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Abstract Diabetes remains a global health chal-

lenge, with increasing numbers of patients diagnosed

annually. Managing diabetes, particularly type two

diabetes (T2D), requires a healthy lifestyle and

medication to prevent further complications. New

and effective antidiabetic drugs derived from natural

products, including medicinal plants, are urgently

needed because of the undesirable side effects asso-

ciated with current antidiabetic drugs. Australian

Aboriginal people possess rich traditional knowledge

of plants used for food and therapeutic purposes. Here,

we reviewed the literature on Aboriginal medicinal

plants and found that a total of 126 Australian tropical

plant species belonging to 47 families and 88 genera

were reported as being used for treating wounds and

diabetes-related conditions. We found that 28 of these

126 species were edible, of which fruits were the most

consumed part. Among the 126 species, crude extracts

from 29 species have been tested for their antidiabetic

properties, and crude extracts of Syzygium cumini and

Morinda citrifolia were the most extensively studied.

Crude extracts from some species (e.g., Morinda

citrifolia, Eleocharis dulcis, and Brassica rapa) have

also been clinically evaluated in diabetic patients.

Additionally, among 29 species, 374 pure compounds

were isolated from 26 species. From the 374 isolated

compounds, 51 have already been tested, out of which

16 were identified as antidiabetic drug leads. A total of

73 Aboriginal medicinal plants have not been tested

for their phytochemical content or antidiabetic activ-

ity. These plants not only present potential targets for

the biodiscovery of novel antidiabetic drug leads but

also for the development of antidiabetic nutraceuticals

based on traditional bush food knowledge.
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Introduction

Diabetes is a chronic metabolic disorder characterised

by hyperglycemia, which may lead to damage to

various organs, including the kidneys, nerves, eyes,

heart, and blood vessels (WHO 2024). Diabetes is

diagnosed as either type 1 or type 2 diabetes (T2D).

Type 1 diabetes (T1D) occurs because of a complete

lack of insulin, which occurs when pancreatic beta

cells are destroyed. This destruction is due to genetic

factors influenced by viral infections and autoimmune

diseases (Ikegami et al. 2021). T1D is characterised by

hyperglycemic conditions and weight loss because of

increased lipolysis and protein breakdown. This type

typically occurs in young people and requires insulin

supplements (Ikegami et al. 2021; Lega and Lip-

scombe 2020). On the other hand, T2D mainly occurs

in overweight people who develop insulin resistance

or relative insulin deficiency (WHO 2024; Galicia-

Garcia et al. 2020). Insulin insensitivity is triggered by

obesity due to genetic disposition and an imbalance in

energy uptake and expenditure, which increase the
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fatty acid concentration in the blood. This condition

reduces glucose utilisation in muscle and fatty tissues,

resulting in insulin resistance and increased insulin

secretion (Silbernagl et al. 2016; Jameson 2010).

The International Diabetes Federation (IDF)

reported that approximately 537 million adults aged

20–79 years were diagnosed with severe diabetes in

2021 (IDF 2021), 90% of whom had T2D (Henning

2018; WHO 2024). On the basis of the current

incidence rate, the number of diabetes cases is

projected to increase to 643 million by 2030 and 783

million by 2045, with the highest prevalence in low- to

middle-income countries, which are projected to

constitute 3 in 4 adults with diabetes (IDF 2021).

China and India are the top countries, with 140.9 and

74.2 million people with diabetes, respectively, in

2021 (Sun et al. 2022; IDF 2021). In Australia, 1.4

million people were living with diabetes in 2021

(AIHW 2024). The high prevalence of T2D is driven

mainly by physical inactivity and energy-dense diets,

leading to obesity and an aging population (WHO

2024; Chatterjee et al. 2017). These conditions cause

hyperglycemia and insulin resistance, leading to

diabetes complications such as cardiovascular dis-

eases (Ali et al. 2022; Galicia-Garcia et al. 2020). In

2023, T2D was responsible for approximately

124,000 years of healthy life lost and contributed

2.2% to the total disease burden in Australia, and it

was the 11th leading cause of disease burden (AIHW

2024). Diabetes is not only a global health problem but

also a major economic burden. The global cost of

diabetes in 2021 was estimated to be US$966 billion

(11.5% of the global health expenditure) (IDF 2021).

For example, Australia’s healthcare and productivity

losses associated with managing T2D (along with

cardiovascular diseases) are estimated to be AU$

421.15 and AU$ 577.04 billion, respectively, between

2020 and 2030 (Abushanab et al. 2022; Henning

2018).

There is still no cure for T2D, and it can be

managed only through a healthy lifestyle, diet, and

medication with various antidiabetic drugs (WHO

2024; Tan et al. 2019). Most currently available

antidiabetic drugs, including metformin (the frontline

drug for T2D), help regulate blood glucose concen-

tration/level (glycaemic control) by triggering more

insulin release from the pancreas and increasing

urinary glucose excretion (Tan et al. 2019; Scheen

2020; Wilson 2010). Despite their therapeutic benefits,

most antidiabetic drugs have side effects (Ali et al.

2022; Xu et al. 2018). For example, metformin can

effectively lower blood glucose concentrations, but it

is linked to vitamin B12 deficiency and is not

recommended for patients with moderate to severe

chronic kidney disease (Chatterjee et al. 2017; Tan

et al. 2019). Sodium-glucose cotransporter 2 (SGLT2)

inhibitor drugs are implicated in diabetic ketosis,

kidney problems, and urinary tract and genital infec-

tions (Mashraqi et al. 2021). Glucagon-like peptide-1

(GLP-1) receptor agonist drugs cause gastrointestinal

effects such as nausea, vomiting, diarrhoea, and

constipation (Wharton et al. 2022). Thus, there is a

strong demand for new and safer antidiabetic drugs

(Jugran et al. 2021; Ali et al. 2015).

Antidiabetic compounds from plants often show

greater efficacy with fewer side effects than synthetic

drugs do (Wasana et al. 2021; Arulselvan et al. 2014),

and most of these compounds have been isolated on

the basis of traditional knowledge. Plant-based for-

mulations (derived from traditional medicine knowl-

edge) have long been used to manage diabetes and

diabetes-related conditions. Australian Aboriginal

people have used plants for food and therapeutic

purposes for thousands of years, accumulating vast

knowledge of the properties of these plants (Cribb and

Cribb 1981; Barr et al. 1993). Aboriginal people have

been called ‘‘food gatherers’’ because of their ability to

sustain themselves and acquire the most intricate skills

to meet the challenges of nature (Low 1989). Many

plants are used to treat diabetes-related conditions,

such as cuts, sores, boils, burns (DiabetesAustralia

2024), and digestive disorders (Mapp 1986), with

decoctions, ointments, and infusions prepared from

different parts of the plants (Clarke 2007; Williams

2010). In addition, indigenous people are aware of

variations in the active components associated with

soil type (Lassak and McCarthy 2011). Given that

impaired wound healing is one of the major compli-

cations associated with diabetes (Chen et al. 2024;

Stachura et al. 2022; Dubey et al. 2022), we hypoth-

esised that the Aboriginal medicinal plants used to

treat wounds or cuts could be potential sources of

antidiabetic drug leads.

Therefore, the main aim of this review was to

evaluate the antidiabetic or wound-healing properties,

or efficacy of crude extracts, fractions, and isolated

pure compounds reported from Aboriginal tropical

medicinal plants in Australia. This review also aimed
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to compile phytochemical and antidiabetic activity

profiles of those medicinal plants that have already

been studied as a knowledge database to support the

traditional use of Aboriginal medicinal plants.

