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Protective effect of morin on cardiac
mitochondrial function during isoproterenol-
induced myocardial infarction in male
Wistar rats
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Altered mitochondrial function and free radical-mediated tissue damage have been suggested as an
important pathological event in isoproterenol (ISO)-induced cardiotoxicity. This study was undertaken to
know the preventive effect of morin on mitochondrial damage in ISO-induced cardiotoxicity in male Wistar
rats. Myocardial infarction (MI) in rats was induced by ISO (85 mg/kg) at an interval of 24 hours for 2
days. Morin was given to rats as pre-treatment for 30 days orally using an intragastric tube. ISO-treated
rats showed a significant elevation of mitochondrial thiobarbituric acid reactive substances (TBARS) and
hydrogen peroxide (HP) level and pre-treatment with morin significantly prevented the increase of TBARS
and HP level to near normality. The level of enzymic and non-enzymic antioxidants was decreased
significantly in ISO-treated rats and pre-treatment with morin significantly increased the levels of
superoxide dismutase, catalase, glutathione peroxidase, glutathione-S-transferase, glutathione reductase,
and reduced glutathione to normality. The activities of mitochondrial enzymes such as isocitrate
dehydrogenase, alpha-ketoglutarate dehydrogenase, succinate dehydrogenase, and malate
dehydrogenase were decreased significantly in ISO-treated myocardial ischemic rats and upon pre-
treatment with morin restored these enzymes activity to normality. In addition, the decreased activities of
cytochrome-C oxidase and NADH-dehydrogenases were observed in ISO-treated rats and pre-treatment
with morin prevented the activities of cytochrome-C oxidase and NADH-dehydrogenase to normality. Pre-
treatment with morin favorably restored the biochemical and functional parameters to near normal
indicating morin to be a significant protective effect on cardiac mitochondrial function against ISO-
induced MI in rats.
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Introduction
Ischemic heart disease leading to myocardial infarc-
tion (MI) is a major clinical concern and remains as
a clinical challenge and a problem of great importance,
despite considerable advances in therapy and manage-
ment that have been made over the past three decades.
MI continues to be a major public health problem, not
only in western countries but also increasingly in
developing countries and makes significant contri-
bution to the mortality statistics.1,2 MI is the acute
condition of necrosis of the myocardium that occurs

as a result of imbalance between coronary blood
supply and myocardial demand. Isoproterenol (ISO),
a synthetic catecholamine, causes severe stress in the
myocardium, resulting in infarct-like necrosis of the
heart muscle, by increasing lipid peroxidation through
enhanced free radical formation.3,4 Experimental
induction of MI by ISO in animal is a well-established
model to study the protective role of various cardio-
protective agents.5 Mitochondria are the main consu-
mers of molecular oxygen in the cardiac cell, and this
process functions as a transuding device to provide
the energy required for ATP synthesis in the oxidative
phosphorylation.6 Reactive oxygen species (ROS),
including superoxide, hydroxyl radical, and hydrogen
peroxide (HP), are generated by a number of cellular
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processes, including mitochondrial electron transport,
NADPH oxidase, and xanthine oxidase.4 Prolonged
oxidative stress in failing myocardium results in
damage to mitochondrial DNA, ROS generation, and
consequent cellular injury leading to functional
decline. Thus, mitochondria serve as a both source
and target of a ROS-mediated injury in failing heart.7

Studies have shown that oxidative stress in mice
caused specific morphological changes in heart mito-
chondriawith decreased ATP level, impaired contracti-
lity, and decreased survival.8 There is increasing
evidence that defective mitochondrial energetics and
abnormal substrate metabolism are fundamental
characteristics of the failing heart.9 Understanding
the molecular and biochemical mechanism(s) of
cardioprotection and in particular the role that
mitochondria play may have a significant impact in
the clinical treatment of myocardial ischemia.
Flavonoids are a family of diphenylpropanes most

commonly found in a variety of fruits, vegetables,
juices, and components of herbal containing dietary
supplements. The interest in the investigation of flavo-
noids stems from their biological properties, which
include oxygen radical scavenging and antioxidant
properties.10,11 Morin (3,5,7,2′,4′-pentahydroxyfla-
vone) is a member of the flavonoid family which con-
sists of a yellowish pigment found in mill (Prunus
dulcis), (Chlorophora tinctoria), and other Moraceae
used as food and herbal medicine (Fig. 1).12

Moreover, morin has been reported to possess a
variety of biological properties against oxidative
stress-induced damage, including the protection of car-
diovascular cells,13,14 glomerular mesangial cells,15

hepatocytes,16,17 oligodendrocytes, and neurons18,19

damaged by oxidative stress. Previously, there was no
report that the protective effect of mitochondrial
damage on morin. Therefore, in the present study
the main aim was to investigate the protective effect
of morin on cardiac mitochondrial function during
ISO-induced MI in rats.

