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ABSTRACT : Fifty percent ethanol extract of Lythrum salicaria Linne root (LSR) was tested in vitro on antioxidant activity,
and furthermore was investigated on antioxidative and fibrosis protecting activities in CCL-induced liver fibrosis rat model.
Ratio of hepatic GSH/GSSG (reduced glutathione/oxidized glutathione) as bio-parameter of antioxidant level in CCL, plus
LSR-treated rats for 6 weeks significantly increased from 2.8- to 5.7-fold than that of CCL-treated rats at p <0.05. Thiobarbi-
turic acid reactive substances (TBARS) contents in CCL, plus LSR-treated rats ranged from 1.57- to 2.19-fold of normal rats
and were lower than those in CCL, plus silymarin-treated rats (1.78~2.46-fold of normal rats) (p <0.05). Amounts of hydrox-
yproline of liver tissue showing the content of total collagen, a parameter of fibrosis, in CCL, plus LSR-administrated rat livers
were 4.9~8.8 ug/mg (—47 ~ —71%, compared with that in CCL4-treated rat livers (16.6 yg/mg tissue), which were significantly
lower than those in CCL, plus silymarin-administrated rats being 8.4~11.7 yg/mg (=30 ~ —50%). This collagen reducing effect of
liver tissue in CCL, plus LSR-treated rats was supported by histological observation using microscopy assay. From the results,
we conclude that the root of L. salicaria have efficient antioxidant potential and effective antifibrotic activities.
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INTRODUCTION

Liver fibrosis known as a pathological state that
progresses to liver cirrhosis and chronic liver disease (Oh er
al, 2003) has
stellate cells (HSCs) in damaged liver. HSCs play a role to
produce collagen in the early liver fibrogenesis (Du ef al.,
1999) and the activation of HSCs producing a lot of

extracellular matrix (ECM) materials such as collagen and

occurred from the activation of hepatic

fibronectin is triggered by reactive oxygen species (ROS)

(Matsui et al, 2004). Hence inhibiting of the activation of
HSCs is a key point to reduce fibrotic progression. Articles
have reported that plants or herbs having antioxidant activity
had ameliorated several diseases or pathological conditions
(Pospelova and Bamaulov, 2000; Rao et al., 2006).

purple loose-strife or spiked
loose-strife, of Lythracea family is a weedy plant that is
1996).
reported on

Lythrum  salicaria  Linne,

distributed all over the world including Korea (Lee,
of L.
antioxidant activity of leaves in vitro (Tunalier et al., 2007),

The activities salicaria have been
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on effect against hyperglycemic mice (Lamela er al, 1986),
on antimicrobial effect (Becker er al, 2005), on antilisterial
activity (Altanlar er al., 2006) and on anti-inflammatory and
anti-nociceptive effects (Tunalier et al., 2007). From the
above reports, none of the article has not reported about
the antioxidant and anti-fibrotic activity of L. salicaria root
in fibrosis. We selected root part of the plant from the
result in preliminary experiments which have been reported
as a paper (Lee et al., 2009). The study was performed to
verify the activities of L.
antioxidant and liver fibrosis-protection in rat fibrosis model.

salicaria root extract against

MATERIALS AND METHOD

1. Chemicals

Carbon tetrachloride, corn oil, DAB (3,3"-diaminobenzidine
tetrahydrochloride), fast green, MTT (3-(dimethylthiazol-2-yl)-
2,5-diphenyl tetrasodium bromide), silymarin, sirius red, and
sodium nitrite were purchased from Sigma Chemical Co
(USA). And H,DCFDA (2,7-di-chlorodihydrofluorescein
diacetate, L-hydroxyproline and trolox were did from
Aldrich (USA), and Molecular Probes (Eugene, OR, USA),
and Wako (Japan), respectively.

2. Cell lines

SH-SYSY cell line originated from human neuroblastoma,
and YPENI1 cell line, prostate cell line of bulls, have been
obtained from ATCC (American Type Culture Collection,
Rockville, MD, USA).

