JPP

Journal of
Pharmacy and Pharmacology

JPP 2005, 57: 67-73

© 2005 The Authors

Received April 16, 2004
Accepted September 17, 2004
DOI 10.1211/0022357055065
ISSN 0022-3573

Department of Biochemistry,
University of Madras, Guindy
Campus, Chennai-600 025, India

K. Karthikeyan, B. R. Sarala Bai,
K. Gauthaman, S. Niranjali
Devaraj

Correspondence: S. Niranjali
Devaraj, Department of
Biochemistry, University of
Madras, Guindy Campus,
Chennai-600 025, India. E-mail:
niranjali@yahoo.com

Protective effect of propyl gallate against myocardial
oxidative stress-induced injury in rat

K. Karthikeyan, B. R. Sarala Bai, K. Gauthaman and S. Niranjali Devaraj

Abstract

This study was designed to investigate the effect of chronic administration of propyl gallate on
myocardial oxidative stress-induced injury. Propyl gallate was administered orally to Wistar albino
rats (150-200g) in three different doses, by gastric gavage (250mgkg™ (P1), 500 mgkg™ (P2) and
750 mg kg'1 (P3)), 6 days a week for 5 weeks. At the end of this period, all the rats, except the normal
untreated rats that served as the control group, were administered isoproterenol (ISO), 85mgkg™
subcutaneously, for 2 consecutive days to induce myocardial injury. After 48h, rats (n=6 per group)
were anaesthetized with anaesthetic ether, sacrificed and the hearts were harvested for the estimation
of thiobarbituric acid reactive substances (TBARS), endogenous antioxidants (reduced glutathione
(GSH), superoxide dismutase (SOD) and catalase) and for the assessment of histological changes. In
the P2 BL group (BL=baseline), there was a significant (P<0.001) rise in baseline TBARS and SOD when
compared with the saline-treated group, while no such changes were observed in the other baseline-
treated groups. However, there was a significant (P<0.001) increase in TBARS and endogenous anti-
oxidants (GSH, SOD and catalase) in the P2 1ISO and P3 ISO groups, when the hearts were subjected to
in-vivo myocardial oxidative stress-induced injury. We observed no such changes in the P1 ISO group.
This study showed that propyl gallate modulates the levels of endogenous antioxidants present at the
myocardial site. Whether these modifications are a result of direct interference at this site or a remote
effect is not immediately clear. In conclusion, from the results it could be stated that chronic admin-
istration of 500mgkg™" of propyl gallate offers significant protection against myocardial oxidative
stress-induced injury.

Introduction

Ischaemic heart disease (IHD) has emerged as a major world health problem and it is
predicted that by the year 2020 this disease will persist as the major and the most
common threat to human life (Anonymous 1997). The pathogenic mechanism of
myocardial ischaemic damage is still not completely understood, but the role of
oxygen-derived free radicals (OFRs) in myocardial ischaemia has been established,
although not completely characterized. Pathological free-radical production in ischae-
mia or hypoxia may mainly result from reflow or reoxygenation (McCord 1985).
Vigorous global research is underway in an effort to develop pharmacological means
to control morbidity and mortality arising from IHD. As far as the aetiological factors
are concerned, presently, oxidative stress enjoys the widest scientific popularity
(Neelam etal 1995; Karthikeyan etal 2003), which plays a major role in causing this
cardiac failure, alone or in conjunction with several other equally important factors.
While much research has been done on this topic, there is no clear understanding of the
underlying causal factors associated with injury following an ischaemic episode (Sabari
etal 2002).

Recently, there has been renewed interest in medicinal plants and food products
derived from medicinal plants that have been found to have certain preventive measures
in the treatment of cardiovascular disease. Propyl gallate, a major component of many
medicinal plants, has been reported to have antioxidant properties (Lepran & Lefer 1985;
Bhatnagar 1995; Lin etal 2000). A high degree of in-vivo and in-vitro OFR scavenging
activity of the different forms of gallates, such as epigallocatechin gallate, has been
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documented (Ajay etal 2003; Buttemeyer etal 2003;
Furukawa etal 2003). This might be instrumental in their
cardioprotective effects.

