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ABSTRACT

Hyperglycemia is one of the most recognized and clinically significant disorders of the endocrine
system. It is characterized by the disturbance of carbohydrate, lipid, and protein metabolism and
an abnormal response to the glucose load. Different categories of anti-diabetic medicines are
available in the market but due to the requirement of lifelong treatment, reductions in side effect
become important. The present review is, therefore an effort to give detailed study Indian herbal
drugs and plants used in the treatment of diabetes which can deliver the drug at predetermine rate
for a longer duration of time in novel drug delivery system with the lesser side effect.
Keywords: Diabetes mellitus, Insulin dependent diabetes mellitus, Non insulin dependent
diabetes mellitus, Word Health Organization
INTRODUCTION

In 21 centaury diabetes mellitus is one of the
very common metabolic lifetime endocrine
disorder [1, 2]. It occurs due to disturbance
of  carbohydrate, lipid and protein
metabolism. Metabolic disturbance occurs if
the pancreas is not able to produce enough

insulin or when the body cannot properly use

the produced insulin. Uncontrolled DM may

lead to severe casualty to various body
systems, especially the blood vessels and
nervous system [3]. The endocrine disorder
has produced significant morbidity and
mortality due to microvascular and
macrovascular complications [4, 5, 6]. In the

initial stage of type Il DM some patients are

symptomless while others marked with
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hyperglycemia and especially in children
with insulin deficiency show polyuria,
polydipsia, polyphagia, weight loss, and
blurred vision. Uncontrolled DM also may
lead to insensibility, coma & prolong
unconsciousness and it may cause death due
to ketoacidosis [7]. It is mainly classified in
various types, but the most common type is
Type I & Type II and gestational diabetes
mellitus. Type [ diabetes mellitus results
when the pancreas fails to produce sufficient
insulin due to the loss of pancreatic beta cells
[8]. This form referred to as insulin-
dependent diabetes mellitus (IDDM) or
"Juvenile diabetes mellitus". The cause of
this autoimmune response is nonconforming.
Type 11 diabetes mellitus occurs when body
cells resist the normal effect of insulin [9,
10]. This form assigns as NIDDM or adult-
onset diabetes. Gestational diabetes is the 3rd
main form and occurs when women have a
high blood sugar level without diabetes
during pregnancy [11]. Insulin is an
important anabolic hormone of the body
which is  responsible to  regulate
carbohydrate, fat & protein metabolism. Its
main function is to allow the body to use
glucose (sugar) from carbohydrates present
in the food for energy and to store glucose

for future use. It curtails load glucose levels

in the body. Insulin was the important protein

discovered which contain two amino acid
chains and polypeptide chain i.e. A & B of
21 and 30 amino acid residues respectively
linked with a disulfide bridge. Insulin is
synthesized in beta-pancreatic cells as a
preproinsulin composed of 86 amino acids. It
passes through the endoplasmic reticulum
and 24 amino acids are removed by enzyme
action from one end of the chain, leaving
another form behind. Secretions of insulin
depend on the blood glucose level in the
body present, pancreatic beta-cell gets
activated itself if the body has a high load of
glucose level and if the body has a low load
of glucose in blood then beta-cell goes down
[12].

PLANTS WHICH HAS HYPOGLYCEMIC
EFFECT: Over the past few years, the
business of herbal medicine grew more
rapidly and became prominent in developed
and developing countries due to their natural
origin with the lesser side effect. Many
traditional medicines are in use derived from
plants, minerals, and organic matter. As
reported by WHO, "a medicinal plant is a
plant in which one or more of its organs,
contains substances that can be used for
therapeutic purposes, or which are precursors
for chemo-pharmaceutical semi-synthesis."
Pharmaceutical companies have a great

interest in such plants due to their active
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ingredients [13, 14]. Different categories of
anti-diabetic medications are present in the
market for the remedial action, which include
insulin  analogs,  sulphonylureas, a-
glucosidase inhibitors, etc. this anti diabetic
agent works in various ways to reduce blood
glucose level [15]. However long term
treatment leads to various side -effects
including hypoglycemia, weight gain,
gastrointestinal disturbance, lactic-acidosis,
etc.

