betalains,
polyphenols

Boswellic acids

Glucoraphanin,

flavonoids

Polyphenols,
flavonoids

Cannabidiol
(CBD),

tetrahydrocannab

inol (THC)

Capsaicin,
flavonoids

Safflower oil
(linoleic acid),
flavonoids

Betalains improve glucose
metabolism and insulin
sensitivity.  Polyphenols
reduce oxidative stress
and  protect  against
diabetes complications.

Boswellic acids have anti-
inflammatory properties
that help in reducing

blood glucose levels and

managing insulin
sensitivity.

Glucoraphanin is
converted into
sulforaphane, which
enhances insulin
sensitivity and reduces

inflammation. Flavonoids
have antioxidant
properties  that
manage blood glucose

help

levels.
Polyphenols help regulate

blood glucose by
enhancing insulin
sensitivity. Flavonoids
provide antioxidant
protection, reducing
oxidative stress in diabetic
conditions.

CBD helps reduce blood
glucose levels by
enhancing insulin

sensitivity and reducing
inflammation. THC may
improve glucose
metabolism and reduce
insulin resistance.

Capsaicin improves
insulin  sensitivity and
reduces blood glucose

levels by stimulating
thermogenesis.
Flavonoids act as
antioxidants, helping to
lower oxidative stress in
diabetic conditions.

Safflower ol helps
improve insulin
sensitivity. Flavonoids

reduce oxidative stress,
lowering blood glucose
levels in diabetic

conditions.

(Subramoniam.
2017).

Gupta et al
(2012)

(Keusgen et al,

2020).
(Subramoniam.
2017).

Uddin et al.
(2014)

(Subramoniam.
2017).

Matusiak et al.
(2014)

(Subramoniam.
2017).

Srinivasan et al.
(2012)

(Keusgen et al,
2020).
Babson et al.
(2017)

(Subramoniam.
2017).
Amri et al. (2013)

(Keusgen et al,
2020).
Boetal. (2012)
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24

25

26

27

28

29

30

31

Cassia fistula L.

Cichorium intybus L. Catharanthus

Carum carvi L.

Citrus Cinnamomum tamala

Citrus limon (L.)

Citrullus

roseus (L.) G.

aurantifolia (Buch.-Ham) T.Nees

Burm.f.

colocynthis
(L.) Schrad.
Cucurbitace

Don.

& Eberm.

(Christm.)

Fabaceae

Apocynaceae

Asteraceae

Lauraceae Apiaceae

Rutaceae

Rutaceae

ae

Chamberkhial,

Perwinkle

Tarkha Tarija

Darcheni Toora zera

Sheen lemo

Limo

Mana ghoni,

Tarbooz

Fruits, essential Whole plant
Root, seeds, whole plant

Leaf extracts, Bark

methanolic

oils

fruits

fruit, lemon juice

Seeds, dried

pulp, fruits

extract

Anthraquinones,
flavonoids

Vincristine,
vinblastine

Inulin, flavonoids

Carvone,
flavonoids

Eugenol,
flavonoids

Flavonoids
(hesperidin),
vitamin C

Limonene,
flavonoids

Cucurbitacin,
flavonoids

Anthraquinones help

reduce blood glucose
levels by improving insulin
sensitivity. Flavonoids act
as antioxidants,
mitigating oxidative
stress in diabetes.
Vincristine and
vinblastine enhance

glucose metabolism and

increase insulin
sensitivity. They also
reduce oxidative stress.

Inulin  helps  regulate
blood glucose by
improving insulin
sensitivity. Flavonoids
possess antioxidant
properties  that  help

manage diabetes-related
oxidative stress.

Carvone helps regulate
blood by
enhancing insulin
sensitivity. Flavonoids act

glucose

as antioxidants, reducing
the impact of oxidative
stress in diabetes.

Eugenol enhances
glucose metabolism and
insulin sensitivity.
Flavonoids exert
antioxidant effects,
protecting against
oxidative stress in
diabetes.

Hesperidin improves
insulin  sensitivity and
glucose metabolism,

while vitamin C acts as an
antioxidant, helping to
manage oxidative stress.

Limonene helps enhance
and

insulin  sensitivity

glucose metabolism,
while flavonoids provide
antioxidant protection to
reduce the complications
of diabetes.
Cucurbitacin ~ enhances
glucose metabolism and
helps lower blood glucose
levels. Flavonoids act as

antioxidants,  reducing

(Subramoniam.
2017).
Shirwaikar et al.
(2004)

(Subramoniam.
2017).

Gururaja et al.
(2011)

(Keusgen et al,
2020).
Silva et al. (2014)

(Keusgen et al,
2020).

(Rahimi. 2015).
Kaur et al. (2014)

(Keusgen et al,
2020).
(Gebreyohannes
& Gebryohannes,
2013).
Sabu et al. (2010)

(Keusgen et al,
2020).
Ravindran et al.
(2013)

(Keusgen et al,
2020).
(Subramoniam.
2017).
Wang et al
(2013)

(Keusgen et al,
2020).
(Saxena et al;

2022).
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32

33

34

35

36

37

38

Camellia sinensis

Coriandrum sativum

Crocus

Cucumis sativus L.

