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ABSTRACT

Diabetes mellitus is extremely serious condition from both clinical and public health standpoints. Poor people in
India do not have access to the resources needed to treat this condition. The recent decade has witnessed many
landmark observations, which have added to the scientific credentials of Ayurveda system of India. The research was
done to develop the novel herbal formulation with the antidiabetic and hypoglycaemic herbs described in various
past research at Ocular Pharmacology lab DIPSAR. Wistar albino rats (150-200 g) of either sex were chosen to
actuate Type-1 Diabetes. The animals were divided into three groups; two groups were injected with Streptozotocin
(STZ) dissolved in citrate buffer (pH-4.5) at a dose of 45 mg/kg i.p. to induce diabetes. The third group served as
normal control group and was injected only with citrate buffer (pH-4.5). Drug treatment was done for sixteen weeks
with the Novel herbal formulation. The level of VEGF an TNF-a were further reduced significantly. Above results
were further confirmed by histopathological findings. Thus, from the present study it is concluded that Novel herbal
formulation may be of therapeutic and prophylactic value in the treatment of cardiomyopathy.
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INTRODUCTION

Long term uncontrolled hyperglycemia leads to fatal cardiovascular
complications among the diabetic patients in developed and
developing nations. It is claimed in several studies that in spite of
absence of Coronary artery disease and Hypertension in Diabetic
patients may leads to Heart failures. Patients with diabetes after
a long time developed structural and functional changes in
their myocardium cell. This condition is known as Diabetic
cardiomyopathy. It is also perplexing that molecular mechanism
and sequence of events leading to diabetic cardiomyopathy still
elusive [1-5]. Chronic inflammatory level directly or indirectly leads
to alteration in myocardium tissue fibrosis, necrosis and apoptosis
[6]. Oxidative stress, in the diabetic heart, playas a key role in the
development and progression of diabetic cardiomyopathy. It is
supported by increased level of TNF-0, expression in the cell [7].
The disturbance in equilibrium between ROS and endogenous
antioxidant reserve may lead to serious cardiac complications and
remodeling of extracellular matrix in the cell [8]. Recently it was
reported that Type I diabetes associated with the unique form
of cardiomyopathy, present without atherosclerosis. Imbalance
between Redox and alternation of vascular endothelial growth
factor has been associated with this type of cardiomyopathy.
Inflammation plays an important role in the pathogenesis of
cardiovascular diseases [9]. Inflammation is a natural response

to cellular injury. It is an important natural phenomenon for
healing and tissue repair. However, inadequate or overwhelming
inflammatory response could be a cause of inflammatory
cytokines [7]. In the acute-phase response, cytokines which are like
Interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-0) acts as
inducing agent for the production of reactant proteins, including
C-reactive protein, which is biomarker of acute myocardial injury
in patients [10,11]. Further, TNF-a in its activated form plays
a critical role in activating host defense mechanisms and in
homeostatic tissue repair, but the overwhelming expression of
TNF-alpha can diffuse inflammation and multi-organ dysfunction.
In various studies, TNF-a is implicated in hypertrophic growth
response and fibrosis in myocardium through the change of
matrix metalloproteinases (MMPs) and tissue inhibitors of
metalloproteinases (TIMPs) [12,13]. Various medicinal plants have
been studied since time immemorable and reported to be effective
in the management of diabetic microvascular complications [14].
The Ancient Ayurveda system (Based on scientific principles)
mention the diabetes as Madhumeha, (referred to be the terminal
stage of the disease in ancient texts) largely described under the
broad heading of Prameha (means passing of excess urine both
in frequency and quantity). Ayurveda also describes the first
two forms of diabetes as Sahaja Prameha (Diabetes type I genetic
disorders) and Apathyanimittaja Prameha (acquired Non-insulin
dependent Type II diabetes) [15]. Literature search were done to
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find a hearb which is easily available and strongly recommended
for Madhumeha in Ayurveda. For this a combination of five potent
herbs mentioned Ginger, Tulsi, Haldi, Methi Powder and arjuna
were taken as investigational drug for this study. The following
Table 1 shows the complete details.

MATERIALS AND METHODS

Procurement of chemicals

Streptozotocin was purchased from Hi Media Laboratories, Delhi,
India. Enzyme linked immunosorbent assay (ELISA) kits were
purchased from RayBio® Ray Biotech, Inc., Georgia, USA. All
other chemicals and reagents used were of analytical grade purchased
from Merck Chemicals India unless otherwise mentioned [16].

