Traditional antidiabetic

Reviews and mini-reviews

Abstract

Background: Indonesia with its widely varied
geographical features is rich with knowledge and
practice in the utilization of plants for maintaining
health and treating diseases, including for diabetes
mellitus. This review summarizes the result of
ethnopharmacological studies mentioning the
application of plants to treat diabetes mellitus
conducted in Indonesia.

Methods: The online literature search using Google
Scholar (https://scholar.google.com/) was carried
out to collect data on the use of plants for traditional
treatment of diabetes mellitus from ethnobotanical
studies in Indonesia published in 2014-2018.

Results: The traditional medicinal plants listed in this
article are compiled from 67 studies conducted in 18
provinces and 37 defined ethnicities. There are 132
species of antidiabetic plants from 53 families
reported. The most popular plants with multiple uses
in different places include Orthosiphon aristatus
(Blume) Miq., Persea americana Mill., and Syzygium
polyanthum (Wight) Walp. Leaves, decoction, and
oral were found to be the most frequently used plant
parts, preparation method, and administration route
of those antidiabetic plants, respectively.

Conclusions: Indonesia has a large number of
traditional antidiabetic plants that are potentially
developed further into standardized herbal
medicines to enable their uses in formal healthcare
systems.

Keywords: Ethnopharmacology, Indonesia,
medicinal plants, antidiabetic activities, antidiabetic
compounds.
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Background

Traditional medicines have a long history of use in
maintenance of health as well as prevention and
treatment, particularly for chronic diseases (WHO
2013). Jamu is the Indonesian traditional herbal
medicine and the prominent representative of
Indonesian  traditional medicines.  Although
conventional medicine is essential in the Indonesian
healthcare system, the use of jamu is still popular in
rural areas. A survey demonstrated that 49.53% of
the Indonesian citizens used jamu and 95.6% of
them reported the benefits of their jamu intake
(Balitbangkes 2010; Elfahmi et al. 2014).

One of the goals of traditional medicine is to be
included as an integral aspect of a national health
system. To be in such a role, it requires a strong
evidence base that will assure safety and efficacy for
patients (Cordell 2011). The government of
Indonesia had established a Science Based Jamu
Development program in 2010 to achieve jamu
status as an excellent Indonesian brand and specific
traditional medicine practice. At the first stage of the
Science Based Jamu Development,
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ethnopharmacological studies shall obtain baseline
data of the traditional utilization of medicinal plants
(Aditama 2015; Purwadianto 2015). Such studies
were systematically conducted by National Research
on Medicinal Plants and Jamu (Riset Nasional
Tanaman Obat dan Jamu, RISTOJA) program in
2012, 2015 and 2017. Other than RISTOJAs, the
ethnobotanical and ethnopharmacological studies
were also simultaneously conducted elsewhere in
Indonesia.

Those studies resulted in a profile of medicinal plants
used by people from almost entire ethnicities
nationwide. The government had set a priority
system for the medicinal plants that would be
developed further in a Science Based Jamu
Development program, which allowed plants
traditionally used for treating diseases with high
prevalence to be prioritized (Dewoto 2007). In
Indonesia, diabetes mellitus is among the top three
causes of death with the prevalence in adults of 6.7%
(WHO 2012; IDF 2017). This article reviews the
ethnopharmacological use of Indonesian plants
indicated for treating diabetes mellitus, covering
studies published 2004-2018. It includes the
geographical, botanical, and practical aspects of the
utilization of plants for the aforementioned purpose.
This article also describes the antidiabetic-related
activities and the antidiabetic compounds of the most
cited plants.
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Materials and Methods

The online literature search using Google Scholar
(https://scholar.google.com/) was carried out with the
search terms of ethnobotany AND medicinal plants
AND diabetes AND Indonesia, both in English and
Indonesian. Time of publication was customized to
2014-2018. This review was limited to 67 articles that
mentioned the use of plants for treating diabetes
mellitus. The information of the province where the
respective study took place and the ethnicity of the
surveyed respondents is listed in the geographical
aspect. The botanical aspect lists the taxa (species,
genus, and family) of each plant that is used for
treating diabetes mellitus. The names are written
according to the accepted name at The Plant List
(http://www.theplantlist.org/), along with the common
English name. In the case of the English name is not
available, the local name of the plant is used. The
ethnopharmacological aspect describes the parts of
plants used, method of preparation, and route of
administration of each plant. The indices used and
the most important antidiabetic plants, if data is
available, are described in the quantitative aspect of
this study.

Geographical aspects

The ethnopharmacological surveys mentioning the
use of plants for treating diabetes mellitus have been
conducted in the major islands of Sumatra, Java,
Bali, Kalimantan, Sulawesi, and Maluku (Figure 1,
Table 1).

EastNusa &
Tenggara

Figure 1. Location of the surveyed provinces (yellow), modified from d-map.com (d-maps 2020)
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Table 1. The plants traditionally used for treating diabetes mellitus in Indonesia

Family and scientific name

Vernacular name

Province/people

Plant part used/preparation
method/administration route/dose

Reference

ACANTHACEAE

Acanthus ilicifolius L.

Holy mangrove

West Kalimantan/-

Leaves and roots/decocted/oral/twice a day

(Ernianingsih et al. 2014)

Andrographis paniculata

King of bitter

Central Sulawesi/Bungkudi

Leaves/decocted/oral/three times a day

(Hermin et al. 2016)

(Burm.f.) Nees Riau/- Leaves/decocted/oral/- (Safitri et al. 2015)
West Java/- Leaves/decocted/oral/- (Emilda et al. 2017)
Central Sulawesi/Seko -/-I-1- (Tapundu et al. 2015)
Ruellia tuberosa L. Fever root Southeast Sulawesi/Wolia Leaves/decocted/oral/- (Slamet & Andarias 2018)
Sericocalyx crispus (L.) Keje beling Central Sulawesi/Taa Wana Leaves/decocted/oral/- (Akhsa et al. 2015)
Bremek.
Strobilanthes crispa Blume Keji beling North Maluku/- Leaves/-/-/- (Pitra et al. 2017)
Central Sulawesi/Mori Leaves/decocted/oral/three times a day (Idris et al. 2018)
North Sumatra/Simalungun -/-I-1- (Simanjuntak 2018)
ACTINIDIACEAE
Saurauia vulcani Korth. Pirdot North Sumatra/Karo Leaves/decocted/oral/two-three times a day (Situmorang et al. 2015)

AMARANTHACEAE

Amaranthus spinosus L.

Spiny amaranth

Central Sulawesi/Taa Wana

Stems/decocted/oral/-

(Akhsa et al. 2015)

AMARYLLIDACEAE

Allium cepa L.

