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ABSTRACT

Objective: The aim of the study was to explore the protective activity of Terminalia chebula fruit extract on cardiotoxicity in streptozotocin (STZ)
induced diabetic rats.

Methods: The animals were divided into eight groups of five each and were fed with high fat diet (HFD) except sham control, diabetic control and
isoproterenol control. Diabetes was induced by administering single intraperitoneal (i. p.) injection of STZ (0.05 g/kg) in all groups except sham and
isoproterenol control and was confirmed by testing blood glucose level after 48 h. Rats were pretreated with ethanolic extract of Terminalia chebula
(0.25& 0.5 g/kg/d; per oral (p. 0.)), pioglitazone (0.01 g/kg/d), carvedilol (0.002 g/kg/d) and normal saline throughout the study period (14 days).
Cardiotoxicity was induced by the administrating two subcutaneous (s. c) injection of isoproterenol (ISO) (0.085 g/kg) at an interval of 24 h.
Troponin was checked to confirm cardiotoxicity. The evaluation parameters include initial and final blood glucose level, change in body weight, food
efficiency ratio (FER), heart weight-body weight ratio, biochemical estimations and histopathological studies.

Results: Pretreatment with Terminalia chebula produced significant (p<0.01) decrease in blood glucose level and heart weight-body weight ratio. It
significantly decrease the elevated activity of the cardiac marker enzymes, alanine transaminase (ALT), lactate dehydrogenase (LDH), creatinine
kinase (CK-MB) (p<0.01), similar to the standard drug carvedilol in isoproterenol injected rats. Pretreatment with Terminalia chebula showed
absence of troponin and lesser degree of necrosis, edema, and myofibrillar degeneration.

Conclusion: Terminalia chebula has significant cardioprotective action against cardiotoxicity in STZ induced diabetic rats, which is comparable with
standard drugs i.e., pioglitazone and carvedilol.
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Terminalia chebula.

INTRODUCTION

Cardiotoxicity is a condition when there is damage to the heart
muscle and dysfunction of heart electrophysiology. As a result of
cardiotoxicity, the heart becomes weaker and is not as efficient in
pumping and therefore circulating blood [1]. This may be due to
chemotherapy drugs, complications from anorexia nervosa, adverse
effects of heavy metals intake, or an incorrectly administered drug
such asbupivacaine or other medications [2]. Cardiotoxicity, if
severe, may lead to cardiomyopathy [1]. Myocardial infarction (MI),
the medical term used for an event commonly known as a heart
attack [3] represents permanent cellular injury and necrosis after a
prolonged ischemic episode [4]. It happens when blood stops
flowing properly to part of the heart and the heart muscle is injured
due to not receiving enough oxygen [3]. Myocardial infarction is a
leading cause of morbidity and mortality worldwide and presence of
diabetes doubles the relative risk of MI as it increases the rate of
atherosclerotic progression and adversely affects the lipid profile.
Further, diabetes related changes in metabolic and autonomic
functioning as well as increases in inflammatory and thrombotic
signalling, compromise the ability of myocardial and vascular tissue
to remodel after injury and to recover and sustain functionality [5].

Streptozotocin (STZ) is well known for its selective pancreatic islet
beta cell cytotoxicity and has been extensively used to induce
diabetes in experimental rat model. It interferes with cellular
metabolic oxidative mechanisms [6, 7]. Isoproterenol (ISO) is a beta
adrenergic agonist that causes severe stress in myocardium and
necrotic lesions in heart muscles [8] and marked inotropic and
chronotropic action results in loss of function and integrity of
myocardial membrane [9]. Myocardial infarction induced by ISO in
rats has been shown to be accompanied by hyperglycemia and a
significant increase in the levels of serum marker enzymes [10, 11].

Traditional medicines are now commonly used in treating and
preventing specific ailments and are considered to play a significant
role in health care. Indeed, phytomedicines are beginning to link
traditional and modern medicines [12].

Terminalia chebula is extensively used in ayurveda, siddha, unani
and homeopathic medicines in India [13] and is chief ingredient of
Triphala, a polyherbal preparation used as laxative in chronic
constipation, detoxifying agent of the colon and food digestive
problems. It also stimulates appetite and is useful in treating cancer.
Triphala is prescribed as a cardio tonic [14].