Literature review method

Figure 1 presents an overview of the strategy applied

in this review. Initially, data for 149 plant species were

retrieved from various books on Aboriginal medicinal

plants, bush foods, and bush medicines across Aus-

tralia (Cribb and Cribb 1981; Barr et al. 1993; Low

1989, 1990; Clarke 2007; Kyriaziz 1995; Williams

2010; Lassak and McCarthy 2011; Bindon 1996;

Maiden 1889; Edgar et al. 1997; Webb 1959). These

149 medicinal plants were used by Australian Abo-

riginal people to treat diabetes-related conditions. Five

datasets were further examined, namely, the Atlas of

Living Australia (ALA) for plant descriptions (ALA

2024), the Australasian Virtual Herbarium (AVH) for

plant distributions (AVH 2024), the World Flora

Online (WFO) Plant (WFO 2024) and the Australian

Plant Census (APC) for taxonomy (APC 2024), and

the Useful Tropical Plants (UTP) database (UTP 2024)

for additional information, including habits, parts

used, and ethnomedicinal uses. The following hits

were excluded: poisonous plants (5 species), plants

outside the Australian Tropical Regions (5 species),

and data that were not incorporated under the current

plant name (13 species). The 126 species were further

reviewed via online databases, such as Scopus,

PubMed, Web of Science, and SciFinder, which use

plant names and relevant keywords such as ‘antidia-

betic,0 ‘diabetes,0 ‘isolated compounds,0 ‘crude extra-

ct,0 and ‘antidiabetic compounds.0

Results and discussion

Traditional wound-healing medicinal plants

with antidiabetic potential

The Aboriginal tropical medicinal plants reviewed

here were chosen for their traditional use in wound

healing, as terms like ‘hyperglycemia0 were not used

in ancient times. Today, it is well established that

glucose metabolism is essential for wound healing,

providing the energy required for cellular and tissue

repair (Demling 2009; Eming et al. 2021; Im and

Hoopes 1970). However, in diabetic patients, impaired

glucose regulation leads to chronic wounds and

delayed healing (Patel et al. 2019). This disruption in

normal wound repair process is driven by factors such

as persistent hyperglycemia, nerve damage, and

vascular complications, which can result in infections,

ulcers, and even limb amputation (Falanga 2005;

Brem and Tomic-Canic 2007).

Modern therapeutic strategies for diabetes, including

dipeptidyl peptidase-4 (DPP-4) inhibitors and met-

formin, have shown promise in supporting wound

healing (Spampinato et al. 2020; Han et al. 2017).

Additionally, natural compounds like betulinic acid

have been found to accelerate diabetic wound healing

by reducing inflammation and oxidative stress (Yadav

et al. 2024). These findings highlight a significant link

between the wound healing effects of medicinal plants

and their antidiabetic properties (Oguntibeju 2019).

Several medicinal plants traditionally used for wound

healing have also exhibited antidiabetic effects, sug-

gesting a valuable dual therapeutic potential. For

instance, Aloe vera leaf has been widely applied in

traditional medicine for treating burns and skin injuries,

and studies have confirmed its role in glycemic control

and improving insulin sensitivity in diabetic models

(Adamu et al. 2021). Azadirachta indica (commonly

known as neem) is another example. It is commonly

used for its antimicrobial and wound-healing proper-

ties, and also shown to exert hypoglycemic effects in

both animal and clinical studies (Rafe 2017). Similarly,

seeds of Trigonella foenum-graecum (Fenugreek),

traditionally used in wound poultices, have demon-

strated antidiabetic activity through delayed glucose

absorption and improved insulin function (Bharathy

and Thanikachalam 2024).

Australian tropical medicinal plants

with antidiabetic properties

In Australia, more than 500 species of native plants

have been documented for their medicinal uses,

highlighting the country’s rich biodiversity and the

rich traditional biocultural knowledge held by indige-

nous communities (Cribb and Cribb 1981). Many of

these plants have been used to treat a range of ailments,

including metabolic disorders. Our review led to the

identification of 126 medicinal plants (Fig. 1) that are

traditionally used by Aboriginal people to treat
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diabetes-related conditions, such as wounds, ulcers and

digestive disorders (Table 1 & 2). Among the 126

species, 29 have been studied for their antidiabetic

properties, 26 have been studied both for their antidi-

abetic and phytochemical properties (Table 1), and 73

species have not been reported for their antidiabetic

activities or isolated compounds (Table 2).

Diversity and habit of antidiabetic medicinal plants

The 126 selected medicinal plants (Tables 1, 2) belong

to 47 families and 88 genera. Myrtaceae was the

dominant family (with 17 species), followed by

Fabaceae (14 species), Euphorbiaceae (11 species),

and Malvaceae, Proteaceae and Lamiaceae (6 species

each) (Fig. 2). With more than 6,000 species, Myr-

taceae is found mainly in tropical regions and has been

exploited for human use (Hardstaff et al. 2022). Some

genera of Myrtaceae that have medicinal purposes are

Eucalyptus, Eugenia, Melaleuca, and Syzygium.

Among the Syzygium species, Syzygium cumini is

known for its antidiabetic properties (Masaenah et al.

2021). This species has thus been studied for its

constituents. Other species of the genera Eucalyptus,

Eugenia, and Melaleuca have not been reported to

have antidiabetic properties.

Shrubs were the most dominant lifeform (54

species), followed by trees (45 species), herbs (18

species), climbers (7 species), epiphytes (2 species),

and palm-like plants (1 species) (Fig. 3A). An

example of a medicinal shrub is Melastoma affine

(Melastomataceae), a pioneer shrub species in the

rainforests of Australasian rainforests, including those

in India, China, Papua New Guinea, Southeast Asia,

and Australia (Gross 1993; AVH 2024). An example

of a medicinal tree is Melaleuca leucadendra, and an

example of a medicinal herb is Cleome viscosa, whose

leaves and young shoots are edible and are used to heal

wounds and ulcers (Lassak and McCarthy 2011).

Different parts of the antidiabetic medicinal plants

used for treatment

Various parts of plants are indicated as medicinal by the

Australian Aboriginal people to treat diabetes-related

symptoms, and they are classified into eight categories:

‘whole plant,0 ‘leaf,0 ‘bark,0 ‘root,0 ‘plant exudate,0 ‘fruit

and seed,0 ‘charcoal and ash,0 and ‘twig0 (Fig. 3B). The

‘whole plant0 category refers to herbaceous plants where

the roots, stems, and leaves are easier to collect than

specific parts. The ‘leaf0 category comprises young

leaves, leaf stalks, petioles, and young shoots; the ‘bark0

category includes outer and inner bark and root bark; the

‘root0 category includes tap roots, tubers, and bulbs; the

‘plant exudate0 category includes sap, gum, resin, kinos,

and latex; and the ‘fruit and seed0 category comprises

fruits, seeds, kernels, and pods. Leaves were the most

commonly used part (38.8%), followed by bark (16.3%),

fruit and seeds (11.8%), whole plants (10.7%), plant

exudates (10.1%), roots (8.4%), charcoal and ash

Fig. 1 Overview of strategies applied to review and select antidiabetic medicinal plants used by Aboriginal people in Australia
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Table 1 Australian tropical medicinal plants traditionally used

for treating wounds and diabetes-related conditions that are

studied for phytochemical composition and/or antidiabetic

properties (Cribb and Cribb 1981; Barr et al. 1993; Low

1989, 1990; Clarke 2007; Kyriaziz 1995; Williams 2010;

Lassak and McCarthy 2011; Bindon 1996; Maiden 1889; Edgar

et al. 1997; Webb 1959; ALA 2024; AVH 2024; APC 2024;

WFO 2024; UTP 2024)

Family Botanical name Habit Part(s) used Conditions or ailments

treated

Phytochemical

studies/compound

isolation

Antidiabetic

studies

Acanthaceae Avicennia marina
(Forssk.) Vierh.