Onion

North Sumatra/Karo

Bulbs/prepared into a concoction/oral and topical/-

(Nasution et al. 2018)

North Sumatra/Simalungun

-I-/-1-

(Simanjuntak 2018)

Allium chinense G.Don

Chinese onion

North Sumatra/Batak
Simalungun

Bulbs/-/-/-

(Silalahi et al. 2015)

Allium sativum L.

Garlic

North Sumatra/Karo

Bulbs/prepared into a concoction/oral and topical/-

(Nasution et al. 2018)

ANACARDIACEAE

Lannea coromandelica Indian ash tree Central Sulawesi/Kaili Ledo Barks/-/-/- (Dianto et al. 2015)
(Houtt.) Merr.
Mangifera indica L. Mango Aceh/- -/-I-1- (Hasanuddin & Kusyanti 2016)
ANNONACEAE
Annona muricata L. Soursop West Java/- Leaves/decocted/oral/- (Emilda et al. 2017)

Aceh/- -/-I-1- (Hasanuddin & Kusyanti 2016)
Annona squamosa L. Sugar apple Southeast Sulawesi/Wolia Leaves/decocted/oral/- (Slamet & Andarias 2018)
APIACEAE
Centella asiatica (L.) Urb. Asiatic pennywort | North Sumatra/Simalungun -/-I-1- (Simanjuntak 2018)

Aceh/- -/-I-1- (Hasanuddin & Kusyanti 2016)

Eryngium foetidum L.

Long coriander

East Java/-

Whole plants/-/-/-

(Batoro & Siswanto 2017)

Pimpinella pruatjan Molk.

Purwoceng

East Java/-

Whole plants/-/-/-

(Batoro & Siswanto 2017)
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APOCYNACEAE

Alstonia pneumatophora Marsh pulai North Sumatra/Batak Barks/-/-/- (Silalahi et al. 2015)

Baker ex Den Berger Simalungun

Alstonia scholaris (L.) R. Br. | Blackboard tree Central Sulawesi/Kaili Ledo Barks/-/-/- (Dianto et al. 2015)
Southeast Sulawesi/Buton Barks/decocted/oral/- (Indrayangingsih et al. 2015)
North Sumatra/Simalungun -/-I-1- (Simanjuntak 2018)

Catharanthus roseus (L.) Madagascar East Java/- Flowers, leaves and stems/-/-/- (Batoro & Siswanto 2017)
G.Don periwinkle Central Sulawesi/Tialo Leaves and roots/decocted/oral/- (Anggraini et al. 2016)
North Sumatra/Simalungun -/-I-1- (Simanjuntak 2018)
Aceh/- -/-I-1- (Hasanuddin & Kusyanti 2016)
Riau/- Whole plants/decocted/oral/- (Safitri et al. 2015)
ARECACEAE
Areca catechu L. Betel nut Central Sulawesi/Mori Fruits/-/-/- (Idris et al. 2018)
Central Sulawesi/Topo Uma Fruits/brewed/oral/twice a day (Yulia et al. 2017)
Central Sulawesi/Dondo Seeds/-/-/- (Fajrin et al. 2015)
Arenga pinnata (Wurmb) Sugar palm South Sulawesi/- Exudates/-/-/- (Ariandi & Khaerati 2016)
Merr. North Sumatra/Batak Roots/-/-/- (Silalahi et al. 2015)
Simalungun
Cocos nucifera L. Coconut North Sumatra/Batak Fruits and roots/-/-/- (Silalahi et al. 2015)
Simalungun
Aceh/- -/-I-1- (Hasanuddin & Kusyanti 2016)
Nypa fruticans Wurmb Mangrove palm North Sumatra/Karo Leaves/-/-/- (Nasution et al. 2018)
North Sumatra/Batak Roots/-/-/- (Silalahi et al. 2015)
Simalungun
ASPARAGACEAE
Sansevieria trifasciata Prain | Snake plant South Sumatra/- Exudates and roots/-/-/- (Kartika 2014)
BASELLACEAE

Anredera cordifolia (Ten.)
Steenis

Mignonette vine

Central Sulawesi/-

Leaves/decocted and mixed with honey/oral/-

(Ifandi et al. 2016)

BORAGINACEAE

Cordia subcordata Lam. Kerosene wood Central Sulawesi/Kaili Ledo Leaves/-/-/- (Dianto et al. 2015)
CARICACEAE
Carica papaya L. Papaya South Sulawesi/- Leaves/-/-/- (Ariandi & Khaerati 2016)
South Sulawesi/- Leaves/decocted/oral/- (Wahidah 2013)
West Java/- Leaves/decocted/oral/- (Gunarti & Nurlina 2018)
North Sumatra/Batak Karo Leaves/cooked/oral/- (Silalahi & Nisyawati 2018)
North Sumatra/Simalungun -/-I-1- (Simanjuntak 2018)
Aceh/- -/-1-1- (Hasanuddin & Kusyanti 2016)




Ethnobotany Research and Applications

CLUSIACEAE

Garcinia x mangostana L.

Purple
mangosteen

Central Sulawesi/Kulawi

Fruits/-/-/-

(Arham et al. 2016)

Riau/Mandailing

Fruits/-/-/-

(Nilawati et al. 2017)

Riau/- Fruits/decocted/oral/two-three times a day (Safitri et al. 2015)

Aceh/- -/-I-1- (Hasanuddin & Kusyanti 2016)
COMBRETACEAE
Terminalia catappa L. Indian almond Southeast Sulawesi/Moronene | Barks/decocted/oral/twice a day (Indrawati et al. 2014)
COMPOSITAE

Ageratum conyzoides (L.) L.

Goat weed

West Sulawesi/-

Leaves/decocted/oral/twice a day

(Syamsiah 2014)

West Sulawesi/Mamuju

Leaves/-/-/-

(Syamsiah et al. 2016)

North Sumatra/Batak Leaves/-/-/- (Silalahi et al. 2015)
Simalungun

Blumea balsamifera (L.) DC. | Nagi camphor West Java/- Leaves/decocted/oral/- (Emilda et al. 2017)
North Sumatra/Karo Leaves/juiced/oral /- (Nasution et al. 2018)

Chromolaena odorata (L.) Siam weed South Sulawesi/- Leaves/-/-/- (Tambaru 2017)

R.M.King & H.Rob.

