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Summary. Diabetes mellitus is an endocrinological metabolic disorder in which patients have elevated blood
glucose levels compared to normal healthy individuals. Type 1 and type 2 diabetes mellitus are the two major
forms of diabetes. Type 2 diabetes mellitus accounts for more than 95% of the entire diabetic population.
Incidence and prevalence of type 2 diabetes mellitus is increasing globally, especially in developing countries.
Diabetes mellitus includes various complications associated with deterioration of function in the kidneys,
retina, heart, and neurons. Complications associated with type 2 diabetes are risk factors for cardiovascular
disease. Taking care of treatment cost, it is necessary to explore and understand the current therapeutic aspects
of herbal medicinal plants for the prevention of diabetes. The current review summarizes updated information
related to the most widely used medicinal plants used in the treatment and management of type 2 diabetes.
Additionally, this review discusses promising results and challenges associated with herbal medicine. Herbal
plants are a good alternative for patients with type 2 diabetes and remains unique sources for future drug

discovery.
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Introduction

Diabetes mellitus is derived from the Greek words
‘diabaino,” which means ‘to go through,” and ‘mellitus,’
which means ‘sweet or sugar’. Diabetes mellitus is con-
sidered as a chronic metabolic syndrome characterized
by an abnormally high level of glucose in the blood
and excretion of sugar in the urine. In other words,
diabetes mellitus is a metabolic disorder with multi-
ple etiologies characterized by chronic hyperglycemia,
with disturbances in carbohydrate, fat, and protein
metabolism, resulting from defects in either insulin
secretion, insulin action, or both (1). Diabetes is a ma-
jor global health problem with an estimated rise in its
prevalence from 171 million in 2000 to 366 million in
2030, with a majority still undiagnosed (2). Diabetes
mellitus is one of five major causes of death worldwide.
Age-adjusted prevalence of diabetes among adult men
doubled from 1980 to 2014 (4-3% to 9-0%), and age-
adjusted prevalence of diabetes among adult women
has increased by 60% (5-:0% to 7-9%) (3).

Long-term complications of type 2 diabetes mel-
litus include retinopathy with potential loss of vision,
nephropathy leading to renal failure, peripheral neu-
ropathy with risk of foot ulcers, amputation, and char-
coal joints. Patients with diabetes mellitus have higher
incidences of cardiovascular, peripheral vascular, and
cerebrovascular disease (4). Figure 1 describes the cat-
egorization of diabetic complications in the form of a
ray diagram. Diabetic complications are chronic in na-
ture affects almost every important organ in the body,
and pose a threat to adult and elderly populations.
Oxidative stress is mediated mainly by hyperglycemia-
induced free radicals, which contributes to the devel-
opment of diabetes and its complications (5).

According to the American Diabetes Association
(ADA), both patients and primary health care have
insufficient access to diabetic care since there is no
definite cure for diabetes mellitus, and no satisfactory
effective drugs are available to cure diabetes. West-
ern medicines such as sulfonylurea and biguanides
used for the treatment of diabetes are expensive and
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Figure 1. Complications of diabetes mellitus

thus not feasible for every patient due to their unde-
sirable side effects. Sulfonylurea exhibits toxic effects
such as heartburn, vomiting, skin rashes, etc. The ac-
tion of chloropropamide results in water retentions
and dilutional hyponatremia. Long-term biguanides
(metformin) consumption may initiate gastrointesti-
nal effects, anorexia, vomiting, and B, malabsorption
(6). Insulin is the most common therapy for diabetes
but does not reinstate permanent glucose homeostasis.
Insulin therapy has a profound effect on glucose level
but is ineffective with regards to a number of aspects
such as its ineffectiveness as an oral drug, short half-
life, need for continual refrigeration, and hypoglycemic
effect upon high dosage (7).

As a result, there is an intense need to identify
natural resources and study their activities on different
targets in order to develop new anti-diabetic thera-
peutics as effective, easily accessible, and cheap means
to prevent diabetes mellitus. An increasing number of
people now use dietary and herbal supplements for
treatment of diabetes mellitus (8). The impact of al-
ternative medicine has garnered the attention of many
researchers worldwide. Even the World Health Or-
ganization (WHO) has declared herbal plants as ef-
fective therapeutic agents, especially in areas lacking
safe modern drugs (9).

In this review, we have selected nine herbal
plants, namely Momordica charantia, Swertia chirayita,
Gymmnema sylvestre, Trigonella foenum, Eugenia jam-
bolana, Aegle marmelose, Terminalia chebula, Emblica
officinalis, and Zingiber officinale, and described their
anti-diabetic as well as antioxidant properties with the
aim of developing interest in using herbal therapeutics
as a preferred therapy for the prevention and treatment
of diabetes.