Terminalia chebula has been proved to be a good hypoglycemic and
cardioprotective agent, so it was worth to explore its protective
effect against diabetes induced cardiac complications, as it directly
related to present clinical condition.

MATERIALS AND METHODS
Collection and authentification of plant material

Dried fruits of Terminalia chebula were purchased from the local
market of Lucknow. The plant material was authenticated by a
botanist of National Botanical Research Institute (NBRI), Lucknow. A
voucher specimen number NBRI/CIF/407/2013 has been deposited
at the herbarium of faculty of pharmacy, Integral University,
Lucknow, India.

Preparation of plant extract

Terminalia chebula fruits were dried under shade and milled to
obtain a fine powder. Powder of Terminalia chebula fruits was
accurately weighed around 250 g for extraction. Extraction from
powder was done by cold maceration process for 72 h by using five
time quantity of 90% ethanol and was filtered to get extract of
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solvent. Collected extract was evaporated to get soft extract. Soft
extract collected was weighed [15, 16].

Drugs and chemicals
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Isoproterenol hydrochloride was purchased from Sigma Aldrich, U. S.

A., normal saline (0.9%) from Albert David Limited, Ghaziabad and
streptozotocin from M. P. bio medicals, Pune. Carvedilol and
pioglitazone were taken as marketed preparations of Sun Pharma
limited, brand name was cardivas and pioglit respectively, procured
from the local market. The Serum ALT diagnostic kit was purchased
from Span Diagnostics, Surat and Serum CK-MB and LDH diagnostic
kits from Merck Specialities Private Limited. Troponin I kit was
obtained from Roche Diagnostic. All chemicals used were of
analytical grade.

Experimental animals

Male Sprague dawley rats (150-200 g) were used for the study. They
were housed five each in sanitized polypropylene cages containing
paddy husk as bedding under standard laboratory conditions at
room temperature (23 °C+2 °C) with 12 h light/dark cycle. The
animals were randomized into experimental and control groups.

They had free access to standard pellets as basal diet and water ad
libitum. Ethical clearance was obtained from Institutional Animal
Ethical Committee (IAEC). The approval no. is IU/Pharm/M.
Pharm/IAEC/14/02 Faculty of pharmacy Integral University,
Dasauli, P. 0. Basha Kursi Road; Lucknow-226026 (U. P).

Experimental protocol
Induction of diabetes mellitus

Streptozotocin (0.05 g/kg, i. p.) was administered at the 4t day of
study after 24 h fasting in every group except sham and
isoproterenol control. Diabetes was confirmed after 48 h of
streptozotocin injection by collecting blood samples from tail tip
using a blood glucometer. The rats with fasting blood glucose level
above 2.5 g/l were considered diabetic and were used in the
experiment [17-19].

Induction of cardiotoxicity

Cardiotoxicity was induced by two consecutive injection of
isoproterenol (0.085 g/kg, s. c.) at an interval of 24 h on the 12t and
13t day of study [20].

Preparation of high fat diet (HFD)

High fat diet was prepared according to the composition mentioned
by Vijaya et al. [21].
Treatment protocol

All diabetic rats were divided into eight groups of five animals each
for which the dosing and treatment schedule is as follows

Group I-Normal control (Sham)

Rats were administered with normal saline instead of streptozotocin
and fed with normal pellet diet (NPD) throughout the study period.

Group II-Diabetic control (D-NPD)

Rats were administered with STZ (0.05 g/kg, i. p.) and fed with NPD
throughout the study period (14 d) and administered with
isoproterenol (0.085 g/kg, s. c) at an interval of 24 h on the 12t and
13t day of study.

Group III-Diabetic high fat diet Control (D-HFD)

Rats were administered with STZ (0.05 g/kg, i. p.) and fed with HFD
along with NPD throughout the study period (14 d) and
administered with isoproterenol (0.085 g/kg, s. c) at an interval of
24 h on the 12th and 13t day of study.

Group IV-Isoproterenol challenged (NPD-C-I)

Rats were fed with NPD throughout the study period (14 d) and
administered with isoproterenol (0.085 g/kg, s. c) at an interval of
24 h on the 12th and 13t day of study.