Clibadium surinamense L. Jackass breadnut | North Sumatra/Batak Leaves/-/-/- (Silalahi et al. 2015)
Simalungun

Eupatorium inulifolium Kunth | Komba komba North Sumatra/Batak Leaves/-/-/- (Silalahi et al. 2015)
Simalungun

Southeast Sulawesi/Moronene

Leaves/prepared into a concoction/oral/-

(Siharis & Fidrianny 2016)

Gynura procumbens (Lour.) Sambung nyawa West Sulawesi/Mandar Leaves/decocted/oral/- (Rusmina et al. 2015)
Merr.
Helianthus annuus L. Sunflower Central Sulawesi/Taa Wana Roots/decocted/oral/- (Akhsa et al. 2015)
Taraxacum campylodes Puffball North Sumatra/Simalungun -/-1-1- (Simanjuntak 2018)
G.E.Haglund
Tithonia diversifolia (Hemsl.) | Mexican West Java/- Barks, flowers, and leaves/decocted/oral/- (Kodir et al. 2017)
A.Gray. sunflower South Sulawesi/- Leaves/-/-/- (Tambaru 2017)
Vernonia amygdalina Delile Bitterleaf East Kalimantan/Kutai Leaves/decocted/oral/- (Hadijah et al. 2016)

Aceh/- -/-I-1- (Hasanuddin & Kusyanti 2016)
COSTACEAE
Cheilocostus speciosus Crepe ginger Aceh/- -/-1-1- (Hasanuddin & Kusyanti 2016)
(J.Koenig) C.D.Specht
CUCURBITACEAE
Cucurbita moschata Pumpkin Aceh/- -/-1-1- (Hasanuddin & Kusyanti 2016)
Duchesne
Momordica charantia L. Bittermelon Central Sulawesi/- Fruits and seeds/cooked/oral/- (Susila et al. 2017)

West Java/- Fruits and seeds/cooked/oral/- (Emilda et al. 2017)
West Java/- Leaves/-/-/- (Malini et al. 2017)
North Sumatra/Simalungun -/-1-1- (Simanjuntak 2018)
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DIPTEROCARPACEAE

Cotylelobium melanoxylon Raru North Sumatra/Karo Barks/decocted/oral/twice a day (Situmorang et al. 2015)
(Hook.f.) Pierre
Shorea balangeran Burck Red balau South Kalimantan/- Barks/-/-/- (Kissinger et al. 2015)

Shorea balanocarpoides
Symington

White meranti

North Sumatra/Karo

Barks/decocted/oral/twice a day

(Situmorang et al. 2015)

EBENACEAE

Diospyros celebica Bahk

Black ebony

Central Sulawesi/Kaili lja

Leaves/decocted/oral/-

(Megawati et al. 2016)

HYPERICACEAE

Cratoxylum arborescens
(Vahl) Blume

Gerunggang

Central Kalimantan/-

Barks/-/-/-

(Kissinger et al. 2015)

IRIDACEAE

Eleutherine bulbosa (Mill.)
Urb.

Tears of the Virgin

North Sumatra/Karo

Whole plants/decocted/oral/-

(Nasution et al. 2018)

LAMIACEAE
Hyptis capitata Jacq. Knobweed Central Sulawesi/Banggai Whole plants/decocted/oral/three times a day (Khairiyah et al. 2016)
Ocimum tenuiflorum L. Holy basil Aceh/- -/-I-1- (Hasanuddin & Kusyanti 2016)
Orthosiphon aristatus Java tea West Java/- Leaves/-/-/- (Mariani et al. 2015)
(Blume) Mig. West Java/- Leaves/-/-/- (Malini et al. 2017)
West Java/- Leaves/decocted/oral/- (Mulyani et al. 2018)
Central Sulawesi/- Leaves/juiced/oral/- (Arnold et al. 2017)
Central Sulawesi/Banggai Whole plants/-/-/- (Khairiyah et al. 2016)
Aceh/- -/-I-1- (Hasanuddin & Kusyanti 2016)
West Kalimantan/- Roots/-/-/- (Aminah et al. 2016)
North Sumatra/Simalungun -/-I-1- (Simanjuntak 2018)
Plectranthus scutellarioides Coleus North Sumatra/Simalungun -/-1-1- (Simanjuntak 2018)
(L.) R.Br.
Plectranthus sp. Bunga bebek Central Sulawesi/Mori Leaves/-/-/- (Idris et al. 2018)
LAURACEAE
Cinnamomum burmanni Cinnamon North Sumatra/Karo Barks/decocted/oral/one-two times a day (Situmorang et al. 2015)
(Nees & T.Nees) Blume North Sumatra/Simalungun -/-I-1- (Simanjuntak 2018)
Persea americana Mill. Avocado North Sumatra/Simalungun Leaves/-/-/- (Situmorang & Sihombing 2018)
North Sumatra/Simalungun -/-I-1- (Simanjuntak 2018)
South Sumatra/- Fruits, leaves, and seeds/-/-/- (Kartika 2014)
Aceh/- -/-I-1- (Hasanuddin & Kusyanti 2016)
Southeast Sulawesi/Wolia Leaves/decocted/oral/- (Slamet & Andarias 2018)
Central Sulawesi/Kaili lja Leaves/decocted/oral/- (Bana et al. 2016)
West Java/- Leaves/decocted/oral/- (Mutagqin et al. 2016)
LEGUMINOSAE
Archidendron pauciflorum Jengkol West Java/- Fruits/-/-/- (Malini et al. 2017)
(Benth.) I.C.Nielsen West Kalimantan/Dayak -/-I-1- (Efremila et al. 2015)
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Leucaena leucocephala

River tamarind

Southeast Sulawesi/Wolia

Fruits/brewed (after dry-fried)/oral/-

(Slamet & Andarias 2018)

(Lam.) de Wit Aceh/- -/-I-1- (Hasanuddin & Kusyanti 2016)
West Java/- Seeds/-/-/- (Malini et al. 2017)
Bali/- Seeds/juiced/oral/- (Oktavia et al. 2017)
Parkia speciosa Hassk. Petai West Kalimantan/Dayak Ahe -/-I-1- (Sari et al. 2014)
West Kalimantan/- Roots/-/-/- (Aminah et al. 2016)
Phaseolus vulgaris L. Common bean North Sumatra/Simalungun -/-I-1- (Simanjuntak 2018)
Vigna unguiculata (L.) Walp. | Cowpea Aceh/- -/-I-1- (Hasanuddin & Kusyanti 2016)
LOGANIACEAE
Strychnos nux-vomica L. Poison nut North Sumatra/Simalungun -/-I-1- (Simanjuntak 2018)
MALVACEAE
Durio zibethinus L. Durian Aceh/- -/-I-1- (Hasanuddin & Kusyanti 2016)

Guazuma ulmifolia Lam.

West Indian elm

North Sumatra/Karo

Leaves/decocted/oral/twice a day

(Situmorang et al. 2015)

Hibiscus sabdariffa L.

