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Abstract
Pharmacological interaction between anti diabetic agents with herb poses a challenge for safety and efficacy for the
management of diabetes. The population belief that the herbs are safe to human health as they are obtained from natural
sources and contain many active constituents. Due to the great sources of medicinal agent in herbs, the various parts of
herbs have been used in the treatment of diabetes mellitus. Sometime the antidiabetic active constituents of medicinal herbs
and their secondary metabolites interacted with the synthetic standard drugs when combined together, action may be
synergetic or antagonistic. Therefore in this review article we are emphasizing the mechanism of interaction between standard
synthetic anti diabetic drug with medicinal herbs in relation to its pharmacokinetic and pharmacodynamics effect, the
evidence of beneficial interaction were identified for future therapy to treat diabetes.
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Introduction
Diabetic mellitus is commonly known as diabetes,

defined as group of chronic metabolic disorders
associated with high blood sugar, which slowly affect to
different body parts. Diabetes is broadly classified into
two types, type 1 diabetes mellitus (T1DM) or insulin-
dependent diabetes mellitus (IDDM) and type 2 diabetes
mellitus (T2DM) or non-insulin dependent diabetes mellitus
(NIDDM). The pathophysiology behind T1DM is impaired
insulin secretion from beta cell of pancreatic gland, on
contrary for T2DM is the cells inability to respond to
insulin or insulin resistance. It is observed that the
occurrence of diabetes has been increasing on a
worldwide. Data reported that, approximately 415 million
adults were affected with diabetes as of 2015, the number
increase in such way that the projected patient will reach
about 642 million in 2040 (Rahelic, 2016), it was found
that from the above report more than 70% adults living in
developing countries like India and this percentage is
continuously increasing annually (Rawal et al., 2012).
Researcher reported that the global population from the
last decade uses the complementary and alternative
medicine (CAM) for the prevention and treatment of long

term diseases such as diabetes, indicate more than 72.8%
of the adults with diabetes used the herbal active
constituents, dietary supplements and other CAM
therapies (Chang et al., 2007). Ghorbani et al., reported
that there are huge number of medicinal plants in the
globe which contain anti diabetic ingredients have been
consumed for the prevention and treatment of diabetes
(Ghorbani, 2014). It is found that along with traditional
agents and life style management, conventional agents
are also being used to control diabetes mellitus. The
interaction between herbs and synthetic drugs may lead
to changes in pharmacological effect either produces the
increase or decrease in therapeutic effect due to
synergistic or antagonistic actions of antidiabetic agents.
Hence in this review article we are highlighted the various
reported herbs and conventional antidiabetic medicine
interaction and detect their possible mechanism of action
which will give new idea for future prospect.

Herb–drug interaction and
its mechanisms of action

Potential of chemical or pharmacological interactions
has been observed among drugs, when two (or more)
drugs administered together, which leads to change in
outcome of any of the agent. Various chemical and*Author for correspondence : E-mail: jyoshnadash92@gmail.com



pharmacological factor such as physiochemical nature
of the drug, pharmacokinetic and pharmacodynamics will
determine the outcome of the interaction that is either
decreases or increases the effectiveness or severity of
adverse effects (Fig. 1).

In the modern era of treatment strategy of diabetes
mellitus, various types of synthetic drugs are used through
specific mechanism, for example sulfonylurea derivative
act by binding to the sulfonylurea receptor subunit of
pancreatic -cell leads to inhibiting the K+-ATP channel
to promote the release of insulin; biguanide derivatives
(metformin and phenformin) acts by reducing the
production of glucose from the hepatic cells, induces
utilization of peripheral uptake of glucose and modify the
insulin resistance; Piaglitazone, thiazolidinedione
derivative, PPAR  activator acts by stimulating the
transcription of many insulin responsive gene lead to
decrease in insulin resistance; the dipeptidyl peptitase-4
(DPP-4) inhibitor like vidagliptin and others act by
inhibiting DPP-4 enzyme leads to degradation of incretin
(glucagon like peptide -1); whereas -glucosidase inhibitors
such as acarbose and miglitol act by delaying the digestion
of complex carbohydrates (Del et al., 2007; Krentz et
al., 2005). It was found that combination of two or more
synthetic antidiabetic drugs such as sulfonylureas with
biguanides, thiazolidinedione with glucosidase inhibitors
could increase the therapeutic targets in order to improve
efficacy and to minimize side effects.

