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The flavonoid morin restores blood pressure
and lipid metabolism in DOCA-salt
hypertensive rats
Pichavaram Prahalathan, Murugesan Saravanakumar, Boobalan Raja

Department of Biochemistry and Biotechnology, Faculty of Science, Annamalai University, Annamalainagar,
Tamil Nadu, India

Objective: This study was undertaken to investigate the antihypertensive and antihyperlipedimic potential of
morin against deoxycorticosterone acetate (DOCA)-salt hypertensive rats.
Methods: Hypertension was induced in uninephrectomized rats (UNX) by weekly twice subcutaneous
injection of DOCA (25 mg/kg) and 1% NaCl in the drinking water for six consecutive weeks. Morin
(50 mg/kg) was administered to DOCA-salt rats orally using an intragastric tube daily for a period of 6 weeks.
Results: The DOCA-salt hypertensive rats showed significant elevation in mean arterial pressure (MAP), heart
rate (HR) and reduction in body weight. A significant increase in the concentrations of plasma and tissue
(liver, kidney, heart, and aorta) lipids such as total cholesterol, triglycerides, free fatty acids,
phospholipids, plasma low-density and very low-density lipoproteins cholesterol, and a decrease in the
concentration of high-density lipoprotein cholesterol were noticed in DOCA-salt hypertensive rats. Also,
the levels of urinary protein and the activity of 3-hydroxy 3-methylglutaryl coenzyme A reductase in the
plasma and tissues were increased, and lecithin cholesterol acyl transferase activity in the plasma was
decreased in DOCA-salt rats. Morin supplementation (50 mg/kg) throughout the experimental period
restored all the above parameters significantly.
Conclusion: Morin has a potential role in attenuating severe hypertension and hyperlipedimia.
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Introduction
The latest statistics from the World Health
Organization indicate that more people die annually
from cardiovascular disease (CVD) than any other
ailment. In 2004, an estimated 17.1 million people
died from CVD, representing nearly 29% of all
global mortalities. Of these, an estimated 7.2 million
were due to coronary heart disease and 5.7 million
were due to stroke.1 Hypertension, a prevalent risk
factor for CVD, frequently occurs in conjunction
with metabolic disturbances and in particular with
dyslipidemia.2 Dyslipidemia is a broad term which
implies imbalance between elevated circulating levels
of cholesterol and it occurs concomitantly in over
one-third of patients with hypertension.3

In humans, hypertension and hyperlipidemia are
frequent causes of CVD and major risk factors for
atherosclerosis; the presence of both conditions

accelerates atherosclerosis.4 Epidemiological studies
provide a large body of evidence for the independent
relationship between lipid profile and cardiovascular
risk.5 Moreover, lipoproteins can stimulate the
release and/or expression of endothelial mediators
which may, in turn, contribute to the development
of endothelial dysfunction and hypertension.6

Recent evidence indicates that oxidative stress as
the main mechanism is responsible for cardiovascular
complications such as alteration in lipid
metabolism.7

Many modern drugs are effective in preventing
CVD, but their use is often limited because of their
adverse effects. Therefore, the screening and develop-
ment of drugs for CVD is still in progress. This can
be achieved by plants and natural products that may
offer better effect than currently used drugs.
Flavonoids are one of the largest (>6000 identified)
and most widely distributed groups of secondary
plant metabolites8 and are found in all photosynthesiz-
ing plants. Flavonols vary from one another based on
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their number and position of hydroxyl groups and
pharmacological actions. Each flavonol has its own
specific biological function and activity.9 Several
cohort studies suggest that generous consumption of
fruits and vegetables has been associated with
reduced risk of CVD including hypertension.10

Morin (3,5,7,2′,4′-pentahydroxyflavone) is a flavo-
noid that belongs to the class of flavonols, which is
widely distributed in plants and foods of plant
origin;9 it is especially abundant in guava leaves,11

onion, and apple.12 Morin has been reported to
possess a variety of biological properties including
antioxidant,13 antiallergic,14 anti-inflammatory, and
anticarcinogenic effects.15,16 In our previous study,
we established the effects of morin on systolic and dias-
tolic blood pressure, hepatic and renal function
markers, nitric oxide metabolites, lipid peroxidation
products, and antioxidant status in DOCA-salt hyper-
tensive rats.17,18 In continuation of our previous work,
in this study we have concentrated on the effects of
morin on mean arterial pressure (MAP), heart rate
(HR), lipids, lipoproteins, lipid marker enzymes,
urinary protein, and histopathology of liver against
DOCA-salt hypertensive rats. Thus, this is a novel
study with different set of animals and entirely differ-
ent from the previous study.

