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Abstract — Protective effect of DA-9601, an extract of Artemisia Herb, against ethanol-induced gastric
mucosal injury was evaluated in rats. In the prophylactic study, DA-9601 exhibited total protection (99.4%)
against absolute ethanol-induced gastropathy. And the protective effect of DA-9601 lasted up to 2 hours,
which was longer than those of other contemporary mucoprotectants. In the treatment study, DA-9601
significantly facilitated the healing of 70% ethanol-induced mucosal damage, which was superior to cetraxate,
a commonly used anti-ulcer drug. The mechanisms of mucoprotection of DA-9601 were also assessed. DA-
9601 increased the release of prostaglandin E, from murine neutrophils in a dose-dependent manner in vitro.
The cyloprotective effect of DA-9601 against ethanol-induced mucosal damage was significantly diminished
by the concommitant injection of Nnitro-L-arginine methyl ester (L-NAME, 5 mg/kg, i.v.), a non-specific
nitric oxide (NO) synthase inhibitor, while it was not affected by preinjection of indomethacin (5 mg/kg, s.c.),
a prostaglandins-depletor. And it was found that DA-9601 significantly enhanced adaptive cyloprotective
action of 10% ethanol against absolute ethanol (56.9+6.5 vs 23.04+3.3 mm’, p<0.05, mean+SEM), though
its exact underlying mechanism remains to be clarified. The present findings demonstrate that DA-9601 exerts
gastroprotective actions for the stomach against ethanol through several different underlying mechanisms, in
which prostanglandins and NO are involved. In conclusion, the results obtained suggest that DA-9601 can be
uscful both in prevention and treatment of ethanol-induced gastric damage.

Keywords[] Artemisia Herb, DA-9601, ethanol-induced gastric damage, prostaglandin, nitric oxide,
cytoprotec- tion, prevention, ireatment

DA-96012 of g (F%)8] dEFEE5& 55 s
292 GAYA R o] 71951 slewd, e
S Uehf= A EAE eupatilin€ 0.16~0.48%(w/w) T-f-
%]— sith(Lee, 1995). DA-9601-2 -84 9] #ZA 543 o
= uhﬂla M_q] _,__.ﬁ_-a'ko] u—o]. %J_ UI-_C_’_ %1:].
S0 AFH 9 - A dd] DA-96012] S-5=3}
wol £.7ket DA-96010] 14kEH]o| G S veh Al o

rLlo n-=i

* To whom correspondence should be addressed.

o, Al 2u| 2z & gloqla} Z7}e] 288 vjelde
3225k ¥19lch(Oh 5, 1996). =3}, DA-9601-S duteka], F
AAEA]
7

b

 4F HbERoof 23 B4 HrldMqE okt

° 2 e A cH(Kim 5, 1996; Lee 5, 1996).

DA-9601¢] F=2-2-241 A:8FA] 7 ok(peptic uleeryS |7
P79 4~5%7F AT Aol g el AE3A ==
7}7* gt 2871 gFe] R fHAk - Aol ARk

o] T} At kgt E e U B
»\Pﬁl AR A3t AL FrE I gloH, 3A % ¢




OfElE-Ret HEOAol CHE ofAFZE(DA-960N)2 W=t I 7{Tof| 28t A 203

Fo) Qo el ot H2 waanze] 1007
A el w gl FAlolr}. s Aok F iy [19)
£ 2% Helicobacter pylori 7Y%, 294 52| F}als,
AT Y g3, &5 AAA - A4 2B~ B
o] 3 c}(Halter 5, 1995). 1% WFo) 25} $)d ket

2 Byl AL 2} QlulAe] 8] S A2 3
E-El‘-’r Algh A siAREd, dAF 5 SUg dadz

£ vehl7) % g} (Lacy 2} Tto, 1982). H &HE Se] A=
"é ol A& S ol AFEA L A 9
& FA ZaE=d o)lHg AL ALK AFEREET
(adaptive cytoprotection)e]2}a 3}0i, o] &= okl z}=e]] 23
=2 elZF2 | nitric oxide, ol £ Huky 3 EA]9] A
2 ¥u1EA3 SUHd elere) AFEA o dak FA A
Zo] Felshe 7oz ol glrh(Robert 5, 1983).

B Pelxe o2y el ik DA-96012] ofjuf
2 AZEIE 2RI 2 A9 me A4 Ax
B35 F 3] vlA]E DA-96012] o3 sk-E ook wx} shivh.