Roselle

Central Sulawesi/Banggai

Flowers/-/-/-

(Khairiyah et al. 2016)

South Sumatra/-

Flowers and leaves/-/-/-

(Kartika 2014)

Kleinhovia hospita L. Guest tree Central Sulawesi/Dondo Leaves/-/-/- (Fajrin et al. 2015)

Pterospermum celebicum Bayur Central Sulawesi/Kulawi Roots/-/-/- (Arham et al. 2016)

Mig. Central Sulawesi/- Roots/boiled in coconut sap/oral/- (Arnold et al. 2017)

Theobroma cacao L. Cocoa tree North Sumatra/Simalungun -/-I-1- (Simanjuntak 2018)

MELIACEAE

Azadirachta indica A.Juss. Neem Central Sulawesi/- Leaves/decocted/oral/- (Ifandi et al. 2016)
Central Sulawesi/Seko -/-I-1- (Tapundu et al. 2015)
East Java/- Leaves/decocted/oral/- (Sodirun et al. 2016)

Lansium parasiticum Langsat Central Sulawesi/Taa Wana Leaves/decocted/oral/- (Akhsa et al. 2015)

(Osbeck) K.C.Sahni & Aceh/- -/-1-1- (Hasanuddin & Kusyanti 2016)

Benne

Swietenia mahagoni (L.) West Indian West Java/- Seeds/-/-/- (Malini et al. 2017)

Jacq. mahogany North Sumatra/Karo Seeds/decocted/oral/one-two times a day (Situmorang et al. 2015)

MENISPERMACEAE

Arcangelisia flava (L.) Merr. Yellow root West Kalimantan/- Leaves, roots, and stems/-/-/- (Mulyadi et al. 2014)
Southeast Sulawesi/Moronene | Stems/decocted/oral/three times a day (Setiawan & Qiptiyah 2014)

Tinospora crispa (L.) Hook. f. | Bitter grape Central Sulawesi/- Leaves and stems/-/-/- (Tudjuka et al. 2014)

& Thomson Southeast Sulawesi/Wolia Stems/decocted/oral/- (Slamet & Andarias 2018)
North Sumatra/Simalungun -/-I-1- (Simanjuntak 2018)
North Sumatra/Batak Stems/-/-/- (Silalahi et al. 2015)
Simalungun

MORACEAE

Artocarpus altilis (Parkinson | Breadfruit Southeast Sulawesi/Wolia Leaves/decocted/oral/- (Slamet & Andarias 2018)

ex F.A.Zorn) Fosberg South Sulawesi/- Leaves/-/-/- (Ariandi & Khaerati 2016)
West Kalimantan/Dayak Iban Leaves/-/-/- (Pradityo et al. 2016)

North Sumatra/Karo

Leaves/decocted/oral/twice a day

(Situmorang et al. 2015)
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Artocarpus elasticus Reinw. Terap North Sumatra/Batak Barks/-/-/- (Silalahi et al. 2015)
ex Blume Simalungun
Artocarpus heterophyllus Jackfruit Aceh/- -/-1-1- (Hasanuddin & Kusyanti 2016)
Lam.
Ficus septica Burm.f. Septic fig North Sumatra/Simalungun -/-I-1- (Simanjuntak 2018)
North Sulawesi/Minahasa -/-I-1- (Arini 2017)
Morus alba L. White mulberry North Sumatra/Simalungun -/-I-1- (Simanjuntak 2018)
MORINGACEAE
Moringa oleifera Lam. Drumstick tree Bengkulu/- -/-I-1- (Kasrina & Veriana 2014)
MUNTINGIACEAE
Muntingia calabura L. Jamaica cherry Southeast Sulawesi/Wolia Leaves/decocted/oral/- (Slamet & Andarias 2018)
West Java/- Leaves/decocted/oral/- (Gunarti & Nurlina 2018)
Aceh/- -/-I-1- (Hasanuddin & Kusyanti 2016)
MUSACEAE
Musa x paradisiaca L. Banana South Sumatra/- Fruits/-/-/- (Kartika 2014)
MYRTACEAE
Baeckea frutescens L. Rambuhatap Central Kalimantan/- Leaves/-/-/- (Kissinger et al. 2015)
Psidium guajava L. Guava South Sumatra/- fruits, seeds and leaves/-/-/- (Kartika 2014)
North Sumatra/Batak Leaves/-/-/- (Silalahi et al. 2015)
Simalungun
North Sumatra/Simalungun -/-I-1- (Simanjuntak 2018)
Aceh/- -/-I-1- (Hasanuddin & Kusyanti 2016)
Central Sulawesi/Kaili Moma Seeds/-/-/- (Islami et al. 2017)
Central Sulawesi/Kulawi Fruits/-/-/- (Arham et al. 2016)

Syzygium aqueum (Burm.f.) | Watery rose apple | South Sumatra/- Flowers, fruits, and seeds/-/-/- (Kartika 2014)

Alston

Syzygium cumini (L.) Skeels | Java plum Southeast Sulawesi/Wolia Barks/decocted/oral/- or Fruits/unprocessed/oral/- | (Slamet & Andarias 2018)
Southeast Sulawesi/Moronene | Barks/decocted/oral/twice a day (Indrawati et al. 2014)
North Sulawesi/Bolaang -/-1-1- (Arini 2017)
Mongondow
North Sumatra/Simalungun -/-I-1- (Simanjuntak 2018)

Syzygium malaccense (L.) Malay apple Central Sulawesi/Kaili Ledo Barks/-/-/- (Dianto et al. 2015)

Merr. & L.M.Perry

Syzygium polyanthum Indonesian North Sumatra/Batak Leaves/-/-/- (Silalahi et al. 2015)

(Wight) Walp bayleaf Simalungun
North Sumatra/Karo Leaves/decocted/oral/- (Nasution et al. 2018)
North Sumatra/Karo Leaves/decocted/oral/twice a day (Situmorang et al. 2015)
North Sumatra/Simalungun -/-I-1- (Simanjuntak 2018)
South Sumatra/- Leaves/-/-/- (Kartika 2014)
Aceh/- -/-I-1- (Hasanuddin & Kusyanti 2016)
Aceh/- Leaves/decocted/oral/- (Ernilasari et al. 2018)
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Syzygium sp. -/-I-1- North Sulawesi/Sangir -/-I-1- (Arini 2017)
ORCHIDACEAE

Goodyera rubicunda (Blume) | Gadong harangan | North Sumatra/Batak Seeds/-/-/- (Silalahi & Nisyawati 2015)
Lindl.

Phaius callosus (Blume) Callousy phaius North Sumatra/Batak Seeds/-/-/- (Silalahi & Nisyawati 2015)

Lindl.

OXALIDACEAE

Averrhoa bilimbi L. Cucumber tree South Sumatra/- Fruits and leaves/-/-/- (Kartika 2014)

Averrhoa carambola L. Star fruit North Sumatra/Simalungun -/-I-1- (Simanjuntak 2018)

PASSIFLORACEAE

Passiflora foetida L. Stinking Southeast Sulawesi/Buton Leaves/-/-/- (Indrayangingsih et al. 2015)
passionflower

PHYLLANTACEAE

Phyllanthus amarus Hurricane weed West Kalimantan/- Roots/-/-/- (Aminah et al. 2016)

Schumach. & Thonn.

