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ABSTRACT

Plants are used traditionally throughout the globe to treat various diseases. Traditionally
used medicinal plants are an essential part of the health sector in Bangladesh due to its
abundance of a vast source of ethno-medicine. Rural people from developing country like
Bangladesh are greatly dependent on traditional source of medicine. The prevalence of
diabetes mellitus is increasing from recent years; therefore various researches are going
on to discover better medicine to treat this disease. This study has focused on five plants
which are Andrographis paniculata, Ageratum conyzoides, Swertia chirata, Terminalia
arjuna, and Azadirachta indica to find out their traditional formulation as anti-diabetic
medicine and their pharmacological activity has also been explored through literature
search. The available information about traditional anti-diabetic uses of these plants and
their pharmacological activities were collected from various electronic sources like
Pubmed, SciFinder, Elsevier, Springer, Scopus, Scirus, Science Direct, Google Scholar
and Web of Science apart from these locally available books and peer reviewed journal
were also used to collect information. This study will help to strengthen the relation
between traditional medicine, pharmacology and drug development. A clue may be found
from the information provided this review to discover new and better anti-diabetic drugs.
1. Introduction

Ethnobotanical research has been increased recently at
greater diversity not only in national level but also at interna-
tional level. A number of the literature revealed that there is a
significant gap exists between scientific validation of ethno-
medicine and their uses. Herbal medicines with nutritional
value are now a way also used for their pharmacological prop-
erties to improve health status [1,2]. Thus plants are used as both
food and medicine simultaneously [2,3]. The opportunity of using
the plant as a medicine is huge due to the wide diversity of plants
around the world. Cultural and geographical factors also
facilitated the treatment of various diseases with plants in
different formulations like crude extracts, whole plants, a paste
of plants, infusions, etc [4–6]. Because of producing from
natural sources and having less toxic effects, herbal medicines
are gaining popularity all over the world [7]. In recent years, a
lot of researches revealed that medicinal plants are used to
treat diseases in a specific part of the body like the nervous
system, cardiovascular systems, respiratory system, digestive
and other systems as well as in various organs of the body [8].

Metabolic changes caused by hyperglycemia are called dia-
betes mellitus and the hyperglycemia may cause due to the de-
fects in insulin action or secretion or in both cases. The available
hypoglycemic agents used worldwide such as metformin, sul-
fonylureas, and glucosidase inhibitors have serious adverse ef-
fects such as diabetic ketoacidosis, diarrhea and various diabetes
complications [9]. The successful treatment and management of
diabetes are yet to be discovered. Within the Indian
subcontinent, extensive research has been performed in ethno-
medicine system to find out the possible uses of the plant as
anti-diabetic agents [10,11].

The fertile Bengal part of the South Asia which got inde-
pendent in 1971 is called Bangladesh. The country located be-
tween latitudes 20� and 27�N, and longitudes 88� and 93�E.
This type of location of Bangladesh makes it one of the most
fertile countries in the world with alluvial soil. The fertile allu-
vial soil boasted with a diversified floral source which can be
used in different aspects of medicine. Available and smooth
nature of traditional herbal medicines made this sector an
important part of public health service [12–14]. The geographical
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and cultural similarity of Bangladesh with India influenced the
involvement of local people with Indian Ayurveda and Unani
medicine.

In the current review article, we have tried to collect infor-
mation of five plants with hypoglycemic uses in traditional
medicine of Bangladesh and their respective pharmacological
effects studied through various reputed scientific journals to find
out the relation between traditional use and pharmacological
effects. This review may also help the scientists and researchers
to work in the field of complementary and alternative medicine
to find out a possible cure for diabetes and explore the modern
health sector. This review also covers the traditional formula-
tions of plants which are used to treat diabetes.

