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ABSTRACT
Background: Palm oil tocotrienol rich fraction (TRF) has shown potential as a cardioprotective, antioxidant, anti-inflammation, antiageing as well as anticancer agent through inhibiting free radical production and enhancing the antioxidant enzyme activity. Therefore,
this study aimed to identify the effect of palm TRF on oxidative status in isoprenaline-induced myocardial injury in rats.
Methods: A total of 24 male Sprague Dawley rats (200-250 g) were randomly divided into control group administered with vitamin Estripped oil (1 mg/kg body weight; n=12) and TRF-supplemented group (200 mg/kg body weight; n=12), for 84 consecutive days. On
the last two days of the treatment, the control group was further divided into control and ISO-induced myocardial injury (MI) group,
whereas TRF-supplemented group was divided into TRF and TRF+MI group. MI and TRF+MI groups were injected with isoprenaline
(ISO) (85 mg/kg) for two days with the interval of 24 hours to induce MI. Meanwhile, control and TRF groups were injected with normal saline (1 mg/kg).
Results: Heart and left ventricle weight were increased in MI compared to control. Aspartate aminotransferase (AST) and creatine
kinase-MB (CK-MB) were increased in MI compared to control. Histology showed the presence of necrosis, cell debris, separation of
cardiomyocytes fibre and inflammatory cells in MI and with TRF supplementation. Immunohistochemical staining of macrophage
marker, CD68, showed no detection in all groups while immunohistochemical staining for nitrotyrosine showed its presence in ISOinduced MI and with TRF supplementation. No changes of oxidative status were observed in either MI or with TRF supplementation.
Conclusion: TRF supplementation could reduce myocardial injury but not by reducing oxidative damage. Further study is required to
examine its exact mechanism.
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1. Introduction
Myocardial infarction has been an alarming health issue
as it causes sudden death without warning. The incidence of myocardial infarction and its associated mortality and morbidity have been increasing. Statistics Department of Malaysia reported that ischemic heart disease
was the principal cause of death in 2016 and the most
common ischemic heart disease is myocardial infarction.
The pathogenesis behind myocardial infarction was multifactorial but ischemia is the main cause nonetheless,
which ultimately leads to cell death (1).
Isoprenaline (ISO) was used in this study to induce myocardial infarction in rats. ISO is proven to cause
a lesion similar to human myocardial infarction in animals
(2)
. ISO is a non-selective beta-adrenoreceptor agonist,
thus it will increase the heart rate and cardiac contractility. Then, it will cause increased myocardial oxygen consumption, leading to myocardial ischemia and injury. The
oxidation products may cause further myocardial injury
by increasing oxidative stress, leading to myocardial
damage. The oxidants and reactive oxygen species may
attack cell membrane, causing loss of cell integrity (3),
leading to the release of cardiac markers such as ALT,
AST, LDH, and CK-MB (4). The end product of lipid peroxidation is indicated by malondialdehyde (MDA),
whereby its level is increased in myocardial infarction (5).
Other macromolecules such as protein and DNA will also
be attacked by ROS causing damage and degradation.
Advanced oxidation protein products (AOPP) is a new
stable marker for protein oxidation that has been used to
detect oxidative stress (6). The activity of antioxidant enzymes, such as superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GPx) and antioxidant level such oxidized glutathione (GSH) would alter to overcome the oxidative stress (7).

One of the antioxidants in nature is vitamin E
that has been proven to reduce the occurrence of coronary heart disease, which at the end, would account for
myocardial infarction (8, 9). It is believed that vitamin E
exerts its function as a peroxyl radical scavenger that
terminates chain reactions (10) other than inhibit platelet
aggregation, endothelial cell nitric oxide production and
superoxide production in neutrophils and macrophages
(11)
. These actions might be able to prevent cardiovascular disease or reduce its effects (12, 13). The cardioprotective effect of tocotrienol is exerted through its antioxidative, anti-inflammatory and suppression effects on the
mevalonate pathway (14). Tocotrienol is one of the vitamin
E isomers that is abundantly found in the palm oil (15).
TRF supplementation has the ability to reduce infarct
size of the myocardium, protects the blood vessel wall,
prevents the blood pressure increase, reduces plasma
lipid peroxidation and increases the antioxidant enzyme
activity (16).
Thus, this study aimed to determine the effect of
TRF supplementation on oxidative status of heart rats
induced by isoprenaline. TRF may have a potential in
protecting the cardiac from injury because it was proven
to ameliorate the oxidative stress (17).