Figure 2. Momordica charantia (Bitter Gourd)

Traditional medicinal plants used in the man-
agement of type 2 diabetes

Momordica charantia (Fig. 2) is a useful vegeta-
ble plant and common traditional remedy for diabe-
tes. This is a potent nutrient-rich plant composed of
various advantageous compounds such as bioactive
chemical compounds, vitamins, minerals, and antiox-
idants for the treatment of wide range of ailments (10,
11). Charantin, a bioactive compound, is similar to
cucurbitane-type triterpenoid isolated from Momor-
dica charantia, which shows promising results for the
prevention and management of diabetes (12). Several
studies have established the anti-hyperglycemic and
hypoglycemic effects of various extracts of Momordica
charantia in both animal models and human. The ef-
fective dose of bitter gourd was reported to be 2000
mg/day in patients with type 2 diabetes and 400-600
mg/kg body weight of diabetic rats (13, 14).

Momordica charantia exhibits anti-diabetic activi-
ties mediated by several mechanisms such as stimula-
tion of insulin release from isolated beta cells (15), uti-
lization of peripheral and skeletal muscle glucose (16),
and curtailing of gluconeogenic enzymes (17) (Table
1). Sarkar ez a/. (1996) demonstrated the hypoglycemic
activity (26%) of alcoholic extract of Momordica char-
antia (18). It has also been reported that Momordica
charantia with exercise reduces blood glucose levels in
KK-Ay hyperinsulinemic mice, an animal model of
type 2 diabetes through elevation of glucose transport-
er type 4 (GLUT4) protein content (19).
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Figure 3. Swertia chirayita (Chiretta)

Swertia chirayita (Fig. 3) is a medicinal plant in-

digenous to India, Nepal, Bhutan, Pakistan, Bangla-
desh and Tibet. The phytochemical Swertiamarin, an
active compound isolated from Swertia chirayita, was
shown to have anti-diabetic properties in vitro (20).
Oral administration of the ethanolic extracts (95%)
and hexane fraction of Swertia chirayita (10, 50 and
100 mg/kg) to normal, glucose-fed, and streptozo-
tocin (STZ) induced diabetic rats significantly lowered
blood glucose in all groups of animals (21). Alam ez
al (2011) evaluated the hypoglycemic effect of whole
Swertia chirayita plants and leaves (22).
In a prior study, swerchirin (a xanthone isolated from
hexane fraction of the plant) resulted in significant
lowering of blood sugar in fasting, postprandial and
tolbutamide pre-treated albino rats (23). Force feeding
of swerchirin (35 and 65 mg/kg i.v) to STZ diabetic
rats (50 mg/kg) showed a significant anti-hypergly-
cemic effect at 0, 1, 3, and 7 h after administration
in both healthy as well as STZ-induced rats (35 mg/
kg) but not in the group treated with STZ (65 mg/
kg) (24). Sexana ¢# a/ (1993) demonstrated that crude/
impure swerchirin lowers blood glucose by stimulating
insulin release from pancreatic B cells. Glucose uptake
and glycogen synthesis by muscle (diaphragm) were in-
creased in serum from swerchirin-treated rats in vitro.
Swerchirin treatment (100, 10, and 1 mM concentra-
tion) was shown to greatly enhance glucose (16.7 mM)
stimulated insulin release from isolated islets (25).

Gymnema sylvestre (Fig. 4) a woody climber of the
Asclepiadaceae family, has well known therapeutic po-
tential and plays a key role in Ayurvedic medicine for

Figure 4. Gymnema sylvestre (Periploca of the woods)

diabetic patients. Srivastava, ez a/. reported that treat-
ment with Gymnema sylvestre leaf extract corrected the
hyperglycemia and enhances the survivability in mod-
erately diabetic rats (26).
Leaf extracts of Gymnema sylvestre consisting of the
active compound gymnemic acid were shown to stim-
ulate B-cell regeneration and anti-diabetic activity in
treated Wister rats (27). Another study demonstrated
the treatment of leaf extract of Gymnema sylvestre (400
mg/day) to 27 type 1 diabetic patients and observed
enhanced endogenous insulin presumably via regen-
eration of residual B cells (28). Mechanisms by which
Gymnema sylvestre produces its anti-diabetic effects
include recovery of B cells (29), suppress the elevation
of glucose level (30), and stimulation of insulin release
(31). In Brazil, capsules containing dried powdered
leaves of Gymmnema sylvestre are highly commercial-
ized in pharmacies and stores and are by far the most
popular commercial herbal product for treatment of
diabetes. However, another study suggested that dried
powdered leaves or any other form of Gymnema syl-
wvestre require further study before being recommended
for commercialization to treat diabetes and hyperlipi-
demia (32). Tiwari ez a/ (2014) in a recent review up-
dated information related to the phytochemistry and
pharmacological activities of Gymnema sylvestre and
reported modern medications made from this herb
(33).

