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Protective effect of extract from Chlorella vulgaris on
ethanol-induced gastric injury in rats

Kyung Ok Kim

Major in Nutrition Education, Graduate School of Education,
Pukyong National University

Abstract

Acute gastric mucosal lesions (AGML), accounting for “10-20% of all
digestive diseases causes gastritis and peptic ulcer disease scattered the
balance between protect defend factors and damaging ‘offensive factors
in the gastric mucosa. There is Helicobacter pylori bacteria infection,
NSAID (non-steroid anti-inflammatory drugs), stress, alcohol, gastric
acid, bile, 'smoking etc. by.the cause. Gastric mucosa major offensive
factor, especially aleohol have been reported -as¢ the mechanism of
overdose ingested- ethanol. 'is: metabolism to generate acetaldehyde.
Acetaldehyde generates free-radical, form -lipid peroxide, and produce
ROS (reactive oxygen species) leads to oxidative stress in the body.
From this experiment, the protective effect of AGML by ethanol were
investigated to target Chlorella of marine alga conducted fairly active
functional studies.

Chlorella is a unicellular microalgae that is ubiquitous in freshwater
or seewater environments. It contains highly nutritious substances such
as protein, carbohydrates, vitamins, minerals, fatty acids, dietary fibers

and nucleic acids and exerts various biological effects. Chlorella



vulgaris extract (CVE) is powdered concentrate Chlorella original
powder extracted the active ingredient in hot water, and is centrifuged
to remove insoluble material of cells. This was used as experimental
material.

This study was carried out to investigate the protective effect of
Chiorella vulgaris extract (CVE) on the gastric injury by ethanol in
rats. Male Sprague-Dawley rats (7 weeks old) were divided into four
groups and orally administered--with—or_without for 7 days: normal
group (received D:W), control group (received 6mé 40% ethanol/kg
B.W.), CVE-1 group (received 40% ethanol with 150mg “CVE/kg B.W.),
CVE-2 group (received 40% ethanol with 300mg - LEF/kg B.W.. The
animals were measured body weight change and food efficiency ratio
for 7 days, were Kkilled lhr after alcohol treatment. And observed
gastric 'mucosal lesions, measured stomach and/ liver| weight,
transaminase (GOT, GPT) activity, antioxidant enzyme (SOD, GSH)
activity, caspase-3, 8 activity, triglyceride and ethanol concentration.

In the results-of in vivo assay, the body weight and liver and
stomach weight was unremarkable changed.~ But ethanol treatment
induced gastric bleeding, surface epithelial cell destruction compared to
the normal group, but co—treatment with CVE inhibited these damages.
In order to determine damage of the liver tissue, the levels of GOT and
GPT were slightly increased by ethanol treatments, but it was
significantly decreased by treatment of CVE. In order to evaluate the
anti oxidative effect of CVE in gastric tissue, the activity of SOD
(superoxide dismutase) was significantly decreased by treatment of CVE
compared to the control group, but the activity of GSH (Reduced

glutathione) was unremarkable changed. Caspase-3 activity was

_iv_



increased when ethanol was injected compared to the normal group, and
it was decreased by treatment of CVE. And Caspase-8 activity was the
same,

Taken together, this study was confirmed that CVE have beneficial
effects for alcoholic gastric injury by oxidative stress and apoptosis.
Therefore, we suggest that CVE could provide a new, natural treatment

option for gastric injury in humans.
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ZFAo 2 dvH(Yang, 1987; Kim et al,
1989; ©] &, 2001). A A37]d & Foll 10-20%E #=x|3l=H], ¢
Q1o %= Helicobacter pylori it %, NSAID (non-steroid anti—
inflammatory drugs), =E#l>, @3, 94 ©@5, F4 Fol At
(Kim et al, 1989). 53] €322 AT F2 ¥4 AAZ HI
Hao ded 2 71de A" A dEEe]  tiAbe o
acetaldehydeE Ay/d3FaL o] = <2l8|| free radicale] /4= o] = =i}
e Eg gAlsle] gEAabAE(reactive oxygen species, ROS)S ¢l
Aol BASIA =, Absk2d AEH ~(oxidative stress)E Lo}
A " Prvor et al, 1977)(Fig. 1), °]#3F Atdld AE Az HE
Axotat Alxd =4 Bostal BAW wd st 98 2 =

ol A= free radical scavenger® 3HAES} &4 <2l glutathione peroxidase

Ol

Peroxisomes

Catalase

e
ADH L
Ethanol &= Acetaldehyde ﬁT»Acetate S
mM Vi 3
NAD* . NADH NAD"’ NADH 2
(3] Cytosol w8/ Mitochondria g

