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Abstract—Effects of beta-carotene on the immunobiological responses were studied in ICR mice.
ICR male mice were divided into 8 groups (10 mice/group), and beta-carotene at doses of 4,
20 and 100 mg/kg were orally administered to ICR mice once daily for 28 consecutive days.
Cyclophosphamide (CY) was injected intraperitoneally (7.p.) to ICR mice with a single dose of
5 mg/kg body weight at 2 days before secondary immunization. Mice were sensitized and challe-
nged with sheep red blood cells (S-RBC). Immune responses were evaluated by humoral immunity,
cellular immunity and non-specific immunity. The results of this study were summarized as follows;
(1) Beta-carotene significantly increased the weight ratios of liver, spleen and thymus to body
weight depending on dose, and significantly increased the increasing rate of body weight and
the number of circulating leukocyte. (2) Beta-carotene dose-dependently increased hemagglutination
titer, Arthus reaction and hemolytic plaque forming cell related to humoral immunity. (3) Beta-

" carotene significantly increased delayed-type hypersensitivity reaction and rosette forming cell rela-
ted to cellular immunity. (4) Beta-carotene dose-dependently increased phagocytic activity, and
significantly increased natural killer (NK) cell activity. (5) Beta-carotene dose-dependently inhibited
reductions in humoral immunity, cellular immunity, NK cell activity and phagocytic activity by
treatment with CY. '

Keywords [] Beta-carotene, cyclophosphamide, hemagglutination titer, Arthus reaction, hemolytic
plaque forming cell, delayed-type hypersensitivity reaction, rosette forming cell, phagocytic activity,
natural killer cell activity, number of circulating leukocyte.
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PFC/10° spleen cells= x10°
Vpa
PFC
PFC/total spl lls={—————|. CV,
ftotal spleen cells <106 spleen cells>

650
% a= CREE F) AE )
a8

N : the number of plaque observed in microcha-
mber

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

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

V, : total volume of spleen cell suspension(m/)
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USAZ w54 A3t 4 AL 4R
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X100
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oJ7]ol|A] cp.m. spontaneous releaset AP
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lease= 2FAH X7 SR ¢ EAAET Eo
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wabs-ol 95% o)Akel 1A slgdch cpm. sponta-
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A8zl B Ay Biozzi V0] 71€3 W
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nmoA A A3 ok FAlo) we} Aaksielch Al
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Corrected phagocytic index=

L+S XW
W body weight
L : liver weight
S ! spleen weight
K : phagocytic coefficient(&3¥%9) 10045
log2 Ags}z X)7be] ohsted plotgt graph FA1)

UZTEYET S| FH - A9 AR Fo2
e gxgde AYsle Turkyoz2 34st ¥
TAA Bl A3 F, AP 258 SAHNA

SIS B2MV-2E AHE meant standard
error(SE) 2 Jeplgl o, §-2]4 A= Student’s
t-test2 3§3}gqc}h

A

Beta-carotenec] AFHY HAMEIF}H Hl-&o) m)
A G FIsiaa Y £ AYY Ase

Table I—Effects of beta-carotene on the body weight
in S-RBC-challenged mice

Dose Increasing rate
Drug (mg/kg)  for 28 days(%)
Control - 13.38+ 3.19
Beta-carotene 4 17.16+ 2.42%%*
20 16.94+ 3.69***
100 15.50+ 1.89***
+cyclophosphamide  4+5.0 16.04+ 4.81***°°°
20+5.0 15,754 4.31***°°°
100+5.0 1546+ 152%**°°°
Cyclophosphamide 5.0 12.35+£ 1.85*

Beta-carotene were orally administered to ICR mice
once daily for 28 consecutive days. Cyclophosphamide
was injected intraperitoneally (.p.) to ICR mice with
a single dose of 5mg/kg body wt. at 2 days before
secondary immunization,

Each values represents the mean+ SE. from 10 mice.
The significances of the difference as compared as co-
ntrol group; *, p<0.05 and ***, p<0.001. '

The significances of the difference between beta-caro-
tene plus cyclophosphamide-treated groups and cyclo-
phosphamide-treated control group; °°°, p<0.001.

