Chapter 2
REVIEW OF
LITERATURE

Exploring through internet sources, Google scholar, PubMed, science direct and
others using keywords like ‘polyherbal formulation” AND/OR ‘antidiabetic activity’
AND/OR  ‘hyperglycaemia’ AND/OR  ‘hypoglycaemia’ resulted in the

documentation of a number of formulations.
2.1 Polyherbal formulations for diabetes

A total of 76PHFs standardized for the management of diabetes have been
documented in this review. The names of the formulations, their composition
(plants/plant parts), the experimental models used, and the effect(s) of PHFs in
comparison to reference drugs are summarised in Table 2.1. India alone houses over
62 million individuals diagnosed with diabetes (Puri et al., 2020) and thus efforts are
made to search and develop plant-based therapeutic agents to overcome the
epidemic. PHFs have been widely embraced in many developing and developed
countries to treat various diseases (Ekor, 2014). Referred to as the medicinal garden
of the world (Dukare et al., 2017), India contributes maximum for the development
of PHFs with 56 reports out of 70 reported, followed by Pakistan (Anderson et al.,
2003), Iran (Cho et al., 2018), Korea (Cho et al., 2018), Bangladesh (Shaw et al.,
2010), Indonesia (Shaw et al., 2010), China, Eritrea, Iraq, Israel and Nigeria
(Kamtekar and Keer 2014).

2.2 In vitro analyses

Among the 76 PHFs, only APKJ-004, composed of FEugenia jambolana and
Cinnamomum zeylanicum, was subjected to in-vitro assay on 3T3-L1, C2CI12 and
HepG2 cell lines to ascertain their a-glycosidase inhibitory activity compared to

acarbose as standard (Jamil et al., 2012).
2.3 Preclinical trials

Seventy-one PHFs were tested for their therapeutic efficiency on the biochemical
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parameters of alloxan- or streptozotocin-induced diabetic rodents (table 1). The anti-
diabetic activity of Diakyur (Joshi et al., 2007), Karnim Plus (Bangar et al., 2009),
PHF (Karigar and Shariff 2009), Polyherbal preparation (Kumar et al., 2010),
Diashis (Bera et al., 2010), APKJ-004 (Jamil and Amarachinta 2012), Polyherbal
extract (Ramesh et al., 2012), DIA-2 (Kesavanarayanan et al., 2013), PHF (Rajwar
and Khatri 2013), Herbal combinations (Widyawaruyanti et al., 2013),
Madhurakshak (Mdr) [Mandan et al., 2014], Saptarangyadi Ghanavati (Singh et al.,
2014), Aloe camperi, Meriandra dianthera and polyherbal drug (Demoz et al., 2015),
PHPE (Gupta et al., 2016), Polyherbal extract (Tripathi et al., 2016), HF1& HF2
(Chaudhuri and Sharma 2016), PHADT (Suman et al., 2016), (ADCO05 Sur and
Hazar 2017), DS-01 (Jagtap et al., 2018), Mixed spices (Islam et al., 2018), PH
(Iftikhar etal., 2010), PHF (Srivastava and Rai 2018), Tetraherbs (Kiani et al., 2018),
Mixture extract (Muhsin et al., 2019), PHF (Mali et al., 2019), PHF (Shah et al.,
2019), PHF (Ghauri et al., 2020], ADDI and ADD2 (Mawlieh et al., 2020), PHF
[Nair et al., 2021), PHF (Roy et al., 2021), Safuf-i-Dhayabitus (Nasir et al., 2022),
Polyherbal formulation (Perumal et al., 2022) were less when compared to the
reference drug. All other PHFs were found to be more effective than the standard
drugs like acarbose, glibenclamide, glimepiride, pioglitazone, rosiglitazone,

tolbutamide and metformin used in the studies.

In 2009, Chan and co-workers (Chan et al., 2009) investigated the effect of SR10, a
PHF comprising of roots of Radix astragali, Radix codonopsis, and Cortex lycii, on
blood glucose level (BGL) in diabetic mice. They inferred that both the low (464
mg/kg/day) and high (927 mg/kg/day) doses failed to bring back the glucose level to

normal when compared to the standard drug metformin.

