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ABSTRACT 
Morin, a naturally occurring bioflavonoid protects the development and progression of alcoholic liver 
disease (ALD). The current study aims to explore the effect of morin on ethanol-induced dyslipidemia 
and oxidative stress in plasma, erythrocytes and liver mitochondria of rats. Hepatotoxicity was induced in 
rats by administering ethanol (6g/kg BW) daily for a period of 60 days. Morin (15, 30, 60 and 120 mg/kg 
BW) was administered to the ethanol-fed rats after 30 days of the experimental period and the treatment 
was continued upto 60th

1. INTRODUCTION 
Liver is the primary metabolic organ responsible 
for the xenobiotics and it is the most common 
targeted organ for drugs, toxins and chemicals.

 day. Ethanol administered rats showed a significant elevation in plasma alanine 
transaminases, aspartate aminotransferases, alkaline phosphatase and γ-glutamyl transferase. Ethanol 
induction in rats showed significant elevated levels of lipids and altered lipid profile levels in the plasma. 
In addition, the levels of thiobarbituric acid-reactive substances and lipidhydroperoxides were also 
significantly elevated in the plasma, erythrocyte, and hepatic mitochondria of ethanol-fed rats as 
compared to control rats. Decreased activities/levels of superoxide dismutase, catalase, glutathione 
peroxidase and reduced glutathione were observed in ethanol-administered rats. Oral administration of 
morin (15, 30, 60 and 120 mg/kg BW) to the ethanol-fed rats showed significant protective effects on all 
the biochemical parameters studied which was evidenced by histopathological studies. Oral 
administration of morin (60 mg/kg BW) showed its high potentiality in attenuating dyslipidemia and 
oxidative stress in plasma, erythrocytes and liver mitochondrial in ALD by virtue of its potent 
hepatoprotective, hypolidemic and antioxidant effects.  
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1 
Ethanol is one of the most abused drugs world-
wide and its chronic consumption causes 
accumulation of fats in the liver which leads to 
hepatocellular injury and damage. According to 
the World Health Organization reports in 2005, 
approximately 2 billion people were consuming 
alcohol worldwide and about 76 million of them 
were prone to alcoholic liver disease (ALD), 
which is responsible for the high range of 
mortality worldwide.2
Overproduction of ROS is a unifying mechanism 
for the liver injury. In liver, metabolism of ethanol 

through mitochondria and induction cytochrome 
P

   

450 isoenzyme (CYP2E1) generates reactive 
oxygen species (ROS) such as hydroxyls, 
superoxide anions, 1-hydroxy ethyl radicals 
promoting oxidative stress and making imbalance 
in normal cellular redox status. Moreover, 
generated ROS reacts with lipid components of 
biomembrane leads to lipid peroxidation. 
Polyunsaturated fatty acids (PUFA) are the most 
susceptible target of free radical attack, which 
causes more damages to lipids resulting in loss of 
structural and functional integrity at the cellular 
level and eventually cell death.3 The outcome of 
chronic ethanol consumption results in increased 
hepatic triglycerides (TG), which leads to fatty 
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liver, steatosis and hepatomegaly.4 Moreover, 
accumulation of fats in the liver provides them as 
a substrate for peroxidation reactions. Increased 
hypertriglycemia and altered mitochondrial redox 
are the key factors mediating the ALD. In 
circumstances of overproduction of free radicals, 
the body’s antioxidant defense system is depleted, 
so that not able to inhibit the further damages 
caused by oxidants. Therefore, consuming foods 
containing antioxidants may restore this 
imbalance and revive the anatomy and physiology 
of the injured organ almost back to its normal 
state.5 Dietary factors containing antioxidants are 
of much attention in the prevention of ALD. Thus, 
the identification of antioxidants, which can retard 
the process of lipid peroxidation by blocking the 
generation of free radicals, has gained much 
attention in recent years. Among such class of 
compounds, flavonoids are of much interest 
because of their role in the prevention of many 
human disease due to their wide range of 
pharmacological properties including antioxidant, 
cytoprotective, antimutagenic, anti-inflammatory 
and chemopreventive properties.6 Morin (Fig 1- 3, 
5, 7, 20, 40 -pentahydroxyflavone), a yellow 
pigment bioflav onoid constituent of fruits, 
vegetables and nuts are thought  to be components 
of herbal-containing dietary supplements and used 
as food preservative.7 Morin modulates the 
activities of the metabolic enzymes that protect 
various human cells8 and cell organelles against 
oxidative damage.9,10 Beside these, it has the 
ability to act as an agent with beneficial properties 
such as antioxidant, anti-inflammation, 
antihypertensive, hypolipidemic, anticarcinogen 
and chelating agent.11,12

Morin hydrate was purchased from Sigma 
Chemicals Co., St. Louis, Mo, USA. Absolute 
ethanol was obtained from Nellikuppam, 
Cuddalore District, Tamilnadu, India and all the 

other chemicals and solvents used were of 
analytical grade.  