Curcuma longa

Cucurbita

Cuminum cyminum L.

sativus L.

moschata

Duchesne ex

Theaceae

Apiaceae

Iridaceae

Cucurbitaceae

Apiaceae

Zingiberaceae

Cucurbitaceae

Chai

Dania, Gashniz

Zaghfran

Badrang

Zera

Korkaman,

Kado

Zardchoba

Leaves

Fruits, leaves

Stigmas

Fruits, seeds, young

Fruits

Rhizome

Fruit

stem tips

Catechins,
polyphenols

Linalool,
polyphenols

Crocin, safranal

Cucurbitacin,
flavonoids

Cuminaldehyde,
flavonoids

Curcumin

Cucurbitacins,
flavonoids

oxidative stress in diabetic

patients.

Catechins and
polyphenols improve
insulin sensitivity and help
lower blood glucose

levels. They also reduce
oxidative stress
associated with diabetes.
Linalool has been shown
to reduce blood glucose

levels and enhance insulin

sensitivity.  Polyphenols
provide antioxidant
protection and reduce
oxidative stress in
diabetes.

Crocin improves insulin
sensitivity, while safranal
helps reduce oxidative
stress and inflammation
associated with diabetes.
Antidiabetic

Cucurbitacin helps reduce

blood glucose levels by

enhancing glucose
metabolism. Flavonoids
act as  antioxidants,
mitigating oxidative
stress in diabetic
conditions.

Cuminaldehyde improves
insulin  sensitivity and
glucose metabolism.
Flavonoids reduce
oxidative stress,
contributing to better

blood sugar control in
diabetes.

Curcumin has potent anti-
inflammatory and
antioxidant effects, which
help in improving insulin
sensitivity and reducing
blood glucose levels.
Cucurbitacins help reduce
blood glucose levels by

improving glucose
metabolism.  Flavonoids
provide antioxidant
protection, reducing

Al-Okbi et al.
(2012)

(Keusgen et al;
2020).,
(Saxena et al;
2022).
Sheu et al. (2009)

(Keusgen et al;

2020)., (Rahimi.
2015)., (Saxena
etal; 2022).

Sadeghian et al.
(2014)

(Keusgen et al,
2020).
Sadeghnia et al.

(2015)

(Keusgen et al,
2020).
Zargar et al
(2012)

(Saxena et al;
2022).
Abdel-Halim et
al. (2013)

(Sievenpiper et
al, 2003).

(Keusgen et al,
2020).
Panahi et al.

(2016)

(Subramoniam.
2017).
Liao et al. (2014)
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39

40

41

42

43

44

45

Equisetum arvense L. Ephedra Daucus carota L.

Eucalyptus globulus

Ficus carica L.

Ferula assa-
foetida L. s.lat.

Foeniculum

foliata
Bioss. Ex

Labill.

vulgare Mill.

Ephedracea Apiaceae

Equisetaceae

Myrtaceae

Moraceae

Apiaceae

Apiaceae

Aslaki, Dum Asb Mava, Gajari, Zardak

Eucalyptus

Enjeer

Yanja, Hing

Badyan

Lama,

Green
stems, fruits

Young green spring
and summer shoots

Gum resins,

Fruits, leaves,

Roots

Fruits, leaves, latex Leaves, essential oils.

rarely roots,
flowers, seeds

lower thick leaf
bases, bulbs, and

Beta-carotene,
polyphenols

Ephedrine,
alkaloids

Flavonoids, silica

Eucalyptol,
flavonoids

Furanocoumarins,
flavonoids

Ferulic acid, sulfur
compounds

Anethole,
flavonoids

oxidative stress in diabetic
conditions.

Beta-carotene helps in
reducing blood glucose
levels through improved

insulin sensitivity.
Polyphenols reduce
oxidative stress, which is
critical  in managing
diabetes.

Ephedrine helps improve
glucose metabolism by
increasing energy
expenditure and reducing

insulin resistance.

Flavonoids reduce
oxidative stress,
improving insulin

sensitivity. Silica supports
vascular  health  and
improves circulation,
which is often
compromised in diabetes.
Eucalyptol has  anti-
inflammatory and
properties,

improve

antioxidant
which  help
insulin sensitivity.
Flavonoids reduce
oxidative stress in diabetic
conditions.
Furanocoumarins  help
lower blood glucose levels
by improving insulin
sensitivity. Flavonoids
have antioxidant
properties  that help
mitigate oxidative stress
in diabetes.
Ferulic acid improves
glucose metabolism and
reduces blood sugar
levels. Sulfur compounds
enhance insulin sensitivity
and act as antioxidants.
Anethole helps regulate
blood glucose levels by
enhancing insulin activity.
Flavonoids reduce
oxidative stress, helping
in the management of
diabetes.

(Saxena
2022).

et

al;

Kaur et al. (2015)

1

(Keusgen et al,

2020).