2. Traditional uses as anti-diabetic medicine

After an extensive literature search, it was observed that
various parts of the plants are used for the treatment of diabetes
and the parts included are leaves, barks, seeds, fruits, stems,
flower and in some cases whole plants.Maximum of the plants are
used with water and consumed in the early moment of the day.
Over the past few decades, a lot of researches have been done
about uses and formulation related with diabetes from which we
can find out themost common formulations of our featured plants,
i.e., Andrographis paniculata (A. paniculata), Ageratum con-
yzoides (A. conyzoides), Swertia chirata (S. chirata), Terminalia
arjuna (T. arjuna), and Azadirachta indica (A. indica) [15–18].
Those formulations are given in Table 1.

3. Pharmacological activities

3.1. Pharmacological studies of A. paniculata

3.1.1. Hepato-protective effects
A. paniculata is used in Indian systems of medicine for a long

time to treat patients with liver diseases [19]. Not only as a single
agent it also used as a component of poly-herbal preparation to
treat liver damages [20]. Ram in his studies has observed and
reported hepato-protective activity of crude leaves extracts af-
ter investigating against CCl4-induced liver damage [21].
Andrographolide, a compound isolated from A. paniculata,
has given inhibiting activity against liver injury induced by
concanavalin A [22]. Shukla et al. has also reported choleretic
effects of compound isolated from A. paniculata against rats
and guinea pigs [23].

3.1.2. Anti-microbial effects
This plant has been investigated for the activity against

bacteria, viruses and parasites to find out anti-microbial activity.
Table 1

The most common traditional formulations of the featured plants.

Plants name Family Bengali name

A. paniculata Acanthaceae Kalomegh Usually
paste ex

A. conyzoides Asteraceae Oochunt Macera
S. chirata Gentianaceae Chirata Chirata

taken 1
T. arjuna Combretaceae Arjun 3–6 g p

after fo
A. indica Meliaceae Neem The pas

teaspoo
In a study, daily single dose administration of 0.12–24 g/kg
body weight in rats for 6-month durations did not show any anti-
bacterial activity [24]. But in another study, alcoholic rhizome
extracts showed potential anti-microbial activity against
Ascaris lumbricoides [25]. Methanolic extracts from
A. paniculata have also showed significant inhibitory activity
against Plasmodium falciparum and the concentration needed
for 50% inhibition (IC50) value was recorded at 7.2 mg/mL [26].

3.1.3. Hypoglycemic effects
Aqueous A. paniculata extract was given potential inhibiting

activity to glucose-induced hyperglycemia in normal rabbits and
did not show any activity on hyperglycemia induced by
epinephrine. Six weeks continuous administrations have no
observable effects on blood glucose in fasting condition [27]. But
in another study, Subramanian et al. stated that A. paniculata
and andrographolide can produce hypoglycemic effects by
inhibiting alpha-amylase and alpha-glucosidase enzymes [28].
A significant anti-diabetic activity was observed in alloxan
induced diabetic rats by restoring incapacitated estrous cycle
[29].

3.1.4. Anti-oxidant activity
A study done by Trivedi et al. suggested that A. paniculata

plant extracts have potential anti-oxidant activity against y-
Glutamyl transpeptidase, glutathione-S-transferase, and lipid
peroxidase enzymes with in comparison to Benzenehexa chlo-
ride and this study was conducted on mice model [19].

3.1.5. Anti-inflammatory effects
Andrographolide (a compound isolated from A. paniculata)

and methanolic extract of A. paniculata can inhibit
lipopolysaccharide-stimulated NO production of macrophage
depending on the concentration of the incubated plant sample
[30,31]. Another study done by Chiou et al. reported that
andrographolide can inhibit NO production induced by
lipopolysaccharide and can also inhibit inducible nitric oxide
synthase production of murine cell line [32].

