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Diabetes mellitus is a chronic metabolic disorder which is commonly found life-threatening disease and it continuously reducing
the life expectancy. It is characterized by hyperglycaemia (raised blood sugar level) resulting from defects in insulin secretion,
action, or both. Since thousands of years, medicinal plants are being used by our ancestors for the prevention, treatment or
even cure the diabetes mellitus. Utilization of these herbal plants is increasing rapidly last two to three decades due to their
lesser toxicity and cost effectiveness property as compared to synthetic drugs. In this review, approximately 30 medicinal plants
were described which are native to India and traditionally used by the people living in shivalik range of Himalaya in Uttarakhand
(specially Dehradun & Haridwar) for the treatment of diabetes mellitus. The data about these plants was collected from science
direct, PubMed, web of science, scopus, mdpi, google scholar and different other search engines and websites. This review was
conferred in a systematic way as it includes botanical name, family, vernacular name, parts used and pharmacological uses of
plants in a tabulated form. There are various scientific evidences behind the uses of some medicinal plants which have been
mentioned along with the summary of individual medicinal plant. In this review, all the plants and herbs are easily available in these
regions of Uttarakhand and local people traditionally uses these plants as vegetable, seasoning, flavouring and usually consume
as a part of their diet. There are some limitations of phytotherapy which limit it to completely replace the allopathic therapy as
less bioavailability, less rate of absorption and slow rate of dissolution. But by using various advanced dosage forms (phytosomes,
neosomes, liposomes, nanoparticles, nanobubbles, nano diamonds, nanosphere etc.) and method of delivery (various invasive
and non-invasive methods) which can bypass these all problems associated with the potency and efficacy of phytochemicals.

KEYWORDS: diabetes mellitus, medicinal plants, hyperglycaemia, ayurveda therapy, shivalik range of Himalaya.

3THOOAPMAKOJIOTMYECKUE ACNEKTbI YNPABJIEHUA CAXAPHbIM AVABETOM:
WCCNEQOBAHUE JIEKAPCTBEHHOW ®JIOPbI LUIUBAJIMKCKOIO XPEBTA TMMAJIAEB
B YTTAPAKXAHAE
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'YHuBepcuteT Mpaduk dpa Xunn, Y1TapakxaHg, MiHaus
2NHcTuTyT papmauun, KanvHra YHueepcuteT, Pannyp, UxaTtucrapx, Hana
SNHcTuTyT Papmaumn NIMS, NIMS YHusepcutet Kainyp, PagxactaH, Haus

CaxapHbi1 guabeT (CL1) — 3TO XPOHMYECKOe MeTabonMyecKoe pacCTPOMCTBO, KOTOPOE YacTo MPUBOAMT K YTPOXKAOLLUM XKMN3HM
3a6051eBaHNAM U MOCTOAHHO CHVXKAET OXKMOAEMYIO MPOLOIKUTENBHOCTb »KU3HU. OH XapaKTepusyeTcs rmnepriMkeMmen, Bos-
HUKaloLLen B pe3ysnibTaTe HapyLeHNa ceKpeLmmn UHCYNIMHA, ero AeNCTBMA UM TOro 1 Apyroro. Ha npoTaxeHnn TbicAYeneTnia
HalLW NpeaKn NCMONb30Bav IeKAaPCTBEHHbIE PAcTeHMA A1 NPOPUNAKTUKY, NedeHna unn gaxe nsnedyenua CL. B nocnegHne
[Ba-TPW AeCATUIETUS UCMOJIb30BAHME STUX TPABAHbIX PACTEHMIA CTPEMUTENBHO BO3POCSIO bnarogapsa Ux MeHbLIEN TOKCUYHO-
CTW Y SKOHOMUYECKOW 3P HEKTMBHOCTU MO CPABHEHMIO C CUHTETUYECKUMW NpenapaTamu. B 3Tom 063ope onrcaHo okorno 30 ne-
KapCTBEHHbIX PacTEHWI, KOTOPble ABNATCA POAHbIMU ANA VIHAUN 1 TpagnLMOHHO UCNonb3yloTca xuTtenamu LLneanukckoro
xpe6Ta MMMarnaeB B YTTapakxaHge (ocobeHHo B [lexpagyHe u Xapuasape) ans nedeHusa CLl. [JaHHble 0 3TUX pacTeHUsX GbUin
cobpaHbl 13 Science Direct, PubMed, Web of Science, Scopus, MDPI, Google Scholar n gpyrux nouckosbix cuctem n Be6-cain-
ToB. O630p NpeacTaBneH B CUCTEMATM3NPOBAHHOM BUE, BKMOUas 60TaHMYECKOe Ha3BaHWe, CEMbIO, HAPOAHbIE Ha3BaHWUS,
UCMOJIb3yeMble YacTu 1 papMaKOIOrMyeckoe NPUMEHEHNE PacTeHUNIA B TabnuyHol ¢opme. IMetoTcst pasnuyHble HayuHble fo-
Ka3saTenbCTBa NPUMEHEHUA HEKOTOPbIX JIEKAPCTBEHHbIX PAaCTEHUI, KOTOPbIE TakXe YNOMMHAKTCA BMeCTe C KPaTKUM ONnmncaHu-
€M KaXKoro 13 HUx. Bce pacteHus v TpaBbl, PaCCMOTPEHHbIE B 3TOM 00630pe, JIEKO JOCTYrHbI B 3TUX paioHax YTTapakxaHaa,
N MECTHbIE KUTENIM TPAAULIMOHHO UCMOSb3YIOT X KaK OBOLLY, MPUMpPaBbl M apOMaTU3aTopbl, 00bIYHO BK/OYAsA B CBOW PALIMIOH.
CyLLecTByIOT HEKOTOPbIE OrpaHNYeHnsa GUToTepanmm, KOTopble He NMO3BOMAIOT €l MOMHOCTBIO 3aMEHUTb anIonaTuyeckyo Te-
panuio, Takne Kak Hu3Kasi BMofoCTyNHOCTb, MedsleHHast CKOPOCTb abcopbLMM 1 MefieHHas CKOPOCTb pacTBopeHus. OgHako
C UCMNOJIb30BaHNEM PA3IMYHBIX COBPEMEHHbIX JIEKAPCTBEHHbIX GOPM (PUTOCOMBI, HEOCOMbI, IMMOCOMbI, HAHOYACTULbI, HAHO-
Ny3bIpbKW, HAHOANMa3bl, HAHOLIAPbI U T. A.) 1 METOAOB AOCTaBKY (pa3fMyHble MHBA3UBHbIE U HENMHBA3VBHbIE METOfbI), MOXHO
0060WTY BCe MNPOBIEMDI, CBSI3aHHbIE C MNOTEHUMNEN 1 3ODEKTUBHOCTBIO GUTOXMMUYECKUX BELLIECTB.