Mz o

AEEE

DA-9601 (Lot No. DA-9601-L-04)& FAEA4l eu-
patilin §FeFo] 0.48%F FolA| K F) d-aoll4] Fuko]

Al & ol] A2-814] 32, rebamipides =2 =7HF)N A, cetr-
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Table 1. Protective effect of DA-9601, rebamipide, cetraxate
and ranitidine on absolute ethanol-induced gastric mucosal dam-
age in rats

Dose Gastric Lesion o
Drug (mg/kg, Nc.). of (Mean+S.EM,, Inhibition
animals 2 (%)
p.0.) mm”)

Control - 6 144.5+ 8.6 -
3 6 127.0£11.6 12.1
10 6 104.3+18.9 27.8
DA-9601 30 6 56.5+13.6% 60.9
100 6 6.2t 3.5% 95.7
300 6 0.8+ 0.5* 99.4
1 6 127.7+13.7 11.6
3 6 79.8+ 8.5% 44.8
Rebamipide 10 6 49.2+9.6* 66.0
30 6 357 9.7% 75.3
100 6 38.5£ 6.0* 73.4

3 6 134.2+123 7.1
10 6 1225+ 94 15.2
Cetraxate 30 6 61.2+ 7.4* 57.6
100 6 248+ 6.9*% 82.8
300 6 9.8+ 4.7* 93.2

1 6 136.5£20.7 3.5
3 6 102.8+ 8.3* 28.9
Ranitidine 10 6 116.5+16.9 19.4
30 6 110.2£20.4 23.7

100 6 107.7+12.7 255

*Significantly different from control (p<0.05).
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Fig. 1. A: Histological sections of stomach from represent-
ative control rat treated orally with 1.5 ml of absolute ethanol.
Note submucosal edema and extensive erosion (right).
Hematoxylin and eosin. X 100. B: Same magnification (< 100)
of section obtained from a rat pretreated orally with DA-9601
(100 mg/kg) 1hr before the insult of absolute ethanol. No
abnormalities were observed.
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Fig. 2. Kinetics of cytoprotective effect of DA-9601, rebami-
pide and cetraxate against acidified alcohol-induced gastric
mucosal damage in rats. [J: DA-9601 30 mg/kg, ¥: Rebami-
pide 20 mg/kg and M: Cetraxate 50 mg/kg. *Significantly
different from control (p<0.05).
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Fig. 3. Therapeutic effect of DA-9601 and cetraxate on 70%

“ethanol-induced gastric mucosal damage in rats. 70% ethanol

was given lhr prior to DA-9601 or cetraxate administration,
®: Control, W: DA-9601 10 mg/kg, A: DA-9601 30 mgkg,
¥: DA-9601 100 mg/kg and 4 Cetraxate 100 mgkg. *
Significantly different from control (p<0.05).
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Table IL Adaptive cytoprotective effect of DA-9601 and cime-
tidine on absolute ethanol-induced gastric mucosal damage in rats

Dose Gastric Lesion

No. of Inhibition
Drug (mg/kg, animals (Mean+SEM %)
p.0.) mm’)

Absolute EtOH - 7 963+ 9.9 -
10% EtOH - 7 56.9+ 6.5* 40.9
+Abs. EtOH

DA-9601 30 7 65.7£13.3 31.8
+Abs. EtOH

DA-9601 30 7 23.0+ 3.3* 76.1
+10% EtOH
+Abs. EtOH

Cimetidine 30 7 96.1113.6 0.2
+Abs. EtOH

Cimetidine 30 7 57.6x& 6.7* 40.2
+10% EtOH
+Abs. EtOH

*Significantly different from control (p<0.05).

A EHE Jehf 9 oh(p<0.05). DA-9601 30 mgkg S

72| 7-$ EtOHF-o3 3 24| 7k & 48A]7kef] ol el W] 3|
Z}zZF 50%2} 70% o)Ak 4R A Vbl e, 100
mg/kg TN 7] 24217k 60% o) 4k2] &3 A
AL pepil 3, 484]7F o] ez A AL RE 3
Brlgr}. &9 cetraxate 100 mg/kg 4372 DA-9601 10
mg/kg oI T FARE ool A fA RS el gl
M2M NEHS S0 O0[X|= P&t

7+ A FoAle) fotdalRl4 s Table 19} 2o}, S
EtOH 1 mlhead 435 75‘:%-’?04?& B B R R chel S
Ape WAL 96319902 vehgoul 30EH 10%
EtOHE AAA A 2840 AR SGACKEI4E 56.9
1652 g Ealgtart BaE 9ok (p<0.05). DA-9601
30 mgkge Folsha 4X71E ) T4 EIOHS Foigk A9
Tof| 2] AR 65.7413.3(mm )2 2Tl H] 4
Aa7dske vehliadont folde dsck 22, DA-
9601 A2 %- 10% EtOHE thA] A A A& Al Follafe= &
22|27} ) F2 T AC e ds] 23.0+33 mmPe R
T4 s SRS YR tH(p<0.05). BH hEok
=5 AH-E cimetidine A 2Tl HE AC S 2T A}
g Az afedA Zapwt PAE I
LH2IM prostaglandin®f| O|X|= &t

