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Protective Effects of Pyropia yezoensis Glycoprotein against

Ethanol-induced Chronic Gastric Injury in the Rat

Saeidi Soma, Jeong Wook Choi, Min Kyeong Lee, Young Min Kim, In Hye Kim and Taek Jeong Nam*
Department of Food Science and Nutrition, Pukyong National University, Busan 608-737, Korea

We examined the protective effects of Pyropia yezoensis glycoprotein (PYGP) against ethanol-induced gastric dam-
age. The experimental animals were divided into four groups. They were treated with distilled water (control), etha-
nol alone (EtOH), ethanol + PYGP 150 mg/kg BW (EtOH+150), or ethanol + PYGP 300 mg/kg BW (EtOH+300).
The groups were treated for 4 weeks. We measured mitogen-activated protein kinase (MAPK), the apoptotic signal-
ing pathway, and PARP activity in gastric tissues obtained from the rats. Ethanol consumption increased apoptotic
signal activity and ERK, JNK, and p38 phosphorylation. PYGP reduced the apoptotic signaling pathway activity and
ERK, INK, and p38 phosphorylation. Furthermore, PYGP regulated Bcl-2 family expression. In light of these find-

ings, PYGP appears to prevent ethanol-induced gastric injury and oxidative stress.
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9] 2R AEY A AIE, Y, &
] o]t E4fo] A7 Aoz olojd
5}7] 412 4] % slte]ti(Tulassay and Herszenyi, 2010). ~1
A &4 EE ARGl AT A ALS #
ol 2 ol 5 SPRA ) £4 pelE 2w e o E
R R CEEERE B EE PE
24 W A7AEo] Aekste] Aol AHG-HI YILk(Szabo
etal., 1985).

47149 ek o] FehiiFs 91 240 Bl A2 A4
Jel3 ARk ol A AS fuste] 240 £4 Ao
A itk ol 2] o] Ak} Al E2] Apako] el A 2] A1 S
7R Tt A2 E Foko] o] Foi A A1, MAPKs®} apop-
totic signal pathway”} 5 Q3F ke Efsl= Z1 02 A A
Qlth(Lee et al., 2005; Joza et al., 2002).

MAPK (mitogen activated protein kinase)= ERK (extracel-

lular signal regulated kinase), JNK (c-jun N-terminal kinase),
p38 Al7HA] il = A E A Y FrrA Zzko] o
o] Qlitelr} o] fof F o7 A stE o] TS astA F
th g2 2 Qg SAHRGo A Zhzke] T o 2143 o
HERe T 229 YARE PoIthal Jit} EgF U0 A
SA9 AFle FSe SRS E8to] Ao E6t
A= AR EAE op7Iskal o] 2|3k A OR Qo] Al
AFk-2-o] 213 Elth(Yang et al., 2008 ; Kim et al., 2004).

HFARLY] Z1(Pyropia yezoensis) 3350l &3h= |2 {2
A B, 5%, QRN ol 2RE] AHE AEAR F ol
|k, 25 0] BEHES olut ofHl5o] ShiEl Aok
g9 Ao Ess A st S5 viE E S LEHE
of At ol M2k ’HA Azt Qlek= 2] Brel Al e m(Choi
et al., 2000), 3i=79] the 2] Fe2argo] Hilxar gl
tH(Nakazawa et al., 1974). 124} |25 thg5F2] dAto] H]
A Tl o] At ofA] mlnlRh A olt). & o] &3t BEl
A+Lofl+= lipopolysaccharide (LPS)ll €]t 3¢5 &K Shin
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etal., 2011), oA Eolu]=#(Hwang et al., 2008), AFE ek
(Guo et al., 2007)°f tigt 7+ Z4 RE a1} o] HaiEo] g
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T= A9 ik whehA] 2 Aol A= ol FET FeE
(Pyropia yezoensis glycoprotein; PYGP)o] #7491 432
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B o] TLo]| ARREF HANEY Z)(Pyropia yezoensis) 201213
39 7)Aol A A SFATE AT 2 pAllske] i Al
Astal 54 7423 & vpfsto] HUPE = A28t o]+
S5 1 Lol 2240 g& o 4K 54t wytsto] 223191
T FZH0 A E2)(3,500 rpm, 20 min, 4°C)3}o] 2| H AF
SN oflehE-& Hrtste] B AAAIF T A E -2 ofat
A& Foto] AASE e H, oA et w55t sAUx
ob F BEF e 2 A2k Al 2 £U¢-S SDS-PAGEE ©]
Pkl Rejeh S AAIRE A gt Aol A