Procurement of drugs of novel herbal formulation
Procurement of drugs of novel herbal formulation shows in Table 2.
Dose selection

The dose was selected based on the previous research work done at
Oculr lab and less than the maximum prescribed dose 3 g/kg body
weight of animal (Table 2).

Study design

The protocol was approved by the Institutional Animal Ethics
Committee (IAEC/2017-1/Prot. No.-02). Male Wistar albino
rats (150-200 g) were used for the present study. Diabetes was
induced with a single intraperitoneal injection of streptozotocin
(45 mg/kg body weight. Forty eight hours post STZ injection
blood glucose level was measured and rats showing a blood
glucose level above 300 mg/dl were considered as diabetic
and selected for the study. Diabetic rats were divided into two
groups: group I received no treatment and group II received
oral Novel Herbal Formulation at the dose mentioned in Table
2 by oral gavage soon after establishment of diabetes (48 h after
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administration of STZ) and continued for 16 weeks. The rats
were monitored throughout the study for changes in body weight
and blood glucose. The blood glucose and body weight of all rats
were regularly monitored [17]. Diabetic rats and age-matched
normal rats were sacrificed after sixteen weeks of diabetes, and
the hearts were immediately removed and homogenized in ice
cold phosphate buffer (pH 7.4) for biochemical estimation and
hearts fixed for histological examinations done. All experimental
procedures were performed in accordance with the guidelines
of Committee for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA, New Delhi, India) [18].
Animals were housed under controlled laboratory conditions at
21 £ 2°C, relative humidity 50 + 15% and on a 12 h light/dark
cycle. The rats were fed a standard rat chow diet and filtered
drinking water ad libitum.

Estimation of biochemical parameters

At the end of 16 weeks of study period, animals from all the
three groups were sacrificed by CO, overdose the heart was
isolated. Hearts were removed from each group and homoginized
immediately or after storing at -40°C. All procedures done on
4°C on ice. Homogenate was prepared by mixing in Phosphate
buffer using mechanically driven blades, followed by mechanical
homozenization using Teflon pestle and manual ground glass
homogenization [19]. Large particles were removed by centrifuging
at 40 g for 1 min. The second pellet was resuspended in equal
volume of PBS by manual ground glass homogenization, aliquoted
and stored at -40°C. Biochemical inflammatory parameters like
TNF-a and Cardiac Parameter VEGF were estimated by kits.

Glycemic parameter

Weekly blood glucose was measured using Accu-Chek Active
Glucose Test Strips and Accu-Chek_ meter (RochDiagnostics India
Pvt. Ltd) and this device was calibrated to confirm the accuracy
before every use. Procedure followed based on the previous
Experiments done at ocular lab.

Table 1: Showing details about the Pharmacologic and cardiotoniv Properties of investicational drugs.

Tulsi

Ocimum tenuiflorum

Characteristics Ginger

Botanical Name Zingerber officinale

It contains Pungent Phenolic
substances aromatic ketones

Chief Chemical

Compound

Eugenol
Methyl Eugenol

Known collectively as gingerols.

Common Uses Spice and flavouring agent

agent
Antidiabetic, Anticancer
. Anticancer, anti-inflammatory
Pharmacological . 1 .
. Antiinflammatory, antidiabetic effects
Action .. .
Anti-oxidant immunomodulatory
radioprotective
aqueous ginger extract lowers
BP through a dual inhibitory
effect mediated via stimulation of
Cardiovascular | muscarinic receptors and blockade Antioxident
Action. of Ca++ channels and this study cardioprotective

provides sound mechanistic
basis for the use of ginger in
hypertension and palpitations. [16]
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Medicine, Flavouring

Haldi

Cucruma longa

Fenugreek Arjuna

Trigonella foenum-graecum Termenalia Arjuna

Polyphenols, flavonoids,

Trigonelline ) i )
Turmerone, ) ) tannins, triterpenoids,
Diosgenin, .
o-turmerone, . saponins, sterols and
Yamogenin, . .
B-Turmerone . . minerals are the major
gitogenin )
constituents
Spice, Colourin, Spices, Flavourin; . )
plce, £ piees, & g Cardiotonic
Agent agent, laxative, digestive
Hypoglycemic [17]
Antoxident Hypolipidemic [18] .
y . . Heart toinc
antiinflammatory Insulinotropic [19]
reventing atrial ) ) . )
P g Cardioprotective Cardiotonic

arrhythmias [20]