Fig, 40|42} 7o) &= neutrophile] DA-9601% 7}gh%
B PGES =S 43F)Ex o R Frlsialcth ol
F 7 4] PGE#] k& 245 ng/g of tissuee]gl 2.0, DA-
9601 20 ug/ml A7}Vl A& oFgt 271 S ehfgle
™, 60, 200 pg/ml A7}l A e 2ol wlsl fofAd )
= 2718 2929 (p<0.05), 53] 200 ug/ml Fofoll =
PGE,2] oFo) 49.6% =7}5)l4ct.
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Fig. 4. DA-9601 stimulates the prostaglandin E, secretion in
rat peritoneal neutrophils. *Significantly different from control
(p<0.05).
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Fig. 5. Effect of indomethacin pretreatment on mucoprotec-
tive action of DA-9601 and misoprostol against absolute
ethanol. -: vehicle, E: absolute ethanol (1.5 ml/head), D: DA-
9601 (100 mg/kg), M: misoprostol (200 pg/kg) and I: indome-
thacin (5 mg/kg). *Significantly different from control (p<0.05).

DA-96012] 2§50 LBt indomethacin HA|X|| St
Fig. 5948} 7e] F<¢ EtOH wh=Zo]ef| w3 DA-
9601 100 mg/kg T3} misoprostol 200 pg/kg o3 -of]
A= zhzk 91.5%, 92.9%% Folek 919t B s e oo}
At} (p<0.05). €8 indomethacin 5 mgkgS A3 A
e T2 BOH Fold &AMk 27} BtOHTE Sof gk
Fol] H] 3 66.9%4 27189 71082 et (p<0.05). 72
v} indomethacin A 2] %% DA-96013} misoprostol-2 Fo]
gl A8 el A o) g]Ant eake dFFo vls) zhh 83.6,
89.29%2] <=AlolA] 3_;47} 2 5] 93 T} (p<0.05). A& 7] 7HE
Zy Foll A8 akZEAlgkaA 31 misoprostol 200 pgkg 5
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Table IIL Protective effect of DA-9601 and -NAME on ab-
solute ethanol-induced gastric mucosal damage in rats

Drug Dose  No. of  Gastric Lesion Inhibition
(mg/kg) animals (MeantS.EM., (%)
wm®)
Control - 8 1115+ 7.2 -
DA-9601 100 7 124+ 4.4* 88.9
-NAME 5 8 180.7+28.1* -62.1
DA-9601 100 8 77.84 9.1*** 302

+ -NAME +5

*Significantly different from control (p<0.05). **Significantly
different from DA-9601 group (p<0.05).

of ol 4]= indomethacin®] x| x|edEel AlAGle] BE
NA A A S=ekAd HAK(watery diarthea)E el e
DA-9601 Fo 7ol A= AL 58] dubEife] A=) o
ket
DA-96012]| SfS 0| CHSt nitric oxide2] &2

= BtOH o3& o] nitric oxide synthase (NOS) in-
hibitorq] L-NAME(S mg/kg)E A 2|8k A& o4 £
EIOH ©h-5-F-of 7ol wlal] froi 8] 45717 A=l
™ (p<0.05, Table III), DA-9601 100 mg/kg F-od T-of| A = <
=4 Aol ol 88.9%2] Fojst QA AR} A
591 ch(p<0.05). 9, DA-960137} -NAME FX| FoiFof
A& BOH ©E-Fof gl vla] #ojg SddAms S
ehfiglont, DA-9601 H5-Fof el vlal|A] ol shAl &4
A7) 2718 o2 $3E ¢ oh(p<0.05).

n F#

234 ok Wil ZsiAle] lo] ‘no acid, no ulcer
(Schwarz, 1910)2} 'balance theory’ (Shay#} Sun, 1963)7} 5
FF ol Folgted Al ARl HA AAH o] B2
Z718] AolR|A A kel o] R A Yl Helz, ¥
ZH= $ - Aol A A Bl AL ol o] Bl
a4 oleh. duby o 2 fHF Al EE A
A gl it 5 S 2HE 49" Aol 2%
Z712] Aokl z8=w, Ae A-$ells A-F-(perforation)
o2 s Al FgAEEAe] A= Fhef(Silen,
1988). Galli S-(1988) A HahbAlA] mast celld] 2§
& 7rzlg Eull, mast cell& WA R {ALEG 9.0 7] his-
tamineS E¥| A7 B olji}(Jacobson F, 1996; Wallace
5. 1992) adenosine, platelet-activating factor(PAF), sero-
tonin, prostacycline 2 leukotriene ¥ QZv|/) 52| uHE
S &2 # (Befus, 1989; Hogaboam %-, 1993) ]2} =4}k

=
< Aokom AP 7)ed DA mast cello] =
2ake] A w7} Als|2lch(Beck 5, 1989; Karmeli 5, 1991).