Based on the antioxidant properties of gallates, this
study in rats was designed to investigate the effect of
chronic administration of propyl gallate on endogenous
antioxidant levels and on oxidative stress arising out of
isoproterenol administration.

Materials and Methods

Experimental procedure

Male Wistar albino rats, 120—150 g, were obtained from the
Tamil Nadu Veterinary and Animal Science University,
Chennai, India, and were housed at 254+ 5°C in a well-
ventilated animal house under a 12-h light—dark cycle. All
protocols were approved by the local standing committee
and authority on animal research and the experiments were
carried out according to the guidelines of the animal ethics
committee of the institute (IAEC No: 01/00/02). Rats were
divided into three groups and were administered propyl
gallate (Sigma Chemical Co., St Louis, MO) in three doses
(250mgkg ' (P1), 500mgkg ' (P2) and 750 mgkg ' (P3))
in saline or were administered vehicle (saline) alone, by oral
gavage, 6 days a week for 5 weeks. The rats had free access
to standard rat chow (Amrut Laboratory Animal feed,
Bangalore, India; containing protein 22.06%, oil 4.28%,
fibre 3.02%, ash 7.8%, sand (silica) 1.37% w/w) and
water. There were no significant differences in the body
weights of the treated rats when compared with control,
either at the beginning or at the end of the study period. The
treated rats did not offer any abnormal resistance to drug
administration. The treatment schedule did not cause any
change in food and water intake pattern. Forty-eight hours
after the last dose, rats were heparinized (375U/200 g, i.p.)
(Neely etal 1972), anaesthetized with ether, sacrificed and
subjected to any one of the protocols.

Protocol 1

Hearts from six rats in each group were harvested and
stored in liquid nitrogen for the estimation of basal endo-
genous antioxidants and in 10% buffered formalin for
histological studies.

The groups studied were: Group C, vehicle-treated rats
(saline); Group P1 BL, rats treated with 250 mg kg_1 of
propyl gallate; Group P2 BL, rats treated with
500mgkg " of propyl gallate; Group P3 BL, rats treated
with 750 mg kg_1 of propyl gallate.

Protocol 11

At the end of the treatment period six rats from each group
were administered isoproterenol (ISO), receiving one sub-
cutaneous injection of 85mgkg~! daily for 2 consecutive
days to induce myocardial injury (Rona et al 1959; Seth et al
1998). Forty-eight hours after the first dose of isoproterenol,
the rats were sacrificed; hearts were harvested and immedi-
ately frozen in liquid nitrogen for biochemical estimations
and in 10% buffered formalin for histological studies.

Groups were as follows: Group C, rats treated with
vehicle + saline; Group ISO, rats treated with vehicle +
ISO; Group P1 ISO, rats treated with propyl gallate
250 mgkg ™" + ISO; Group P2 ISO, rats treated with propyl
gallate 500 mg kg ™' 4 ISO; Group P3 ISO, rats treated with
propyl gallate 750 mgkg ™' + ISO.

Biochemical parameters

Myocardial thiobarbituric acid reactive substances
Myocardial thiobarbituric acid reactive substances
(TBARS) were determined by a modified version of the
method described by Ohkawa etal (1979). Rat hearts were
homogenized in 10% trichloroacetic acid (TCA) at 4°C.
Homogenate (0.2mL) was pipetted into a test tube, fol-
lowed by the addition of 0.2mL of 8.1% sodium dodecyl
sulfate (SDS), 1.5mL of 20% acetic acid (pH 3.5) and
1.5mL of 0.8% thiobarbituric acid (TBA). Tubes were
boiled for 60 min at 95°C and then cooled on ice. Double-
distilled water (1.0mL) and 5.0 mL of n-butanol-pyridine
(15:1 v/v) mixture were added to the tubes and centrifuged
at 4000g for 10min. The absorbance of the developed
colour in the organic layer was measured at 532nm.
TBARS levels were determined from the standard curve
of TBA adduct formation when various concentrations of
commercially available 1,1,3,3-tetracthoxypropane were
subjected to the above procedure. Data are expressed as
nmol (g wet weight) .