1

=9| A=

| AR FHE= A5 130+ 10 g 559 Spraue Daw-
leyAl +71& AEFZ(SAMTAKO Co., LTD, Gyeonggi-do,
Korea)ol A F-5to] ARE8E oM, ARSAS 5= 22427,
FE 50£5%, 12A17F Har|2 A4 20 AI8H
o 7U7ke] LAASTIHE AR F daf ol ofste] 20mte]
o] HE 7z} o+ 5ulE]H d)Z+, ethanol w+(EtOH), ethanol
7} 150 mg/kg body weight (B.W.) PYGPS 3| Fojdl +
(EtOH+150), ethanol®} 300 mg/kg B.W. PYGPE g7 o
gt Z(EtOH+300), & 4719 Zo.2 EH3Ic). = = L
FAFRE AIRE §lo] Tkl om 4520 AR 7|7t Fet 2t
I EtOH-2 7 Jgohiid] tjAil S7p5 2150 oot
g Roje 7] gl HRETS 150, 300 mg/kg
B.W. 830 Z540] Gajsto] Eolalict. ofehe Foli
ool AlRE Fojg A7 F oS Alele B 2ol 37 ¢
kg BW.2] &850 & H Rl qint 452700 A S5 T A
HEE2 ofd ofg|22 olgeto] FX vl | BHESY
o, A2 H 9] 228 424 Aol H Hobg A7 5| ol
Qo F4 FAAA 2000 B2510] Aglol AHelsich
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Western Blot Analysis

chal 2] wke o] Bqo 9] 2215 lysis buffer (50 mM Tris-
HCI, pH 7.4, 150 mM NaCl, 1 mM ethylendiamine tetraacetic

acid (EDTA), 1 mM sodium fluoride (NaF), 1% NP-40, 1 mM
sodium orthovanadate (Na,VO,), 1 ug/mL aprotinin, 1 g/
mL leupeptin, | pg/mL pepstatin, 1 mM phenylmethylsufonyl
fluoride (PMSF), 0.25% Na-deoxycholate, 1% NP-40, 1 mM
EGTA, 150 mM NaCl, 50 mM Tri-HCI, pH 7.5)0]] ‘do] 4-&
floflA =3 AIZ1 F A AE2](12,000 rpm, 10 min, 4C)3F51
ch ol & Tl 55 FUsH| A sted SDS-PAGE] A7
%53t th2 PVDF membrane (Millipore Co., Billerica, MA,
USA)S. = o] 5AIZltt. o]l 33 A2 dual color marker
(Bio-rad laboratories, Gladesville, NSW, Australia)E A5}
St A7]19% A7l membraneS A-2-0f A4 1% bovine serum
albumin/Tris-buffered saline-Tween 20 (BSA/TBS-T)= 14]
73045 54t blocking A171 & ZF2Fo] [} antibody [anti-ERK
(1:1,000), anti-p-ERK (1:1,000), anti-JNK (1:1,000), anti-p-
JNK (1:1,000), anti-p38 (1:1,000), anti-p-p38 (1:1,000), BCL-
2 (1:1,000), BAD (1:1,000), BAX (1:1,000), cytochrome C
(1:1,000), caspase-9 (1:1,000), cleaved caspase-9 (1:1,000).
caspase-3 (1:1,000), cleaved caspase-3 (1:1,000), pro-PARP
(1:1,000), cleaved PARP (1:1,000); Santa Cruz Biotechnol-
ogy Inc, Dallas, TX, USAJE 3]Aslo] 404 1647k HE
54]7]12L 2} antibody (peroxidase-conjugated goat, mouse,
rabbit antibody; GE Healthcare Bio-Sciences, Piscataway, NJ,
USA)E 1:10,000 B]-&= 3]43}0] HE3-A]7] & Super Signal
West Pico Stable Peroxide Solutiona} Super Signal West Pico
Luminol/ Enhancer solution (Thermo Fisher Scientific Inc.,
Rockford, IL, USA)S Al8-3}lo] KODAK X-ray filmo] 3%
AA @S] Alztslskoint. o]zt whi o] thgt western
blot 292 densitometer T2 1L 0] 8-3}o] AR AL A
A5,

s el

HE A 74 Avfe 77t EE B #25HA)
(mean+S.D.)= LERlom 7k A7 7+o] 7-9/d-2- SPSS
3 2 T3 (Statistical Package for Social Science, SPSS Inc.,
Chicago, IL, USA)Z o]-&-5ko] Ue QT HHE S of| ot
ANOVA Test= 753+ %, Duncan's multiple range tests &
5ko] P<0.05 Szl A -9/ BlaLsteict.