2. Material and Methods
Chemicals
Isoprenaline (isoproterenol hydrochloride) was purchased from TCI Chemicals. Palm oil tocotrienol rich
fraction (Gold Tri. E® 70) was supplied by Sime Darby
Malaysia. The TRF content are d-alpha-tocopherol
(29%), d-alpha-tocotrienol (25%), d-beta-tocotrienol
(3%), d-gamma-tocotrienol (31%) and d-delta-tocotrienol
(12%).
Animals
Adult male rats (n=24), weighing 220-250 g were obtained from the Animal Laboratory Unit of The National
University of Malaysia. The animals were housed at the
animal laboratory room in plastic cages, fed with a standard pellet and water ad libitum. The laboratory room was
maintained at a temperature of 25˚C to 28˚C and exposed to a 12 h light/dark cycle throughout the experiment. The rats were acclimatized for one week before
the experimental period begins. All the experimental
work involving animals were performed according to the
institutional animal ethics guidelines. The study protocol
was reviewed and approved by The National University
of Malaysia Animal Ethics Committee (UKMAEC) with
certificate approval number, PP/BIOK/2015/ZAKIAH/20MAY/677-MAY-2015-NOV.-2016
Experimental Design
A total of 24 male Sprague Dawley rats were divided into
four groups, each group consisting of five animals, as
follows:
Group I
Group II
Group III
Group IV

Control-was given vitamin E- stripped oil
Rats were given vitamin E-stripped oil
and induced with isoprenaline (MI group)
Rats were supplemented with 200 mg/kg
of body weight of TRF
Rats were supplemented with 200 mg/kg
of body weight of TRF and induced with
isoprenaline (TRF+ MI)

Rats in TRF+MI groups were supplemented with
TRF for 84 consecutive days before the administration of
ISO for two consecutive days after the TRF supplementation period ended. The dose of the ISO chosen in this
study was according to the previous study, which
showed that 85 mg/kg would induce biochemical and
histopathological alterations without causing lethality to
rats (3). In contrast to isoprenaline, group I and III were
injected with normal saline. Meanwhile, TRF dose was
based on the study of Budin et al. (19) which showed that
200 mg/kg of TRF could reduce oxidative damage in
rats. Following 84 days of treatment, the body weight
was taken and the rats were
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were anaesthetized with ketamine and dissection was
performed. The blood sample was collected into an
EDTA tube and centrifuged at 3500 rpm for 15 minutes at
4˚C to separate the serum. The rats were sacrificed and
the heart was dissected immediately and heart weight
was taken. The heart tissue was used for histological
analysis. The serum samples were stored at -40˚C for
cardiac marker enzyme assay (AST, ALT, LDH, CKMB).
The excised heart tissue was homogenized in chilled Tris
-HCl buffer (0.1 M) pH 7.4. The homogenate was then
centrifuged at 8000 rpm for 2 min at 4˚C using the Eppendorf high-speed cooling centrifuge and stored at 80oC until further analysis. The clear supernatant obtained was used for the assay of malondialdehyde (MDA)
level, protein oxidation (advanced oxidation protein product, AOPP) and antioxidant status (superoxide dismutase, SOD; catalase CAT; and reduced glutathione,
GSH).

Cardiac Marker Enzyme Assays
Activity of serum aspartate aminotransferase (AST), alanine aminotransferase (ALT), creatinine kinase MB
(CKMB) enzyme activity was assessed using commercially available diagnostic kits (Biosystems, Spain) and
analyzed using semi-automated laboratory bioanalyzer
(BTS-350, Spain). Serum lactate dehydrogenase (LDH)
activity was estimated based on the method of Wróblewski and Ladue (20). Plasma total protein was determined
according to the Bradford method using bovine serum
albumin as standard (21).
Histopathological Analysis by Hematoxylin and Eosin
Staining

previously described (24).
Antioxidant Enzymes Activity
The antioxidant enzyme, superoxide dismutase (SOD)
was assayed according to method of Beyer and Fridovich
(25)
based on the inhibition or reduction of nitro blue tetrazolium (NBT) measured spectrophotometrically at 560
mm. Catalase was estimated using the method by Aebi
(26)
and the absorbance read at 240 nm. One unit of catalase was defined as the amount of enzyme which liberates half the peroxide oxygen from a H2O2 solution in 30
s. Reduced glutathione (GSH) was determined by the
method of Ellman (27) to measure the level of reduced
glutathione conjugates with 5,5-dithiobis-2-nitrobenzoic
acid (DTNB) indicated by the yellow conjugate GSHDTNB at 412 nm.
Statistical Analysis
Statistical analyses were performed using SPSS 22.0
software. Data are expressed as mean ± standard error
of mean (SEM). Normal distribution of the data was analysed using Shapiro Wilk test. Parametric data were analyzed using one-way ANOVA followed by Tukey’s post
hoc multiple comparisons using GraphPad Prism (version
6.00, GraphPad Software, California USA). The results
with the value of p < 0.05 were considered to be statistically significant.
3. Results
Body Weight, Heart and Left Ventricle Weight

The heart tissues were cut into 10 mm3 and were preserved in 10% formalin for two days. Dehydration process was done by using alcohol from low to high concentration. Cleaning process was done by using toluene before embedded in paraffin wax. The block was cut about
3-5 µm thick and stained with Hematoxylin and Eosin (H
& E) staining. The evaluation of myocardial injury was
done under a light microscope.

There was no significant difference in body weight between the groups (Table 1). Heart and left ventricle
weight of ISO-treated myocardial injury (MI) rats showed
a significant increased as compared to control. Supplementation of TRF showed no significant decreased in
heart and left ventricle weight in MI.