Kanu et al. (2015)

(Keusgen et
2020).
Thakur et
(2013)
(Keusgen et
2020).
Basak et
(2015)
(Keusgen et
2020).
Ghasemzadeh
al. (2015)
(Keusgen et
2020).
Ramezani et
(2013)
(Keusgen et
2020).
Nazari et
(2014)

al.

1

al.

al.

1

U

al.
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46

47

48

49

5o

51

52

Glycine max

Glycyrrhiza glabra

Hordeum vulgare L.

Juglans regia L.

Juniperus

Lathyrus sativus L.

Lawsonia inermis

(L.) Merr.

communis L.

Fabaceae

Poaceae Fabaceae

Juglandaceae

Fabaceae Cupressaceae

Lythraceae

Soyabean

Orbashi, Jao Khogawali,

Matak,
Charmaghz

Kolol Obahta

Nakrezay, Kheena

Shereen Boya
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c £
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Isoflavones,
saponins

Glycyrrhizin,
flavonoids

Beta-glucan,
phenolic acids

Ellagic acid,
polyphenols

Flavonoids,
essential oils

B-sitosterol,
flavonoids

Lawsone, tannins

Isoflavones improve

insulin  sensitivity and
metabolism.
regulate
blood sugar levels and

reduce oxidative stress.

glucose
Saponins help

Glycyrrhizin improves
glucose metabolism and
insulin sensitivity.
Flavonoids reduce

oxidative stress and pro
against diabetes
complications.
Beta-glucan helps lower
blood
enhancing

glucose by

insulin
sensitivity and slowing
down glucose absorption.
acids  have
properties
manage

Phenolic
antioxidant
that
oxidative

help
stress in

diabetes.

acid

Ellagic improves

glucose metabolism,
while polyphenols reduce
and

oxidative  stress

improve insulin
sensitivity.

Flavonoids help improve
insulin  sensitivity, and
essential oils have anti-
inflammatory and

antioxidant effects that

support blood glucose
control.

B-sitosterol  has been
shown to help in

regulating blood glucose

levels by  enhancing
insulin sensitivity.
Flavonoids reduce
oxidative  stress and

inflammation, improving

overall diabetes
management.

Lawsone exhibits
antioxidant and anti-

inflammatory properties,
which help regulate blood

sugar levels. Tannins
contribute to reducing
oxidative  stress and

(Keusgen et al,
2020).
(Subramoniam.
2017).
Jayagopal et al.
(2005)

(Breckle et al;
2010).
(Subramoniam.
2017).
Schinella et al.
(2009)

(Saxena et al;
2022).
Reynolds et al.
(2014)

(Keusgen et al,
2020).
(Subramoniam.
2017).
Cheng et al
(2015)
(Breckle et al;
2010).
(Subramoniam.
2017).
Mahmoud et al.
(2013)

(Breckle et al;

2010).
(Subramoniam.
2017).

Siddiqui et al.
(2016)

(Keusgen et al,
2020).
(Subramoniam.
2017).

Al-Snafi (2015)

121



Journal of Natural Science Review, 3. (3), 110-140

53

54

55

56

57

58

59

Linum

Marrubium

Medicago

Melissa officinalis

Lepidium sativum L.

Mangifera indica L.

usitatissimum

anisodon K. Koch

sativa L.

Mentha piperita L.

Lamiaceae Anacardiaceae Linaceae Brassicaceae

Fabaceae

Lamiaceae

Lamiaceae

Teratezak

Zaghar

Badranjoba Rashgqa, Gazak-e-alf,

Podina, Nana

Kharghwagi

saybarga

Shoots, seeds

Oil

Methanol/ethanol
extract of
bark and leaf

Flowering herbs
seeds 9

Herb, rarely

leaves

Leaves

Glucosinolates,
flavonoids

Lignans, alpha-
linolenic acid

Mangiferin,
flavonoids

Marrubiin,
flavonoids

Saponins,
flavonoids

Rosmarinic acid,
flavonoids

Menthol,
flavonoids

improving insulin
function.
Glucosinolates help

regulate blood glucose

levels by  enhancing
insulin sensitivity.
Flavonoids act as
antioxidants,  reducing
oxidative  stress and

inflammation in diabetic
conditions.

Lignans improve insulin
sensitivity, while alpha-
linolenic acid has anti-
inflammatory properties

that support glucose
metabolism.

Mangiferin has
antioxidant and anti-

inflammatory effects that
improve glucose
metabolism. Flavonoids
help in regulating blood
glucose by enhancing
insulin sensitivity.

Marrubiin has insulin-like
effects and helps to
regulate blood glucose
levels. Flavonoids provide
antioxidant  protection,
reducing oxidative stress
in diabetic patients.
Saponins  help  lower
blood glucose levels by
enhancing insulin activity.
Flavonoids act as
antioxidants and improve
insulin sensitivity.

Rosmarinic acid improves
and

insulin  sensitivity

reduces oxidative stress.

Flavonoids further
contribute to the
antioxidant effects in

managing diabetes.

Menthol helps regulate
blood glucose levels by
affecting insulin
sensitivity. Flavonoids act
as antioxidants, reducing
oxidative stress in diabetic

conditions.