Result:

O Acetaldehyde adducts formatlon
® Increase ROS formation
Microsomes @ |ncrease NADH:NAD® ratio

2]
NADPH + H* + 0, NADP*+ 2 H,0

Fig. 1. Oxidative pathways of alcohol metabolism (Zakhari, 2006)



(GSH-Px), catalase, superoxide dismutase(SOD) %3} &it3l&=
¢l vitamin C, vitamin E, B-carotene, lipoic acid, uric acid,
selenium(Se), glutathione(GSH) &°] £A3te] ML ES AlA
ShAIRE ko] daiss AHA R HAY A Azt Ao T
AatA BTHCho et al, 2007; Sung et al, 2000).

AL NI nEadE FR EFY #AEAo] ApHol ¢
A BHIEY 3E =RoREE FAUYE du FEE, of
AFE=, AHE", A¥E, AeF & dRAQEE - Foiste] AR &

A AE 2z 2ad vl o (Park et al, 2006; Kim, 2004;

o
E
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Kim et al; 2003; Lee and-Lim, 2004; Oh et al, 1997), "L <] 23]
of AAF o B7F BaH | S (Park et al, 1997). s
FTAAMEZ LR Wt Ho &7t A (Hwang et al, 2008;
Raghavendran et al, 2004, Kamath et al, 2008)% i 371 3}1} 9
& #E AT rEoke dlz e Vs A7 Blad @iy
oJRojAe FruASE Ugow S&y wEERE Fddnd
AR

Zedns 350 &4 SO BF 2 4 dod, gad 8%
AN Aol 7heg AEF 10 m ©lske] 7F e BHUFY dAx

Az FE SxRe) QEolth 1800d vEe=e] wAEet o

o
L

A2 (Beijerinck)ell o8] AFUJIL EFS  Chlorophyceae 7,
Chlorococcum -, Chlorella $:2.% 2% (species) .2 vulgaris,
pyrenoidosa, ellipsoidea & °F 10F°] ¥7 <84 JH(Song,
2008). E=Eeh= 50~60%7F S, 15~20%7F ©stEoly, o
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WAs g Aol o A 2F-8-(Singh et al; 1998, Peng et al.,
2009), ArsLEE(Lee et al., 2010)! 2)sE2] Ful A 2 wWGas)
(Park et al., 2002; Kim et al, 2003) So] v} Fzote] dhaz
of #3t A= Chlorella vulgaris® F2tE 258 ksl 448 71
A= peptideE 8§ 2. (Sheih et al., 2009), Chlorella pyrenoidosa
Z5EH Wil A2 haemagglutining #2399 2(Chu et al, 2006),
trypsing X Eldle] 78t Chlorella vulgarisZ5-H A# &4
S UeEE dwAs 2y on(Kang et al, 2004), =49}
vl ekel uiol g% glycoproteing #& 3o FLaAs A3

H(Noda et al, 1996). 3 3¢ F2dg} FE550] ALY &
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7t Aok R A=

=AY AEH FEEEE (F)
&3tk

Aol (AR GO GPT 542 245 GOT, GPT A& A%

@ (Chlorella vulgaris)< At

A G Alfem (F)etatAl F(Korea) Al AHE3FAL
TG 42 TRIGLYZYME-V HHAFSAALSH &0 2 (F)a &3}
stokE(Korea) Al AFE3Yl. SOD Assay Kit= Cayman
Chemical Company(Ann Arbor, U.S.A) A 3%, Glutathione Assay
Kiti= Sigma Chemical Go.(St. Louis, MO, U.S.A) A& AF&3Y
3L, Ethanol Assay Kit3= R=BIOPHARM(Germany) A%-& AF-&3}
vl caspase -3, -8 @4< =A3t7] 93 CaspACE™ assay

system(Promega, U.S.A)& T34 AF&3A Tk
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7}, Alze] FA

() 22498 F5E9 Ax
2000\ 7ol (el A sk F 28} (chlorella vulgaris)

= HE3A G (Fig. 2).