KJTIOYEBbIE CJTIOBA: caxapHsit Ouabem; iekapcmeeHHble pacmeHus; 2unepsiukemus; arpseedudeckad mepanus; LLlusanukckue frumanau.
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INTRODUCTION

In India, the WHO estimates that there are 77 million adults
(those over the age of 18) who have type Il diabetes and anoth-
er 25 million prediabetics who are at risk of developing this con-
dition in near future [1]. And according to a report by Sanyukta
Kanwal that was published in Statista, more than 74 million
Indians had been diagnosed with diabetes as of 2021, and that
number is projected to increase to more than 124 million by
2045 [2]. Whereas as per 10™ IDF Diabetes Atlas, there are 536.6
million peoples suffering with diabetes in the world till 2021
and this data will increase up to 783.2 million in 2045 [3]. Data
may vary study to study but all the study concluded it surely
that diabetes is a big matter of concern. For a number of rea-
sons, we have decided to review the native Indian flora as a po-
tential source of glucose-lowering compounds. First of all, na-
tive populations in focused area have a long history of using
herbal medicine, and they frequently have extensive knowl-
edge of therapeutic herbs and their uses. Second, investigating
the local flora is consistent with the ideas of ethnopharmacol-
ogy, which stresses the study of traditional medical practices
in search of possible therapeutic advantages. For systematic lit-
erature review, we employed a systematic approach to search,
evaluate, and select references for this review. Firstly, we have
conducted comprehensive literature searches using electron-
ic databases such as Web of Science, Scopus, Science direct,
PubMed, PubMed central, mdpi, Google Scholar, and relevant
botanical databases. Keywords related to ethnopharmacolo-
gy, diabetes management, medicinal plants, and dun & duar
of Uttarakhand located under shivalik rage of Himalaya (spe-
cially Dehradun & Haridwar) were utilized to ensure a thorough
search. Although, literatures for above places are merely availa-
ble in these databases but reviewed plants and herbs are easily
cultivated and available in this region and most of these herbs/
plants are the part of their diet as seasonal, vegetables and
foods. The inclusion criteria for literatures involved a critical re-
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view of the identified references to ensure that only high-qual-
ity and pertinent studies were incorporated into the review.
High blood sugar levels (hyperglycaemia) caused by inefficien-
¢y in insulin secretion, action, or both characterize diabetes
mellitus or DM, a chronic metabolic disease. DM became one
of the most serious, common and life-threatening disease and
this is continuously reducing the life expectancy [4]. Type 1 dia-
betes is an autoimmune disease that results in a lack of insulin
when the body’s immune system mistakenly targets and Kkills
the pancreatic cells responsible for making it. Contrarily, insulin
resistance, a condition in which the body’s cells become resist-
ant to insulin and the pancreas fails to produce enough insu-
lin to make up for it, is what causes Type 2 diabetes. Increased
thirst, frequent urination, blurred vision, exhaustion, and slow-
ly healing wounds are all signs of diabetes [5-7]. Serious com-
plications from uncontrolled diabetes might include kidney
failure, cardiovascular disease, neuropathy, and retinopathy
etc. [1, 8]. Type-ll diabetes mellitus (T-Il DM) is a growing con-
cernin India and even in worldwide, where sedentary lifestyles,
unhealthy eating habits, and genetic predisposition have led
to an increase in the incidence of T-ll DM [7, 8]. Due to their effi-
ciency and lack of adverse effects, plant-based treatments have
gained popularity for the treatment of T-Il DM last two to three
decades. In this article, we'll provide an overview of the plants
that are frequently uses to treat T-lIl DM. The basic type and
causes of diabetes mellitus are represented diagrammatically
by figure 1.