(Keusgen et al,
2020).
Souri et al. (2015)

(Subramoniam.
2017).
Bloedon
(2008)

et al

(Subramoniam.
2017).

Vigna et al.
(2012)

(Keusgen et al,
2020).
Zargari (2014)

(Keusgen et al,
2020).
(Subramoniam.
2017).
Kamel et al.
(2012)

(Keusgen et al;
2020).,
(Subramoniam.
2017).
Saeed et al.
(2013)

(Saxena et al;
2022).
El-Sayed et al.
(2015)
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60

61

62

63

64

65

66

Momordica charantia

Morus alba L.

Myrtus communis L. Morus nigra L.

Nigella sativa L.

Ocimum

Olea europaea L.

sanctum L.

Moraceae Cucurbitaceae

Myrtaceae Moraceae

Ranunculaceae

Lamiaceae

Oleaceae

Babri, Rehan Sayadana Mano Toor Thooth Spin tooth Karela

Howan, Zaytoon

) Fruits, leaves, )
Fruits, leaves. Leaves, fruits, seeds
roots

Leaves, flowers,
young twigs, oil

Whole plant Seeds, oll

Fruits, leaves, oils

Charantin, vicine

Morusin,
anthocyanins

Anthocyanins,
resveratrol

Myrtenal,
flavonoids

Thymogquinone,
alkaloids

Eugenol, ursolic
acid.

Oleuropein,
hydroxytyrosol

Charantin  has  been
shown to reduce blood

glucose levels by
enhancing insulin
secretion and sensitivity.
Vicine also helps in
improving glucose
metabolism.

Morusin enhances insulin
sensitivity and reduces
blood glucose

Anthocyanins

levels.
provide
antioxidant  protection
and support blood sugar
regulation.

Anthocyanins  improve
insulin  sensitivity and
reduce oxidative stress.

Resveratrol helps reduce

inflammation and
improve glucose
metabolism.

Myrtenal reduces blood

glucose levels by
improving insulin
sensitivity. Flavonoids
provide antioxidant

properties  that  help
protect against oxidative
stress in diabetes.

Thymoquinone enhances
insulin  sensitivity and
reduces blood glucose
levels. Alkaloids reduce
oxidative  stress and
inflammation in diabetic

conditions.

Eugenol improves insulin
sensitivity, and ursolic

acid helps reduce blood

glucose levels by
stimulating glucose
uptake.

Oleuropein improves

glucose metabolism by

increasing insulin
sensitivity.
Hydroxytyrosol acts as a
potent antioxidant,
protecting against
oxidative stress in
diabetes.

(Choudhary et al;
2012).,
(Gebreyohannes
& Gebryohannes,
2013).

Raji et al. (2015)

(Keusgen et al,
2020).
Yao et al. (2012)

(Keusgen et al,
2020).
Ibrahim et al.
(2015)

(Keusgen et al,
2020).
Shah et al. (2015)

(Keusgen et a
2020).

Bamosa et al.
(2010)

(Saxena et al;
2022).
Ranjan et al.

(2011)

(Keusgen et a
2020).

Bogdanov et al.
(2012)
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67

68

69

70

71

72

73

Origanum vulgare L.

Peganum
harmala L.

Papaver somniferum L.

) ] Phaseolus vulgaris Phaseolus mungo L.
Pistacia vera L. L

Plantago indica (P.
psyllivm L.)

Lamiaceae

Zygophyllacea

Papaveraceae

Fabaceae

Fabaceae

Anacardiaceae

Plantaginaceae

Marzanjoosh

Spelani,

Koknar

Toor Mash

Lobia

Pesta

Aspaghul, Asferza

Aspand

leaves

Seeds, leaves,
ash

Leaves, seeds, flowers, latex,
capsules

Plant extract Seeds Seeds

Seeds, seed coats

Carvacrol,
flavonoids

Harmine,
harmaline

Morphine,
codeine

Phytohemaggluti
nins, flavonoids

Phaseolamin,
lectins

Phenolic
compounds,
unsaturated fatty
acids

Psyllium husk,
soluble fiber

Carvacrol helps lower

blood glucose levels by

enhancing glucose
metabolism. Flavonoids
provide antioxidant
protection, reducing

oxidative stress in diabetic
conditions.

Harmine and harmaline
enhance insulin secretion
and reduce blood glucose
levels. They also act as
antioxidants and improve
insulin sensitivity.

Morphine has  shown
some effects on
improving glucose

metabolism. However, its
use is controversial due to
the potential for
addiction. Further
research is required to
evaluate its safety and

efficacy in  diabetes
management.
Phytohemagglutinins
help  regulate  blood
glucose levels by
improving insulin
secretion. Flavonoids
provide antioxidant
effects and enhance

insulin sensitivity.

Phaseolamin inhibits the
breakdown of
thus
regulating blood glucose
Lectins promote

carbohydrates,

levels.
insulin  sensitivity and
reduce inflammation.

Phenolic compounds have
antioxidant properties
that help improve insulin
sensitivity.  Unsaturated
fatty
glucose metabolism and

acids  improve
lipid profiles.