3. Plant part and preparation of extract

L.
experiment farm of National Institute of Crop Science
(NICS), Rural Development Administration (RDA), August
2004. Powdered root (four kilograms) was extracted with

salicaria root was collected at the medicinal plant

50% ethanol in refluxing apparatus at 85C. Extract was
evaporated in vacuum evaporator at 50°C (EYELA N-1000,
Japan). Finally, dark-yellow extract (603 g) was obtained and
stored at —27°C until using,
4. Assay of in vitro antioxidant activity against
reactive oxygen species (ROS) and peroxynitrite
(ONOO") in chemical environments and cells

Total ROS scavenging activity of LSR was investigated in
2!, 7'-dichlorodihydrofluorescein diacetate (H,DCFDA) reaction
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system using LPS-treated rat liver (Reddy er al, 2006).
Peroxynitrite scavenging activity of LSR was conducted by
the method of Kooy er al. (1994). Effect of LSR on BHP-
induced ROS production in YPENI cells was evaluated in
DMEM media by the modified method of Kweon er al
(2006) and analyzed on the fluorescence at Extygs nm/
Emmss;s for 15 min. Effect of LSR on SH-SYS5Y cells
viability was analyzed by the modified method of Schmid

et al. (2007) using MTT reagent.

5. Design of animal experiment

SD male rats with body weight from
distributed for eight groups
composed of normal group, CCL, single treated group
(three
groups), CCL, plus silymarin-treated groups (positive controls,

100g to 110g
were (n=6) which were

(negative control), CCL,; plus LSR-treated groups

three groups). All groups were accommodated at 23~24C,
55% humidity, and were maintained on 12 hours dark/12

hours light rule, were administrated with commercial stock
diets (Samtaco, Korea) and were allowed of tap water for
six weeks.

6. Assay of antioxidant activity in liver fibrosis rat
model

Liver collected from fibrosis rat model was homogenated
in 0.IM potassium phosphate buffer (pH 7.4) with teflon
(Wheaton stirer, USA). Lipid
peroxidation of liver homogenate was evaluated as TBARS
standard for
calculation according to the method of Botsoglou er al.
(1994) as below. Hepatic GSH/GSSG ratio was measured
by the (1959)
S'wiergosz-Kowalewska et al. (2006). GST activity in liver
cytosol fraction was analyzed according to the principle of

homogenizer overhead

using TEP (1,1,3,3-tetra ethoxypropane) as

combined methods of Ellaman and

Habig et al. (1974) using the molecular extinction coefficient
(E™/340 nm=9.6nM"'cm™) of GSH-2,4-dinitrochlorobenzene
(DNCB) conjugate produced from the reaction of DNCB
and reduced glutathione (GSH) at 25°C for 20 min.

Protein quantification for showing GST activity was
conducted by the method of Bradford [1976] using bovine
serum albumin as standard.

7. Assay of inhibition activity on collagen production
in liver fibrosis rat model
Total collagen content of fibrosis rat liver was quantified
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by the method of Woessner (1961). Histological assay on
collected rat liver lobes was performed by the method of
Carmiel-Haggai er al. (2004) using staining with 0.1% sirius
red and counterstaining with 0.1% fast green. Stained
sections were dehydrated, were mounted with mounting
medium and were below the microscopic observation using

light microscope (Leica DE/DM 5000B, Germany).

8. Statistical analysis

The results were shown as meanzstandard deviation
(SD). The significance of data was analyzed with Duncan's
multiple range test of one way ANOVA test using SAS

program (Enterprise Guide 4) at p <0.05.
RESULTS

1. Antioxidant activity of LSR on ROS and peroxynitrite
in chemical environments

From the result of the experiment on in vitro antioxidant
activity of LSR in chemical reaction system conducted on
total ROS wusing with DCFDA,
compound, LSR showed more effective scavenging activity

a fluorescent precursor

(ICsp, 242 1g/mL) than trolox, a positive control compound,
did (ICsp, 3.43 g/mL)(Table 1). LSR also showed effective
scavenging activity on peroxynitrite (ONOO~, 1.32 pg/mL) in
dihydrorhodamine (DHR) reaction comparing  to
penicillamin (1.86 g/mL), a control compound. These two
data indicate that the extract of LSR exhibited scavenging
activity on free radicals in chemical reaction systems.