Z YEHEE0| MAPK AMSZZ20| 0|Xl= G
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oJUHA H|ARE 15 MAPK A5 Y A 271 583 Ag-&
Fotch(Gukovskaya et al., 2002). MAPK 7 2+ AFSHA A~
el 2o} 15Uk ol 4 S BIsto] L) A S S 25U
2 go7itkar &4 A ¢lth(Robinson and Cobb, 1997). A7}
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A Tl S ERK= Al29] et EYof Ak 7T
FAloll HSHhS-oll A HAFIAFQ] NF-kB %= AP-1 (activator
protein-1)2] E/3}o]| Tojsto] HHF =49 U} 4hah4
A E | 20 o317 Elth(Jonsson and Palmblad, 2001). E3F
INK&} p38eta 22 214 515 Al ol 4| apoptosisE 5=
Az o] HAYEHA Bl HSRE--ol A D eE o] Al Ee] g
B3] Sfel Aol E7 ]I A Atel| kS nA|A ErkXia et al.,
1995; Chen et al., 1996; Verheij et al., 1996).
2 Ao A= 3 S AT ofghso] MAPK AlS 7 =0
A= GoFE doti 7] 218l western blot2 5-5ho] T2 9]
AL} QA4S ERlstgint. 71 A3t ERK, INK, p38ttii 2l
-2 4719 oA U o2 WEs= Ao] &}
QAT oee-g AelRolME 7t Tl o] ekl oz
of] u]8l INK= 91%, ERK= 104% 12|31 p38-2 70% 27}
Sh= Ao] TREI AL o] gt Q1A= 7] Y-S Folgh
EtOH+150, EtOH+300< 0l A = &&= -9 4 0 & Zast= 7
gFo] LFERRT. o] = o eh& 2 QI MAPK @] &4 317} 7] Tt
HiZ g2 Qlsko] Afsf =] 9le2 el Th(Fig. 1).
Z YTtEixio] Bel-2 familyoll O|X|le &

Bel-2 family+ apoptosis®] 282} 9k 5= Tl A fam-
ily=2A] n|EZEe]o}o] outo| 22 ZA5}HA] cytochrome

Mo lo o =
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Fig. 1. Effect of Pyropia yezoensis glycoprotein (PYGP) in MAPK
pathway regulators expression in rats.

Animals were treated as materials and methods and collected
stomach tissues. Protein of tissue was extracted with lysis buffer
and analyzed protein expression by Western blot analysis. GADPH
was the loading control. Each lane represent sample from an indi-
vidual rat.
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c®] WE5 =45} apoptosis £HA} AT 8 FHrk
(Nagata, 1977; Chiarugi ea al., 1994). £3| Bcl-2+ apoptosis
A 5o o3t AF=o] - 79 BH3 subfamily ¢! bide} AgHe
ZFHIE fFAISEAL QUA]RE apoptosis A1 37} 501 749~ Bad7t
Bel-20] Z%sHA| H 3L Bel-22 58 HojA] 12 Bide Bak,
Baxol Agsto] #+x22]¢] H3lE FEsHA Hm n|ELEe
of oleto] 2hgolof mERE 2ol R BAE N §E4
71t} ol &%= cytochrome C, Apaf-15-& apoptosis=
A7 = 2EER 2F4] 2= apoptosis7F FEE T Bel-2
familyof| = thefet Tl o] EAY 5=t apoptosisE £XI5}+=
Bax, Bac, Bad 53} apoptosis& 9 A5+ Bel-2, Bel-X, Bel-w
o] ZAgcH(Lu et al., 1996; Reed, 1994).