The purpose of this review is to shed light on the abun-
dance of ethnopharmacological knowledge that exists
in this part of India and explore the possibility of using native
medicinal plants to provide complementary or alternative
treatments for the management of diabetes. The review’s
goal is to expand the knowledge of traditional medicine and
its use within contemporary healthcare, especially in com-
bating towards diabetes and its complications, by gathering
and assessing these insights.

Types and Cause of Diabetes Mellitus
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Autoimmune disease. Hereditary predisposition,
Endocrine illness, viral infection. Autoimmune
destruction of beta-cells. Damage or removal

of pancreas, unfavorable environmental factors,

drugs and chemical toxins etc.

|

Type 1 Diabetes

l

Body is no longer to produce insulin
(insulin deficiency)

\

Obesity, sedentary lifestyle, physical inactivity,
high blood pressure. Race, genetics. High fat
and cholesterol level, smoking. Age over year,
stress etc.

l

Type 2 Diabetes

!

Body still produce insulin but it does not make enough
of it or it does not use it efficiently (insulin resistance)

Hyperglycemia (High blood glucose level)

Figure 1. Basic types and Causes of Diabetes mellitus.
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Figure 2. Pathophysiology of Diabetes Mellitus

PATHOPHYSIOLOGY OF DIABETES MELLITUS

Hyperglycaemia, or elevated blood sugar levels, is an in-
dicator of diabetes mellitus, a long-term metabolic condition
caused by deficiencies in insulin secretion, activity, or both.
An autoimmune process causes the pancreatic beta cells
to be destroyed in T-I DM, resulting in an absolute insulin de-
ficiency. In T-ll DM, the development of insulin resistance and
relative insulin shortage is caused by a confluence of genetic
and environmental variables, including as obesity, physical in-
activity, and ageing [7, 9]. Insulin resistance is the result of re-
duced glucose absorption and utilisation by target tissues, in-
cluding muscle, the liver, and adipose tissue. Insulin resistance
is brought on by a combination of impaired insulin signalling
and post-receptor abnormalities. In response, the pancreas
compensates by producing more insulin, which initially main-
tains normoglycemia but eventually leads to beta cell ex-
haustion and failure [5]. The hyperglycaemia of diabetes leads
to a range of systemic complications affecting various organs
and tissues including macrovascular problems like cardiovas-
cular disease, stroke, and peripheral vascular disease as well
as microvascular complications like retinopathy, nephropa-
thy, and neuropathy [5, 10].

Advanced glycation end products, oxidative stress,
inflammation, and altered signalling pathways serve as
the underlying mechanisms of these problems, which result
in endothelial dysfunction, tissue damage, and organ failure
[7]. In conclusion, the pathophysiology of diabetes is com-
plex and multifactorial, involving a range of genetic, envi-
ronmental, and metabolic factors, as well as intricate inter-
actions between various organs and tissues. Understanding
these mechanisms is essential for developing effective pre-
vention and treatment strategies for this growing global
health problem. The pathophysiology of diabetes mellitus
has been diagrammatically represented by figure 2.
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SUMMARY OF SOME MEDICINAL PLANTS WITH A BRIEF
DESCRIPTION

S. cumini (Myrtaceae) is native to India and commonly
known as Jamun and traditionally, it is considered as Holy tree
and used as Antidiabetic herbs [11]. Jamun is also used as an-
tihyperlipidemic, antiplaque, neuro-psychopharmacological,
nephroprotective, radioprotective, antidiarrheal, antiarthritic,
antipyretic, antifertility, antimicrobial, antioxidant, hepato-
protective and antiulcer etc. [12]. The antihyperglycemic
potential of S. cumini is supported by a number of research
studies. The effectiveness of jamun leaves in preventing «pro-
cesses of oxidation, glycation, inflammation, and digestive
enzyme catalysis» was examined in an investigation pub-
lished in Journal of Ethnopharmacology. Researchers came
to the conclusion that S. cumini had antioxidant and antiglyca-
tion features in addition to its capacity for inhibiting digestive
enzymes [13]. In another study, investigator used aqueous
extract of S. cumini to evaluate its antihyperlipidemic & anti-
dyslipidemic pharmacological potential of it in diabetic rats.
After giving 200 mg/kg per day and 400 mg/kg per day for
21 days, they observed a significant decrease in serum insulin
levels. Aqueous extract of S. cumini also showed a significant
reduction in insulin resistance and improvement in beta-cells’
functions [14]. After critically study of many studies, it can be
concluded as seeds and leaves of S. cumini have a great an-
tidiabetic potential. Generally, peoples consumed jamun as
a fruit and its low toxicity, clinically safe nature and easy avail-
ability makes it a prominent antidiabetic herb.