An experiment by Akhtar and colleagues (Akhta et al., 2012) looked at how Ziabeen,
a mix of eight different herbs, affected blood glucose levels (BGL) as measured by
the oral glucose tolerance test (OGTT) in diabetic rabbits. Their study indicated that
administration of Ziabeen (4 g/kg) down-regulated the BGL after 30 min in contrast
to the reference drug pioglitazone, where the BGL was up-regulated significantly
(P<0.05) until 5 h. The efficacy of PHF Madhumehantak churna (MMC) was studied
by Bhattacharya and Reddy (Bhattacharya and Reddy 2018) on diabetic rats. Both
the low (216 mg/day) and high (648 mg/day) dose of MMC were able to bring back
the BGL to near normal in a manner comparable to standard glibenclamide (10 mg/
kg/day). However, the low dose of MMC was more effective at 14 and 28 days when
compared to the high dose.
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Thakkar and Patel et al., 2012, formulated Glyoherb, which consisted of 14 plant
extracts as enlisted in table 1. In addition to this, they also included commercially
available formulations, which are available in the market as Arogyavardhini vati,
bang bhasma and chanraprabha vati. The Arogyavardhini vati is composed of
Picrorhiza kurroa, Terminalia chebula, Terminalia bellerica, Emblica officinalis,
Commiphora wightii, Ricinus communis, Azadirachta indica, and Asphaltum, also
known as Shilajit, along with metals such as pure mercury, purified sulphur, iron,
mica, and copper, have been purported to possess therapeutic properties for treating
different illnesses (Kumar et al., 2013). Bang bhasma is a herbo-metallic ayurvedic
preparation prepared from tin. Chandraprabha is a proven formulation having
glucose-lowering and anti-hyperlipidemic activities and is a blend of 37 herbo-

mineral ingredients (Wanjari et al., 2016).

Mawleih and co-workers et al., 2020, evaluated the anti-diabetic potentiality of two
commercially available anti-diabetic food supplements Dia Areca (areca nut, beetle
vine, lime, lemon, jamboo, and edible grasses) (https://www.shopclues.com/dia-
areca-food-supplementary-for-manage-diabetes-65-days-course-500ml-x-4) and
Asanadi Kashaya Choorna composed of different parts of 23 plants (https://
www.ayurmedinfo.com/2012/07/14/asanadi kashayam-benefits-dosage-ingredients-
side-effects/).The relevance of evaluation of anti-diabetic activity of already
available commercial drugs for treating diabetes by Mawleih et al. (Mawleih et al.,
2020) 1s, however, unclear. Instead of carrying out the routine experimental work
against diabetes, the researchers could have made an attempt to study the mechanism

of action of these ayurvedic food supplements.

Recently in 2022 Safuf-i-Dhayabitus composed of Gymnema sylvestre, Tinosopra
cordifolia, Zingiber officinalis, Syzygium cumini and other than plants Salajeet
(Asphaltum) and metals Kushta-i-Faulad (Calx of iron) in combination with
standarded drug glibenclamide possesses significant antidiabetic, hepatoprotective

and nephroprotective (Nasir et al., 2022).
2.4 Clinical trials

The efficacy of PHFs on T2DM patients through clinical trials was conducted on 7
formulations namely Diabecon (D-400) (Kant et al., 2000), Diabegon (Pachauri et
al., 2009; Mahajan etal., 2013; Yadav et al., 2014), Glucolevel (Said et al., 2008),
Karnim Plus (Shrirang et al., 2017), PHF (Zarvandi et al., 20170, novel PHF (Rashid
etal., 2018), and Talapotaka churna (Nille et al., 2017).
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Kant et al. (Kant et al., 2000) studied the effect of Diabecon (D-400) on various
parameters, including micro-aneurysm, hemorrhage, exudation, and retinitis
proliferans in patients with diabetic retinopathy. They inferred that 2 tablets of
Diabecon (D-400) thrice daily for 12 weeks helped to ameliorate the retinal changes
that occurred due to diabetes. However, the clinical efficiency of Diabecon (D-400)

was not compared with a reference drug.