Int ] Pharm Pharm Sci, Vol 7, Issue 9, 304-309

Group V-Pioglitazone treated (0.01 g/kg)

Rats were administered with STZ (0.05 g/kg, i. p.) and fed with HFD
along with NPD and pretreated with pioglitazone (0.01 g/kg/d; p. 0.)
throughout the study period (14 d) and then administered with
isoproterenol (0.085 g/kg, s. c) at an interval of 24 h on the 12t and
13th day of study.

Group VI-Carvedilol treated (0.002 g/kg)

Rats were administered with STZ (0.05 g/kg, i. p.) and fed with HFD
along with NPD and pretreated with carvedilol (0.002 g/kg/d; p. 0.)
throughout the study period (14 d) and then administered with
isoproterenol (0.085 g/kg, s. c) at an interval of 24 h on the 12t and
13t day of study.

Group VII-T. chebula extract treated (0.25 g/kg)

Rats were administered with STZ (0.05 g/kg, i. p.) and fed with HFD
along with NPD and pretreated with ethanolic extract of T. chebula
(0.25 g/kg/d; p. o.) throughout the study period (14 d) and then
administered with isoproterenol (0.085 g/kg, s. ¢) at an interval of
24 h on the 12t and 13t day of study.

Group VIII-T. chebula extract treated (0.5 g/kg)

Rats were administered with STZ (0.05 g/kg, i. p.) and fed with HFD
along with NPD and pretreated with ethanolic extract of T. chebula
(0.5 g/kg/d; p. o.) throughout the study period (14 d) and then
administered with isoproterenol (0.085 g/kg, s. ¢) at an interval of
24 h on the 12t and 13t day of study.

At the end of the study, the animals were weighed and then
sacrificed with the high dose of diethyl ether. Blood samples
were collected by cardiac puncture/retro orbital plexus and
were allowed to clot at room temperature. The serum was then
separated by centrifugation at 3000 rpm at 30 °C for 15 min and
was used for estimations of cardiac marker enzymes. The heart
was excised immediately and rinsed with ice cold saline, blotted
with filter paper and weighed. Photographs were taken for gross
examination and a portion of the heart of different groups were
cut and homogenized in ice chilled phosphate buffer. Rest of the
heart was kept in 10% formalin solution for histopathological
studies [20, 22-25].

Estimations

Fasting blood glucose was estimated at the beginning of study on
day 0 as well as at the end of the study on day 14 by using
glucometer. Body weight gain was calculated according to the
formula: final body weight-initial body weight. Food efficiency ratio
was calculated as: total body weight/total food intake.

After the sacrifice of animal, the heart was excised immediately and
rinsed with ice cold saline, blotted with filter paper and weighed.
Heart weight-body weight ratio was calculated according to the
formula: heart weight/final body weight * 103.

Grading of heart was done by observing the morphological changes
seen by naked eyes according to following criteria:

Grade 0 = No Lesion, Grade 1= Inflammation, redness, capillary
dilations, Grade 2 = Edema, yellowish ventricle portion, Grade 3 =
Atrium & ventricle turns yellow, scar formation, Grade 4 = Diffuse
heart, absolute scar formation, increased necrosis portion.

Troponin was checked by ready to use kits from Roche diagnostics
after 4-5 h of second isoproterenol injection and other cardiac
marker enzymes; alanine transaminase (ALT), lactate
dehydrogenase (LDH), and creatine kinase-MB (CK-MB) were
estimated by commercially available kits of span cogent diagnostics
and merck specialities respectively, according to the procedure
given on assay leaflet provided with the Kkits.

At the end of study, the heart was isolated, washed with ice cold
saline and the tissue was fixed in 10% buffered neutral formalin
solution. Histopathological studies were done from RS Diagnostics
centre, Lucknow. Hematoxylin and eosin stain was used. The slides
were observed under the light microscope and photomicrographs
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were taken on 10 and 40x. The study includes an evaluation of
myocardial fibrosis, vascular lesions and measurement of
myocardial cell size [17-19, 26].