There are three main groups of drugs used to
control DM [16]. Sulfonylureas are 1% group
that act by increasing insulin release from the
beta pancreatic cell. There are three main
groups of drugs or medicines used to control
DM namely Sulfonylurea's, Thiozolidinedine
and alpha-glucosidase. Sulfonylurea act by
increasing insulin release from pancreatic
beta cells [17]. Thiozolidinediones are
agonists of peroxisome proliferator activated
receptor - gamma (PPAR-y) [18, 19]. The 3rd
group alpha-glucosidase inhibitors reduce the
digestion of polysaccharides and their
bioavailability. In various countries, acarbose
also used to manage type II DM and
prediabetes [20]. These potent synthetic anti-
diabetic medicines have serious side effects
and they often fail to restore glycaemic index

[21-24]. Sulfonylurea derivatives some time

show inhibition of hepatic regeneration,

obesity, and osteoporosis. Thiazolidinedione
also has serious side effects like weight gain,
edema, and these side effects increase the
risk of cardiovascular threats [25, 26]. Due to
available synthetic medicines with these side
effects in the market, there is an urgent need
to design an herbal novel drug delivery
system to treat diabetes. Herbal drugs have
the capability to guard beta cell functions and
meliorate insulin resistance could be
effective in preventing the progression of
diabetes [27]. Some synthetic anti-diabetic
drugs in the present market originated from
natural sources like metformin and acarbose.
Metformin is a hypoglycemic biguanide
which is obtained from Galega officinalis
and the precursor of acarbose is isolated from
bacteria that have genus Actinoplanes. 4-
hydroxy isoleucine is another hypoglycemic
compound extracted from Trigonella
foenum-graecum [28]. Approximate out of
250000 herbal plants, only less than 25000
species have been identified which are
effective against and have pharmacological
efficacy against DM [29]. Therefore it is
important to discover new and diabetic plant
which have lesser side effect and available at
low cost [30, 31].

HOW HERBS WORK AND WHY ARE

THEY GOOD?
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Herbs contain a large number of naturally
occurring chemicals that have a different
type of biological activity. The types of
environments like climate, bugs, soil quality,
etc in which a plant grows also affects its
quality of active pharmacological
components [32]. Herbal plants are effective
in many conditions like asthma, eczema,
premenstrual syndrome, rheumatoid arthritis,
migraine, menopausal symptoms, etc. Before
using these herbal remedies one should
always consult a fully trained herbalist or
doctor first [33].

THE LITERATURE OF  ANTI-
DIABETIC MEDICINAL PLANTS: In
1998 Alarcon-Aguilara et al. theorized that
more than 1200 medicinal plants are used to
treat DM all over the world [34]. According
to other professionals, 800 or more plants
have great clinical potential to treat DM, but
only 30% of plants are used in folk remedies
to treat DM. Therefore, the potential to
screen new herbal anti diabetic plants is still
a possibility. Various professionals focused
in their recent studies on o-glucosidase and
a-amylase inhibitors which originate from
medicinal plants [35]. Surya ef al. in 2014
reviewed 36 herbal remedies to treat DM,
including bark of Acacia Arabica, and Acacia
catechu, leaf of Aegle marmelos, root bark of
leaves of Annona

Azadirachta indica,

squamosa, root of Andrographis paniculata,
entire plant of Asparagus racemosus, bulb of
Allium cepa (onion), fruit of chili Capsicum
annuum, fruit of Coccinia indica, fruit of
Emblica officinalis, fruit and leaves of Ficus
religiosa, stem and leaves of Grewia
asiatica, leaves of Mimosa pudica, and roots
of Tinospora cordifolia. Neem also has the
potential to reduce intestinal glucosidase
activity [36, 37]. In 2013 Arumugam et al.
also reviewed 33 anti diabetic plants.
According to arumugam anti-diabetic plants
Caesalpinia

Dillenia

are  Axonopus compressus,

digyna, Catharanthus roseus,
indica, Marrubium vulgare, Semecarpus
anacardium,

Prosopis glandulosa,

Ophiopogon  japonicus, Setaria italica,
Cassia auriculata, Zygophyllum album, Vitex
negundo, Solanum  xanthocarpum, and
Alangium lamarckii [38]. According to
Rahimi et.al Inula racemosa, Panax ginseng,
Spergularia  purpurea, and  Telfairia
occidentalis have the potential to reduce
diabetes mellitus [39]. Sclerocarya birrea
and Amaranthus spinosus were identified as
a part of the repertoire of ant diabetic plants
between 2005 and 2013 [40]. Many
vegetables and fruits also have anti-diabetic
properties with antioxidant activity. A
clinical trial of Aloe Vera juice shows that it

is effective to reduce blood sugar levels and
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triglyceride in diabetic patients. Extract of
Curcuma longa, Panax quinquefolium, Vitis
vinifera, and Stelechocarpus cauliflorus have
clinical potential to protect kidney injury in
diabetic patients [41, 42]. According to
Giovannini ef al. (2016), Psidium guajava is
used to treat DM in Guatemala and South
Africa. Indigenous peoples in tropical areas
of South America, Central America, Mexico,
Asia, India used Momordica charantia leaves
and fruits as a remedy to treat DM [43].
Anacardium occidentale, the cashew tree, is
widely cultivated in Africa including Zambia
[44]. The stem barks and leaves of cashew
are used to treat DM, kidney disease, and
urinary disorders [45].