Histopathological study

For histopathological analysis, the isolated heart was fixed in 10%
formalin (phosphate buffered; pH 7.4). Four um thin sections
were cut perpendicular from apex to base of the left ventricle.
The left ventricle sections are stained with hematoxylin-eosin
(H&E) and wrapped in paraffin. The stained Sections were sent
histopathological analysis, the isolated heart was fixed in 10%
formalin (phosphate buffered; pH 7.4). Four um thin sections
were cut from the left ventricle and stained with hematoxylin-eosin
(H&E). The stained sections were examined at 40 X magnification
to investigate the histological changes in the diabetic heart in the
presence and absence of Noval Herbal Treatment. Histological
evaluation was performed by an independent clinical pathologist

in blinded fashion [20,21].

ns were examined at 40 X magnification to investigate the
histological changes in the diabetic heart in the presence and
absence of Noval Herbal treatment. Histological evaluation was
performed by an independent clinical pathologist in blinded to the
identity of the sample examined.

Table 2: Ingredients of Novel Herbal Formulation.

S. No Herbal Drug Supplier’s Name
1. Ocimum sanctum Sanat, New Delhi
2. Zingiber officinalis Sanat, New Delhi
3. Termenala arjuna Sunpure, New Delhi
4. Curcuma longa Sanat, New Delhi
5 Trigonella foenumgraecum Fenfuro, New Delhi
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Statistical analysis

All data are expressed as mean * standard error mean (SEM), n=6
(number of sample size was 6 in each group). Statistical comparisons
were made using one-way-analysis of variance (ANOVA) with post
hoc analysis using Tukey’s multiple comparison test by Graph
Pad Prism, Version-5. Value of p<0.05 was accepted as statistically
significant.

RESULTS

Body weight

Body weights in diabetic rats were found to be significantly
lower when compared to normal rats at the end of 16 weeks.
However, body weight in Novel Herbal Formulation treated rats
were comparitavely higher than untreated diabetic rats (p<0.001)
(Figure 1).

Blood glucose

Blood glucose in diabetic rats was found to be significantly lower when
compared to normal rats at the end of 16 weeks. However, blood
glucose in Novel Herbal Formulation treated rats was comparatively
higher than untreated diabetic rats (p<0.001) (Figure 2).

Effects of novel herbal formulation on biochemical
parameters and cardiomyopathy biomarkers - TNF-o

TNF-a level was found to be significantly higher in the diabetic
heart compared with normal hearts (p<0.001). However, Novel
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Figure 1: Body weight comparison between Normal, Diabetic Control and treatment group at the end of 16th weeks. Each value represents mean + SEM
(n=06). *** p<0.001 vs. Normal Control, ### p<0.001 vs. Diabetic control, One Way Analysis of Variance (Tukey’s Multiple Comparison Test).
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Figure 2: Blood Glucose level comparison between Normal, Diabetic Control and treatment group at the end of 16th week. Each value represents mean
+ SEM (n=6). ***p<0.0001, ###p<0.0001 vs. Normal group. One Way Analysis of Variance (Tukey’s test).
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Herbal formulation treated hearts showed significantly lower
expression of TNF-o. compared to untreated diabetic rats (p<0.001)
(Figure 3).

VEGF

As a hallmark of DCM, level of VEGF was significantly higher in
diabetic control group compared to normal control (p<0.001). On
the other hand Novel Herbal Treatment group showed significant

fall in expression of VEGF (p<0.001) level (Figure 4).
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Figure 3: Effect of Novel Herbal Treatment group on TNF-a level in heart
compared to normal and diabetic control groups. Each value represents
mean + SEM (n=6). *** p<0.001 vs. Normal Control, ## p<0.001 wvs.
Diabetic control, One Way Analysis of Variance (Tukey’s Multiple
Comparison Test.
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Figure 4: Effect of Novel treatment group on VEGF levels in heart
compared to normal and diabetic control groups. Each value represents
mean * SEM (n=6). ***p<0.001 vs. Normal Control, ## p<0.001 ws.
Diabetic control, $ p<0.001 vs. Novel treatment group. One Way Analysis
of Variance (Tukey’s Multiple Comparison Test).
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Histopathological studies

Well-organized nucleus observed in Normal Heart, Cardiomyocytes
showed regular arrangement of cardiomyocytes with uniform
size of cell bodies and nuclei, uniform intercellular space was
seen and clear stripes of cardiac fibers were observed. A marked
disorganization of cardiac muscle fibers were observed in diabetic
heart. Cardiomyocytes showed myofibrillar disarray, degenerated
and scattered cardiac muscle fibers, myocardial fibrosis, coarse
granules in cytoplasm, deformation of nucleus and swelling.
Significant improvement in histopathological indices of injury was
observed in diabetic rats treated with Novel Herbal formulation
as compared to diabetic control rats. Novel herbal formulation
treatment prevents the de-arrangement of myocardial cells and
fibers as compared to diabetic control group (Figure 5).