(2) SDS-PAGE electrophoresis

15% SDS=PAGE: (Laemmli, 1970)2 H7|9g &2 3 & CVE<
G d S Coomassie blue 984S E3 Wi E gelstdy. =,
staining solution (796 aceticacid, 4096 methanol, 0.1% bromo-—
phenol blue) 2.2 A L-oA] AAA7F ok kA7l &
solution (7% aceticacid, 209 methanol) 2.2 @M A7 WH=E &<l
3k, 18] 3l periodic acid-Schiff (PAS) 448 %
glycoprotein 5-2-& 3013l o8, PAS 9L Pierce™ Glycoprotein

Staining Kit (Thermo Fisher Scientific Inc.)& AF&3}91t}.



Chlorella vulgaris

Extraction (121TC, 15 min)

Centrifugation (2,500 rpm, 15 min, 4T)

Precipitate

Supernatant

Concentration

Chlorella extract (CVE)

Fig. 2. Extraction process from Chlorella vulgaris.
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: Normal rats treated with ddH-0O

z
e
f el

: Control rats orally received 40% ethanol (6 ml/kg

body 'weight).

* CVE-1+* : CVE-1 rats orally received 40% ethanol with
Chlorella vulgaris extracts (150 mg/kg body
weight).

* CVE-27 “CVE=2 rats orally received 4096 ethanol with

Chlorella-vulgaris extracts (300 mg/kg body

weight).
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NZE F40% olEE 6 mikg BW.E tlxas A mFelie] 747t
AT Folahial, Al BEe TRIFE AT Folagn

ANBE AT Az ERE 794 HE v A Al
S 4393, APAEE Y AT Az A0 g/day)S

A FAst] Nl HATE FAFIL AFFHF whE o Hg

waaith 1oL flek ke A Eske] A AR AT
o TEE AHAAZ At AR EGe S AHdAE T2
AlA =70Ce] HastaA AAANEE AR
(4) dqu 27 #E &4 9 Triglyceride Sk =74
(7}) Transaminase «GOT, GPT) A =4
THAE =44 oz FeE5 o] Y2+ Glutamic oxaloacetic
transaminase (GOT)¢} Glutamic pyruvic transaminase (GPT)2] <k
S SATFOEZN ML £4 AFE gt
Reitman-Frankel®] %' (Rentiman and Frankel, 1957)el w2} A
2% GOT % GPT 48§ kit (obkAloFF2 34}, Korea)& AH8-3t
ol GOT9 GPT 712} 100 w& Al@ e Ear 37CA] 381t H
A8k 5 "H 20 ps ol #F &3 v, 37CAAA GOT+E 60+,
GPT+= 3023F WA gk, AMAoF 100 uls H7Fste] AolA 20
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WA Eal 04 N NaOHE 9 1 ml 7}8le] A&oA 2087 143
, F A (Ultraspec 2001 pro. Amersham
England)® 505 nmol4 &3%

|2bslsic) olul %= €4 mid Karmen unitZ YERSITH

il

R4

3 Phamacia biotech,

=

=

o]—jl

Nr

Z]

_1

2] =

=
= O

ok

=
¢}

=

(\}) Triglyceride (TG) &
A 1 Triglyceride %<& GPOZE

7

£ Q9 F
T

2~ (Karmen, 1955)2 2

=44

Ao 2 Triglyceride
CVEZ} A& thAtell m) 4]
°§ 1.5 ml& 7t8fe} 37C 583+ 7F
Aete] A W TG (mg/dD)S A

..
ELD

(5) Ethanol 3=

=7

ol =l
.

E_:J:"_

Q.