The PHF, Diabegon was subjected to clinical trials on the patients with T2DM by
three groups of researchers (Pachauri et al., 2009; Mahajan etal., 2013; Yadav et al.,
2014). Diabegon (100 mg/kg body weight) demonstrated dose-dependent depletion
in blood glucose and augmented insulin secretion, possibly by stimulating
pancreatic B-cells and/or elevated insulin susceptibility by extra-pancreatic action.
The results were comparable to standard glibenclamide and rosiglitazone (Pachauri
et al., 2009). Mahajan and his team (Mahajan etal., 2013) experimented the effect of
decoction obtained from Diabegon (10 g) on patients with T2DM. Oral
administration of decoction on an empty stomach for 6 months revealed that the
PHF could restore the level of blood glucose and glycosylated hemoglobin (HbAlc)
to normal. In addition, it improved glycosuria and proteinuria. The clinical
management of T2DM subjects with metabolic syndrome was conducted by
supplementing with 4 g Diabegon twice daily for 18 months (Yadav et al., 2014).
After one and a half year of therapy, Yadav et al. (Yadav et al., 2014). reported a
decrease in both fasting blood glucose (FBG) and postprandial blood glucose
(PPBG) by 12.30-42.00% and 28-32%, respectively. Both the studies by Mahajan et
al. (Mahajan etal., 2013) and Yadav et al. ((Yadav et al., 2014) were not backed by
reference drugs to judge the efficacy of Diabegon. The hypoglycemic activity of
Diabegon might be attributed to the synergistic effect of various bioactive
components present in different plant and plant parts used as ingredients in the

formulation.

The anti-hyperglycemic activity of Glucolevel, a blend of leaves of Juglansregia,
Olea europaea, Urticadioica, and Atriplexhalimus, was studied on human subjects
by Said et al. (Said et al., 2008). The patients were supplemented with one tablet of
Glucolevel thrice daily for 4 weeks and monitored for the FBG and HbAlc levels.
The levels of both FBG and HbAlc were concurrent with the normal range after 4
weeks of treatment with Glucolevel. However, this study was not supported by

comparable results with a reference compound.

The hypoglycaemic activity of Karnim Plus capsule was evaluated on human
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volunteers in comparison to metformin capsule at a dose of 2 capsules twice daily
before meal for 24 weeks (Shrirang et al., 2017). Karnim Plus capsule was found to
be less potent in managing the levels of FBG and PPBG up to two weeks of
administration when compared to metformin capsule; however, after four weeks of
therapy, they were concurrent to each other. In addition, they reported Karnim Plus

was more effective in regulating HbAlc in contrast to conventional metformin.

Zarvandi et al., 2017, standardized a PHF with Allium sativum (cloves juice), Aloe
vera (leaf juice), Nigella sativa (seed powder), Plantago psyllium (seed husk),
Silybum marianum (seed extract), and Trigonella foenum-graecum (seed powder) as
nutra-ingredients, and assessed the safety and efficacy on patients with the advanced
stage of T2DM. Despite being medicated with statins (lipid-lowering medication)
and oral hypoglycemic drugs, the patients had hyperlipidemia and hyperglycemia.
Thirty such volunteers were supplemented with one sachet of PHF twice daily for a
period of 40 days in addition to the normal medication they received before
experimentation. Clinical assessment after 40 days revealed that PHF had a
significant effect on FBG, HbAlc and serum lipid levels, which were restored back
to near normal. However, PHF had no significant effect on serum biochemical and
hematological parameters. Administration of PHF caused mild nausea in two

subjects, while two others had diarrhea.

Rashid et al., 2018, reported that oral administration of novel PHF (one teaspoon
twice daily with cold water) in diabetic patients was effective in reducing FBG.

Their claim was however, not supported by any parameters or statistical data.

Talapotaka churna, a PHF composed of tetra herbs (Cassia auriculata, Emblica
officinalis, Curcuma longa and Berberis aristata) was tested in patients with T2DM
(Nille et al., 2017) Three mode trials were conducted to ascertain the efficiency of
PHF along with standard glimepiride (1 mg twice a day). Six patients received
churna with buttermilk as a vehicle, other six patients were given churna with warm
water, while 12 patients were fed with churna in addition to their normal allopathic
medicine. All the doses were fixed at 4 g thrice daily before meals. The effect of
glimepiride was tested in another six patients. The patients were advised to avoid
carbohydrate and fat-rich food. All the trials were successful in bringing back the
FBG to the clinically acceptable range in a significant way. The reduced level of
PPBG was highly significant in patients who were supplemented with churna along
with buttermilk, while others were not significant. The Talapotaka churna also did

not show a significant reduction in HbAlc.
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The above analysis indicated that PHFs composed of different plant parts seem to
act differently but synergistically to regulate glucose level and thus are effective

remedies in controlling T2DM in an effective way without any adverse effects.
2.5 Plants used in polyherbal formulations for diabetes