Bischofia javanica Blume

Java cedar

North Sumatra/Batak
Simalungun

Barks and roots/-/-/-

(Silalahi et al. 2015)

North Sumatra/Karo

Barks/fermented or boiled in mangrove palm
vinegar/oral/-

(Nasution et al. 2018)

Phyllanthus sp. Sampa-sampalu Southeast Sulawesi/Buton Leaves/-/-/- (Indrayangingsih et al. 2015)
Phyllanthus niruri L. Gale of the wind South Sulawesi/- Leaves/-/-/- (Ariandi & Khaerati 2016)
Aceh/- -/-I-1- (Hasanuddin & Kusyanti 2016)
Bengkulu/- -/-I-1- (Kasrina & Veriana 2014)
Bengkulu/Mukomuko -/-I-1- (Kasrina et al. 2015)
North Sumatra/Simalungun -/-I-1- (Simanjuntak 2018)
PIPERACEAE
Piper betle L. Betel leaf North Sumatra/Karo Leaves/prepared into a concoction/oral and (Nasution et al. 2018)
topical/-
Aceh/- -/-I-1- (Hasanuddin & Kusyanti 2016)
Piper crocatum Ruiz et Pav Celebes peper Riau/- Leaves/decocted/oral/- (Safitri et al. 2015)

Piper nigrum L.

Black pepper

North Sumatra/Karo

Fruits/prepared into a concoction/oral and topical

(Nasution et al. 2018)

Piper ornatum N.E.Br.

Red betel

Central Sulawesi/Kulawi

Leaves/decocted/oral/-

(Arham et al. 2016)

Southeast Sulawesi/Wolia

Leaves/decocted/oral/-

(Slamet & Andarias 2018)

West Java/-

Leaves/decocted/oral/-

(Emilda et al. 2017)

PLANTAGINACEAE

Plantago major L. Broadleaf plantain | East Java/- Whole plants/-/-/- (Batoro & Siswanto 2017)
POACEAE

Axonopus compressus (Sw.) | Broadleaf Jambi/- -/-1-1- (Novinovrita 2016)
P.Beauv. carpetgrass

Bambusa horsfieldii Munro Bulu bolon North Sumatra/Batak Roots/-/-/- (Silalahi et al. 2015)

Bambusa vulgaris Schrad.

Common bamboo

North Sumatra/Karo

Shoots/boiled in coconut sap/oral/twice a day

(Situmorang et al. 2015)
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Imperata cylindrica (L.)
Raeusch.

Cogon grass

Aceh/-

I/~

(Safryadi et al. 2017)

East Java/Osing

Roots/-/-/-

(Khotimah et al. 2018)

Oryza sativa L. var glutinosa | Sticky rice Southeast Sulawesi/Moronene | Fruits/soaked/topical/- (Indrawati et al. 2014)

Saccharum officinarum L. Sugarcane Southeast Sulawesi/Wolia Leaves/decocted/oral/- (Slamet & Andarias 2018)
East Java/- Stems/-/-/- (Batoro & Siswanto 2017)
South Sumatra/- Stems/-/-/- (Kartika 2014)

Saccharum spontaneum L. Wild sugarcane Central Kalimantan/Dayak Ot Stems/-/-/- (Herianto et al. 2018)
Danum

Schizostachyum blumei Bulu hayan North Sumatra/Batak Roots/-/-/- (Silalahi et al. 2015)

Nees Simalungun

Schizostachyum sp.1 Bulu laga North Sumatra/Batak Roots/-/-/- (Silalahi et al. 2015)
Simalungun

POLYPODIACEAE

Drynaria sparsisora (Desv.) Oakleaf fern Southeast Sulawesi/Wolia Stems/decocted/oral/- (Slamet & Andarias 2018)

T. Moore

RANUNCULACEAE

Nigella sativa L. Black caraway East Java/Osing Fruits/-/-/- (Khotimah et al. 2018)

RHAMNACEAE

Maesopsis eminii Engl. Umbrella tree North Sumatra/Karo Leaves/decocted/oral/two-three times a day (Situmorang et al. 2015)

ROSACEAE

Prunus maritima Marshall Beach plum North Sumatra/Karo Leaves/decocted/oral/twice a day (Situmorang et al. 2015)

RUBIACEAE

Morinda citrifolia L. Noni West Java/- Flowers/decocted/oral/- (Emilda et al. 2017)
East Java/- Fruits/-/-/- (Batoro & Siswanto 2017)
North Sumatra/Simalungun Fruits/-/-/- (Situmorang & Sihombing 2018)
North Sumatra/Simalungun -/-I-1- (Simanjuntak 2018)
Aceh/- -/-I-1- (Safryadi et al. 2017)
Aceh/- -/-I-1- (Hasanuddin & Kusyanti 2016)

Myrmecodia tuberosa Jack Ant plant West Kalimantan/- -/-I-1- (l'ismi et al. 2018)

Psychotria sp. Loning North Sumatra/Karo Leaves/decocted/oral/twice a day (Situmorang et al. 2015)

RUTACEAE

Aegle marmelos (L.) Corréa | Bael Southeast Sulawesi/Moronene | Fruits/prepared into a concoction/oral/- (Siharis & Fidrianny 2016)

Citrus aurantiifolia (Christm.) | Lime North Sumatra/Karo Fruits/prepared into a concoction/oral and topical (Nasution et al. 2018)

Swingle

Citrus medica L. Citron East Java/- Fruits/juiced/oral/- (Handayani et al. 2018)

SAPINDACEAE

Nephelium lappaceum L. Rambutan Aceh/- -/-I-1- (Hasanuddin & Kusyanti 2016)
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SOLANACEAE
Physalis angulata L. Cecendet West Java/- Roots/-/-/- (Malini et al. 2017)
West Java/- Roots/decocted/oral/- (Kodir et al. 2017)
Ciplukan Southeast Sulawesi/Wolia Stems/decocted/oral/- (Slamet & Andarias 2018)
Physalis minima L. Ceplukan North Sumatra/Simalungun -/-I-1- (Simanjuntak 2018)
Aceh/- -/-I-1- (Hasanuddin & Kusyanti 2016)

East Java/-

Whole plants/-/-/-

(Batoro & Siswanto 2017)

Physalis peruviana L.