=

O

#Fg =4 kit (R-BIOPHARM, Germany)=
diphosphate buffer {pH 9.0) 3 ml°l NAD 1 tablet (4 mg)S =

o)k

=

1

==
&

m I

Bucher(1951)2] HFEH-S

£ =V°l

2&3lo] A x5k

13193t} Potassuim

B
T_"

il

1o

reacition mixture=Z THE 3L o] 7)o & 0.1 mlS 7}3Fe] 3E-7F

A2 F 340 nmel A FHEE FAT g3t of7]e] 0.05 mle]
ADHE 7}8te 5tk ¥keAzl & F3 s 549 s 78k &
T clEe FEE Aate it
6) 124 Ul gtz g4 54

(7}) Superoxide dismutase (SOD) &4
ikt

B A¥E H33E SODE Cayman chemical assay kitE ARg-3)

Superoxide radical(Os )& A2 HA3AA & A H
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201 g& Zg d2d9& d7] 93te] 1 mL SOD
bufferel 3. homogenizer® A3} Azl & AAE(1,500xg,
A4C, 5 min)3te] 42 SRS aadoz A&k 96-welld
F4Y7 SOD StandardE 2H7F 20 WA EF3Fa, 34 A17] radical
detector 200 wZE F7}3F t}e xanthine oxidase 20 wZE A1£3}7

fl

Herh Aol A 207-7F vhg A7l ¥ ELISA plate reader® 450 nm
o ZAslte] FEAol 3 SOD EHEE AL

.

B3

2
E{o{n

(ld

(}) Reduced glutathine (GSH) &%

GSHE o8 54542 Q% &4 duoe iy & | HE3)
= 3abEkEe 22424 Sigma Chemical Co.(St. Louis, MO, U.S.A)
AlF& Ab&3ko], AT

GSH &&e 437 o8l WA x4 45 #ldA 01 g Al
He FH, 5% SSA BN o homogenizerg ©]-&3le] 4T A

AT o] HHASOAALNTE T2, -37C SFXAA ElE
HA8e 23] vk AN 5 ATAAA 583 WA A4

(10,000xg, 10 min)ste] @& 42 A& GSH v =& 54517 A%
Eafow o g3k
a9t 5% SSA £94-8 96-wellol Z+7F 10 WA &F3 o,

working mixtureE F7}stal AL 587 vr& A7l & NADPH

—

op

oBS- @31 ELISA plate reader® 412 nmolA 587 1% 7140

FYEE Y5y,

fl
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(7) =4 W caspase-3, -8 &4 =4

$] %45 protease inhibitor’} ¥ 3FHd lysis buffer (25 mM

HEPES, pH 75, 5 mM EDTA, 2 mM DTT, 0.1% CHAPS)Z %
N sRE F43%k] 100 ue

He

stA 1zl &) AAE2(12,000xg, 4C)A T EHS # &l BCA
17 405 nmeol A

HEG A

protein assay kit (Pierce, US.A)=
S 96-wellol] ¥ a1 o] 7)o DEVD-pNA substrateZ
F4E

vz
TCoNA 241 2F 307k

o

£
w2

O

w3t EFHZ(mean £ S.D.)
Windowg& SPSS =z 13

=

. A A
THE %

M

Lo

2}2}
g =

H
flr
-

Age| g4 Az

®7]skle

(Statistical Package for Social Science, SPSS Inc, Chicago, IL,
g AN

b

il
2

Ol

= A R e
USA)S o] 8319 A st ar wkE =4 ol 213 ANOVA teste}
Duncan’s multiple range test= 4-&3fo] F A A=

hoolw] BE EAE fek Szl p<0.0500 A Abw wgkt}.
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1. CVES] A= 2 AMygn 2x

=29 Y9 80 go2HY FEE(extract of Chlorella vulgaris,
CVE) ¢F 12 g& F&35to] S84 dwe] Jdvgd#-S Association
of Analytical Communities (AOAC) HR ol &) #-43 Ay} &
o] 3.48+0.03%, &l A o] 5453+0.11%6, Z3]#-0] 3.88%0.

O
(W)
&L
uu?
-

o] 3811%= Wl 46| 714 e HL S 3} 5h= A

St=
Ak 28l CVES dutAdis 4 daf 58] 517+0.08%, %

PAGEZ A719% 3t & coomassie blue staining2 =3 iz dlc=
2 3ttt (Fig. 3). =L A3 CVEe| &A1t vl o] &
B ks Exigre] WHd Ax EA5E AoE e
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Table 1. Proximate composition of Chlorella vulgaris and extract of

Chlorella vulgaris (CVE)

(%)
Moisture Crude Crude Crude Carbo-
protein lipid ash hydrate*1
Chlorella 3.48+0.03 5453+0.11 trace 3.83+0.02 R11
vulgaris (56.43) (trace) (4.02) (39.44)
CVE 517+0.08 61.41+0.18 trace 14.24+0.1 19.18
(64.58) (trace) (1499 2017

100 - (Moisture”+ Crude protein + Crude lipid + Crude ash)
( ) = Dry base

_16_



- —
150 — 150 t—
100 — 1040 —
75 T - 75 =
50 — 50 —
37 I a7 |- -
25 = 25 f—
20 p— 20 p—
15 = 15 b=
10 = 10 b=
M @ @ Mm@ @

Fig. 3. SDS-PAGE bands of CVE
CVE was separated by 15% SDS-PAGE, and then stained with, coomassie
blue staining and PAS staining.