4F-E AT AAHAF| 3] EP(Szabo 5,
1985) A otel F&Zol| BE& fHA7) L (Oatese} Hak-
kinen, 1988), =| A& Azghe] A A £ (Wallace 5, 1982)
AN AL frdglch(Robert 5, 1979). 2 ¢ AT
$£ARA] 270 = 3 Abef (ischemia)el A =hy ATPSF 7h4e
(Menguy 2} Masters, 1974) & v] A48+ A| (Silen 5, 1981)
7} #EHo)h o o7 Ak AL Y
HAutel] A PAslw glor, AT AL ZA
23 47lo] A (Vahi £, 1979), 9 =ke] barrier2
¥ ste] H jon?] back diffusion-g f-L3}e] QA5 o3
Al ZItH(Wallace 5-, 1982). &2 Foi & 93 utol| A7) &
A2 15838 Sote 2 WA glon, PG A A A
2ls) &Abo] A=z (Tarnawski 5, 1985), o123 ol A
A2 -F-Al PG| 2|3 vl EFeF 717} vl Fa% &
42 o] g]cHHolzer 5, 1990; Holzer 5, 1991).

2 Algof|4] DA-9601-2 F< ethanol 2 £Ake] o3}
of Gt Aol A AL Aakel] 71742 99.4%2] -7 B}
o}, o) & Q) wholzhgo]| Habelgl oo, W z2a] 7] A}
Al e AAkzA T FA1EF 274-& el lc}. Ranitidine
o] A9 4% &4k 93 AA A Yol avE 240 o
92w, o] Miyata 5(1991)2] Agelx{s} o] H.-an-
tagonisti= alcohol”d #]=Abell whe] FEAdo] Hal=x] o
Erhs dwel sk Avo|c) okge] AgX|EAZE
A %75 rebamipide®} cetraxater} 5] 1730 & &
5 B AF 27k 7 Fofl EIL AL A= v
3] DA-9601-& $of 30% F¥E iy} A== g
BEFART 27 MARE fET 7o FAEC
o] gk -2 71&] AU FAFo] 2 dFY FHEA|
R, ki ah8R|EA|te] e S Hebd 9l
DA-96012] S-Ale]ety g4 glv}. w3, 4F FoA¥F A5
A2 2ARE AEA T4 DA-9601-E o EoFE R} §-
g A3 F 220342 elfigl =, o) DA-9601¢]
G4 AT £4F H iond) S-S $aRolEH R
FrolabAl Apdsle] x|AQl &AL A A
A gaLg )9 Adbo) gl Aog weks g}, o]
g A3 Z32 DA-9601E GF Fof 5o o) 3 A2
53 o] dlz ok fepahn kAol WHATE
ZaA A& AAe 2T ZE AoE ANE

‘Cytoprotection'o]3 aul=] e 2 PGo] H{+# 7)4d, I
ol B.4], bicarbonate ion 59| o7 2hgol| 25 YAt 4t
2] uleo] B x5 §9E NAAT)= 202 dEA )
tH(Guslandi, 1985; Reinhart =, 1983). eF-Zof oJ3f £Akk
< 9L o2 ApFe] gk 579 I Atz
Bxn, AR} JAAA BHepe wheldz}p AAA AF
2] oFE-& TojdA: PG AAE FoidhH A Fr} wt
2 702 »usgci(Lacye} Ito, 1982). WalA PG| oj

S
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5 AL A EF AT DAL in vitro Ae)olA] L2k
2EH 02 PG A& VM7= A eZ el DA-
96011 2J3t A E 8 5 2kEo gle] PG Hate] F 23 A
L2 Fa=doh av, WdA PGE 2@A7]7] He
indomethacing Fx] %5} o]F o= DA-9601-& <ZA =
ghalS f-o) 3l A JAsE o2 velgdth o] DA-
96012 A4 F z87)He] rebamipide2s Aoz HE
Ao Ao|gg AlAtshz Zroln, PG o]#lef| w obE
87| Ho] DA-96012] 2f&el FeJshs FZ7) slgic).