Fenugreek (Trigonella foenum-graecum L.) (Fig.
5), one of the oldest medicinal plants, mainly origi-
nated from the Middle East, China, Southeastern Eu-
rope, and India. The hypoglycemic effect of fenugreek
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Figure 5. Trigonella foenum graceum (Fenugreek)

seeds has been reported in experimentally-induced
diabetic rats, mice, and healthy volunteers (both typel
and type 2 diabetes) (34, 35). Aqueous extracts of
fenugreek seeds and leaves have been shown to pos-
sess hypoglycemic activity and are non-toxic (36), but
there has been no detailed study elucidating the mech-
anisms of action of these extracts at the cellular and
molecular level. However, extensive in vitro activity of
fenugreek was evaluated in 3T3 L1 adipocytes. It was
found that lyophilized fenugreek powder dissolved in
phosphate- buffered saline (PBS) had a marked effect
on glucose uptake in 3T3 L1 adipocytes by GLUTH4,
insulin receptor substrate-1, insulin receptor B subunit,
and phosphatidylinositol 3-kinase (PI3- kinase) (37).
Diosgenin (C;H0;), a naturally occurring aglycone
obtained from fenugreek, exhibited anti-diabetic po-
tential in animals as well as in humans (38, 39).
Recent studies are described here to explore the
anti-diabetic nature of fenugreek. Neelkantan ez /.
(2014) reported a meta-analysis of clinical trials based
on the effects of fenugreek on human subjects. This
recent clinical trial on fenugreek evaluated the ben-
eficial role of fenugreek seeds on glycemic control in
participants with diabetes (40). Fenugreek is easily
available for little cost in countries such as India and
China where large populations have type 2 diabetes.
Kumar ez a/ (2012) reported that fenugreek seed pow-
der can reverse hyperglycemia in diabetic rat brains.
Fenugreek also was shown to reduce lipid peroxidation
and enhances antioxidant activity in diabetic rats (41).
Premanath ez a/ (2012) evaluated the role of fenugreek
leaf extract in STZ-induced diabetic rats and observed

Figure 6. Eugenia jambolana (Blackberry)

reduction of blood glucose, elevation of antioxidant
enzyme production, and regeneration of islets cells in
diabetic rats (42). Abdelatif ez a/ (2012) demonstrated
the anti-diabetic effect of fenugreek leaf extract in a
diabetic rabbit model. Supplementation with fenu-
greek elevated serum insulin levels in diabetic rabbits,
establishing the insulin-mimetic effect of fenugreek
seeds (43).

The therapeutic value of Eugenia jambolana Lam.
(Fig. 6) commonly known as ‘Blackberry’ has been
traditionally recognized for the treatment of differ-
ent diseases and ailments. Eugenia jambolana is widely
distributed in Southeast Asia and India and contains
several phytoconstituents such as alkaloids, glycosides,
flavonoids, and volatile oil. Several studies using mod-
ern techniques have proven its therapeutic efficacy in
diabetes and its related complications (nephropathy,
cataract, and neuropathy) as an anti-bacterial, anal-
gesic, anti-inflammatory, antioxidant, as well as gas-
troprotective agents. Several reports have shown the
clinical uses of Eugenia jambolana in diabetes. French
scientists have demonstrated that constituents isolated
from ethanolic extract of Eugenia jambolana had hypo-
glycemic effects on alloxan-induced diabetic rats (44).

Eugenia jambolana is often used for the treatment
of diabetes in India as well as other parts of the world.
Blackberry seeds are a crucial part of polyherbal an-
ti-diabetic formulations in Ayurvedic medicine (45).
Blackberry seeds have been shown to be effective in
various models of type 1 and type 2 diabetes induced
by alloxan, STZ, and fructose-induced type 2 diabetes
models (46-48). Fractions from aqueous and ethanolic
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Figure 7. Aegle marmelose (Stone apple or bael)

fruit-pulp extracts are known to stimulate synthesis of
insulin from residual B cells (49). Eugenia jambolana
extract has been shown to up-regulate glucose trans-
porter GLUT4 and activate peroxisome proliferator-
activated receptor gamma (50). It has been reported
that ethanolic extract of seeds of Eugenia jambolana
had shown significant anti-diabetic activity and poten-
tial protective effect in diabetic nephropathy (51).
Aegle marmelos (Fig. 7), commonly known as stone
apple or bael, belongs to the family of Rutaceae, which
is widely used in Ayurvedic medicine for treatment of
diabetes mellitus. Several research groups in India and
other South Asian countries have examined the hypo-
glycemic activities of its plant extracts. The plant is rich
in alkaloids, among which marmesin, marmin, aegline,
and marmelosin are the most important chemical com-
pounds with hypoglycemic properties (52). Aqueous ex-
tract of Aegle marmelos leaves (1 gm/kg for 30 days) was
shown to significantly restrain blood glucose, urea, body
weight, liver glycogen and serum cholesterol levels in
alloxanized (60 mg/kg i.v) rats as compared to controls,
and this effect was similar to insulin treatment (53).
Aqueous leaf extract administered orally for 28 days
also normalized STZ (45mg/kg body weight)-induced
histopathological alterations in pancreatic and kidney
tissues of rats (54). Aqueous leaf extract (1 gm/kg/day)
fed to STZ (45 mg/kg i.v) diabetic rats for 2 weeks re-
sulted in reduction of malate dehydrogenase levels (an
enzyme elevated in diabetes) in comparison to diabetic
controls. The extract was similarly effective as insulin in
restoring blood glucose and body weight to normal lev-
els (55) . Methanolic extract of leaf and callus powder