A : coomassie blue staining. @O : positive control (albumin, 10xg/ml), @ :
CVE (50¢g/ml)

B : PAS staining. (D : positive control (horseradish peroxidase, 10sg/ml),
@ : CVE (50pg/ml)
M : protein standard

_17_



2. AF 2 Holag, Arle M3

7b AT R Hola s v[A= 4%

747 FREE FEFEY v AFFU #F 9 AFHsd
o #EE A3t Fig, 43 o] UEs e A4,

2, AEFAAT BF ALHAR] AFE7HE BMATHTable 2). 1
Hup A7 e 2 TSRS B4 5.46 144 g, tix
T 5.29+1.0 g/ CVE-1 5.73+1.29 g, CVE-2% 4.11+ 167 g& U
Efule]  ERtell vl CVE-29] (ghofAl #old  Aols Bt
(Table 2, Fig. 5).

B AF St mE 2o WFER)S 73 Ay, AT
I w7 bAE CVE-22 9] ghoj A 23] Ato]& B9 tHTable 2,
Fig. 6). ol& =& 3
ol Av thrLE Z4lshd]

=

= FIFe vA=AL

]

T
O
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Table 2. Changes in body weight and food efficiency ratio of rats

administered with extract of Chlorella vulgaris (CVE)

Group Normal Control CVE-1 CVE-2
{gi)tial body weight 970,508 oo 9779457 2760271
fé‘)‘al body weight 51,6104 313985 316445 301.6+7.6
Total body weight a a a b
aotal body e 546+144%  513+163° 573t129F 411+167
FER” (%) 28.06+4.7°  27.14+33% 92839+4.7° 1837+487

1)
2)
3)

)

Values are meantSD (n=10)

FER: Food efficiency ratio = (body weight gain / food intake) %100

NS: not significant

significantly different at p<0.05.
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4) a-b: Data values in the same column with different superscripts are
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Fig. 4. Changes in body weight of rats administered with extract of
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Fig. 5. Changes in body weight gain of rats administered with extract

of Chlorella vulgaris (CVE)
Values are mean * SD. of four experiments. Values with different
superscripts “are significantly different by ANOVA and Duncan's multiple

range test at p<0.05.
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Fig. 6. Changes in food efficiency ratio of rats administered with
extract of Chlorella vulgaris (CVE)

Values are. mean '+ SD of. four experiments. Values with different
superscripts are_significantly different by ANOVA.-and Duncan's multiple

range test at p<0.05:
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. ATl v A= 9F

()

2,

|e-&3 Als FoZ FA 4 e g 98 4
tol 2 F-AE A3 A3} Table 3014 Wiz ule} o] zhz}

o] FAZE AF 1009 Agw 298+0.12 g, 0.48+0.05 g, U
7L 3.0+0.12 g, 0.50+0.06 g, CVE-17< 3.09+0.13 g, 0.54+0.05

ot
o

vl

e
Ol

>
-

g, CVE-272 3.07+0.17 g, 0.57+0.06 g2 24 =}o|7} gl&
Aoz e ot 1sle) &g Fojsh w3 2w 433

7F A7 FAMdE FE FA Fskee &
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Table 3. Liver and Stomach weight following ethanol or ethanol+CVE

treatment in the rats

Group Normal Control CVE-1 CVE-2

Liver

/o0 By 2012305012 3005013 3075017
g g D.W.

Stomach

0.48+0.05 0.20+0.06 0.54+0.05 0.57+0.06
(g/100g B.W.)