DISCUSSION AND CONCLUSION

In the present study, after 48 hours of streptozocin injection the
diabetic control showed a significant steep rise in blood glucose
level (351 = 30.5 mg/dl) compared to normal control group
(99.5 £ 4.3 mg/dl) and required exogenous insulin injection on
regular basis to control the blood glucose level (300-400 mg/dl).
However, treatment groups were protected against the chronic
elevated blood glucose levels (287 + 2.74 mg/dl) and weight loss
(198.5 + 1.76) without any need of exogenous insulin opposite to
their respective diabetic controls which needed exogenous insulin
on regular basis. The expression of VEGF, TNF-a was significantly
high in heart of diabetic rats compared to normal rats. However our
drugs showed marked cardioprotective effect. The level of various
biomarkers in diabetic rats treated with Novel Herbal combination
was close to normal control group compared to diabetic control
rats. On histopathological examination normal control group
heart showed well organised nucleus and cardiac fibres, while
diabetic control group heart showed marked disorganisation of
cardiac muscle fibres but the Novel Herbal treatment group heart
showed arrangement of fibres nearly similar to normal control
group. Results of histopathological examination further bolster our
claim by providing the evidence, that drug halted the structural
abnormalities afoot due to chronic insult of hyperglycaemia. The
present study investigated the possible combined effect of Novel
Herbal Combination in diabetes induced Cardiomyopathy. The
streptozotocin (STZ) (45 mg/kg, i.p., once) was administered in
rats to induce experimental diabetes. The development of diabetic
Cardiomyopathy and nephropathy was assessed biochemically by
estimating the TNF-a and VEGF. Further, the histopathological
study was performed to analyze the structural changes in the

Figure 5: (a) Normal Diabetic heart; (b) Degenerated Cardiac Heart; (c) Treatment Heart.

Biochem Pharmacol, an open access journal, Vol. 8 Iss. 2 No: 266



Gond AK, et al.

cardiac tissue. In addition, the Blood glucose was accesed by accu
ckeck active for sixteen weeks. The Trigonella foenum granulum (1
g/kg/day.) Curcuma longa (200 mg/kg/day.), Zingiber officinalis (75
mg/kg), Termeanilia arjuna (500 mg/kg,) and Ocimum sanctum (50
mg/kg) treatments were started in diabetic rats after 1 week of STZ
administration and continued for 7 weeks. On the basis of results
obtained in the present study, the following salient findings are the
single administration of STZ produced diabetes, which induced
cardiac oxidative stress the cardiomyopathy was noted to be
developed in the diabetic rat that was assessed in terms of increase
in serum creatinine in terms of biomarkers and histopathological
damage. Treatment with novel Herbal Combination the prevents
the changes observed in Diabetic Group.

FUTURE PROSPECTUS

Diabetes, a disease known to us for many millennia, leads
morbidity and mortality in humans. Despite
significant progress in Diabetes and the development of
antidiabetic drugs, no cures have been found. Medicinal herbs,
long used in alternative and complementary medicine systems,

to serious

are an extremely rich source of Diabetic remedies. Currently,
understanding of the mechanisms through which herbal therapies
mediate Diabetes is evolving, and they are generally being viewed
as modulating of multiple metabolic pathways. Based on safety
and their multiple targeting actions, herbal therapies are
potent therapeutic means in Diabetes. Here, we summarized
the Novel Herbal Combination that have been demonstrated to
prevent and treat Diabetes via the regulation of insulin resistance, -
cell function, incretin pathways, and glucose (re)absorption. In
addition, the actions, mechanisms and therapeutic potential of
plant compounds and/or extracts, and new insights into the
advantage of herbal therapy, which simultaneously governs
distinct metabolic pathways immune cells and cells, were
discussed for Diabetes. Systematic information about the
structure, activity, and modes of action of these plants and
compounds will pave the way for research and development of

antidiabetic drugs.

REFERENCES

1. International Diabetes Federation (IDF) IDF Diabetes Atlas
7th Edn, 2015.

2. Boudina S, Abel ED. Diabetic cardiomyopathy, causes and
effects. Rev Endocr Metab Disord. 2006;11(1):31-39.

3. Rubler S, Dlugash ], Yuceoglu YZ, Kumral T, Branwood AW,
Grishman A. New type of cardiomyopathy associated with
diabetic glomerulosclerosis. Am ] Cardiol. 1972;30:595-602.