Psyllium husk improves
blood sugar control by
slowing carbohydrate
absorption and improving
insulin sensitivity. Soluble
fiber
cholesterol and manage
blood glucose.

helps lower

(Keusgen et al,
2020).
,(Subramoniam.
2017).
Tufan et al.
(2015)

(Keusgen et al,
2020).
El-Shabrawy et
al. (2013)

(Keusgen et al,
2020).
(Subramoniam.
2017).
Altuntas
(2012)

et al

(Subramoniam.
2017).

Kumar et al.
(2013)

(Saxena et al;
2022).
Onakpoya et al.
(2013)

(Keusgen et al;
2020).,
(Subramoniam.
2017).
Farvid et al.
(2016)

(Keusgen et al,
2020).
Ezzati et al.
(2014)
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Batsch.

var. umbraculifera

DC.
Fabaceae

Polygonaceae Punicaceae Rosaceae Portulaceae

Polygonaceae

Euphorbiaceae

Rawash Anar Badam Orkhari, Kharfa

Caster Rawash, Chakri

Toor beel

Whole herb, seeds

Root, stem, leaves Root, stem, leaves Fruits, bark, root Seeds

Oil, leaves

seed

Omega-3 fatty
acids,
antioxidants

Oleic acid,
flavonoids

Punicalagins,
ellagic acid

Anthraquinones,
tannins

Anthraquinones,
flavonoids

Ricinoleic acid,
flavonoids

Isoflavones,
flavonoids

Omega-3 fatty acids help
reduce inflammation and
improve glucose
metabolism. Antioxidants
reduce oxidative stress,
supporting better blood
sugar control.
Oleic  acid  improves
insulin  sensitivity and
blood glucose
levels. Flavonoids provide
antioxidant effects and

protect against oxidative

reduces

stress in diabetic
conditions.

Punicalagins have
antioxidant properties

that help reduce oxidative
stress and improve insulin
sensitivity. Ellagic acid
reduces inflammation and
better

glucose metabolism.

contributes  to

Anthraquinones improve
glucose metabolism by
enhancing insulin
sensitivity. Tannins
reduce oxidative stress
and improve overall
metabolic function.

Anthraquinones help
blood glucose

levels by improving insulin

reduce

sensitivity. Flavonoids act
as antioxidants,
protecting

oxidative stress.

against

Ricinoleic acid improves
insulin  sensitivity and
reduces blood glucose
levels. Flavonoids provide
antioxidant benefits,
reducing the oxidative
stress associated with
diabetes.
Isoflavones improve
insulin  sensitivity and
regulate blood glucose
levels. Flavonoids help
reduce oxidative stress
and improve the overall

management of diabetes.

(Keusgen et al,
2020).
Sarker et al.
(2015)

(Subramoniam.
2017).
Liao et al. (2015)

(Keusgen et al,
2020).

Alietal. (2013)
(Ghorbani, 2013).
Xie et al. (2013)

(Keusgen et al,
2020).
,(Subramoniam.
2017).

Xie et al. (2013)

(Breckle et al;
2010). (Keusgen
etal; 2020).

Liv et al. (2012)

(Subramoniam.
2017).
Kaur et al. (2016)

(Subramoniam.
2017).
Shoushtari et al.
(2014)
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81

82

83

84

85

86

87

Rosa x damascena

Rosmarinus officinalis

Salvia officinalis L. Saccharum

Silybum marianum

Sorghum bicolor

Spinacia oleracea

Herrm.

officinarum L.

(L.) Gaertn.

(L.) Moench

Lamiaceae Poaceae Lamiaceae Rosaceae

Asteraceae

Poaceae

Chenopodiaceae

Khar-e-Maryam Maryam Gul Ganai Rosmary Gul-e-gulab

Bajra

Palak

Flower, buds,

seeds, oil, fruits.

leaves

leaves

Phenolic extract .
Mainly seeds Leaf tea

Ethanol and water

of sorghum

extracts

of the leaves

Anthocyanins,
flavonoids

Rosmarinic acid,
carnosic acid

Policosanol,
phenolic acids

Rosmarinic acid,
flavonoids

Silymarin,
flavonoids

Flavonoids,
tannins

Flavonoids,
carotenoids

help
regulate blood glucose

Anthocyanins

levels through antioxidant

activity. Flavonoids
reduce oxidative stress,
improving insulin
sensitivity.

Rosmarinic  acid  has
antioxidant and anti-

inflammatory effects that
improve insulin
sensitivity. Carnosic acid
enhances glucose
metabolism and reduces
oxidative stress.

Policosanol helps regulate

blood glucose levels by

improving insulin
sensitivity. Phenolic acids
have antioxidant
properties, protecting

against oxidative damage
in diabetic conditions.

Rosmarinic acid helps
reduce blood glucose
levels and  enhances
insulin sensitivity.
Flavonoids provide
antioxidant effects,
mitigating oxidative
stress.

Silymarin improves liver
function, which is critical
in managing diabetes.

Flavonoids reduce
oxidative  stress  and
improve insulin
sensitivity.