Materials and methods
Experimental animals
Male albino rats of Wistar strain of body weight (BW)
ranging from 160 to 180 g were procured from Central
Animal House, King Saud University, and they were
maintained in an air-conditioned room (25± 1°C)
with a 12-hour light/12-hour dark cycle. The

animals were fed ad libitum with normal laboratory
pellet diet used in the study was purchased from
Grain Silos and Flour Mills Organization, Riyadh,
Saudi Arabia and procedures involving animals and
their care were accordance with the Policy of
Research Centre, King Saud University.

Drugs and chemicals
ISO hydrochloride and morin hydrate (3,5,7,2′,4′-
pentahydroxyflavone) of 95% purity were purchased
from Sigma-Aldrich (St Louis, MO, USA). All other
chemicals were of analytical grade.

Induction of experimental myocardial infarction
Myocardial ischemiawas inducedbysubcutaneous injec-
tion (s.c.) of ISO hydrochloride (85 mg/kg BW, twice at
an interval of 24 hours) for two consecutive days.5

Experimental design
The animals were randomly divided into six groups of
six animals each. Group 1: control rats; Groups 2:
normal rats treated with morin (40 mg/kg BW);
Group 3: ISO control rats (85 mg/kg BW); Groups
4: rats were pre-treated with morin (40 mg/kg) and
then subcutaneously injected with ISO. We have pre-
viously reported the effective dose for morin in ISO-
induced rats to be 40 mg/kg BW, hence we have
selected this effective dose (40 mg/kg BW) for the
present study.5 Morin was dissolved in water and
administered to rats orally using an intragastric tube
daily for a period of 30 days and subsequently
treated with ISO (85 mg/kg, s.c.) on 29th and 30th
day in normal saline.
At the end of experiment period, rats were anesthe-

tized with an intramuscular injection of ketamine
hydrochloride (24 mg/kg BW), and sacrificed by cer-
vical dislocation. The heart tissue was excised,
washed in ice-cold isotonic saline, and blotted with a
filter paper. The heart mitochondria were isolated
from cell debris, nuclei, microsomes, soluble com-
ponents, and contaminant red blood cells (RBC)
using differential centrifugation.

Estimation of biochemical parameters
The heart mitochondria were isolated from cell debris,
nuclei, microsomes, soluble components, and con-
taminant RBC using differential centrifugation by
the method of Johnson and Lardy.20

Estimation of thiobarbituric acid reactive
substances
The concentration of thiobarbituric acid reactive sub-
stances (TBARS) in heart mitochondria was estimated
by the method of Niehaus and Samuelson.21 In brief,
0.1 ml of the mitochondrial suspension was treated
with 2 ml of (1:1:1 ratio) TBA-tricarboxylic acid
(TCA)-HCl reagent (0.37% thiobarbituric acid,Figure 1 Structure of morin.
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0.25 N HCl, and 15% TCA), placed in water bath for
15 minutes, cooled, and centrifuged at room tempera-
ture for 10 minutes. The absorbance of clear super-
natant was measured against reference blank at
535.The values were expressed as nmol/mg of protein.

Estimation of lipid HP
The estimation of HP was done by the method of
Jiang et al.22 0.1 ml of the mitochondrial suspension
was treated with 0.9 ml of Fox reagent (88 mg of buty-
lated hydroxytoluene, 7.6 mg of xylenol orange, and
9.8 mg of ammonium iron sulfate added to 90 ml of
methanol and 10 ml of 250 mM sulfuric acid) and
incubated at 37°C for 30 minutes. The color developed
was read at 560 nm colorimetrically. Lipid hydroper-
oxides were expressed as nmol/100 mg of protein.

Reduced glutathione
GSH was determined by the method of Ellman.23 One
milliliter of mitochondrial suspension was treated with
0.5 ml of Ellman’s reagent (19.8 mg of 5,5′-dithiobisni-
tro benzoic acid in 100 ml of 0.1% sodium citrate) and
3.0 ml of phosphate buffer (0.2 M, pH 8.0). The absor-
bance was read at 412 nm in spectrophotometer. To
prevent the auto-oxidation of GSH, the samples were
reduced with potassium borohydride prior to analysis.
GSH activity was expressed as nmol/100 mg of protein.