1) Values are mean-+ SD (n=10)

2) NS : not significant
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Normal Control CVE-1 CVE-2

Fig. 7. Photography of sdt_gm_ach—a&er ethanol _or ethanol + CVE treatment
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Normal Control CVE-1 CVE-2

Fig. 8. Photography of liver after ethanol or ethanol + CVE treatment

in the rats
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A4 &4 2 triglyceride W3}

7}. transaminase (GOT, GPT) @Al o v] X 3= &7}

Glutamic oxaloacetic transaminase (GOT)¢}t Glutamic pyruvic
transaminase (GPT)& A Ul TCA & =9 9lof thalibE o}n]
w=AE Apololl A et wy] HolE xA3tE EAEA M, A,
A sl £XH Ik Tt Eder QAT o kel k=
o] #¥7F &gl wek dFor 7o &2 & e

FrdeEy FEEY dYgEsS A Felske] a4 d 7
& S 4y, GOTwE Aol 475.8+£122.2 karmen/ml, (tH
675.9+159.8 karmen/ml, CVE-1+-°}.520.0£120.2 karmen/ml, CVE-
o] 492.3+112.3 karmen/mlE YERLE CVE E5 AMa ¥ v
FEHA L wd A AasE g, 9). GPT= A
29.08+3.87 Kkarmen/ml, & 33.2846.2  karmen/ml, CVE-1+"
28.12+ 3.88 karmen/ml, CVE-27 27.01£2.76 karmen/ml= =7 = o]
CVE-1 3% CVE-2welA tizxaiv f24 ZaF HlvhFig. 10).

G Fold wE EAFL Fol|d Folwe] J¥}s Lo
W, #4470l GOT, GPTE] ¥3tol] F3ldh s 54 F=vhe
Hi(Zima et al, 1993)7} JAIRE, & AFo|A= &3 oegs F
Aol = GOT9F GPTE A o] A3t vlauste] & of & A+ of
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Fig. 9. Effects of CVE on serum GOT activities in ethanol-induced rats
Values are mean * SD of four experiments. Values with different
superscripts ‘are significantly different by ANOVA and Duncan's multiple

range test at p<0.05 .
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Fig. 10. Effects of CVE on serum GPT activities in ethanol-induced rats
Values are mean * SD of four experiments. Values with different
superscripts are significantly different by ANOVA and Duncan's multiple

range test at p<0.05.
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1}, Triglyceride (TG) St v|A = 9 F

dF SAAE FE2 Eagnts FoF gzl 3882+10.18

L gko] wrelAow =
A Yebgon, Frde 255 Fo2 dF XA F50]
CVE-1el| A 27.42+5.39 mg/d¢, CVE-27 o A] 28.72+4.12 mg/dL=E
A utt 9A wel 4 2polE WS vHFig. 11).

Karsenty & (Karsenty et-al, 1985)ell-2]&H <dx&o A= FH
o] FAAAE oA SIHAIZITHAL B o, ol &Aool 93
oMol AR Aol kel wEdl Aoz, B
(Nestel and Iirsch, 1965). ® A3dA = oS o] o
FAA Tl SIS 2 F %A, EEEY FEE] HAR T4
214 3ol odAE o AAAL | FAAE GFES A E o=

iR
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Fig. 11. Effects of CVE on serum TG levels in ethanol-induced rats
Values are mean. + SD .of four experiments. Values with different
superscripts are significantly different by ANOVA and Duncan's multiple

range test at p<0.05.
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Fig. 12. Effects of CVE on serum alcohol concentration in ethanol-
induced rats

Values are, mean-+ SD of four experiments. Values with different
superscripts are significantly different by ANOVA .and Duncan's multiple

range test at p<0.05.
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5. A1xA U F43 A4 g

7}. Superoxide dismutase (SOD) A o] v] A= J3F

Superoxide dismutase(SOD)+= mitochondria®] <2 3}= superoxide
radical(O; )& K.t} wE&Ado] oFsl aiksl<F 4 (hydrogen peroxide,
H202)% AkA 7 superoxide anion(Q: )& A A% BAZ A A
o] &akal whol 7|t & sluo] vh(Deisseroth and Dounce, 1970).