Commonly used Indian
traditional medicine

Gymnema sylvestre Schult
Gymnema sylvestre Schult belongs to family

Apocynaceae, leafs part having excellent pharmacological
activity including diabetes, arthritis, hypercholestermia and
snake bite in India and China (Zhu et al., 2008). From
the structure elucidation, it was reported that the leaf
extract of the Gymnema sylvestre contains many active
components such as gymnemic acid, condurtiol-A and

3662 Jyoshna R. Dash et al.

2.15 to 2.47 mg/g and increase in weight of pancreas
and liver which specify there is increase secretion of
insulin for pancreas (Ahmed, A.B. et al., 2010). In a
another study it was found that acetone extract of
Gymnema sylvestre at the dose of 600 mg per kg in oral
route in streptozotocin induced rat, experimental finding
showed after 45 days treatment there is decrease of
plasma glucose level from 443 mg/L to 114 mg/L the
probable mechanism of antidiabetic action due to
dihydroxygmnemic triacetate the major active constituents
of acetone extract regenerate more pancreatic  cells
and increase the insulin level (Daisy et al., 2009).

Nahas and coworker reported in a clinical trial study
that treatment of ethanol extract of Gymnema sylvestre
at the dose of 200 mg for a period of 18 to 20 months,
result indicates the fasting blood glucose and HbA1c
levels were increased in diabetic mellitus patients (Nahas
et al., 2009). In another clinical trial reported by Kumar
et al., herbal extract of Gymnema sylvestre at the dose
of 500 mg in oral route of administration for a period of
three months, result found that subjects group showed
reduced polyphagia, fatigue, blood glucose (fasting and
postprandial) and HbA1C in  comparison  to  the  control
group (Kumar et al. 2010). Research team conducted
an uncontrolled trial by using 800 mg daily dose of
Gymnema sylvestre extract to group of 65 patients with
both type (type 1 and type 2) of diabetic patients, result
indicates the fasting blood sugar and HbA1C levels were
decreased 11% and 0.6%, respectively (Nahas, R. et
al ., 2009). Kamble and team revealed that the
concomitant administration of Gymnema sylvestre extract
with Glimepiride in streptozotocin induced diabetic rat
showed no pharmacokinetic interaction (Kamble et al.,
2016). This article also discuss the potential
pharmacodynamics interactions of Gymnema sylvestre
extract with glimperide and observed significant increases
in anti hyperglycemic and anti hyperlipidemic activities
(Kamble et al., 2016).
Momordica charantia

Momordica charantia (M. charantia) commonly

Fig. 1: Herb-Drug Interaction.

dihydroxygymnemic triacetate, different
form of triterpinoid, saponins, including
gymnemosides A-F, used as an herbal
product for diabetic patients (Zhu et al.,
2010). Literature review report found
that the leaf or callus extract Gymnema
sylvestreat the dose of 200 mg per kg
body weight in oral route in alloxan
induced diabetic mice, experimental
result indicate hepatic glycogen
concentration in plasma increase from
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known as bitter melon or karela, belongs to family
Cucurbitaceae, most extensively used for the treatment
of diabetes mellitus in India, China, South America the
Caribbean and East Africa (Leung et al., 2009). The
seeds of M. charantia contains  active constituents  like
eleostearic acid and stearic acid which accounts about
45% of total weight, along with stem and fruits contain
various glycosidessuch as charantin and vicine,
polypeptide-p, lipids, triterpenoids and alkaloids (Leung,
L. et al., 2009).