 Despite current advances 
in medical management, no definite therapy for 
acute liver failure exists, and this abnormality 
remains a major public health concern. Therefore, 
prevention of the ALD by supporting the body 
against such disorders should strongly be taken 
into consideration. Hence, the present study aims 
to investigate the protective role of morin on 
ethanol-induced liver damage, dyslipidemia and 
the oxidative stress in the plasma, erythrocytes 
and liver mitochondria. 

2. MATERIALS AND METHODS 
Chemicals 

Experimental Animals and diet 
Male albino Wistar rats 150-180 g were obtained 
from the Central Animal House, Rajah Muthiah 
Medical College and Hospital, Chidambaram,  
The animals were housed in polypropylene cages 
in a well-ventilated room and maintained in a 12-h 
light/12-h dark cycle, 50% humidity and 30̊  C. 
The animals had free access to standard pellet diet 
(Pranav Agro Industries Ltd, Bangalore, India) 
and water ad libitum. This study was approved by 
Institutional Animal Ethics Committee, Rajah 
Muthiah Medical College (Registration Number: 
166/1999/CPCSEA,) and the study was conducted 
in accordance with the Guidelines of “Committee 
for the purpose of control and supervision on 
experimental animals” (CPCSEA, 2004). 
Oral administration of Morin Preparation 
Morin was freshly suspended in water13

Group 1 

and 
administered to rats orally using an intragastric 
tube. 
Experimental Design 
The 56 male albino Wistar rats were divided into 
7 groups; two animals from each group were used 
for the histological study. 

: Control rats, received isocaloric glucose 
from a 40% stock glucose solution twice 
in a day daily for a period of 60 days. 

Group 2 :     Control rats, received glucose from a 
40% stock glucose solution twice daily, 
which was isocaloric to ethanol and 
morin (120mg/kg BW) from the 30th day 
along with glucose in the morning. 

Group 3 : Rats received ethanol (6g/kg BW) from 
30% stock solution twice in a day daily 
for a period of 60 days. 

Group 4 : Rats were administered with ethanol 
(6kg/kg BW) twice in a day and morin 
(15mg/kg BW) from the 30th

Group 
5-7 

 day along 
with ethanol in the morning. 

: Rats were treated as for group 4 but with 
morin equal to 30, 60 and 120 mg/ kg 
BW respectively. 

After the experimental period of 60 days, the 
animals were fasted over night, anesthetized with 
ketamine hydrochloride (30mg/kg, i.p) and then 
sacrificed by cervical decapitation. Blood was 
collected in a dry test tube and allowed to 
coagulate at ambient temperature for 40 min. 
Serum was separated by centrifugation at 2000 
rpm for 10 min. The blood, collected in a 
heparinised centrifuge tube was centrifuged at 
2000 rpm for 10 min and the plasma was 
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separated by aspiration. Liver was excised, 
washed in ice-cold saline, weighed and the tissue 
homogenate was prepared in appropriate buffer.  
Erythrocytes preparation 
After the separation of plasma, the buffy coat, 
enriched in white cells, was removed and the 
remaining erythrocytes were washed three times 
with physiological saline and made up to a known 
volume. A specific volume of erythrocyte was 
lysed with hypotonic phosphate buffer at pH 7.4. 
The hemolysate was separated by centrifugation at 
2500 rpm for 10 min and the supernatant was used 
for the estimation of enzymic antioxidants. 
Preparation of mitochondrial fraction 
Mitochondria were isolated by the method of 
Johnson & Lardy14. A 10% liver homogenate was 
prepared in 10mM Tris-HCl, pH 7.4 containing 
0.25M sucrose.  The homogenate was centrifuged 
at 600хg for 10min at below 4°C and the 
supernatant were centrifuged at 10, 000хg for 
20min at 4°C. The pellets were washed with ice-
cold 0.15M KCl and suspended in the buffer 
solution. The protein content was measured by the 
method of Lowry et al.

Serum aspartate aminotransferase (AST) and 
alanine aminotransferase (ALT) were estimated 
using the method of Reitman & Frankel.