B. variegata (Fabaceae) is distributed all over the India
including Uttarakhand and it is popularly called as Kachnar.
Numerous phytochemicals, including glycosides, flavonoids,
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saponins, kaempferol, tannins, and terpenoids, may be found
in abundance in each part of this plant, which is why it is
so well-known as a medicinal tree. Traditionally, it has been
used to cure different diseases like diabetes mellitus, hyper-
lipidaemia etc. [15]. To confirm its antidiabetic effect, a study
was conducted on STZ (streptozotocin) induced diabetic
rats by administering ethanolic (EtOH) extract of Kachnar
leaf (once daily for 21 days). At the end of study, investiga-
tor observed a significant reduction in blood glucose level
at 400 mg/kg (highest dose) of EtOH extract of Kachnar leaf.
Study also explored its antihyperlipidemic and antioxidant
potential [16]. A comparative study between five medicinal
plants also enlightened the antidiabetic activity of B. varie-
gata. By doing in vitro evaluation of these five medicinal
plants (A. indica/Neem, B. variegata/Kachnar, Dalbergia sis-
soo/Tahli, Psidium guajava/amrood and S. cumini/Jamun),
authors concluded their findings as methanolic leaf extracts
of kachnar and jamun exhibit better antidiabetic and antiox-
idant potential than remaining three medicinal plants [17].
Additionally, Kachnar could potentially induce mild gastric
discomfort in individuals with a sensitive stomach. Large
doses of Guggul may lead to adverse effects such as head-
aches, nausea, diarrhoea, hiccups, allergic reactions, skin
and itching [15].

A. marmelos (Rutaceae) is native to India and easily
found in areas focused for review, it is commonly known
as Bael which is considered holy by Hindus. Traditionally,
its bark, leaves, stem, fruit and seeds have been used as
medicinal herbs due to their various pharmacological sig-
nificances. A. marmelos have antihyperglycemic effect, an-
tiulcer, antidiarrheal, gastroprotective, antiviral, cardiopro-
tective effects etc.[18]. There are a lot of scientific evidences
which confirmed the antidiabetic potential of A. cumini.
One of them is published in Journal of Food Biochemistry’
and in this, the investigators used leaf extract of A. cumini
(Alkaloid free hydroalcoholic) to investigate the antidia-
betic potential of Bael. The findings of this study are sig-
nificantly decreased blood sugar level, ameliorated state
of dyslipidaemia, status of oxidative stress in diabetic mice.
Even, authors found improved functions of pancreatic beta
cells [19]. In a different study, the alcohol-based A. cumini
leaf extract’s potential to combat diabetes is investigated.
Also, they have conducted its cytotoxicity study in vitro by
using HepG2 cells. Finally, they came to the conclusion that
A. cumini would be an exceptional restorative therapy for
DM and related disorders [20].

A. indica (Meliaceae), a plant native to India, is popularly
called as nimba or neem in India. It is recognised to have an-
tidiabetic, antipyretic, anti-inflammatory, and antibacterial
effects and has a broad range of clinical relevance [21, 22].
There are a lot of scientific evidences about antidiabetic
potential of Neem and one of them published in Journal
of Ayurveda and Integrative Medicine investigated it on
high fat diet induced diabetic rats. In this study, after giving
diabetic rats 400 mg/kg of A. indica leaf extract for 30 days,
researchers noticed the impairment in glucose tolerance,
the insulin signalling system, glucose oxidation, and gly-
cogen concentration. At the dose of leaf extract supplied,
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researchers also observed normalisation in aberrant levels
of blood sugar, serum insulin, insulin signalling molecules,
and GLUT4 (glucose transporter type-4) proteins. Hence, af-
ter evaluating these findings, we can conclude it as A. India
exhibit a significant role in the management of T-1l DM [23].
In various studies, it has been also observed that A. indica
shows dose dependent toxicity on different animal model
like mice, rats & hamster etc [24-28]. But mostly it adversely
affects liver & kindly as in a study, investigators suggested
that due to high concentration of nimbolide and nimbic
acid, it causes hepatocyte degeneration [24-26]. Also, it had
shown to give rise to skin allergens [25, 28].

M. charantia (Cucurbitaceae) is commonly called as
Karela and traditionally, the people of these regions of India
used it as an herbal medicine and vegetable. Other names
for karela include bitter melon and bitter gourd. Karela has
antidiabetic, anti-inflammatory, antibiotic and blood pu-
rifying properties. Various scientific studies showed that
the fruit and leaves of karela has a great antidiabetic poten-
tial [29-32]. The electronic journal of biotechnology recently
released a study on how M. charantia saponin (MCS) affect-
ed oxidative stress and the insulin signalling system in type |l
diabetic rats. Additionally, it was observed that MCS might
lower fasting blood sugar levels and enhance rats’ glucose
tolerance, insulin sensitivity, and insulin content [30]. There
are a lot of scientific evidences which provide the clarity
about the antidiabetic and hypoglycaemic effects of karela
or M. charantia [29]. Numerous toxicological investigations
have illustrated those extracts from M. charantia may induce
toxicity in various organs at different dosage levels [33-36].
Recently, a zebrafish study confirmed its teratogenic and car-
diotoxic effects at specific doses [33]. Additionally, in 2020,
Abdillah et al. documented hepatotoxic and nephrotoxic
effects of M. charantia ethanolic extract over 28 days [34].
Further clarification of these reported toxicities on vital or-
gans is necessary to establish a safe dosage for usage.