3.1.6. Effects on cardiovascular disease
Aqueous plant extracts and biologically active compounds

isolated from A. paniculata have been investigated in animal
model to find out significant effects on myocardial infarction. A
study has shown that the plant extract from A. paniculata can
produce hypotensive effects by relaxing the blood vessel so that
blood can flow easily to the brain, heart and other parts of the
body [33]. Another study suggested that andrographide an active
constituent of A. paniculata gave a time dependent protection
against hypoxia in rat models and this effect was said to be
Formulation used in local areas of Bangladesh

, the whole plant is used as a drug for treating diabetes. 5 mg Crude
tract of the whole plant is taken in the morning before breakfast.
ted form of the whole plant is taken 1 spoon full twice a day.
root is used for the treatment of diabetes with a mixture of honey. It is
–2 g a dose per day in the morning.
er dose of Berks in powder or macerated form with milk is taken 2 h
od.
te of leaf extracts prepared with water is taken at a dose of 2–3
ns daily in empty stomach.
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associated with increasing level to cellular glutathione and other
anti-oxidant enzymes [34].

3.1.7. Miscellaneous effects
Several studies did in the last 2 decades also suggested its

anti-thrombotic, immune-stimulatory, anti-malarial, astringent,
anodyne, tonic, alexipharmic and anti-pyretic activities [35]. Not
only the plant extracts its compounds like andrographolide,
neoandrographolide, dehydroandrographolide, isoandrograph-
olide have also showed various pharmacological activities [36].

3.2. Pharmacological studies of A. conyzoides

3.2.1. Anti-microbial effects
There are various investigations have been conducted to

determine the potential anti-microbial activity of A. conyzoides.
A study has shown that ether and chloroform extract of plant
inhibited the growth of Staphylococcus aureus [37]. An inhibitory
activity of methanolic plant extract against the growth of
Staphylococcus aureus, Bacillus subtilis, Escherichia coli, and
Pseudomonas aeruginosa has been observed by Almagboul
et al. [38]. The leaf extract was suggested to be active against
Colletotrichum falcatum and Rhizoctonia solani [38].

3.2.2. Analgesic and anti-inflammatory effects
Aqueous extract of A. conyzoides leaves at 100–400 mg/kg

doses have given significant analgesic activity in rat models [39].
Aqueous extract of leaves was also given to the patients with
arthritis and the results revealed that it improved articulation
movement towards 24 h of 66% patients without showing any
side effect [40]. Another reported study suggested that this
plant gave analgesic activity in hot plate method [41]. After
treatment for 250 mg/kg hydro alcoholic extracts from a group
of rats, the study result suggested that it has significant
(P < 0.05) anti-inflammatory activity [42].

3.2.3. Wound-healing properties
The excision wound model is usually used to determine

wound-healing activities. After treating the model with plant
extract and distilled water, it was observed that more than 90%
wounds were healed with plant extracts treated group and 72%
were healed in the group treated with distilled water [38,43].

3.2.4. Anti-oxidant activity
An ethanol extract of A. conyzoides leaves has shown sig-

nificant activity in DPPH free radical scavenging activity test.
The IC50 value of plant extract was reported as 18.910 mg/mL
and the IC50 value of 2.937 mg/mL and 5.100 mg/mL were
observed for standard ascorbic acid and butylated hydrox-
yanisole respectively. The plant extract also showed reducing
power and iron chelating activity too [44]. Another study has also
reported that Kaempferol (a compound isolated from
A. conyzoides) gave free radical scavenging activity at
(130.07 ± 17.36) g/kg concentration [45].

3.2.5. Anti-diabetic activity
A dose of 500 mg/kg body weight made from aqueous

plant extract of A. conyzoides reduced fasting blood glucose in
an animal model by 39.1%. The study results also suggested
that the plant extract possessed lower anti-diabetic activity
than the standard anti-diabetic drugs [46]. The results of the
study done by Nyunaı̈ et al. revealed that that the leaves of
A. conyzoides can lower the blood glucose levels in
normoglycemic and in streptozotocin-induced hyperglycemic
rats [47].

3.2.6. Miscellaneous effects
A. conyzoides plant has also possessed some other activities

that include spasmolytic effects, gamma radiation effects, anti-
cancer and anti-malarial activity [48].