Myocardial reduced glutathione

Myocardial reduced glutathione (GSH) was estimated by
the method of Ellman (1959). The rat hearts were homo-
genized with 10% TCA and centrifuged at 3000g for
10 min. The reaction mixture contained 0.1 mL of super-
natant, 2.0 mL of 0.3 M phosphate buffer (pH 8.4), 0.4 mL
of double-distilled water and 0.5mL of 5,5 dithiobis
2-nitrobenzoic acid (DTNB). The reaction mixture was
incubated for 10 min and the absorbance was measured
at 412 nm. The level of reduced GSH was determined from
the standard curve of DTNB’s reaction with commercially
available GSH (Sigma Chemical Co.). Data are expressed
as pg (g wet weight) '

Myocardial superoxide dismutase

Superoxide dismutase (SOD) levels in the hearts were
determined by the method of McCord & Firdovich and
modified by Kakkar etal (1984). The hearts were homo-
genized in 0.25m Tris—sucrose buffer and centrifuged at
10000 g for 15 min at 4°C. The supernatant was fractionated
by 50% ammonium sulfate, mixed vigorously and the
reaction mixture was incubated at 4°C for 4 h. After incu-
bation, the samples were centrifuged at 10000 g for 30 min
at 4°C; the supernatant was then kept overnight for dia-
lysis in 0.0025m Tris-HCI buffer. The supernatant
(100 L) was added to sodium pyrophosphate buffer (pH
8.3), followed by addition of 0.1 mL of 186 um phenazine
methosulfate, 0.3 mL of 300 mm nitroblue tetrazolium and
0.2mL of 780 um NADH. The reaction mixture was incu-
bated for 90 s at 30°C, the reaction was stopped by adding
1.0mL of acetic acid, 4.0 mL of n-butanol was then added
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and centrifuged at 3000 g for 10 min. The absorbance of
the organic layer was measured at 560 nm. SOD levels
were determined by the standard curve obtained using
known concentrations of commercially available SOD
(Sigma Chemical Co.), subjected to the above treatment.
Data are expressed as IU (mg protein) .

Mpyocardial catalase

Catalase was estimated by the method described by Aebi
(1974). Hearts were homogenized at 4°C (1:10) in 50 mm
potassium phosphate buffer (pH 7.4) and centrifuged at
3000¢ for 10min. Supernatant (50 uL) was added to a
3.0-mL cuvette that contained 1.95 mL of 50 mm phosphate
buffer (pH 7.0). Then 1.0 mL of 30 mm hydrogen peroxide
was added and changes in absorbance were followed for
30s at 240nm at an interval of 15s. Catalase levels were
determined by the standard curve obtained using known
concentrations of commercially available catalase (Sigma
Chemical Co.), subjected to the above treatment. Catalase
levels are expressed as IU (mg protein) .

Estimation of protein

Tissue protein was estimated by the method of Bradford
(1976). Rat hearts were homogenized at 4°C (1:10) in 50 mm
potassium phosphate buffer (pH 7.4) and centrifuged at
3000 g for 10 min. The supernatant (2 L) was made up to
20 uL with double-distilled water, 50 uL. of 0.1 M NaOH
and 1 mL of Bradford reagent were added, vortexed and
kept for 10min, and the absorbance was measured at
595nm. Protein levels were determined by the standard
curve obtained using known concentrations of commer-
cially available bovine serum albumin (Sigma Chemical
Co.), subjected to the above treatment.

