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Effects of Zinc Chloride on the Immune Response in ICR Mice

Young Keun Ahn*, Joung Hoon Kim, Byung Sook Chae and Kwang Jae Cha
College of Pharmacy, WonKwang University, Iri 570-749, Korea

Abstract—Effects of Zinc chloride on the immune responses were studied in ICR mice. ICR
male mice were divided into 5 groups(10 mice/group) and Zinc chloride at doses of 0.3, 1.2, 4.8
and 19.2 mg/kg were orally administered to ICR male mice once a day for three weeks. Mice
were sensitized and challenged with sheep red blood cells(S-RBC).

The results of this study were summarized as follows; (1) Zinc chloride significantly increased
the body weight rate, the weight ratios of spleen and thymus to body weight and the number
of circulating leukocyte, but significantly decreased them at the high dose of it, and increased
dose-dependently the weight ratio of liver to body weight. (2) Zinc chloride significantly increased
hemagglutination titer, Arthus reaction and plaque forming cell related to humoral immunity, but
significantly decreased them at the high dose of it. (3) Zinc chloride significantly increased delayed-
type hypersensitivity reaction and rosette forming cell related to cellular immunity, but significantly
decreased them at the high dose of it. (4) Zinc choride significantly enhanced phagocytic activity,
but significantly decreased according to the increase of its dose.

These results suggest that high dose of zinc chloride decreased humoral, cellular and non-specific
immune responses.

Keywords [] Zinc chloride, hemagglutination titer, Arthus reaction, hemolytic plaque forming cel},
delayed-type hypersensitivity reaction, rosette forming cell, phagocytic activity, number of circula-
ting leukocyte.

2o 2 3EAZHoks. B18ke7, Duchateau

o152

A el xwdzldl glelMe oldFHRE T cell, IgG

4779 ol g sate] RAdEAEAED ARt
A3} 2o x FEEe FARASY 9 Wy
A8 B5a 947 2HEF)

ofdel F WA Bu2A Dowd FH 0L
2] cytokine(interleukin 1, interleukin 2, interfe-
rone)?] 2Hgo|i} AJaks ofsle] Fgrkn BIE}
a3, Grekas S92 FA% Al glojAl
ol ol e 7iFE SUMIA AEA HY

ukAd Al

1

-

PR R BE Bo o] AxelA.

291

2 DTH7} Z7hs)o] mdubgo] FAFHoW, A
710l glejAE ot o Qg Huko] Wit ¢l
Qrix Bu3}8 3, Marone 5202 AR AFE(7TX
10~% mol/D)2] e}sde] anti-IgE&Adel s =+
Ca?* uptakeE 7AHo2 21deh= histamine
leukotriened] W&S AAA7IZ AAQA HAIE
7ANAG Y 21393, Edmund 52L& 7t glod
317 o] dexamethasoned FAltE A 7k8] ofalz}
metallothioneine ¥%7} ##3) Aty 2
84912, Beach $2-& Aprjddde] 7] 4% A

o g



292 i - AAE - AWS - ARA

oA olAAFAE AIsnEN Ar|dge wEE
A} = ARG T W13 3, Amiraian 5292
A9 Ca*t, Mg FEdA P& FE ol
guinea pig BA9 &34 ZrPAFckn Bws)
Pt

old ZAgoE A3 WA v FAY
22 adrenal gland®]th,?®® cytotoxic cell@Ad =)
27192 ol 2} Down syndromeZ7PP85o] »¥ 73]
3L, Fraker 57730 AFe] gleja] oldAdgom
natural killer(NK) cell &A1*]3}, T helper cell 7]
=438}, lymphocyte?} phagocyte> 3t4, DTH 74
E z2HWslgen, =3 A7) 5L ofddEe 5
Aol ARQAHZE ASAF L B 23545, Cha-
ndra® 43 old FHPAHeRT 9 AAYAY
)59 (acrodermatitis enteropethica)®® #=zjol ] F
A2%, helper T cell¥) 74 % mitogeno] o3t
FARME 2tA S8 ¥k, Ballester 5392 o}
dAYg e e AN TuldZ(sickle cell anemia)dt
2+l DTH2 NK cell 840 AslElgdctn Bus}
92, Fraker £%-& leuenkephalin® a-endorphine-&
u]A & B cell& A48 Sk trinitrophenylated-li-
popolysaccharides(TNP-LPS)34] & 4| 3l=d] o}ad
Aoz A v JAFEYGy Vst s, Cunni-
ngham-Rundles $%& #3F oldymr}l von
A HE5Y dRske: fgsitln Basiglz,
Brummerstedt 592 cattlesl| 4] lethal trait A-46-2
A g ofd FFESFOE giRE 7Y
9)ske] 27|AE Foda R 3843, DePasqual-
Jardieu 57 A&3 AFA oA oldAdge
¥ S corticosteroid ¥ =2 953 F/MAGE By
8l9d3L, Fabris 52 AIDS#=}9] A$- T helper
cellst9} AF oA F=r) Wola ¥ 7895, Moy-
nahan 5% oldg Fojslmzd AR
219 oldAHZFo] 23] AREHYDT B sl
=3