Figure 8. Terminalia chebula (Chebulic Myrobalan)

of Aegle marmelos was shown to significantly reduce the
blood sugar level of STZ-induced diabetic rabbits (56).
Aegle marmelos acts similar to insulin in the restoration
of blood sugar and body weight to normal levels in rats
and has therefore been recommended as a potential hy-
poglycemic agent (55).

Terminalia chebula (Fig. 8) has been reported to
exhibit a variety of biological activities, including anti-
diabetic, anti-cancer, anti-mutagenic, and anti-viral ac-
tivities. It was found that the ethanolic extract of Zermi-
nalia chebula exhibits anti-diabetic activity in rats (57) .
Chloroform extract has been investigated for its anti-
diabetic and renoprotective effects in STZ-induced dia-
betic rats (58). It was reported earlier that oral admin-
istration of Terminalia chebula fruit extract (200 mg/kg
body weight) for 30 days significantly reduced glucose
levels, glycosylated hemoglobin, urea, and creatinine
along with fucose, hexose, hexosamine and sialic acid in
diabetic rats (59). Additionally, this study showed his-
tological evidences that established the beneficial effect
of Terminalia chebula fruit extract in pancreatic tissue
from treated diabetic rats. Diabetic rats administered
Terminalia chebula elevated the levels of liver glycogen,
glycogen synthase, while decrease in the activity gly-
cogen phosphorylase was observed (57). Furthermore,
activities of hepatic hexokinase, lactate dehydrogenase,
glucose-6-phosphatases, and fructose-1,6-bisphos-
phatase were restored to near normal ranges. Electron
microscopy studies reported a significant morphological
change in the mitochondria and endoplasmic reticulum
of pancreatic B cells from STZ-induced diabetic rats af-
ter treatment of Terminalia chebula fruits (57).
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Figure 9. Emblica officinalis (Indian Gooseberry)

A recent review was published by Rathinamoor-
thy ez a/ (2014) on the pharmacological and biochemi-
cal effects of Terminalia chebula such as fruit, leaf, and
bark extracts (60). Bag ez al. (2013) reported informa-
tion related to the phytochemical and various medici-
nal properties of Terminalia chebula against human dis-
eases (61). Major ingredients of Terminalia chebula are
ellagic and gallic acids which are potent antioxidants.

Emblica officinalis (Fig. 9) is used both as a medi-
cine and tonic for vitality and strength. According to
the two main classic texts on Ayurveda, Charaka Sam-
hita, and Sushruta Sambita, Emblica officinalis is con-
sidered as “the best among rejuvenation herbs” and
“the best among the sour fruits” for relieving cough and
skin diseases. All parts of the plant are used for medic-
inal purposes. The fruit pulp is used in several indig-
enous medical preparations for treatment of diabetes.
“Triphala’ a mixture consisting of three components
(equal proportion of Terminalia chebula, Terminalia
belerica, Emblica officinalis) (100 mg/kg body weight)
were administered orally in normal and alloxan-in-
duced diabetic rats significantly reduced glucose levels
within 4 hours. (62). In Unani medicine, Emblica of-
Jrcinalis is described as a tonic for the heart and brain.
Indian gooseberry is the richest source of vitamin C
and has been shown to lower glycosylated hemoglobin
levels in diabetic patients. Aqueous extract of Em-
blica officinalis consisting of hydrolysable tannoids was
shown to inhibit aldose reductase (enzyme responsi-
ble for the reduction of glucose to sorbitol) in a rat
model of cataract and may explore the usefulness in
the management of diabetic complications (63). It has
been reported that the polyphenols, tannins, alkaloids,
and phenols of Emblica officinalis appears to be medi-
ated by direct insulin-like or insulin mimetic effect in
diabetic conditions (64).

Figure 10. Zingiber officinale Roscoe (Ginger)

Jain ez al. recently reviewed information related
to Emblica officinalis as a versatile medicinal plant. The
various properties of Emblica officinalis, including im-
munomodulatory, anti-pyretic, anti-inflammatory, and
antioxidant activities, have been explored 77 vivo and in
vitro (65).