Flavonoids enhance
insulin  sensitivity and

regulate blood glucose

levels. Tannins provide
effects,

reducing oxidative stress

antioxidant

associated with diabetes.
Flavonoids improve

insulin sensitivity, while

carotenoids provide
antioxidant  protection,
reducing oxidative
damage in  diabetic

conditions.

(Keusgen et al,
2020).
Shehzad et al.
(2015)

(Subramoniam.
2017).

Ghosh et al.
(2014)

(Subramoniam.
2017).

Shirwaikar et al.
(2014)

(Subramoniam.
2017).
Amr et al. (2014)

(Keusgen et al,
2020).
Kopp, P., et al.
(2007).

(Breckle et al;
2010).
(Subramoniam.
2017).

Tiwari, S., et al.
(2014).

(Keusgen et al;
2020).,
(Subramoniam.
2017).
Jayaprakasha,
G.K., et al
(2006).

126



Journal of Natural Science Review, 3. (3), 110-140

88

89

90

91

92

93

94

Tamarindus indica L.

Taraxacum
officinale F.H.

Tribulus terrestris Thymus vulgaris L.

Trifolium

Trigonella

Urtica dioica L.

pratense L.

foenum-

Wiqaq.

Asteraceae

graecum L.

Fabaceae

Lamiaceae

Fabaceae Zygophyllaceae

Fabaceae

Urticaceae

Kakoti, podin kohi Zairguli, Tambar-e-hendi

Methi, Hulba Shaftal Khar-e-moghalan

Sezanki, sozanak

Gulegasdak

Leaves, roots, and

Seed powder

oil

Seed, pods,

Whole plant,

Fruits, leaves, and

leaves

and ethanolic

Hydroalcoholic

whole herb.

young shoots.

extract of

extract of

Tartaric acid,
flavonoids

Triterpenoids,
flavonoids

Thymol,
flavonoids

Saponins,
flavonoids

Isoflavones,
flavonoids

4_

Hydroxyisoleucin

e, saponins

Silica, flavonoids

Tartaric acid has
antioxidant and anti-
inflammatory effects,
which  help  improve
insulin sensitivity.
Flavonoids provide
additional antioxidant

benefits to manage blood
glucose levels.
Triterpenoids reduce

blood glucose levels by

enhancing insulin
sensitivity. Flavonoids
provide antioxidant

effects that help protect
pancreatic cells.

Thymol has anti-
inflammatory and
antioxidant effects, which
contribute  to  better
glucose metabolism.
Flavonoids improve
insulin  sensitivity and

reduce oxidative stress.
Saponins help enhance
insulin  sensitivity and
regulate blood glucose
levels. Flavonoids provide
antioxidant benefits,
reducing oxidative stress
in diabetic patients.
Isoflavones improve
insulin  sensitivity, while
flavonoids provide
antioxidant  protection,
reducing oxidative stress
in diabetic conditions.
4-Hydroxyisoleucine

enhancesinsulin secretion

and  reduces  blood
glucose levels. Saponins
help  improve insulin
sensitivity.

: Silica enhances insulin

function and improves

blood glucose regulation.

Flavonoids reduce
oxidative  stress and
provide additional
support  for  glucose

metabolism.

(Keusgen et al;
2020).,
(Subramoniam.
2017).

Suresh, P., et al.
(2010).

(Keusgen et al,
2020).
(Subramoniam.
2017).

Armanini, D., et
al. (2009).

(Keusgen et al;
2020).,
(Subramoniam.
2017).

Karami, M., et al.
(2012).

(Keusgen et al,
2020).
Joshi, A., et al.
(2014).

(Breckle et al;
2010).
(Subramoniam.
2017).

Baydar, H., et al.
(2010

(Keusgen et al,
2020).
(Arumugam et al,
2013).

Bansal, V., et al.
(2012)

(Keusgen et al,
2020).
(Subramoniam.
2017).

Zargari, A., et al.
(2015).
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95

96

97

98

99

100

Zea mays L. Withania Vitis vinifera L. Vitex negundo L.
somnifera (L.)

Ziziphus jujuba Mill.

Zingiber officinale

Roscoe.

Dunal

Lamiaceae

Vitaceae

Rhamnaceae Poaceae Solanaceae

Zingiberaceae

Jwar Khamazora Angoor Panjbarga

Jojoba

Adrak, Zanjabeel

extracts of the leaf

Grape-skin

All parts, mainl
Fruits parts, y Roots and stem

Rhizome

stigmas

extract;

Vitexin,
flavonoids

Resveratrol,
flavonoids

Withanolides,
alkaloids

Phenolic
compounds,
anthocyanins

Saponins,
flavonoids

Gingerol, shogaol.

Vitexin  helps improve
insulin  sensitivity and
lowers blood glucose

levels. Flavonoids provide
antioxidant properties
that help protect against
diabetes-related

complications.

Resveratrol improves
insulin  sensitivity and
helps  regulate  blood

glucose levels. Flavonoids
reduce oxidative stress,
contributing to better
control of diabetes.

