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Effects of Methionine Diets on the Immunotoxicity
of Ethanol in ICR Mice

Young Keun Ahn*, Joung Hoon Kim, Gi Bum Koo and Jae Gyu Moon
College of Pharmacy, WonKwang University, Iri 570-749, Korea

Abstract—Experiments were performed on mice to investigate the effect of methionine diets
(MET) on the immunotoxicity of ethanol. ICR female mice were divided into 5 groups, Met (Basal
(B)+0.19% methionine(M), B+1.71% M and B+5.13%(M) and ethanol(4%) were administered
ad libitum for 21 days. The mice were evaluated for changes in immune status as measured
by antibody titer, Arthus reaction, delayed type hypersensitivity (DTH), rosette forming cell(RFC)
and plaque forming cell (PFC) to sheep red blood cells (S-RBC). To investigate the change of
the non-specific immune response, the number of leukocytes in peripheral blood and phagocyte
activity were measured. The results were summarized as follows: (1) The weight ratios of spleen
and thymus to body weight were significantly increased by the B+0.19% M, B+0.57% M and
B+1.71% M groups in comparison with control group(B), but B+5.13% M group was significantly
decreased. (2) Humoral immune responses were significantly increased by the B+0.19% M and
B+0.57% M groups in comparison with control group, but B+5.13% M group was significantly
decreased. (3) Cellular immune responses were significantly decreased by the B+1.71% M and
B+5.13% M groups in comparison with control group. (4) Phagocyte activities were significantly
increased by the B+0.19% M, B+0.57% M and B+1.71% M groups in comparison with control
groups, but B+5.13% M group was significantly decreased. (5) The number of circulating leukocyte
was significantly increased in the B+0.19% M and B+0.57% M groups in comparison with control
group, but B+513% M group was significantly decreased.

Keywords (1 Methionine diet, ethanol, hemagglutination titer, Arthus reaction, hemolytic plaque
forming cell, delayed-type hypersensitivity reaction, rosette forming cell, phagocytic activity, number
of circulating leukocyte.
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Table I—Composition of experimental diets

(100% diet, unit . %)

Experimental animal group

Dietary ingredients

Basal (B) B+0.19 Met B+0.57 Met B+1.71 Met B+5.13 Met
Soy protein isolate 18 18 18 18 18
Corn starch 24 24 24 24 24
Cotton seed oil 9 9 9 9 9
Salt mixture® 415 4.15 4.15 415 415
Vitamin mixture? 0.2 0.2 0.2 0.2 0.2
Choline 0.3 03 0.3 0.3 0.3
Sucrose 44.58 44.39 4401 42.87 39.45
DL-methionine 0.22 041 0.79 1.93 5.35

AxA 9 AYA] Hge] g ety H s
g}t 28y, Gluckman 5%-& 94 ethanol §¢4)
Aupzre] AAAEo AEAY P AGAdAAA =
frofgh Asrl dojuA] @stoln Bastgdch

g, ZHgs7) A717] Al duEER ez 2145
o]A= e o}w]xAll methionined 3& 343
lipotropee}™], AE3A methylationol] glo] F23F
I&L P Fue gukiA R Foistn
DNAZ9] 4ol o)-49c)k Methionine 240l 3
#FHo|A WAL negative effect7} Stz B uF
921 Gershoff 5'®-& methionine®] o]t
e} F-F-& polypeptide 3F¥ejr} sheep red biood
cells(S-RBC) 2 Rl #FellA] A WAA
1A 2}z B389 2, Bhargava e chick
oA Newcastle disease virusoll ot A @23
4717} methionine] FE3 Alo|¥c} AfPF Ao
ol Al ke kAL, o]} wlsdk AF} S-RBCE
A998 IFAME Jelgdn Baslgo® =3k
Newberner 52V# Gebhardt $%-& %3] 4] gesta-
tion¥} lactation 2}¢)Zo] methionine-choline®] 7
&7} gz Ae] Zr)e} FERE WAL S, byphi-
murium® Frdel A pAdE I BESA
HAuH-& ARk Bratg] o, Tsiagbe 52
-8 broiler chicke)] %le14] methionined 713k Al
0|7} HAFHE FVIAAHAL ¥ aslgich

St A £ uie} Zro] ethanolel] Widt HYEA A
T Wol AAF g}, methionineXolt At
A7l W dgfel] #3k A7 wuH v gk

meha] B AAHEL methionineA]e)7} A<
ethanol HeE-A)ell methionine?] ofol we} Aroldlt
FHE vl ZoE JdEe, £ AYE 5 v}

ol AFE A7 olF Eashe Hlelrk

AEey

AHEE ¥ 5~653, AF 18~21g9 ICR
A AFE Eokro} Table I3} Z+& methionine
Aol g uhEol, 100§ 1T & 3 HAE 5T
22 2§ ohS 4% ethanold} A3 2] E22-20]
AFA sten), & 23+2C, 5 50~60%2
fAEE e - S5 AR 3533 ARk