Tree Leaves, young

shoots, ash,

and charcoal

of wood

Pain relief, skin lesions

and infections, ulcers,

sores

Yes Yes

Apocynaceae Cynanchum
viminale subsp.

australe (R.Br.)

Meve & Liede

Shrub Sap Bleeding wounds and

healing sores

Yes No

Asteraceae Ageratum
conyzoides L.

Herb Whole plant Wounds Yes Yes

Pterocaulon
serrulatum
(Montrouz.)

Guillaumin

Herb Whole plant Wounds Yes No

Pterocaulon
sphacelatum
(Labill.) Benth.

& Hook.f. ex

F.Muell.

Shrub Leaves Open wounds, sores, and

inflamed eyes

Yes No

Boraginaceae Heliotropium
indicum L.

Herb Leaves Skin sores and

rheumatism

Yes Yes

Capparaceae Capparis
lanceolaris DC.

Shrub Bark Scratches and sores Yes No

Cleomaceae Cleome viscosa L. Herb Leaves, young

shoots

(edible)

Counterirritant, wounds,

ulcers, and earache

Yes Yes

Combretaceae Terminalia
catappa L.

Tree Leaves (fruits

are edible)

Mouth infections and

sore throat

Yes Yes

Convolvulaceae Ipomoea pes-
caprae (L.)

R.Br.

Climber Leaves Boils, salves, sexually

transmitted disease,

sores

Yes No

Merremia
tridentata (L.)

Hallier f.

Climber Whole plant Sores, skin lesions,

wounds

Yes Yes

Cyperaceae Eleocharis dulcis
(Burm.f.) Trin.

ex Hensch

Shrub Whole plant

(tubers are

edible)

Wounds Yes Yes
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Table 1 continued

Family Botanical name Habit Part(s) used Conditions or ailments

treated

Phytochemical

studies/compound

isolation

Antidiabetic

studies

Euphorbiaceae

Fabaceae

Acalypha
wilkesiana
Müll.Arg.

Shrub Whole plant Open sores, sedative Yes Yes

Euphorbia atoto
G.Forst.

Shrub Milky sap Ulcers Yes No

Euphorbia
pilulifera L.

Herb Leaves.

Leaves are

also

consumed as

herbal tea

Pain relief, wounds Yes No

Macaranga
tanarius (L.)

Müll.Arg.

Shrub Leaves Wounds Yes Yes

Acacia
auriculiformis
A.Cunn. ex

Benth.

Tree Whole plant Sores, sore eyes, aches,

rheumatism, allergy,

itching, rashes

Yes Yes

Acacia kempeana
F.Muell.

Shrub Leaves Wounds No Yes

Castanospermum
australe
A.Cunn. ex

Mudie

Tree Seeds (edible) Postprandial

hyperglycaemia in

diabetic patients

Yes Yes

Flagellariaceae Flagellaria indica
L.

Climber Leaves Wound healing, sore

eyes

No Yes

Hydrophyllaceae Hydrolea
zeylanica (L.)

Vahl

Herb Leaves (young

shoots are

edible)

Ulcers, wounds No Yes

Lamiaceae Ajuga australis
R.Br.

Shrub Leaves Wounds, ulcers, sores Yes No

Ocimum
gratissimum L.

Herb Whole plant Hypotension Yes Yes

Ocimum
tenuiflorum L.

Shrub Whole plant Diarrhoea, dysentery,

malaria, skin disease,

wounds

Yes Yes

Volkameria
inermis L.

Shrub Leaves, bark Sores, wounds Yes Yes

Lauraceae Cassytha filiformis
L.

Climber,

parasite

Whole plant Ulcers, inflamed eyes Yes Yes

Lecythidaceae Planchonia
careya
(F.Muell.)

R.Knuth

Tree Bark (fruits are

edible)

Wounds, sores Yes No

Loganiaceae Strychnos lucida
R.Br.

Shrub Bark, roots,

fruits

Skin sores, burns, cuts,

wounds

Yes No
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Table 1 continued

Family Botanical name Habit Part(s) used Conditions or ailments

treated

Phytochemical

studies/compound

isolation

Antidiabetic

studies

Malvaceae Abutilon indicum
(L.) Sweet

Shrub Whole plant Leprosy, ulcers. It also

possesses demulcent

properties and anti-

inflammatory

properties

Yes Yes

Grewia hirsuta
Vahl

Shrub Roots Cuts, sores Yes Yes

Hibiscus vitifolius
L.

Herb Roots or tubers Boils Yes Yes

Melastomataceae Melastoma affine
D.Don

Shrub Leaves (fruits

are edible)

Diarrhoea, dysentery,

burns, ulcers, and

wounds

Yes Yes

Menispermaceae Tinospora
smilacina Benth.

Climber Whole plant Pain relief, headache,

rheumatism, wounds

Yes No

Moraceae Ficus coronata
Spin

Tree Leaves

(syconia are

edible)

Wounds Yes No

Ficus racemosa L. Shrub Bark, leaves

(syconia are

a bush food)

Boils Yes Yes

Myoporaceae Eremophila
duttonii F.Muell.

Shrub Leaves Infected cuts, scabies,

open sores, ears,

inflamed eyes

Yes No

Myrtaceae Eucalyptus
camaldulensis
Dehnh.

Tree Leaves Wounds and sores Yes No

Eucalyptus
microtheca
F.Muell.

Tree Leaves (seeds

are edible)

Skin sores Yes No

Melaleuca
leucadendra (L.)

L.

Tree Leaves, bark

(flowers used

for making

sweet drinks)

Sedative, respiratory

infections, skin

diseases

Yes No

Syzygium cumini
(L.) Skeels

Tree Leaves (fruits

are edible)

Diabetes Yes Yes

Orchidaceae Cymbidium sp. Herb Leaves Cuts, sores, and burns Yes No

Pandanaceae Pandanus
tectorius
Parkinson

Tree Leaves, stems

(fruits and

kernels are

edible)

Cold/flu, hepatitis,

dysuria, asthma, boils,

cancer, and to alleviate

vomiting

Yes Yes

Phyllanthaceae Flueggea virosa
(Roxb.ex Willd.)

Royle

Shrub Whole plant

(fruits are

edible)

Sores and skin ailments Yes No

Poaceae Cymbopogon
ambiguus
(Hack.)

A.Camus

Shrub Leaves Wounds and sores Yes No

Proteaceae Grevillea striata
R.Br.

Shrub Charcoal of

plant, and

dried sap

from bark

Wounds Yes No
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(2.2%), and twigs (1.7%). The ease of collection,

availability, and minimisation of plant damage facilitate

the frequent use of leaves (Turpin et al. 2022).

Disease categories and methods of treatment

preparations

We grouped the diseases or conditions associated with

the 126 identified medicinal plants into nine categories

(Fig. 4). Among the nine categories, the ‘skin sores and

infections0 (34%), ‘cuts, wounds, and burns0 (32%),

and ‘boils and ulcers0 (9%) categories were associated

with mostly treated diseases. For example, dried and

powdered sap collected from damaged areas of Gre-

villea striata bark is sprinkled onto sores, burns, and

cuts as a drying agent (Cribb and Cribb 1981). The

leaves and twigs of Acacia translucens are mashed in

water, and the liquid is used to bathe skin sores; a leaf

decoction of Ipomoea pes-caprae is applied to sores,

scabies, bites, and stings (Lassak and McCarthy 2011).

‘Toothache and mouthwash0 (3%), ‘anti-inflammatory0

(3%), ‘rheumatism0 (3%), and ‘digestive disorder0

(diarrhoea and vomiting, 2%) were the least commonly

treated diseases or conditions. The ‘others0 category

includes dysentery, malaria, respiratory infection, cold

and flu, hepatitis, scabies, sexually transmitted infec-

tions (STIs), sedatives, and immune system boosters.