Determination of Inflammation Marker of CD68

The activity of AST was increased significantly (p<0.05)
in MI and in MI supplemented with TRF as compared to
control (Table 2). MI significantly increased CKMB activity as compared to control and the enzyme activity was
decreased with TRF supplementation. However, TRF
supplementation caused no significant changes for all the
serum marker enzymes as compared to control.

The inflammation marker, CD68 was determined immunohistochemically using commercial kit of CD68
(Abcam) to detect the presence of macrophage at the
area of myocardial injury.

Cardiac Marker Enzymes

Oxidative Stress Markers Level
Malondialdehyde (MDA), the end product of lipid peroxidation, was determined using thiobarbituric acid reactant
substance (TBARS) assay by Hunter and Jamaludin (22).
The chromogenic pink colour formed during the assay,
indicates the reaction between TBARS and MDA through
the heating process. The absorbance was read using
spectrophotometer at the wavelength of 532 nm. Advanced oxidation protein product (AOPP) was used to
determine the protein oxidation level using Witko-Sarsat,
Friedlander (23) method. The absorption was determined
at 340 nm. Protein oxidation of heart tissues was also
determined by immunohistochemistry using nitrotyrosine
antibody purchased from Santa Cruz, Biotechnology as

Histological Study
Hematoxylin and eosin staining revealed a clear integrity
of the heart cell membrane with no inflammatory cell infiltration observed for control and TRF supplemented
groups (Figure 1). Heart tissue for MI showed a heavy
infiltration of inflammatory cells with a focal necrosis area,
infiltration of inflammatory cells, separation of cardiac
muscle fibres as well as the absence of nuclei. There was
a presence of inflammatory cells infiltration, separation of
cardiac muscle fibres, necrotic cells and debris in MI with
TRF supplementation.

3

Table 1: Body weight, heart and left ventricle weight of rats supplemented with TRF and isoprenalineinduced myocardial injury.
Weight(g)

Control

TRF

MI

TRF+MI

Body

384.25 ± 14.46

429.00 ± 22.67

388.67 ± 15.58

416.75 ± 14.62

Heart

1.17 ± 0.07

1.24 ± 0.05

1.62 ± 0.11*

1.48 ± 0.07

Left ventricle

0.83 ± 0.06

0.86 ± 0.03

1.16 ± 0.07*

1.20 ± 0.03

All values are presented as mean ± S.E.M for each group. * indicates significant compared to control
(p<0.001).

Table 2: Effect of TRF supplementation on cardiac marker enzymes in ISO-induced myocardial injury in
rats.
Control

TRF

MI

TRF+MI

AST (U/L)

55.13 ± 3.54

60.80 ± 2.86

105.83 ± 4.86*

114.79 ± 5.98*

ALT (U/L)

22.00 ± 1.19

24.09 ± 1.93

29.16 ± 2.81

24.16 ± 2.24

LDH (U/mL)

1.81 ± 0.38

1.96 ± 0.39

2.95 ± 0.36

1.80 ± 0.42

CKMB (U/L)

64.33 ± 15.27

107.40 ± 10.11

121.90 ± 16.18*

41.94 ± 5.09**

All values are presented as mean ± S.E.M for each group. * indicates significant compared to control,
p<0.05. ** indicates significant compared to MI.

Table 3: The effect of TRF supplementation on oxidative status of ISO-induced myocardial injury in rats.
Control

TRF

MI

TRF+MI

MDA (nmol/mg)

7.52 ± 1.09

10.31 ± 0.93

7.54 ± 1.12

6.16 ± 0.55

AOPP (µmol/g protein)

27.36 ± 2.91

29.25 ± 9.02

25.79 ± 3.55

24.88 ± 3.72

SOD (U/mg protein)

18.54 ± 2.19

29.94 ± 4.45

22.91 ± 4.96

18.15 ± 0.87

CAT (mU/mg protein)

1.9 ± 0.2

2.4 ± 0.3

1.8 ± 0.4

4.0 ± 1.4

GSH (mM/mg protein)

0.0018 ± 0.004

0.029 ± 0.002*

0.014 ± 0.002

0.018 ± 0.001

All values are presented as mean ± S.E.M for each group (n=6). * indicates is significant compared to the
control, p<0.05.
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Abbreviations: C, cardiomyocytes; In, infiltration; N, necrosis.
A

B

C
C

C

D
C

N

In
N
In
C

Figure 1: Histopathological changes of heart tissue of A) control group, B) TRF group, C) ISO-induced myocardial injury and D) ISO-induced myocardial injury and supplemented with TRF. Heart tissues were stained
with hematoxylin and eosin and visualized under digital light microscope at 40x magnification.