Leung et al., reported that methanol extract of M.
charantia at the dose of 400 mg per kg in oral route in
diabetic male ddY mice, result indicates the methanol
extract of M. charantia  exhibited  significant
hypoglycemic effects in diabetic male ddY due to inhibition
of absorption of carbohydrates from the gastrointestinal
tract (Leung et al., 2009). Research team reported that
M. charantia studied in a clinical trial of type 2 diabetic
patients, the outcome indicate a poor hypoglycemic effect
was found might be a non-standardized extraction method
(Leung et al., 2009). However, the juice from the fresh
fruit of M. Charantia showed glucose-lowering effects
in type 2 diabetes patients (Ahmad et al., 1999), but not
the extract from the dried fruit (Tongia et al., 2004).

Research team reported that ethyl extract of
M.charantia was studied in streptozotocin induced rats,
experimental finding indicates the extract produces
significant hypoglycemic effect could able to activate
PPAR and hyperexpression of acyl CoA oxidase leads
to enhanced insulin secretion in hepatic cell, active
constituents of M. charantia known as momordicosides
induces GLUT-4 transporter result more glucose uptake
from the blood and decrease gluconeogenesis (Hafizur
et al., 2011). Another published work revealed that
concomitant administration of M. charantia extract with
rosiglitazone was effective against hyperglycemia
condition. However on prolonged use of this combination
may lead to hypoglycemia hence further research should
be studied (Nivitabishekam et al., 2009).
Morus alba L.

Morus alba L.(M. alba)is known as mulberry tree,
leafs of the plant have been used widely in the treatment
of diabetes, hypertension, diuretic agent in Asian countries
(Kim, H. et al., 2003), active constituents obtained from
this plants are flavonoids, alkaloids (1-deoxynojirimycin)
and polysaccharides. It was reported that the
phyotoconstituents of M. alba inhibited CYP450 enzyme
which leads to less antidiabetic drug-herb interaction (Kar,
A. et al., 2015).

Tanabe et al., reported the antidiabetic effect of M.

alba extract in high sucrose fed KK-Ay mice for a period
of 8 weeks, experimental finding indicates M. alba
reduces the insulin resistance, fasting blood sugar and
urinary glucose concentration in a dose dependent manner
(Tanabe et al., 2011). In an another study lead by Park
and his team that the extract of M. alba in Goto-kakizaki
rats for type 2 diabetes study, result indicates the extract
reduces post prandial blood glucose levels significantly
(Park et al., 2009). Kimura et al., exhibited the effect of
food-grade mulberry powder in human subjects, result
showed the powder which enriched with 1-
deoxynojirimycin leads to suppression of postprandial
blood glucose level (Kimura et al., 2007). M. alba extract
studied in cells of adipocytes of db/db mice, result showed
enhanced glucose uptake by stimulating the GLUT-4
transporter which increase the concentration from 5 µg
to 45 µg per ml (Naowaboot et al., 2012). In a another
study it was found that the extract of M. alba in db/db
mice adipocytes cell produces significant induction of
adipocytokines in white adipose tissue could be attributed
by scavenging oxidative free radicals (Naowaboot et al.,
2012), in addition to 1-deoxynorimycin the alkaloid of M.
alba also remarkably inhibited the -glucosidase which
leads to antidiabetic effect (Oku et al., 2006).
Trigonella foenum-graecum L.

Trigonella foenum-graecum L. (T. foenum-
graecum) belongs to family Fabaceae, seed of this plant
is widely used traditionally for the prevention and
management of diabetes mellitus by ancient Indian, China
and Egyptians (Bawadi et al., 2009). The major chemical
constituents of the seed of T. foenum-graecum are
polysaccharide such as galactomannan, saponin such as
diosgenin, yamogenin, gitogenin, tigogenin and
neotigogens, beside it also contain minor active
constituents include mucilage, volatile oils and alkaloids
(Mandegary et al., 2012). Literature review found that
antidiabetic activity of seed extract of T. foenum-
graecum studied in diabetic rats, result indicate the isolate
product of the seed, 4-hydroxyisoleucine stimulate the
secretion of insulin result more peripheral utilization of
glucose (Mishkinsky et al., 1974; Vijaykumar et al.,
2005). It was reported that the seed of T. foenum-
graecum studied in diabetic rats, the experimental finding
indicate that seed extract reduces the activities of hepatic
enzymes action includes hexokinase, glucokinase, G6P
and fructose 16-bisphosphatse (Vijayakumar et al., 2008).
Report found that in a placebo treatment of seed of T.
foenum-graecum in both diabetic and non-diabetic
patients, result showed the level of insulin significantly
(p=0.03) increased in diabetic patients than control,
regulate the HbA1c levels up to 1.13 percentage (Sharma