Typically, plant parts were prepared in different

forms before application or consumption to treat

diseases or conditions. They most commonly prepared

decoctions or infusions, chew paste, charcoal, and ash

or directly applied fresh materials (Lassak and

McCarthy 2011; Williams 2010, 2021; Fern 2014).

For example, sap collected from damaged areas of

Grevillea striata bark is dried and powdered to apply

on sores, burns, and cuts as a drying agent (Cribb and

Cribb 1981). The leaves, bark, and roots of Alphitonia

excelsa are mashed or crushed and made into aqueous

decoctions or infusions before being applied to wounds

or sores (Cribb and Cribb 1981; Lassak and McCarthy

2011). A similar method was applied to the leaves of

Brachychiton diversifolius, Pterocaulon sphacelatum,

and Acacia kempeana and the bark and roots of

Buchanania arborescens, Capparis lanceolaris, and

Grewia retusifolia (Lassak and McCarthy 2011;

Maiden 1889; Barr et al. 1993). Some plants were

prepared by boiling or heating them with seawater or

saltwater, such as the inner bark of Hibiscus tiliaceus

and the whole plant of Eleocharis dulcis (Cribb and

Cribb 1981; Lassak and McCarthy 2011; Fern 2014).

Table 1 continued

Family Botanical name Habit Part(s) used Conditions or ailments

treated

Phytochemical

studies/compound

isolation

Antidiabetic

studies

Rhamnaceae Ventilago
viminalis Hook.

Climber Bark, roots Toothache, rheumatism,

swelling, cuts, sores

Yes No

Ziziphus
oenopolia (L.)

Mill.

Shrub Whole plant Fresh wounds, ulcers Yes Yes

Rubiaceae Morinda citrifolia
L.

Tree Leaves Wounds, ulcers Yes Yes

Sapindaceae Dodonaea
polyandra Merr.

& L.M.Perry

Tree Leaves and

roots

Pain relief, toothache,

cuts, open wounds

Yes No

Dodonaea viscosa
Jacq.

Shrub Leaves Open cuts and wounds Yes Yes

Scrophulariaceae Eremophila sturtii
R.Br.

Shrub Leaves Sores, cuts Yes No

Simaroubaceae Brucea javanica
(L.) Merr.

Tree Leaves, roots,

and seeds

Dysentery, malaria, pain

relief

Yes Yes

Verbenaceae Verbena
officinalis L.

Herb Whole plant Wounds Yes No
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Table 2 Australian tropical medicinal plants traditionally used

for treating wounds and diabetes-related conditions not studied

for phytochemical composition and antidiabetic properties

(Cribb and Cribb 1981; Barr et al. 1993; Low 1989, 1990;

Clarke 2007; Kyriaziz 1995; Williams 2010; Lassak and

McCarthy 2011; Bindon 1996; Maiden 1889; Edgar et al. 1997;

Webb 1959; ALA 2024; AVH 2024; APC 2024; WFO 2024;

UTP 2024)

Family Botanical name Habit Part(s) used Conditions or ailments treated

Amaryllidaceae Crinum arenarium Herb. Shrub Bulbs Wounds, sores

Anacardiaceae Buchanania arborescens Blume Tree Inner bark, sapwood, roots

(fruits are edible)

Toothache, mouthwash

Buchanania obovata Engl. Tree Leaves, fruit, bark, sapwood

(fruits are edible)

Mouthwash, sore eyes, infected rashes,

scabies, skin ulcers

Semecarpus australiensis Engl. Tree Leaves (nuts are edible) Rheumatism, swellings and redness of

skin (allergic reactions)

Apocynaceae Alstonia actinophylla K.Schum. Tree Leaves, milky sap Wounds, sores

Secamone elliptica R.Br. Climber Leaves, stems, milky sap Wounds

Asteraceae Cymbonotus lawsonianus Gaudich. Shrub Leaves Wounds

Boraginaceae Trichodesma zeylanicum (Burm.f.)

R.Br.

Herb or

Shrub

Leaves, roots Wounds, pain relief

Burseraceae Canarium muelleri F.M.Bailey Tree Resin Cuts, sores, chronic ulcers

Combretaceae Terminalia hadleyana W.Fitzg. Shrub Leaves (fruits are edible) Skin sores

Terminalia muelleri Benth. Tree Leaves Skin sores, scabies

Cupressaceae Callitris columellaris F.Muell. Tree Bark, leaves, twigs Abdominal pain and diarrhoea, sores, cuts

Cycadaceae Cycas armstrongii Miq. Palm-

like

Leaves, stems, seeds Wounds

Dilleniaceae Dillenia alata (R.Br. ex DC.) Banks ex

Martelli

Tree Leaves Wounds, sores

Euphorbiaceae Croton arnhemicus Müll.Arg. Shrub Inner bark Headache, infected cuts, skin rashes and

sores

Euphorbia australis Boiss. Herb Milky sap Skin sores

Euphorbia coghlanii F.M.Bailey Shrub Milky sap Skin sores

Excoecaria parvifolia Müll.Arg. Tree Bark Sores, cuts

Homalanthus populifolius Graham Shrub Leaves Wounds and cuts to stop bleeding

Petalostigma quadriloculare F.Muell. Shrub Bark, fruits Itchy skin, sores, cuts, rabies infection

Synostemon glaucus F.Muell. Shrub Roots Sores, cuts

Fabaceae Acacia ancistrocarpa Maiden &

Blakely

Shrub Whole plant Skin sores

Acacia estrophiolata F.Muell. Tree Bark, roots Sores, boils, scabies, headache, stomach

pain, wounds, burns

Acacia inaequilatera Domin Shrub Bark Skin sores, cuts, rashes. It has an

astringent and drying action

Acacia leptocarpa A.Cunn. ex Benth. Shrub Bark, seeds (seeds are edible) Wounds, sore eyes

Acacia pellita O.Schwarz Shrub Leaves, seeds Sores

Acacia translucens A.Cunn. ex Hook. Shrub Leaves, twigs Skin sores, headache

Bauhinia carronii (F.Muell.) Pedley Tree Bark Sores

Canavalia rosea (Sw.) DC. Herb Root, leaves, and petioles.

Seeds and pods are edible

Aches, pains, leprosy, and wounds

Lysiphyllum cunninghamii (Benth.) de

Wit

Shrub Roots, bark Wounds, sores

Sesbania burbidgeae C.L.Gross Tree Leaves Boils

Sesbania formosa (F.Muell.) N.T.Burb. Tree Bark ash (flowers are edible) Wounds, sores
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Table 2 continued

Family Botanical name Habit Part(s) used Conditions or ailments treated

Goodeniaceae Scaevola taccada (Gaertn.) Roxb. Shrub Leaves, bark Wounds

Goodenia ovata Sm. Shrub Leaves, twigs Diabetes

Gyrostemonaceae Codonocarpus cotinifolius (Desf.)

F.Muell.