Materials and methods
Animal care and diet
Male albino Wistar rats (Rattus norvegicus; 11–13-
week-old) were obtained from the Central Animal
House, Department of Experimental Medicine,
Rajah Muthiah Medical College and Hospital,
Annamalai University, Tamil Nadu, India. They
were housed (3 rats/cage) in polypropylene cages
(47 × 34 × 20 cm) lined with husk, renewed every 24
hours under a 12:12 hours light/dark cycle at
around 22°C and had free access to tap water and
food. The rats were fed on a standard pellet diet
(Kamadhenu Agencies, Bangalore, India). The whole
experiment was carried out according to the guidelines
of the Committee for the Purpose of Control and
Supervision of Experiments on Animals, New Delhi,
India and approved by the Animal Ethical
Committee of Annamalai University (Reg no: 160/
1999/CPCSEA, Approval no: 622).

Source of chemicals
Morin (95% of purity), DOCA, and dimethyl forma-
mide (DMF) were purchased from Sigma-Aldrich
Chemical Company, St Louis, Missouri, USA. All
other chemicals used in this study were of highest
analytical grade obtained from Himedia, Mumbai,
India.

Experimental induction of DOCA-salt
hypertension rats
Left uninephrectomy was performed on all rats. Rats
were anaesthetized with intraperitonial injection of
ketamine (75 mg/kg), kidney was visualized by a left
lateral abdominal incision, and the left renal artery
and ureter were ligated by silk thread, and then the
left kidney was removed and weighed. The muscle
and skin layer (incision site) were sutured with sterile
suture needles. After uninephrectomy, rats were
allowed to drink pure water ad libitum, with no
further treatment (UNX-rats), and uninephrectomy
given 1% NaCl in the drinking water with weekly
twice subcutaneous injection of DOCA (25 mg/kg in
0.4 ml of DMF19,20) for six consecutive weeks
(DOCA-salt hypertensive rats).

Suspension of the test compound and mode of
administration
Morin was freshly solubilized in water21 and was
administered to rats orally using an intragastric tube
daily for a period of six consecutive weeks.

Experimental time line
The rats were randomly divided into four groups of 10
rats each. Two rats in each group were taken for histo-
pathological analysis. Group I: rats served as UNX-
control; group II: UNX-control treated with morin
alone (50 mg/kg); group III: served as hypertensive
control; and group IV: hypertensive rats which
received morin (50 mg/kg).

Group I: UNX
Group II: UNX+morin (50 mg/kg)
Group III: DOCA-salt
Group IV: DOCA-salt+morin (50 mg/kg)

Water intake and body weights were measured daily
for all rats. At the end of the experimental period, rats
were placed in metabolic cages, and 24 hours urine
samples were collected in sealed beakers. Protein con-
centration in the urine determined using the method of
Bradford,22 using bovine serum albumin as standard.

Measurement of blood pressure by non-invasive
method
MAP and HR were recorded every week during the
entire period of the study by tail-cuff method (IITC,
model 31, Woodland Hills, CA, USA).

Tissue sampling and extraction of lipids
Total lipids were extracted from plasma, kidney, heart,
aorta, and liver tissues according to the method of
Folch et al.23 using chloroform: methanol mixture
(2:1, v/v). For the lipid extraction, the tissues were
rinsed in cold physiological saline thoroughly and
dried by pressing between folds of filter paper. The
samples were homogenized in cold
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chloroform–methanol (2:1, v/v) and the contents were
extracted after 24 hours. The extraction was repeated
four times. The combined filtrate was washed with
0.7% of potassium chloride (0.1 N) and the aqueous
layer was discarded. The organic layer was made up
to a known volume with chloroform and used for the
analysis of lipids.