Cape gooseberry

Central Sulawesi/Kaili Ledo

Whole plants/-/-/-

(Dianto et al. 2015)

Solanum lycopersicum L. Tomato South Sumatra/- Fruits and seeds/-/-/- (Kartika 2014)

THEACEAE

Eurya sp.1 Raru North Sumatra/Batak Barks/-/-/- (Silalahi et al. 2015)
Simalungun

THYMELAEACEAE

Phaleria macrocarpa King of drug West Java/- Flowers/decocted/oral/- (Gunarti & Nurlina 2018)

(Scheff.) Boerl.

Central Sulawesi/Kaili Ledo

Fruits and leaves/-/-/-

(Dianto et al. 2015)

Central Sulawesi/Mori

Fruits/-/-/-

(Idris et al. 2018)

South Sumatra/-

Fruits and leaves/-/-/-

(Kartika 2014)

VITACEAE

Leea indica (Burm. f.) Merr.

Bandicoot berry

Central Kalimantan/Dayak Ot
Danum

Leaves, roots, and stems/-/-/-

(Herianto et al. 2018)

XANTHORRHOEACEAE
Aloe vera (L.) Burm.f. Aloe vera North Sumatra/Simalungun -/-I-1- (Simanjuntak 2018)
Aceh/- -/-I-1- (Hasanuddin & Kusyanti 2016)
ZINGIBERACEAE
Amomum maximum Roxb. Hangasa West Java/- Stems/-/-/- (Malini et al. 2017)
Boesenbergia rotunda (L.) Fingerroot North Sumatra/Karo Rhizomes/prepared into a concoction/oral and (Nasution et al. 2018)
Mansf. topical/-
Curcuma longa L. Turmeric Aceh/- -/-I-1- (Hasanuddin & Kusyanti 2016)
North Sumatra/Karo Rhizomes/prepared into a concoction/oral and (Nasution et al. 2018)
topical/-
Southeast Sulawesi/Moronene | Rhizomes/decocted/oral/- (Efremila et al. 2015)
West Kalimantan/Dayak -/-I-1- (Hasanuddin & Kusyanti 2016)

Curcuma zanthorrhiza Roxb.

Javenese turmeric

North Sumatra/Batak
Simalungun

Rhizomes/-/-/-

(Silalahi et al. 2015)

Kaempferia galanga L.

Aromatic ginger

North Sumatra/Karo

Rhizomes/prepared into a concoction/oral and
topical/-

(Nasution et al. 2018)

Zingiber montanum Cassumunar North Sumatra/Karo Rhizomes/prepared into a concoction/oral and (Nasution et al. 2018)
(J.Koenig) Link ex A.Dietr. ginger topical/-
Zingiber officinale Roscoe Ginger North Sumatra/Karo Rhizomes/prepared into a concoction/oral and (Nasution et al. 2018)

topical/-

““*indicates that the data is not available
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In total, there were 18 surveyed provinces with Aceh,
Bengkulu, Riau, West Java, East Java, Central
Kalimantan, West Sulawesi, Central Sulawesi,
Southeast Sulawesi, and South Sulawesi were
surveyed in multiple times. About 46% of the studies
cited in this article do not indicate the ethnicity of
surveyed respondents. Of those studies with defined
ethnicities, Moronene, Batak, Karo, and Simalungun
were found to be surveyed multiple times (Figure 2).

The other ethnicities that were surveyed for one time
included Banggai, Batak Karo, Batak Simalungun,
Bolaang Mongondow, Minahasa, Sangir, Bungkudi,
Buton, Dayak, Dayak Ahe, Dayak Iban, Dayak Ot
Danum, Dondo, Kaili lja, Kaili Ledo, Kaili Moma, Kaili
Rai, Kulawi, Kutai, Mamuju, Mandailing, Mandar,
Mori, Mukomuko, Osing, Seko, Taa Wana, Tialo,
Topo Uma, and Wolia.

South Sumatera
South Kalimantan
North Sumatera
North Sulawesi
North Maluku
Jambi

East Kalimantan
Bali

Riau 41— ]

g
Bengkulu
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South Sulawesi
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Figure 2. The geographical aspects of the ethnopharmacological studies mentioning the use of plants for treatment
of diabetes mellitus in Indonesia; (A) number of surveys in each province, (B) the ethnicity of surveyed people
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Botanical aspects

There were 132 plant species from 53 families
reported for treating diabetes mellitus in Indonesia.
Compositae, Poaceae, Zingiberaceae, Malvaceae,
Myrtaceae, and Acanthaceae were the families with
the highest number of species used. The most
frequently used antidiabetic plants included
Orthosiphon  aristatus (Blume) Miq., Persea
americana Mill., Syzygium polyanthum (Wight) Walp,
Psidium guajava L., and Morinda citrifolia L. (Table
1, Figure 3). Orthosiphon aristatus was used for
treating diabetes mellitus by people West Java (3
places), Central Sulawesi (3 places), West

Kalimantan, and Aceh, while Psidium guajava was
employed for the said purpose in Central Sulawesi (3
places), Aceh, Jambi, North Sumatra, South
Sumatra, and Riau. The traditional antidiabetic
utilization of Morinda citrifolia was reported in Aceh
(2 places), North Sumatra, East Java, West Java,
and Central Sulawesi. The other popular medicinal
plants for traditional treatment of diabetes mellitus
included Areca catechu L., Catharanthus roseus (L.)
G.Don, Curcuma longa L., Andrographis paniculata
(Burm.f.) Nees, Garcinia x mangostana L., and
Phyllanthus niruri L.

Rutaceae -
Phyllanthaceae

Meliaceae - ]

Dipterocarpaceae
Apocynaceae
Apiaceae -
Solanaceae
Piperaceae
Lamiaceae

Anacardiaceae -

Moraceae
Leguminosae
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Compositae

2
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(=]

Number of species
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Syzygium cumini
Phaleria macrocarpa
Leucaena leucocephala
Garcinia mangostana
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Figure 3. The most frequently used taxon for treating diabetes mellitus in Indonesia; (A) by family and (B) by species
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Ethnopharmacological aspect

About 25% of the total entries did not describe the
part of plants that were used for treatment of
diabetes mellitus. The most frequently used part was
leaves and subsequently followed by fruits, roots,
barks, seeds, stems, and whole plants (Table 1,
Figure 4). Some rarely used plant parts were also
mentioned, including shoots, bulbs, and exudates.
Shoots are particularly obtained from Bambusa spp.
while bulbs are from Allium spp. (Silalahi & Nisyawati
2015; Situmorang et al. 2015; Nasution et al. 2018;
Simanjuntak 2018). The use of exudates of Arenga
pinnata (Wurmb) Merr. and Sansevieria trifasciata
Prain were described in South Sulawesi and South
Sumatra, respectively (Kartika 2014; Ariandi &
Khaerati 2016).