Statistical analysis

Data was expressed as meantstandard deviation (SD, n = 5).
Statistical analysis was performed using one-way analysis of
variance (ANOVA) followed by Turkey’s Kramer comparison test
with the aid of Graph Pad prism in stat software (version 5.0, USA).
P<0.01 was considered statistically significant.
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Fig. 1: Final blood glucose level
All values are expressed as mean*standard error of the mean (SEM)
calculated by one way ANOVA (n=5). * = p<0.01when comparison is
done between Sham and D-NPD, D-NPD and D-HFD, D-HFD and
pioglitazone, D-HFD and T. chebula (T. C.) (0.25 g/kg), D-HFD and T.
chebula (0.05 g/kg) followed by Tukey’s t-test.
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Fig. 2: Heart weight-body weight ratio
*=p<0.01when comparison is done between Sham and DNPD, DNPD
and D-HFD, D-HFD and carvedilol, DHFD and T. chebula (0.25 g/kg),

D-HFD and T. chebula (0.05 g/kg) as calculated by one way ANOVA
followed by Tukey’s t-test.

Fig. 3: Assessment and grading of heart (a) Sham (b) D-NPD (c)
D-HFD (d) NPD-C-I (e) Pioglitazone (f) Carvedilol (g) Terminalia
chebula (0.25 g/kg) (h) Terminalia chebula (0.05 g/kg)

Table 1: Food efficiency ratio (FER)

S. No. Groups 1 2 3 4 5 Mean+SEM
Sham 5.5 5.6 5.7 6.2 6.7 5.94+0.22

D-NPD 2.21 2.03 1.88 1.85 2.28 2.05%+0.08
D-HFD 3.83 3.56 4.21 3.97 4.16 3.94%+0.11
NPD-C-1(0.085 g/kg) 4.26 437 4.57 481 4.70 4.54*+0.10
Pioglitazone(0.01 g/kg) 6.74 6.55 7.02 6.96 7.50 6.95*+0.15
Carvedilol(0.002 g/kg) 3.07 3.00 3.54 3.26 3.45 3.26%+0.10
T. chebula(0.25 g/kg) 4.66 4.23 5.27 4.87 5.21 4.84*+0.19
T. chebula(0.05 g/kg) 4.72 4.68 4.85 4.55 5.12 4.78*+0.09

All values are expressed as mean+SEM calculated by one way ANOVA (n=5). *=p<0.01when comparison is done between Sham and DNPD, DNPD
and D-HFD, D-HFD and pioglitazone, DHFD and T. chebula (0.25 g/kg), D-HFD and T. chebula (0.05 g/kg) followed by Tukey’s t-test.

Gross examination of heart

Table 2: Assessment and grading of heart

Groups Grading of cardiac damage
Sham Grade 0
Diabetic control (D-NPD) Grade 3
Diabetic-high fat diet Control(D-HFD) Grade 4
Isoproterenol control (NPD-C-I) Grade 3
Pioglitazone(0.01g/kg) Grade 2
Carvedilol (0.002 g/kg) Grade 1
T. chebula extract 1 (0.25 g/kg) Grade 3
T. chebula extract 2 (0.05 g/kg) Grade 2
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Cardiac marker enzymes
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Fig.4: Cardiac marker enzymes (a) Alanine Aminotransferase (ALT) (b) Creatinine kinase-myoglobulin (CK-MB) (c) Lactate

dehydrogenase

(LDH)

*= p<0.01when comparison is done between Sham and DNPD, DNPD and D-HFD, D-HFD and carvedilol, DHFD and T. chebula (0.25 g/kg), D-HFD

and T. chebula (0.05 g/kg) as calculated by one way

ANOVA (n = 5) followed by Tukey’s t-test.

Troponin-I
Table 3: Troponin-I

S. No. Groups 1 2 3 4 5
Sham -ve -ve -ve -ve -ve
D-NPD +ve +ve +ve +ve +ve
D-HFD +ve +ve +ve +ve +ve
NPD-C-1(0.085g/kg) +ve +ve +ve +ve +ve
Pioglitazone(0.01 g/kg) +ve +ve +ve +ve +ve
Carvedilol(0.002 g/kg) -ve -ve +ve -ve -ve
T. chebula(0.25 g/kg) +ve +ve +ve -ve -ve
T. chebula(0.05 g/kg) -ve -ve -ve +ve +ve

Where+ve denotes presence of enzyme and-ve denotes absence of enzyme

Histopathological studies

Photomicrographs of rat heart of sham control group revealed that
the muscle fibres was compactly arranged with minimum interstitial
tissue. There was no muscular hypertrophy or evidences of necrosis.
Photomicrographs of rat heart of D-NPD, D-HFD and NPD-I-C groups
showed that the muscle fibres was loosely arranged with
fragmentation and increased interstitial tissue. Photomicrographs of

rat heart of pioglitazone, carvedilol and Terminalia chebula (0.05
g/kg) group showed that the bundles of muscle fibres were
compactly arranged with minimum interstitial tissue whereas
Terminalia chebula (0.25 g/kg) group showed that the muscle fibres
were loosely arranged with fragmentation and increased interstitial
tissue. H&E stain was used.