MEDICINAL PLANTS FOUND IN
INDIA THAT HAVE AN ANTI-
DIABETIC EFFECT

Sugar Apple: The scientific name of sugar
apple is Annona squamosa. This plant has
anti-diabetic activity and hypoglycemic
activity. According to some professional’s
ethanol leaf extract of this plant, show
increased level of plasma insulin [46, 47, 48]
Davana: It is an aromatic herb that has a
scientific name Artemisia pallens. This herb
has clinical potential to treat diabetes. The
active constituent of this herb increases
peripheral glucose utilization or inhibits

glucose reabsorption [49].

Supari: Areca nut is another common name
of supari. It is commonly used in Ayurveda
and traditional Chinese medicines. Areca
catechu is the scientific name of areca nut. It
also has clinical potential to show
hypoglycemic effect [S0].

Chukkander: Chukkander is also known as
beetroot. It is used as a food, food coloring
and as a medicine. Beta vulgaris is its
scientific name. Beet roots also show an anti-
diabetic effect. This herb increases glucose
tolerance in OGTT [51].

Punarnava: Boerhavia diffusa 1is the
scientific name of punarnava. According to
an herbalist, this plant shows a hypoglycemic
effect. It shows increase hexokinase activity,
decrease glucose-6-phosphatase and fructose
bis-phosphatase activity and increase plasma
insulin level. It also works as an antioxidant
[S2, 53, 54].

Cotton Tree: Some time it is known as red
silk cotton. In English, it is commonly known
as kapok. Bombax ceiba is its scientific
name. It shows hypoglycemic activity [S5].
Palash: Butea monosperma is its scientific
name. According to the herbalist, it has the
potential to treat diabetes [56].

Tea: Camellia sinensis is its scientific name.

It is species of evergreen shrubs. It is also

known as tea shrub. It shows Anti-
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hyperglycemic antioxidant

activity [57, 58, 59].

activity and

Karir: It is commonly used for the
preparation of food and pickle as a spice
Capparis deciduas 1is its scientific name. It
shows Hypoglycemic, antioxidant, and
hypolipidaemic activity [60].

Kankarej: In Sanskrit, it is also known as
kubrakshi and in English name is fever nut.
Caesalpinia bonducella is its scientific name
and shows hypoglycemic activity. It helps
insulin  secretagogue and also shows
hypolipidemic activity [61, 62].

Ivy gourd: It is also known as a scarlet
gourd, tindora and kowai fruit. Coccinia
indica 1is its scientific name. It also shows
hypoglycemic activity [63].

Amla: It is also known as Indian gooseberry.
It is the most common constituent used in the
formulation of Triphala. Emblica officinalis
is its scientific name. It has capability to
reduce lipid peroxidation and shows
antioxidant, hypoglycemic activity [64, 65,
66].

Pitanga: Pitanga is a type of fruit it's also
known as Surinam cherry. Its scientific name
is Eugenia uniflora. It inhibits lipase activity
and shows hypoglycemic effect [67].
Chirayata: In English, it is also called as
white head. Its scientific name is Enicostema

littorale. According to some professionals it

increases hexokinase activity, decreases
glucose 6-phosphatase and fructose 1, 6
bisphosphatase activity and shows Dose-
dependent hypoglycemic activity [68, 69].
Banyan: Its scientific name is Ficus
bengalenesis. According to some researchers
it shows antioxidant with hypoglycemic
activity on diabetic doges [70].

Gurmar: Gurmar means "sugar destroyer".
Its scientific name is Gymnema sylvestre. It
shows hypolipidermic and anti-
hyperglycemic effect [71].

China rose: Hibiscus rosa-sinesis 1s 1its
scientific name. It initiates insulin release
from pancreatic beta cells [72].

Sakkargand: Its scientific name is Ipomoea
batatas. It has a clinical potency to reduce
insulin resistance [73].