Shrub Leaves, stems Sores, cuts

Lamiaceae Orthosiphon aristatus (Blume) Miq. Herb Whole plant Diuretic and antihypertensive

Pityrodia jamesii Specht Shrub Leaves Wounds, sores

Loranthaceae Decaisnina brittenii (Blakely) Barlow Epiphyte Whole plant Wounds, sores

Malvaceae Grewia latifolia F.Muell. ex Benth. Shrub Leaves (fruits are edible) Dysentery, toothache, boils, sores

Grewia retusifolia Kurz Shrub Leaves, roots, bark (fruits are

edible)

Wounds, sores, diarrhoea

Hibiscus tiliaceus L. subsp. tiliaceus Shrub Inner bark and sapwood Wounds

Meliaceae Owenia vernicosa F.Muell. Tree Bark Skin sores, open cuts, infected eyes

Moraceae Ficus coronulata Miq. Tree Leaves, milky sap of young

shoots (bush food)

Sores, cuts

Ficus opposita Miq. Shrub Leaves (bush food) Bruises, swellings, rheumatism, sores

Myrtaceae Calytrix exstipulata DC. Shrub Leaves Wounds, sores

Corymbia papuana (F.Muell.) K.D.Hill

& L.A.S.Johnson

Tree Bark, resin Wounds, sores

Corymbia ptychocarpa (F.Muell.)

K.D.Hill & L.A.S.Johnson

Tree Leaves Wounds, sores

Corymbia terminalis (F.Muell.)

K.D.Hill & L.A.S.Johnson

Tree Leaves, gum from bark and

trunk

Wounds, sores

Eucalyptus crebra F.Muell. Tree Bark Sores

Eucalyptus dichromophloia (F.Muell.)

K.D.Hill & L.A.S.Johnson

Tree Leaves Wounds, sores

Eucalyptus miniata A.Cunn. ex

S.Schauer

Tree Leaves Skin sores

Eucalyptus tetrodonta F.Muell. Tree Leaves Sores, cuts

Eugenia reinwardtiana (Blume) DC. Tree Fruits (edible) Wounds

Syzygium erythrocalyx (C.T.White)

B.Hyland

Tree Fruits (edible) Wounds

Syzygium forte (F.Muell.) B.Hyland Tree Bark (fruits are edible) Sore throat, bronchitis, asthma, thirst,

biliousness, dysentery, ulcers

Syzygium luehmannii (F.Muell.)

L.A.S.Johnson

Tree Fruits (edible) Sore ears, wounds, skin conditions,

immune system booster

Syzygium suborbiculare (Benth.)

T.G.Hartley & L.M.Perry

Shrub Leaves, fruits (edible) Chest congestion, cough, wounds, sore

ear, toothache

Orchidaceae Cymbidium canaliculatum R.Br. Herb Whole plant (fruits and stems

are edible)

Wounds

Dendrobium affine (Decne.) Steud. Epiphyte Sticky liquid from pseudobulb Infected skin lesions, sores

Dendrobium foelschei F.Muell. Herb Sticky liquid from pseudobulb Infected sores, cuts

Plantaginaceae Stemodia viscosa Roxb. Herb Leaves Wounds

Poaceae Cymbopogon procerus (R.Br.) Domin Herb Whole plant Sores, cuts

Proteaceae Grevillea heliosperma R.Br. Shrub Leaves, bark Sores

Grevillea pyramidalis A.Cunn. ex

R.Br.

Shrub Bark Sores

Hakea arborescens R.Br. Shrub Leaves, pods Scabies, sores

Hakea macrocarpa A.Cunn. ex R.Br. Shrub Charcoal from wood Open sores, cuts

Persoonia falcata R.Br. Shrub Leaves, bark (fruits are edible) Diarrhoea, infection and soreness relief,

wounds
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The leaves and twigs of Acacia translucens are

mashed in water, and the liquid is used to bathe skin

sores; a leaf decoction of Ipomoea pes-caprae is

applied to sores, scabies, bites, and stings (Lassak and

McCarthy 2011). The fruit of Grewia retusifolia is

eaten raw to cure diarrhoea and dysentery (Low 1990;

UTP 2024). Chewing leaves or drinking an infusion of

the mashed roots ofGrewia retusifolia is also indicated

for digestive disorders (Edgar et al. 1997). For

example, an infusion of the young leaves of Flueggea

virosa is drunk for internal pain (Edgar et al. 1997). A

decoction from crushed leaves of Melaleuca leuca-

dendra is taken orally to ease cough and cold (Low

1990; UTP 2024). Leaves and young shoots of

Avicennia marina and Dodonaea polyandra are

chewed and pulped before being applied to wounds.

Plant exudates, including resin, oil, latex, and milky

sap collected from bark, leaves, or trunks of Ficus

coronulata, Euphorbia australis, and Corymbia

papuana are directly applied to skin lesion burns,

wounds, and cuts (Lassak and McCarthy 2011; Cribb

and Cribb 1981; Low 1990). Similarly, charcoal and

ash made from the wood ofGrevillea striata andHakea

macrocarpa are also applied to open sores and cuts

(Cribb and Cribb 1981; Lassak and McCarthy 2011;

Fern 2014). In addition, the seed extracts of Syzygium

cumini and Brucea javanica are considered powerful

remedies for treating diabetes (Gajera et al. 2017b,

Lassak and McCarthy 2011, Y. Zhan et al. 2020).

Antidiabetic medicinal plants as bush foods

Bush food includes plants, vegetables, fruits, nuts, or

berries native to Australia which is used for culinary

and medicinal purposes (Mathew 2016, Lawrie 2023).

Among the 126 species (Tables 1 & 2), 28 were found

to be consumed as bush foods by Australian

Aboriginal people. Figure 5 shows the edible plant

parts, including fruits (15 species), seeds, pods, and

kernels (6 species), flowers, nuts and tubers, leaves

and young shoots (2 species each). Only one species

was indicated for stems (Fig. 5). Fruits were the most

consumed plant part and were typically eaten as raw or

roasted form. Examples include the fruits of some

Syzygium species and others, such as Grewia retusi-

folia and Persoonia falcata. The leaves and young

shoots (e.g., Cleome viscosa and Hydrolea zeylanica)

were boiled and consumed as vegetables. Young

leaves and flowers from Sesbania formosa were eaten

raw or cooked, while the flowers and leaves of

Melaleuca leucadendra were taken as herbal tea

(Lassak and McCarthy 2011). The pseudobulb (a

thickened stem) of Cymbidium canaliculatum con-

taining starch is eaten raw or cooked. Another

example is Pandanus tectorius, whose seeds are

consumed raw or cooked, while young flower buds

and aerial roots are cooked (Edgar et al. 1997;

Kyriaziz 1995; Williams 2010; Fern 2014).

Other commonly consumed parts are the seeds,

pods, and kernels. They are either extracted or boiled

before consumption. For example, the young pods and

seeds of Canavalia rosea were boiled or cooked

before they are eaten (Fern 2014). Seeds were

important source of dietary protein and carbohydrates

but can sometimes be harmful if eaten as raw. For

example, fresh seeds of Castanospermum australe, a

native plant of Australia, contain high levels of

saponins (Lassak and McCarthy 2011; Fern 2014).

To avoid the toxicity of saponins, seeds are finely

sliced and soaked in running water for 10 days before

roasting and grinding them into a powder (Fern 2014;

Maiden 1889). A high content of saponins has

cytotoxic activities (Jiang et al. 2018), possesses

Table 2 continued

Family Botanical name Habit Part(s) used Conditions or ailments treated

Rhamnaceae Alphitonia excelsa (Fenzl) Benth. Tree Leaves, bark, roots Sores, rashes, ringworm, headache,

toothache

Rubiaceae Gardenia pyriformis A.Cunn. ex Benth. Shrub Bark Aches, sores

Santalaceae Exocarpos latifolius R.Br. Tree Leaves Boils

Santalum lanceolatum R.Br. Tree Leaves, roots (fruits are edible) Wounds, sores

Sterculiaceae Brachychiton diversifolius (A.Cunn. ex

G.Don) F.Muell.

Tree Leaves, gummy exudate Wounds, sores, ulcerated skin

Sterculia quadrifida R.Br. Tree Leaves (seeds are edible) Sore eyes, wounds
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harmful haemolytic toxicity (Zheng et al. 2019), and

causes diarrhoea (Lin et al. 2021).