About 46% of the total entries cited in this article do
not describe the methods of medicine preparation.
From the available descriptions, the most often
method used was by preparing decoction in water
and subsequently taking the water extract orally. The
preparation of plant materials before decoction, the
ratio of water and plant materials, time of boiling, and
also the posology of water extract varied widely.
Some plant materials, including Gynura procumbens
(Lour.) Merr. and Annona muricata L., were boiled
freshly (Rusmina et al. 2015; Emilda et al. 2017).
Other plant materials, for example, Saurauia vulcani
Korth. and Acanthus ilicifolius L., were dried first
(Ernianingsih et al. 2014; Situmorang et al. 2015).
The hard plant materials, including Areca catechu
fruits, Alstonia scholaris (L.) R. Br. barks, and
Swietenia mahagoni (L.) Jacq. seeds were
comminuted by grinding, pounding, or chopping into
appropriate size before boiling (Dianto et al. 2015;
Malini et al. 2017; Idris et al. 2018).

The ratio of plant material to water in decoction also
varied widely. Ten leaves of Andrographis paniculata
in 900 ml of water (Hermin et al. 2016), 15 leaves of
Strobilanthes crispa Blume in 6 glasses of water
(Idris et al. 2018), and 3-4 cm barks of Cinnamomum
burmanni (Nees & T.Nees) Blume in 1 | of water
(Situmorang et al. 2015) were the examples of this
variation. The unstandardized measurements, for
example, handful and jengkal, were also described
(Indrawati et al. 2014; Situmorang et al. 2015;
Mutagin et al. 2016). Some reports specified the final
volume of the water extracts, for example, boiled
until a third, a half, or two-thirds of the initial volume,
while others did not mention it (Indrayangingsih et al.
2015; Situmorang et al. 2015; Mutaqin et al. 2016).
Sometimes, honey or palm sap were added to the
water extract in order to improve the taste (Ifandi et
al. 2016; Arnold et al. 2017). The posology of water
extract was also varied, some mentioned twice, two-
three, or three times in a day, with one or two glasses

each (Ernianingsih et al. 2014; Situmorang et al.
2015; Hermin et al. 2016).

The grains of Oryza sativa L. were soaked in water
and topically used for treating diabetic wounds in
Southeast Sulawesi (Indrawati et al. 2014). The
example of an antidiabetic plant that was simply
cooked and eaten was Momordica charantia L. fruits
(Emilda et al. 2017). The use of fermented barks of
Bischofia javanica Blume in mangrove palm vinegar
was described in North Sumatra (Nasution et al.
2018). Juice preparation was also reported from
Blumea balsamifera (L.) DC. leaves (Emilda et al.
2017), Leucaena leucocephala (Lam.) de Wit seeds
(Oktavia et al. 2017), and Citrus medica L. fruits
(Handayani et al. 2018).

The medicinal plants mentioned in the studies cited
in this article were mostly used as a single plant
preparation. There were only two formulas of plant
combination reported, they were used by Ethnic of
Karo (North Sumatra) and Moronene (Southeast
Sulawesi). The first formula consisted of nine plants
and was used both topical and orally for treating
diabetic wounds. The second one was in a form of
decoction prepared from Eupatorium inulifolium
Kunth leaves and Aegle marmelos (L.) Corréa fruits
(Siharis and Fidrianny 2016; Nasution et al. 2018).

Quantitative ethnobotanical studies

There were only 10 studies using a quantitative
approach. The different indices were utilized in the
various research efforts, including familiarity index
(Fi), index of cultural significance (ICS), relative
importance (RI), relative frequency of citation (RFC),
and use value (UV) (Table 2).

Discussion

Comparison to RISTOJA 2015

The ethnopharmacological data presented in this
article were collected from surveys on 37 defined
ethnicities and 18 provinces. Hence, its coverage is
considered narrower than that of RISTOJA 2015,
which covered 24 provinces and 96 different
ethnicities. However, both this article and RISTOJA
2015 recorded the similar most popular antidiabetic
plants. Five out of 11 most frequently used
antidiabetic plants in this article were also in the top
ten list of those surveyed by RISTOJA 2015, they
were Andographis paniculata, Areca catechu,
Curcuma longa, Orthosiphon aristatus, and
Syzygium polyanthum. In addition, the other five
plants in top ten antidiabetic plants of RISTOJA 2015
(Curcuma zanthorrhiza Roxb., Tinospora crispa (L.)
Hook. f. & Thomson, Physalis peruviana L., Centella
asiatica (L.) Urb., and Cocos nucifera L.) were also
cited for having traditional antidiabetic uses in this
article.
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Table 2. Quantitative ethnobotanical surveys mentioning the use of plant for treating diabetes mellitus in Indonesia

(2014-2018)

Location/people Indices Interesting finding Reference
used
North Sumatra/Karo Fi Fi value of all plants was equal 0.25 (Nasution et al. 2018)
North Sumatra/Karo ICS The plants in the high ICS category (100- (Situmorang et al. 2015)
199) were Psychotria sp., Maesopsis
eminii, and Guazuma ulmifolia
North Sumatra/Batak uv, ICS The plants in the high ICS category were (Silalahi et al. 2015)
Simalungun Guazuma ulmifolia and Bischofia javanica,
while that with the highest UV value was
Allium chinense
West Java/- UV, RFC, | The most important antidiabetic plant was | (Kodir et al. 2017)
and Rl Physalis angulata with UV, RI, and RFC
values were 0.33, 0.32, and 0.22,
respectively
Bali/- uv The UV of Leucaena leucocephala was (Oktavia et al. 2017)
0.2
Central Sulawesi/Taa uv The plants with the UV >0.5 were (Akhsa et al. 2015)
Wana Sericocalyx crispus and Lansium
parasiticum
Central uv The plants with the UV >0.5 were Garcinia | (Arham et al. 2016)
Sulawesi/Kulawi x mangostana and Pterospermum
celebicum
Central Sulawesi/Kaili | UV The UV of Diospyros celebica was in the (Megawati et al. 2016)
lja category of 0.2-0.5
Central Sulawesi/Seko | UV The UV of Azadirachta indica and (Tapundu et al. 2015)
Andrographis paniculata were equally 0.48
West Sulawesi/Mandar | UV The UV of Gynura procumbens was in the | (Rusmina et al. 2015)
category of <0.2

RISTOJA 2015 also reported the use of the formula
or the combination of antidiabetic plants in Bali. The
Balinese used water extract of a formula consisted of
Alstonia scholaris barks, Zingiber zerumbet (L.)
Roscoe ex Sm. rhizomes, Azadirachta indica stems,
Andrographis paniculata leaves, and Vitex trifolia L.
leaves to treat diabetes mellitus (Kemenkes 2015).