15 
Biochemical Estimations 

16 

Alkaline phosphatase(ALP) and γ-glutamyl 
transferase (GGT) were estimated using the 
method of Kind & King,17and Rosalki & Rau18  
respectively. Bilirubin was estimated by the 
method of Malloy and Evelyn.19 Lipids were 
extracted from the plasma by the method of Folch 
et al.20 Total cholesterol (TC) in the plasma was 
estimated by the enzymic method described by 
Zlatkis et al.21 TG and free fatty acids (FFA) in 
the plasma were estimated according to the 
method of Foster & Dunn22 and Falholt et al23 

respectively. Phospholipids (PL) were estimated 
by the method of Zilversmit & Davis24 High 
density lipoprotein (HDL) was estimated by the 
method of Izzo et al.25 Low density lipoprotein 
(LDL) and very low-density lipoprotein (VLDL) 
levels were calculated by the method of Friedwald 
et al.26 Purity of mitochondria was checked by 
measuring the activity of succinate dehydrogenase 
(SDH) by Slater & Bonner.27 Lipid peroxidation 
by products such as thiobarbituric acid reactive 
substances (TBARS) and lipid hydroperoxide 
(LOOH) were measured in plasma, erythrocytes 
and liver mitochondria by the methods of Niehaus 
& Samuelsson28 and Jiang et al29respectively. The 
activities/levels of superoxide dismutase (SOD), 

catalase (CAT), glutathione peroxidase (GPx) and 
reduced glutathione (GSH) were measured by the 
methods described in detail elsewhere.30

Effect of morin on the concentration of TBARS 
and LOOH in the plama, erythrocytes and liver 
mitochondria of control and experimental animals 
were given in (Table 4).  The concentration of 
TBARS and LOOH in the ethanol-fed rats (Group 
3) was significantly higher when compared to the 
control rats. Morin treatment (except 15 mg/kg 
BW) along with ethanol showed a protective 

  
Histopathological investigation 
Liver tissue was excised, washed and placed in 
10% formalin. They were later sectioned with a 
microtome, dehydrated in ethanol, embedded in 
paraffin wax. Five micrometer thick sections were 
stained with hematoxylin and eosin (H&E) and 
studied by a routine light microscope. 
Statistical analysis  
Results are expressed as mean ± SD. Data were 
analyzed by one-way analysis of variance 
(ANOVA) followed by Duncan’s multiple range 
test (DMRT) using a statistical software package 
(SPSS for Windows, V. 13.0, Chicago, IL, USA). 
p-values < 0.05 were regarded as statistically 
significant. 

3. RESULTS AND DISCUSSION 

Effect of morin on hepatic marker enzymes 
Effect of morin on the activities of plasma hepatic 
marker enzymes such as AST, ALT, ALP and 
GGT in  the control and experimental rats were 
shown in (Table 1).The hepatic marker enzymes 
were significantly (p<0.05) elevated in ethanol-
fed rats when compared to control rats. Oral 
administration of morin at various doses (except 
15 mg/kg BW) to ethanol-fed rats significantly 
(p<0.05) decreased the activities of these hepatic 
marker enzymes.  The level of plasma bilurubin 
was also increased in ethanol-fed rats, which was 
significantly resorted after oral treatment with 
morin.  
Effect of morin on Lipid profile levels 
(Table 2 & 3) showed the levels of plasma lipid 
profile. Ethanol-fed rats showed elevated levels of 
plasma TC, TG, PL, FFA, LDL and VLDL and 
decreased level of HDL compared to control rats. 
Ethanol-fed rats when treated with morin (except 
15 mg/kg BW)  showed significant decreased 
levels of plasma TC, TG, PL, FFA, LDL and 
VLDL and subsequently significant increased 
HDL levels towards normal when compared to 
untreated ethanol-fed rats (Group 3).  
Effect of morin on oxidative stress 
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effect evidenced by significant (p < 0.05) lowered 
levels of TBARS and LOOH when compared to 
untreated ethanol-fed rats. Treatment with morin 
(120 mg/kg BW) to control rats (Group 2) did not 
alter the concentration of TBARS and LOOH. 
Effect of morin on antioxidants 
The activities/levels of antioxidants in the plasma, 
erythrocytes and liver mitochondria of ethanol-fed 
rats were given in (Table 5 & 6). Ethanol-fed rats 
showed decrease in the activities/levels of 
antioxidants. Co-treatment of morin (except 15 
mg/kg BW) to ethanol-fed rats significantly 
improves the antioxidants when compared to the 
untreated ethanol-fed rats (Group 3). 
Effect of morin on liver histology  