Superoxide dismutase activity
The activity of mitochondrial fraction of superoxide
dismutase (SOD) was assayed by the method of
Kakkar et al.24 0.5 ml of mitochondrial suspension
was diluted with 1 ml of water. In this mixture,
2.5 ml of ethanol and 1.5 ml of chloroform (all
reagents chilled) were added and shaken for 1 minute
at 4°C then centrifuged. The enzyme activity in the
supernatant was determined. The assay mixture con-
tained 1.2 ml of sodium pyrophosphate buffer
(0.025 M, pH 8.3), 0.1 ml of 186 μM N-methyl diben-
zopyrazine methyl sulphate (PMS), 0.3 ml of 30 μM
nitro blue tetrazolium (NBT), and 0.2 ml of 780 μM
NADH, appropriately diluted enzyme preparation
and water in a total volume of 3 ml. Reaction was
started by the addition of NADH. After incubation
at 30°C for 90 seconds the reaction was stopped by
the addition of 1 ml glacial acetic acid. The reaction
mixture was stirred vigorously and shaken with 4 ml
of n-butanol. The intensity of the chromogen in the
butanol layer was measured at 560 nm against
butanol blank. A system devoid of enzyme served as
control. One unit of the enzyme activity is defined as
the enzyme reaction, which gave 50% inhibition of
NBT reduction in 1 minute under the assay conditions.

Catalase activity
The activity of catalase (CAT) was measured by the
method of Sinha.25 The reaction mixture (1.5 ml,

vol) contained 1.0 ml of 0.01 M phosphate buffer
(pH 7.0), 0.1 ml of mitochondrial suspension, and
0.4 ml of 2 M H2O2. The reaction was stopped by
the addition of 2.0 ml of dichromate-acetic acid
reagent (5% potassium dichromate and glacial acetic
acid were mixed in 1:3 ratio). Then the absorbance
was read at 620 nm; CAT activity was expressed as
nmol of H2O2 consumed/minute/mg protein.

Glutathione peroxides and glutathione
reductase activity
The activities of glutathione peroxidase (GPx) and
glutathione reductase (GR) were determined by the
method of Rotruck et al.26 Briefly, the reaction
mixture contained 0.2 ml 0.4 M phosphate buffer
(pH 7.0), 0.1 ml 10 mM sodium azide, 0.2 ml mito-
chondrial suspension homogenized in 0.4 M, phos-
phate buffer, pH 7.0, 0.2 ml glutathione, and 0.1 ml
0.2 mM HP. The contents were incubated for
10 minutes at 37°C, 0.4 ml 10% TCA was added
to stop the reaction and centrifuged at 3200 × g for
20 minutes. The supernatant was assayed for
glutathione content using Ellman’s reagent (19.8 mg
5,5′-dithiobisnitrobenzoic acid in 100 ml 0.1%
sodium nitrate).

Glutathione-S-transferase activity
Glutathione-S-transferase (GST) activity was deter-
mined spectrophotometrically by the method of
Habig et al.27 The reaction mixture contained 1.0 ml
100 mM phosphate buffer (pH 6.5), 0.1 ml 30 mM
1-chloro-2, 4-dinitrobenzene (CDNB), and 0.7 ml
double distilled water. After pre-incubating the reac-
tion mixture for 5 minutes at 37°C, the reaction was
started by the addition of 0.1 ml mitochondrial sus-
pension and 0.1 ml of glutathione as substrate. After
5 minutes the absorbance was read at 340 nm.
Reaction mixture without the enzyme was used as a
blank. The activity of GST is expressed as nmol of
CDNB conjugated/minute/100 mg protein.