Kadavanchi: Momordica cymbalaria is its
scientific name. It shows Hypoglycemic and
hypolipidemic activity [74].

Curry patta: Murraya koenigii 1is its
scientific name. It has hypoglycemic activity.
It also increases glycogenesis and decreases
gluconeogenesis and glycogenolysis [75].
Banana: Musa sapientum its scientific name.
It has Antihyperglycemic and antioxidant
activity [76, 77, 78].

Hulga: It also known as white kidney bean

and its scientific name is Phaseolus vulgaris.
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It shows Hypoglycemic, hypolipidemic,
inhibit alpha-amylase activity [79, 80, 81].
Anar: It is used as a medicinal purpose in the
field of Ayurveda. Punica granatum is its
scientific name and it acts as an antioxidant
and anti-hyperglycemic agent [82].

Vairi: Salacia reticulate is its scientific
name. It has an inhibitory activity against
sucrose and acts as an a-glucosidase inhibitor
[83].

Sweet broomweed: Scoparia dulcis its
botanical name. This medicinal herb shows
Insulin-secretagogue activity,
antihyperlipidemic,  hypoglycemic = and
antioxidant activity [84, 85, 86].

Chirata: Swertia chirayita is its botanical
name. It is used for a medicinal purpose in
the business of Ayurveda. It stimulates

insulin release from islets cells hence acts as

an anti-diabetic agent [87].

Shahajire:  Syzygium  alternifolium  its
scientific name and it also shows
Hypoglycemic  and  antihyperglycemic

activity [88].

Behada: Its scientific name is Terminalia
belerica. 1t also has the capability to act a
antibacterial, hypoglycemic agent [89].
Hirda: Terminalia chebula is its scientific

name and it also shows Antibacterial,

Giloya: Glioya mostly used for medicinal
purpose in the field of Ayurveda. Tinospora
crispa Ais its scientific name and it shows
anti-hyperglycemic activity. It stimulates
insulin release from pancreatic beta islets
cells [90].

Sadabahar: Vinca rosea is its scientific
name. According to a specialist it acts as an
anti-hyperglycemic [91].

Ashvagandha: Withania somnifera is the
scientific name of ashwagandha. It shows
hypoglycemic, diuretic and
hypocholesterolemic activities [92].
FORMULATED COMMERCIALIZED
HERBAL DRUGS WITH ANTI-
DIABETIC PROPERTIES

DIABECON (Himalaya): Diabecon is a
proprietary ayurvedic medicine manufactured
by Himalaya herbal healthcare. It is a phyto-
mineral preparation used for the management

of diabetes. Each tablet contains extract of

Guggulu  (Conniphora  mukul)  30mg,
Shilajitu (Asphaltum) 30mg, Mesha shringi
(Gymnema  sylvestre)  20mg, Pitasara
(Pterocarpus marsupeunt) 20mg,

Yastimadhu (Glycyyhiza glabra) 20mg,

Saptarangi  (Casearia esculenta) 20mg,
Jambu (Syzygium cumini) 20mg, Shatavri

(Asparagus racemosus) 20mg, Punarnava

hypoglycemic properties [89]. (Boerhaavia  diffusa) 20mg, Mundatika
(Spheranthus  indicus) 10mg, Guduchi
1921
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(Tinospora cordifolia) 10mg, Kirata (Swertia

chiraita)  10mg,  Gokshura  (Tribulus
terrestris) 10mg, Bhumyamalaki (Phylanthus
Gambhari (Gmelina

nirury) 10mg,

arborea)10mg, Karpasa (Gossypeum
herbacium) 10mg, Daruharidra (Berberis
aristata) Smg, Kumari (Aloe barbadensis)
Smg, Triphala (Embelica  officinalis,
Terminalia chebula, Terminalia bellerica)
3mg. Powders of Sushavi (Momordica
charantia) 20mg, Maricha (Piper nigrum)
10mg, Vishnupriya (Ocimum sanctum)
10mg, Atibala (Abutilon indica) 10mg,
Haidra (Curcuma longa) 10mg, Turmeric
janglipalak ~ (Rumex  maritimus)  5mg,
Vidangadi lauha 27mg.

MADHUMEHNIL (Yamuna pharmacy):
Madhumehnil

capsule is a ayurvedic

formulation manufactured by Yamuna
pharmacy. Each capsule contains Methe begj
( Trigonella foenum graecum) 100mg, Karela
beej (Momordica charantia) 100mg, Haridra
(Curcuma Aamalki

(Phyllanthes officinales) 100mg, Shilajeet

longa)100mg,

80mg, Trivanga bhasma 20mg.