Fresh and dried rhizome of Zingiber officinale (Fig.
10) is widely used as a traditional medicine in India,
South and Southeast Asia, Sierra Leone and Nigeria,
Latin America, the Caribbean, and Australia. Several
studies have been carried out on this exotic plant. In
an oral glucose tolerance test, treatment with Zingiber
officinale was found to significantly alleviate the area
under the curve of glucose as well as increase the area
under the curve of insulin in STZ-induced diabetic rats.
Treatment with Zingiber officinale also caused reduction
of serum cholesterol, serum triacylglycerol and blood
pressure levels in diabetic rats (66). Ethanolic extracts
of Zingiber officinale reduced levels of blood glucose
in a dose-dependent manner (50-800 mg/kg) in both
normal and STZ-induced diabetic rats (67). The bioac-
tive compounds 6-, 8-, and 10- gingerols obtained from
Zingiber officinale previously elevated glucose uptake in
muscle cell possibly due to expression of GLUT4 (68).

This review provides an illustration of the anti-dia-
betic potential of herbal plants with medicinal values for
management of diabetes mellitus. The review also sum-
marizes the important bioactive compounds and anti-
diabetic mechanisms of action of several phytochemicals
present in the nine herbs shown in Table 1. The present
data will provide support for the clinical development of
selected medicinal herbs as additive therapeutics. There
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is a global increase in research to identify and evaluate
alternative medicines, especially those derived from nat-
urally available plants to fight against diabetes. Much
interest has focused on exploring herbal preparations,
which include screening of natural bioactive compounds
with the potential to cure and/or delay progression of
diabetes through various unknown mechanisms.

Limitations and challenges using herbal medicines

Limitations of herbal medicines include lack of
scientific evidence and insufficient clinical trials using
human and animal models. Usage of polyherbal prep-
arations or individual herbs requires considerations,
such as the conditions of the herbal plants at the devel-
opmental stage, toxicity, processing and collection, and
quality control. Finally, a clinical trial and randomized
studies are important to evaluate these aspects, which
are essential to effectively translate the active potential
of herbal plants.

Important issues with herbal medicines are the iso-
lation and evaluation of active components, elucidation
of their interactions in tissues, their cellular targets, and
mechanisms of action, which are important to under-

stand the efficacy and efficiency of herbal preparation.

Conclusion

This study highlights the importance of anti-dia-
betic plants used in the treatment of diabetes and their
complications. More clinical research based on herbal
plants is needed to determine efficiency. There is still
a requirement to monitor the effectiveness of herbal
medicines due to safety concerns. Despite the presence
of known anti-diabetic medicines on the pharmaceu-
tical market, remedies derived from medicinal plants
can be used since they are less toxic, lack undesirable
side effects, easy available, affordable compared to syn-
thetic ones.

References

1. Association AD. Diagnosis and classification of diabetes mel-
litus. Diabetes care 2006; 29: S43.

2.Lango D, FauciA KD, Hauser S. Harrison’s Principles of
Internal Medicine 18th ed. Vol. 1. 2. McGraw-Hill Profes-
sional; 2011.

3.Krug EG. Trends in diabetes: sounding the alarm. Lancet
2016; 387: 1485-6.

4. Cade WT. Diabetes-related microvascular and macrovascu-
lar diseases in the physical therapy setting. Phys Ther 2008;
88: 1322-35.

5. Rahimi R, Nikfar S, Larijani B, Abdollahi M. A review on
the role of antioxidants in the management of diabetes and
its complications. Biomed Pharmacother 2005; 59: 365-73.

6. Triggle CR, Ding H. Cardiovascular impact of drugs used in
the treatment of diabetes. Ther Adv Chronic Dis 2014;5:245-
268.

7. Zammitt NN, Frier BM. Hypoglycemia in type 2 diabetes:
pathophysiology, frequency, and effects of different treatment
modalities. Diabetes Care 2005; 28: 2948-61.

8. Ezuruike UF, Prieto JM. The use of plants in the tradition-
al management of diabetes in Nigeria: pharmacological and
toxicological considerations. ] Ethnopharmacol 2014; 155:
857-924.

9. Assal J, Groop L. Definition, diagnosis and classification of
diabetes mellitus and its complications. World Health Or-
ganization 1999: 1-65.

10. Joseph B, Jini D. Antidiabetic effects of Momordica charan-
tia (bitter melon) and its medicinal potency. Asian Pac ] Trop
Dis 2013; 3: 93-102.

11. Bakare R, Magbagbeola O, Okunowo O. Nutritional and
chemical evaluation of Momordica charantia. J. Med. Plants
Res 2010; 4: 2189-93.

12. Lee SY, Eom SH, Kim YK, Park NI, Park SU. Cucurbitane-
type triterpenoids in Momordica charantia Linn. J. Med.
Plants Res 2009; 3: 1264-9.

13. Wehash F, Abpo-Ghanema I, Saleh RM. Some physiological
effects of Momordica charantia and Trigonella foenum-grae-
cum extracts in diabetic rats as compared with cidophage®.
Proc World Acad Sci Eng Tech 2012; 64: 1206-14.