Histological examination

The rat hearts were removed, washed immediately with
saline and then fixed in 10% buffered formalin. The
hearts, stored in 10% buffered formalin, were embedded

in paraffin sections cut at 5Sum and were stained with
haematoxylin and eosin. These sections were then exam-
ined under the light microscope for histological changes.

Statistical analysis

All values are expressed as mean £ s.e. One-way analysis
of variance was applied to test for significance of biochem-
ical data of the different groups. Significance is set at
P<0.001.

Results

Baseline changes

Baseline changes brought about by treatment of rats for
30 days with either propyl gallate (250, 500 or
750 mgkg ") or vehicle alone are presented in Table 1.

The myocardial baseline TBARS level was not signifi-
cantly changed in the P1 BL and P3 BL groups compared
with group C. However, in the P2 BL group there was a
significant rise (P <0.001) in the level of myocardial base-
line TBARS compared with group C.

Compared with group C: myocardial baseline GSH
levels were not significantly altered in the P1 BL, P2 BL
or P3 BL groups; myocardial baseline SOD levels were
significantly (P < 0.001) increased in the P2 BL group but
not in the P1 BL and P3 BL groups; and myocardial
baseline catalase levels were not significantly changed in
the P1 BL, P2 BL and P3 BL groups.

Oxidative stress-induced changes

The results obtained in the different groups subjected to
in-vivo myocardial oxidative stress-induced injury are pre-
sented in Table 1.

Myocardial TBARS levels in the ISO group were sig-
nificantly (P <0.001) higher than in the group C. In the P1
ISO group the levels were not significantly different to

Table 1 Effect of propyl gallate on TBARS, GSH, SOD and catalase in rat heart
Parameters C ISO P1 BL P11SO P2 BL P2 ISO P3 BL P3 ISO
TBARS (nmol 459439  70.3+4.9% 483+58  73.64+25 57.943.1*% 52.6+£56" 46.9+34 59.2+6.4%

(g wet weight)™")

GSH (ug (g wet weight)™") 327.0+£18.1 164.94+20.8* 316.0+£16.7 1352169 336.2+18.4 332.8+16.9% 335.1+£17.2 298.6+ 12.6
SOD (IU (mg protein)™)  2.5+£03  1.6+04* 23403  1.9+£0.1  3.7+02* 59405 24402  3.0+04"
CAT (IU (mg protein)™) 454442 258452* 465+24 248+3.6 461437 464443 482414 47.5+34"

All values are expressed as mean +s.e., n=6. *P < 0.001 vs C; P < 0.001 vs ISO (one-way analysis of variance). Rats received the following
treatments: Group C, vehicle (saline); Group ISO, vehicle and 85 mgkg ™" isoproterenol; Group P1 BL, 250 mgkg ™" of propyl gallate; Group
P1 ISO, 250 mgkg ™" propyl gallate and 85 mgkg~" isoproterenol; Group P2 BL, 500mgkg~" of propyl gallate; Group P2 ISO 500 mgkg ™'
propyl gallate and 85mgkg™" isoproterenol; Group P3 BL, 750 mgkg ™" of propyl gallate; Group P3 ISO, 750 mgkg ™' propyl gallate and
85mgkg~! isoproterenol. Vehicle or saline was administered by oral gavage, at the indicated dosage, 6 days a week for 5 weeks; isoproterenol
was then given, at the indicated dosage, by subcutaneous injection once daily for two days.
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those in the ISO group, although there was a significant
(P < 0.001) fall in the TBARS levels in the P2 ISO and P3
ISO groups.

The myocardial GSH level was significantly (P < 0.001)
lower in the ISO group than in group C. In the P1 ISO
group, the myocardial GSH levels were not significantly
different to those in the ISO group. However, there was a
significant rise (P < 0.001) in the levels of myocardial GSH
in the P2 ISO and P3 ISO groups compared with the ISO
group.