ofde] AR Qg HAFA o N nuen
Montgomery V-2 olado] Q3= W9 1%
ol M i vitrod] Al WYY F) g A &
s 2tgo] AAFHAUTkE BwalgF, Chandra®?s}
Hooper £ 71745k AalolA] Heko] ojds &
oJA] high density lipoprotein(HDL) cholesteros %
X9 7}4, lymphocytes} neutrophil 7]%5# o] 2

=

AEZ Ca? 9 A% 7ha7) ey B uskgl
Canicatti §%-& ofd9] AFZoly AFFEL A
Y Foll &t Holothuria polit2] coelomic fluid2} coe-
lomocyte lysateg] £33 o] A=t B3ty
.
ofgde] Fojgko] W ol it AbE HIEH,
Fong 5*& 33l 9lejA oldZ2YL methyl ben-
zyl nitrosamine 2 3% esophageal carcinoma<2]
WS Z7kA vkl Bskela, Wallenius 5492
Ao doix ko] ofade] gle] WA APS
Z7H G2 Bt o), Duncan B8 339}
A glolA ageFe] oladde] gt WAL FHAA]
FAckw ¥ 785, Pories 598 oldZAd IF <}
AHA] glolx A e} AE7|ZIe] AR H
Hom 14-8ke) ofdE eEAR IR Al
el BEakgo] gl ubdel gbe] Al F of
AFdE S FAARAYE B

e} 22 BIZ Ho} ofal ] Fofgfo] wnh-gof
Aoldt Q3L 7A Aoz AlgEe], £ AYS A
AlgE A} olede] Fojgko] W& {23t A o
%714 o] Eashs wlo|th

Alf

HEEE-AFT 5~653, AF 17~21g8 A
ICR B#%5 ZAeS5AH7E7 = A2l Fadol
Al BAEA LR AE D 2 225% )4, 24
¥} 35% o)A, 2AH 7.1% °)F, 23)E 10.0% o3},
2 0.7% °MHE 157 FAAA ASAIZ £l 10
2] & 17 o2 3% FAE 5722 re] 5 23
120, 5 50~60%% A% &L, g5 AHSA
oA 357 Apgstct

ZnCLE2Ye| =M % F0{—ZnCl(Sigma, Co,
LTd)yE Aol 43474 A% Kg2 03, 1.2,
48 % 192mgHE 357 19 dAF A A7
Folsdch

HE ¥ e FSASZ-AIFES AT F
A|FE-Fo] AT FHFY ok 2447 Rl A7)
F FAT A EAsck AF T 1d
Foll A3FEe] Ae9s Adsin AL F 14,
v 9 FAE A7 AEse, 1 S-S A8
oA S Ee)E 23l

J. Pharm. Soc. Korea



Htotadol A9 AGwgel e 4% 293

SRATH— 2 Aol ok ¥7(Sheep’ red
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lement(Gibco Lab. Co., Ltd.) 500 W& &33}e ice
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pig complement$} 4X10° S-RBC &) 150 w, ®]
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C-V,-a
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N : the number of plaque observed in micro-
chamber

C : the count of 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/)

HAMZERYES SF-ddALe $a5He
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B : body weight

L : liver weight

S : spleen weight
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Zinc chloride7} A7) BYukg-o] n|A] 4 gl
g APz o 2o

M=o #3l-zhre AFH3E Table IoiAe}
2}, dz2Fe AFF7HEe] 3951+ 12.31%H ¥
3 ZnCl; 1.2 mg/kg Foirell A+ 44.324 10.30%(p<
0.05)% 284 ZFrlslgden), ZnCl, 192 mg/kg
FEojol A 3588+ 7.96%(p<0.05)2 FAE
AF ZaEg B
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Table I—Effects of zinc chloride on the body weight

Table III—Effects of zinc chioride on the spleen and

in ICR mice thymus weights in ICR mice
Group (mg/kg) Increasting rate (%) Group (mg/kg) Spleen wt. %100 Thymus wt. %100

control 3951+ 12.31 Body wt. Body wt.