Isocitrate dehydrogenase activity
Isocitrate dehydrogenase (ICDH) activity was assayed
according to the method of Bell and Baron.28 Briefly,
the re-action mixture consisting of 0.1 M Tris-HCl
buffer, 0.1 M trisodium isocitrate, 0.015 M manga-
nous chloride, 0.001 M NADP, and mitochondrial
suspension was incubated at 37.80°C for 60 minutes.
Added to this were 1.0 ml of 0.001 M DNPH and
0.5 ml of 5% EDTA. After 20-minute incubation,
10 ml of 0.4 N NaOH was added and the color
intensity was measured at 390 nm in a Shimadzu
UV-1601 (Tokyo, Japan) spectrometer. The activity
of ICDH was expressed as NADH oxidized/
hour/mg protein.
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Alpha-keto glutaraldehyde dehydrogenase
activity
The activity of alpha-keto glutaraldehyde dehydrogen-
ase (α-KGDH) was estimated according to the method
of Reed and Mukherjee.29 It is based on the calori-
metric determination of ferrocyanide produced by
the decarboxylation of alpha-ketoglutarate with ferri-
cyanide as electron acceptor. To 0.15 ml of 0.1 M
phosphate buffer, 0.1 ml each of 0.002 M thiamine
pyrophosphate, 0.003 M magnesium sulfate, and
0.01 M potassium ferrocyanide was added. The total
volume was made up to 1.2 ml with water.
Mitochondrial suspension 0.2 ml was added and incu-
bated at 30°C for 30 minutes. Aliquots of the super-
natant after centrifugation were taken, 0.1 ml of
0.25 M potassium ferricyanide was added, and the
volume was made up to 2.4 ml with water. One milli-
liter of 4% dupanol and 0.5 ml of ferric ammonium
sulpfate dupanol reagent were added and incubated
at 250°C for 30 minutes. The color intensity was
measured at 540 nm in a Shimadzu UV-1601
(Tokyo, Japan) spectrophotometer. The activity of
alpha-KDH was expressed as nmol of ferrocyanide
formed/hour/mg protein.

Succinate dehydrogenase activity
Activity of succinate dehydrogenase (SDH) was esti-
mated according to the method of Slater and
Bonner.30 The rate of reduction of potassium ferricya-
nide was measured in the presence of sufficient potass-
ium cyanide to inhibit cytochrome oxidase by
following the rate of decrease in the optical density
at 420 nm. Briefly, 0.2 ml of mitochondrial suspension
was added to a reaction mixture containing 0.3 M
phosphate buffer, 0.03 M EDTA, 0.4 M sodium succi-
nate, 0.075 M potassium ferricyanide, bovine serum
albumin, and 0.03 M potassium cyanide. The
enzyme activity was measured at 420 nm in a
Shimadzu UV-1601 spectrophotometer using UVPC
Software package. The activity of SDH was expressed
as nmol of succinate oxidized/minute/mg protein.

Malate dehydrogenase activity
Malate dehydrogenase (MDH) activity was assayed by
the method of Mehler et al.31 The activity determi-
nation was based on the measurement of the rate of
oxidation of NADH in the presence of the enzyme
and excess of oxaloacetate. Briefly, 0.3 ml of
0.25 MTris-HCl buffer, 0.1 ml of NADH, and 0.1 ml
of oxaloacetate were added and the total volume was
made to 2.9 ml with water. The reaction was started
by adding 0.1 ml of mitochondrial suspension. The
enzyme activity was measured at 420 nm in a
Shimadzu UV-1601 spectrophotometer using UVPC
Software package. The activity of MDHwas expressed
as nmol of NADH oxidized/minute/mg protein.

Cytochrome-C-oxidase activity
Cytochrome-C-oxidase activity was assayed according
to the method of Pearl et al.32 The enzyme activity was
determined utilizing the accumulation of the free
radical formed by the enzymatic univalent oxidation
of a stable non-toxic substrate, N-phenyle-p-phenylene
diamine. The reaction mixture consisted of 1.0 ml of
the buffer, 0.2 ml of 0.2% solution of N-phenyle-p-
phenylene diamine, 0.1 ml of cytochrome solution,
and 0.5 ml of distilled water. The reaction mixture
was incubated at 25°C for 5 minutes. Then added
0.2 ml of the enzyme preparation and the solution
mixed well by inverting the cuvette. Blank containing
water instead of enzyme, and control containing all the
reagents except cytochrome-C, were also treated
similarly. The change in optical density was measured
in Shimadzu UV-1601 spectrophotometer (Tokyo,
Japan) at 550 nm at an interval of 15 seconds for 5
minutes. The activity of the enzyme was expressed as
nmol/minute/mg protein.

NADH dehydrogenase activity
NADH dehydrogenase activity was assayed according
to the method of Minakami et al.33 The reaction
mixture contained 1.0 ml of 0.1 M phosphate buffer,
0.1 ml of 0.03 M potassium ferricyanide, 0.1 ml of
0.1% NADH, and 1.6 ml of distilled water in a total
volume of 3.0 ml. The temperature was brought to
30°C and 0.1% NADH was added just before the
addition of the sample. A suitable aliquot of mito-
chondrial solution was added and the enzyme activity
was measured at 420 nm in a Shimadzu UV-1601 spec-
trophotometer using UVPC Software package. The
activity of NADH dehydrogenase was expressed as
nmol of oxidized/minute/mg protein.