Table II—Effects of beta-carotene on the liver weight
in S-RBC-challenged mice

Dose Liver wt.
Drug (mg/ke) Body w. X100
Control - 4,66+ 0.29
Beta-carotene 4 4,711 0.36
20 5,09+ 0.30***
100 5.77+ 0.53%**
+cyclophosphamide ~ 4+5.0 455+ 0.22*°°°
20+5.0 542+ (.29%**°°°
100+5.0 4.63+0.19°°°
Cyclophosphamide 50 4.27+ 0.38**

Each values represents the meant S.E. from 10 mice.
Other legends and methods are the same as in Table 1.
(*, p<0.05, ***, p<0.001 and °°°, p<0.001)

o3 2t

HEe| Hal-2AFe AFHsl= Table I3 )
&, tl270) 13381 3.19%2] AFF7HEE Bl A
v]#)] beta-carotene 4, 20 ¥ 100 mg FoiF2 AE
18-S 47t 17161 242, 16941369 € 1550t
189%24 #F48A F7lstglen, 53] beta-caro-
tene®] Fo] F7hel wbA] F7HES F3FHUC
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Table III—Effects of beta-carotene on the spleen and thymus weights in S-RBC-challenged mice

Dose Spleen wt. Thymus wt.
Drug (mg/kg) Body wt. 100 Body wt. 00
Control - 0.81%+0.08 0.14%0.02
Beta-carotene 4 0.82* 0.04 0.15% 0.03*
20 0.82+0.14 0.16+ 0.09
100 1,13+ 0.24*** 0.16% 0.02***
+ cyclophosphamide 4+50 0.87+ 0.62 0.17% 0.02%**°°
20+5.0 0.92% 0.15*** 0.174 0.03***°
100+5.0 0.85+ 0.08**°°° 0.16+ 0.08*°
Cyclophosphamide 5.0 094+ 0.11* 0.18+ 0.02%**

Each value represents the mean* S.E. from 10 mice.

Other legends and methods are the same as in Table I
(*, p<0.05, **, p<0.01, *** p<0.001, °, p<0.05, °°, p<0.01 and °°°, p<0.001)

Beta-carotene 4, 20 ¥ 100 mg/kgell cyclophos-
phamide 5mg/kg WE4FHATE 77 16041 48],
15751+ 4.31 2 1546+ 1.52% 2 cyclophosphamide
5mg/kg WEFoiTe] 12,35+ 1.85%9) wvl3le] -9
A Frbekanh

Zry 0| ZaH 3l — 779 7bge] Fepi sk Table
el A Bz wpe} 7o), tf 29 1PA5340) 7} 4.66%
0.29%<21d] ]3] beta-carotene 20 % 100 mg/kg ¥
o T2 747} 5.09% 0.36 ' 577+ 0.53%2 A #2413}
Z7Fskgit

3 beta-carotene 4, 20 ¥ 100 mg/kgel] cyclo-
phosphamide 5mg/kg *-€-F& cyclophospha-
mide 5 mg/kg FEFT9] 427+ 0.38%¢ ¥} 7
Z} 455+ 0.22, 542+ 029 4 463+ 0.19%Z H9A
e 7 B

H|En gMo| ZakHs—vAs FAo FapHst
£ Table HIeA By wie} o], djzge] w]Ae]
Z5)71 0.811£0.08%<21d ¥]3] beta-carotene 100
mg/kg FoITL 113+ 024%2H FoJ3% 3715 B
9L, beta-carotene 4 % 20 mg/kg FoiTolAEs 7
7} 0.82+ 0.14 ¥ 0.82% 0.14%EH FAAYUE 715
Rk 34, beta-carotene 100 mg/kgel cyclophos-
phamide 5 mg/kg ¥-8-5 Tl A& 0.85* 0.08% 24
cyclophosphamide &-5-%o] 72 0941 0.11%°] v]3}
993 A4S 2yt

=3, d=Fe FAY HAFEIE 0141 0.02%%)
d] u]3) beta-carotene 4 ¥ 100 mg/kg-L Z+7} 0.15+
0.03%, 0.16= 0.02%=24 FAAdEs F7HE4E X
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Table IV—Effects of beta-carotene on the hemaggluti-
nation titer in S-RBC-challenged mice?