T. frenum-graecum (Fabaceae) is commonly known as
Methi or fenugreek and traditionally its seeds and leaves
have been commonly used as seasoning and vegetable in all
over India. Its seeds have antidiabetic, antihyperlipidemic,
antidepressant, antianxiety, antioxidant as well as immu-
nomodulating effects [37]. A randomizes controlled clinical
trial study investigated antidiabetic effect of fenugreek on
diabetic patients. This study was conducted on 12 uncon-
trolled diabetic patients where investigator gave 2 gm me-
thi per day to patients. After 12 weeks, investigator noticed
a significant increment in fasting insulin level but insignif-
icant reduction in fasting blood sugar level [38]. Another
study was published in Journal of Diabetes Research which
also investigated the antidiabetic effect of fenugreek seed
powder. This study was performed on 114 newly diagnosed
diabetic patients and investigator found pronounced effect
in lipid metabolism in T-l diabetic patients without any side
effects. Hence, it can be concluded as fenugreek may give
new alternatives for the clinical management of T-1l DM [39].
The potential side effects of methi and its various prepara-
tions have been investigated to identify possible adverse re-
actions. While major clinical trials assessing Trigonella's use
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as conventional or alternative herbal medicine are lacking,
current knowledge of its side effects primarily stems from
user-reported symptoms and animal studies, including
stomach upset, diarrhoea, or bloating [40, 43]. Also, the in-
take of fenugreek seeds during pregnancy has been linked
to a spectrum of congenital abnormalities, such as hydro-
cephalus, anencephaly, and spina bifida [41]. The findings
of another study, indicate that exposing mice to a high
dose of fenugreek seeds during prenatal development led
to growth delays and changes in neurobehavioral perfor-
mance after weaning [42]. However, the underlying molec-
ular mechanisms behind these effects still require further
investigation [43].

Common names for G. sylvestre (Apocynaceae) are
Gurmar and madhunashini. Historically, diseases like diabe-
tes, arthritis, dental caries, anaemia, hypercholesterolemia,
asthma, constipation, and others have been treated with
the seeds and leaves of the Gurmar plant in Dehradun &
Haridwar as well as whole Northern region of India. Gurmar
has promising diabetes therapeutic potential since it has
a favourable impact on blood sugar homeostasis, man-
ages sugar cravings, and encourages pancreatic regener-
ation [44]. According to a study published in the Journal
of Ethnopharmacology, 22 T-Il DM patients taking conven-
tional oral antidiabetic medications participated in the trial
to determine the efficiency of an extract (GS4) from the leaves
of Gurmar in lowering blood sugar levels. For a period
of 18 to 20 months, 400 mg of GS4 was given daily as a com-
plement to the usual oral anti-diabetic medications. Patients
who underwent this therapy experienced a considerable de-
crease in their blood sugar levels, glycosylated haemoglobin
and plasma proteins, as well as a reduction in the frequency
and quantity of their regular antidiabetic medication. Out
of the 22 T-Il DM patients, 5 were able to discontinue using
their traditional medications and maintain blood sugar ho-
meostasis with GS4 alone. The presence of elevated insulin
levels in the serum of T-Il DM patients supports the assertion
that these data also imply that the beta cells of the pancreas
may be restored in T-Il DM patients with GS4 supplementa-
tion [45]. There are not many numbers of literatures which
declared G. Sylvester as toxic but, in some studies, its toxicity
has been observed. Shiyovich et. al.,, (2010) reported a case
of G. sylvestre induced liver injury (toxic hepatitis) [46] as
well as Khare et. al., (1983) observed its hypoglycaemic ef-
fect on non-diabetic & diabetic patients [47].

O. tenuiflorum or O. sanctum (Lamiaceae) is native to Indian
subcontinent and it can be easily found all over the India [48].
It is basically found in two variant that are Rama Tulsi or Sri
Tulsi (green coloured leaves) and Krishna Tulsi (Purple colour-
ed leaves) [49]. It considered as sacred plant by Hindus and
it is commonly known as Tulsi or Holy basil. It contains more
than 60 phytochemicals including steroids, phenols, phenyl
propanoids, essential oils etc. and it is scientifically proven
that it is used as antidiabetic, antioxidant, anticancer, an-
tistress and anti-inflammatory etc. [48]. Numerous in vitro,
in vivo, and clinical studies have been carried out to check
O. sanctum’s antidiabetic efficacy. One of them is published
in ‘Caspian journal of Internal medicine’and in this, investiga-
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tor used MeOH (methanolic) leaf extract of Tulsi to conduct
the evaluation of IVIV (In vitro-In vivo) antidiabetic and antiox-
idant activity. The STZ-induced diabetic Wistar rat model was
chosen by researchers for in vivo research, and suppression
both a-amylase and a-glucosidase was used for in vitro re-
search. Finally, researchers reported that diabetic wistar rats
had significantly lower blood glucose levels and oxidative
stress [50]. Three species of tulsi (O. basilicum L./Green Tulsi,
O. gratissimum L./Jungli Tulsi, and O. tenuiflorum/Black Tulsi)
have been found to have considerable anti-inflammatory
and anti-diabetic potential in a comparative research [51].
Although tulsi is very spiritual plant in Sanatan Dharma and
many peoples administering it on daily basis as herb for all
diseases, but it can be toxic for any individuals as it can give
rise to skin allergens as well as it is contraindicated with anti-
coagulants and antiplatelets drugs [52, 53].