Fig 2 (a-g) represents the histological sections of 
liver from experimental animals. Fig 2(a) shows 
the liver section of group 1 in which the portal 
triad and hepatocytes appear normal. Fig 2(b) 
shows the liver section of group 2 in which 
hepatocytes appear normal, which are arranged in 
trabecular pattern. Fig 2 (c) represents the liver 
histology of group 3 in which the portal triad is 
eroded and is infiltrated with inflammatory cells. 
Fig 2 (d) represents the liver section of group 4 
hepatocytes showing microvesicular fatty change 
with kuppfer cell hyperplasia. Fig 2 (e) shows 
damaged portal triad and surrounded by 
inflammations (Group 5). Fig 2(f) (Group 6) and 
Fig 2(g) (Group 7) hepatocytes shows normal 
hepatocytes and are arranged in trabacualr pattern. 

 
Table 1: Effect of morin on hepatic markers and bilirubin in control and experimental animals

Groups Hepatic Function Markers (IU/L) 
AST ALT ALP GGT Bilirubin (mg/dL) 

Control 75.45 ± 7.08 29.51 ± 2.48a 81.95 ± 3.63a 1.84 ± 0.67a 0.57 ± 0.09a a 

Control +Morin (120 mg/ kg BW) 72.10 ± 6.74 29.64 ± 1.84a 82.89 ± 8.11a 2.06 ± 0.22a 0.58 ± 0.08a a 
EtOH (6g/kg BW) 169.73 ± 9.70 77.27 ± 7.73b 159.73 ± 12.78b 5.02 ± 0.29b 1.41 ± 0.14b b 

EtOH + Morin (15 mg / kg BW) 160.44 ± 14.67 72.59 ± 7.13b 151.04 ± 14.62b 4.85 ± 0.37b 1.33 ± 0.11b b 

EtOH + Morin (30 mg / kg BW) 106.61 ± 10.00 55.56 ± 3.30c 124.80 ± 9.66c 3.93 ± 0.35c 0.95 ± 0.09c c 
EtOH + Morin (60 mg / kg BW/) 81.31 ± 6.88 36.23 ± 3.55d,a 89.19 ± 7.13d 2.55 ± 0.24d,a 0.77 ± 0.04d d 
EtOH + Morin (120 mg / kg BW/) 90.06 ± 9.61 41.19 ± 4.60d 99.25 ± 9.63d 2.89 ± 0.30d 0.80 ± 0.06d d 

Data are mean ± SD values for 6 rats in each group. Values not sharing a common superscript letter within each column differ significantly 
at p < 0 .05 (DMRT). 

Table 2: Effect of morin on plasma lipids level in control and experimental rats 
Groups TC (mg/dL) TG (mg/dL) FFA (mg/dL) PL (mg/dL) 
Control 76.52 ± 7.38 57.35 ± 3.99a 80.81 ± 5.20a 95.52 ± 6.60a a 

Control +Morin (120 mg/ kg BW) 75.15 ± 4.03 58.00 ± 3.57a 82.50 ± 3.65a 94.50 ± 8.47a a 
EtOH (6g/kg BW) 147.99 ± 11.41 145.53 ± 11.00b 148.02 ± 11.12b 156.17 ± 12.97b b 
EtOH + Morin (15 mg / kg BW) 143.63 ± 13.41 141.00 ± 10.22b 142.67 ± 13.56b 150.17 ± 11.25b b 

EtOH + Morin (30 mg / kg BW) 113.96 ± 5.96 97.13 ± 9.39c 121.16 ± 9.37c 129.52 ± 8.54c c 

EtOH + Morin (60 mg / kg BW/) 89.12 ± 6.94 71.02 ± 5.09d 95.19 ± 4.42d 105.75 ± 8.97d d 

EtOH + Morin (120 mg / kg BW) 90.33 ± 5.97 73.85 ± 6.37d 95.86 ± 4.59d 115.66 ± 9.76d d 

Data are mean ± SD values for 6 rats in each group. Values not sharing a common superscript letter within each column differ significantly 
at P<0 .05 (DMRT). 