Rebamipide] ¢ 4 H=ol4 PGS $0|8 L2 E
Moz 277w, FTel 47 U SAFLe oA

g} indomethacin 71 A x| o] 2]8F PG Foll= )T B
Fzhgo] £AHE 7l 7 B 1Y ok(Yamasaki 5, 1987).

PG} frARSIAl AlZREAE-S 2 EAE nitic ox-
ide (NO)S] o] #2213 olrh NOE B2 sl
FolA  o}u|xAte]l  r-arginine 2 2HE AR Aw
(Palmer &, 1987) =tAi¥-$lolX EF &HE5F ZAsH
(Masuda %, 1995; Pique 5, 1992), Y& = ¥ 5ol s}
+Hl(Lambrecht2} Peskar, 1992; Peskar 5, 1991), carben-
oxolone® |1} sucralfate 2} 2+-2 3}kl B & G 3l % @
oJghctw dEA 9lvhKonmrek 5, 1992). 3k, NO=
o)A Ao} ¥n)E Z7}A7I9 (Brown 5, 1993), PAF-;
histamine 72 3Z 83+ x}-2 AN L] mast cellellA] A
#}A]7]52(Caplan %, 1994; Kanwar &, 1994), oo 23k
HAeel A &4 ARE zkA4 A 71ck(MacNaughton
=, 1989). E-2] @]l NO synthase inhibitorgl .-NAME &
# 2]+ cyclooxygenase inhibitorg] indomethacin A1 A& 2}
el 2 SFA ATl g S fefs £
AAREH, ol BueEAgel sloid PGE ojls
NOS| o= FaTE AWHL 2 AN ATjoleh B
, -NAMES} DA-9601% 54|l £{8 FolliE &F
o5 HoEAS fo)5h) 2dAakdert, DAG60T 5T
ATl MM & ol &4 S71E vhehio] PG oh
2} NO 94 DA-96010] 2I8 Hohn 5 atEo] glof F23
A EA 2 Feds gt

‘Adaptive cytoprotection(AC)*|% Av)g AF(mild ir-
ritant)] XX 2 18] 9] W] F]He] R ko] oI
2 ¢] 7}t A}=F(noxious irritant)e]] thAdfed A wt ¥ 5 AL
& el Ao AojE 4 g)c(Hatakeyama 5, 1993).
ACS] % Ha7) e o} walAlA wkA A
AZe] AFLANNY Aeld e THehm, Al
AFae] 4 AFEAL HAPLEA DELAE e}
ok 2455 glch(Allen £, 1986; Duppy 5, 1988). 7
Aolli= WA PG7E ACe] 9le] Fa-8 B2 deiF=
H] (Robert %, 1978), 7 o]4-2+ AC~7} indomethacin ) X
A 2 vl = e, =31 7l gk Ap=A] 93 2l A 9] PG A4

o] #Flx9l7] wo|ci(Chaudhury<} Robert, 1980). ~12]
v L F PGE] AAde] 2kAlE] JAEJ = AC "HAafe] 7}
Felol . HorwE9l oo (Hawkey 5, 1988), =%} indometh-
acin®] AC QA=< dial] 3=l drxFarl » us
o 3 (Wallace, 1988). Balaa (1989)= PG} t}2 gl
B3 EAL] &8 FAsg o, Fol AC =& 9le]
NOXE 4= B 52t8o 23 AL sl AAZ &
234 ch(Hatakeyama %, 1993, Tepperman®} Soper, 1994).
B AYAT )z2kE cimetidinee] AC] s ojuzl
a5 Jehfx] Zabd) vks] DA-9601-L 10% 2-Z-2] AC
28-S FolsA A AlA 7R gl Al oke] 2k 9o
gohE AHgr)Fe] DA-96012] $)3 = B35 J Te) Foidd
4 QoL FAEglch DA-96012] AC F7FE 7)ol a4
= %0 Ze| olv el A} AdgE oz g

o] AFe] Zzfel| A, o dFEE<] DA9601S 4FA HH
o kel e 99% olAke] $epgt wlol & & el 3,
e X HAZE g A FEF| gle|E 7]|FEe] okl R
o} 3 FEAAE e, o]2d $E T X oAk
= Hox WA PGE NOZ| Hojgg & 4 qlginh ]
= DA-96010] dFA $&Abll e A5 3 oz
A BAZME FE240] F25 A ste 232 gubdd.

ZAatel 2

R e fdB= 1996 % BABA R Bl s ed
TAb o] A 4ol 98] o] Fojz o], o] Falmlic)

&AIE
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