Abbreviations: C, cardiomyocytes.
A

B

C
C

C

D

C

C

Figure 2: Immunohistochemistry changes in the aspect of the presence of CD68 as the marker of macrophage in A) control group, B) TRF group, C) ISO-induced myocardial injury in rats and D) ISO-induced myocardial injury and with TRF supplementation at 40x magnification.
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Abbreviation: N: nucleus, C: cardiomyocytes, Black arrow: brown immunostaining, White arrow: inflammatory cells

A

B

N

N
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C

C

D
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C
C

Figure 3: Immunohistochemistry localization of nitrotyrosine in endomyocardial tissue of A) control group, B)
TRF group, C) ISO-induced myocardial injury in rats and D) ISO-induced myocardial injury and with TRF
supplementation at 40x magnification.
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Immunohistochemistry for CD68
Immunohistochemistry for CD68 detected no macrophage accumulation in any area for MI, as well as for the
other groups (Figure 2).
Oxidative Stress Markers Level
The oxidative status of heart tissue for MI and TRF supplementation were shown in Table 3. No significant difference was observed for MDA and AOPP levels between the groups. The activity of SOD and CAT also did
not show significant changes between the groups
(p>0.05). However, supplementation of TRF significantly
increased GSH level compared to the control (p<0.05).
Protein Oxidation by Immunohistochemistry
Immunohistochemistry of the localization of nitrotyrosine
(NT) in endomyocardial tissue showed brown staining
indicating the presence of protein oxidation in Figure 3.
Brown staining was showed in MI (Fig 3C) and MI with
TRF supplementation group (Fig 3D). Absence of brown
immunostaining was observed in control (Fig3A) and
TRF group (Fig 3B) with magnification 40x.
4.

Discussion

Isoprenaline (ISO) is a synthetic sympathomimetic catecholamine that may produce `infarct-like’ myocardial necrosis resembling human myocardial infarction (28). Administration of ISO at a moderate dose (85 mg/kg) was
reported to show changes in biochemical parameters,
and caused hypertrophy cardiomyopathy (29), moderate
necrosis in the heart and left ventricle dilatation due to
high oxygen demand (30). These changes are responses
to cellular damage of the heart (5). It explained the reason
for the increased of rat heart and left ventricle weight in
this study but the body weight was not affected. Necrosis
of cardiomyocyte may cause aspartate aminotransaminase (AST) level and CKMB activity increment in the serum of ISO-induced myocardial injury. It was confirmed
by the histological observation, showing myocyte membrane damage, cardiac cell coagulated necrosis (31) and
inflammatory cells infiltration (7) as proven and consistent
with the increase of heart and left ventricle weight. The
cardiomyocyte fibre was seen separated from each other
(32)
while necrosis is marked with the absence of the nucleus in some cells suggesting karyolysis, the prominent
marker of necrosis, has occurred . Microscopic observation of immunohistochemistry stained heart tissue with
anti-CD68 showed no labelling of CD68 (a marker of
macrophage) in myocardial infarction. This is probably
because macrophage usually appears three days to two
weeks after myocardial infarction (33, 34), specifically after
the inflammation phase is finished (35).
Myocardial infarction is a result of cardiac tissues
necrosis due to oxygen and nutrient deprivation because
of the interruption of coronary blood. It is detected by
measuring the cardiac marker enzyme, such as lactate
dehydrogenase, CKMB, ALT, AST and protein level,
such as troponin T. Unfortunately, both alanine aminotransferase (ALT) and lactate dehydrogenase (LDH)
showed no significant difference changes in this study.
This could be due to the ALT arrives at its peaks after the

second day of MI induction (36) while LDH peaks about 23 days after the myocardial infarction induction (37). However, a more specific enzyme such as creatinine kinase
myocardial band (CK-MB) was increased. The release of
CK-MB to the circulation is quick onset; ranging from four
to six hours after the MI induction and reverts back to the
normal level around 48 to 72 hours after that (38).
Tocotrienol has shown antioxidative, antiinflammatory and cardioprotective effects in numerous
study (39). Cardioprotective properties of tocotrienol were
reported to be able to reduce myocardial injury due to
oxidative stress (40), reduce cholesterol level (41), downregulates vascular adhesion molecule (VCAM-1) and
intercellular adhesion molecule (ICAM-1) expression in
endothelium cells (42). In contrast, in this study that the
supplementation of TRF could not prevent the myocardial injury induced by ISO.
In addition, administration of ISO was reported to
induce oxidative stress as a result of autooxidation
mechanism of ISO. This may cause infarct-like necrosis
of the heart muscle (43), which closely resembles histological damage seen in human myocardial infarction (44). In
oxidative stress, the excessive production of free radicals
may attack lipid membrane, protein and DNA (45), causing
lipid peroxidation, protein oxidation (46) and DNA damage
(19)
. MDA, the end product of lipid peroxidation, may further increase free radical generation and reduce the activity of the antioxidant enzyme (47, 48). In contrast to previous studies, this study showed no significant changes in
MDA levels of the heart tissue after ISO administration.
The same finding was seen in AOPP level. Moreover,
ISO administration causes no marked changes in antioxidant enzyme activity (SOD and CAT) as well as nonenzymatic antioxidant, glutathione level in cardiac tissue.
Nonetheless, a previous study in ISO rat model showed
the opposite finding. Depletion of antioxidant and increased oxidative stress as shown by a rise in myocardial MDA level could be due to the generation of free radicals from autooxidation of ISO. This exceeds the capacity of the antioxidant system in scavenging the toxic radicals, thereby causing oxidative damage to the myocardium membrane (49,50).
No significant changes of MDA after ISO administration is probably due to the thiobarbituric acid (TBA)
test reaction. The substances in the biological sample or
in the reactants, such as metal ions and iron cations,
may initiate and fasten the decomposition process, leading to a diminished level of MDA-adduct (51). Artefact
formed in TBA assay may interfere with the measurement of MDA (52,53). Its non-specificity is also contributed
by the formation of several MDA-unrelated products
causing an underestimated amount of MDA present in
the sample (54). As for TRF-supplemented group, the lack
of any significant changes to the MDA is probably because of TRF providing sufficient antioxidant effect in
reducing or improving the oxidative stress. The absence
of marked changes in antioxidant enzyme activity (SOD
and CAT) as well as the non-enzymatic antioxidant, glutathione is probably because of the low level of oxidative
stress as reflected from the MDA level itself. Hence, level
7