Table 3: Effect of morin on plasma lipid profile levels in control and experimental rats 
Groups HDL (mg /dL) VLDL (mg/dL) LDL ( mg/dL) 

Control 47.47 ± 4.45 11.46 ± 0.45a 17.59 ± 1.53a a 
Control +Morin (120 mg/ kg BW) 46.42 ± 4.22 11.60 ± 0.40a 17.12 ± 0.67a a 
EtOH (6g/kg BW) 19.94 ± 1.61 29.10 ± 2.39b 98.93 ± 8.46b b 

EtOH + Morin (15 mg / kg BW) 20.21 ± 1.99 28.20 ± 1.86b 95.22 ± 4.76b b 

EtOH + Morin (30 mg / kg BW) 29.73 ± 3.12 19.42 ± 1.53c 64.82 ± 4.70c c 

EtOH + Morin (60 mg / kg BW/) 36.11 ± 3.33 14.20 ± 1.20d 38.81 ± 1.94d d 

EtOH + Morin (120 mg / kg BW) 34.00 ± 2.10 14.77 ± 1.8d 41.56 ± 2.04d d 

Data are mean ± SD values for 6 rats in each group. Values not sharing a common superscript letter within each column differ significantly 
at P<0 .05 (DMRT). 
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Table 4: Effect of morin on plasma, erythrocytes and liver mitochondria lipid peroxidative markers of control and experimental 
animals 

Groups Plasma Erythrocytes Liver mitochondria 

TBARS 
(n moles/mg 

protein ) 

LOOH 
(x10-5 

TBARS 
(n moles/mg Hg) m 

moles/mg Hb) 

LOOH 
(m moles/mg 

Hb) 

TBARS 
(n moles/mg 

protein) 

LOOH 
(n moles/mg 

protein) 
Control 1.51 ± 0.07 8.87 ± 0.74a 1.47 ± 0.10a 6.70 ± 0.57a 1.01 ± 0.07a 1.62 ± 0.11a a 
Control +Morin  
(120 mg/ kg BW) 

1.42 ± 0.05 8.66 ± 0.55a 1.39 ± 0.12a 6.66 ± 0.40a 1.06 ± 0.10a 1.61 ± 0.13a a 

EtOH  
(6g/kg BW) 

3.43 ± 0.29 14.85 ± 1.36b 3.24 ± 0.25b 12.83 ± 1.29b 3.94 ± 0.12b 3.86 ± 0.24b b 

EtOH + Morin  
(15 mg / kg BW) 

3.20 ± 0.26 13.98 ± 1.08b 3.08 ± 0.31b 12.78 ± 1.10b 3.84 ± 0.37b 3.78 ± 0.32b b 

EtOH + Morin  
(30 mg / kg BW) 

2.76 ± 0.28 11.72 ± 0.95c 2.80 ± 0.23c 10.66 ± 0.95c 2.73 ± 0.33c 2.90 ± 0.16c c 

EtOH + Morin  
(60 mg / kg BW) 

1.92 ± 0.09 9.91 ± 0.91d 1.95 ± 0.09d,a 8.11 ± 0.76d 1.40 ± 0.11d 1.15 ± 0.10d d 

EtOH + Morin  
(120 mg / kg BW) 

2.00 ± 0.19 10.34 ± 0.92d 2.06 ± 0.16d 8.30 ± 0.85d 1.44 ± 0.14d 1.22 ± 0.12d d 

Data are mean ± SD values for 6 rats in each group. Values not sharing a common superscript letter within each column differ significantly 
at P<0 .05 (DMRT). 

Table 5: Effect of morin on antioxidants in plasma and erythrocytes of control and experimental rats 
Groups Plasma (U/mg of protein) Erythrocytes (U/mg Hb) 

SOD Catalase GPx GSH (UA SOD ) Catalase GPx GSH (UB) 
Control 2.63 ± 0.04 3.70 ± 0.36a 21.30 ± 1.60a 29.30 ± 1.80a 6.37 ± 0.60a 175.78 ± 7.35a 12.98± 1.12a 3.30 ± 0.21a a 
Control +Morin  
(120 mg/ kg BW) 

2.75 ± 0.05 4.29 ± 0.39a 20.25 ± 1.96e 28.55 ± 1.64a 6.29 ± 0.39a 173.15 ± 5.17a 12.65 ± 0.56a 3.45 ± 0.15a a 

EtOH  
(6g/kg BW) 

1.41 ± 0.12 1.65 ± 0.15b 12.25 ± 1.26b 16.25 ± 1.20b 3.16 ± 0.25b 102.60 ± 5.92b 5.13 ± 0.68b 1.33 ± 0.11b b 

EtOH + Morin  
(15 mg / kg BW) 

1.56 ± 0.09 1.55 ± 0.12c 13.15 ± 1.30b 18.95 ± 1.30b 3.25 ± 0.39c 110.34 ± 5.92b 5.36 ± 0.56b 1.41 ± 0.06b b 

EtOH + Morin  
(30 mg / kg BW) 

1.65 ± 0.08 2.25 ± 0.22c 16.55 ± 1.45c 21.55 ± 2.13c 4.15 ± 0.45e 132.31 ± 11.66c 7.89 ± 0.70c 2.33 ± 0.20c c 

