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Abstract: Diabetes is a metabolic disorder and enhances the glucose level in the blood. The synthetic antidiabetic agents are
limited to the management of diabetes due to its adverse effects. The herbal medicines are the alternative and better option for
the management of diabetes. Mostly Ayurvedic formulations are polyherbal formulation and impart chief role for the treatment
of diabetes. The polyherbal formulation illustrates the combination of two or more herbs in formulation. The herbal
components in the polyherbal formulation interacts leading to synergistic antidiabetic effect compared to the individual herb.
Frequent available reports show evidence of synergistic effect of polyherbal drugs and their mechanism of action. But due to
scanty availability of these reports in electronic libraries the researcher has to search the hard copies which leads to wastage of
effort and time. To overcome these lacuna, this article was undertaken to scientifically review the in vitro and in vivo research
studies on antidiabetic polyherbal formulations Further, the data presented in this review exploration of synergistic mechanisms
of the antidiabetic polyherbal formulation will not only assist researchers to discover new phytomedicines or drug combinations
but also support to avoid the possible negative synergy. Additionally, it would assist in clinical research for carrying out clinical
trials to assess the efficacy of these herbal combinations and guide in understanding their synergistic mechanisms.
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I. INTRODUCTION

Diabetes is an enduring metabolic disorder, and it upsets all
groups of people. The diabetes is depicted by high blood
glucose level, inappropriate insulin action and insulin or
glucose intolerance due to improper functioning of
pancreatic cells. Further, the uncontrolled metabolism of
carbohydrate, protein, and fat leads to hyperglycemia in
blood."” It has been documented that occurrence of
diabetes will be enhanced up to 629 million worldwide in
2045, and require potent medicines for the control of
diabetes.> Chronic diabetes unpleasantly affects various
organs which arise complications on eyes, kidneys, nerves,
hypertension, cardiovascular disease etc. Consequently,
increased level of triglyceride, total cholesterol, and low-
density lipoprotein in the serum of diabetic patient are
observed, while there is a decrease in high-density
lipoprotein in serum.** For the management of diabetes,
numerous hypoglycemic agents are available in the dosage
form of chemical formulations and synthetic compounds
namely sulphonylureas, metformin, alogliptin, saxagliptin,
repaglinide etc. However, the uses of these medicines are
limited due to associated adverse effects. The scientific
paper reported an enormous number of medicinal plants to
retain antidiabetic activity and used for the management of
diabetes. Hence the medicinal plants/herbs/foods are good
sources of alternative or complementary medicines for the
management of diabetes. According to WHO, globally about
70-80% of the populations preferring traditional medicines
which are obtained from the plant material and products for
the treatment of hyperglycemia. The use of herbal medicines
is increased over the last decade due to low side effects,
easy availability, inexpensive and higher therapeutic efficacy.®
® The extent of therapeutic efficacy of the plant material
depends upon the concentration of phytoconstituents
present in it. Sometimes it has been observed that the
chemical moieties are present in lower quantity in herbs and
impart lower therapeutic efficacy. But the therapeutic
efficacy of natural products increased by combining two or
more than two herbs, and it is termed as polyherbal
formulation. Polyherbal formulations may enhance the
antidiabetic activity due to synergistic therapeutic properties
produced by a complex compound formed by combining
different plant material and consequently reducing the
concentrations of single herbs. The combined extracts and
formulations of the plants have been used as an antidiabetic
drug rather than an individual. Hence the antidiabetic activity
of polyherbal formulation suggest that there is a great
demand for research to develop better and novel
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antidiabetic formulations. The various clinical trials
illustrated that polyherbal formulation produced significant
antidiabetic activity in humans.’Looking at the above facts, it
was planned to present a comprehensive review of the
existing status of research on the synergistic antidiabetic
effects of polyherbal formulation and how they are
effectively measured.

I.1.  Synergistic effect

The interaction of two or more drugs to give a combined
efficacy which is greater than the sum of their individual
effect of the drugs is called a synergistic effect. The
pharmaceutical science classified the synergistic property of
medicines in two categories namely pharmacodynamic and
pharmacokinetic synergy. The pharmacodynamic synergistic
illustrates the two or more drugs that interact on the same
receptors and produce higher therapeutic effects through
their positive interactions. Moreover the pharmacokinetic
synergistic expressed the interaction of two or more drugs
leads to improved absorption, distribution, metabolism and
elimination of drug causing increase in the concentration of
drug in the body and enhance their therapeutic properties. It
has been reported that the complex synergistic effects
produced by mixing medicinal plants in complex polyherbal
formulation increases the bioavailability of active
components, promote therapeutic effects, and reduce
toxicity.'”'? Hence the combinations of two or more than
two herbs retaining antidiabetic properties exhibit the
synergistic antidiabetic potential.