et al., 1990; Suksomboon et al., 2011).
Barringtonia racemosa

Barringtonia racemosa (B. racemosa) is commonly
known as putat, geographically distributed west costal
belt of India, Bangladesh and Sri Lanka with diverse ethno
botanical use such asdiabetes, arthritis, hypertension,
cancer and antimicrobial agents. The decoction of bark
and leave was used for snake bites, rat poisoning, boils
and gastric ulcers (Patil et al., 2011). The chemical
constituents of B. racemosa was found to be contain
terpenoids such as di, tri terpenoids along with it contain
active components known as barringtonia and bartogenic
acid (Gowri et al., 2009). Literature review found that
hexane, ethanol and methanol extract of B. racemosa
and bartogenic acid in the concentration range from 0.02
to 0.2 µg per ml was studied by using in vitro enzymatic
assay, experimental finding indicates inhibition of intestinal
-glucosidase. In addition to methanol extract of B.
racemosa studied in vivo maltose treated rat, result
showed increase insulin secretion (Gowri et al., 2007).
Syzygium cumini (L.)  Skeels

Syzygiumcumini (L.) Skeels (S. cumini), is
commonly known as skeels, distributed to India, China,
brazil and Indonesia with wide ethnopharmacological use
especially in the management of diabetes mellitus (Gowri
et al., 2007; Oliveira et al., 2005). The major constituents
of S. cumini was found to be anthocyanins, glucoside,
ellagic acid, isoquercetin, kaemferol and myrecetinetc,
play a vital role in prevention and treatment of diabetes
mellitus. Literature report found that extract of S. cumini
showed reductions in blood glucose, post prandial glucose,
cholesterol and free fatty acid (Prince et al., 2004).
Shinde et al., reported that S. cumini extract in diabetic
rat showed hypoglycemic activity by inhibiting the -
glucosidase, hence decreases the blood sugar in diabetic
rat (Shinde et al., 2008). Research team investigated that
extract of S. cumini in diabetic animal, result found that
glucokinase and fructokinase enzyme activity in hepatic
cell reduces significantly, therefore control the glucose
metabolism (Achrekar et al., 1991). Teixeira and
coworker reported about S. cumini extract in diabetic
patients, result found that erythrocytes collected from
both diabetic and non-diabetic patients showed reduction
of activity of adenosine deaminase. However, favorable
results have not been produced by two double-blind,
randomized clinical trial, it was found that there was no
significant reduction of fasting blood glucose levels when
compared with tea consumption in diabetic patients
(Teixeira et al., 2000). Chaudhari et al., reported that
aqueous extract of S. cumini seeds in combination with
Glipizide showed possible drug interaction by increasing

the AUC of drug through inhibition of CYP3A using in-
vitro analysis (Chaudhari et al., 2019).
Tinospora cordifolia

Tinospora cordifolia (T. cordifolia) is commonly
known as guduchi, belongs to family Menispermaceae,
geographically distributed to India, Myanmar and Sri
Lanka, having diverse ethnopharmacological uses include
diabetes, antipyretic, anti-inflammatory, immunomodulatory
and gastric pain (Grover et al., 2002; Sengupta et al.,
2012). The chemical constituents of T. cordifolia are
alkaloids, diterpenoid lactone, glycosides, steroids and
polysaccharides.