of antioxidant activity too, is maintained as the minimal
oxidative stress, controlled by the cellular antioxidant
defence (55).
Positive immunostaining localization of nitrotyrosine, which is a marker of oxidative stress, was observed
in ISO administration group reflects the presence of oxidative damage (56). This suggests that ISO administration
induces oxidative stress in myocardial tissue via immunohistochemistry method as reported by previous
studies (56, 57).
TRF supplementation could not reduce the oxidative stress and modulate antioxidant activity to ISOinduced myocardial injury. At 200 mg/kg body weight,
TRF might not be enough to protect the myocardial from
injury or it might be required a longer time to see the TRF
effect on the injury. Even though many studies have
used the same dose and shown very positive findings,
they were used in different conditions (58). Basically, TRF
could exert its antioxidant activity by donating the hydrogen at its hydroxyl group in its chemical structure. The
hydrogen donation is made to the free radicals (59). By
donating hydrogen, lesser cytotoxic free radicals are
available to damage the cells. Other possible reason
might be due to the administration of ISO did not cause
significant changes on the oxidative stress of the cardiac
tissue. As a result, TRF supplementation is unable to
exert its antioxidant activity. This is in contrast with previous studies that reported supplementation of TRF ameliorated the oxidative damage in a variety of rat models
(60, 62)
due to its potent antioxidant activity. It can donate
the phenolic hydrogen to the toxic radicals, thereby scavenge and neutralize these free radicals generated, thus
producing less reactive metabolites products (63). TRF
supplementation on normal rats significantly increased
glutathione level as reported in other studies (62, 64). This
may suggest that TRF is capable to enhance GSH content through its potent and effective antioxidant activity of
TRF (65) contributed by tocotrienol rather than tocopherol
(18)
due to the high content of tocotrienol in palm oil (66).
While, Budin et al (61) reported that lower level of oxidative stress in normal rats causes the GSH level to be
maintained in a normal state to counteract the endogenous action of free radicals that continuously produced in
low level in an aerobic organism, to limit the generation
of free radicals in excessive amount.

As the conclusion, TRF supplementation was
able to reduce myocardial injury seen in MI model as
evident in the improved histological structure compared
to MI model alone. Nevertheless, TRF did not seem to
alter the oxidative stress and antioxidant status. The exact mechanism of action of TRF on heart remained unknown. Hence, further studies are definitely needed to
elucidate the mechanism of actions.
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However, TRF pretreated ISO-induced rats did
not experience attenuated myocardial oxidative stress as
presented with nitrotyrosine brown immunostaining of
myocardial tissue similar to those observed in the ISO
group, suggesting that the antioxidant activity of TRF
was not shown in this model. However, another study
reported that raxofelast, a new synthetic hydrophilic vitamin E-like antioxidant agent, may yield protective effects
against acute inflammation induction through reducing
nitrotyrosine immunostaining, an indicator of peroxynitrate formation in inflammation. In many previous studies,
TRF supplementation has been recognized to exert potent antioxidant activity through its amelioration effect
against oxidative damage in many animal models including diabetes and chemical-induced rat (67, 68).
8

References
1.
2.

3.

4.

5.

6.

7.

8.

9.

10.
11.

12.
13.
14.

15.

16.

17.

18.