All photographs were taken on 10 and 40 x (fig. 5).
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Fig. 5: Photomicrographs of histopathology of rat’s heart of different groups (a) Sham (b) D-NPD (c) D-HFD (d) NPD-C-I (e) Pioglitazone (f)
Carvedilol (g) Terminalia chebula (0.25 g/kg) (h) Terminalia chebula (0.05 g/kg)

DISCUSSION

Myocardial infarction, commonly known as a heart attack, is a
leading cause of morbidity and mortality worldwide and presence of
diabetes doubles the relative risk of MI as it increases the rate of
atherosclerotic progression and adversely affects the lipid profile.
Myocardial cell protection and prevention of cell ischemia or
necrosis have been therapeutics targets for a long time [27].
Traditional medicines are now commonly used in treating and
preventing specific ailments and are considered to play a significant
role in health care as current treatment has only a limited impact on
survival and annual cost. Terminalia chebula proved to be a good
hypoglycemic and cardioprotective agent [28, 29]. The prime
objective of the present study was to explore the cardioprotective
activity of Terminalia chebula against isoprenaline induced
myocardial necrosis in diabetic as well as non diabetic rats.

Experimental diabetes was produced by low dose of STZ (0.05 g/kg)
combined with high fat diet intake. High fat diet induces insulin
resistance and an injection of low dose STZ makes partial
dysfunction of beta cell to suppress insulin secretion, which works
as a compensation to insulin resistance [26, 30]. Cardiotoxicity was
induced by administering isoproterenol (0.085 g/kg, s. c) on the 12t
and 13t day of study at an interval of 24 h [20].

Injection of STZ with 2 w of dietary manipulation, significantly
(p<0.01) increased blood glucose level in diabetic high fat diet
control group (D-HFD), thus producing frank hyperglycemia.
Pretreatment with high dose of Terminalia chebula (0.05 g/kg)
produced significant (p<0.01) decrease in the blood glucose level
where as pretreatment with low dose of Terminalia chebula (0.25
g/kg) caused small but statistically significant decrease in blood
glucose level when compared to D-HFD.

In addition, the feeding of HFD for a period of 2 w caused significant
(p<0.01) increase in body weight. Pretreatment with Terminalia
chebula produced statistically significant decrease in body weight.
Also, food efficiency ratio was significantly improved in both
pretreated Terminalia chebula extract group (p<0.01) when
comparison is made with D-HFD group.

In the present study, Terminalia chebula significantly prevented
isoproterenol and diabetes induced myocardial damage and
hypertrophy in diabetic rats which were clearly indicated by various
estimation parameters that include physical/morphological
parameters, biochemical as well as histopathological parameters.

Isoproterenol control showed more significant myocardial damage
when compared to normal control rats as the grading shifts from
zero to three, but the damage was most significant (grade 4) in
diabetic high fat diet control group (D-HFD), as it was accentuated
by diabetes. High dose of Terminalia chebula extract (0.05 g/kg)
showed more significant cardioprotective activity when compared
to D-HFD group as it show the shift from grade 4 to grade 2 while
low dose of test extract (0.25 g/kg) showed less significant
cardioprotective activity as the grade shift from four to three when

compared to D-HFD group. The heart weight body weight ratio is a
very important parameter of cardiac hypertrophy. High dose of
Terminalia chebula extract showed the significant protective effect
(p<0.01) when compared to D-HFD control group while low dose of
Terminalia chebula does not show significant cardioprotection
against isoproterenol induced cardiac damage (p<0.01)