BGR-34 Tablets: blood glucose regulator -
34 is an Ayurvedic derived product that is
sold in India as an over-the-counter pill for
the management of type 2 diabetes. It was
developed in 2015 by two government-

owned laboratories (CSIR-NBRI & CSIR-

CIMAP) and launched commercially in
2016. The raw material for BGR-34 is

derived from six plants. Daruharidra
(Berberis  aristata), Giloy (Tinospora
cordifolia), Vijaysar (Petrocarpus
marsupium), Gudmar (Gymnema sylvestre),
Manjeestha  (Rubia  cordifolia), —Methi
(Fenugreek).

AMREE PLUS: AMREE PLUS is a
proprietary ayurvedic medicine manufactured
by Aimil Pharmaceutical India Ltd, designed
for the treatment of diabetes and pre-
diabetes. It is available in the form of tablets,
capsules, and granules. Each dosage form
contain Gudmar (Gymnema sylvestre),
Karela (Momordica charantia), Neem part
(Azadirachta indica), Giloe (Trinosora
cordifolia), Bilv patar (degle marmelos),
Haridra Karanjbeej

(Curcuma  longa),

(Pongamia pinnata), Kundru (Coccinia

indica), Nishoth (Ilpomoea trupethum),
Jamunpatr  (Eugenia  jambos), Kaunch
(Mucuna  pruriens), Gokhru (Tribulus

terrestris), Gularpatr (Ficus glomerata),
(Nigella
(Boerhaavia diffusa), Bhringraj (Eclipta

Kalonji sativa), ~ Punernava
alba), Kalmegh (Andrographis paniculata),
Bhuiamla (Phyllanthus niruri), Sitaphal beej
(Cucurbita pepo), Amla (Embico officinalis),

Alsi (Linum usitatissimum), Sunflower seeds

(Halianthes anus), Shatavar (Asparagus
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racemosus), Bidari kand (Pueraria tuberose),
Safed Musli (4Asparagus adscendens), Palash
pushpa (Butea monosperma), Tulsi (Ocimum
(Withania

sanctum), Ashwagandha

somnifera), Kali jeeri (Centratherum
anthelminticum), Methi beej (Trigonella
foenum  graecum), Kutaki (Picorrhiza
kurroa), Kali Mirch (Piper nigrum)

IME-9: IME-9 tablet is a polyherbal
medicine which is manufactured by Kudos
Laboratories India Ltd and developed by
C.C.R.A.S (Central council for research in
ayurvedic sciences) Ministry of Ayush, Govt
of India. Each tablet contains Amra
(Mangifera indica), Karela (Momordica
charantia), Gudmar (Gymnema sylvesstre),
Jamun (Syzygium cumini), Shilajit
(Asphaltum).

PANCREAS TONIC 180 cp: Pancreas
tonic is one of the products on the market for
rejuvenating the pancreas and restoring it
back to normal health. Ingredients that are
present in this formulation are Pterocarpus
marsupium, Gymnema sylvestre, Momordica
charantia, Syzygium cumini, Trigonella
foenum graceum, Azadirachta indica, Ficus
racemosa, Aegle marmelos, Cinnamomum
tamala.

GLUCOCARE: Himalaya herbal healthcare
glucocare for natural blood glucose health is

a proprietary herbal formula comprised of

well known and researched Ayurvedic herbs.
Glucocare formula as a dietary supplement
supports normal blood sugar levels. This
preparation contains Indian kino tree (wood),
Boerhavia (root), Casearia esculenta (stem),

(leaf),

(flower), Jambolan (seed), Levant cotton

Gymnema Indian  sphaeranthus
(seed), Phyllanthus amarus (whole plant),
Malay bush beech (black), Levant cotton
(seed), Bitter melon (fruit), Shatavari (root),
Guggul (oleo-gum-resin), Shilajeet (mineral
pitch), Papper (fruit), Holy basil (leaf), Aloe
Vera (leaf), Indian abutilon (root), Turmeric
(thizome), Amla (fruit), Chebulic myrobalan
(fruit), Belleric myrobalan (fruit) and Ginger
(thizome).