Drug Dose HA titer
(mg/kg) (log)$?
Control - 3.67+ 045
Beta-carotene 4 4,17+ 0.28***
20 4.50% 0.20%**
100 5.40% 0.22%**
+cyclophosphamide * 4+5.0 2.83% 0.44%**
20+5.0 3.33+ 0.38***°°
100+5.0 4,001+ 0.40***°°°
Cyclophosphamide 5.0 2.831 0.28***

#*HA: Hemagglutinin

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

20n the 5th day, HA titers were assayed.

Each value represents the meant S.E. from 10 mice.
Other legends and methods are the same as in Table L
(*** p<0.001 and °°°, p<0.001)

g3t} 83 beta-carotene 4, 20 ¥ 100 mg/kgell cyc-
lophosphamide 5mg/kg ¥EFoFL 77} 017+
0.02%, 0.17+ 0.03%, 0.16% 0.08% =4 cyclophospha-
mide 5 mg/kg F5FoT9 0.18+0.02%° ¥l
23 A2 E Bl

HYPSEAoN| olxls FEF-HI AL
(HA titer)= Table IVo| A B nje} 2o, 29
HA titer7} 3.67+ 0.45%1d] ¥]3) beta-carotene 4, 20
2 100 mg/kg FATolA e A7 417+ 0.28, 450+
0.20, 540+ 02224 beta-carotene 2] Z7}dl] we}
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Table V—Effects of beta-carotene on the Arthus reac-
tion in S-RBC-challenged mice?

Dose

2
Drug (mg/kg) FPSI
Control - 10.28+ 2.17
Beta-carotene 4 1254+ 3.12%+*
20 13.18+ 1.48%**
S 100 15,25+ 2.88%*
+cyclophosphamide  4+5.0 10.08+ 1.13°°°
20+5.0 10.20+ 0.99°°°
100+5.0 1250+ 1.30***°°°
Cyclophosphamide 50" 791+ 1.99**+

DMice were challenged with 108 S-RBC on left hind
footpad 4 days after sensitization.
2Footpad thickness was measured immediately before
challenge and 3 hr after challenge.
T:—To
To x
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 1egends and methods are the same as in Table 1.
(***, p<0.001 and °°°, p<0.001)

Footpad swelling index(FPSI)= 100

vl Ao g §ostA F71sksl) 33, beta-carotene
4, 20 ¥ 100 mg/kgell cyclophosphamide 5 mg/kg
H4F o) 7hz} 2.831 044, 3.331 0.38, 4.00% 0.40
22% cyclophosphamide 5mg/kg WEFoF ]
2831 0.28¢] ]3] SFoEHo g FIlsHL, E3
beta-carotene 20 3 100 mg/kgell cyclophosphamide
5mg/kg WEFAFANNE FAAsle 718 B,
beta-carotene®] cyclophosphamidee] 2% HA titer

9] JAEIAE AR = A4S Aok

Arthus g+20]| o|xl= & —Arthus ¥H-8-9] F3=
Table VoA B uhe} 7o), 279 Arthus ¥Hg-o]
10.28+ 217916l w3} beta-carotene 4, 20 ¥ 100
mg/kg £ L ZH7} 1254+ 3.12, 13.18+ 148, 15.28
+2282 M beta-carotene?} <ol uwlehd wlHale]
#9354 Z7)skelc). §#, beta-carotene 4, 20 U
100 mg/kgl| cyclophosphamide 5 mg/kg 457
£ cyclophosphamide 5mg/kg ©5-F¢79 791+
1.99¢] wjal Z+z} 10,03+ 1.13, 10.20+0.99, 12.50+
13002 $2stA 27}3te] beta-carotene®] <o)
Z7}%ol| wle} cyclophosphamidee] 2%+ Arthusi¥k-g-
A &S AHAAshs A7t de& HAFU

HIEAMZL BYUHMMEST—B|FA L §-Hut
HAAZ(PFC)Fol it AFAIE= Table VIIoA
HE upg) 7o), 10° Fx9] vIAA XA M= 2T
PFC7} 16.25+ 041214 ®B)3}e] beta-carotene 4, 20
2 100 mg/kgFoTe PFCE #1950+ 0.75,
22,50+ 0.56, 24.80+ 1.78 24 beta-carotene°] Z7}
ol wrebd WA oA FEge =@
beta-carotene 4, 20 ¥ 100 mg/kgell cyclophospha-
mide 5mg/kg HEFATFdAME 47 15401092,
1750+ 056, 20.50+ 1.1524 cyclophosphamide 5
mg/kg FEF9T2 11.67£0.72¢] v]3] beta-caro-
tene?] <ol uwihA ulHste {43 F/LE B,
beta-carotene®] cyclophosphamideol] ¢]3 PFC o
A&ZE FAUA AR E3E 2ok

=3 10? $5] 9ZAZ 92X gz PFCr}
18.80t 3.26919] #H|3}led beta-carotene 4, 20 2 100
mg/kg $9T9 PFCE 24411452, 26.78+551,

Table VI—Effects of beta-carotene on the hemolytic plaque forming cell(PFC) in S-RBC-challenged mice

Drug Dose (mg/kg) PFC/10° spleen cells PFC/spleen (X10%)
Control - 16.25+ 0.41 - 18.80£ 3.26
Beta-carotene 4 19.50+ 0.75*** 24.41+ 4.52%**
20 2250+ 0.56*** 26.78+ 5.51***
100 24.80+ 1.78%** 35.72+ 7,56%**
+ cyclophosphamide 4+50 15401 0.92***°°° 18.21+ 4.62°°°
20+5.0 17.50+ 0.56***°°° 22.82+ 5.62***°°°
100+5.0 . 2050+ 1.15%**°°° 25.60% 8.97***°°°
Cyclophosphamide 50 11.67+ 0.72%** 15.20+ 4.48***

Each value represents the meant S.E. from 10 mice.

Other legends and methods are the same as in Table I

(***, p<0.001 and °°°, p<0.001)
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Table VII-Effects of beta-carotene on the delayed
type-hypersensitivity(DTH) reaction in S-

Table VIII — Effects of beta-carotene on the rosette form-
ing cellRFC) in S-RBC-challenged mice?

M 1
RBC-challenged mice? Drug Dose RFC?
Drug Dose FPSI (mg/kg)
(mg/kg) Control - 410+ 045
Control - 16.35+ 6.15 Beta-carotene 4 498+ 0.82%**
Beta-carotene 4 18.32% 4.50* 20 4.74+ 0. 72%%
20 21.06% 3.81*** 100 6.05% 1.12%**
100 20.59+ 4.12%** +cyclophosphamide  4+5.0 3.83% 0.50**°°°
+cyclophosphamide  4+5.0 23.78+ 2.98*** 20450 4,10 0.59°°°
20+5.0 25.88+ 5,05***°°° 100+5.0 452+ Q.67***+00°
100+5.0 23.34+ 3.12*** Cyclophosphamide 50 . 3.04+0.31***
Cyclophosphamide 5.0 2249+ 6.09%** YMice were challenged with 10° S-RBC on left hind

YMice were challenged with 10° S-RBC on left hind
footpad 4 days after sensitization.
YFootpad thickness was measured immediately before
challenge and 24 hr after challenge.
Ty—T,
0
Where T, is the left hind footpad thickness immedia-
tely before challenge and Ty is the left hind footpad
thickness 24 hr after challenge.
Each value represents the meant SE. from 10 mice.
Other legends and methods are the same as in Table L.
(*, p<0.05, ***, p<0.001 and °°°, p<0.001)

Footpad swelling index(FPSI)= X100

3572 756224 fepolEH o2 Kot Fr1EAt
€ B4t} beta-carotene 4, 20 ¥ 100 mg/kgell cyc-
lophosphamide 5 mg/kg H-8-FT& 247t 1821+
462, 2282+ 562, 2560+ 89724 cyclophosphamide
5mg/kg FEFoI79 1520+ 4484l wls) fFo)E
Heg 493 Z71F ¥4, cyclophosphamidedl] ¢}
g PFC dAATE FoA3UA AR

XHYRIEkgo]| nixle - A QY IHUS
(DTH) ¢] ZA#}+= Table VIIo|4 B ule} 7o), o
Z7-2) DTH7} 16.35% 6.15%19] w)#)| beta-carotene
4, 20 ¥ 100 mg/kg TS 7H7}F 18.32+ 4.50, 21.06
+3.81, 2059+ 41224 G514 ErlE ). {9
cyclophosphamide 5mg/kg =5%o7#<¢ DTH’}
2249+ 6.0991¢l B]3 beta-carotene 20 mg/kg Foi
Tl cyclophosphamide 5 mg/kg ¥ 8-FoJ2 25.88
+ 55024 FAUA 271819, beta-carotene 4
2 100 mg/kg F<iTe cyclophosphamide 5 mg/kg
W4T P 7hzh 23781298, 23.34+ 3122 9
e 27 24k
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footpad 4 days after sensitization.

B0n the 5th day, RFC assay was performed.
No. of rosette forming cell
Total cell countedX% viability
Eash value represents the meant S.E. from 10 mice.
Other legends and methods are the same as in Table L

(**, p<0.01, ***, p<0.001 and °°°, p<0.001)

RFC(%)= X100

Table IX—Effects of beta-carotene on the natural kil-
ler cell activity in S-RBC-challenged mice?

% Specific lysis of

S1Cr-labelled target

Dose cell(YAC-I)?
Drug .
(mg/kg) Effector . Target cell
100: 1
Control _ - 18.16+ 3.73
Beta-carotene 4 22,24+ 1.87***
20 30.63+ 5.59***
100 21.97+ 6.59***
+cyclophosphamide  4+50 1632+ 2.63**°°°
20+50 2526+ 3.53**+*°°°
100+5.0 18.64+ 3.77°°°
Cyclophosphamide 5.0 14.39+ 1.12%**

V9% Specific lysis was determined by a standard 4
hours 5Cr release assay and effector to target ratios
were 100 . 1.

Each value represents the meant SE. from 10
mice.

Other legends and methods are the same as in Table I.
(**, p<0.01, *** p<0.001 and °°°, p<0.001)

HIZHIZES| rosette HASO DlXj= FE—vIAA
X9} rosette AAAE(RFC)o Hlg APA3= Ta-
ble VIIIe|A] B vle} zbo], tjx72 RFC7} 410+
0.45%<214) v])3] beta-carotene 4, 20 X 100 mg/kg
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Table X—Effects of beta-carotene on the phagocytic

activity in S-RBC-challenged mice?

Table XI—Effects of beta-carotene on the number of
circulating leukocyte in mice

D

Drug Dose Corrected phagocytic Drug Dose Number of circulating
(mg/kg) index? (mg/kg)  leukocyte(/mm®)
Control - 520+ 043 Control - 7,075+ 740
Beta-carotene 4 6.15+ 0.31*** Beta-carotene 4 7,080+ 443
20 6.32+ 0.30*** 20 7,776+ 561***
100 7.23+ 0.45*** 100 7,284+ 392*
+cyclophosphamide  4+5.0 4.30% 0.28***°°° +cyclophosphamide  4+5.0 5,004+ 481***°°°
20+50  4.84+0.30***°°° 20+50  6,186% 370***°°°
100+5.0 5.621 0.42%**°°° 100+5.0 6,324+ 194%**°°°
Cyclophosphamide 5.0 3.90+ 0.23%** Cyclophosphamide 5.0 5,298+ 412%**

YCorrected phagocytic index is a constant obtained
from a formula relating the cube root K to the ratio
of body weight to the weights of the livér and spleen.
Each value represents the meant S.E. from 10 mice.
Other legends and methods are the same as in Table L
(***, p<0.001 and °°°, p<0.001)

FoFe 77t 4,98+ 0.82%, 4.74% 0.72%, 6.05% 1.12
%EHN o3 F7HE Btk ¥, beta-carotene
4, 20 2 100mg/kg FoTel cyclophosphamide
5mg/kg B&579 RFCE cyclophosphamide 5
mg/kg FEFo|79 RFC7} 3.04+0.31%4 v3
Ztzb 383+ 050%, 4.10%0.59%, 4.52%0.67%FH
beta-carotene®] <kl wiz} ulFste] f2lg F7E
Mo, cyclophosphamideol] ¢]§ RFC YAl &5}E
2J3A Az stgdeh

Natural killer(NK) A|E2| §Holl n|xi= &
NKAZe] &Ao] it AL Table XolA He
- u}9} 3to), effector cell : target cell ®¥]-&o] 100 : 1
o, =72} NKAIZe] #4do] 18.16+ 3.73%1H] ¥]
5}4] beta-carotene 4, 20 R 100 mg/kg §-ofF-& 74zt
2224+ 1.87, 30.63+ 559, 2197+ 65984 -2}3lA)
71t ov AgFel e 3= 4L Bt
¥4 cyclophosphamide 5mg/kg 2552 NK
Axe] FAdo] 14.39% 112204 H]3] beta-carotene
4, 20 B 100 mg/kg o7l cyclophosphamide 5
mg/kg WEFATE 77t 1632+ 2.63, 2526+ 353,
18.64+ 3.7724, cyclophosphamideol] 213 NKAZ
9] YQAAAINE AA = A7 FIRIPoH,
beta-carotene Z-&ZFoljr= AR A7} F3lE= ¥
A& Bgch

Each value represents the mean* S.E. from 10 mice.
Other legends and methods are the same as in Table 1.
(*, p<0.05, ***, p<0.001 and °°°, p<0.001)

tHAlHZE | ghdoll o|xle FHE—oiAA L2 T4
%38 23l phagocytic index® AR A=
Table X4 B upe} o], T thAAEe]
@ AJe] 5201043119} ®)3led beta-carotene 4, 20. %
100 mg/kg FoFd A= 47 6.15% 0.31, 6.321 0.30,
723+ 04525 beta-carotene%o] F71gdll uwlupA
49514 Z748ldc). x3), beta-carotene 4, 20 %
100 mg/kg®l cyclophosphamide 5 mg/kg H-8-FF
% cyclophosphamide 5mg/kg W5-FIF2] 390+
0.2301] w}#] z}zt 4.30% 0.28, 4.84+ 0.30, 5.62+ 0.42
24 beta-carotene®] cyclophosphamide<)] <& 4]
M xe] gAgA &EFE beta-carotene?] ol wel
v sl §-25HA A A3t

LYEFYTT olXle S d2eINYF
T Table XIdA B nle} o], dlzg-o] Wy
F7F 70751 740<1 8 ¥]3le] beta-carotene: 20 U
100 mg/kg FHAFNAE 242 7,776+ 561, 7,284+
3928 oAU ZF7HE Y93, beta-carotene
4mg/kg FoTL 7,080+ 443024 FoA%lE =
7V2 ¥gr). {9, beta-carotene 4, 20 2 100 mg/
kgell cyclophosphamide 5mg/kg H-4-F-oj oA
Z+7} 5904+ 481, 6,186+ 370, 6,324+ 19424 cyclo-
phosphamide 5mg/kg @S5-F3T9 5298+ 4124
13} beta-carotene2] ol wha} wle)ste] {2)4431A
Z71& B9, cyclophosphamide2] WA &
& beta-carotene®] o] 7l wal Az
a3} £
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HME % 2t A7 ofE HE—AFZS7Eed sl
cyclophosphamide WE5F4FE& A ZE beta-
carotene A4 {3 AFZIIEAAE R
W, beta-carotene}2] Z7}d) wehx] 1 8L
T3E o 2T FAsdck(Table D). o] cyclo-
phosphamide= 7Holl A F5Aolle} W14 55
doA AFE FA2AZthe Wheeler 29 Bwo}
Adx3l= A3 36| retinoic acidE ko)
S 8 AFFrPl Za=Hke Kampe'
X 3 Z w]Fo], beta-caroteneo] A} el J3ke- v|x&=
Aoz A=z, w3 HggAAal cyclophospha-
mide?) F-zh24) AF7t4E beta-caroteneo] # =
e AF9E B A= A4do

7] Zek%  cyclophosphamide WE-FodE
A F RE beta-carotene A3 T4 beta-caro-
tene?] <ol webr fo4 Sle F71E BTH(Te-
ble II). °]+& retinoic acid® 7HAEep7kAr) At
ethanol & EF o4 3] 3E=FHYde He reti-
noic acidell ¢J¥+ 7A)E¢] endoplasmic reticulum
A5 o4k ethanol F2-50] A A A7 e Chungd)
B 39} cyclophosphamider} ZFEAde] glch= Vau-
ghn $%Y9 R w¥ wu)Fe}, beta-carotened cyclo-
phosphamidedl] 2]§F 7HA|£2) endoplasmic reticu-
lum, protein 4% 5-¢ Aslol HBEIA] Ago)
Ata g

v 1 FAe) YA Fu| % beta-carotene?] %ol
wle} Z7}stgl oo, beta-carotene® cyclophospha-
mide ¥457L cyclophosphamide W&ol
vl# vl 3 FAe) dAFele HAag BHrk(Ta-
ble IID. ©]¥& cyclophosphamide F+j& Az|¢] H]
Zrzeko]  zyA4A) wlAe)  periarterial lymphatic
sheathol] Al £<4be 24 B8 Chung $9 7}
cyclophosphamide”} A#u)Ae] germinal centersl]
AR Al EL2AHS 2 H ol Stockman %9 2] ¥ 39}
cyclophosphamide ¢] Eojgfo] 271t wheh FA19)
FFo] st FA9 T-cello] Faslgivhes Wa-
chsmuth®”¢] B 72 w»|Fo], beta-carotene®] WA
710 w1 FAlo| QS v B P Tcell oE
A& F7HA% 22 A7, E3F beta-
carotene-2 cyclophosphamided] 2J3F HYgA>12) »)
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Hell o7t FEasT 9lSo] ALEHL)

Hef Mo o ZSAUME—AHHT SFA/HHA G-
ter) WH-> WEHPTA g A9} APukgo
28 T-cell &j&A 3o iz HAEFA Y P&
Yehlle 2 &QH,® 2 AP Ao 4= beta-caro-
teneko] Z7Hgtell wlebr HA titerr} dAsA F
7}=E193, =3 beta-carotenee) cyclophosphamide
H4-2o) % cyclophosphamide TE-5-ojFol u]3
HA titer”} beta-carotene?] <ol wiz}l ul=H| 3l
o3}A Zrkatgith(Table IV). ol @] gloiA
beta-carotene 4l°]7} mitogensol] i T % B
A8 Z7)AF ek B3 Bendich S99 B
9} vitamin A 2-8-8Fo) FAMALS FIPAHT T B
1%+ Cohen 5%2] ¥ 1.9} g8k A3} cyclophos-
phamide S F3F Q] glojA] HA titers] A=
A7} 5 gths Ha $9¢ M58 n]F o], beta-
carotene®] AF A AAPAE FHAA AJAA
quHs-g F74A17) Ho® AlmEch

Arthus ¥H-& Fhat&aeel] 905l 3lo] 8<d-3
A AGEFALS A8 23 FAsin BAE
243719 el 3 AFH A EZFEH
=15 histamine 2 leukotrieneo] ©}3 BT o)
#7282 AL FeHY & GFHRP T}
lysosomal enzyme-g -fr8l3te] FFu-& E71A|7)
= 840 EM B A3 e] A} A< beta-carotene?]
el webA Arthus HHgo] f-oldt FUME RAL
beta-caroteneol] cyclophosphamide 8% cy-
clophosphamide TH5-Fojtol nvjs] §FlEHo 2
9% Z712 BgcH(Table V). ol beta-caro-
teneo] 3-3hA) H3hA|e] o3t RAA Y BASE
XA Ao AlgEc)

nAA L] S E(PFC) & A FAA
7 34 9 BAe} A¥ste £¥IANE 4o
Aoz B AYAF| e 2E beta-carotene H¥
T4 beta-carotene?] <ol wiEiA] wlH AR -
23t 2718 w4ch(Table VI). ©]¥& retinoic acidol
3t AFe PFC Zave FAYAE A=
Chung® 9] H.3r¢}l cyclophosphamide §oido 2§
PFC9] 7} immunoglobulin A A 2fg-ol2ln
B3 Ahn 579) B 98 w)Fo], beta-carotene®]
immunoglobulin ¥4& #2415 B-cell 71%5°] %

74 o) AJYAGIEE F7H12 AL Aludn
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HEMH o FAXE A A3y AM(DTH)&
Az gol &84 lymphokine 52 -#-lel 7]al
sle AZoslEanubgo g, B3] A AIE7} Fo]
BoJshe Aoz A kP B A3 EE beta-
carotene AP Fole AZFo| Hls] FHU=
DTH %7}=t8-o] 9)gick(Table VII).

v AN X rosette HAPHE(RFC)= T-cell
AN E7} ZF rosette cellE FAAZ ¢ glonv}
hEE T-cello] o] Bddls Aoz BRuF 9l
=4, B 439 Afdr= EE beta-carotene
Aol Atz vls] #2137 RFC 9 7+
Hgor}, cyclophosphamide HHE-Foijfe FHAJ
RFC4¢] 7}4E wgci(Table VIID).

o] A7}3) A beta-carotene 180 mg/day 5
A3 A7} 259 Foll helper T-cell# T-celle] &
743l el Alexander 52 B w9} el beta-
carotene 2Je]7} T-cell2 <7417l Bendich
Z®9) W79} vitamin A2 %o] A - 7HH O E hel-
per T-cell#} suppressor T-cellol] <33& w|Ith=
Ahn 5$™29) ¥ 39} cyclophosphamide F<J2 DTH
2] A= suppressor T-celld] 332 713 F -
A% Zembala 5™ 3} Roellinghoff 5799 Bug
w] o], beta-carotene®) cyclic AMPE <AIXA
3}7-2) mitogenesisE Z7}417]3, T-cell ¥ lympho-
kine 59 WAL 3AA)7)3L, =8 macrophageA]
< Z7HA HIAALS rosetted AL FVMAIAS
7FsAo] 91, helper T-celld] F 58 3AA A
EARAEE 7R Aoz AtEs

HIZO|N wejo] ZZER —Natural killer(NK)
cellE e AR ™3 e Pl disiA] 3
3= d#319dsb+(large granular lymphocyte :
LGL) 8l dF o2 FUSHYr|Hd] F83 gL 8}
o, & AN £F9 u|Seo]4 WS A
37] 913l NK cell 84¢ 3Asied, £ A4
o4 cyclophosphamide B5-5oiF2 tlxT ol ¥ls|
FAY 4 29T, 7]el BE beta-carotene Al
HTNA folt 3718 BHci(Table IX).

0]& Peto 52 Cutler,®® Alam 5" 2 Michael
$90) FA8l3 Q)+ beta-carotenee] <A U &
o] gelate Far} Qlhe B8 u)Fo], beta-caro-
tene®] NK A Z@8AZ71a5e E3) 52 3=
FEog Igazsl sldiEd, oo Wi Ay

7140 Haide o B A7 A= o & A
o]t}

th A A 2 o] &AL 3elel] 97 Hoyse] W ¥
interleukine 52] 2o F23F 932 3l 1 ¢
Aol Al Ad Qe 7HAEE FAe
AFEZND B Ao 4= beta-carotene F-oJT-L
th 2l vls] §-213F 2715 .93, beta-carotenes]]
cyclophosphamide 4572 cyclophosphamide
GEF 7o) vlE #23 F7HE BgcH(Table X).
o) beta-carotene®] HAH £ AL F7MA
£ Shklar $%9 239} UXshe HoZ w]Fo,
beta-caroteneo] T-cell®] 213} lymphokine 5-¢|
2ulE g dAAEY 4L F/MIR
Hoz AtmFc}

w2l d F4e 27| ¥ beta-carotene
EoFdA 2718 Rgow, cyclophosphamide %
E-Eo]F-o]] v} beta-caroteneol cyclophosphamide
HeEoFe 823 2718 BgcHTable XD. o]+
beta-carotene] HrAlAlo] 229 AF A st
QA 257} Zobskanke 23§ Seifter 99 B
L9} cyclophosphamide} iAol gleiA] WAF7A
a}go] glcka ¥ & Coggins 5% 3 Nuguid 5299
329} cyclophosphamideo] &3+ A|FAF0
249] depressiong Yok BF Well 5599
BuE njFo o]F HIPTF/1EAL beta-caro-
tenee] 259 2¥7%5E FAAZHE sFeH o
7] Aol g v|A WY T Aike 715k
WYF7 F719 Ao Atasd

4 £

Beta-carotene(4~100 mg/kg, 74F%o])o] =4H
7 AN Yehhs Wgukgel wAs 9
ol Pale] HPF AL oI Ak

1. Beta-carobene ZH3, ®IA 3 FA9 dAF
HE 4%&A o g FyMFen, AFFUHEH Y
P5TE FAHUA Z7HF

2. Beta-carotene-& A A{AHE AAH= Z]gl,"-
£ 471, ArthusiHg- 2 S HNYAAZFE £33
EHo2 F7MFY

3. Beta-carotene-& A ZAHNG3 FA e A4y
Fulukg-7} rosette VS FAAUA F7HIA
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o}
4. Beta-carotene-2 thalA| £ ] 348 gafolmz]
282 MRS, NKAXSY @4 $AAslA
7 skl _

5. Beta-carotene2 cyclophosphamides] <%+ A
A4 8 AEHHS Astel NKHAZ 2 cfAlA 29
A TS AR sk A} L&A o g Fals)
ek

= #
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