system

2. Effect of LSR on antioxidant activity against cells
Inhibition activity of LSR on t-BHT-induced ROS
production in YPENI cells was exhibited in Fig. 1. LSR
(40, -200, and -1,000/g/mL) and t-BHT combination
treatments showed fluorescence at Extsss nm/Emmsss as 54.5,
54.5 and 62.8, respectively, which were the same degree of
t-BHT-not treated control (52.4). However, t-BHT single
treatment 1114, which was
corresponding to 2.13-fold of control. it
suggested that LSR exhibited very strong antioxidant activity
on t-BHT induced oxidative stress. The cell viabilities of
SH-SYSY cells treated with LSR (1, 10, 50, 100, and
1,000 g/mL) were tested by MTT assay, and were 91.6,
96.7, 90.6, 88.8, and 104.4%, compared with the value in
control which was not treated with LSR, respectively (Fig.

increased the value to

Therefore, is

siat
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Table 1. Scavenging effect of LSR against ROS and peroxynitrite
(ONOO) in chemical environments.

Scavenging effect on ROS  Scavenging effect on

Samples (Cyo g/l ONOO (ICsp, rg/mL)
LSR 2.42+0.03 1.32%+0.03
Trolox® 3.43+0.02 -
Penicillamin® - 1.86+0.17

Scavenging effect on ROS was tested on DCFDA reaction system
PScavenging effect on ONOO™ was tested in DHR reaction system
<dpositive control compounds

160
140 111.4
120
100

b H b
80 | 54.5 54.5

il KN

t-BHP-10

b
62.8

60

40

Extinction485nm/Emission535nm

20

Cont LSR-40 LSR-200 LSR-1000

Concentration (ug/mL)

Inhibition effect of LSR on BHP-induced ROS production
in YPENT cells. Cont, control; t-BHP-10, tert-butyl
hydroperoxide (10 uM); LSR-40, LSR-200 and LSR-1000
means that final concentrations of LSR in the reaction
system were 40, 200 and 1000 zg/mL.

Fig. 1.
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Fig. 2. Effect of added LSR on the viability of SH-SY5Y cells. LSR-
1, -10, -50, -100 and -1000 means that final
concentrations of LSR in the reaction system were 1, 10,
50, 100 and 1000 pg/mL, respectively. Values in each bar
are not significantly different at P < 0.05.

2). This explains that LSR has no cytotoxicity on SH-
SYSY cells and furthermore there are a possibility of
increasing the cell viability under the concentration of

1,000 /4g/mL.
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Table 2. Effect of LSR on hepatic lipid peroxidation (as TBARS), GSH/GSSH and glutathione-S-transferase activity in fibrosis-induced liver of
rat. Normal, vehicle-injected group; CCL, (1 mL of 40% CCL4/kg body weight with 1.5 mL of corn oil plus T mL of distilled water,
2 times/week for 6 weeks)-injected group. Values with alphabet on each bar are significantly different at P < 0.05.

Groups TBARS (ug/g tissue) GSH/GSSG GST activity”
Normal 3.7+0.8° 5.3:+0.4" 4.7+0.12¢
CCL, 9.1+2.8 2.2+0.5¢ 5.3+0.13%
CCLy + Silymarin 0.125 g/kg 9.1+1.4% 4.9+2.0" 5.2+0.18"
CCL, + Silymarin 0.25 g/kg 6.6+1.1% 7.5+4.8 5.0+0.08"
CCL, + Silymarin 0.5 g/kg 6.6+1.5% 6.5+3.9" 5.1+0.11%
CCLy + LSR 0.125 g/kg 7.3+0.8% 6.1+2.2% 5.2+0.42°
CCL, + LSR 0.25 g/ke 8.1+2.3% 7.8+2.5" 4.9+0.16“
CCLy + LSR 0.5 g/kg 5.8+0.9" 12.5+5.3° 4.8+0.13¢