Edible medicinal plants have potential health

benefits as nutraceuticals and dietary supplements,

particularly for the prevention or treatment of T2D

(Xu et al. 2018; Lin et al. 2024). Nutraceuticals are

defined as a food or food component that provides

medicinal or health benefits, including prevention and

treatment of diseases (DeFelice 1995). Due to their

established safety profile, nutraceuticals and dietary

supplements are associated with low risks of obesity

and diabetes (Zhu et al. 2020). Moreover, from a

psychological perspective, regular supplementation

with consumable plants can improve patient adher-

ence following a T2D diagnosis, as nutraceuticals are

generally well received by individuals with chronic

conditions (Mahmood et al. 2020; Barry 2018;

Piragine et al. 2022). Furthermore, using edible plants

rich in active compounds therapeutically could benefit

the early stages of T2D. This approach may help slow

disease progression, delay the need for synthetic

antidiabetic drugs, and reduce the onset of diabetic

complications (Piragine et al. 2022). In addition to

their potential for lowering glucose levels, antidiabetic

medicinal plants possess antioxidant and anti-inflam-

matory properties that may help prevent

Fig. 2 Diversity of Australian tropical medicinal plants for treating diabetes-related conditions by family
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Fig. 3 Habit (A) and plant parts used (B) of Australian antidiabetic tropical medicinal plants

Fig. 4 Categories and percentages of diseases treated by the Australian tropical medicinal plants
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microvascular and macrovascular complications

related to T2D (Piragine et al. 2022; Khan et al.

2013; Subramaniam et al. 2014). Thus, interest in

antidiabetic compounds or products derived from

medicinal plants is increasing, as they have proven

effective in managing diabetes and its complications

with minimal side effects (Lin et al. 2024).

Crude extracts and phytochemicals

from aboriginal medicinal plants

1. Antidiabetic crude extracts

The in vitro antidiabetic activities of plant crude

extracts (Table 3) primarily rely on inhibiting two

metabolic enzymes: a-glucosidase and a-amylase.

These enzymes are crucial in the pathogenesis of T2D

as they play key roles in glucose production and the

absorption of carbohydrates during digestion. There-

fore, inhibiting these enzymes is a significant strategy

in managing blood glucose levels (Oboh et al. 2014;

Hamden et al. 2013). Based on half-maximal inhibi-

tory concentration (IC50) values against a-glucosidase

and a-amylase enzymes’ activities, seed extract of

Syzygium cumini, fruit extract of Terminalia catappa,

and root bark extract of Acalypha wilkesiana were the

three most promising extracts (Fitri Amelia et al. 2024,

Laxman Sawant et al. 2015) (Table 3). Syzygium

cumini seed extract inhibited a-amylase at much lower

concentrations than standard acarbose (24.7 lg/mL)

(Gajera et al. 2017b). Another enzyme inhibition test

focuses on DPP-IV (Dipeptidyl peptidase-IV), which

plays a significant role in glucose metabolism.

Inhibiting DPP-IV can help normalize blood glucose

levels in humans, making it a potential treatment for

T2D (Huang et al. 2019; Florentin et al. 2022). For this

activity, the seed extract of C. australe exhibited

higher in vitro inhibitory activity (IC50 = 13.96 lg/

mL) of DPP-IV compared to the standard Diprotin A

(IC50 = 1.543 lg/mL).

From the review of crude extracts studies from 29

species (Table 3), crude extracts of Syzygium cumini,

Morinda citrifolia, and Acalypha wilkesiana were

most widely studied for their in vitro antidiabetic

activities. Almost all parts of Syzygium cumini have

been examined, demonstrating antidiabetic effects,

with the leaves and seeds showing superior activities

(Mahindrakar and Rathod 2022; Mujawah et al. 2023;

Syama et al. 2018; Gajera et al. 2017a, Zheng et al.

2019). The leaves and root bark of Acalypha wilke-

siana have also been investigated (Oyebode et al.

2018; El-Manawaty and L. Gohar 2018), while the

fruits and fermented fruits of Morinda citrifolia have

been studied for their antidiabetic potential (So-Young

Lee et al. 2012; Simamora et al. 2019; Lolok et al.

2023). Traditionally, plant extracts were prepared

using water. However, contemporary research on

antidiabetic medicinal plants employs various sol-

vents such as methanol, ethanol, water, ethyl acetate,

and chloroform. These solvents extract compounds

based on their polarity, which affects the bioactivities

Fig. 5 Different parts of Australian tropical medicinal plants used as bush foods
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of the extracts. For instance, Terminalia catappa fruit

extracted using methanol and ethyl acetate exhibited

different antidiabetic activities in vitro, with the

methanol extract showing higher activity (Fitri Amelia

et al. 2024). Similar results were observed with

Acalypha wilkesiana leaves extracted using methanol

and ethanol, where the methanol extract demonstrated

better activities (Oyebode et al. 2018; El-Manawaty

and L. Gohar 2018).

The mechanism of action of plant crude extracts

was also studied by using various cell lines (Table 3,

Fig. 6). These assays target receptors involved in

insulin signalling pathways. For example, the aqueous

extract of Abutilon indicum increased glucose utilisa-

tion via glucose transporter-1 (GLUT1) (Chutwadee

Krisanapun et al. 2011). Fermented fruit extract of

Morinda citrifolia enhanced glucose uptake by acti-

vating adenosine 50-monophosphate-activated protein

kinase (AMPK) (So-Young Lee et al. 2012). Methanol

and water extracts of Orthosiphon aristatus aerial

parts scavenged the oxidants and boosted the translo-

cation of glucose transporter-4 (GLUT4) to the plasma

membrane in skeletal muscles (Bassalat et al. 2023),

while fruit extract from Pandanus tectorius reduced

insulin resistance by activating the AMPK–AS160–

GLUT4 pathway in skeletal muscles and suppressing

gluconeogenesis and lipogenesis in the liver (Fig. 6)

(Wu et al. 2014).

Most in vivo antidiabetic studies of plant crude

extracts were conducted in T2D rodent models.

Chemically-induced diabetic rodent models using

streptozotocin (STZ) or alloxan chemicals with

glibenclamide or metformin as standard drugs were

the most common in in vivo studies (Table 4). From

in vivo studies, crude extracts lowered blood-glucose

levels, reduced hemoglobin A1c (HbA1c) levels, and

improved insulin sensitivity. For example, C. australe

seed extract (100 and 150 mg/kg bw) significantly

reduced the elevated blood glucose levels and

improved Haemoglobin A1c (HbA1c) and insulin

levels in T2D rats (p B 0.001) (Sudhanshu Kumar

Bharti et al. 2012). Similarly, ethanol extract from

leaves and flowers of Melastoma affine (150 and

300 mg/kg bw) lowered blood glucose levels and

Fig. 6 Targeted molecular modes of crude extracts and isolated

compounds in the insulin signalling pathway (Litwiniuk et al.

2021; Izundegui and Nayor 2022). Insulin works by interacting

with specific receptors on target cells, known as insulin

receptors (IRs), which include insulin receptor substrate (IRS).