EtOH + Morin  
(60 mg / kg BW/) 

 2.35 ± 0.14 3.30 ± 0.31d 19.25 ± 1.43d 25.90 ± 2.44a 5.35 ± 0.33d 160.84 ± 10.98d 9.47 ± 0.77d 2.85 ± 0.09d d 

EtOH + Morin  
(120 mg / kg BW) 

2.11 ± 0.19 3.00 ± 0.29e  18.10 ± 1.80d 24.10 ± 2.15c,d 5.10 ± 0.48d 150.96 ± 13.84d 9.39 ± 0.93d 2.78 ± 0.31d d 

Data are mean ± SD values for 6 rats in each group. U=Units for SOD, CAT, and GPx are amount of enzyme required for 50% inhibition of 
NBT reduction/minute, µmol of hydrogen peroxide utilized/minute, and µmol of glutathione utilized/minute, respectively.  
UA = mmoles/mg protein; UB

Table 6: Effect of morin on the activities/levels of antioxidants in liver mitochondrial fraction of control and experimental animals

 = mmoles/mg Hb 
Values not sharing a common superscript letter within each column differ significantly at P<0 .05 (DMRT). 

Groups SOD (UA GPx (U/mg protein) B GSH (µg/mg protein) /mg protein) 

Control 2.65 ± 0.24 6.73 ± 0.64a 14.69 ± 1.36a a 
Control +Morin (120 mg/ kg BW) 2.69 ± 0.20 6.84 ± 0.61a 14.90 ± 1.22a a 

EtOH (6g/kg BW) 1.17 ± 0.08 4.10 ± 0.37b 6.32 ± 0.62b b 
EtOH + Morin (15 mg / kg BW) 1.20 ± 0.11 4.34 ± 0.42b 6.40 ± 0.59b b 

EtOH + Morin (30 mg / kg BW) 1.51 ± 0.13 5.14 ± 0.50c 7.94 ± 0.66c c 
EtOH + Morin (60 mg / kg BW/) 1.96 ± 0.16 5.85 ± 0.49d 9.56 ± 0.64d d 

EtOH + Morin (120 mg / kg BW) 1.82 ± 0.19 5.76 ± 0.55d 8.90 ± 0.77d d 

Data are mean ± SD values for 6 rats in each group. Values not sharing a common superscript letter within each column differ significantly 
at P<0 .05 (DMRT).UA, enzyme concentration required for 50% inhibition of NBT reduction/min; UB

 
 
Fig 1: Chemical structure of morin (3,5,7 –trihydroxy-2-(2,4-dihydroxyphenyl)-4H-chromen-4-one 

, µmol of reduced glutathione 
consumed/min 
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Fig 2: Histopathalogical changes of Liver 
Histopathological changes of Liver (Hematoxylin-Eosin (H&E) 
x20. Scale bar = 100µm). (a) control rat liver, (b) control rat liver 
treated with morin (120 mg/kg BW), (c) ethanol fed rat liver , (d) 
liver of ethanol fed rats treated with morin (15 mg/kg BW), (e) 
liver of ethanol fed rats treated with morin (30 mg /kg BW), (f) 
liver of ethanol fed rat treated with morin (60 mg/ kg BW) and (g) 
liver of ethanol fed rats treated with morin (120mg/kg BW). 

 
Fig 3: Mechanism of Hepatoprotective action 

The toxic effects of ethanol and possible mechanism of 
hepatoprotective action (X) of morin  
ADH- alcohol dehydrogenase; CYP2E1- cytochrome P450 
isoenzyme

4. DISCUSSIONS  
Liver is the most adversely affected organ after an 
excessive consumption of alcohol, where 90 % of 
alcohol metabolized. Thus, liver diseases remain 
one of the serious health problems due to alcohol 
abuse. The present investigation revealed that 
acute administration of ethanol resulted in a clear 
hepatotoxicity as evidenced by an increase in 
plasma ALT, AST, ALP and GGT used as indexes 
of liver injury, and tissue damages revealed by 
histological observations. The high level of 
hepatic markers enzymes in the plasma 
compartment is a central indication of the degree 
of damage to the liver caused by ethanol 
administration.30 A prolonged destruction of 
hepatocytes causes an elevation of bilirubin in the 
serum.31 Our data showed that co-treatment of 
morin (60 mg and 120 mg/kg BW/day) along with 
ethanol significantly reduced the activities of 
these enzymes, protects membrane integrity and 
aids in liver cells regeneration, thereby decreasing 
enzyme leakage.  It is corroborated with the 
previous report, morin protects hepatocytes8 
against CCl4 induced oxidative damage.

 
dyslipidemia are the 3-hydroxy 3-methylglutaryl 
coenzyme A reductase (HMG CoA reductase)  
Inhibitors. HMG CoA reductase catalysis the 
conversion of HMG CoA to mevalonate and the 
inhibition of this conversion is the rate limiting 
step in cholesterol biosynthesis. Rajasree et al.