PUnit : pM conjugated DNCB/mg protein/min

3. Antioxidant activity of LSR in liver fibrosis rat model

Antioxidant activity of LSR was verified in carbon
tetrachloride-induced liver fibrosis rat model. The activity
was compared with normal rats, negative control group
(CCLy single treated, no LSR administration or no silymarin
administration) and CCL, plus silymarin administrated groups
in the aspect of lipid peroxidation production, glutathione
maintenance, and glutathione-S-transferase (an antioxidant and
hepatic phase II enzyme) activity.

In fibrosis induced rat model, hepatic TBARS content as
a marker of lipid peroxidation in CCL, treated rats was
9.1 1g/g tissue, which was an increased value of 2.46-fold
compared with that (3.7 1g/g tissue) of normal rats. LSR
treatment  (0.125, 025 and 0.5g/kg) showed liver lipid
peroxidation of 7.3, 81 and 5.8 ug/g tissue respectively,
which were 1.97-, 2.19- and 1.56-fold of normal rats.
Silymarin treatment (0.125, 0.25 and 0.5 g/kg) showed 9.1,
6.6 and 6.6 /g/g tissue respectively in hepatic TBARS
content, which were 2.46-, 1.78- and 1.78-fold compared
with that of normal rats. Data exhibited that LSR treatment
could more effectively reduce the hepatic lipid peroxidation
than silymarin treatment. Effect of LSR on the ratio of
hepatic GSH and GSSG tested in fibrosis rat was exhibited
in Table 2. Carbon tetrachloride treated but not administrated
with LSR or silymarin rats (NC) showed 2.2 in the ratio
of GSH/GSSG, which was a reduced value into the degree
of 58.5% compared with the value of normal rats (5.3).
The ratios of GSH/GSSG in fibrosis rats treated with 0.125,
025 and 05gkg of LSR were 6.1, 7.8, and 12.5,
respectively. This data showed that LSR increased 1.15-,
1.47- and 2.36-fold in the ratio of GSH/GSSG compared
with the value of normal rat. The values in the rats treated
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with 0.125, 025 and 0.5 g/kg of silymarin, were 4.9, 7.5,
and 6.5, and which were ranged from 0.92- to 1.42-fold

compared with the value of normal rat. Our data showed
that LSR treatment on fibrosis induced rats were more
effective on keeping the level of glutathione than silymarin,
a commercial liver protecting drug. Activity of hepatic
glutathione ~ S-transferase in the fibrosis rat model
administrated with LSR was analyzed. Hepatic GST activity
of the rat in negative control group was 5.3 uM conjugated
DNCB/mg protein/min, which was an increased value as
12.7% compared with the activities in normal group
(4.7 M conjugated DNCB/mg protein/min). Treatments with
0.125, 025 and 0.5gkg of LSR showed 52, 49 and
48 uM conjugated DNCB/mg protein/min respectively in
hepatic GST activity, and these activities were increased
values as 10.6, 4.3 and 2.1% compared with normal. The
activities of hepatic GST in the silymarin (0.125, 0.25 and
0.5 g/kg) treated fibrosis rats showed 5.2, 5.0 and 5.1 uM
conjugated DNCB/mg protein/min, which were increased
values as 10.6, 64 and 8.5% compared with the normal
group. Data in Table 2 showed that the degrees increased
of the hepatic GST activity of LSR-administrated fibrosis
rats were comparatively lower than those of negative control
rats and silymarin-administrated rats.

4. Inhibition activity of LSR on collagen production of
liver fibrosis rat model

Collagen production of fibrosis liver of rat was measured
in two aspects of total collagen content as L-hydroxyproline
and histological microscopic assay.