Bhatnagar P, Wickramasinghe K, Williams J, Rayner M,
Townsend N. The epidemiology of cardiovascular disease
in the UK 2014. Heart. 2015:heartjnl-2015-307516.
Rona G, Chappel C, Balazs T, Gaudry R. An infarct-like
myocardial lesion and other toxic manifestations produced by isoproterenol in the rat. AMA archives of pathology. 1959;67(4):443-55.
Bardhan J, Chatterjee A, Das S, Bandyopadhyay SK,
Chakraborty R, Raychaudhuri U. Evaluation of Cardioprotective Effect of Tocotrienol Rich Fraction from Rice Bran
Oil. International Journal of Pharmaceutical Sciences
Review and Research. 2015;30(1):7.
Murugesan M, Ragunath M, Prabu T, Nadanasabapathi
S, Sakthivel M, Manju V. Protective role of black cumin
(Nigella sativa) on isoproterenol induced myocardial infarction in rats. International Journal of Pharmacology and
Clinical Science. 2012;1:45-53.
Khalil MI, Ahmmed I, Ahmed R, Tanvir E, Afroz R, Paul S,
et al. Amelioration of isoproterenol-induced oxidative
damage in rat myocardium by Withania somnifera leaf
extract. BioMedical Research International. 2015;1-10
Mukherjee S, Kapp EA, Lothian A, Roberts AM, Vasil’ev
YV, Boughton BA, et al. Characterization and Identification of Dityrosine Cross-Linked Peptides Using Tandem
Mass Spectrometry. Analytical Chemistry. 2017;89
(11):6136-45.
Thounaojam MC, Jadeja RN, Karn SS, Shah JD, Patel
DK, Salunke SP, et al. Cardioprotective effect of Sida
rhomboidea. Roxb extract against isoproterenol induced
myocardial necrosis in rats. Experimental and Toxicologic
Pathology. 2011;63(4):351-6.
Rimm EB, Stampfer MJ, Ascherio A, Giovannucci E, Colditz GA, Willett WC. Vitamin E consumption and the risk
of coronary heart disease in men. New England Journal
of Medicine. 1993;328(20):1450-6.
Stampfer MJ, Hennekens CH, Manson JE, Colditz GA,
Rosner B, Willett WC. Vitamin E consumption and the risk
of coronary disease in women. New England Journal of
Medicine. 1993;328(20):1444-9.
Traber MG, Atkinson J. Vitamin E, antioxidant and nothing more. Free Radical Biology and Medicine. 2007;43
(1):4-15.
Rizvi S, Raza ST, Ahmed F, Ahmad A, Abbas S, Mahdi F.
The role of vitamin E in human health and some diseases. Sultan Qaboos University Medical Journal. 2014;14
(2):e157.
Emmert DH, Kirchner JT. The role of vitamin E in the prevention of heart disease. Archives of Family Medicine.
1999;8(6):537.
Saremi A, Arora R. Vitamin E and cardiovascular disease.
American Journal of Therapeutics. 2010;17(3):e56-e65.
Theriault A, Chao J-T, Gapor A. Tocotrienol is the most
effective vitamin E for reducing endothelial expression of
adhesion molecules and adhesion to monocytes. Atherosclerosis. 2002;160(1):21-30.
Aggarwal BB, Sundaram C, Prasad S, Kannappan R.
Tocotrienols, the vitamin E of the 21st century: its potential against cancer and other chronic diseases. Biochemical Pharmacology. 2010;80(11):1613-31.
Nafeeza M, Norzana A, Jalaluddin H, Gapor M. The effects of a tocotrienol-rich fraction on experimentally induced atherosclerosis in the aorta of rabbits. The Malaysian Journal of Pathology. 2001;23(1):17-25.
Nesaretnam K, Devasagayam T, Singh B, Basiron Y.
Influence of palm oil or its tocotrienol-rich fraction on the
lipid peroxidation potential of rat liver mitochondria and
microsomes. Biochemistry and Molecular Biology International. 1993;30:159-.
Serbinova E, Kagan V, Han D, Packer L. Free radical
recycling and intramembrane mobility in the antioxidant

19.

20.

21.

22.
23.

24.

25.

26.
27.
28.
29.

30.

31.

32.

33.
34.
35.
36.
37.
38.