32 

Several studies demonstrated that pro-
inflammatory cytokines could partially be 
responsible for hypercholesterolemia and 
hypertriglyceridemia in ethanol-fed rats.   
Hyperlipidemia is vital complication of ethanol 
induced liver damage. Most of drugs acting on  

33 
have also observed the increased activity of HMG 
CoA reductase in the liver of ethanol-fed rats. In 
the present study, the increased plasma TC levels 
in ethanol-fed rats, which is reduced on the 
supplementation of morin along with ethanol 
indicating morin could regulate/inhibit HMG-CoA 
reductase activity. Recently, it has been reported 
that morin modulates HMG CoA reductase. 34 
Elevation in TGs levels in the ethanol fed rats 
could be due to the increased availability of FFA 
and α-glycerophosphate which favors to decrease 
the activity of lipoprotein lipase and causes to 
decreased removal of TGs from circulation.35 
Furthermore, AMP-activated protein kinase 
(AMPK) plays a central role in the regulation of 
lipid metabolism. The decreased AMPK activity 
leads to an increase in the rate of synthesis of TG 
and formation of VLDL.36

Intake of ethanol adversely affects the plasma 
lipoproteins. HDL concentration decreases and 
LDL concentration increases in parallel with the 
degree of impairment of liver functions.

  

37 HDL is 
believed to play a crucial role in regulating lipid 
metabolism by promoting reverse cholesterol 

IJ
PB

A,
 J

an
 - 

Fe
b,

 2
01

3,
 V

ol
. 4

, I
ss

ue
, 1

 

 



Nadanam Saravanan / Beneficial Effect of Morin on Lipid Peroxidation and Antioxidant Status in Rats with Ethanol-Induced 
Dyslipidemia and Liver Injury 

214 
© 2010, IJPBA. All Rights Reserved.   

transport and has a negative effect on the 
development of fatty liver. HDL helps in 
scavenging cholesterol from the extrahepatic 
tissues in the presence of lecithin cholesterol acyl 
transferase and brings it to the liver. Hence, the 
proportion of HDL is an important physiological 
index reflecting the potential to normalize 
hyperlipidemia.38 In the present study it was found 
that the elevated levels of TGs, VLDL, LDL and 
decreased level of HDL were observed in ethanol-
fed rats which were significantly modulated in 
morin administration. This might be due enhanced 
peripheral utilization and decreased synthesis of 
cholesterol. PLs, the vital components of bio-
membranes are primary targets of peroxidation 
and can be altered by ethanol.39  

Erythrocytes are much more vulnerable to 
oxidative damage because of their continuous 
exposure to high oxygen flux and their high 
concentration of PUFA.

In the present 
study increased PLs levels were observed in the 
circulation of ethanol-fed rats, which might be due 
to the modification of composition, structure and 
stability of cell membranes.  After treatment with 
morin there is a significant reduction in PLs which 
may be due to its anti-lipid peroxidative and 
membrane stabilizing properties.  

40 The most common 
alteration of erythrocytes viability is membrane 
peroxidation and destabilizes the membrane, 
thereby compromising cell survivals. 
Acetaldehyde, produced due to the ethanol 
oxidation, bound to red blood cells can be 
distributed to various tissues and exert widespread 
toxic effects.41

Ethanol metabolism and mitochondrial oxidative 
stress play a crucial role in the pathogenesis and 
progression of ALD. Metabolism of ethanol and 
induction of CYP2E1 leads to the formation of 
oxidative stress through the generation of reactive 
oxygen species, which can start lipid peroxidation 
by exhausting antioxidants in the cells thereby 
changing the redox balance, which in turn favors 
increased peroxidation.

  Increased lipid peroxidation and 
decreased antioxidant levels were observed in the 
erythrocytes may be due to the increased free 
radicals and intermediates of ethanol oxidation. 
Upon co-administration of morin to the ethanol 
fed rats showed decreased lipid peroxidation and 
increased antioxidant level which might be due to 
its anti lipid peroxidative and antioxidant 
properties. 

42 ROS formation  within 
the mitochondria can alter the membrane 
permeability transition, suppress mitochondrial 

functions, such as respiration, oxidative 
phosphorylation, affect the inner membrane 
barrier functions43and causes release of oxidants 
thus hepatocytes become more vulnerable  by 
direct interaction with the protein and lipid 
moieties in the membrane.  