Since the bioactive components of individual plants are insufficient to attain the
desired therapeutic effect, the concept of polyherbalism has evolved (Parasuraman
et al., 2014). Over 1200 plants have been used traditionally for the treatment of
diabetes worldwide since ancient times. The nutra-ingredients of 70 PHFs included
in this review resulted in the documentation of 147 species of plants belonging to 58
families (table 2). Based on plant diversity, Fabaceae is the most dominating family
with 19 species. Of the 76 PHFs enlisted, the leaves of Gymnema sylvestre
(Apocynaceae) were the most favoured and is one of the ingredients for 29
formulations, followed by the seeds of Trigonella foenum-graecum (Fabaceae) and
Momordica charantia (Cucurbitaceae) for 27 and 24 formulations, respectively.
Likewise, numerous bioactive compounds have been isolated, purified and
identified from various plants used to treat diabetes for centuries. The bioactive
compounds having insulin-mimetic properties obtained from 147 plants under study

have been summarized in Table 2.2.

For instance, gymnemic acid, being one of the active constituents of Gymnema
sylvestre, aids in the treatment of diabetes by a number of mechanisms. Gymnemic
acid inhibits the absorption of sugar molecules by the intestine by blocking the
receptor sites for sugar and thus leading to reduced blood sugar levels (Kanetkar et
al., 2007). It also up-regulates the activity of insulin-dependent enzymes and down-
regulates the activity of insulin-independent enzymes (Khan et al., 2019). Similarly,
diosgenin, a well-known steroid sapogenin present in the seed of Trigonella foenum
-graecum (commonly known as fenugreek), displayed potential as a therapeutic
adjunct in the management of diabetes (Fuller and Stephens 2015). Diosgenin
ameliorates oxidative stress and inhibits lipid peroxidation (Chen et al., 2015). It has
been reported that diosgenin rejuvenates the distorted pancreas morphology and
improves insulin concentration (Saravanan et al., 2014). Besides, diosgenin also
triggers the expression of PPARy (Sangeetha et al., 2013). Another important
phytoconstituent of fenugreek is 4-hydroxyisoleucine, which improves insulin

secretion and thus possesses hypoglycaemic activity (Sauvaire et al., 1998).

Curcumin, a major component of Curcuma longa, exhibits anti-diabetic activities by

protecting pancreatic PB-cells by diminishing inflammatory response (decreasing
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TNF-0, IL-1B and IFN-y levels) and impeding endoplasmic reticulum (ER)/
mitochondrial related apoptosis. Curcumin is also a potential inducer of heme-
oxygenase-1 (HO-1), nuclear factor erythroid 2-related factor 2 (Nrf-2), and glucose
transporter (GLUT-2), and thus helps in reducing oxidative stress (Rashid and Sil
2015).

The flower of Butea superba forms an ingredient of PHF standardized by Karigar
and Shariff (Karigar and Shariff 2009) along with Syzygium cumini (leaves), Ficus
glomerata (bark), which is effective in lowering the BGL in diabetic rodents.
Although a number of bioactive components from B. superba like daidzein (Choi et
al., 2008; Cheong et al., 2014; Das et al., 2018), Genistein (Fu et al., 2010; Fu et al.,
2012; Behloul and Wu 2013), biochanin A (Harini et al., 2012; Oza and Kulkarni
2018) [have been reported to have anti-diabetic activity, the plant has not been

explored for the same till date.

Widyawaruyanti et al. (Widyawaruyanti et al., 2013) developed an herbal
combination to manage diabetes with three plants, Andrographis paniculata,
Lagerstroemia speciosa, and Lagerstroemia paniculata. The aerial parts of A.
paniculata and L. speciosa have been well established as anti-hyperglycemic, but

there is no such report for L. paniculata (table 2).

Triticum aestivum (wheat germ oil) has been used by Srivatsava and Rai (Srivastava
and Rai 2018) along with the juice of Coriander sativum and Aloe vera as a remedy
against diabetes, but till date, there is no evidence of wheat germ oil having anti-

diabetic activity.