Statistical analysis
Statistical analysis was performed using one-way
analysis of variance followed by Duncan’s multiple
range test (DMRT) using SPSS software package
10.0. Results were expressed as means± SD from six
rats in each group. P values <0.05 were considered
as significant.

Results
Fig. 2 shows the level of TBARS and HP in the heart
mitochondria of control and experimental rats.
ISO-treated rats had showed a significant elevation
of mitochondrial TBARS level and pre-treatment
with morin significantly prevented the increase of
lipid peroxidation to near normality. Rats pre-treated
with morin decreased the levels of TBARS and HP
to about 36 and 22%, respectively, compared to the
ISO-alone-treated animals.
Fig. 3 represent the levels of SOD, CAT, GPx, GST,

and GSH in the heart mitochondria of control and
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experimental rats. The level of enzymic and non-
enzymic antioxidants levels were decreased signifi-
cantly in ISO-treated rats and pre-treatment with
morin precluded the decrease of SOD, CAT, GPx,
GST, GR, and GSH to normality. Pre-treatment
with morin significantly increased the activities of
the antioxidants SOD, CAT, GPx, GST, GR, and
GSH to 30, 58, 59, 19, 27, and 28%, respectively, com-
pared to the ISO-treated animals.
Fig. 4 shows the activities of mitochondrial TCA

cycle enzymes, ICDH, alpha-KGDH, SDH, MDH,
and respiratory chain enzymes of cytochrome-C
oxidase and NADH-dehydrogenase in control and
experimental animals. The activities of these
enzymes had decreased significantly in ISO-treated
myocardial ischemic rats and upon pre-treatment
with morin restored these enzymes activity to normal-
ity. Morin pre-treatment significantly increased the

activities of ICDH, alpha-KGDH, SDH, MDH, cyto-
chrome-C oxidase, and NADH-dehydrogenase to 63,
30, 33, 35, 58, and 41%, respectively, compared to
the ISO-treated animals.

Discussion
Isoproterenol (ISP), a synthetic beta-adrenergic
agonist which increases the myocardial oxygen
demand that leads to ischemic necrosis of myocardium
in rats similar to that seen in human MI.1,34 Lipid per-
oxidation has been hypothesized to be a major mech-
anism of free radical-mediated cell damage. The
process of lipid peroxidation is one of the oxidative
conversion of polyunsaturated fatty acids (PUFAs)
to products known as malondialdehyde, which is
usually measured as TBARS or lipid peroxides,
which is the most studied, biologically relevant, free
radical reaction.35 An increase in the concentrations

Figure 2 Effect of morin on the levels of TBARS and HP in the heart mitochondrial of control and ischemic rats. Values are
expressed as means± SD for eight rats in each group. Values not sharing a common superscript in a column differ significantly
at P< 0.05 (DMRT).

Figure 3 Effect of morin on the levels of SOD, CAT, GPx, GST, GR, and GSH in the heart mitochondrial of control and ischemic
rats. Values are expressed as means± SD for eight rats in each group. Values not sharing a common superscript (a–c) in a
column differ significantly at P< 0.05 (DMRT). †CDNB: 1-chloro-2,4-dinitrobenzene. ‡One units is defined as the enzyme
concentration required to inhibit the OD at 560 nm of chromogen production by 50% in 1 minute.
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of mitochondrial TBARS and HP in ISO-treated rats
indicates increased lipid peroxidation, which could
be attributed to a deficiency of antioxidant defense
mechanism.36 Increased mitochondrial lipid peroxides
levels are in concert with a decreased mitochondrial
antioxidant status in the ISO-intoxicated group
observed herein.
In our study, ISO-induced rats exhibited decreased

activities of SOD and CAT in the heart. SOD plays
an important role in protecting the cells from oxidative
damage by converting superoxide radicals into HP,
which is further metabolized by CAT to molecular
oxygen and water. The decrease in the activities of
these antioxidant enzymes might be due to myocardial
cell damage. Superoxide radicals generated at the site
of damage modulates SOD and CAT resulting in the
decreased activities of these enzymes and accumu-
lation of superoxide anion, which also damages the
myocardium. A significant decrease in the activities
of antiperoxidative enzymes, SOD and CAT may be
due to diminished scavenging of HO• formed by
ISO-induced lipid peroxidation.37 A decrease in the
activity of GPx makes mitochondria susceptible to
ISO-induced myocardial damage that leads to mito-
chondrial dysfunction.38 The decrease in the activities
of GPx and GST may be due to a reduced availability
of their substrate, GSH.39 GSH protects mitochon-
drial membrane from the damaging action of lipid per-
oxidation. Depletion in the levels of mitochondrial