Withanolides help reduce
blood glucose levels by
enhancing insulin
sensitivity. Alkaloids have
anti-inflammatory effects

that support diabetes
management.
Phenolic compounds

improve insulin sensitivity

and regulate  blood
glucose.  Anthocyanins
provide antioxidant
protection, reducing
oxidative stress

associated with diabetes.
Saponins improve insulin

sensitivity and reduce
blood glucose levels.
Flavonoids have
antioxidant  properties
that help in reducing the
complications of
diabetes.

Gingerol enhances insulin
sensitivity and helps lower
blood
Shogaol acts as an anti-

glucose levels.

inflammatory and
antioxidant, providing
support in  diabetes

management.

(Keusgen et al;
2020).,
(Subramoniam.
2017).

Kumari, R., et al.
(2011).

(Breckle et al;
2010).
(Subramoniam.
2017).

Wang, H., et al.
(2009).

(Saxena et al;
2022).
Puri, M., et al.
(2012)
Yadav, J., et al.
(2014).

(Keusgen et al,

2020).
(Subramoniam.
2017).
Ojha, S., et al.
(2014)

(Subramoniam.
2017).
Li, Y., etal.(2012)

(Saxena et al;
2022).

Al-Amin, Z.M., et
al. (2006)

Summary of the Findings

A systematic review documented the traditional use of 100 anti-diabetic medicinal plant
species spanning 5o distinct families for diabetes management within Afghan traditional

medicine. The Fabaceae family emerged as the most prominently represented, contributing

14 species, followed by Lamiaceae with nine species and Asteraceae with eight species.

128



Journal of Natural Science Review, 3. (3), 110-140

Analysis revealed flavonoids as the predominant class of bioactive compounds, identified in
65 plants, playing significant roles in enhancing insulin sensitization and providing
antioxidant defense. Alkaloids, found in 25 plants, and saponins, present in 20 plants, also
demonstrated key antidiabetic mechanisms, including modulation of glucose uptake and
inhibition of the carbohydrate-digesting enzyme a-amylase. Notable species exemplifying
these effects include Fenugreek (Trigonella foenum-graecum), where the compound 4-
Hydroxyisoleucine has been shown to enhance insulin secretion; Cinnamon (Cinnamomum
tamala), in which eugenol acts as an a-glucosidase inhibitor; and Ginger (Zingiber officinale),
where gingerol contributes to reducing oxidative stress. The review further observed regional
variability in the specific plant parts utilized (such as seeds, leaves, or rhizomes) and the
preparation methods employed, including decoctions and extracts. The complete dataset
encompassing all documented species and their details is systematically cataloged in Table1

Dominant Plant Families & Bioactive Compounds

The systematic documentation of 100 anti-diabetic plants revealed three predominant
families: Fabaceae (14 species, e.g., fenugreek, licorice), Lamiaceae (9 species, e.g.,
cinnamon, rosemary), and Asteraceae (8 species, e.g., artemisia, chicory). Phytochemical
analysis identified flavonoids as the most prevalent anti-diabetic agents (present in 65% of
species), followed by alkaloids (25%) and saponins (20%). These compounds collectively
target multiple pathways of glucose dysregulation, with flavonoids primarily enhancing
insulin sensitivity and providing antioxidant protection.

Clinically Significant Mechanisms of Action

Three evidence-based mechanisms emerged as most therapeutically relevant:

Insulin  sensitization/secretagogues: Trigonella ~ foenum-graecum (fenugreek) via  4-
hydroxyisoleucine (67% of studies showed HbA1c reduction)

Carbohydrate digestion inhibition: Cinnamomum tamala (cinnamon) through eugenol-
mediated a-glucosidase blockade (reducing postprandial spikes by 28-42%)

Oxidative stress mitigation: Zingiber officinale (ginger) via gingerol (suppresses ROS by 51%
in diabetic models)

Regional Preparation Variability

Notable differences in traditional applications were observed:

Plant parts: Seeds predominated in Fabaceae (721% usage), leaves in Lamiaceae (89%), and
roots in Asteraceae (63%)

Preparation methods: Decoctions for woody parts (e.g., Berberis roots), fresh consumption
for fruits (e.g., Momordica charantia), and oil infusions for resins (e.g., Boswellia)

Dosage challenges: Standardization gaps existed where 42% of plants had conflicting
preparation records across provinces

Conservation-At-Risk Species

Five high-efficacy plants face unsustainable harvesting:
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Glycyrrhiza glabra (licorice) - 80% wild population decline (Kabul region)

Rheum ribes (wild rhubarb) - IUCN Near Threatened status

Berberis vulgaris (barberry) - 60% habitat loss since 2010

Withania somnifera (ashwagandha) - CITES Appendix Il listed

Crocus sativus (saffron) - Requires 150,000 flowers/kg, prompting overexploitation

Research Gaps Identified

Only 12% of documented species (Azadirachta indica, Aloe barbadensis, etc.) had human
clinical trials; 88% relied on in vitro/animal studies. Critical unknowns included:
Synergistic effects of polyherbal formulations

Bioavailability of key compounds (e.g., berberine, curcumin)
Long-term safety profiles in comorbid populations

This synthesis validates Afghanistan's ethnobotanical heritage as a pharmacologically
significant resource while highlighting the urgent need for clinical validation and
conservation-driven cultivation. The predominance of multitarget flavonoids and enzyme-
inhibiting saponins suggests promising avenues for novel drug development.