3.3. Pharmacological studies of S. chirata

3.3.1. Hypoglycemic effect
When animal models were treated with a 250 mg/kg S. chirata

ethanolic plant extract, it significantly reduced the blood glucose
level in tolbutamide pretreated, glucose fed and fasted animals
[49,50]. Another study reported that albino rat treated with
hexane plant extract increased the glycogen content as well as
insulin release thus lowered the blood glucose level [51].
Saxena et al. reported that Sweechin, a compound of
S. chirata, enhanced the insulin release from islets in isolated
conditions at concentration dependent manner [52].

3.3.2. Hepato-protective activity
A secoiridoids type compound abundant in a butanol fraction

of S. chirata has shown significant hepatotoxic activity [53]. A
study of Balasundari et al. claimed that S. chirata leaves
extract showed significant in vivo hepatoprotective activity
[54]. The whole aqueous plant extracts also have shown potent
activity in liver disorders [55].

3.3.3. Anti-oxidant activity
Lethal cell injury caused by CCl4 due to the increasing

amount of lipid peroxidation products which can inhibit the anti-
oxidant enzyme activity was suggested to being decreased by
S. chirata plant extract rich in xanthones [54]. These types of
anti-oxidant activity can be shown because of radical scav-
enging activity.

3.3.4. Anti-carcinogenic activity
A study of Banerjee et al. suggested that S. chirata plant is

very rich with xanthones which have potential anti-carcinogenic
activity [56]. Aqueous plant extract which is rich with
amarogentin have shown anti-carcinogenic activity against
mouse skin carcinogenesis induced by dimethyl benzanthracene
[57,58].

3.3.5. Anti-inflammatory activity
S. chirata plant is rich in biologically active compound

like swerchirin, swertanone and swertianin, and these com-
pounds are active against inflammation [59]. Methanolic and
aqueous extracts of whole plants have reported with
significant anti-inflammatory activity with increasing dose of
administration [60].

3.3.6. Miscellaneous effects
The plant has also been reported to give wound-healing ac-

tivity [61], anti-pyretic, anthelmintic, anti-periodic, cathartic [62]

as well as anti-bacterial activity [63].
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3.4. Pharmacological studies of T. arjuna

3.4.1. Cardio-protective effects
Kokkiripati et al. reported that T. arjuna stem bark has po-

tential cardio-protective activity after analyzing the activity on
human monocytic (THP-1) and aortic endothelial cell cultures
[64]. T. arjuna bark has also shown significant prophylactic
activity against catecholamine-induced congestive heart failure
[65]. At the dose of 500 mg given to patients having angina
showed improved clinical parameters compared to the
isosorbidate mononitrate (40 mg/d) standard [66].

3.4.2. Anti-oxidant activity
Dried bark of T. arjuna contains lots of anti-oxidant com-

pounds which prevented oxidative stress in rat heart coalition
with injured ischemic heart [67]. Another study revealed that
arjunolic acid, a compound isolated from T. arjuna plant, is
found to be active against various oxidative agents like
reduced glutathione, lipid peroxidase, DPPH, ascorbic acid
and ceruloplasmin [68].

3.4.3. Hypolipidemic activity
A study done by Parmar et al. suggested that the bark extract

of T. arjuna plant can suppress thyroid functions, thus
decreasing cardiac and hepatic lipid level in albino rats [69]. Ram
et al. reported that at the dose of 100 mg/kg ethanolic extract of
plant reduced the low density lipoprotein cholesterol level and at
the dose of 500 mg/kg the plant extract can also reduce the total
cholesterol level [70].

3.4.4. Anti-diabetic activity
An investigation done by Manna et al. reported that strep-

tozocin induced (at a dose of 65 mg/kg$body weight) diabetes in
albino rat was found to be prevented by arjunolic acid [71].
Injected with streptozocin increased the lipid peroxidations,
TNF-a and serum glucose level in injected experimental
animals thus induces diabetes [72].