14. Fuangchan A, Sonthisombat P, Seubnukarn T et al. Hypo-
glycemic effect of bitter melon compared with metformin in
newly diagnosed type 2 diabetes patients. ] Ethnopharmacol
2011; 134: 422-8.

15. Ahmed I, Adeghate E, Sharma A, Pallot D, Singh J. Effects
of Momordica charantia fruit juice on islet morphology in the
pancreas of the streptozotocin-diabetic rat. Diabetes Res Clin
Pract 1998; 40: 145-51.

16. Akhtar N, Khan BA, Majid A, Khan S, Mahmood T. Phar-
maceutical and biopharmaceutical evaluation of extracts from
different plant parts of indigenous origin for their hypoglyce-
mic responses in rabbits. Acta Pol Pharm 2011; 68: 919-25.

17. Singh J, Cumming E, Manoharan G, Kalasz H, Adeghate E.
Medicinal chemistry of the anti-diabetic effects of Momor-
dica charantia: active constituents and modes of actions. The
open medicinal chemistry journal 2011; 5.

18. Sarkar S, Pranava M, MARITA AR. Demonstration of the
hypoglycemic action of Momordica charantia in a validated
animal model of diabetes. Pharmacol. Res 1996; 33: 1-4.

19. Miura T, Itoh Y, Iwamoto N, Kato M, Ishida T. Suppres-
sive activity of the fruit of Momordica charantia with exercise
on blood glucose in type 2 diabetic mice. Biol. Pharm. Bull.



Preventive and therapeutic aspects of selected herbal medicines in diabetes mellitus

125

2004; 27: 248-50.

20. Vaidya H, Goyal RK, Cheema SK. Anti-diabetic activity of
swertiamarin is due to an active metabolite, gentianine, that
upregulates PPAR-gamma gene expression in 3T3-L1 cells.
Phytother Res 2013; 27: 624-7.

21. Sekar BC, Mukherjee B, Chakravarti R, Mukherjee S. Effect
of different fractions of Swertia chirayita on the blood sugar
level of albino rats. ] Ethnopharmacol 1987; 21: 175-81.

22. Alam KD, Ali MS, Mahjabeen S, Hassan MR, Rahman MF,
Chowdhury R. Potential hypoglycemic effect of swertia chi-
rata an Indian subcontinent herb with important medicinal
value. Pharmacology online. 2011;2:642-647.

23.Bajpai MB, Asthana RK, Sharma NK, Chatterjee SK,
Mukherjee SK. Hypoglycemic effect of swerchirin from the
hexane fraction of Swertia chirayita. Planta Med 1991; 57:
102-4.

24. Saxena AM, Bajpai MB, Mukherjee SK. Swerchirin induced
blood sugar lowering of streptozotocin treated hyperglycemic
rats. Indian ] Exp Biol 1991; 29: 674-5.

25. Saxena AM, Bajpai MB, Murthy P, Mukherjee S. Mecha-
nism of blood sugar lowering by a swerchirin-containing hex-
ane fraction (SWI) of Swertia chirayita. Indian ] Exp Biol
1993; 31: 178-81.

26. Srivastava Y, Venkatakrishna-Bhatt H, Jhala C, Nigam S,
Kumar A, Verma Y. Oral Gymnema sylvestre R. Br. leaf ex-
tracts inducing protracted longevity and hypoglycemia in al-
loxan diabetic rats: Review and experimental study. Int J
Crude Drug Res 2008; 24: 171-6.

27. Ahmed AB, Rao AS, Rao MV. In vitro callus and in vivo leaf
extract of Gymnema sylvestre stimulate beta-cells regenera-
tion and anti-diabetic activity in Wistar rats. Phytomedicine
20105 17: 1033-9.

28. Shanmugasundaram ER, Rajeswari G, Baskaran K, Rajesh
Kumar BR, Radha Shanmugasundaram K, Kizar Ahmath B.
Use of Gymnema sylvestre leaf extract in the control of blood
glucose in insulin-dependent diabetes mellitus. ] Ethnophar-
macol 1990; 30: 281-94.

29. Baskaran K, Ahamath BK, Shanmugasundaram KR, Shan-
mugasundaram E. Antidiabetic effect of a leaf extract from
Gymnema sylvestre in non-insulin-dependent diabetes mel-
litus patients. ] Ethnopharmacol 1990; 30: 295-305.

30. Shimizu K, Iino A, Nakajima J et al. Suppression of glucose
absorption by some fractions extracted from Gymnema syl-
vestre leaves. ] Vet Med Sci 1997; 59: 245-51.

31. Persaud SJ, Al-Majed H, Raman A, Jones PM. Gymnema
sylvestre stimulates insulin release in vitro by increased mem-
brane permeability. ] Endocrinol 1999; 163: 207-12.

32. Galletto R, Siqueira VLD, Ferreira EB, Oliveira AJB, Ba-
zotte RB. Absence of antidiabetic and hypolipidemic effect
of Gymnema sylvestre in non-diabetic and alloxan-diabetic
rats. Brazilian Archives of Biology and Technology 2004; 47:
545-51.