When insulin binds to these receptors, it activates an enzyme

called phosphatidylinositol 3-kinase (PI3K), which triggers a

series of reactions leading to the activation of another enzyme,

protein kinase B (PKB or AKT). AKT then modifies a protein

called glycogen synthase kinase-3 beta (GSK-3b) by adding a

phosphate group at the Ser9 site, which reduces its activity. This

PI3K/AKT/GSK-3b signalling pathway plays a critical role in

insulin signalling and is crucial for regulating glycogen

synthesis (Litwiniuk et al. 2021; Izundegui and Nayor 2022)
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HbA1c in alloxan-induced diabetic rats (Balamurugan

et al. 2014). Syzygium cumini seed extract demon-

strated significant antidiabetic effects by reducing

blood glucose levels in both chemically-induced and

high-fat diet (HFD)-induced rodent models of exper-

imental T2D at various dosages of body weight (bw)

(Gopal Thiyagarajan et al. 2024). Moreover, some

crude extracts from medicinal plants were further

clinically tested in diabetic patients (Table 5). For

example, fruit extract ofEleocharis dulcis (mixed with

Brassica rapa root) and Morinda citrifolia, has been

tested in T2D patients and showed blood glucose

levels reduction (Arif et al. 2022; Algenstaedt et al.

2018) (Table 5).

In vivo testing in diabetic animal models have also

evaluated the effectiveness of crude extracts in

mitigating T2D-related complications, including car-

diovascular diseases, diabetic retinopathy, and liver

and kidney injuries (Table 4). Studies have shown that

ethanol extract ofOcimum tenuiflorum leaves (250 and

500 mg/kg bw) and Ziziphus oenoplia fruits (100, 200,

and 400 mg/kg bw) reduced lipid profile parameters,

such as total triglycerides, total cholesterol, low-

density lipid cholesterol (LDL-c) and high-density

lipid cholesterol (HDL-c) (Parasuraman et al. 2015;

Goyal and Jeyabalan 2021). These parameters are

crucial for assessing hypercholesterolemia, a condi-

tion linked to increased cardiovascular disease risk in

T2D patients (Khil et al. 2023). Additionally, a study

observed cardiovascular risk reduction in diabetic rats

treated with Ficus racemosa stem bark ethanol extract

(200 and 400 mg/kg bw), which decreased the

expression of marker proteins creatine kinase and

creatinine (Joshi et al. 2016). For diabetic retinopathy,

the expression of apoptotic factors Bax and Bcl-2, a

marker of the condition (Khalfaoui et al. 2010), was

reduced by Avicennia marina ethanol leaves extract

(100 and 200 mg/kg bw) (Sadoughi and Hosseini

2020). Some plant crude extracts also reduced the risk

of liver and kidney injuries. For instance, methanol

extract of Acalypha wilkiseana root decreased levels

of serum glutamate pyruvate transaminase (SGOT)

and serum glutamate pyruvate transaminase (SGPT),

key enzymes linked to liver health (Odoh et al. 2014),

and Sysygium cumini fruit extract lowered nephrotox-

icity (hepatic injury) (G. Thiyagarajan et al. 2024).

Macaranga tanarius leaves extract, and Morinda

citrifolia fruit extract reduced the risk of kidney injury

(nephropathy) by lowering some markers, including

fibronectin and collagen IV expressions and serum

creatine levels (Hsu et al. 2023; Mahadeva Rao and

Subramanian 2009). Furthermore, the extract of S.

cumini and Avicennia marina showed recovery from

histological hepatic and kidney injury (Sadoughi and

Hosseini 2020, G. Thiyagarajan et al. 2024).

2. Antidiabetic phytochemicals

A total of 374 compounds from 26 Australian

tropical medicinal plant species have been isolated and

characterised thus far (Table 6). Of the total 374

compounds, 51 compounds from 17 medicinal plant

species have undergone in vitro and/or in vivo testing

to confirm their antidiabetic properties and ethnophar-

macological applications (Tables 3 & 4). A total of 16

compounds were identified as promising antidiabetic

drug leads (Fig. 7). The most tested compounds were

isolated from Brucea javanica, Syzigium cumini,

Macaranga tanarius, and Pandanus tectorus. Luteolin

(1) (isolated from Brucea javanica) was the most

potent inhibitor of glycoprotein-a (GP-a) and a-

glucosidase. Its GP-a inhibitory activity (IC50-

= 45.08 lM) was 10 times greater than that of the

Table 5 Clinical studies of Australian tropical antidiabetic medicinal plants

Species Part

studied

Extract/fraction Dose Treatment

frequency

In vivo

model

Activity/

mechanism of

action

References

Eleocharis dulcis
(Burm.f.) Trin. ex

Hensch.

Fruits Fruits powder mixed

with Brassica rapa
roots powder

500 g with

salad

(orally)

Once per

day for

3 weeks

T2D

patients

;Blood glucose

level

Arif et al.

(2022)

Morinda citrifolia
L.

Fruits Juice 2 ml/kg

bw

Once per

day for

8 weeks

T2D

patients

;FBG level,

;HbA1c level,

;hs-CRP

Algenstaedt

et al.

(2018)

hs-CRP high sensitivity C-reactive protein, HbA1c Hemoglobin A1c, T2D type 2 diabetes
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standard GP-a inhibitor caffeine (IC50 = 457.34 lM),

and its a-glucosidase inhibitory activity (IC50-

= 26.41 lM) was 5.5 times greater than that of

standard drug acarbose (IC50 = 145.83 lM) (Abdul-

wali Ablat et al. 2017). The compounds isolated from

Pandanus tectorus, namely, (Z)-4-hydroxy-3-(4-hy-

droxy-3-methylbut-2-en-1-yl) benzaldehyde (2), p-

hydroxybenzaldehyde (3), syringaldehyde (4) (E)-

ferulaldehyde (5), (E)-sinapinaldehyde (6), vanillin

(7) and 5-hydroxymethylfurfual (8), showed better a-

glucosidase inhibitory activity (IC50 values ranging

from 36.5 to 192.4 lM) than acarbose (IC50-

= 214.5 lM) (Mai et al. 2015). Isolated compounds

from the fruit of Macaranga tanarius were investi-

gated for their mode of action on immortalised rat

skeletal (L6) myoblast cell line. The L6 myoblast cell

line is frequently utilised in vitro diabetic model

system as due to its ability to differentiate into

multinucleated myotubes and express proteins such

as GLUT4. Isonymphaeol B (15) and 30-geranyl

naringenin (16) dose-dependently increased glucose

uptake. These results suggest that compounds (15) and

(16) positively affect glucose metabolism through the

AMPK and GLUT1 pathways (Fig. 7) (Natsume et al.

2021).

Viscosol (9) from Dodonaea viscosa, improved

insulin secretion and insulin resistance in high-fat diet

(HFD)- and low-dose streptozotocin (STZ)-induced

T2D mouse models (Table 4) (Sohail et al. 2022).

Chicoric acid (10) (3 mg/kg bw), isolated from

Ocimum gratisimum, also significantly decreased the

blood glucose levels of diabetic mice by 53% at

120 min after treatment (Table 4) (Casanova et al.

2014). Alpha-amyrin acetate (11) (100 mg/kg bw),

which was isolated from the fruits of F. racemosa,

reduced blood glucose levels by 18.4% and 17.0% at 5

and 24 h, respectively, in a sucrose-challenged STZ-

induced diabetic rat model (Narender et al. 2009;

Mujawah et al. 2023).

Two compounds isolated from the seed extract of

Syzigium cumini, mycaminose (12) and cuminoside

(13) (50 mg/kg bw each), were evaluated for their

antidiabetic properties in STZ-induced diabetic rats.

Both compounds were able to significantly reduce

blood glucose levels (p\ 0.05) (Kumar et al. 2008).