Estimation of TC
The levels of total cholesterol (TC) were estimated by
the method of Zlatkis et al.24 Lipid extract of 0.5 ml
was evaporated to dryness. To this, 5.0 ml of ferric
chloride-acetic acid reagent was added. The tubes
were mixed well and 3.0 ml of concentrated sulfuric
acid (H2SO4) was added. A series of standards con-
taining cholesterol in the range 3–15 μg were made
up to 5.0 ml with the reagent and a blank containing
5.0 ml of the reagent were prepared. The absorbance
was read after 20 minutes at 560 nm.

Estimation of TG
The content of triglycerides (TG) was estimated by the
method of Fossati and Lorenzo.25 Lipid extract of
0.5 ml was evaporated to dryness. To this, 0.1 ml of
methanol was added followed by 4.0 ml of isopropa-
nol. About 0.4 g of alumina was added to all the
tubes and shaken well for 15 minutes. It was centri-
fuged and then accurately 2.0 ml of the supernatant
was transferred to appropriately labeled tubes. The
tubes were placed in a water bath at 65°C for 60
minutes for saponification after adding 0.6 ml of the
saponification reagent followed by 0.1 ml of sodium
metaperiodate and 0.5 ml of acetyl acetone reagent.
After mixing, the tubes were kept in a water bath at
65°C for an hour. A series of standards of concen-
tration 8–40 μg triolein were treated similarly along
with a blank containing only the reagents. All the
tubes were cooled and read at 405 nm.

Estimation of FFA
Free fatty acid (FFA) level was estimated by the
method of Falholt et al.26 An aliquot (0.5 ml) of the
lipid extract was evaporated to dryness. To this,
1.0 ml of phosphate buffer, 6.0 ml of extraction
solvent, and 2.5 ml of copper (Cu-TEA) reagent
were added. All the tubes were shaken vigorously for
90 seconds and were kept aside for 15 minutes. Then
the tubes were centrifuged and 3.0 ml of the upper
layer was transferred to another tube containing
0.5 ml of diphenylcarbazide solution and mixed care-
fully. The absorbance was read at 550 nm after 15
minutes. A reagent blank containing (1.0 ml) of phos-
phate buffer was processed as blank.

Estimation of PL
Phospholipid (PL) levels were estimated by the method
of Zilversmit and Davis.27 An aliquot of 0.5 ml of the

lipid extract was pipetted out into a Kjeldahl flask and
evaporated to dryness. To the extract/0.2 ml of
plasma, 1 ml of 5 NH2SO4 was added and digested
in a digestion rack till the appearance of light brown
color. Two to three drops of concentrated nitric acid
was added and the digestion continued till it became
colorless. The Kjeldahl flask was cooled and 1.0 ml
of distilled water was added and heated in a boiling
water bath for about 5 minutes. Then, 1.0 ml of 2.5%
ammonium molybdate and 0.1 ml of 1-amino-2-
napthol-4-sulfonic acid were added. The volume was
then made upto 5.0 ml with distilled water and the
absorbance was measured at 660 nm within 10
minutes.

Estimation of lipoprotein fractions
The high-density lipoprotein cholesterol (HDL-C)
content in plasma was estimated by a standard com-
mercial kit (Agappe Diagnostics, Pattimattom,
Kerala, India). Low-density lipoprotein cholesterol
(LDL-C) and very low-density lipoproteins cholesterol
(VLDL-C) fractions were calculated as follows:
VLDL-C= TGs/5 and LDL-C= total cholesterol –
(HDL-C+VLDL-C), respectively.

Estimation of lipid marker enzymes
HMG-CoA reductase
The activity of 3-hydroxy 3-methylglutaryl coenzyme
A (HMG-CoA) reductase in the plasma and tissues
were assayed by the method of Philipp and
Shapiro.28 In brief, equal volumes of 10% fresh
plasma/tissue homogenate and diluted perchloric
acid were mixed, kept for 5 minutes and centrifuged
at 2000 × g for 10 minutes. To 1.0 ml of filtrate,
0.5 ml of freshly prepared hydroxylamine reagent
(alkaline hydroxylamine in the case of HMG-CoA)
was added and mixed. After 5 minutes, 1.5 ml of
ferric chloride was added and shaken well. Readings
were taken after 10 minutes at 540 nm against simi-
larly treated saline-arsenate blank. The ratio of
HMG-CoA to mevalonate was calculated. Lower
ratio indicates higher enzyme activity.