properties of alpha-tocopherol and alpha-tocotrienol. Free
Radical Biology and Medicine. 1991;10(5):263-75.
Budin SB, Othman F, Louis SR, Bakar MA, Das S, Mohamed J. The effects of palm oil tocotrienol-rich fraction
supplementation on biochemical parameters, oxidative
stress and the vascular wall of streptozotocin-induced
diabetic rats. Clinics. 2009;64(3):235-44.
Wróblewski F, Ladue JS. Lactic dehydrogenase activity in
blood. Proceedings of the Society for Experimental Biology and Medicine. 1955;90(1):210-3.
Bradford MM. A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle of protein-dye binding. Analytical Biochemistry.
1976;72(1-2):248-54.
Hunter MIS, Jamaludin BM. Plasma antioxidants and lipid
peroxidation products in Duchenne muscular dystrophy.
Clinica Chimica Acta. 1986;155(2):123-31.
Witko-Sarsat V, Friedlander M, Khoa TN, CapeillèreBlandin C, Nguyen AT, Canteloup S, et al. Advanced
oxidation protein products as novel mediators of inflammation and monocyte activation in chronic renal failure1,
2. The Journal of Immunology. 1998;161(5):2524-32.
Liu Y-H, Carretero OA, Cingolani OH, Liao T-D, Sun Y,
Xu J, et al. Role of inducible nitric oxide synthase in cardiac function and remodeling in mice with heart failure due
to myocardial infarction. American Journal of PhysiologyHeart and Circulatory Physiology. 2005;289(6):H2616H23.
Beyer WF, Fridovich I. Assaying for superoxide dismutase activity: Some large consequences of minor
cganges in conditions. Analytical Biochemistry 1987;161
(20): 559-566.
Aebi H. Catalase in vitro. Methods in enzymology.
1984;105:121-6.
Ellman GL. Tissue sulfhydryl groups. Archives of Biochemistry and Biophysics. 1959;82(1):70-77.
Rona G. Catecholamine cardiotoxicity. Journal of Molecular and Cellular Cardiology. 1985;17(4):291-306.
Wallace KB, Hausner E, Herman E, Holt GD, Macgregor
JT, Metz AL, et al. Serum troponins as biomarkers of drug
-induced cardiac toxicity. Toxicologic Pathology. 2004;32
(1):106-21.
Brooks WW, Conrad CH. Isoproterenol-induced myocardial injury and diastolic dysfunction in mice: structural and
functional correlates. Comparative Medicine. 2009;59
(4):339-43.
Gayathri V, Ananthi S, Chandronitha C, Ramakrishnan G,
Sundaram RL, Vasanthi HR. Cardioprotective effect of
Nerium oleander flower against isoproterenol-induced
myocardial oxidative stress in experimental rats. Journal
of Cardiovascular Pharmacology and Therapeutics.
2011;16(1):96-104.
Wang S-B, Tian S, Yang F, Yang H-G, Yang X-Y, Du GH. Cardioprotective effect of salvianolic acid A on isoproterenol-induced myocardial infarction in rats. European
Journal of Pharmacology. 2009;615(1):125-32.
Lambert JM, Lopez EF, Lindsey ML. Macrophage roles
following myocardial infarction. International Journal of
Cardiology. 2008;130(2):147-58.
Prabhu SD, Frangogiannis NG. The biological basis for
cardiac repair after myocardial infarction: from inflammation to fibrosis. Circulation Research. 2016;119(1):91-112.
Nahrendorf M, Pittet MJ, Swirski FK. Monocytes: protagonists of infarct inflammation and repair after myocardial
infarction. Circulation. 2010;121(22):2437-45.
Damjanov I. Pathology for the Health Professions-EBook: Elsevier Health Sciences; 2013.
Galen RS. The enzyme diagnosis of myocardial infarction. Human Pathology. 1975;6(2):141-55.
Kemp M, Donovan J, Higham H, Hooper J. Biochemical
markers of myocardial injury. British Journal of Anaesthesia. 2004;93(1):63-73.

9

References
36.
37.
38.
39.

40.

41.
42.
43.

44.

45.

46.
47.

48.

49.

50.

51.

52.
53.
54.

Damjanov I. Pathology for the Health Professions-EBook: Elsevier Health Sciences; 2013.
Galen RS. The enzyme diagnosis of myocardial infarction. Human Pathology. 1975;6(2):141-55.
Kemp M, Donovan J, Higham H, Hooper J. Biochemical
markers of myocardial injury. British Journal of Anaesthesia. 2004;93(1):63-73.
Ramanathan N, Tan E, Loh LJ, Soh BS, Yap WN. Tocotrienol is a cardioprotective agent against ageingassociated cardiovascular disease and its associated
morbidities. Nutrition & Metabolism. 2018;15(1):6.
Karim NA, Aman N, Ghani SMA, Lim JJ, Saridewi D,
Ngah WZW. Tocotrienol Rich Fraction supplementation
increased the antioxidant activities in skeletal and heart
muscle of aging mice. International Journal of Biomedical
and Advance Research. 2015;6(12):7.
Vasanthi HR, Parameswari R, Das DK. Multifaceted role
of tocotrienols in cardioprotection supports their structure:
function relation. Genes and Nutrition. 2012;7(1):19-28.
Ley K, Huo Y. VCAM-1 is critical in atherosclerosis. The
Journal of Clinical Investigation. 2001;107(10):1209-10.
Rathore N, John S, Kale M, Bhatnagar D. Lipid peroxidation and antioxidant enzymes in isoproterenol induced
oxidative stress in rat tissues. Pharmacological Research.
1998;38(4):297-303.
Grimm D, Elsner D, Schunkert H, Pfeifer M, Griese D,
Bruckschlegel G, et al. Development of heart failure following isoproterenol administration in the rat: role of the
renin–angiotensin system. Cardiovascular Research.
1998;37(1):91-100.
Ozgur E, Güler G, Seyhan N. Mobile phone radiationinduced free radical damage in the liver is inhibited by the
antioxidants N-acetyl cysteine and epigallocatechingallate. International Journal of Radiation Biology.
2010;86(11):935-45.
Stadtman ER, Berlett BS. Reactive oxygen-mediated
protein oxidation in aging and disease. Drug Metabolism
Reviews. 1998;30(2):225-43.
Zhou B, Wu L-J, Li L-H, Tashiro S-i, Onodera S, Uchiumi
F, et al. Silibinin protects against isoproterenol-induced
rat cardiac myocyte injury through mitochondrial pathway
after up-regulation of SIRT1. Journal of Pharmacological
Sciences. 2006;102(4):387-95.
Mohanty I, Arya DS, Dinda A, Talwar KK, Joshi S, Gupta
SK. Mechanisms of cardioprotective effect of Withania
somnifera in experimentally induced myocardial infarction. Basic & Clinical Pharmacology and Toxicology.
2004;94(4):184-90.
Ganesan B, Buddhan S, Anandan R, Sivakumar R,
AnbinEzhilan R. Antioxidant defense of betaine against
isoprenaline-induced myocardial infarction in rats. Molecular Biology Reports. 2010;37(3):1319-27.
Gupta P, Kanwal A, Putcha UK, Bulani Y, Sojitra B,
Khatua TN, et al. Cardioprotective effect of ritonavir, an
antiviral drug, in isoproterenol induced myocardial necrosis: a new therapeutic implication. Journal of Translational
Medicine. 2013;11(1):80.
Gutteridge JM, Rowley DA, Halliwell B. Superoxidedependent formation of hydroxyl radicals and lipid peroxidation in the presence of iron salts. Detection of
‘catalytic’iron and anti-oxidant activity in extracellular fluids. Biochemical Journal. 1982; 206(3): 605-609.
Esterbauer H. Estimation of peroxidative damage. A critical review. Pathologie-Biologie. 1996; 44(1): 25-28.
Moore K, Roberts LJ. Measurement of lipid peroxidation.
Free Radical Research. 1998; 28(6): 659-671.
Buttkus H, Bose R. Amine-malonaldehyde condensation
products and their relative color contribution in the thiobarbituric acid test. Journal of the American Oil Chemists’ Society. 1972; 49(7): 440-443.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.
67.