The confirmed antidiabetic activity of the most
cited plants

Interestingly, most of the plants traditionally used for
treating diabetes mellitus in Indonesia have been
proven to have anti-hyperglycemic activities. In some
plants, the active compounds that are responsible for
anti-diabetic properties have been successfully
isolated and characterized (Figure 5). The extracts,
fractions, and isolated compounds of Orthosiphon
aristatus have shown the anti-hyperglycemic effects
through the mechanisms such as an increased
release of insulin, prevention of glucotoxicity, as well
as inhibition of carbohydrate metabolizing enzymes
(Mohamed et al. 2013; Lee et al. 2015). The
antidiabetic compounds from Orthosiphon aristatus
were salvigenin, sinensetin, 3,7,4'-tri-O-
methylkaempferol, tetramethylscutellarein, and
orthosiphol A (Mohamed et al. 2012; Damsud et al.

2014). Extract of Carica papaya L. was capable of
decreasing the glucose blood levels as well as lipid,
triglycerides, and transaminases in the diabetic rat
serum. It also enhanced regeneration of the cells,
reduced fatty changes and pyknotic nucleus of the
liver tissues, and recovered the cuboidal kidney
tissue. It positively affected the integrity and function
of both liver and pancreas, as well as improved the
basal insulin secretion (Juarez-Rojop et al. 2012;
Maniyar and Bhixavatimath 2012; Miranda-Osorio et
al. 2016).

The juice of fresh leaves of Catharanthus roseus
decreased the blood glucose level in diabetic rats
(Al-Shagha et al. 2015). Vindolidine, vindoline,
vindolinine, vindolicine, ursonic acid, ursolic acid,
kaurenoic acid, 3-hydroxy-11-ursen-28,13-olide, and
spatozoate were considered as the antidiabetic
compounds (Tiong et al. 2013; Tam et al. 2016).
Treatment with the juice of Morinda citrifolia fruits
was proven to significantly decrease the morning
blood glucose level and glycosylated hemoglobin
(HbA1c) value of patients with type 2 diabetes
mellitus (Algenstaedt et al. 2018). A similar outcome
was also shown in the high-fat diet rats, which was
mediated by the improved glucose metabolism
(Nerurkar et al. 2012). The identified compounds of
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Morinda citrifolia were episesamin 2,6-dicatechol,
lirioresinol B, lirioresinol B dimethyl ether, ursolic
acid, damnacanthol-3-O-B3-D-primeveroside, and
lucidin 3-O-B-D-primeveroside (Nguyen et al. 2013).

The potential antidiabetic activities of Psidium
guajava have been demonstrated in Caco-2 cells
and diabetic rats models (Hedayathullah-Khan et al.
2013; Muller et al. 2018). Psidiumlanostenoic acid,
12B-hydroxypsidiumlanostenoic acid,
trihydroxypsidiumlanostenoic acid,
psidiumlanostenoic acid glucoside, quercetin,
isoquercetin, and rutin were considered as the
compounds responsible for the antidiabetic activity of

activities of various extracts and fractions of
Androgrphis paniculata have been proved in in-vivo
and in-vitro studies (Wibudi et al. 2008; Chaurasia et
al. 2012). Andrographolide was found to be the
active constituents of this plant, the effects of which
on the diabetes mellitus-related conditions were
comparable or even better than that of Androgrphis
paniculata extract (Thakur et al. 2016). Several
mechanisms of andrographolide effects that might
be beneficial for treating diabetes mellitus had been
reported (Xu et al. 2012; Zhang et al. 2013; Yu et al.
2015). Another hypoglycemic compound of
Androgrphis paniculata was deoxyandrographolide
(Arha et al. 2015).

this plant (Bagri et al. 2016). The antidiabetic related
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Curcumin, bisdemethoxycurcumin, and
demethoxycurcumin from Curcuma longa showed a
high inhibitory effect on a-glucosidase (Kalaycioglu
et al. 2017). Curcumin was found to be more potent
as an anti-hyperglycemic agent than the extract
(Arun and Nalini 2002). In addition, ar-turmerone
demonstrated highly potent a-glucosidase and a-
amylase inhibitory activities (Lekshmi et al. 2012).
The combination of behavioral therapy and Garcinia
X mangostana supplement demonstrated a
significant amelioration in insulin sensitivity in obese
female patients with insulin resistance (Watanabe et
al. 2018). A similar potential outcome was also
shown in diabetic rats (Taher et al. 2016).
Xanthones, including a-mangostin, y-mangostin,
gartanin, and smeathxanthone A, have been proven
to be the antidiabetic compounds of this plant (Ryu
et al. 2011; Ratwita et al. 2017; Lee et al. 2018).

The in-vitro studies suggested that the
antihyperglycemic effect of Tinospora crispa was
due to the inhibitory of a-glucosidase and a-amylase
(Hamid et al. 2015). Borapetoside C, borapetoside
A, borapetoside E, and borapetol B were identified
as the hypoglycemic constituents of Tinospora
crispa, which acted by mechanisms of increasing
glucose utilization, delaying the development of
insulin resistance and enhancing insulin sensitivity,
reducing the hepatic gluconeogenesis, activating the
insulin signaling pathway, as well as improving
insulin  resistance, hepatic  steatosis, and
hyperlipidemia (Ruan et al. 2012; Lokman et al.
2013; Ruan et al. 2013; Xu et al. 2017).

The quantitative ethnobotanical study

Indices in ethnobotanical study are important to
quantitatively rank the plants that are most useful to
a given culture (Zenderland et al. 2019). Result of
this study can be used as the rationale for selection
of the antidiabetic plants for further development as
phytopharmaceuticals, in  addition to the
pharmacological activity as described in the previous
section. As only 15% of the cited
ethnopharmacological studies in this article were the
quantitative ones, more well-designed studies are
needed.

Conclusive remarks

This review compiles the medicinal plants
traditionally used for treating diabetes mellitus in
Indonesia. Data is retrieved from 67
ethnopharmacological research published in 2014-
2018. Those studies were conducted in 18 provinces
which cover 37 defined ethnicities. There are 132
species of medicinal plants from 53 families, with
Compositae, Poaceae, Zingiberaceae, Malvaceae,
and Myrtaceae as the families with the highest
number of species used for the said purpose. The

most popular plants with multiple uses in different
places include Orthosiphon aristatus, Persea
americana, and Syzygium polyanthum. The parts of
the plant used and the methods of preparation of
those antidiabetic plants vary widely across the
nation. However, most of the cited studies in this
article were descriptive ones, only 15% of those used
quantitative approach.

The safety and efficacy of the selected antidiabetic
plants should be evaluated. Preclinical as well as
clinical studies on the standardized materials should
be conducted. Scientific Based Jamu Development
enables enhancement of their status so they
eventually can be used in formal healthcare systems.
Development of those plants into the standardized
herbal medicines is another strategy to take to reach
the same goal.
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