Ax4 T 0D &85 FAT 23, olgerte T ool
A& 73.06+8.3 U/mlz A 55.36+8.15 U/ml ol Hlsle] f-24 o
2 Z71ekla, CVE-1## CVE-2#9] A= 5594+8.18 U/ml,
54.6914.47 U/ml = B3 vluste] foj4do =z ke a8 e
WA tHFig. 13).

o &b NFoh oh Al W IR R, %, olSh g FlHd A
arzkell 98 SOD# catalase &/do] FAa¥r= HiKim et al,
1997 7F A4 iy, FH2 s gsEw A3 E SAo] I EHAS o
superoxide anionE A AsF7-¢8A] -SODe] <ol F71evh= Ha
A (A, 2009), & APoNAE oghE FolZ SOD & o] Aol

Hlal freld UA FUFeE AL St 4 E AXsE e A

4 A% fgon ARdE, Tzde FEE FoZ SOD B4
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Fig. 13. Effects of CVE on gastric SOD activities in ethanol-induced rats
Values are mean * "SD of four experiments. Values with different
superscripts, are significantly. different by ANOVA and Duncan's multiple

range test at p<0.05.
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}. Reduced glutathione (GSH) $tol] v|X:= 43

Reduced glutathione (GSIH)-- glutathione-S—transferase (GST) <+
glutathione—peroxidase (GPx)2] 7]d = 283810, AX 3iksl=3} o]
4 AA, oAt 5 B AR T U AR Vs FdskeE =4
2 2#7] YriLieber, 1980). o|EL-e 482 ~E# A T4 23]
oz GSH7F ol&# ®b&8lo] AASE Aeds ki, Al¥xd GSH
SE7F Aol AbshAQl SAol WAlske o odH A glow
(Cohen, 1983), W44 olekx HHAZ e GSH-FFo] Ay ar
GST &4l weld o k= wazk Atk (Yoon et al, 2001).

b,

14), A¥79 GSH levels 100%= slS o tixaS 104.5+
16.9%, CVE-1i¢ 3 CVE-2& ¢l A&

171 1
2 A93dar £94 Folg 2 F 9

rr
N
&
N
)
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Fig. 14. Effects of CVE on gastric GSH level in ethanol-induced rats
Values are mean * SD of four experiments. Values with different
superscripts are significantly different by ANOVA -and Duncan's multiple

range test at p<0.05.
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6. 912 U caspase-3, -8 &4 W3}

Caspaser= A ¥EAPE2] AAZAQ AT AGEAZ A XAPE 73
Al ggdstEth 2 Ao E o AH BYAlE Sl dEsR
welx gelslr] el AlEAPE X ES] caspase -3, -8

o] &Ae AU, 1 A, caspase-39) AL AT 1.0+0.11
AP vzl A 1.18+015% Fojdom 7}
3t e, CVE-17 3 CVE-272 Z}7) 1.02+0.11, 0.87+0.082 A

=
=
:oé
=
(i,
tio
lj
mlo

T FEoz 743t Ed caspase-8 Ao A E AT 1.0+0.08
of W& WETS 1.12+006°0.2 #2d F7IE Blay CVE-1T

1.05+0.13, CVE-27 088+0.092 o4 #4E HATHFig. 15). o]+
Frde) Fol7f degd o7k Ao gbshs ZEHAE FoFoR

A 9] AL apoptosisE o] AL AAA 7= Ao E Al HC)
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Fig. 15. Effects of CVE on gastric caspase-3, -8 activity in ethanol-
induced rats.

Values are mean. + SD .of four experiments. Values with different
superscripts are significantly different by ANOVA and Duncan's multiple

range test at p<0.05.
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Chlorella growth factor (CGF) & 33l ol 7154 77}
bs) o] FolA o ik 2 91EA REAE ol

= mH)Ele], X F7kH e AFE EUlE CVEZF d8gs 23 9

|

Sx49e Ao RS ACAC Wdl-oa] #2438 A,
0] 3.48+0.03%, el zo] 54.53+0.11%, 3| 2] -3.88+0.02%, &t
F3tEo] BLUXE FGaL, CVES] s 4% 24, +
o] 5.17+0.08%, bl =o] 61.41+0.18%; Z3]o] 14.2440.10%,

au)

F3Eol 1918%= @jdo] 7MY B2 ¥ AAIE e 2

shach

2. ¥ 2 Holag, Are M3}

T S AT 5.46+1.44 g, tE 529+1.0 g, CVE-1+
, CVE-21* 4.11+1.67 g2 YERo] CVE-27°] Elol