Myocardial SOD levels were significantly lower
(P < 0.001) in the ISO group than in group C. In the Pl
ISO group, myocardial SOD levels were not significantly
different to those in the ISO group. However, there was a
significant rise (P < 0.001) in the levels of myocardial SOD
in the P2 ISO and P3 ISO groups compared with the ISO
group.

The myocardial catalase level was significantly lower
(P < 0.001) in the ISO group than in group C. There was
no significant difference in myocardial catalase level
between the P1 ISO and the ISO group. However, the
level of myocardial catalase was significantly higher
(P < 0.001) in the P2 ISO and P3 ISO groups than in the
ISO group.

Histological changes

Light microscopy of the tissue sections taken from group C
rat hearts showed a normal myofibrillar structure with
striations, branched appearance and continuity with adja-
cent myofibrils (Figure 1A). Group ISO tissues showed
oedema, focal haemorrhage and leucocyte infiltration
with fragmentation of muscle fibres suggestive of necrosis
(Figure 1B). The tissue sections from all baseline groups, P1
BL, P2 BL and P3 BL, showed normal myofibrillar struc-
ture with some leucocyte infiltration and continuity with
adjacent myofibrils (Figures 2A, 3A, 4A). The tissue sec-
tions of all treated groups, P1 ISO, P2 ISO and P3 ISO,
showed some leucocyte infiltration, mild oedema and some
discontinuity with adjacent myofibrils but the morphology
of cardiac muscle fibres was relatively well preserved with
no evidence of focal necrosis (Figures 2B, 3B, 4B).

Discussion

Propyl gallate is used extensively as an antioxidant in fats
and oils to prevent rancidity and spoilage. Experimentally,
propyl gallate has been shown to protect against free
radical injury in-vitro in lung reperfusion models and
when given as a dietary supplementation in in-vivo studies
(Bhatnagar 1993; Bains etal 1996). Propyl gallate, a syn-
thetic polyhydric phenol, is a member of the gallic acid
ester family and has the capacity to act as a free radical
scavenger in biological systems. It is a good scavenger of
electrophilic radicals and O, (Ponti etal 1978). Propyl
gallate protects against CCly-induced liver injury by inhi-
biting the microsomal enzyme system and lipid peroxida-
tion processes (Torrielli & Ugazio 1975). It inhibits
lipoxygenase products such as leukotrienes generated via

Figure 1 A. Haematoxylin and eosin (x 400) stained microscopic
section of group C rat heart showed normal myofibrillar structure
with striations, branched appearance and continuity with adjacent
myofibrils. Group C rats received saline by oral gavage 6 days a week
for 5 weeks. B. Haematoxylin and eosin (x 400) stained microscopic
section of group ISO rat heart showed oedema, focal haemorrhage
and leucocyte infiltration with fragmentation of muscle fibres,
suggestive of necrosis. Group ISO rats received saline by oral gavage
6 days a week for 5 weeks and then isoproterenol 85mgkg™' by
subcutaneous injection once daily for two days.

arachidonic acid oxidation (Lepran & Lefer 1985). It is
amphipathic and can readily accumulate near the surface
of cell membranes and is thought to prevent the oxidation
of a-tocopherols (Terao etal 1994). Propyl gallate com-
pounds have been shown to scavenge oxyradicals such
as O, and "OH formed enzymatically from xanthine
oxidase and non-enzymatically (Wu etal 1994). These
biochemical functions may explain, in part, its cardio-
protective action seen in this study.