Myocardial enzymes CK-MB, LDH and AST are biochemical
indicators of myocardial injury; troponin-I1/T, being the gold marker
of cardiac damage. Once myocardium is damaged, they are released
into the extra cellular fluid that serves as the diagnostic enzyme
marker of myocardial damage tissue [31]. Levels of all the enzymes
were significantly elevated in the D-HFD group. Troponin test was
positive in D-HFD group. Pretreatment with high dose of Terminalia
chebula protected diabetic rats against cardiac injury, which was
evidenced by negative troponin test and significant decreased
myocardial enzymes {ALT (p<0.01), LDH (p<0.01), CK-MB (p<0.01)}
when compared to D-HFD group while low dose of Terminalia
chebula extract (0.25 g/kg) doesn’t show significant cardioprotective
effect{(ALT (p<0.01), CK-MB (p<0.01), LDH (p<0.01) }, against
isoproterenol induced damage. All the results of test extract were
compared and found similar to the clinically established standard
drugs pioglitazone (0.01 g/kg) and carvedilol (0.002 g/kg).

These results were also confirmed by the histopathological studies.
Photomicrographs of rat heart of sham control group revealed that
the muscle fibres was compactly arranged with minimum interstitial
tissue. There was no muscular hypertrophy or evidences of necrosis.
Photomicrographs of rat heart of D-NPD, D-HFD and NPD-I-C groups
showed that the muscle fibres was loosely arranged with
fragmentation and increased interstitial tissue. Photomicrographs of
rat heart of pioglitazone, carvedilol and Terminalia chebula (0.05
g/kg) group showed that the bundles of muscle fibres were
compactly arranged with minimum interstitial tissue whereas
Terminalia chebula (0.25 g/kg) group showed that the muscle fibres
were loosely arranged with fragmentation and increased interstitial
tissue. Thus, histopathology report revealed that ISO and diabetes
caused potent myocardial damage when compared to sham and
pretreated group which showed significant cardioprotection as
revealed by photomicrographs of rat’s heart.

CONCLUSION

The present study concludes with few observations and results. The
first aspect of the present study is that high fat diet al. ong with STZ
induced diabetes is a very suitable, potent and short term model for
evaluating the cardiotoxicity in diabetic rats. The second aspect of
the study is isoproterenol causes cardiotoxicity more potently in
diabetic rats as compared to non diabetic rats which is clearly
parallel to the clinical existence. The third aspect is related to the
protective effect of alcoholic extract of Terminalia chebula which
shows potent protection at high dose (0.05 g/kg) against
isoproterenol-induced cardiotoxicity in STZ induced non-genetic
type Il diabetic rats which is comparable to clinically established
standard drugs i.e., pioglitazone (0.01 g/kg) and carvedilol (0.002
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g/kg). This may provide an incentive for proper clinical evaluation of
the plant as the medicinal agent in the treatment of diabetes,
myocardial infarction, and perhaps other cardiovascular disorders.

ACKNOWLEDGEMENT

Authors were thankful to Professor S. W. Akhtar, honourable Vice
Chancellor, Integral University, for providing of all the necessary
facilities for this work.

CONFLICT OF INTERESTS

We declare that we have no conflict of interest.

REFERENCES

1.

10.

11.

12.

13.

14.

Huang C, Zhang X, Ramil JM, Rikka S, Kim L, Lee Y, et al. Juvenile
exposure to anthracyclines impairs cardiac progenitor cell
function and vascularization resulting in greater susceptibility
to stress-induced myocardial injury in adult
mice. Circ 2010;121 Suppl 5:675-83.

Albini A, Pennesi G, Donatelli F, Cammarota R, Flora SD,
Noonan DM. Cardiotoxicity of anticancer drugs: the need for
Cardio-Oncology and Cardio-Oncological prevention. ] Natl
Cancer Inst 2010;102:14-25.

What are the signs and symptoms of coronary heart disease?
Available from: URL: http://www.nhlbi.nih.gov/2014. [Last
accessed on 10 May 2015]

Ferdinandy P,Schulz R, Baxter GF. Interaction of
cardiovascular risk factors with myocardial
ischemia/reperfusion injury, preconditioning and

postconditioning. Pharmacol Rev 2007;59:418-58.

Nesto WR. Correlation between cardiovascular disease and
diabetes mellitus: current concepts. Am ] Med 2004;116 Suppl
5:11-22.

Papaccio G, Pisanti FA, Latronico MV, Ammendola E, Galdieri M.
Multiple low dose and single high dose treatments with
streptozotocin do not generate nitric oxide. ] Cell Biochem
2000;77:82-91.