DIA-CARE CHURNA: Dia Care Churna is
an ayurvedic medicine to manage high sugar
level manufactured and marketed by Isha
Agro Developers Pvt. Ltd. It contains Jambu
beej (Eugenia jambolona), neem bark
(Aradirachta indica), Guduchi (Tinospora
cordifolia), Methi seed (Trigonella foenum
groecum), Karela (Mamordica charntia),
Gudmar

(Emblica

(Gymnema

officinalis),

(Ericodemma littorole blume), Soptarangi

sylvestrej), ~ Amla

Mamejeva

(Casearia esculento), Harde (Terminalia
chebula), Gokshur (Tribulus
Jethimodh

terrestris),
(Glycyrrihra  glderal), Jiroo

(Cuminum cyrnium), Haldi (Curcuma longa),
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Dhania sativum),  Kalijiri
anthelmintico), Black salt,
Shuddha shilajit (Asphalt), Pippoli (Pipper

Sunth

(Cariandrum

(Vernonia

Mari  (Piper
officinale),
(Withania somnifera).
DIABETES-DAILY CARE: This is also
which

kngrum), nigrum),

(Zingiber Ashwogandha

polyherbal formulation contains
Cinnamon 20% extract, Alpha Lipoic Acid,
Chromium Picolinate, Vanadium, Banaba
Leaf 1% extract, Momordica 10%,
Fenugreek 60% extract, and Gymnema
sylvestre 25%.

STREAM CP-3: Stream CP-3 herbal
capsules used as a unique combination of
herbs which are significantly proven for
herbal  treatment of diabetes. This
formulation is marketed by Streamline Parma
private limited. These ant diabetic capsules
Ghrmar,

contain Methi beej, Vijyasar,

Karela, Jamun, Ashwagandha, Shilajit,
Shatawar, Amla, Neem patar.

GLYCODAB: Dabur India limited on Nov
14, 2017, announced the launch of a product
Dabur GLYCODAB tablets in partnership
with C.C.R.A.S (Ministry of Ayush, Govt of
India). It is a research product of CCRS and
the ministry of Ayush. A Glycodab tablet
contains Karavallaka (Karela) dried fruit,

Jambu seeds, Amra seeds, Meshasringi

leaves. All ingredients are used in equal
quantities.

DIABALIFE: This
manufactured by the ON&ON company.

formulation

Stabillized Allicin, Cinnamon (Cinnamomum
Cassia), Karela (Momordica charantia),
Elephants Scaber, Neem (Azadirachta
indica), Arecanut (Areca catechu), Gudmar
(Gymnema sylvestre).
DIABECURE: Diabecure herbal tablet
marketed by Max Biocare. Each film-coated
tablet contains Cinnamon (Cinnamomum
Cassia) stem bark, Bitter melon (Momordica
charantia) fruit, Fenugreek (Trigonella
foenum-graecum) seed, Alpha lipoic acid,
Chromic chloride hexahydrate, Chromium
picolinate, Biotin, Zinc sulfate heptahydrate,
Colecalciferol.

DIA-BETA PLUS: Dia-Beta Plus capsule is
a proprietary ayurvedic medicine
manufactured by Plant Ayurveda. This
capsule is made using the herbs like Gurmaar
(Gymnema sylvestrae), Karela (Momordica
charantia), Saptrangi (Salacia oblonga),

Vizaysaar (Pterocarpus marsupium),
Ashwagandha (Withania somnifera) and
Tulsi (Ocium tenuiflorum).

DIABETIC CARE: Sunova Diabetic Care is
combination  of

a unique synergistic

standardized Fenugreek (7.foenum-graceum)
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extract, Gudmar (Gymnema  sylvestre)
extract, Daruharidra (Berberis aristata).
TRANSDERMAL DRUG DELIVERY:
Currently, most of the medicines are
available in oral dosage form and sometimes
they not as beneficial as we want due to their
Ist pass metabolism. Due to this
disadvantage, the transdermal drug delivery
system was discovered. TDDS is a novel
drug delivery system which is popular and
costly due to its exclusive advantages.
Transdermal patches or formulation is easy
to use, and flexible to terminate drug
absorption by removing the patch from the
skin surface. This system improves
bioavailability, controlled absorption and
maintains a uniform plasma level with lesser
side effect [93]. Solid dosage forms that are
taken orally as a tablet, capsules, etc during
metabolism face problems like enzymatic
degradation, 1st pass metabolism, and this
dosage form also have other disadvantages
like the unpleasant taste, order color. Due to
these disadvantages patients become non-
compliant. Transdermal patches overcome
these disadvantages and release the drug at a
continuous rate for a longer duration of time
and become alternative or attractive solution
[94]. The drugs that achieve their systemic
effect through dermal rout are known as