LCAT activity
Plasma lecithin cholesterol acyl transferase (LCAT)
activity was assayed by the method of Hitz et al.29

To 1.0 ml of plasma, 0.5 ml of 0.2% dextran sulfate
was added. The mixture was incubated at 4°C for 15
minutes and centrifuged at 1750 × g for 15 minutes.
The supernatant was separated and used as an
enzyme source. The substrate of 0.6 ml was mixed
with 0.6 ml of the enzyme. A 0.2 ml of this mixture
was mixed with 1.0 ml of isopropanol whereas the
remaining mixture was incubated at 27°C for 90
minutes. The precipitate was removed by centrifu-
gation and the supernatant was taken for the esti-
mation of free cholesterol.24 This represented the
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amount of free cholesterol present in the test sample at
zero time. After 90 minutes, 0.2 ml of the incubated
mixture was mixed with 1.0 ml of isopropanol and
the remaining mixture was incubated at 27°C for a
further period of 90 minutes. At the end of 180
minutes, 0.2 ml of the incubated mixture was treated
with 1.0 ml of isopropanol to arrest the reaction.
Control tubes containing only the substrate were
treated similarly to check for complete inactivation
of plasma during substrate preparations. LCAT
activity was expressed as a function of the disappear-
ance of free cholesterol during the incubation period.

Histopathological examination of liver
Liver tissues obtained from all experimental groups
were washed immediately with 0.9% saline and then
fixed in 10% buffered formalin. After fixation, the
liver tissues were processed by embedding in paraffin
wax. Then, the tissues were sectioned (5–6 μm thick-
ness) using a microtome and stained with hematoxylin
and eosin (H&E) dye or Masson’s trichrome stain
(MT). Sections were examined under a high power
microscope (Nikon ECLIPSE TS 100; Tokyo, Japan)
and photomicrographs were taken.

Statistical analysis
Statistical analysis was performed by one-way analysis
of variance (ANOVA) followed by Duncan’s multiple
range test (DMRT) using Statistical Package for the

Social Science (SPSS Inc, Chicago, IL, USA) software
version 12.00. Results were expressed as mean± stan-
dard deviation (SD) for six rats in each group. A value
of P≤ 0.05 was considered to be statistically significant.

Results
Fig. 1A–1C depicts the effect of morin on MAP, HR
and body weight. The DOCA-salt hypertensive rats
exhibited significant elevation in MAP and HR and
diminished body weight as compared with UNX-
control. Morin supplementation daily for a period of
six consecutive weeks significantly reduced the MAP
and HR and improved body weight in DOCA-salt
rats.

Tables 1 and 2 portray the levels of lipids (TC, TG,
FFA, and PL) in plasma and tissues (kidney, heart,
aorta, and liver) of UNX and DOCA-salt hyperten-
sive rats. The concentrations of plasma and tissue
lipids (TC, TG, FFA, and PL) were significantly
increased in hypertensive rats as compared with
UNX-control. Morin supplementation significantly
declined the levels of plasma and tissue lipids in
DOCA-salt rats toward normal.

Fig. 2 reveals the effect of morin on plasma lipopro-
teins (LDL-C, VLDL-C, and HDL-C) in UNX and
DOCA-salt hypertensive rats. The elevation in the
levels of LDL-C and VLDL-C and diminished level
of HDL-C were observed in DOCA-salt hypertensive

Figure 1 Effect of morin on MAP (A), heart rate (B), and body weight (C) in UNX and DOCA-salt hypertensive rats. Values are
expressed as means± standard deviation (SD) for six rats in each group. Values not sharing a common superscript differ
significantly at P< 0.05 (DMRT).
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rats. Morin supplementation significantly decreased
the levels of plasma LDL-C and VLDL-C and
increased the level of HDL-C in DOCA-salt rats.
The activity of HMG-CoA reductase in UNX and