Maritim AC, Sanders RA, Watkins ]B. Diabetes, oxidative stress,
and antioxidants: a review. ] Biochem Mol Toxicol 2003;17
Suppl 1:24-38.

Wesxler BC. Myocardial infarction in young vs old male rats:
pathophysiologic changes. Am Heart ] 1978;96 Suppl 1:70-80.
Todd GL, Cullan GE, Cullan GM. Isoproterenol-induced myocardial
necrosis and membrane permeability alterations in the isolated
perfused rabbit heart. Exp Mol Pathol 1980;33 Suppl 1:43-54.
Wexler BC. Protective effects of propanolol in isoproterenol
induced myocardial infarction in arteriosclerotic and non-
arteriosclerotic rats. Atherosclerosis 1973;18:11-42.

Young IS, Purvis JA, Lightbody JH, Adgey AA, Trimble ER. Lipid
peroxidation & antioxidant status following thrombolytic therapy
for acute myocardial infarction. Eur Heart ] 1993;14:1027-33.
Tilak JA, Devasagayam TP. Cardioprotective and other
beneficial effects of some indian medicinal plants. ] Clin
Biochem Nutr 2006;38:9-18.

Gupta PC. Biological and pharmacological properties of
Terminalia chebula retz (haritaki)-An overview. Int ] Pharm
Pharm Sci 2012;4 Suppl 3:62-8.

Kaur S. The in vitro cytotoxic and apoptotic activity of Triphala-
an Indian herbal drug. ] Ethnopharmacol 2005;97:15-20.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Int ] Pharm Pharm Sci, Vol 7, Issue 9, 304-309

Devani U, Pandita N, Kachwala Y. Evaluation of inhibitory
activity of Vitex nirgundo and Terminalia chebula by alpha
amylase inhibiton assay in management of diabetes. Asian ]
Plant Sci Res 2013;3 Suppl 2:6-14.

Singh MP, Sharma CS. Wound healing activity of Terminalia
Chebula in experimentally induced diabetic rats. Int ]
PharmTech Res 2009;1 Suppl 4:1267-70.

Factor SM, Bhan R, Minase T, Wolinsky H, Sonnenblick EH.
Hypertensive-Diabetic cardiomyopathy in the rat an
experimental model of human disease. Am ] Pathol 1981;102
Suppl 2:219-28.

Lee S], Zhang GF, Sung NJ. Hypolipidemic and hypoglycemic
effects of Orostachys japonicus A. Berger extracts in
streptozotocin-induced diabetic rats. Nutr Res Pract 2011;5
Suppl 4:301-7.

Srinivasan K, Viswanad B, Asrat L,Kaul CL,Ramarao P.
Combination of high-fat diet-fed and low-dose streptozotocin-
treated rat: A model for type 2 diabetes and pharmacological
screening. Pharmacol Res 2005;52 Suppl 4:313-20.

Ansari MN, Bhandari U, Pillai KK. Protective role of curcumin in
myocardial oxidative damage induced by isoproterenol in rats.
Hum Exp Toxicol 2007;26 Suppl 12:933-8.

Vijaya C, Ramanathan M, Suresh B. Lipid lowering activity of
ethanolic extract of leaves of Aegle marmelos in
Hyperlipidaemic models of Wistar Albino Rats. Indian ] Exp
Biol 2009;47:182-5.

Rona G, Kahn DS, Chappel CI. Study on the healing of cardiac
necrosis in the rat. Am ] Pathol 1961;39 Suppl 4:473-89.

Goyal S, Siddiqui MK, Siddiqui KM, Arora S, Mittal R, Joshi S, et
al. Cardioprotective effect of 'Khamira abresham hakim arshad
wala' a unani formulation in isoproterenol-induced myocardial
necrosis in rats. Exp Toxicol Pathol 2010;62 Suppl 1:61-74.
Panda VS, Naik SR. Cardioprotective activity of Ginkgo biloba
Phytosomes in isoproterenol-induced myocardial necrosis in
rats: A biochemical and histoarchitectural evaluation. Exp
Toxicol Pathol 2008;60 Suppl 5:397-404.