transdermal drug delivery and it differs from

topical drug delivery system [95]. These are
extended-release dosage form that is capable
to maintain systemic drug concentration [96,
97]. Penetration enhancer plays an important
role in the formulation of transdermal
patches. It helps penetrate the drug molecules
through the skin as they curtail resistance of
the stratum corneum without damaging
viable cells. It is a painless approach to
deliver the drug through the skin. The drug
initially penetrates drug molecules from
stratum corneum and then pass through the
deeper epidermis and dermis without
accumulation. A drug penetrates via dermal
microcirculation and reaches to dermal layer
then it becomes accessible for systemic
absorption [98].

TRANSDERMAL PATCH: A transdermal
patch may be defined as a medicated
adhesive patch that delivers a drug at a
continuous rate for a period of time at a
predetermined rate through the skin
membrane. Various transdermal patches are
available in the market mainly based on
semi-permeable membrane [99, 100]. The
transdermal patch works on a principle to
transport the drug across epidermis which
effects systematically for a long period of
time. It's controlled zero-order release, it's
easy termination, its reduced side effects and

the patient complaints make this type of drug
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delivery system a center of attraction for the
scientists and researchers. Scopolamine
transdermal patch is the 1st patch which
approved in 1979 but today various patches
are available in the market, for example,
scopolamine, nitroglycerin, nicotine,
clonidine, fentanyl, estradiol, testosterone,
lidocaine, and oxbutinin. Permeability of
human skin is very limited, so the
formulation of an effective transdermal patch
is very challenging. To ensure transdermal
patch does not irritate skin surface has
become very important and it delivers drug
according to desired pharmacokinetics and

pharmacodynamics [101, 102].

Benefits of Transdermal patch:

1. The drug that delivers with TDDS has

the capability to increase

bioavailability because drug

molecules avoid pre-systemic &
hepatic 1st pass metabolism.

2. Risk and inconveniences of IV
therapy are avoided.

3. It requires a low dose as compared to
other dosage form and it releases
drugs continuously for a longer
period of time.

4. 1Tt is easy terminating if any irritation
or side effects occur.

5. Tt is easy to apply and self-application

is possible.

6. This drug delivery system eliminates
multiple-dose  frequency hence it
gives better patient compliance.

7. It is a very convenient method to
deliver drug which requires only once
weekly application.

8. This is a very suitable method for the
patient who cannot tolerate oral
dosage forms.

9. This system is suitable for nauseated
and unconscious patients.

10. Drugs that degraded due to enzymatic
action or due to acid present in the
gastrointestinal system and require
consistent plasma level are a good
candidate for TDDS.

Limitations of Transdermal patch

1. It is a possibility that at the site of
application it can produce local
irritation.

2. Excipients and drug presence in the
patch can cause erythema, itching
local edema and allergic reaction.

3. Itis essential the drug has a molecular
weight of less than 500 Da.

4. The drug should have sufficient
aqueous and lipid solubility a log P
(Octanol/ water) between 1 and 3
required.

5. The drugs that require high plasma

level and undergo metabolism during
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passage through the skin are not a
suitable candidate for TDDS.

6. The drugs that require a very high
dose are not suitable for TDDS
because the only low dose can be
administered by this system.

TYPE OF TRANSDERMAL PATCH:

1. The single-layer drug in - adhesive: This
is a single layer membrane system that
contains the drug, adhesive, and other
excipients. In this type, the adhesive layer not
only serves to adhere to the various patch
content that adheres and also responsible for
the release of the drug. This adhesive layer is
surrounded by a liner and backing

2. The multi-layer drug in - adhesive: This
system is just like a Single layer system but it
contains more than one layer usually
separated by a membrane. One layer is
responsible for the immediate release of
drugs and another layer is responsible for the
controlled release of drugs from the
reservoir. This patch also has a temporary
liner-layer and a permanent backing.

3. Reservoir: unlike a multi-layer drug
adhesive system, the reservoir transdermal
system also has a separate drug layer. In this
drug layer is a liquid compartment containing
a drug solution or suspension. This system is
encapsulated in a shallow compartment

molded from a drug-impermeable metallic

plastic laminate. This patch is also backed by
the backing membrane. Rate of release of
drug from this system is zero order

4. Matrix: This system is also known as a
monolithic device. This system has a drug
layer of a semisolid matrix that contains a
drug solution or suspension. The adhesive
layer in this patch surrounds the drug layer,
partially overlaying it.