Hl S 2ol & & w3k Yol AF A 2HE W

o
~J
w
H+
=
[\>)
©

et
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. ATl v A= 9F

dleEat Alm Folz b 9o FA AT 100 gF AdT
298+0.12 g, 048+0.05 g, Wxv< 3.00+0.12 g, 0.50+0.06 g,
CVE-17 3.09+0.13 g, 054+£0.05 g, CVE-27  3.07+0.17 g,
057£0.06 g2 #24(p<0.05) &ol7t gle Ao = e, 139
et Folok @ IR = Arle Tl d%

O OO A=
reS & 5 AR

o (
o

FA]

3. 89 Y 7t7ls A &% 2 triglyceride 3}

7}. Transaminase (GOT, GPT) &Ald v X 3= &7}

L

FRUY FE2EY VS-S AT Foste] T B 549 ¥
T w8 ARE FA Ad, GOTE ATl 475841222
karmen/ml, ©Zo] 675.9+159.8 karmen/ml, CVE-1i°] 520.0+
120.2 karmen/ml, CVE-2°] 4923%112.3 karmen/ml = U}ERL}
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CVEw B5 AAwd u5=2d FE70A4 #5943 (p<0.05) A #as)
9th. GPTE AT 2908+387 karmen/ml, th*T 33.2846.2
karmen/ml, CVE-17 28.12% 3.88 karmen/ml, CVE-27 27.01£2.76
karmen/ml 2 =45 o] CVE-173 CVE-23ol4 iz uv #9

HA(p<0.05) #AFE W, Ve & I 2t s & F

o2
oz~
M
o
[G%]
<
W
|+
(@)
ﬂ
=
R
et
o8
o=
10
=
K
ol
ol
2
14
)
£
Ho
fo
St
<)
AN
<
<o
)

Fo| CVE-1r oA 27.42£5.39 mg/dl, CVE=2¢l A 28724412 mg/
A2 Amrot 9A o148 ((p<006) AolE v, S =
wol Addabell FEFS vA= AC= S

4. A Y Ethanol 5% W3}

)
s

&

@z 2rde FEae 2

off

_E,__
0.2520.05 g/Lol W& CVE-1+3% CVE-27°l4 0.21+0.03 g/L,
0.18+0.03 g/LZ 794 (p<0.05) #A4AE Ho, 24} FE5E] €3

< = vHe A= dEE vAE Alem S EAT

1.
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5. 9124 U Fats 3

et

3 W3t

7}. Superoxide dismutase (SOD) A o] v] A= J3F

Ax4 5 SOD 45 F4% 4, daE&vhs Fojgh gz
A= 7306583 U/mlz AT 5536815 U/mlel Hlste] {23
(p<0.05) 0.2 F7+89l 3, CVE-173% CVE-279A&= 55944818
U/ml, 54.69£4.47 U/ml% thza3 vlaste] &9 2 (p<0.05)0.2 v

& ge Ueol Sxdd S22 Rolm FHALE AT 5

Y. Reduced glutathine (GSH) &l w A= g3k

Azx4 . GSH e SAE 29, A4 GSH levels
100%= & o a2 104.5+ 16.9%, CVE-17 % CVE-2+ ] A]
747y 114.1+13.1%, 123.5+15.9% = A3 83k 79 4 (p<0.05) =k

Z
]E X
= =

rlr

o

'/:l: H}\}J\]:]—

6. 912 U caspase-3, -8 &4 W3}

Caspase-39] &S AAT 1.0+0.119] vjaf o et2wks =g 3k

thE oA 1.18+0.152 24 (p<0.05) Z71E w.glon, CVE-173%
CVE-27& 7}7}F 1.02+0.11, 0.87+0.08% AN FFo= 7hasgt)

3l caspase-8 Aol AR AT 1.0£0.08¢] v]&] xR 1.12+

_45_



0.060.= #24(p<0.05) 57 HA3, CVE-1+ 1.05£0.13, CVE-2
T 0.83+0.09%2 214 (p<0.05) HAE Hol 9 X2 apoptosisE

AR Aoz A,

ojFe] AitelM olee2 Fig e 2R FEES
Aelgo=a 3y B sy AEfA Fad Fi
ol ¥ARE I FUF dFHER G AFY HEE AT

71573 2AE L OB IAZE Se-AA T
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