L-Hydroxyproline content in normal or fibrosis-induced
rats which were administrated with LSR or silymarin or
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none were shown in Fig. 3. The content of liver collagen
in CCL, single treated rats (NC) was 16.6 1g/g tissue,
which was an elevated value of 3.6-fold compared with the
content in normal rats (4.6 xg/g tissue). Feeding of 0.125,
0.25 and 0.5g/kg LSR on liver fibrosis rats made collagen
49 and 8.8pug/g tissue, which were
1.0- and 1.9-fold compared with the
normal non-fibrotic rats. The content of liver collagen in
0.125, 025 and 0.5g/kg silymarin fed fibrosis rats were
84, 11.7 and 11.3 1g/g tissue, which corresponded to 1.8-,
2.5- and 2.4-fold of normal rats, respectively. Data showed

content of 7.1,
respectively  1.5-,

that both of LSR and silymarin have decreasing effect on
the liver collagen content in fibrosis rat model when
compared with the values in CCL, single treated rats (NC),
and furthermore treatment of LSR was more effective to
decrease collagen synthesis than treatment of silymarin.
Histological assays

for visualizing and for comparing

collagen production in fibrosis rats which were treated or
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Fig. 3. Effect of LSR on total collagen content of fibrosis-induced
liver of rat. Total collagen content was indicated as L-
hydroxyproline. Normal, vehicle-injected group; NC,
negative control, CCL, (1 mL of 40% CCL, /kg body
weight with 1.5 mL of corn oil plus 1 mL of distilled
water, 2 times/week for 6 weeks) —injected group; Sil-
0.125, -0.25 and -0.5, 0.125g, 0.25g and 0.5g of
silymarin/kg body weight/rat/day-supplemented & CCL,-
injected group; LSR-0.125, -0.25 and -0.5, 0.125 g,
0.25 g and 0.5 g of LSR/kg body weight of rat/day-
supplemented & CCLy-injected group. Values with alphabet
on each bar are significantly different at P < 0.05.

Fig. 4. Histological observation for explaining the effect of LSR on collagen production in fibrosis-induced liver of rat (x100).
N, vehicle-injected group; NC, negative control, CCL4 (1 mL of 40% CCL, /kg body weight with 1.5 mL of corn oil plus T mL of
distilled water, 2 times/week for 6 weeks) —injected group; Sil-0.125, -0.25 and -0.5, 0.125 g, 0.25 g and 0.5 g of silymarin/kg
body weight/rat/day-supplemented & CCL,-injected group; LSR-0.125, -0.25 and -0.5, 0.125 g, 0.25 g and 0.5 g of LSR/kg
body weight of rat/day-supplemented & CCLy4-injected group.
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not treated with LSR or silymarin, were shown in Fig. 4.
Red-dark  brown by
amounts of collagen protein in fibrosis

stain, made sirius red, indicating
rat liver was
increased in the adjacent area of central veins in CCL4
treated group (NC), which was the strongest among the
groups. Stains in LSR and silymarin groups were decreased
dose-dependently. Brown color of LSR groups was more
little than those of silymarin groups, but was stronger than
that in normal rat liver. From this simple observation via
microscopy, LSR showed more effective in decreasing the
collagen production than silymarin did, but quantification on

the stain in all of the groups needed further study.

DISCUSSION

We have selected LSR in preliminary in vitro and in vivo
(data not Fifty percent
ethanol extract of LSR was retested on its capacity as

screening  experiments shown).
antioxidant in several in vitro system. LSR indicated very
effective scavenging activity on free radicals compared with
trolox or penicillamin in H,DCFDA or in DHR or in
YPENI cells. This study reveals that the cell viabilities of
SH-SYSY cells treated with LSR ranged from 89 to 104%
compared with the value of control not treated with LSR.
The cell viability test in SH-SY5Y treated with LSR
explains that antioxidant activity of LSR mentioned above
has not been arisen from cell toxicity or cell death. Next
experiments were conducted to verify the antioxidant and
hepatoprotective activity of LSR in liver fibrosis induced rat
model.