T. cordifolia (Menispermaceae) is a native to India and
traditionally, peoples used it as a medicinal plant. Giloy
(T. cordifolia) exhibits antidiabetic, gastroprotective, an-
tidiarrheal, anti-inflammatory, antioxidant and analgesic
properties. Even many people believed that it has great
potential in the treatment of typhoid, dengue and malar-
ial fever as well as people used to drink its juice as an im-
munostimulant drink [54]. A scientific study regarding an-
tidiabetic potential of Guduchi/Giloy has been published
in Innovative food science and emerging technology states
that phytochemicals of T. cordifolia have similar effect as in-
sulin and antihyperglycemic property. And authors found
that chloroform extract of Giloy shown highest hypogly-
caemic activity as 1C50-11.34mg/ml. There is an issue re-
garding its low bioavailability and poor stability which
limits its antidiabetic potential but author used whey pro-
tein-based electro sprayed nanospheres and observed
a tremendous increment (28.12%) in its activity. By using
modern drug delivery systems as nanospheres, liposomes,
neosomes, nanobubbles, nano diamonds etc., we can by-
pass its low bioavailability and low stability issues. After
studying various research and review articles, we can con-
clude it as T. cordifolia has excellent hypoglycaemic poten-
tial and it can provide insulin mimicking effects [54-57].
Giloy is widely regarded as a safe botanical entity, with
scant scientific literature documenting any potential tox-
icity. In a study conducted by Gupta & Sharma (2003)
have shown that administering a 70% methanolic extract
of Tinospora cordifolia stem orally can result in reduced
sperm motility and density, decreased serum testosterone
levels, as well as lowered protein, sialic acid, and glycogen
contents. Additionally, this extract has been found to de-
plete vesicular fructose in the testes, ultimately leading
to diminished male fertility in rat subjects [58].

A. Sativum (Amaryllidaceae), a flowering plant is widely
used for flavouring and seasoning purpose. There is a lot
of human and animal studies which confirms that garlic has
copious number of medicinal properties due to its sulphur
containing phytochemicals. It shows antidiabetic effect, car-
dioprotective property, antimicrobial effect, anticancer, anti-
oxidants and hypoglycaemic effects etc. Since last two dec-
ades, garlic became popular for its antidiabetic effect [59, 60].
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In an investigation, authors compared antidiabetic effect
of Garlic with glibenclamide (600 microgram/kg). Author
gave garlic extract for 14 days via oral route to normal and
STZ-induced rats and evaluated its effect on level of glucose,
triglycerides, total cholesterol, AST and ALT. Investigator
observed significant decrease in level of glucose, urea, uric
acid, AST, creatinine, total cholesterol, triglyceride and con-
cluded the study as garlic extract exhibit better antidiabet-
ic effect than glibenclamide [61]. There are lot of scientific
evidences published in various reputed international jour-
nals and reports that support the hypoglycaemic property
of garlic [59-64]. Generally, garlic is used as a part of diet
worldwide and its low toxicity, clinically safe and cost-effec-
tiveness make it first choice as a complete solution for many
ailments.

Table 1. List of traditional plants used to treat Diabetes Mellitus type 2.

OPUTMHAJIbHOE NCCNEAOBAHUME

DISCUSSION & CONCLUSION

As it is already discussed that shivalik range of Himalaya
(specially Dehradun & Haridwar) of Uttarakhand, India is
highly rich in biodiversity of medicinal plants. Since thou-
sands of years, these are used by local population to get relief
from various diseases including diabetes. Various scientific
studies have been cited in this review which confirms that
these medicinal plants are the best alternative to allopathic
medicines to treat or even cure the diabetes mellitus. These
medicinal herbs have the potential to control the blood glu-
cose level as well as increase the blood insulin level and re-
pair the insulin secretory cells of pancreas. Botanical source,
vernacular names and possible clinical significance of these
medicinal plants are shown in table 1. All the findings of this