1.2. Combination of medicinal plants

The polyherbal therapy is defined as an herb-herb
combination, used in Ayurveda, Unani and Chinese systems
of medicine. It is therapeutically used since many past years,
but till date, scientific confirmation of their therapeutic
benefits is missing. The therapeutic property of herb-herb
combination is higher compared to a single herb. The
western medicines and availability of sophisticated
instruments have well developed the herb-herb combination
dosage form with better efficacy and safety. Presently, the
herb-herb combination therapies into certain formulas
offered potential interaction effects and presented new
confidence to the diabetes patient for their healing."® The
Ayurvedic system of medicines formulated various
antidiabetic formulations and each formulation containing
more than two herbs. The compositions of antidiabetic
Ayurvedic formulations are listed in Table .

Table I: Antidiabetic Ayurvedic formulations

Marketed A
5 Composition of herbs
Ayurvedic drug
Dihar Syzygiumcumini, Momordicacharantia, Emblicaofficinalis, Gymnemasylvestre, Enicostemma, Azadirachtaindica,
Tinosporacordifoliaand Curcuma longa'*
Diabet Curcuma longa, Cosciniumfenestratum, Strychnospotatorum, Phyllanthusreticulatus. Tamarindusindica,
andTribulusterrestris'*
. Eugenia jambolana, Foenumgraceum, Terminaliachebula, Quercus, infectoria, Cuminumcyminum,
Diasol ] . . L , . 14
Taraxacumofficinale, Emblicaofficinalis, Gymnemasylvestre, PhyllanthusniruriandEnicostemmalittorale
Bilyur Cassia javanica,Cassiaauriculata, Salaciareticulata, Gymnemasylvestre, Mucunapruriens, Syzygiumjambolanum, and

Termindliaarjuna'*
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1.3. Polyherbal formulation

The polyherbal formulation is defined as a formulation
incorporating two or more than two herbs for the
treatment of various diseases. The researchers reported
that the single medicinal plants contained ample antioxidant
substances like phenolic and flavonoids which are
responsible for the management of diabetes. The polyherbal
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formulation controlled diabetes more significantly instead of
the individual herb due to synergistic effect and minimum
side effects of polyherbal formulation. Table 2 illustrated list
of antidiabetic polyherbal formulation published in the
research paper. The various studies described that the
polyherbal formulation produces synergistic and improved
antidiabetic effect compared to the individual herb.
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Table 2 : List of scientifically reported synergistic antidiabetic polyherbal formulation

Herbal ingredients

Dosage form

Experimental
protocol

Mechanism of action

References

Curcuma caesia, Evolvulusalsinoides, Citrulluslanatus, Gymnemasylvestre,
Tinosporacordifolia, Withaniacoagulans and Caesalpiniabonduc

Suspension of extract

Alloxan induced
diabetic rats

Antioxidant

15

M. indica, M. charantia, S. cuminii, A. indica, A. cepa, A. nilotica, S. cordifolia, T.

Streptozotocin-

Stimulate the pancreatic B-cells directly

Churna induced diabetic or increase the sensitivity of the e
foenum- gracum, G. sylvestre, C. longa, T. chebula . . . .
rats peripheral tissue to insulin, o
Silybummarianum, Urticadioica and Boswelliaserrata Churna Clinical studies triglyceride-lowering effect of the herbal f v

Catharanthusroseusand Leucaslinifolia

Ethanol and Aqueous
extract

Alloxan induced
diabetic rats
(Preclinical studies)

Hhypoglycemic and antioxidant activities,

Syzygiumcumini, Trigonellafoenum and Curcuma longa

Churna

Clinical studies

It decreased blood glucose as well as
blood pressure level in type-2 diabetic
subjects

Strychnospotatorum, Acacia catechu, Woodfordiafruticosa, Salaciareticulata,
Curcuma longa, BiophytumSenstivum, Ziziphusjujuba, CycleaPeltata,
Mangiferaindica, Terminaliachebula and Cyperusrotundus

KatakakhadiradiKashayam

Streptozotocin-
induced diabetes
rat

Ayurvedic formulation demonstrated
significant antidiabetic activity

20

Eugenia jambolana, Gymnemasylvestre, Momordicacharantia and
Andrographispaniculata and Myristicafragrans

Hydroalcoholic extracts

Streptozotocin-
induced diabetes
rat

Antidiabetic activity of polyherbal
formulation may be due to the diverse
mechanism of action of each of the
herbal drug present in the formulation

21

Bacopamonnieri, Hippophaerhamnoides, and Dioscoreabulbifera

Powdered

Streptozotocin-
induced diabetes
rat

Polyherbal formulation significantly
improved cognitive deficits, increased
body weight and lowered plasma glucose
levels, and suggested that the bacosides,
quercetin, and diosgenin present in
formulation imparts the activity