Additionally, these compounds significantly

decreased the levels of triglyceride, low-density

lipoprotein (LDL), cholesterol, and hepatic enzymes

such as lactate dehydrogenase (LDH), alanine

aminotransferase (ALT), and aspartate aminotrans-

ferase (AST) in diabetic rats, while there was

increased in high-density lipoprotein (HDL) level

(Farswana et al. 2009). Gossypin (14), isolated from

Hibiscus vitifolius, enhanced glucose tolerance and

significantly normalised blood glucose, plasma insu-

lin, and HbA1c levels after oral treatment in diabetic

rats (Venkatesan and Sorimuthu Pillai 2012). Addi-

tionally, gossypin also increased glycogen levels and

normalised blood urea and plasma protein levels. The

efficacy of gossypin was comparable to that of a

standard antidiabetic drug gliclazide (Venkatesan and

Sorimuthu Pillai 2012).

Strategies for the biodiscovery of antidiabetic

molecules

1. Techniques for the isolation and characterisation

of antidiabetic compounds

The antidiabetic compounds from medicinal plants

are obtained through bioassay-guided isolation tech-

niques, as illustrated in Fig. 8. The plant materials

were dried and powdered before extraction and

fractionation. Polar solvents such as methanol, water,

and ethanol (with various concentrations ranging from

50 to 96%) are commonly used for extraction,

followed by fractionation with solvents of different

polarities: n-hexane or petroleum ether (nonpolar),

chloroform, or ethyl acetate (semipolar) and butanol

(polar) (Laxman Sawant et al. 2015; Parasuraman

et al. 2015; Masoongnoen et al. 2022). The most

bioactive extracts or fractions identified via high-

throughput in vitro screening, including cytotoxicity

and antidiabetic assays, are selected for further

isolation and characterisation of pure small molecules.

Isolation techniques use either Sephadex column

chromatography (CC) with gradient elution from less

polar to polar solvents or reverse-phase high-perfor-

mance liquid chromatography (RP-HPLC), the most

widely used HPLC method, where the stationary phase

is less polar than the eluting solvent (Laxman Sawant

et al. 2015; Ablat et al. 2017; Susanti et al. 2024). The

purity of isolated compounds is confirmed using

analytical high-performance liquid chromatography

(HPLC) or conventional thin-layer chromatography

(TLC). The approximate mass (m/z) of the isolated

compounds are determined via liquid chromatogra-

phy-mass spectrometry (LC-MS). Advanced high-
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(1) (2) (3) (4)

(5) (6) (7) (8)

(9) (10)

(11) (12) (13)

(14) (15)

(16)

Fig. 7 Chemical structures

of antidiabetic lead

compounds identified via

in vitro assays (1–8) and

in vivo experimental animal

models (9–16). Structures

were drawn via ChemSketch

ADC/Labs software
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resolution mass spectrometry (HRMS) enables the

determination of the exact mass (m/z) of an isolated

compound as a new natural product (Abirami Natara-

jan et al. 2015). Nuclear magnetic resonance (NMR)

spectroscopy, including 1D NMR (1H and 13C NMR)

and various 2D NMR experiments (HSQC, HMBC,

NOESY, and TOCSY) are used to derive spectro-

scopic data to elucidate the chemical structure of

isolated compounds (Dong et al. 2024). The antidia-

betic properties of isolated and identified compounds

are evaluated using appropriate in vitro assays and/or

in vivo model systems to identify antidiabetic lead

molecules.

2. Approaches for screening crude extracts or iso-

lated compounds for their antidiabetic

properties

From this literature review, three approaches were

used for screening antidiabetic properties, namely,

in vitro, in vivo, and in silico, to discover antidiabetic

lead molecules from medicinal plants. In in vitro

screening assays, the effects of test compounds on

metabolic enzymes, especially a-amylase and a-

glucosidase, were compared with those of standard

compounds, such as acarbose (Hayaza et al. 2019, Vo

Van et al. 2022). These enzymes are the key enzymes

linked to T2D and play important roles in glucose

production and carbohydrate digestion processes. The

inhibition of these enzymes has become an important

strategy in blood glucose management (Oboh et al.

2014; Hamden et al. 2013).

Diabetic animal models such as mice, rats, and

rabbits were commonly used in in vivo testing.

Diabetic condition was induced with a high-fat diet

feeds or chemically using alloxan, streptozotocin,

nicotinamide, or a combination of two or more

inducers before the treatment. The hypoglycemic

effect was then assessed by measuring the diabetic

parameters such as decrease in fasting blood glucose

levels, hemoglobin A1c (HbA1c), or glucose tolerance

with reference to standard drugs such as glibenclamide

and metformin. Other parameters assessed are pan-

creas histology and insulin level, triglycerides, low-

and high-density lipoprotein (LDL and HDL), choles-

terol, and hepatic enzymes. In addition to in vitro and

in vivo methods, in silico method was also used to

study the antidiabetic activities of compounds through

molecular docking and binding affinities to specific

Fig. 8 Bioassay-guided isolation of novel antidiabetic lead molecules (Kabubii et al. 2024; Phukhatmuen et al. 2020)

123

Phytochem Rev



proteins. For example, 7-deoxy-6-epi-castanosper-

mine, isolated from Castanospermum australe seeds,

was a strong DPP-IV inhibitor comparable to berber-

ine (Sudhanshu Kumar Bharti et al. 2012). Docking

studies have shown that (4Z, 12Z)-cyclopentadeca-

4,12-dienone, isolated from the leaves of Grewia

hirsuta, effectively targets various diabetes-related

sites (Abirami Natarajan et al. 2015; Abirami and

Natarajan 2014).

Conclusion and future directions

In summary, this review identified 126 species of

Australian tropical medicinal plants used by Aus-

tralian Aboriginal people as folk medicines to treat

wounds and diabetes-related conditions. These plants

(126 species) belong to 47 families and 88 genera, of

which Myrtaceae was the dominant family. The plant

lifeforms were mostly shrubs, and the leaves were the

most used plant parts. Among the 126 species, 28 were

edible, and fruits were the most consumed by

Aboriginal people. Crude plant extracts from 29

species have been tested for their antidiabetic proper-

ties through in vitro and/or in vivo assays to scientif-

ically validate their ethnopharmacological uses.

Among those species, crude extracts of Syzygium

cumini, and Morinda citrifolia were the most widely

studied for their antidiabetic activities. Furthermore,

Morinda citrifolia extract and a combination of

Eleocharis dulcis and Brassica rapa have been tested

clinically in diabetic patients. A total of 374 com-

pounds have been isolated from 26 species, of which

51 have been tested in vitro and/or in vivo for their

antidiabetic properties. As a result, 16 compounds

were identified as promising antidiabetic drug leads.

Australian tropical medicinal plants offer a natural

and sustainable source of antidiabetic compounds,

which have long been utilised in traditional treatments

for diabetes-related conditions and hold a significant

cultural importance for Indigenous communities.

These plants are rich in diverse phytochemicals with

potential health benefits, presenting promising oppor-

tunities for diabetes management through the devel-

opment of drugs and nutraceuticals. However, limited

research on many of these plants poses a challenge to

their acceptance in mainstream medicine. Addition-

ally, variability in plant extracts can lead to

inconsistent study results, making it difficult to obtain

approval for new treatments derived from these plants.

There are many challenges in utilising medicinal

plants directly for antidiabetic treatments. Ensuring

the consistent quality and potency of plant extracts and

conducting rigorous clinical trials to validate their

efficacy and safety are the main hurdles. It is also

essential to identify lead antidiabetic compounds in

these bioactive plant extracts, investigate their mech-

anisms of action and compare their efficacy with that

of conventional antidiabetic drugs. Ethical consider-

ations must be addressed by respecting the intellectual

property and traditional knowledge of indigenous

communities to foster collaboration among research-

ers, traditional healers, and indigenous communities.

Advanced techniques such as genomics and metabo-

lomics can be also employed to gain a deeper

understanding of the bioactive compounds in these

plants. Integrating these medicinal plants, including

their crude extracts and purified compounds into

clinical practice will require well-designed clinical

trials and regulatory approval.
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