Carbon tetrachloride (CCLy),
evoking chemical hepatic injury, could be transformed to
radical, trichloromethyl radical (CCL; and/ or CCL;00") by
the metabolism of hepatic microsomal P450, which

a species of compounds

is
scavenged with antioxidants like glutathione (Jeong er al.,
2002). Liver injury by carbon tetrachloride or trichloromethyl
radical evokes changes in expression of antioxidant enzyme
(Fountoulakis et al., 2002), decreases bio-antioxidants level
such as glutathione (Lee et al, 2007), and increases lipid
peroxidation materials (Campo et al., 2004).

In this study, the content of hepatic lipid peroxidation
was elevated more on carbon tetrachloride group (TBARS
in Fig. 3) than normal group. Compared with CCL, single
treated rats (NC, 9.1 1g/g) or silymarin-administrated fibrosis
rats (6.6~9.1 1g/g), the degrees of lipid peroxidation in LSR

MK - HoH -
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administrated fibrosis rats (5.8~8.1 1g/g) were significantly
low. Status of glutathione (GSH/GSSG) in fibrosis rat model
indicates that CCLy-injection decreases the ratio of reduced
form glutathione/oxidized form glutathione (into 2.2), but
LSR supplement increases significantly the ratio (6.1~12.5)
into the degree of normal, and the effect is higher than
silymarin supplement (4.9~7.5). Although opposite result has
been reported by author (Amalia er al, 2007), activity of
hepatic glutathione S-transferase, an antioxidant and hepatic
phase II enzyme, was elevated in CCl; or galatosamine
(another chemical inducing liver injury)-treated animals
compared with CCL, non-treated normal animals, but was
decreased by the additive administration of free radical
scavenging compound or herb (Wang ef al., 2008). This
feature has been indicated in our study, that is, hepatic
glutathione-S transferase activity in CCL, treated rats (NC)
was elevated than that of normal rats, but the enzyme
activity in LSR (025 and 0.5gkg) treated rats was
significantly reduced. The result shows that LSR has
effective antioxidant activity in carbon tetrachloride-intoxicated
rat in order to the dose.

Administration of carbon tetrachloride not only induces
oxidative stress but also affects the accumulation of collagen
and fibrosis (Leung er al, 2008). Furthermore, hepatocyte
lipid peroxidation plays a major role in the regulation of
collagen alpha ; gene expression and may be a link
between hepatocyte injury and hepatic fibrosis (Bedossa et
al., 1994). Between collagen deposition in liver and hepatic
of MDA (malondialdehyde) and HNE (4-

hydroxynonenal) in a cholestatic liver injury, there is a

production

positive linear correlation (Parola et al., 1996).

Collagen synthesis was significantly increased after CCL,-
treatment (Luckey and Petersen, 2001). The amounts of 4-
hydroxyproline to total protein, as index of hepatic collagen
in CCL, administrated rats, exceeded significantly those of
normal rats, the progression of which is proportionate to the
duration of CCL, administration (Paakko et al, 1996). In
our study, total hepatic collagen accumulation (16.6 /g/mg
tissue) in CCLy-injected negative control rats increased 3.6-
fold of normal rats (4.6 1g/mg tissue), but LSR treatment on
model decreased the collagen content (as
4.9~8.8 pg/mg tissue). Degrees of collagen reduction in LSR
treated rats (1.0~1.9-fold) were higher than those (8.4~

11.7 pg/mg tissue, 1.8~2.5-fold) in silymarin treated rats. This
result was supported by histological test using sirius red

fibrosis rat
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staining-fast green counterstaining. Red-brown stain around

vein, which indicated collagen protein, in  carbon
tetrachloride treated rats (NC) was stronger than the stain in
normal rats, but those of LSR or silymarin administrated
fibrosis rats were weaker in order to doses. LSR showed
stain than

Although microscopic observations were visualized, further

more effective in decreasing the silymarin.
study is needed to quantify collagen content on microscopic
image.

In conclusion, it is suggested that antioxidant activity of
LSR verified from

radicals

in vitro and/or in vivo test on free
or lipid peroxidation have ameliorated collagen
have affected

antifibrotic and/or hepatoprotectic activity on fibrotic liver of

production in fibrosis rats and therefore,

rats. Further studies are required to illustrate the antifibrotic
mechanism of LSR or others.
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