2 Aol A= gk R 1% apoptosis 2+ %]l apoptosis
£ A8z Bad®} Bax T2 o] HE it cytochrome c2f 4
Z0| 37% 7151 aL apoptosisE A5H= Bel-29] HHES
72% #2xsklet. TLejuh 7 e FAl o] Folgh oA
+ Bad, Bax, cytochrome ¢&] +50] =327 o7 7FAst
o] EtOH+30020| A= 27 =52 2 38519 21 Bel-2
o] HH & e 0 017 © & Z715}0] EtOH+30052L0]| 4] o 25t
of vl8l 60% F7tskt. o] 23t Autg w|fo Kol 7 e
20 ofek& &2 Q13 A Z 9] apoptosis HH-2-o]| 4 Bel-2 family%
Bad, Bax, cytochrome ¢, Bel-22] @& of] 3+ ko 22 4 apop-
tosisE AJAIA7]= A & B th(Fig. 2).

Z YHEEI0| caspase®t PARPO| O|X|= &

Apoptosist A|3E8] o] B2 0] AL Z A apoptosis

BCL-2
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BAX
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GAPDH
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Fig. 2. Effect of Pyropia yezoensis glycoprotein (PYGP) on Bcl-2
family protein expression in rats.

Animals were treated as materials and methods and collected
stomach tissues. Protein of tissue was extracted with lysis buffer
and analyzed protein expression by western blot analysis. GADPH
was the loading control. Each lane represent sample from an indi-
vidual rat.
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7F dojd A AEes AE ARE Foto] AsE Adst
1 APEE o] ¥ ch(Kamesaki, 1998; Pritchard and Butler,
1988). o2&t apoptosisi= I AFel= TFEA] W2l At A8
22 oA Azze] 4= A JFFS v|A|A Hrt. ogkE
2 o] &gl apoptosisE U ot= = E = A 53] apoptosisE -
sl A5 7 2 3 caspase-3, -8, -9 thl 2 o] TAISE £
of FEl= AR duA Q) ol TAES YR
apoptosis@} A= o] gl om ZF thal 22 procaspasett= &
A A=A e oA cleaved FE 2 A3tEH, &3} ==
4| &Ad3HE caspaser= DNA 2| T3} death receptore] &
ASIE =817 "ok(Kaufmann and Earnshaw, 2000). £3]
caspase-3-2 caspase2| 2|59 WA ZA] apoptosisof| A HAI A
o] &J31-S 5} 9). o1 Z4J5FEl 7 PARP (poly ADP ribose
polymerase)e} 2> Thal 2 o] Bl 5 Foto] 485 s
o] 2|52 02 apoptosisE 74517 Hrh(Kothakota et al.,
1997; Soldani and Scovassi, 2002). ©]o]l EtOH2} 7] =l
o] caspase A2 7 2o 1|2= FF EAE) = A, ek
< 71 9 229 caspase-3, -9, PARP T2 50| tfj 25tof ]
sto] B2/ A=A oA cleaved Fe|= X2k S5t
=l AFEl 7} caspase-9+= 179%, caspase-3- 55% 1211 PARP
= 132% F71Rt o] FRIE| 1AL, o]of| vlsto] 7] Fetaa S
ZF-E03F EtOH+150, EtOH+300+-0]| A= o] 2]3t S-4d 3}
AR} ez g 0 AR AT} AR ol 4
grtaEo] 9] 2259 caspase Al 57 22] 23S A5}
of oehE R FHE= A2 APERRE H3sk= avtE 7t
A= A4S eIt Figs. 3, 4).
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Caspase-3

Cleaved Caspase-3
Fig. 3. Effect of Pyropia yezoensis glycoprotein (PYGP) in cas-
pases regulators expression in rats.
Animals were treated as materials and methods and collected
stomach tissues. Protein of tissue was extracted with lysis buffer
and analyzed protein expression by Western blot analysis. GADPH

was the loading control. Each lane represent sample from an indi-
vidual rat.

Pro-PARP

Cleaved PARP

GADPH

EtOH
- + + PYGP

Fig. 4. Effect of PYGP in Pyropia yezoensis glycoprotein (PARP)
and Cleaved PARP regulators expression in rats.

Animals were treated as materials and methods and collected
stomach tissues. Protein of tissues was extracted with lysis buffer
and analyzed protein expression by Western blot analysis. GADPH
was the loading control. Each lane represent sample from an indi-
vidual rat.
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