22

Salaciaoblonga, Salaciaroxburghii, Garciniaindica and Lagerstroemia parviflora

Hydroalcoholic extract

Streptozotocin-
induced diabetes
rat

Polyherbal formulation produced
promising antidiabetic activity but
hypothesis mechanism of action has been
not mentioned

23

Mangiferaindica, Allium sativum, Psidiumguajava, Phyllanthusemblicaand Allium cepa

Paste of fruits

Clinical studies

Administration of polyherbal paste to
diabetic patient reduced the blood
glucose level, it is due to antioxidant
properties of fruits

24

Streptozotocin-

Formulation possessed significant
antidiabetic activity, and it may be due to

Glycosmispentaphylla, Tridaxprocumbens, and Mangiferaindica Tablets induced diabetes the antidiabetic mechanism of the =
rat individual herbs present in the polyherbal
formulation
el A s e Tablets Alloxan induced Tablets exhibited antidiabetic activity due 6

diabetes rat

to their antioxidant property
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Polyherbal formulation I: Gudmar, Jamunguthali, Karela bee, Haldi, Amla,
Vijaysar, Tejpatra, Shilajeet, Kutki, Chitrak, Bilvapatra, Trivangabhasm,
Methi, Neempatra, Pectin and guar gum

Polyherbal formulation Il: Gudmar, KarelaBeej, Haldi, JamunGuthali, Gudvel,
Babul Ki Chal, BilvaPatra, NeemPatra, Shilajeet and Trivangabhasm

Methanol extract

Alloxan induced
diabetes rat

Both the formulations significantly
reduced the blood glucose level, while
polyherbal formulation Il demonstrated
higher antidiabetic activity compared to
polyherbal formulation I.

This may be because of the fact that
some of the herbal counterparts in
the polyherbal formulation Il viz. bark
of babul and gravel, were not present
in the polyherbal formulation |

27

Annonasquamosaand Nigella sativa

Aqueous extract

Streptozotocin-
induced diabetes
rat

The antidiabetic activity of polyherbal
formulation due to the effect of active
constituents of both plants alkaloid,
phytosterols, which may be responsible
for scavenging free radicals liberated by
streptozotocin in diabetic rats

28

Gymnemasylvestre, Syzygiumcuimini, Pterocarpusmarsupium, Momordicacharantia,
Emblicacfficinalis, Terminaliabellirica, Terminaliachebula and ShudhShilajit

Suspension of powder

Alloxan induced
diabetes rat

Polyherbal formulation have potent
antidiabetic activity

29

Momordicacharantia, Azadirachtaindica, Picrorhizakurroa, Ocimumsanctum,
andZingiberofficinale

Karnim plus

Alloxan induced
diabetes rat

Karnim plus showed significant
antidiabetic activity

30

PhyllanthusemblicaandAnnonasquamosa

Aqueous extract

Streptozotocin-
induced diabetes
rat

Polyherbal formulation exhibited
significant antidiabetic effect by
controlling the blood glucose level, and it
is due to the presence of a phenolic
component in the formulation

Ell

Cassia auriculata, Mangiferaindica, Ficusbenghalensis,
CinnamomumtamalaandTrichosanthesdioica

Aqueous extract

Streptozotocin-
induced diabetes
rat

Polyherbal formulation exhibited
promising antidiabetic activity, and it
could be the regeneration of pancreatic
B-cells leading to blood glucose
regulation in the body

32

Gymnemasylvestre, TrigonellafoenumandPhyllanthusemblica

Aqueous extract

Streptozotocin-
induced diabetes
rat

The antidiabetic activity of polyherbal
formulation was due to the presence of
antioxidant components in the
formulation

33
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1.4. Future prospects

Number of research papers illustrated the significant
antidiabetic activity of polyherbal formulation in different
animal models. The reported polyherbal formulations are
required to conduct the toxicity studies to develop the
safety profile of formulations. The mechanism of action of
antidiabetic activity of polyherbal formulations should be
developed at the molecular level. It assures the extent of
pharmacological efficacy of polyherbal formulations. Further,
the pharmacokinetic and pharmacodynamic can be
performed for reported polyherbal formulation. The clinical
studies can be executed for polyherbal formulations having a
better therapeutic and non-toxic effect. Consequently, the
patent of polyherbal formulations can be processed to the
patent office. The market will get a novel and better
antidiabetic polyherbal formulation, and replace the
synthetic antidiabetic agent associated with severe adverse
effects.
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2. CONCLUSION

The review summarized the synergistic effect of polyherbal
formulation and also summarized their mechanism of action.
The different antidiabetic polyherbal formulations are
illustrated with their potency which will assist researchers to
conduct further studies to give novel antidiabetic herbal
agents. Consequently, the clinical benefits of multi-
component combinations must be subsequently confirmed in
rigorous clinical trials.
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