68.

Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M et al.
Free Radicals and antioxidants in normal physiological
functions and human disease. The International Journal
of Biochemistry and Cell Biology. 2007; 39(1): 44-84.
Riba A, Deres L, Eros K, Szabo A, Magyar K, Sumegi B,
et al. Doxycycline protects against ROS-induced mitochondrial fragmentation and ISO-induced heart failure.
PloS One. 2017;12(4):1-16.
Nieto-Lima B, Bautista-Pérez R, Cano-Martínez A, editors. Decrements in fibrosis, cell infiltrates and oxidative
stress, but not in ventricular hypertrophy by melatonin in
isoproterenol-induced heart injury of mice. 17th World
Congress on Heart Disease: Pathophysiology, Evaluation
and Management; 2013; Toronto, ON, Canada: Bologna,
IT: Medimond International Proceedings.
Matough FA, Budin SB, Hamid ZA, Abdul-Rahman M, AlWahaibi N, Mohammed J. Tocotrienol-rich fraction from
palm oil prevents oxidative damage in diabetic rats. Sultan Qaboos University Medical Journal. 2014;14(1):e95.
Burton G, Ingold K. Autoxidation of biological molecules.
1. The antioxidant activity of vitamin E and related chain
reaction of unsaturated lipids. Food Chemistry. 1981;9:21
-5.
Budin SB, Taib IS, Jayusman PA, CHIANG H, Ramalingam A, Ghazali AR, et al. Ameliorative effect of palm oil
tocotrienol rich fraction on brain oxidative stress in fenitrothion-administered rats. Sains Malaysiana. 2014;43
(7):1031-6.
Budin SB, Han KJ, Jayusman PA, Taib IS, Ghazali AR,
Mohamed J. Antioxidant activity of tocotrienol rich fraction
prevents fenitrothion-induced renal damage in rats. Journal of Toxicologic Pathology. 2013;26(2):111-8.
Matough FA, Budin SB, Hamid ZA, Abdul-Rahman M, AlWahaibi N, Mohammed J. Tocotrienol-rich fraction from
palm oil prevents oxidative damage in diabetic rats. Sultan Qaboos University Medical Journal. 2014;14(1):95103.
Taib IS, Budin SB, Ghazali AR, Jayusman PA, Louis SR,
Mohamed J. Palm oil tocotrienol-rich fraction attenuates
testicular toxicity induced by fenitrothion via an oxidative
stress mechanism. Toxicology Research. 2015;4(1):13242.
Matough FA, Budin SB, Hamid ZA, Louis SR, Alwahaibi
N, Mohamed J. Palm vitamin E reduces oxidative stress,
and physical and morphological alterations of erythrocyte
membranes in streptozotocin-induced diabetic rats. Oxidants and Antioxidants in Medical Science. 2012;1(1):5968.
Budin SB, Khairunnisa'Md Y, Muhd H, Zariyantey AH,
Jamaludin M. Tocotrienol-rich fraction of palm oil reduced
pancreatic damage and oxidative stress in streptozotocininduced diabetic rats. Australian Journal of Basic and
Applied Sciences. 2011;5(12):2367-74.
Ahsan H, Ahad A, Iqbal J, Siddiqui WA. Pharmacological
potential of tocotrienols: a review. Nutrition and Metabolism. 2014;11(1):1-22.
Jayusman PA, Budin SB, Taib IS, Ghazali AR. The Effect
of Tocotrienol-Rich Fraction on Oxidative Liver Damage
Induced by Fenitrothion. Sains Malaysiana. 2017;46
(9):1603-9.
Budin SB, Han CM, Jayusman PA, Taib IS. Tocotrienol
rich fraction prevents fenitrothion induced pancreatic
damage by restoring antioxidant status. Pakistan Journal
of Biological Sciences. 2012;15(11):517-23.

10