Studies on the antioxidant changes and their signifi-
cance during heart injury have provided a new insight into
the pathogenesis of heart disease. Interestingly, in this
study, there was a significant increase in the basal levels
of myocardial TBARS on administration of propyl gal-
late, at a dosage of 500mgkg~' (P2 BL). It is generally
accepted that OFRs are key mediators associated with
myocardial oxidative stress-induced injury (Maxwell et al
1987; Jennings etal 1995). The increase in TBARS is
indicative of an enhanced oxidative stress, which, in the
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Figure2 A. Haematoxylin and eosin (x 400) stained microscopic sec-
tion of group P1 BL rat heart. Group P1 BL rats received propyl gallate
250 mgkg ™! by oral gavage 6 days a week for 5 weeks. B. Haematoxylin
and eosin (x 400) stained microscopic section of group P1ISO rat heart.
Group P1 ISO rats received propyl gallate 250 mgkg ™' by oral gavage
6 days a week for 5 weeks and then isoproterenol 85mgkg ™' by sub-
cutaneous injection once daily for two days.

absence of any cellular injury (as evidenced by histological
studies), is considered to be non-lethal. Previously it has
been reported that myocardial adaptation occurs in
response to various kinds of obnoxious stimuli, such as
ischaemia (Lawson etal 1993), certain endotoxins (Maulik
etal 1995) and reactive oxygen species (Sun etal 1996;
Karthikeyan etal 2003), and protects the heart from sub-
sequent exposure to injuries of similar or more severe nature
(Li etal 1990; Asimakis etal 1992; Singal etal 1993;
Nilanjana etal 1998; Banerjee etal 2002). However, no
significant change in baseline GSH and catalase was noticed
in propyl- gallate-treated groups, although a significant rise
in SOD activity was seen in group P2 BL. The mechanism
of increase in SOD could possibly be oxidative stress
induced (de Zwart etal 1999). It is, therefore, possible that
the increase in oxidative stress was non-lethal and might be
responsible for cellular adaptive mechanisms, leading to
increased synthesis of endogenous antioxidants.

In this study, when the rats pre-treated with propyl
gallate were subjected to myocardial oxidative stress-
induced injury, there was a significant decrease in TBARS
in groups P2 ISO and P3 ISO and the levels of the

Figure 3 A. Haematoxylin and eosin (x 400) stained microscopic
section of group P2 BL rat heart. Group P2 BL rats received propyl
gallate 500mgkg™! by oral gavage 6 days a week for 5 weeks.
B. Haematoxylin and eosin (x 400) stained microscopic section of group
P2 ISO rat heart. Group P2 ISO rats received propyl gallate 500 mg kg™
by oral gavage 6 days a week for 5 weeks and then isoproterenol
85mgkg~! by subcutaneous injection once daily for two days.

endogenous antioxidants, namely GSH, SOD and catalase,
were preserved at normal levels in the P2 ISO and P3 ISO
groups. One reason why the exogenous antioxidant systems
have limited success in the prevention of myocardial oxida-
tive stress-induced injury may be due to the inaccessibility
of large molecules to key intracellular sites of oxidative
damage (Halliwell 2000), although the results of this study
showed that propyl gallate modulates the levels of endogen-
ous antioxidants present at this site. Whether these modifi-
cations are a result of direct interference at this site or a
remote effect is not immediately clear from this study. On
the other hand, with the P1 ISO treatment group
(250 mgkg ") there was no such protection by propyl gal-
late and the exact mechanism(s) of such a loss of protective
effect is not clearly understood from this study.

Conclusion

This study showed that pre-treatment of rats with
500mgkg " of propyl gallate offers significant protection
against myocardial oxidative stress-induced injury. Thus,
propyl gallate has been proved to be beneficial in preventing
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Figure 4 A. Haematoxylin and eosin (x 400) stained microscopic
section of group P3 BL rat heart. Group P3 BL rats received propyl
gallate 750mgkg ™' by oral gavage 6 days a week for 5 weeks. B.
Haematoxylin and eosin (x 400) stained microscopic section of P3
ISO rat heart. Group P3 ISO rats received propyl gallate 750 mg kg ™"
by oral gavage 6 days a week for 5 weeks and then isoproterenol
85mgkg ™! by subcutaneous injection daily for two days.

cardiovascular disorders. Further studies are needed to elu-
cidate the exact mechanism(s) of action of this compound in
the prevention and treatment of cardiovascular disease.
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