Research team investigated the antidiabetic activity
of T.c ordifolia extract of aqueous and alcoholic at a
dose of 400 mg per kg using diabetic rat, result found
that T.cordifolia extract modulate the glucose tolerance
and diabetic neuropathy (Nadia et al., 2012). Patel et
al., investigated antidiabetic activity of 70% ethanol
extract of T. cordifolia at the oral dose of 100 and 200
mg per kg. in diabetic rat, result found that after 14 days
of treatment of extract there was significant reduction of
blood glucose levels in both group (Patel et al., 2011).
Further the ethanol extract at the dose of 250 mg per kg
prevent the chance of diabetic retinopathy in rat model
(Agrawal et al., 2012). The probable mechanism of
antidiabetic activity of different extract of T. cordifolia
is decrease the production of thiobarbituric acid reactive
substance by improving the oxidative stress, modify the
metabolism of carbohydrate, lead to inhibition of enzyme
activity of G6P and fructose 1,6 diphosphate result
reduction of gluconeogenesis (Sangeetha et al., 2011),
increases the secretion of insulin and inhibit the enzyme
activity of -glucosidase accumulates a potential
antidiabetic agent (Chougale et al., 2009). Sahu et al.,
has revealed the pharmacokinetic interaction on
concomitant administration of aqueous-alcoholic extract
of T. cordifolia with glibenclamide, result found that T.
cordifolia extract inhibited the effect of CYP2C9 with
IC50 less than 0.1 mg/ml which leads to prolong
bioavailability of glibenclamide (Sahu et al., 2018).
Ocimum basilicum

Ocimum basilicum (O. basilicum) is commonly
known as basil or sweet basil, a culinary herb belongs to
family Lamiaceae, geographically distributed in Southern
Asian countries and India with diverse ethno botanical
use like potent antiseptic, mild sedative effect, upper
respiratory tract infection, antiviral activity and diabetes
(Bora et al., 2011). The active chemical constituents of
O. basilicum was found to be apigenin, ursolic acid and
linalool having wide medicinal value (Chiang et al., 2005).
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The anti diabetic activity of aqueous extract of Basil was
investigated in rat model, result found that the extract
produce antidiabetic activity by inhibiting the enzyme
activity of sucrose, pancreatic -amylase therefore
reduces the blood sugar level (El-Beshbishy et al., 2012).
Agrawal et al., investigated clinical trial of leaf extract
of basil in diabetes patients of India, outcome found that
leaf extract showed reduction of fasting blood glucose
by 21 mg/dl and postprandial blood glucose fell by 15.8
mg/dl, suggest dietary therapy of basil can be useful for
the managing mild to moderate type 2 diabetes (Agrawal
et al., 1996). The antidiabetic activity of Basil was
investigated in hypercholesteromic rat, result found that
the plant extract reduces the diabetic associated co
morbidities by increasing the lipid metabolism (Harnafi
et al., 2009). In addition to ethanol extract of basil in
vitro cell line study using human macrophages, there is
decrease in cholesterol synthesis (Bravo et al., 2008).
Berberis aristata

Berberis aristata (B. aristata) is commonly known
as Zarshik belongs to family Berberidaceae, distributed
in many parts of Asian countries, having huge
ethnopharmacological use since from ancient times for
the improvement of hepatic and cardiovascular function
(Potdar et al., 2012). It was found that the root of the B.
aristata contain major constituents like berberine,
berbamine and palmatine (Singh et al., 2009). Literature
review found that the root extract B.aristata have
potential ability for regulating glucose balance by
decreasing the gluconeogenesis and oxidative stress, in
this contest the antidiabetic activity of extract was
investigated in diabetic rat, result found that it showed
hypoglycemic activity by decreasing the G6P and
increasing the glucokinase activity (Singh et al., 2009). It
was reported in clinical trial that the treatment of 90 days
with B. aristata extract showed significant reduction of
HbA1c and decrease insulin resistance alongwith the
reduction of low density lipoprotein and triglycerides,
suggest antidiabetic activity (Di Pierro et al., 2012). In
another study conducted by Bahadur et al revealed that
co-administration of B.aristata  with glimperide
andgliclazide showed significant low inhibitory effect on
metabolizing enzyme (Bahadur et al., 2017).

Conclusion
In conclusion we have explored the effects of drug

interaction between anti diabetic agent and herbal
formulation. It was found from the above discussion that
most of the herbs use in the management of diabetes
having lack of safety and standard of manufacture. The
prospective randomized clinical trials are require for

assessing antidiabetic drug-herb interaction in a urgent
basis for getting effective dosage for the diabetes.
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