S.No. Botanical Name Family Vernacular Part Ethnopharmacological uses Reference
name used
Antidiabetic, Antiarthritic, Dental
1 Gymnema Apocvnacede Gurmar, Seed, carries, Antibiotic, Antimicrobial, [31.32]
sylvestre pocy Madhunashini  Leaves  Anti-inflammatory, Anticancer, '
Immunomodulator etc.
5 Momordica Cucurbitaceae Karela, Bitter Seeds, Antidiabetic, Anti-inflammatory, [24-27,
charantia melon Fruit Antibiotic etc. 43]
. Seed, Antidiabetic, Antioxidants, Anti-
3 Azqdlrachta Meliaceae Neem, Nimba Leaves inflammatory, Anticancer effects [21, 22]
indica .
and Fruit etc.
Trigonella Methi, Seed, Ant!dla}betlc, Antl-hype.rhpldemla,
4 frenum-araecum Fabaceae Fenuareek Leaves Antioxidants, neurological [28, 30]
9 9 disorders etc.
Antidiabetic, Antihyperlipidemic,
. - Seed, Antiulcer, Hepatoprotective,
5 Syzygium cumini Myrtaceae Jamun, Jambul Fruit Antiplaque, Antipyretic, [11,12]
Antidiarrheal etc.
. . Antidiabetic, Gastroprotective,
6 T;I’I’ZII’;G/IG Combretaceae Harad, Haritaki Eru:;c, Antiparasitic, Hepatoprotective, [47, 48]
chebuia ar Antioxidant, Antiaging etc.
Daru Haldhi, Leaves Antidilgbe:‘;ic, ngdigvisculir
7 Berberis aristate  Berberidaceae Daruharidra, » complications, UXIdative stress, [32,49]
Zarishk Wood neurodegeneration, hepatic
arts dysfunctions etc.
Bulb Antidiabetic, Cardiovascular
8 Allium sativum Amaryllidaceae  Lehsun, Garlic L ! diseases, common cold, cancer, [50, 51]
eave Antimicrobial, Antiviral etc.
. . Antidiabetic, Gastroprotective,
9 Aegle marmelos  Rutaceae iaeIiBllva, Wood [t‘UIt, Antidiarrheal, Radioprotective, [52, 53]
ppie eaves Cardioprotective, Antimicrobial etc.
Antidiabetic, Hepatoprotective,
Nardostachys - Jatamansi, Whole Anti-Parkinson, Hypoglycemic
10 jatamansi Caprifoliaceae Muskroot Plant insecticidal, Anticancer, (54, 55]
Anticonvulsant etc.
Bark, Antidiabetic, Strong Antioxidant,
11 Acacia catechu Fabaceae Katha, Khadir Wood, Astringent, Antimicrobial, [56, 571
Seed Immunomodulatory etc.
Bauhinia Kachnaar, Antidiabetic, Antihyperlipidemic,
12 variegata Fabaceae Orchid tree Flower Antioxidant [15,16]
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Vernacular

Part

S.No. Botanical Name Family Ethnopharmacological uses Reference
name used
Fruit, Antidiabetic, Immunomodulatory,
13 Piper longum Piperaceae Pippalli Leaves, Insomnia, Dementia, Epilepsy [58-60]
Root Carminative etc.
Antidiabetic, Antistress,
Ocimum . : . Leaves, Radioprotective, Anticough,
14 sanctum Lamiaceae Tulsi, Holy basil Wood leishmanicidal, Antioxidant, Anti- [33, 61]
inflammatory etc.
. . Antidiabetic, Antiviral, Jaundice,
15 And{’ographls Acanthaceae Kalmegh, King  Leaves, Anti-obesity, Anti-inflammatory, [62.63]
paniculate of Bitter Root Anticancer etc
" . Heart Antidiabetic, Analgesic, Anti-
16 Pterocar.p us Faboideae \}gjaysar, Indian Wood, inflammatory, Hepatoprotective, [64, 65]
Mmarsupium Ino Seeds Antifungal, Antioxidants etc.
Commiphora Guggul, Indian  Resin, Antidiabetic, Cardioprotective, IBD,
17 wightii Burseraceae bdellium tree Fruit Ulcer, Arthritis etc. [66-68]
Boerhaavia . Leaves,  Antidiabetic, Anemia, Qedema,
18 . Nyctaginaceae Punarnava Flowers, Expectorants, R.A., Anticonvulsants  [69, 70]
diffusa
Pollen etc.
Casearia Antidiabetic, Antihyperlipidemic,
19 lent Salicaceae Saptarangi Root Anticaries activity, RFA, [71-73]
esculenta Hepatoprotective etc.
20 Swertia chirata  Gentianaceae Chirayata Whole Ant!dlat_)etl_c, Bitter tonic, febrifuge, [74-76]
plant Antiperiodic, stomachic etc.
, Antidiabetic, Antioxidant,
21 T/ntc);;)c;.ra Menispermaceae Giloy, Guduchi IIEea.\:es, Immunomodulatory, Anti- 41[3‘7"233’7]
corairolia ruits inflammatory, Anticancer etc. T
Antidiabetic, Antidiarrheal,
22 Lepidium sativum Brassicaceae E{h;‘andr:aprabha, gefd’ ; Antioxidant, Antiasthmatic, Bone [78,79]
aloo Prouts  gacture etc.
Phyllanthus . Antidiabetic, Antiviral, Antifungal,
23 emblica Phyllanthaceae ~ Amla Fruits Antiallergic, Antimicrobial etc. [80, 81]
Leaves, Antidiabetic, Cardioprotective,
24 Picrorhiza kurroa Plantaginaceae  Kutki Flower,  Antimalarial, Immunomodulatory, [82, 83]
Rhizome Antimicrobial etc.
Stem Antidiabetic, Antioxidant,
. Bark, Hepatoprotective, Antitumor,
25 Cassia fistula Fabaceae Amaltas Seed, Antimicrobial, Anti-inflammatory [84-86]
Leaves  etc.
Antidiabetic, Antioxidant,
26 Butea Fabaceae Palash Flowers Antl-lnﬂammgtory,'mgtr.lx [87,88]
monosperma metalloproteinase inhibitory
activities etc.
Fruits Antidiabetic, Antiurolithic,
27 Tribulus terrestris  Zygophyllaceae  Gokharu B ! Anthelminthic, Antispasmodic, [89, 90]
urs Anticariogenic activities etc.
28 . . Stigmas, Ant_lqhabetlc, pleotropic
Crocus sativus Iridaceae Kesar, Saffron Fl anti-inflammatory effects, [91,92]
ower neuroprotective, Antioxidants etc.
29 Zlng{ber Zingiberaceae Adrak, Ginger  Rhizome Ant|d|abet|c, Antlclottlpg, Anti- [93-95]
officinale inflammatory, Analgesic etc.
Withania Ashwagandha, Leaves, AnF'd'a.be“C’ Antihyperlipidemic,
30 . Solanaceae . . Oxidative stress, Immunomodulator [96, 97]
somnifera Indian Ginseng  Root