5. Vapor Patch: In this patch adhesive layer
release vapor with serving to adhere to
various layers together. This type of patch
mainly used for decongestion and release
essential oil for up to 6 hours.
TRANSDERMAL
COMPONENTS:

PATCHES

1. Drug: This is an active component of the
patch. This component is responsible for the
therapeutic activity of the patch. The drug
which undergoes 1st pass metabolism and
which has a narrow therapeutic window are a
good candidate for transdermal patch e.g.
nitroglycerine and fentanyl.

2. Polymer: This is a very important
component and acts as a backbone of TDDS.
It should be chemically inert, non-toxic, and
economic and do not decompose on storage.
Examples of the polymer are cellulose
derivative, HPMC, polypropylene, polyvinyl
pyrrolidone, polymethylmethacrylate, etc.
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3. Permeation enhancer: This component of
the patch improves the permeability of drugs
through stratum corneum. There are three
types of penetration enhancer which are very
popular these are lipophilic system,
surfactants, and two-component system.
DMSO is a good example of a penetration
enhancer.

4. Adhesive: It maintains intimate contact
between patch and skin surface. It should
have the capability to adhere with not more
than applied finger pressure and exert strong
holding force. Polyacrylates,
polyisobutylene, and silicon-based adhesives
are an example of adhesive.

5. Backing laminates: should have low
modulus or high flexibility e.g. Vinyl,
Polyethylene.

7. Other: expedients like plasticizers and
solvent.

DRUG PERMEATION PATHWAY: Drug
transport from the dosage form to the
systemic  circulation by various skin
permeation rout including skin appendages,
hair follicles and through sweat glands. The
total surface area of human skin represents
only 0.1 percent skin projection and this
permeation route flux of drug is small. Only
three main drug permeation routes identified
appendages or shunt

namely route,

intracellular route and transcellular route.
The skin absorption rate of most of the drugs
from appendages route is steady-state
therefore this route is not able to penetrate
charged and large polar compounds
[103,104,105,106].
Appendages route (shunt route): In
appendages route drug transport through
sweat glands and their correlated sebaceous
glands. This route bypass penetration via
stratum corneum, therefore, it is known as
the "shunt" route.

Epidermal route:

Transcellular: In transcellular route drug
molecule transport across the epithelial
cellular membrane. This route transports
positively charged small molecules, active
transport of ionic and polar compounds. This
route is also responsible for endocytosis and
transcytosis of macromolecules.
Paracellular: In paracellular pathway drug
molecule transport through around or
between the cells. There is tight junction
between the cells therefore drug permeation
depends on the partition coefficient (log k).
Hydrophilic =~ drugs  penetrate  through
intracellular domains whereas lipophilic
drugs penetrate through stratum corneum via

intracellular route.
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Figure 1: Drug penetration pathways across the skin

There are various steps involve in drug
transport through the transdermal route to
reach system circulation. These steps are: a)
dissolution and release of drug from dosage
form b) drug partitioning into the stratum
corneum c) drug diffusion across the stratum
corneum d) drug partitioning from the
stratum corneum into viable epidermis layers
e) diffusion across the viable epidermis
layers into the dermis f) drug absorption by
capillary vessels, which achieves systemic
circulation [107]. The permeation of drug
candidates through the skin depends on
various  factors. These factors are
physicochemical properties, drug interactions
with the membrane, and pharmacokinetic
considerations. The drug which has
molecular weight <600 Da is a good
candidate for penetration through the skin

[108- 111].

ANTI-DIABETIC HERBAL
TRANSDERMAL PATCHES
AVAILABLE IN MARKET:

1. Diabex natural herbal patch: It is one
of the best natural solutions for
diabetes & high blood sugar level.
This patch contains extract of
Rehmannia, Rhizome anemarrhenae,
Trichosanthin, Arrowroot, Astragalus,
Scrophulariaceae, Berberin, Yam &
Borneol.

2. Dia Remedium: Dia Remedium also a
herbal transdermal patch which

contains Angelica sinensis, Radix
pueraria, Radix rehmanniae, Radix
paeoniae rubra & Lycium barbarum.

CONCLUSION: Herbal preparation holds a

huge potential for treating chronic diseases

like diabetes mellitus. Herbal drugs can be

formulated as synthetic ones because of their
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lower side effects, relative safety and non-
toxicity and minimal development of

resistance. Several drugs have been

scientifically validated for the efficacy but a
lot still needs to be done for their
standardization and effective use.
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