DOCA-salt hypertensive rats were shown in Fig. 3.
Increased activity of HMG-CoA reductase in plasma
and tissues (kidney, heart, aorta, and liver) were
observed in DOCA-salt hypertensive rats as compared
with UNX-control. Treatment with morin signifi-
cantly diminished the activity of HMG-CoA reductase
in DOCA-salt rats. Lower ratio of HMG-CoA indi-
cates higher enzyme activity.
DOCA-salt hypertensive rats exhibited significantly

decreased plasma LCAT activity when compared with
UNX-control. Morin supplementation significantly
improved the activity of LCAT toward normal level
in DOCA-salt rats (Fig. 4).
Compared with UNX-controls, urinary protein

levels was markedly elevated in rats that received
DOCA-salt. Morin supplementation significantly pre-
vented and reversed these levels in DOCA-salt rats
(Fig. 5).
Table 3 and Fig. 6 illustrate the histological analysis

of liver by H & E and MT stain, respectively. UNX-
control and UNX-control treated with morin alone
revealed normal liver architecture without any patho-
logical changes (A) (see Figs. 6A and 6B). DOCA-
salt hypertensive rats exhibited severe liver damage

characterized by sinusoidal dilatation (+++), kuffer
cell hyperplasia (+++), congested blood vessels
(+++), and necrosis with fatty deposits (+++) (see
Figs. 6C–6E). Morin supplementation in DOCA-salt
rats showed near normal architecture with mild sinu-
soidal dilatation (+) and without kuffer cell hyperpla-
sia (A), congested blood vessels (A), and necrosis (A)
(see Fig. 6F).
MT staining of liver section from DOCA-salt rats

revealed intense collagen deposition (+++) (see
Figs. 6I–6K). Intense collagen accumulation was
remarkably reduced in liver of rats treated with
morin (A) (see Fig. 6L). Morin administered UNX-
control showed normal collagen distribution in liver
as that of control (A) (see Figs. 6G and 6H).

Discussion
The major findings of the current study are the follow-
ing (i) Morin supplementation significantly dimin-
ished the MAP and HR and improves the body
weight and (ii) Morin exhibited beneficial effects on
lipid profiles, urinary protein and ameliorated liver
injury, and collagen accumulation imposed by
DOCA-salt.
In our study, we observed that subcutaneous injec-

tion of DOCA with 1% NaCl loading via drinking
water produced significant raise in MAP and HR on
treatment with morin resulted in a remarkable

Table 1 Effect of morin on TC and TG in plasma and tissues of UNX and DOCA-salt hypertensive rats

Parameter UNX UNX+morin DOCA-salt DOCA-salt+morin

TC (mg/g tissue) Plasma (mg/dl) 81.13± 6.41a 81.76± 5.8 3a 163.06± 11.24b 94.13± 5.43c

Kidney 4.16± 0.28a 4.03± 0.19ac 6.93± 0.46b 4.52± 0.39c

Heart 2.49± 0.15a 2.38± 0.17a 4.53± 0.24b 2.86± 0.21c

Aorta 3.03± 0.23a 2.98± 0.16a 6.82± 0.43b 4.12± 0.27c

Liver 4.51± 0.33a 4.48± 0.31a 7.36± 0.53b 5.03± 0.41c

TG (mg/g tissue) Plasma (mg/dl) 56.17± 3.87a 55.11± 3.97a 158.16± 9.33b 69.66± 5.65c

Kidney 4.31± 0.29a 4.17± 0.23a 7.01± 0.59b 4.86± 0.26c

Heart 3.96± 0.21a 3.99± 0.26a 5.83± 0.32b 4.07± 0.29c

Aorta 2.89± 0.19a 2.83± 0.22a 6.24± 0.46b 4.02± 0.26c

Liver 3.72± 0.26a 3.53± 0.28a 7.61± 0.43b 3.94± 0.32c

Values are expressed as means± SD for six rats in each group. Values not sharing a common superscript differ significantly at
P< 0.05 (DMRT).

Table 2 Effect of morin on FFA and PL in plasma and tissues of UNX and DOCA-salt hypertensive rats

Parameter UNX UNX+morin DOCA-salt DOCA-salt+morin

FFA (mg/g tissue) Plasma (mg/dl) 53.91± 3.66a 54.03± 4.26a 121.66± 9.55b 66.21± 5.34c

Kidney 4.23± 0.26a 4.18± 0.32a 7.96± 0.45b 5.03± 0.36c

Heart 4.96± 0.27a 4.77± 0.29a 9.13± 0.74b 6.12± 0.42c

Aorta 3.92± 0.31a 3.92± 0.26a 7.26± 0.52b 5.02± 0.39c

Liver 7.73± 0.36a 7.56± 0.61a 16.86± 1.16b 9.14± 0.63c

PL (mg/g tissue) Plasma (mg/dl) 96.43± 6.62a 94.16± 7.61ac 156.13± 8.11b 104.11± 7.38c

Kidney 15.76± 0.99a 14.63± 1.02a 28.66± 1.98b 19.03± 1.31c

Heart 13.18± 0.76a 12.97± 0.98a 23.14± 1.58b 15.43± 1.23c

Aorta 4.73± 0.25a 4.52± 0.19a 10.66± 0.82b 6.26± 0.57c

Liver 21.16± 1.51a 21.32± 1.72a 53.23± 3.76b 28.31± 1.82c

Values are expressed as means± SD for six rats in each group. Values not sharing a common superscript differ significantly at
P< 0.05 (DMRT).
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reduction in MAP and HR in hypertensive rats, effects
that may be attributed to its antioxidant properties.
Several epidemiological studies have supported the
hypothesis that the antioxidant actions of flavonoids
may reduce the risk of developing CVD.30

In agreement with previous report31 we also found
that significantly diminished body weight in DOCA-
salt hypertensive rats. This observation may be
because of an increase in urinary protein excretion.
This was evidenced in our current study. When hyper-
tensive rats were treated with morin, the weight loss
significantly controlled which might be as a result of
its ability to reduce the protein loss in urine.
The presence of high blood pressure (BP) and hyper-

lipidemia is so common in hypertension that many
have argued that the high BP itself may play a role
in altering lipid metabolism, resulting in abnormal-
ities.32 In our study, we observed increased levels of
TC in plasma and tissues of hypertensive rats. High
levels of circulating cholesterol and its accumulation
in tissues are well associated with cardiovascular

damage.33 Morin supplementation decreased the
levels of TC in hypertensive rats which may be due
to the suppression of endogenous cholesterol biosyn-
thesis by inhibiting the activity of HMG-CoA
reductase.

Hypertriglyceridemia is independent risk factors
that can accelerate the development of coronary
artery disease and progression of atherosclerotic
lesions.34 In this study, we observed a higher concen-
tration of TG in DOCA-salt hypertensive rats. This
may be due to increased secretion of VLDL by the
liver, disturbed catabolism of VLDL and decreased
removal of triglyceride due to diminished lipoprotein
lipase activity.35 Morin supplementation lowered the
levels of TG in plasma and tissues of hypertensive
rats. This beneficial action might be due to the effec-
tive quenching of free radicals by morin.

The oxidative tissue damage can release the mem-
brane lipids such as FFA and PL into blood.36

Elevated levels of FFA and PL in plasma and tissues
of DOCA-salt hypertensive rats may be due to mem-
brane damage caused by increased lipid peroxidation.
We previously reported that DOCA-salt hypertension
is associated with increased lipid peroxidation.18

Morin supplementation rescues the tissues from lipid

Figure 3 Effect of morin on the activity of HMG-CoA
reductase in plasma and tissues of UNX and DOCA-salt
hypertensive rats. Values are expressed as means± SD for
six rats in each group. Values not sharing a common
superscript differ significantly at P< 0.05 (DMRT). *Lower
ratio indicates higher enzyme activity.

Figure 2 Effect of morin on LDL-C, VLDL-C, and HDL-C in
plasma of UNX and DOCA-salt hypertensive rats. Values are
expressed as means± SD for six rats in each group. Values
not sharing a common superscript differ significantly at
P< 0.05 (DMRT).

Figure 4 Effect of morin on the activity of LCAT in plasma of
UNX and DOCA-salt hypertensive rats. Values are expressed
as means± SD for six rats in each group. Values not sharing a
common superscript differ significantly at P< 0.05 (DMRT).

Figure 5 Effect of morin on the levels of urinary protein in
UNX and DOCA-salt hypertensive rats. Values are expressed
as means± SD for six rats in each group. Values not sharing a
common superscript differ significantly at P< 0.05 (DMRT).
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peroxidation by mopping up free radicals and dimin-
ished the levels of FFA and PL in hypertensive rats.
This effect revealed the antilipid peroxidation property
of morin.

Presently, the level of LDL-C and HDL-C is con-
sidered to be superior index of CVD risk than total
cholesterol. Increased LDL concentration in plasma of
DOCA-salt hypertensive rats might be due to defect in
LDL-C receptor either through failure in its production
or function. In addition, elevated LDL concentration,
which in turn leads to the build-up of harmful deposits
in the arteries, thus favoring coronary heart disease.37

HDL is considered to be a beneficial lipoprotein.38

The lowered HDL levels in hypertensive rats may be
due to diminished plasma LCATactivity and also con-
tribute to the increased cholesterol levels. Usually, a
high level of LDL-C and a low level of HDL-C indi-
cate an imbalance between cholesterol transport
from the liver to extrahepatic tissues and back to the
liver. A greater increase of VLDL-C may also cause
a greater decrease of HDL-C as there is a reciprocal
relation between the concentration of VLDL-C and
HDL-C. Morin supplementation considerably
increased HDL-C and lowered LDL-C and VLDL-C
in hypertensive rats. These results indicate that morin
could provide an antihyperlipidemic activity.

Figure 6 Photomicrograph of liver section staining with H & E (A–F; 10×) andMT (G–L; 10×). UNX-control (A and G), UNX-control
treated with morin alone (50 mg/kg) (B and H), DOCA-salt hypertensive rats (C–E and I–K) and DOCA-salt rats treated with morin
(50 mg/kg) (F and L). Scale bar: 5 μm.

Table 3 Effect of morin on the degree of histological
changes of liver in UNX and DOCA-salt hypertensive rats

Groups UNX UNX+morin
DOCA-
salt

DOCA-
salt+morin

H&E staining
Sinusoidal

dilatation
A A +++ +

Kuffer cell
hyperplasia

A A +++ A

Congested
blood
vessels

A A +++ A

Necrosis with
fatty
deposits

A A +++ A

MT staining
Collagen

deposition
A A +++ A

Photomicrographs were used to evaluate the degree of
damages in the liver tissues. (A) no changes; (+) mild
changes; (++ ) moderate changes; (+++) marked changes.
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HMG-CoA reductase plays a major role in the regu-
lation of cholesterol metabolism and a rate-limiting
enzyme in the pathway of cholesterol biosynthesis. In
our study, we have observed enhanced activity of
HMG-CoA reductase in plasma and tissues of
DOCA-salt hypertensive rats might be due to
increased lipid peroxidation. An increase in HMG-
CoA reductase activity leads to excessive production
and accumulation of cholesterol, resulting in the for-
mation of foam cell, a prerequisite step in the develop-
ment of atherosclerosis.39 Morin supplementation
daily for a period of six consecutive weeks diminished
the activity of HMG-CoA reductase in plasma and
tissues of hypertensive rats.
LCAT is an enzyme responsible for the conversion

of cholesterol to cholesterol esters on the surface of
HDLs. Deficiency of LCAT in DOCA-salt hyperten-
sive rats could be attributed to the augmented oxi-
dative stress. Morin supplementation improved the
activity of LCAT in hypertensive rats and it may be
due to its potent antioxidant property by offering a
possible role in reducing the oxidative stress by indu-
cing cellular antioxidant enzymes.40

In this study, we used urinary protein excretion rate
as a marker of overall renal injury. Morin supplemen-
tation significantly reduced urinary protein levels in
DOCA-salt hypertensive rats. These results strongly
indicate that morin treatment remarkably attenuated
against DOCA-salt induced renal injury by diminished
urinary protein.
Morin administration ameliorated the DOCA-salt

induced sinusoidal dilatation, kuffer cell hyperplasia,
congested blood vessels, necrosis with fatty deposits
and intense collagen accumulation in liver. UNX-
control treated with morin alone (50 mg/kg) exhibited
normal liver architecture without any pathological
changes. This histological observation indicates the
beneficial effect of morin against hypertension.

Conclusion
Major findings from the present study demonstrated
that morin supplementation could effectively prevent
the development of hypertension and hyperlipedimia
in DOCA-salt rats. Our findings also illustrate that
the liver injury was ameliorated by morin
supplementation.
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