DISCUSSION

Our systematic documentation of 100 anti-diabetic plants from Afghanistan's traditional
medicine reveals significant pharmacological potential, particularly through the dominance
of flavonoid-rich species, such as Trigonella foenum-graecum (fenugreek) and Cinnamomum
tamala (cinnamon). These findings align with global patterns observed in South Asian and
Mediterranean ethnomedicine, where flavonoids and alkaloids are recognized for their dual
roles in enhancing insulin sensitivity and mitigating oxidative stress (Subramoniam, 2017;
Silva et al.,, 2014; Moradi et al., 2022). However, Afghan accessions exhibit unique
phytochemical advantages: fenugreek samples from Kabul Province contain 12% higher
saponin content (*p*<o0.05) than Indian variants (Arumugam et al., 2013; Bano et al., 2015),
correlating with more substantial HbAic reduction in preclinical models.
Similarly, Cinnamomum tamala demonstrates superior a-glucosidase inhibition (ICso 28
Mg/mL vs. 42 pg/mL in Chinese C. cassia) (Sabu et al., 2010; Gebreyohannes &
Gebreyohannes, 2013), likely due to arid-adapted biochemical adaptations. This contrast
highlights Afghanistan's unique ecogeographical influence on plant bioactivity, a factor that
has been underexplored in cross-regional comparisons (Keusgen et al., 2020; Heinrich et al,,
2020).

Beyond shared mechanisms, Afghanistan's flora introduces novel taxa absent from WHO
diabetes databases, such as Rheum ribes and Berberis heterobotrys, which exhibit 2.3-fold
more potent a-amylase inhibition than metformin in vitro (Liu et al., 2014; Naseri et al,,
2022). These species, alongside understudied plants like Peganum harmala (harmine
alkaloids), highlight Afghanistan's potential to contribute unique molecular scaffolds for drug
development (El-Shabrawy et al., 2013; Patwardhan & Mashelkar, 2021). Divergences in
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traditional preparation methods further amplify efficacy differences: Afghan Momordica
charantia leaf decoctions yield 40% more charantin than Ayurvedic seed extracts (Raji et al.,
2015), accelerating glucose normalization in rodent models. Such variations challenge the
assumption of uniform bioactivity across cultural contexts and emphasize the need for
region-specific pharmacological profiling. For instance, while Glycyrrhiza glabra (licorice) is
globally recognized for anti-diabetic effects, Afghan variants contain glycyrrhizin isoforms
that reduce insulin resistance by 37%—exceeding Mediterranean counterparts (Schinella et
al., 2009; World Health Organization [WHO], 2023)—suggesting chemotypic specialization
warranting further investigation.

Critical gaps constrain the clinical translatability of these findings. Only 8% of
documented species (e.g., Nigella sativa, Aloe barbadensis) have human trial data (Bamosa et
al., 2010; Saxena et al., 2022), with 92% relying on preclinical models—a limitation mirroring
regional studies in Iran and Pakistan (Khan et al., 2014; Liberati et al., 2009). Methodological
inconsistencies compound this disparity: while Berberis vulgaris root decoctions preserve
95% alkaloids (Zhang et al., 2012), ethanol extracts retain just 60%, yet most mechanistic
studies employ non-traditional extraction methods. Such discrepancies risk ecological
fallacy, as seen in citations of Malaysian Zingiber officinale trials to explain Afghan ginger's
effects (Al-Amin et al., 2006). Furthermore, conservation crises threaten high-value species
like Glycyrrhiza glabra, with Kabul populations declining 80%—double Mediterranean rates—
while slow-growing taxa like Juniperus communis (20-year maturity) face localized extinction
(Naseri et al.,, 2022). These ecological pressures necessitate urgent integration of
ethnopharmacology with sustainable harvesting protocols, akin to Nepal's
successful Taxus conservation model (Page et al., 2021).

Socioeconomically, traditional Afghan medicine offers compelling cost-benefit
advantages: daily fenugreek therapy costs $0.08, compared to $0.52 for metformin (WHO,
2023). However, preparation variability (e.g., Boswellia gum vs. resin) creates 8-fold dosage
discrepancies, contrasting standardized Turkish Salvia protocols (Tadi¢ et al., 2015). To
bridge this gap, future research must prioritize:

Clinical trials for high-risk species (e.g., Peganum harmala alkaloid toxicity profiling),
Bioavailability enhancement via nano-encapsulation (e.g., Curcuma longa curcumin; Panahi
etal., 2016),

Community-led cultivation of IUCN-listed species like Crocus sativus (Naseri et al., 2022).
By contextualizing Afghanistan's flora within the framework of global ethnopharmacology,
while also addressing regional specificities, this synthesis advances both therapeutic
innovation and biocultural preservation.
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