33.Tiwari P, Mishra BN, Sangwan NS. Phytochemical and
pharmacological properties of Gymnema sylvestre: an impor-
tant medicinal plant. Biomed Res Int 2014; 2014: 830285.

34. Riyad MA, Abdul-Salam SA-G, Mohammad SS. Effect of

fenugreek and lupine seeds on the development of experi-
mental diabetes in rats. Planta medica 1988; 54: 286-90.

35. Alarcon-Aguilara F, Roman-Ramos R, Perez-Gutierrez S,
Aguilar-Contreras A, Contreras-Weber C, Flores-Saenz J.
Study of the anti-hyperglycemic effect of plants used as an-
tidiabetics. Journal of ethnopharmacology 1998; 61: 101-10.

36. Abdel-Barry JA, Abdel-Hassan IA, Al-Hakiem MH. Hypo-
glycaemic and antihyperglycaemic effects of Trigonella foe-
num-graecum leaf in normal and alloxan induced diabetic
rats. Journal of ethnopharmacology 1997; 58: 149-55.

37. Vijayakumar MV, Singh S, Chhipa RR, Bhat MK. The hy-
poglycaemic activity of fenugreek seed extract is mediated
through the stimulation of an insulin signalling pathway. Br J
Pharmacol 2005; 146: 41-8.

38. Swanston-Flatt SK, Day C, Flatt PR, Gould B, Bailey CJ.
Glycaemic effects of traditional European plant treatments
for diabetes. Studies in normal and streptozotocin diabetic
mice. Diabetes Res 1989; 10: 69-73.

39. Sharma R, Sarkar A, Hazara D et al. Use of fenuqreek seed
powder in the management of non-insulin dependent diabe-
tes mellitus. Nutrition Research 1996; 16: 1331-9.

40. Neelakantan N, Narayanan M, de Souza R]J, van Dam RM.
Effect of fenugreek (Trigonella foenum-graeccum L.) intake
on glycemia: a meta-analysis of clinical trials. Nutr J 2014;
13: 7.

41. Kumar P, Kale R, McLean P, Baquer N. Antidiabetic and
neuroprotective effects of Trigonella foenum-graccum seed
powder in diabetic rat brain. Prague Med Rep 2012; 113: 33-
43.

42. Premanath R, Lakshmidevi N, Jayashree K, Suresh R. Eval-
uation of anti-diabetic effect of Trigonella foenum graecum
Linn. Leaf extract in streptozotocin induced diabetic rats. Int
J Diabetes Dev Ctries 2012; 32: 138-44.

43. Abdelatif AM, Ibrahim MY, Mahmoud AS. Antidiabetic ef-
fects of fenugreek (Trigonella foenum-graecum) seeds in the
domestic rabbit (Oryctolagus cuniculus). Research ] Medici-
nal plants 2012;6:449-455.

44. Sigogneau-Jagodzinski M, Bibal-Prot P, Chanez M, Boiteau
P. [Contribution to the study of the action of a principle ex-
tracted from the myrtle of Madagascar (Eugenia jambolana,
Myrtaceae) on blood sugar of the normal rat]. C R Acad Sci
Hebd Seances Acad Sci D 1967; 264: 1223-6.

45. Vikrant V, Grover JK, Tandon N, Rathi SS, Gupta N. Treat-
ment with extracts of Momordica charantia and Eugenia
jambolana prevents hyperglycemia and hyperinsulinemia in
fructose fed rats. ] Ethnopharmacol 2001; 76: 139-43.

46. Panda DK, Ghosh D, Bhat B, Talwar SK, Jaggi M, Mukher-
jee R. Diabetic therapeutic effects of ethyl acetate fraction
from the roots of Musa paradisiaca and seeds of Eugenia jam-
bolana in streptozotocin-induced male diabetic rats. Methods
Find Exp Clin Pharmacol 2009; 31: 571-84.

47. Sahana D, Shivaprakash G, Baliga R, MR AP, Ganesh J, Pai
M. Effect of Eugenia jambolana on plasma glucose, insulin
sensitivity and HDL-C levels: preliminary results of a rand-
omized clinical trial. ] Pharm Res 2010; 3: 1268-70.

48. Suganthi R, Rajamani S, Ravichandran MK, Anuradha CV.



126

D. Yadav, K-H. Cho

Effect of food seasoning spices mixture on biomarkers of oxi-
dative stress in tissues of fructose-fed insulin-resistant rats. J
Med Food 2007; 10: 149-53.

49. Sharma SB, Nasir A, Prabhu KM, Murthy PS. Antihyper-
glycemic effect of the fruit-pulp of Eugenia jambolana in ex-
perimental diabetes mellitus. ] Ethnopharmacol 2006; 104:
367-73.