3.4.5. Hypotensive effects
Aqueous and alcoholic extracts of T. arjuna bark have

showed dose dependent hypotensive effects in experimental
animal models [73]. This study also revealed that dog pre-treated
with atropine did not show hypotensive effects after treated with
alcoholic plant extract, but in another study there was significant
hypotensive effects observed after administration of aqueous
plant extract of T. arjuna [74]. The hypotensive effects of plant
extracts in rats were also abolished by pre-treatment with atro-
pine but did not affected by pre-treatment with propranolol [75].

3.4.6. Miscellaneous effects
Arjuna and ellagitanin have possessed and showed significant

anti-cancer activity against human breast cancer [76]. T. arjuna
bark after decoction gave cardio-tonic, diuretic and anti-
mutagenic activities [66,77].

3.5. Pharmacological studies of A. indica

3.5.1. Anti-inflammatory and anti-pyretic activity
Carrageenin-induced acute paw edema and formalin-induced

arthritis in rats was investigated by administration of nimbidin
and sodium nimbidate and the result showed significant anti-
inflammatory activity in a dose dependent manner [78,79].
Another study suggested that neem leaf extract has potential
anti-inflammatory activity compared to the standard dexameth-
asone [80] and this activity was shown by suppressing the
functions of macrophage and neutrophils [81]. Study results of
nimbidin also reported with significant anti-pyretic activity [82].

3.5.2. Anti-diabetic activity
A significant hypoglycemic effect was observed in fasting

rabbits after treatment with nimbidin orally [83]. Chloroform
extracts of A. indica have shown potential reduction of
intestinal glucosidase activity and oral glucose tolerance in a
murine model [84]. Another study suggested that neem leaves
extract possess significant anti-diabetic activity and could use
in the treatment of diabetes mellitus [85]. A study done by Kar
et al. reported that A. indica leaf extract have shown
significant hypoglycemic activity against alloxan-induced dia-
betic animal model [50].

3.5.3. Anti-bacterial and anti-viral properties
Bark and leaf extracts of A. indica have reported to be

effective against bacteria isolated from adult mouth [86] and seed
and fruit extracts have shown activity only in higher
concentration. The anti-viral activity of A. indica was also re-
ported against B Coxsackie viruses [87] and potato virus X [88].
Another study revealed that the methanolic extract of neem acted
as a virucidal agent [89].

3.5.4. Hepatoprotective effect
Alcoholic and aqueous leaf extract of A. indica exhibited

moderate hepato-protective activity against carbon tetrachloride
treated animal models [90]. After investigating on rat models,
another study suggested that methanolic and aqueous extracts
of A. indica have possessed significant hepato-protective activ-
ity [91]. Aqueous extract of neem was also given a significant
protective activity against liver necrosis in rats induced by
paracetamol [92].

3.5.5. Effect on central nervous system
Singh et al. observed various types of central nervous system

depressant activity of A. indica leaf extract in mice model [93].
Among other fractions of leaf extracts, acetone fraction
showed potential central nervous system depressant activity in
mice [94]. At the dose of 200 mg/kg body weight, leaf extract
exhibited anxiolytic activity in rats [95].

3.5.6. Miscellaneous effects
Study suggested that ethanolic extract of A. indica bark have

possessed hypotensive, spasmolytic and diuretic activities [96].
Apart from these activities this plant has also anti-bacterial,
anti-malarial, anti-fertility, and anti-oxidant effects [97].

4. Conclusions

After an extensive literature search, all of the plants were
found to be effective against diabetes in pharmacological studies
in animal models. But this is a matter of question that to what
extent these anti-diabetic effects will extrapolate in human set-
tings. To establish these plants as a source of anti-diabetic drugs,
extensive chemical investigation as well as clinical trials is
needed to find out possible lead compound. Therefore in recent
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times, ethno-medicinal sector of medicine has been drawing
attention to the researchers to identify plants with anti-diabetic
activity which can be useful for mankind.
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