Ethanol 82| Z=H| 9! £0{ —Ethanol(Merck Co.,
Ltd) & AAGel g3l 4% ethanol £9-& THE
o] 9lo] 2 &4 33tk Ethanole 7 cal/g} d#k&
7}X 2 9} om, BE carbohydrate] 36% H%=2] 9H5
%)o] ﬂ"é%‘é% o‘__l_g_zl\;]_j_ 1113,24,25)5]%2‘4’ B
AR M 4% ethanol §H o2 Azste] Ao
5815,

Methionine 4{0}2] Z=x| U Fof - AF2]o)g =
A& Table 13} 7t}

a) Salt mixture used had composition of Hegested.
et al?®

b) Vitamin mixture (per 2g)

Vitamin A 50,000 LU. Biotin 0.5mg
Vitamin B; 40 mg Folic acid 2mg
Vitamin B, 10 mg Calcium panthotenate  23.2 mg
Vitamin Bg 20mg Cax(POy), 258 mg
Vitamin By, 10mg MgO 60 mg
Vitamin C 300 mg FeSO, 100 mg
Vitamin D, 1,000 LU. MnSO, 41mg
Vitamin E 20 mg CuSO, 7.8 mg
Nicotinic amide 100 mg ZnSO, 4.6 mg
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2)o]Z methionined] A& o W3 7|37
0413%0°)ehs 2323} Nauss 597 Henry 5%
o] AgAe)E EGR 319 methionine 2°]E widt
s}oitk. Bounous 529 B e 9sbH soy protein
isolate 3*2] methionine ¥gFo] 1.1%°]E.Z, basal
Foll 0.22% methionine-s t} A7}sle] 7122 Fkal
0413%% W&, J2 AARA 3ok

HE % o SUEH-AYTE AL T
AleFEFo] Al FFo oF 24471 Aol AL
F A A Az HE oFE T 14
Fof AREES A5WS Al AP F A,

WA 9 FAE 44 AEsle, 25 FHE $A3
ARy EuE Fahdch

EHRAZEH - & Ao Me PP EF(Sheep red
blood cells °]3} S-RBC)E AHg-3tel=dl, 2 Hhy-&
$Admekel AsM o2 e heparin A2 FApIE
AL ¥, T2 Alserver’s“]"l](pHGl)& 7Vahed
4T of| A BE3}e 254 ool AHE-3ksi) BEFQ
S-RBCE AM5-& ““0“—‘& 2He A4 PBSE 33 94
A3 F AAZ X2 E Hank’s balanced salt solu-
tion(e]8} HBSS . Gibco Laboratories Co., Ltd.)el
HFAIA AMEER )

e —Reed 59 W& Husle] QA HF
S-RBCE HBSSef| 1X10® S-RBC/mi2] =52 3§
A7Z Bfd 01mi(1X107 SRBO)E A 9] v
Aol FAlste] 13 Ad-S Fresiyd 25 gL
12 W] 4 Fof AF 9 H3Z FAFH AW 2X
10° S-RBC/mi®] ¥/ 0.05 mi(1X1(* S-RBC)E
FA}sle] M Flodo)

3o 22| Y vlS3—- 7] H5Ae dAdsln
doAs Adste] T F, AT EAS
+2]3}AL 56T ol A 307t wlEEAZ F 4T o4
HEste] ALg-slgirh

HE P ST AT (Hemagglutination titer 013} : HA
titer)2} ZXD _SRBC) $447+2 microtitra-
tion tray(Nunclon micro test tray)& A}-8-8}o] v}
=3 Zo] At 7 AYEERNE dL 7
H)53 YL 7 wello] HBSSE 208 Ald 343
%, HBSSel ¥-3 05% S-RBC 0025 m/E 2 &
gk b 37C ol A 18412k AH|sle] HEFo| $3
fras A BEsgod, A4S dodle A9
#Hi Mg 2 dH AR gk
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YT 2-ME-HMSEATI0 £8 -7 39 2-
ME WA4-$4x75 #4317] $3ted 015N 2-ME
(Eastman Kodak Co., Ltd)E ¥ A& A3}, 2-
ME WA3#S immunoglobulin G(IgG) &A=, 2-
ME= Azls}7) A9 A4 F 2-ME 344 A =4
IgM A2 FEsigjed, W=E-E o3 3ol
Atk & g49 2-ME A=+ 015N 2-ME7}
¥ HBSSE AL sy, U] ARE
tray2 W83}e], 37CAAM 30E7 BHAF F, S
RBCE 7lsle] $347HE A7le] whez ZJAkst
ek

EXFAUS9 ZX(Foot pad swelling test) —
Arthus¥-$- 2 ]33 #=Ik-§-(delayed-type hyper-
sensitivity reaction ©]3} : DTH)-S ZA3l7] $]3}o]
Yoshikai 5% o] 7]&dt we] F3hv] o} 3ol
At} F, 13k WY 49 Feff SRBC 0.05 mi(1
X102 AA9) HAS5FAFZH) ARFAekdc F
A% AAAL AAE F TR FAE 001l mm
¥ microcaliper(Mitutoyo Mfg. Co, Ltd) 2 =3
sz, FFAEY FAH A 94E eAE A
&7) $Jste] 33 SAY F£AE HAsich B57]
F-& Sugimoto® 2| FHE7|Ee aiel, X7 A3 F2

199 ArthusiF2 02 2447 Az Fo] uke-g&
A q 8 #Aek-¢(DTH) o2 73t

= r

Footpad swelling index=
FATA—AATA
235

IR E B8 ZMPY -2 YFH2FH F
FAo g HAZEsle] minimum essential medium(o]
3} : MEM : Gibco Laboratories Co,, Ltd.) 2.2 x4
2% A 245 % nylon meshZ i3}3te] A EE
A Azt oM, ) MEMOZ 4T o4 33 941822
AR F, AAE $7F 2X 107 cells/mi7} HEE
HBSSo BH-Azt} v Agvlc} v 28] AL
S$7AAE AAEY S, ©) AR trypan blue exc-
lusion method® th&3} Zo] 3lscl &, A3
03m/e] AE F-fFAiE&Ee F 01 ml-»] trypan blue
dye 8% 7isted 5% 73 5 A HFA RN A
FHoz qag PAxet HHZ ANF AMAE
T2 &A% 2 WEES Ak old AX
AEgo) 95% o) 4=t
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HIZMZL] rosette HWAMES(0]8}: RFC)S| &
H—-v|ZAHE9 RFC A= Garvey 5°° 2 Elliott
$90] 71’ uhlol Fatod ohgF o] AUy
o Z, uRAL R5Y(2X 107 cells/ml) 0.025 m/E
ARl @2 F HBSS] % S-RBC(2X 10° ce-
lls/ml) 0.025 mlE D E§ord 200X Goll A 1287}
YAFERE ¥ AT A 227 whrAsigd) 2 & 2
A2 A EFO] AX-FA F o) BHd 1898
A4l "dojzelw RFCE A4 #3sgich
H7AA WAL SRBC7H 3 ol 23 AEE
RFCZ #A3lo o} Ao &3l A4bsigict

Rosette forming cell(%)=

No. of rosette forming cell
Total cell counted X%

iability

HIZ Az BHUEHMES(plaque forming cell
Olst: PFC)Q| {EH —vlgAxe] Sy ES
2] %22 Cunningham®’ 2] W& o]g3le] o}e
Zro] AAJ3ch A&7 wlg-g Wil HBSSe} 37
A3 MAAEE F2A17) 2, 400XGoA 587
LAEE s A AE AA F 37T ¢ 0.83% NH,
Cl 4o F-HA)1A 387 Axsle HEFE 43
A7) 3, o] ARl st vy 9] HBSSel| %847
YT AA wAAETE SFAARA HAA 23
3tk S-RBCE PBSE 43] Al 3t2(400X G, 58)
vlxet Al F PBSe| 4X10° S-RBC/mie] %3
217 ek 4X10° S-RBC 250 well guinea pig com-
plement(Gibco Lab. Co., Ltd.) 500 /& &3t} ice
bathAtoll A 3027 X ¥ Alg-3l4dch. A7) guinea
pig complement®} 4X10° S-RBC/m/ &394 150
IR E Efol 650 WE F £33} microchamber
(Takaha-shi Giken Glass 76X26 mm)ell 100 p/4]
F418l3 wax-vaseline(1: 1) 22 9835 CO, in-
cubator(37C )ollA 1417k Wik & AP &dwy
XA E(plaque forming cells) 8 A BA s A
A5t RAE F £8P A Z5(PFC/to-
tal spleen cells) & o} 49 i} Azl

PFC/10° spleen cells= X 108
P S e V,a
PFC
PFC/total spl lls={ ————|.
70 spieen cefs (106 spleen cells)

W a= o GRAEATS APAE hA2) o
®

N : the number of plaque observed in microcha-
mber

C . the count of spleen cells in 1m/ of spleen
cell suspension.

V.. . volume of incubation mixture filled into a
microchamber(m/)

V; . total volume of spleen cell suspension(ml)

HAMEZERE TSl HFE-oAA 29 HAeHS
szl # A3 Biozzi 9] 71&T d
Yol 3t o3t o] AABAY. &, HF 4GE
Foi 24 2ol rotring inkE FFEFFT 59U 1%
gelatin®] . 2 6vl} 345t dgtdg A 3led 37C 9
Baigdct. 9ot o] ZAF colloidAye] shadet
4& A3 AF gF 001 m¥ A9 mAAR2
FAskdek. 3% AF9 GAFH- AN Y A3 (retro-
orbital plexus)2 calibrated heparinized capillary
tube(20 w : micro-hemocrit) & A AFsle 20 /2] &
A& 108, 2032, 30% 71422 APl 01% so-
dium carbonate £ 2mi7} & vialell o4 A&
77t S H=E & Essgr) ololA FHEE 600
nmel| X A ohF FA el we} A4ksigich A
D29 AR, A 4 vAY FAE £33, o
E-2%-¥] phagocytic coefficient, corrected phagocytic
index& A4+slgich

XK

C ted ph ic index=
orrected phagocytic index I35

B : body weight

L : liver weight

S : spleen weight

K : phagocytic - coefficient(ZA5=9] 10vj&
log2 A3 A7kel] ohdte] =AIFE

24)

UEapt Weppo| EH--PF 9 hpAdEe
278 22dAL JY3le TurkYo2 343y
YA b AE ¥ dYT 2505 A%y
o}

AN BAMY—2E 2HEE meant standard
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Table II—Food intakes of methionine diets and 4%

ethanol intakes administered 3 weeks in
ICR mice

Food intake 4% Ethanol intake

Group (g/mouse/day) (ml/mouse/day)
(% added)

Basal+ EtOH(Control) 352+ (.27 462+ 043
0.19 Met+EtOH  299+023** 423+ 039%
057 Met+EtOH  317+024** 437+ 046**
171 Met+EtOH 345+ 034 468+ 049
513 Met+EtOH 275+ 034%™ 274+ 0,07%*

EtOH(4% ethanol) was provided ad libitum for 3 weeks.
The basal diets contained methionine (Met; 0.19, 0.57,
1.71 and 5.13%) were fed for 3 weeks.

Each value represents the mean* S.E. from 10 mice.
The significances of the difference as compared as co-
ntrol group; **, p<0.01.

error(SE) 2 vehigd e, 494 A= Studient’
s t-test2 3}k

AEHEY

A el 3lelA ethanol HAE-Ao] w|x]+& methio-
nine Aoje] gL TRt AT B AU
A ot 2

2{0]2} ethanol®] MF &O|] #3772 Aoy
F o] W3k Table I A B upo} 2o} hx3te)
Alo| A # o] 3,52+ 0.27(g/mouse/day) & H.ald) )
3, 019 Met+EtOHFL 299+ 023, 057 Met+
EtOH#& 3.17+0.24, 5.13 Met+EtOHT& 2.75+
0342 94 A #astgevt, 171 Met+EtOH
T EAatelrt it

Ehanol 413 =} ¥3sl= Table IIol|A] ¥+ wiel 2
o], =7 vk 4L 4.62+ 0.43(ml/mouse
/day) & ®.2 ¥ 0.19 Met+EtOHT-2 4.23+ 0.39,
0.57 Met+EtOHT& 4.37+ 046, 5.13 Met+EtOH
T2 274+ 0072 #9A siAl gastgch

HZ o HEl— 7y o] AFHshe Table HiohAie}
7o} HZTFo] 26.09% 6.18% )¢ Hldte] 0.19 Met+
EtOH, 057 Met+EtOH 2 171 Met+EtOHT-2
3452+ 8.34, 3322+6.32 Y 2870+ 6.69%%2 oA
e AFEF7He] AFE vy, 513 Met+EtOH
TS 1221 308%2 494 9 FAE By

ZVEe| st — 2 o] 7o) FabH sk Table
Vel A9} 7o) 7] of AlF Fwizl dlzfol
467+ 029%=Z Rold) uls) 0.19 Met+EtOHS} 0.57
Met+ EtOHT-& 4.65% 0.14%%} 4.61* 0.20%E %2
A3 gle F4aE By, 1.71 Met+EtOHT-S 457+
0.26%% #aidhe AeS ¥, 513 Met+EtOH
T2 552+ 286%2 #-9A4 e F71E Bk

HIED 49 SR -7 uHe) o) AF
Zekv)3= Table VoA B3 ule} 2o glz=Fo] 0.56
+0.07%<Q1d H]3ted, 0.19 Met+EtOH, 057 Met+
EtOH ¥ 171 Met+EtOHFL 066+ 004, 0.68+
0.08 ¥ 0641 0.08%% oA slv 2718 B,
513 Met+EtOHT2 %94 A bl 34,
FA9) o AF Fepu) % Table Vol Al B npe} o]
g z27e] 013+ 0.01%4319) 8]3te) 0.19 Met+EtOH,
057 Met+EtOH, 1.71 Met+EtOHT-& 0.15+ 0.02,
0.16% 0.03, 0.15+ 0.02%% A e £718 B4
24}, 513 Met+EtOHT& 0.10+ 0.06%2 f2A
de #HArE By

HYT2SEATI2} 2-mercaptoethanol(2-ME) LHA

Table III—The effect of methionine diets on the immunotoxicity of ethanol on the body weight in ICR mice

Group Initial wt.(gm) Final wt.(gm) Increasing rate(%)
(% added)
Basal +EtOH(Control) 1845+ 1.21 2331+ 122 26.09+ 6.18
0.19 Met+EtOH 1831+ 0.54 2444+ 168 3452+ 8.34**
0.57 Met+EtOH 18.90+ 0.59 25.07+ 1.09 33.22+ 6.32%*
1.71 Met+EtOH 18.08+ (.28 23.19+ 0.96 28.70+ 6.69**
5.13 Met+EtOH 1891+ 0.55 19.14+ 2.19 1.22+ 3.08**

EtOH value represents the mean® S.E. from 10 mice.

Other legends and methods are the same as in Table II

(**, p<0.01)
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Table IV—The effect of methionine diets on the im-
munotoxicity of ethanol on the liver weight
in ICR mice

Table VI—The effect of methionine diets on the im-
munotoxicity ‘of ethanol on the antibody
production in ICR mice

. Liver wt.
Group Liver wt.(gm) m X100
(% added)

Basal+EtOH(Control) 1.07X 0.07 4.67+ 0.29
0.19 Met+EtOH 114+ 0.07 465+ 0.14
0.57 Met+EtOH 1.15% 0.06 4.61+0.20
1.71 Met+EtOH 1.06+ 0.08 457+ 0.26*
513 Met+EtOH 1.04+£0.11 5.52+ 2.86*

- EtOH value represents the meant S.E. from 10 mice.
Other legends and methods are the same as in Table IL
*, p<0.05)

Table V—The effect of methionine diets on the immu-
notoxicity of ethanol on the spleen and thy-
mus weights in ICR mice

Group Spleen wt, Thymus wt. %100
Body wt. Body wt.
(% added)

Basal + EtOH(Control) 0.56= 0.07 0.13+0.01
0.19 Met+EtOH 0.66% 0.04**  (.14% 0.02**
0.57 Met+EtOH 0.68+% 0.08**  0.16% 0.03**
1.71 Met+EtOH 0.64+ 0.08**  0.15% 0.02**
513 Met+EtOH  0.541 0.09 0.10+ 0.06**

EtOH value represents the mean® SE. from 10 mice.
Other legends and methods are the same as in Table 1I.
(**, p<0.01)

SAUNTI-AHET-AH LI 2-ME WA SR L7
Table VIolA Mz wiel zo], HEPeA47= o
20| 597+ 0.623d ®]sle], 019 Met+EtOHS}
057 Met+EtOHT-2 687+ 042, 66710522 §-9]
gt 2718 el 1.71 Met+ EtOHF-2 5.87+ 0.63
o2 opre] A viely o), 513 Met+EtOHT
£ 497105328 o8 74 E el =3, 2-
ME WA 47 dA) dze] 3.96+ 043¢ 9 ¥
3le] 0.19 Met+EtOH} 057 Met+EtOHZS 4.21
+048, 41110382 H9% 2718 2gdw, 171
Met+EtOH& 388+ 0372 #94 ¢lv g4z
2o}, 513 Met+EtOHTL 297+ 0272 §-4)3
g JeEsl.

Arthus 9F2 —Arthus WH8-2] ZA3= Table VIIo]
Aot 2t SAFAL A¢rt hR2Tol 34161 4.16
ald] B]3led 0.19 Met+EtOHS} 0.57 Met+EtOHT

Group HA titer MER HA
(log)* (log)*
(% added)

Basal + EtOH(Control) 5.97+ 0.62 396+ 043
0.19 Met+EtOH 6.87+042* 421+ 048**
057 Met+EtOH 6.67+052**  4.11+0.38*
171 Met+EtOH 587+ 063 388+ 0.37
5.13 Met+EtOH 497+ 053" 297+ 027**

*HA: Hemagglutinin, MER-HA: 2-Mercaptoethanol-re-
sistant HA

Mice were challenged with 10® S-RBC 4 days after
sensitization.

On the 5th day, HA and MER-HA titers were assayed.
Each value represents the meant S.E. from 10 mice.
Other legends and methods are the same as in Table II.
(*, p<0.05 and ** p<0.01)

Table VII-The effect of methionine diets on the im-
munotoxicity of ethanol on the Arthus rea-
ction in ICR mice

Group FPSI
(% added)

Basal+EtOH(Control) 34.16+ 4.16
0.19 Met+EtOH 41.181% 3.25**
0.57 Met+EtOH 36.61+ 4.10**
1.71 Met+ EtOH 34.96+ 2.99
5.13 Met+EtOH 30.03% 2.46**

Mice were challenged with 108 S-RBC on left hind
footpad 4 days after sensitization. Footpad thickness
was measured immediately before challenge and 3 hr
after challenge.

Ty

Footpad swelling index(FPSI)= I%—

0
Where, T, is the left hind footpad thickness immedia-
tely before challenge and T; is the left hind footpad
thickness 3 hr after challenge.
Each value represents the mean+ S.E. from 10 mice.
Other legends and methods are the same as in Table IL
(**, p<0.01)

X100

< 4118+ 3.25, 3661+ 4.102.8 f2J3t 2718 By
3, 1.71 Met+EtOHT2 3496+ 2992 24 9l
FAE Bgor) 513 Met+EtOHTS 30.03+ 246
22 {93 ZA2E ek

HIEMZS] BHUIHHMES— SN ES
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Table VIII—The effect of methionine diets on the im-
munotoxicity of ethanol on the hemolytic
plague forming cellPFC) in ICR mice

Table X—The effect of methionine diets on the immu-
notoxicity of ethanol on the rosette forming
cell (RFC) in ICR mice

Group PFC/total spleen cells Group RFC(%)
(% added) (% added)

Basal + EtOH(Control) 5212+ 9.12 Basal+ EtOH(Control) 17.59+ 343
0.19 Met+EtOH 57.27+ 10.11** 0.19 Met+EtOH 21,68+ 3.95**
0.57 Met+EtOH 55.26+ 9.98** 0.57 Met+EtOH 18.69+ 3.59*
1.71 Met+EtOH 50.98+ 8.98 1.71 Met+EtOH 1543+ 3.46**
5.13 Met+EtOH 48.80+ 9.09* 5.13 Met+EtOH 15.14+ 2.63**

Each value represents the mean+ SE. from 10 mice.
Other legends and methods are the same as in Table II.
(*, p<0.05 and **, p<0.01)

Table IX—The effect of methionine diets on the im-
munotoxicity of ethanol on the delayed type
hypersensitivity (DTH) reaction in ICR

mice
Group FPSI
(% added)

Basal+EtOH(Control) 17.28+ 2.29
0.19 Met+EtOH 17.73+ 3.31
0.57 Met+EtOH 16.84+ 1.65
1.71 Met+EtOH 14.99+ 1.74**
5.13 Met+EtOH 13.65+ 2.00**

Mice were challenged with 10° S-RBC on left hind
footpad 3 days after sensitization. Footpad thickness
was measured immediately before challenge and 24
hr after challenge.

Footpad swelling index(FPSI)= TZ_{;IO

[}
Where, T, is the left hind footpad thickness immedia-
tely before challenge and T is the left hind footpad
thickness 24 hr after challenge.
Each value represents the mean+ S.E. from 10 mice.
Other legends and methods are the same as in Table II.
(**, p<0.01)

x 100

= Table VI 7o), hxFL 52.12+ 9.125 2.3ld)
|3l 0.19 Met-+EtOHS} 057 Met+ EtOH:T_L-?: 57.27
+10.11, 5526+ 9.982 #-9]4 = 2712 By
171 Met+EtOHT-2 5098+ 8982 §-94 ¢l 7&
25 LM, 513 Met+EtOHTS 48.80% 9.092

frelgh g ek

Xl?ig-l-}‘ﬂ HL2 (Delayed-type hypersensitivity : 0]
3t DTH)—DTH<®] Z#= Table IXlA ¥ ulg}
zrol, Whaio] 172812205 Haldl nsted (.19
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Mice were challenged with 10® S-RBC on left hind
footpad 4 days after sensitization. On the 5th day, RFC
assay was performed.

No. of rosette forming cell
Total cell counted X % viability
Each value represents the mean+ SE. from 10 mice.
Other legends and methods are the same as in Table II.
(*, p<0.05 and **, p<0.01)

RFC(%)=

X100

Table XI—The effect of methionine diets on the im-
munotoxicity of ethanol on the phagocytic
activity in ICR mice

Group Corrected phagocytic index
(% added)
Basal + EtOH(Control) 3.78+0.15
0.19 Met+EtOH 4.28+ 0.54**
0.57 Met+EtOH 418+ 0.63**
1.71 Met+EtOH 4,161 0.28**
5.13 Met+EtOH 3.49+ 0.55%*

Corrected phagocytic index is a constant obtained from
a formula relating the cube root K to the ratio of body
weight to the weight of the liver and spleen.

Each value represents the mean® SE. from 10 mice.
Other legends and methods are the same as in Table II.
**, p<0.01)

Met+EtOH$} 057 Met+EtOHT-S 17,73+ 3.31%}
16.84+ 1652 oA v 7HA3Z Bgor, 171
Met+EtOHS} 513 Met+EtOHTS  14.99+ 1.73,
1365+ 2.000.2 %k A4S Boch

HIZMZL| rosette M5 (018t RFC)— 7} Tl 4
#3g RFCE %2 AR ZA Table Xol A9}
Zrl dxFe RFCE 17.59* 3.43%S viehid v
3, 0.19 Met+EtOH ¢} 0.57 Met+EtOHT-& 21.68%
3.95%, 18.69% 359%= 4 = F7HE el
e}y, 171 Met+EtOH® 513 Met+EtOH#&
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Table XII—The effect of methionine diets on the im-
munotoxicity of ethanol on the number of
circulating leukocyte in ICR mice

Number of circulating

Group leukocyte (/mm?)
(% added)

Basal+EtOH(Control) 5074 238
0.19 Met+EtOH 7904+ 693**
0.57 Met+EtOH 6,765+ 1,063**
1.71 Met+EtOH 5170+ 785

5.13 Met+EtOH 4327+ 353**
Each value represents the meant SE. from 10 mice.
Other legends and methods are the same as in Table II.
(**, p<0.01)

1543+ 346%, 15.14% 263% 2.8 §-9)4 Qle 714as
e gich

CHAAMIZES] ghdoll O|xl= HE—dlAjAEe) &)
+H& &A3Y corrected phagocytic index 2. &4}
3t Zd= Table XIdA B uie} ), djzio)
3.78+0.151¥) w)3f, 0.19 Met+EtOH, 0.57 Met+
EtOH, 171 Met+EtOHZ2 4.28+ 0.54, 4.18+ 0.63,
416+ 0282 H9A4 Udvr 2718 ngeon), 513
Met+EtOHT-S 349+ 0552 94 Qe 7248
B

YESUYE Yol olilE - 2xEINY T
g Table XIIo| A B nle) 7o), g zFo] 5074+
238ald] wjsted, 0.19 Met+EtOH, 057 Met+
EtOHT-& 7,904+ 693, 6,765+ 160322 $93 =
7H8 29l Wb, 513 Met+EtOHT-& 4,327+ 353.2.
2 #2l3 F71E 24 uhg, 513 Met+EtOHT-2-
4,327+ 35322 f-9% 248 2y

o #

MethionineAlo]7} AF 2} ethanol W EA] vl
e FFe AEIEA A £ A AHs
g 2@ ofH Z2d

Methionine2{0|2} ethaol?| ¥ 2ol n|xl= HE
—MethionineA} o] 9} ethanol 433{zko] Table Il 4]
9} zro] thzfol wish 0.19 Met+EtOH, 0.57 Met
+EtOH, 5.13 Met+EtOHZo A #-23 7ZAas 2
gt} o]+ broiler chickell4] methioninee] © A7}
H9-& w Aol ge] HaE%ichHe Henry 529

B.ael, chickel|A] ethanolo] WAz =Hg-351ed
amino acid 4jo]4d & gke] 7HAE Yl Kiasing 5
9] B3e}l, AYE AR FFH e LEAH
go] Ztaglthe Porta $29¢) B2 w]Fo], #
717} - #<) ¢] methionine®] H7le Al HZFE
Z2A &3, ALEe "IE5A e o] ethanol
Aol sl Aoz Algdch

HE % 2 B0l o) dE-AF FUHES
Table IIId|4¢} zto] wizTo ®]3] 019 Met+
EtOH, 0.57 Met+EtOH, 171 Met+EtOHT& +
o3k 7tAE Hgdrh aAdl 9ol HHLEFHAE
A FZ714& 727 cHe Lieber 5403} Bernstein
Z100] 1 3¢} methionine]o]o]| A methionine ¥
9] Z71= chick®] AFZ7HEE SV Tsia-
ghe %3} Leeming $%¢] w9l ubA ethanol
Foi§ chickoll A AFF7180] A3 Nauss
=193 Henry 522 X318 n}Fo], methionineo]
ethanol®] 35240l &3 AFZFHE ZaE AA
A)F)= o2 Q7= methionine%kd] 23+= 4
kgl 338 Jeplle 7o Asdo

A o} AF Fgules Table IVolAe} 2] o
z3¢ )3l 171 Met+EtOH¥E2 #4E Hgon)
513 Met+EtOHT& 23t 718 Bych °le
ukA] ethanolo] A# = AF A Awprlet 2132
Zke] FA7} 7 EAhs Lieber §9792 Xas}
w4ethanol A2 AWzte] f=€ AF o]
methionine®] A PjAlFA A YA == S-adeno-
syl-L-methionine(SAM)°] 23 &37} lcd= Feo
z400] w9 u|Fof o] methionineo] il Al
SAMee g o] ethanol 74 S QA= A=
A= o] 2371 HEAE US FAAT= A
o & Az}

uA g Fale] FepHsle Table VollAle} Zo]
=7l ®isl 0.19 Met+EtOH, 0.57 Met+EtOH,
1.71 Met+EtOHT o} ] f-2J3 F718 ¥.92v, 513
Met+EtOHT o ME F% 7H2E Jeblch o=
FAAT wlAge] AT AHE IH A FAFH v
Ao] ¢)&=lch= Tennenbaum 92 HIiZ n)
#9], methionine®] ethanolol] 2§ HAA7]d FA
v} 5L AAATE AR A=Y, 39
Z3= WA 7)ol ethanol?] HIHAALE & &4
A7 Ao 7=
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HMedM wHo| ojkie FE-HI+$3HA/HHA
titer) 2} 2-mercaptoethanol(2-ME) WA-¢A 471
et ZHEF e it FAe] vk 2 T-qla+
& g HYFA 9 & vehlie AEdd,
olo] Ao 2 ¥F WAYAY 4RSS FH I
d2] o] 45 722 Table VIoA] viebhd wie} ho)
gz wsted 019 Met+EtOH, 057 Met+
EtOHZ-& #93tA F7hstad 2t 513 Met+EtOH
& 9% 244F BgGcHTable VI). o= 1A LF
o5 3742 HA titer’} 593 A3E Bgrk=
Loose 9] X 1.9} broiler chick®ll %1©} methionine
A7kalol7t HA titerE Z27MA1713 1gGE E7WA3
th= Tsiagbe 522 ¥ 72} methionine®] chickel} 4
IgGE Z7WAAThs Henry $¥9 B2 n|Fe,
methionine¢] ethanole) ¢]&F HA titer A4S oA
A1A IgGE F7M191= AR Azte o] v
AubE A Jehe e g Az,

Arthus HMH-& sl 90" 3)slo) -3
A HAEFAE A3t 2ol M3t ¥AE
AR 7Y e o ASE vk ERRE
423 histamine ¥ leukotrieneo] ©}3] 3] wl¥ 7o)
FFE-E AT FEHAE Oy 287}
lysosomal enzyme$ #2l3te] Pk E314)7]
+ d4e g, 0.19 Met+EtOH, 057 Met +EtOH T2
ol vlste] Arthusih-&-2 F2l3tA Zrlslgle
1}, 513 Met+EtOHT-2 & 2 Xk (Ta
ble VII).

v A £ £ A A Z(PFC)+ Table VIIIe
A Yehd wie} 2rol, 0.19 Met+EtOH, 0.57 Met+
EtOHT-& dlz7ol wlste] F23tA F7l3hel o,
513 Met+EtOHT2 o4 e s Ridch

olAte]l A A4 HHukS-ql Arthusth-s, HA titer,
2-ME WA$347), PFCE 38 X9 methio-
nine©] ethanol®] M AA WNAAjsE AAX|7& A
o2 Azt methionine%d] %3+ ethanol®) x|
A dAd=AE S FAATIe AR AlRH.

HZAHHo| o|xl= SE— A AN-(DTH)
< 7ol o]’k lymphokinesel 3}ahH Ad
AzFS] fElel oA A, 53] jAAEs}
o] Bojshe Ao deix rk® B AgdAe
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EtOHT-S 98 w3l gddevt, 171 Met+
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EtOH, 513 Met+EtOHT& #93 A3l 2o}
(Table IX). ol Al slo) LT FH7)
DTHE #aA|Zche Straus 5479 B39l 334
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2 olg3e AR 019 Met+EtOH, 057 Met
+EtOH, 1.71 Met+ EtOHZ& 22l uls| 23t
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