50. Anandharajan R, Jaiganesh S, Shankernarayanan NP, Viswa-
karma RA, Balakrishnan A. In vitro glucose uptake activity
of Aegles marmelos and Syzygium cumini by activation of
Glut-4, PI3 kinase and PPARgamma in L6 myotubes. Phy-
tomedicine 2006; 13: 434-41.

51. Esther GS, Manonmani AJ. Effect of Eugenia Jambolana on
Streptozotocin-Nicotinamide induced type-2 Diabetic Ne-
phropathy in Rats. Int. J. Drug Dev. Res 2014.

52. Ruhil S, Balhara M, Dhankhar S, Chhillar A. Aegle marme-
los (Linn.) Correa: A potential source of Phytomedicine.
Journal of Medicinal Plants Research 2011; 5: 1497-507.

53. Ponnachan PT, Paulose CS, Panikkar KR. Effect of leaf ex-
tract of Aegle marmelose in diabetic rats. Indian J Exp Biol
1993; 31: 345-7.

54. Das AV, Padayatti PS, Paulose CS. Effect of leaf extract of
Aegle marmelose (L.) Correa ex Roxb. on histological and ul-
trastructural changes in tissues of streptozotocin induced dia-
betic rats. Indian ] Exp Biol 1996; 34: 341-5.

55. Seema PV, Sudha B, Padayatti PS, Abraham A, Raghu KG,
Paulose CS. Kinetic studies of purified malate dehydrogenase
in liver of streptozotocin-diabetic rats and the effect of leaf
extract of Aegle marmelose (L.) Correa ex Roxb. Indian ] Exp
Biol 1996; 34: 600-2.

56. Arumugam S, Kavimani S, Kadalmani B, Ahmed ABA, Ak-
barsha MA, Rao MV. Antidiabetic activity of leaf and callus
extracts of Aegle marmelos in rabbit. Sci. Asia 2008;34:317-
321.

57. Kumar GPS, Arulselvan P, Kumar DS, Subramanian SP. An-
ti-diabetic activity of fruits of Terminalia chebula on strepto-
zotocin induced diabetic rats. Journal of health science 2006;
52:283-91.

58.Rao NK, Nammi S. Antidiabetic and renoprotective effects
of the chloroform extract of Terminalia chebula Retz. seeds in
streptozotocin-induced diabetic rats. BMC Complementary
and Alternative Medicine 2006; 6: 17-.

59. Senthilkumar GP, Subramanian SP. Biochemical studies on
the effect of Terminalia chebula on the levels of glycopro-

teins in streptozotocin-induced experimental diabetes in rats.
J Appl Biomed 2008; 6: 105-15.

60. Rathinamoorthy R, Thilagavathi G. Terminalia chebula—
Review on pharmacological and biochemical studies. Int J
PharmTech Res 2014; 6: 97-116.

61. Bag A, Bhattacharyya SK, Chattopadhyay RR. The develop-
ment of Terminalia chebula Retz. (Combretaceae) in clinical
research. Asian Pac ] Trop Biomed. 2013; 3: 244-52.

62. Sabu M, Kuttan R. Anti-diabetic activity of medicinal plants
and its relationship with their antioxidant property. ] Ethnop-
harmacol 2002; 81: 155-60.

63. Suryanarayana P, Kumar PA, Saraswat M, Petrash JM, Reddy
GB. Inhibition of aldose reductase by tannoid principles of
Emblica officinalis: implications for the prevention of sugar
cataract. Mol Vis 2004; 10: 148-54.

64. Patel SS, Goyal RK, Shah RS, Tirgar PR, Jadav PD. Exper-
imental study on effect of hydroalcoholic extract of Embli-
ca officinalis fruits on glucose homeostasis and metabolic pa-
rameters. Ayu 2013; 34: 440.

65. Jain R, Pandey R, Mahant R, Rathore D. A review on medici-
nal importance of emblica officinalis. International Journal of
Pharmaceutical Sciences and Research 2015; 6: 72.

66. Akhani SP, Vishwakarma SL, Goyal RK. Anti-diabetic ac-
tivity of Zingiber officinale in streptozotocin-induced type I
diabetic rats. ] Pharm Pharmacol 2004; 56: 101-5.

67. Ojewole JA. Analgesic, antiinflammatory and hypoglycaemic
effects of ethanol extract of Zingiber officinale (Roscoe) rhi-
zomes (Zingiberaceae) in mice and rats. Phytother Res 2006;
20: 764-72.

68. LiY, Tran VH, Duke CC, Roufogalis BD. Gingerols of Zin-
giber officinale enhance glucose uptake by increasing cell sur-
face GLUT4 in cultured L6 myotubes. Planta Med 2012; 78:
1549-55.

Correspondence:

Prof. Kyung-Hyun Cho, Ph.D.,,

Department of Medical Biotechnology, Yeungnam University,
Gyeongsan, South Korea, 712-749.

Tel: +82-53-810-3026

Fax: +82-53-814-3026

E-mail: chok@yu.ac.kr