Seth SD, Maulik M, Katiyar CK, Maulik SK. Role of Lipistat in
protection against isoproterenol induced myocardial necrosis
in rats: a biochemical and histopathological study. Indian ]
Physiol Pharmacol 1998;42 Suppl 1:101-6.

Wei Y, Wu ], Cai F, Xiang ], Zha W, Fan D, et al. Curcumin
alleviates diabetic cardiomyopathy in experimental diabetic
rats. Plos One 2012;7 Suppl 12:52013.

Milano CA, Allen LF, Rockman HA, Dolber PC, Mcminn TR,
Chien KR, et al. Enhanced myocardial function in transgenic
mice overexpressing beta-2 adrenergic receptor. Science
1994;264:582-6.

Kumar GP, Arulselvan P, Kumar DS, Subramanian SP. Anti-diabetic
activity of fruits of terminalia chebula on Streptozotocin induced
diabetic rats. JHS 2006;52 Suppl 3:283-91.

Suchalatha S, Shyamala Devi CS. Protective effect of Terminalia
chebula against experimental myocardial injury induced by
isoproterenol. Indian ] Exp Biol 2004;42 Suppl 2:174-8

Wang HJ, Jin YX, Shen W, Neng J, Wu T, Li Y], et al. Low dose
streptozotocin (STZ) combined with high energy intake can
effectively induce type 2 diabetes through altering the related
gene expression. Asia Pac] Clin Nutr 2007;16:1412-7.

Nigam PK. Biochemical markers of myocardial injury. Indian ]
Clin Biochem 2007;22 Suppl 1:10-7.

309


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2834271�
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2834271�
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2834271�
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2834271�
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2834271�
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2834271�
http://www.nhlbi.nih.gov/health/health-topics/topics/cad/signs�
http://pharmrev.aspetjournals.org/search?author1=Peter+Ferdinandy&sortspec=date&submit=Submit�
http://pharmrev.aspetjournals.org/search?author1=Rainer+Schulz&sortspec=date&submit=Submit�
http://pharmrev.aspetjournals.org/search?author1=Gary+F.+Baxter&sortspec=date&submit=Submit�
http://www.sciencedirect.com/science/article/pii/S0002934303006727�
http://www.sciencedirect.com/science/journal/00029343�
http://www.sciencedirect.com/science/journal/00029343/116/5/supp/S1�
http://www.sciencedirect.com/science/journal/00029343/116/5/supp/S1�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maritim%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=12616644�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sanders%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=12616644�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Watkins%20JB%203rd%5BAuthor%5D&cauthor=true&cauthor_uid=12616644�
http://www.ncbi.nlm.nih.gov/pubmed/12616644�
https://www.jstage.jst.go.jp/AF06S010ShsiKskGmnHyj?chshnmHkwtsh=*Thomas+Paul+Asir+Devasagayam�
http://www.ncbi.nlm.nih.gov/pubmed?term=Factor%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=7468768�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bhan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=7468768�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Minase%20T%5BAuthor%5D&cauthor=true&cauthor_uid=7468768�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wolinsky%20H%5BAuthor%5D&cauthor=true&cauthor_uid=7468768�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sonnenblick%20EH%5BAuthor%5D&cauthor=true&cauthor_uid=7468768�
http://www.ncbi.nlm.nih.gov/pubmed/7468768�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20GF%5Bauth%5D�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sung%20NJ%5Bauth%5D�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Viswanad%20B%5BAuthor%5D&cauthor=true&cauthor_uid=15979893�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Asrat%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15979893�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kaul%20CL%5BAuthor%5D&cauthor=true&cauthor_uid=15979893�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ramarao%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15979893�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bhandari%20U%5BAuthor%5D&cauthor=true&cauthor_uid=18375636�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pillai%20KK%5BAuthor%5D&cauthor=true&cauthor_uid=18375636�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kahn%20DS%5Bauth%5D�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chappel%20CI%5Bauth%5D�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Siddiqui%20MK%5BAuthor%5D&cauthor=true&cauthor_uid=19285846�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Siddiqui%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=19285846�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arora%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19285846�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mittal%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19285846�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Joshi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19285846�
http://www.researchgate.net/researcher/35385805_S_Suchalatha/�
http://www.researchgate.net/researcher/39125668_C_S_Shyamala_Devi/�
http://www.researchgate.net/journal/0019-5189_Indian_journal_of_experimental_biology�

