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Abstract Morin, a plant-derived flavonoid, has been

reported to exhibit a wide range of pharmacological

properties. In this study, we investigated the protective

effect of morin on hepatic fibrosis induced by dimethyl-

nitrosamine (DMN) in rats. Oral administration of morin

remarkably prevented weight loss in the body and liver

from DMN and inhibited the elevation of serum alanine

transaminase (ALT), aspartate transaminase (AST), and

total bilirubin levels. For the evaluation of hepatic fibrosis-

related factors, we investigated expressions of collagen

type I, transforming growth factor b1 (TGF-b1), and

a-smooth muscle actin (a-SMA) in mRNA and protein

levels. We observed that morin significantly reduced the

expression of collagen type I, TGF-b1, and a-SMA on

hepatic fibrosis induced by DMN. Taken together, this

study demonstrated that morin showed hepatoprotective

and antifibrogenic effects against DMN-induced hepatic

injury. This suggests that morin may be useful in pre-

venting the development of hepatic fibrosis and cirrhosis.

Keywords Morin � Antioxidant � Dimethylnitrosamine �
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Introduction

Morin [2-(2,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-1-ben-

zopyran-4-one] is a kind of flavonoid belonging to the group

of flavonoids (Fig. 1) found in almonds (P. guajava L.) [1],

mill (Prunus dulcis) [2], and other moraceas, which are used

as dietary agents and also as herbal medicines [3]. It has been

shown to act as a potent antioxidant [4, 5], xanthine oxidase

inhibitor [6], cell proliferation inhibitor [7], apoptosis inducer

[8], and modulator of lipoxygenase and cyclo-oxygenase

activities in the arachidonic acid cascade [9]. It also acts as a

chemopreventive agent against oral carcinogenesis in vitro

and in vivo [10]. Furthermore, morin exhibits inhibition of

tetradecanoylphorbo-13-acetate (TPA)-induced hepatocellu-

lar transformation [11].

Hepatic fibrosis is characterized by an excessive depo-

sition of extracellular matrix (ECM) proteins and can

ultimately lead to cirrhosis and organ failure [12]. The

main causes of liver fibrosis include chronic viral hepatitis,

alcohol abuse, autoimmune diseases, and hereditary meta-

bolic disorders. The activation of hepatic stellate cells

(HSCs) has been implicated in the pathogenesis of liver

fibrosis [12, 13]. Activated HSCs are proliferative and

fibrogenic, with accumulation of ECM, including a-smooth

muscle actin (a-SMA) and collagen type I [14, 15].

Moreover, activated HSCs have been implicated in hepatic

inflammation through their ability to secrete cytokines,

including transforming growth factor-b1 (TGF-b1) in the

course of liver fibrogenesis [12].

Dimethylnitrosamine (DMN) is a potent hepatotoxin,

carcinogen, and mutagen. Exposure to repeated low-dose

DMN causes subacute and chronic liver injury with varying
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degrees of necrosis, fibrosis, and nodular regeneration [16].

A DMN-induced fibrosis model is known to reproduce

most of the features observed during human liver fibrosis

[17]. This model also has various benefits, such as pro-

gressive and remarkable pathological alteration, a high

fibrosis reproduction rate, and a low mortality rate in

experimental animals [18].

The present study was designed to evaluate whether

morin exerts a protective effect in rats with DMN-induced

liver fibrosis. Here, we demonstrate, for the first time, that

morin can show functional and morphological prevention

by decreasing collagen type I, TGF-b1, and a-SMA in rats

with DMN-induced liver fibrosis.

Material and Methods

Animals

Animal care and all experimental procedures were con-

ducted in accordance with the Guide for Animal

Experiments edited by the Korean Academy of Medical

Sciences. Male Sprague-Dawley rats were obtained from

ORIENT-BIO Laboratory Animal Research Center Co., Ltd.

(Gyeonggi-do, Korea). Animals were kept on standard rat

chow with free access to tap water, in a temperature- and

humidity-controlled animal house under 12-h light–dark

cycles. Eighteen rats, 170–180 g, were divided into three

groups of six each (control, DMN, and morin groups). The

DMN group was treated with intraperitoneal injections of

DMN (diluted with saline) at a dose of 10 ll/kg of body

weight three consecutive days per week for 4 weeks, as

described previously [19]. The morin group was treated

every other day for 4 weeks with morin suspended in a

PEG400 mixture (N,N-dimethylacetamide to polyethylene

glycol 400 to distilled water = 1:5:4) at a dose of 20 mg/kg

by oral gavage before DMN treatment. The DMN group was

treated with DMN as described above and equivalent vol-

umes of the PEG400 mixture solution. The control group was

treated with volumes of saline and PEG400 mixture solution

equivalent to the treatment given to the morin group. At the

end of the fourth week, all of the rats were sacrificed under

ether anesthesia. Their livers were excised and weighed.

Blood samples for biochemical analyses were obtained from

the heart. The liver specimens were immediately fixed in

10% neutral buffered formalin for histochemical studies.

The remaining liver tissue was homogenized using a glass

Potter-Elvehjem homogenizer set for reverse-transcriptase

polymerase chain reaction (RT-PCR) and Western blot

study. The homogenate was freed from the cellular debris

and nuclei by centrifugation at 700 g at 4�C for 10 min.

Biochemical Analyses of Serum

Serum alanine transaminase (ALT), aspartate transaminase

(AST), total bilirubin (T. Bilirubin), and direct bilirubin (D.

Bilirubin) levels were analyzed by the Green Gross Ref-

erence Lab (Seoul, Korea).

Liver Histopathology

For histopathological analysis, liver slices were cut, fixed

in formaldehyde, and embedded in paraffin. Five-micron-

thick sections were then stained with hematoxylin eosin

(H&E) and Masson’s trichrome (MT) before observation

under a light microscope. The degree of hepatic fibrosis

was determined by the Knodell fibrosis score, which has

four grades derived from the Metavir score; the area of

fibrosis was measured by image analysis [20]. The histo-

pathological fibrosis scores were as follows: 0, no fibrosis;

I, perivenular and/or pericellular fibrosis; II, septal fibrosis;

III, incomplete cirrhosis; and IV, complete cirrhosis [21].

Two expert pathologists blindly scored the tissue slices and

evaluated degree of fibrosis according to a strict standard.

The degree of fibrosis was expressed as the mean of eight

fields in each slide. The degree of fibrosis by each

pathologist was almost similar.

RNA Extraction and RT-PCR Analysis

Total RNA were extracted from frozen liver sample with

Trizol reagent following the manufacturer’s protocol. An

aliquot of total RNA was reverse transcribed and amplified

using MMuLV reverse transcriptase and Taq DNA poly-

merase, respectively. Aliquots of the reverse transcription

mixture were used for the amplification by polymerase

chain reaction (PCR) of fragments specific to collagen type

I, TGF-b1, and a-SMA. The expression levels of all the

transcripts were normalized to that of the GAPDH mRNA
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Fig. 1 Chemical structure of morin [2-(2,4-dihydroxyphenyl)-3,5,7-

trihydroxy-4H-1-benzopyran-4-one]
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in the same tissue. The primer pairs for collagen type I,

TGF-b1, and a-SMA were designed using the Primer select

program. The PCR products were electrophoresed on 1.5%

agarose gel recorded by a KODAK imaging system, and

the bands were quantitated using densitometry.

Western Blot Analysis

Liver protein (40 lg) was separated by sodium dodecyl

sulfate polyacrylamide gel electrophoresis (SDS-PAGE)

gel electrophoresis and transferred to a nitrocellulose

membrane (Schleicher & Schuell, Middlesex, UK). The

membrane was blocked with 5% skim milk in 10 mM

Tris–HCl containing 150 mM NaCl and 0.5% Tween 20

(TBS-T). After washing with TBS-T, the membrane was

then incubated with a primary antibody that recognizes

collagen type I (1:1000), TGF-b1 (1:100), and a-SMA

(1:500, Cell Signaling, Beverly, MA, USA). After washing

with TBS-T, a horseradish peroxidase-conjugated second-

ary antibody (New England Biolabs, Beverly, MA, USA)

was applied to the membrane and the blot was developed

using an enhanced chemiluminescence detection kit

(Amersham, Piscataway, NJ, USA).

Statistical Analyses

All of the values were expressed as the mean ± standard

error (SE). Significant differences between the groups were

statistically analyzed using Student’s t-test. The differences

between multiple groups were evaluated by a one-way

analysis of variances (ANOVA), followed by a nonpara-

metric post hoc test (LSD). A P value of 0.05 or less was

considered statistically significant.

Results

Body and Liver Weights

The effects of the morin on the body weight and liver

weight of the rats are shown in Fig. 2. Treatment with

DMN caused a significant decrease in both body weight

and liver weight, compared with the control group. In the

DMN group, body weight gain for 4 weeks was only 27%

of the control, and oral administration of morin decreased

this loss by 50%. Also, the final liver weight in the DMN

group was 47% of that in the control group. However, liver

weights in the morin group were 68% of that in the control

group. This result showed that morin administration pre-

vented this DMN-induced loss of liver weight. In addition,

Fig. 2 implies that the administration of DMN to animals

caused a significant (P \ 0.05) decrease in relative liver

weight, which is the average of liver weight at final body

weight multiplied by 100. A significant increase in relative

liver weight (P \ 0.05) occurred with the cotreatment with

morin. Relative liver weights in the morin group were 89%

of that in the control group.

Serum Parameters of Liver Function

The effects of morin on the serum parameters in the liver

fibrosis model are shown in Table 1. ALT is a cytosolic

enzyme, primarily present in the liver. An increase in

plasma ALT indicates liver damage more specifically than

AST. AST, which is a mitochondrial enzyme present in

large quantities in the heart, liver, skeletal muscles, and

kidneys, in part indicates liver injury. Activities of the
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Fig. 2 Effect of morin on the body and liver weights of rats treated

with DMN. DMN was given intraperitoneally at a dose of 10 ll/kg on

three consecutive days a week for 4 weeks to each group. Morin was

administrated orally at a dose of 20 mg/kg three times a week.

Relative liver weight is the average of liver weight at final body

weight multiplied by 100. Values are expressed as mean ± SE

(n = 6). # P \ 0.05 versus control and *P \ 0.05 versus DMN,

respectively. DMN, DMN alone-induced group; Morin, DMN with

morin-treated group

Table 1 Effects of morin on serum parameters with respect to liver

functions of rats treated with DMN for 4 weeks

Parameter Group

Control DMN Morin

ALT (IU/l) 52.3 ± 4.0 344.2 ± 36.9** 195.8 ± 4.6*

AST (IU/l) 163.3 ± 12.2 639.2 ± 99.4** 284.4 ± 6.0*

T. Bilirubin (mg/dl) 0.10 ± 0.00 1.78 ± 0.73** 0.38 ± 0.07*

D. Bilirubin (mg/dl) 0.02 ± 0.01 1.59 ± 0.67** 0.30 ± 0.05*

Values are expressed as mean ± SE (n = 6). ** P \ 0.001 versus

control and *P \ 0.05 versus DMN, respectively. DMN, DMN alone-

induced group; Morin, DMN with morin-treated group. ALT, alanine

aminotransferase; AST, aspartate aminotransferase; T. Bilirubin, total

bilirubin; D. Bilirubin, direct bilirubin
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serum ALT and AST were increased 6.6- and 4-fold in the

DMN treatment group, as compared with the control,

respectively. However, both the ALT and AST level

increased by DMN treatment were significantly suppressed

by cotreatment with morin. The level of serum bilirubins

(T. Bilirubin and D. Bilirubin) were assessed as represen-

tative indexes of liver function. DMN caused 18- and 21-

fold increase in T. Bilirubin and D. Bilirubin levels,

respectively, compared with the control, whereas morin

almost completely suppressed the increases in bilirubin

levels induced by DMN.

Liver Histopathology

Liver fibrosis was evaluated by two histological methods:

H&E and MT staining. The results from these two methods

showed the same pattern. The control group showed nor-

mal architecture, whereas the DMN group exhibited

extensive hemorrhagic necrosis and disruption of tissue

architecture (Fig. 3A2). These alterations were remarkably

reduced in the morin group (Fig. 3A3). Also, serial sec-

tions were stained with MT for collagen. In the control,

collagen was observed only in the periportal area

(Fig. 3B1). The DMN group showed increased collagen,

and displayed bundles of collagen fibers surrounding the

lobules, forming large fibrous septa (Fig. 3B2). The

thickening of these collagen fiber bundles was markedly

reduced in the morin group (Fig. 3B3). The histopatholo-

gical fibrosis scores analysis confirmed that the liver

fibrosis was significantly reduced by morin treatment, as

compared with the DMN group (i.e., fibrosis score,

3.0 ± 0.8 versus 2.0 ± 0.0, P \ 0.05, Table 2).

The mRNA Expression of Collagen Type I,

TGF-b1, and a-SMA

The mRNA expression levels of collagen type I, TGF-b1,

and a-SMA were amplified by RT-PCR (Fig. 4). After

normalization against the corresponding GAPDH, values

from densitometric analyses were expressed as the average

ratios of collagen type I/GAPDH, TGF-b1/GAPDH, and a-

SMA/GAPDH, respectively. As shown in Fig. 4, the

mRNA expression level for collagen type I in the DMN

group (0.91 ± 0.09) was higher than in the control group

(0.29 ± 0.04). However, the mRNA expression level for

collagen type I in the morin group (0.66 ± 0.07) was

significantly lower than that of the DMN group (P \ 0.05).

Like for collagen type I, the mRNA expression level of

TGF-b1 in the morin group (0.61 ± 0.04) also showed a

significant difference, compared with the DMN group

(0.72 ± 0.03). In addition, the mRNA expression level of

a-SMA in the morin group (0.82 ± 0.06) was significantly

decreased, compared with the DMN group (1.01 ± 0.05,

P \ 0.05).

Fig. 3 Histological analysis of

liver sections. (A) H&E

staining. (B) MT staining. Liver

sections were stained using

H&E and MT: (1) control, (2)

DMN alone-induced group, (3)

DMN with morin-treated group.

Original magnification 2009

Table 2 Histological grading of hepatic fibrosis

Group Grade 0 Grade I Grade II Grade III Grade IV

Control 6 0 0 0 0

DMN 0 0 2 2 2**

Morin 0 0 6 0 0*

Values are expressed as mean ± SE (n = 6). ** P \ 0.001 versus

control and * P \ 0.05 versus DMN, respectively. DMN, DMN

alone-induced group; Morin, DMN with morin-treated group
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The Protein Expression of Collagen Type I, TGF-b1,

and a-SMA

We next assessed the effects of morin on the protein

expression levels of collagen type I, TGF-b1, and a-SMA

in the DMN-induced liver fibrosis rats. The levels of col-

lagen type I, TGF-b1, and a-SMA protein were determined

by Western blot analysis. As shown in Fig. 5, values from

densitometric analysis after normalization against the cor-

responding b-actin were expressed as the average ratios of

collagen type I/b-actin, TGF-b1/b-actin, and a-SMA/b-

actin, respectively. As shown in Fig. 5, the protein

expression level of collagen type I in the DMN group

(0.73 ± 0.02) was higher than in the control group

(0.04 ± 0.01), whereas the expression of collagen type I in

the morin group (0.31 ± 0.06) was significantly decreased,

compared with the DMN group (P \ 0.05). Also, the

expression level of TGF-b1 in the morin group (0.50 ±

0.02) was decreased statistically, compared with the DMN

group (0.92 ± 0.05, P \ 0.05). Like the results for mRNA

expression, the protein expression of a-SMA in the morin

group (0.66 ± 0.05) was significantly lower than that of

the DMN group (0.88 ± 0.04, P \ 0.05).

Discussion

Hepatic fibrosis represents a common response to chronic

liver injury from various origins. It is accompanied by

hepatocellular necrosis and inflammation. DMN treatment

Fig. 4 The mRNA levels of collagen type I, transforming growth
factor-b 1 (TGF-b1), and a-smooth muscle actin (a-SMA) after

treatment of morin by reverse-transcriptase polymerase chain reaction

(RT-PCR). (a) Total RNA was prepared and RT-PCR was performed.

The PCR products were separated on a 1.5% agarose gel and stained

with ethidium bromide. (b) Quantification of collagen type I, TGF-b1,

and a-SMA mRNA expression was performed by densitometric

analysis. Values are expressed as mean ± SE of collagen type I/
GAPDH, TGF-b1/GAPDH, and a-SMA/GAPDH for at least six

separate experiments. * P \ 0.05 versus DMN. Con, control; DMN,

DMN alone-induced group; Morin, DMN with morin-treated group

Fig. 5 The expressions of collagen type I, transforming growth

factor-b1 (TGF-b1), and a-smooth muscle actin (a-SMA) after

treatment of morin by Western blot. (a) Liver protein (40 lg) was

separated by SDS-PAGE, transferred to a nitrocellulose membrane,

and blotted with anti-collagen type I, anti-TGF-b1, anti-a-SMA, or

b-actin antibody. (b) Quantifications of collagen type I, TGF-b1, and

a-SMA expressions were performed by densitometry analysis. Values

are expressed as mean ± SE of collagen type I/b-actin, TGF-b1/

b-actin, and a-SMA/b-actin for at least six separate experiments.

* P \ 0.05 versus DMN. Con, control; DMN, DMN alone-induced

group; Morin, DMN with morin-treated group
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causes liver fibrosis/cirrhosis, leading to shrunken livers,

alteration of the hepatic architecture, and biological change

[22, 23]. In the present study, a DMN-induced liver fibrosis

model was successfully established, as evaluated by

fibrosis score measurements, histological observations, and

serum biochemical markers. Also, we found that morin

exerted protective effects on DMN-induced hepatic fibrosis

in rats. The results showed that the fibrosis scores of the

livers from rats treated with morin were significantly

reduced in comparison with those of the DMN-treated rats

that were not given morin. In addition, in relation to his-

tological changes, morin reduced the extensive disruption

of tissue architecture and collagen fibers induced by DMN.

It is known that serum biochemical markers, such as ALT,

AST, and bilirubins, are representatives of liver function:

their increased levels are indicators of liver damage. Here,

it was exhibited that the levels of ALT, AST, and bilirubins

were remarkably decreased by morin in rats with DMN-

induced liver fibrosis. These results indicate that morin

improves DMN-induced liver fibrosis in rats.

Hepatic fibrosis is usually initiated by hepatocyte dam-

age, leading to the recruitment of inflammatory cells and

platelets and the subsequent release of cytokines, such as

TGF-b1 [24]. These factors probably affect the inflamma-

tory and repairing phase of liver fibrosis by activating HSC

[25, 26]. HSC, a principal cellular source of ECM during

chronic liver injury, undergoes a transition into myofibro-

blast-like cells expressing a-SMA. Activated HSC is

associated with cell proliferation and the accumulation of

ECM, including collagen type I and a-SMA. In fact, the

initiation stage is followed by the perpetuation stage, in

which increased a-SMA and collagen type I are amplified

by enhanced growth factor expression, such as TGF-b1.

TGF-b1 is one of the major fibroblast growth factors [27]

and plays a role as a crucial cytokine during HSC activa-

tion and the formation of liver fibrosis. Overexpression of

TGF-b1 is involved in a number of disease processes in the

liver [28]. Therefore, to determine the effect of morin, we

additionally investigated the expression of fibrosis related

molecules, including collagen type I, TGF-b1, and a-SMA

in rats with DMN-induced fibrosis. Our study showed that

morin reduced the expression of collagen type I, one of the

main components of the ECM accumulation in liver

fibrosis, and decreased the expression of TGF-b1, corre-

sponding to a reduction of a-SMA expression. These

results indicate a pivotal role of morin in reducing fibro-

genesis progression.

In summary, the present study demonstrated that morin

exhibited hepatoprotective and antifibrotic effects by

decreasing collagen type I, TGF-b1, and a-SMA. Thus, we

suggest that morin may be potentially useful in preventing

the development of hepatic fibrosis.
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