Lipid peroxidation has been implicated in a 
number of deleterious effects such as increased 
membrane rigidity, osmotic fragility, decreased 
cellular deformability, reduced lipid fluidity.44 In 
the present study, the elevated levels of lipid 
peroxidation end products such as TBARS and 
LOOH in the plasma, erythrocytes and  liver 
mitochondria of ethanol-fed rats was observed. 
These results are in agreement with the 
observations of previous researchers44. However, 
morin administered ethanol-fed rats showed 
significant decrease in lipid peroxidation process 
evidenced by decreased levels of TBARS and 
LOOH in plasma, erythrocytes and liver 
mitochondria.  

In order to maintain redox homeostasis, cells have 
antioxidants and help to scavenge superoxide and 
hydroxyl radicals, thus maintain homeostasis and 
cell viability in response to oxidants’ damage. 
SOD catalyses the conversion of superoxide anion 
to hydrogen peroxide (H2O2). CAT and GPx 
scavenge excess H2O2

Extensive literature survey has shown that 
flavonoids such as quercetin, chrysin and 

 as well as other free 
radicals in response to oxidative stress. The 
equilibrium between these antioxidants is 
important for the effective removal of oxidative 
stress in intracellular organelles. GSH is a major 
defense mechanism against oxidative stress within 
mitochondria. Depletion of mitochondrial GSH 
seems to be a major mechanism in inducing an 
imbalance of redox status within the 
mitochondria. Ethanol oxidized into acetaldehyde 
which can bind to cytosolic GSH and causes 
depletion of GSH entering in to mitochondria, 
which results in depletion of other antioxidants 
and enhances the susceptibility of cells to further 
damage. The lowered activities/levels of SOD, 
CAT, GPx and GSH were observed in ethanol fed 
rats. These antioxidants might be utilized by the 
cells to neutralize the produced free radicals. 
Treatment with morin enhanced the antioxidants 
in ethanol fed rats which may be due to the 
antilipidperoxidative and antioxidant properties of 
morin. The proposed mechanism of action of 
morin against ethanol is depicted in (Fig 3). 
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naringenin are potent antioxidants and possess 
significant hepatoprotective against ALD. It is 
well documented that localization of flavonoids 
within the membranes may modify membrane 
fluidity and lipid peroxidation. Phenolic 
phytochemicals, due to their phenolic ring and 
hydroxyl substituents, can function as effective 
antioxidants by virtue of their ability to quench 
free radicals.45 Quercetin, an isomer of morin 
seems to be a better antioxidant but it has lower 
bioavailability46 and one of the main gratitude of 
morin is for its very minimal toxicity even at 
higher dose usage.11 Furthermore, morin prevents 
mitochondrial depolarization and decline the 
release of apoptogenic factors from mitochondria 
by enhancing the expression of anti-apoptogenic 
factors like Bcl2.47 Hydroxyl group play an 
important role in antioxidant and anti-peroxidative 
properties rendered by morin.48 

Histological observations under light microscopy 
revealed the presences of hepatocytic necrosis and 
inflammatory cells in the ethanol-fed rats. This 
could be due to the enhancement of lipid 
peroxidation as a result of lipids accumulation 
which forms a basis for cellular damage. Morin 
(60 mg and 120 mg/kg BW) reduces the severity 
of the damage in the hepatocytes. The above 
results demonstrate and support that morin 
preserves the structural integrity of the liver by 
virtue of its hepatoprotective, hypolipidemic, anti 
lipid peroxidative, antioxidant and properties.  

5. CONCLUSION 
Our findings demonstrated the beneficial effects 
of morin, a phytochemicals, in preventing the 
ethanol-induced hepatotoxicity. This might be due 
to its hepatoprotective, hypolipidemic, free radical 
scavenging and antioxidant effects. We believe 
that the low doses of morin (15 & 30 mg/kg BW) 
might not be sufficient to scavenge the radicals 
evidenced by histopathological examinations. 
Even though the other doses of morin i.e  60 mg 
and 120mg/kg BW  have high potency in treating 
ethanol induced damages, there is no significant 
differences between there doses.  Thus we 
conclude that the maximum efficacy is with the 
moderate dose of morin i.e 60mg/kg BW. 
Furthermore investigations are needed to study its 
molecular mechanism to understand its mode of 
action. 

Hence, the 
observed beneficial effects of morin attributes to 
its bioavailability and the presence of phenolic 
ring as well as five hydroxyl groups.   
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