4. Gupta SK, Dongare S, Mathur R, Mohanty IR, Srivastava S,
Mathur S, et al. Genistein ameliorates cardiac inflammation and
oxidative stress in streptozotocin-induced diabetic cardiomyopathy

in rats. Mol Cell Biochem. 2015;408(1-2):63-72.
5. Saklani R, Gupta SK, Mohanty IR, Kumar B, Srivastava S,

Mathur R, et al. Cardioprotective effects of rutin via alteration
in TNF-0, CRP, and BNP levels coupled with antioxidant effect
in STZ-induced diabetic rats. Mol Cell Biochem. 2016;420(1-
2):65-72.

6. Wen HL, Liang ZS, Zhang R, Yang K. Anti-inflammatory effects
of triptolide improve left ventricular function in a rat model of

diabetic cardiomyopathy. Cardiovasc Diabetol. 2013;12(1):50.

Biochem Pharmacol, an open access journal, Vol. 8 Iss. 2 No: 266

OPEN aACCESS Freely available online

7. Cai L, Kang Y]J. Oxidative stress and diabetic cardiomyopathy: a
brief review. Cardiovasc Toxicol. 2001;1(3):181-193.

8. Ro“sen P, Nawroth PP, King G, Mo"ller W, Tritschler HJ,
Packer L (2001) The role of oxidative stress in the onset and
progression of diabetes and its complications: a summary of a
Congress Series sponsored by UNESCO-MCBN, the American
Diabetes Association and the German Diabetes Society.
Diabetes Metab Res Rev. 2001;17(3):189-212.

9. Nunes S, Soares E, Pereira FRF. The role of inflimmation in
diabetic cardiomyopathy. Int ] Interf Cytokine Mediat Res.
2012;4:59-73.

10. Backes JM, Howard PA, Moriarty PM. Role of C-reactive protein
in cardiovascular disease. Ann Pharmacother. 2004;38:110-
118.

11. King GL. The Role of Inflammatory Cytokines in Diabetes and
Its Complications. ] Periodontol. 2008;79(8S):1527-1534.

12. Zhang Y, McCluskey K, Fujii K, Wahl LM. Differential
regulation of monocyte matrix metalloproteinase and TIMP-1
production by TNF-alpha, granulocyte-macrophage CSF, and

IL-1 beta through prostaglandin-dependent and -independent
mechanisms. ] Immunol. 1998;161:3071-3076.

13. Nee LE, McMorrow T, Campbell E, Slattery C, Ryan MP. TNF-
alpha and IL-1beta-mediated regulation of MMP-9 and TIMP-1
in renal proximal tubular cells. Kidney Int. 2004;66(4):1376-
1386.

14. Gond AK, Gupta SK. Diabetic Retinopathy :Role of traditional
medicinal plants in their management and their molecular

mechanism. Int ] Pharma Sci Inv. 2017;6:1-14.

15. Bala VM. Diabetes Mellitus, Ayurveda, and Yoga. ] Alt Comp
Med. 2004;10(2):223-225.

16. Tiran D. Nausea and vomiting in pregnancy: safety and efficacy
of self-administered complementary therapies. Complementary

Therapies in Nursing and Midwifery. 2002;8(4):191-196.
17. Ghayur MN, Gilani AH, Afridi MB, Houghton PJ.

Cardiovascular effects of ginger aqueous extract and its phenolic
constituents are mediated through multiple pathways. Vas

Pharmacol. 2005;43(4):234-241.
18. Vijayakumar MV, Singh S, Chhipa RR, Bhat MK. The

hypoglycaemic activity of fenugreek seed extract is mediated
through the stimulation of an insulin signalling pathway. Br ]

Pharmacol. 2005;146(1):41-48.

19. Broca C, Gross R, Petit P, Sauvaire Y, Manteghetti M, Tournier
M, et al. 4-Hydroxyisoleucine: experimental evidence of its
insulinotropic and antidiabetic properties. Am ] Physiol.

1999;277(4):E617-E623.

20.Broca C, Breil V, Guglielmacci CC, Manteghetti M,
Rouault C, Derouet M, et al. Insulinotropic agent ID-1101
(4-hydroxyisoleucine) activates insulin signaling in rat. Am ]

Physiol Endocrinol Metab. 2004;287:E463-E471.
21. Wanwarang W, A. The

role of curcumin in cardiovascular

Cardiol. 2009;133(2):145-151.

Phrommintikul protective

diseases. Inte ]



	Corresponding Author
	ABSTRACT
	Figure 1