Apart from this, there are a number of plants that form an ingredient of various
PHFs having insulin-mimetic properties on their own. Despite the fact that many
bioactive compounds have been reported from those plants, compounds effective
against diabetes are not known till date. For instance, Alstonia scholaris (SPHAG),
Atriplex halimus (Glucolevel), Caesalpinia bonduc (PHF and PH), Caesalpinia
bonducella (MAC-ST/001 and DRF/AY/5001), Holarrhena antidysenterica
(Ziabeen, PHF, Diashis, NPF), Holarrhena pubescens (SPHAG), Lagerstroemia
parviflora (PHF), and Picrorhiza kurroa (Karnim plus, OJ).

2.6 Additional ingredients of PHFs other than the plants

2.6.1 Shilajit

Shilajit, a herbo-mineral drug, is emitted from steep mountainous regions of the
world (Agarwal et al., 2007; Wilson et al., 2011). Shilajit finds its place in both
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Ayurvedic and Siddha systems of Indian medicine (Cagno et al., 2015). Shilajit
forms one of the crucial elements in several formulations under study like
NIDDWIN (Sruthi et al., 2014), Madhurakshak (Madan et al., 2014), Sugar remedy
(Singhal et al., 2014), Diashis (Bera et al., 2010), Diabec (Agrawal et al., 2015),
Safuf-i-Dhayabitus (Nasir et al.,, 2022). Basnet (Basnet 2001) studied the anti-
diabetic property of shilajit and inferred that it was effective in treating diabetes in

non-obese diabetic rodents.
2.6.2 Mytilus margaritiferus

Mytilus margaritiferus (family Mytilidae) is popularly known as Mukta Shukti in
Ayurveda. It is used as a laxative, sedative and nutritive besides being a stimulant,
tonic and aphrodisiac (Nadkarni and Nadkarni 1996). Rahman et al. (Rahman et al.,
2016) have incorporated calcined Mytilus margaritiferus in their herbal formulation
for diabetes, Dolabi. However, there is no documentation of Mukta Shukti having

hypoglycemic activity.
2.6.3 Goat pancreas

Rahman et al. (Rahman et al., 2016) used goat pancreas (14.58 mg) as one of the
ingredients of Dolabi for the management of diabetes along with Gymmnema
sylvestre, Bambusa bambos, Rumex vesicarius, Acacia arabica, alphatand calcined

Mytilus margaritiferus.
2.6.4 Kushta-i-Faulad (calyx of Iron)

Kushta-i-Faulad (calyx of iron) is a herbo-mineral preparations used in traditional
systems of medicine (Unani and Ayurvedic). It helps in blood formation and thus
used in the management of anaemia. Kushat-i-Faulad (calayx of iron) as one of the
ingeredients of Safuf-i-Dhayabitus in formulation of diabetes. However, there is no

report of having hypoglycaemic activity (Nasir et al., 2022).
2.7 Future prospects

Human beings have been depending on medicinal plants to combat various ailments
since the beginning of life. Despite the presence of effective modern drugs, in recent
years, the developed and developing countries are attracted towards the herbal drug
with a trust that they are safe and have lesser side effects than the synthetic drugs.
The scientific intervention gained momentum in the last two decades to back up the
traditional claims. This intervention has led to the isolation, purification and
identification of the bioactive compounds, and elucidation of their mechanisms of

action in the management of diabetes. Basically, the food components, the bioactive
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compounds have a positive impact on health (Saravanan and Pari 2003). Despite the
fact that the characterization and structural elucidation of the active ingredients have
been successfully achieved with the advancement of science and technology, the
quantity in which they are present in the natural source restricts to attain the desired
therapeutic effects. Thus, the concept of compound formulae or PHFs has evolved
with the belief that unlike a single chemical entity targeting a single site, multiple
components acting on multiple sites will be more effective in preventing or treating
ailments. It is the synergistic effect of various individual components which makes

the PHFs more effective than the individual components in combating diabetes.

There is also a need for strict regulatory control for manufacturers to keep the
quality of formulations, so it helps in making the final formulation safe for
consumers and their health. To do this, preventive and corrective measures need to

be taken to trim down the hazardous contaminants of the formulations.

Though plant-based therapies are considered safe with limited side effects, many
challenges still need to be addressed regarding their bioavailability, bioefficacy,
optimal dose, lack of characterization, public's inadequate knowledge, toxicity
studies, ambiguous mechanism of action, and clinical efficiency. At the same, the
attempt to develop meticulously evaluated herbal leads should not be given up as

they present a ubiquitous and secular history of use.