GSH seems to be a major mechanism for inducing
an imbalance of mitochondrial function.39 In the
present study activity of GR was increased in ISO-
induced rats. GR is an important enzyme for the main-
tenance of intracellular concentrations of GSH, which
plays a major role as a substrate for GPx and GST.
Pre-treatment with morin significantly improved the
mitochondrial levels of SOD, CAT, GSH, GPx,
GST, GR; and concomitantly decreased lipid peroxide
levels. Morin might prevent the initiation and propa-
gation of the lipid peroxidation process by scavenging
free radicals,13,14,17 thereby might have improved the
antioxidants levels. Inhibition of mitochondrial lipid
peroxidation and augmentation of antioxidants by
morin are proposed to play a role in preventing myo-
cardial damage during ischemia. Hence the reduction
in lipid peroxides with an increase in GSH on morin
pre-treatment to ISO-induced rats could be due to
the antioxidant effect of citrate cycle intermediates.
Ischemia is associated with an impairment of myo-

cardial energy production, mitochondrial respiration,
and diminished oxygen uptake. The mechanisms
underlying these alterations are studied by assessing
the activities of dehydrogenases of the TCA cycle
and respiratory enzymes like, cytochrome-C oxidase
and NADH dehydrogenase. ISO has been reported
to cause tissue hypoxia where there is an oxygen
demand.40 In hypoxia, TCA cycle enzymes activities
are expected to be low.41 In the present study, the

Figure 4 Effect of morin on the levels of ICDH, alpha-KGDH, SDH, MDH, cytochrome-C oxidase, and NADH-dehydrogenase
in the heart mitochondrial of control and ischemic rats. Values are expressed as means± SD for eight rats in each group. Values
not sharing a common superscript in a column differ significantly at P< 0.05 (DMRT).
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activities of TCA cycle enzymes were decreased in
ISO-administered rats. The decreased activities of
TCA cycle enzymes which are located in the outer
membrane could be due to the free radicals produced
by ISO. Numerous studies have shown the excessive
generation of free radicals during myocardial ische-
mia. The increased oxygen free radical have attributed
to myocardial ischemia and/or reperfusion.42 Free
radicals and oxidants triggers oxidation of DNA,
protein and lipids, especially oxidize PUFA present
in the membrane, culminating in loss of cellular integ-
rity.43,44 Pre-treatment with morin maintained the
activities of TCA cycle enzymes in ISO-induced rats.
This could be due to the increased availability of
these free amino acids and entry into TCA cycle via
the aspartate–malate shuttle. Further, numerous data
from previous studies have demonstrated that some
of the TCA cycle intermediates (citrate, malate, and
oxaloacetate) can act as antioxidant against a variety
of pro-oxidants.45,46 Thus the reduction in free radicals
could protect the membrane and increase the activities
of TCA cycle enzymes.
Cytochrome-C oxidase, the terminal enzyme in the

respiratory chain is located in the inner membrane of
the mitochondria. Singh47 had reported that the
decrease in the activities of these enzymes might be
due to depletion of reducing equivalents, like NADH
and NADPH, which are utilized for the formation of
GSH to counter-oxidative damage of mitochondrial
components. Other studies have shown that both
these enzymes have an absolute requirement of cardio-
lipin.48 Decreased activities of cytochrome-C oxidase
and NADH dehydrogenase in ISO-induced rat mito-
chondria could be due to the unavailability of the cardi-
olipin for their activity. However, morin increased the
activities of these enzymes. This could be due to the
increased availability of the TCA cycle intermediates
such as fumarate, oxaloacetate, succinate, and malate
whichmay protect the phospholipids from degradation.

Conclusion
In summary, the present study provides experimental
evidence that morin exhibit preventive effect on ISO-
induced myocardial rats due to strong antioxidant
activity, and its ability to maintain cell membrane
integrity, ameliorate mitochondrial respiratory dys-
function induced by high-dose ISO administration.
These findings might be helpful to understand the ben-
eficial effects of morin against myocardial injury,
although further study is needed to confirm its
mechanism.
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