etc.

Abbreviations. DM: diabetes mellitus, RA: rheumatoid arthritis, IBD: inflammatory bowel disease, RFA: reproductive function activity, AST: aspartate

aminotransferase, ALT: alanine aminotransferase
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review suggests that individual plant mentioned above is
capable to treat diabetes and if they are taken along with
any medicines like metformin, glibenclamide etc., they show
synergistic action on the diabetes mellitus and enhance
the efficacy of that particular medicine. These all herbs like
Giloy, Jamun, Neem, Methi, Karela, Gurmar, Lehsun etc. are
easily found in whole northern region of India including
Dehradun & Haridwar and local peoples of this region used
these plants or herbs directly or indirectly to treat diabetes
since thousands of years. Most of these discussed plants are
used as vegetables, seasoning, flavouring and spices etc.
Complications of diabetes mellitus result not only from high
blood glucose and there are some other serious complica-
tions associated with diabetes like kidney failure, impair-
ment in glucose tolerance, insulin signalling system, insulin
sensitivity, glucose oxidation, and glycogen concentration,
oxidative stress, obesity, liver dysfunction etc. Many litera-
tures suggest that the people living with their traditional
lifestyle are maintaining their fitness and health by using
these traditional plants as a part of their diet but since last
two or three decades, modernisation and urbanisation dras-
tically affects their lifestyle and food patterns. This sedentary
lifestyles, unhealthy eating habits, and genetic predisposi-
tion played a vital role in increment in the cases of diabetes
mellitus in this region [116, 117]. With phytotherapy, there is
a problem of their less bioavailability and rate of absorption.
As compare to allopathic therapy, phytotherapy shows less
potency and efficacy towards its targeted site and disease.
Butin the field of pharmaceutics, there are various advanced
dosage forms (phytosomes, neosomes, liposomes, nano-
particles, nanobubbles, nano diamonds, microsphere etc.)
and method of delivery (various invasive and non-invasive
methods) which can bypass these all problems associated
with the potency and efficacy of phytochemicals [118-120].
Various superdisintegrants, advanced polymers and other
excipients are available in the market which have capability
to increase their bioavailability, rate of absorption, retention

OPUTMHAJIbHOE NCCNEAOBAHUME

time, contact time, rate of dissolution and disintegration etc.
Although phytotherapy has very less toxic effect, but various
toxicological evidences also confirm it that these herbs or
plants can be a greater alternate to the existing medicines
[121, 122]. If we see the trend, most of the researcher related
to pharmacy field are doing investigation on phytochemi-
cals and exploring their clinical significances. These all ef-
forts indicate that phytotherapy has an excellent potential
to treat or even cure these deadly diseases including diabe-
tes mellitus. After reviewing many research and review arti-
cles, we can conclude it as mentioned plants or herbs have
a great potential to prevent, treat and cure diabetes mellitus.

ABBREVIATIONS

DM: diabetes mellitus, T-I: type-l, T-ll: type-l, WHO:
world health organisation, IDF: international diabetes feder-
ation, STZ: streptozotocin, EtOH: ethanol, MeOH: methanol,
RA: rheumatoid arthritis, IBD: inflammatory bowel disease,
RFA: reproductive function activity, HepG2: human liver
cancer cell line, GLUT-4: glucose transporter type-4, MCS:
Momordica charantia saponin, GS4: Gymnema sylvestre ex-
tract, IVIV: In-vitro In-vivo, AST: aspartate aminotransferase,
ALT: alanine aminotransferase.
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