ZC 03 39.56+ 7.41 control 0.56+ 0.07 0.13+0.01

ZC 12 44,32+ 10.30* ZC 03 0.59+ 0.03* 0.15+ 0.02**

ZC 48 40.77+ 10.26 ZC 12 0.57+0.04 0.12+ 0.03**

ZC 19.2 35.88+ 7.96* ZC 48 0.64+ 0.14** 0.11% 0.02**
Z2C 19.2 0.55% 0.04 0.08+ 0.02**

Zinc chloride (ZC; 0.3, 1.2, 4.8 and 19.2 mg/kg) were
administered to ICR mice orally once daily for 21 con-
secutive days.

Each value represents the meant S.E. from 10 mice.
The significances of the difference as compared as co-
ntrol group; *, p<0.05.

Table IT—Effects of zinc chloride on the liver weight

in ICR mice
Liver wt.
Group (mg/kg) Body wt. X100

control 426+ 0.21

2C 03 445+ 0.25**
ZC 12 448+ 0.12**
ZC 48 463+ 0.15**
ZC 19.2 482+ 0.13%

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

ZHEel FapHS -7 1EekHste Table
Lo 2} Zhck, 279 7hake] o] AFFe)7) 4.26
+0.21%<9 ®l&) ZnCl, 0.3, 1.2, 48 ¥ 19.2 mg/kg
FoFo M Zhzt 445+ 0.25%(p<0.01), 448+ 0.12
%(p<0.011), 4.63% 0.15%(p<0.01) L 4.82+ 0.13%(p
<00DE GFJEAHRE FX e TS By
ol
H|Eo 849 FSEHS— 7179 ujg P FAe
- A F Feku)E Table Mo At 2o} vl#e] 52y
Zle Y279 056%0.07%d Bls] ZnCl, 0.3
2 4.8 mg/kg F-oI-& 27 059+ 0.03%(p<0.01), 0.
64+ 0.14%(p<0.0DE HFIXHUE =715 Bgo,
ZnCl; 19.2 mg/kg FodTel A= 055+ 0.04%2 49
A Sl AAaE Hgth

g, F49] AF o Sl d2Fe] 0131001
%<9 ®]&) ZnCl, 0.3 mg/kg F3Fell A 0.15+ 0.02%
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Each value represents the meant S.E. from 10 mice.
Other legends and methods are the same as in Table
I (**, p<0.01).

Table TV — Effects of zine chloride on the antibody pro-
duction in ICR mice

Group (mg/kg) HA titer MER HA
(logs) (logy)
control 4.00+0.10 3.07+0.28
ZC 03 5121 0.48** 3.98+ 0.32**
Z 12 498+ 0.52** 3.86% 0.29**
ZC 48 4571047 366+ 0.31*
ZC 19.2 3.53+0.32* 2.86+ 0.25**

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

Mice were challenged with 10® SRBC 4 days after sen-
sitization,

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

P<OODE F94sl= F71E Byl ZInCl, 12,
48 ¥ 192mg/kg FITANME 2 0121 0.03%
(p<0.01), 0.11% 0.02%(p<0.01), 0.08+ 0.02%(p<0.01)
2 fodde e B

HYTSEATI2} 2-mercaptoethanol(2-ME) LHA
SO0 olxle g7 P75 4 2
2-MEWA-& 447 8] A= Table IV zch 28
T-&A 47 A To] 4.00+ 0,109 B8 ZnCl, 0.
3, 12 ¥ 4.8 mg/kg ol Toll M= 717 512+ 0.48(p<
0.01), 4.98+052(p<0.01) ¥ 457+ 0.47(p<0.01)=
freAdsle 2712 1o, ZnCl, 19.2 mg/kg Fo
TollME 3531 032p<00DE §oJMols 7as
ook
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Table V—Effects of zinc chloride on the Arthus reac-
tion in ICR mice

Group (mg/kg) FPSI
control 15.81+ 3.06
ZC 03 21.30+ 2.75**
ZC 12 1955+ 2.47**
ZC 48 19.84+ 2.79**
ZC 192 14.96+ 1.58*

Mice were challenged with 10° SRBC on left hind foot-
pad 4 days after sensitization. Footpad thickness was
measured immediately before challenge and 3 hr after
challenge.

Footpad swelling index (FPSI):Ta—,I_,Ti’ X100
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+ SE. from 10 mice.
Other legends and methods are the same as in Table
I (*, p<0.05 and **, p<0.01).

®3h 2-MEWA-$AHATe dzTo) 3.07+0.284
9 w8 ZnCl; 03, 1.2 ¥ 4.8 mg/kg FIFlAE
7}z} 398+ 0.32(p<0.01), 3.86+ 0.29(p<0.01) 2 3.66
+0.31(p<00DE §2AA Z7lstg o}, ZnCl
192 mg/kg Tl Fol A= 2.86+ 0.25(p<0.0D)E -2
AAA FFasieich

Arthus?F20)| D|X]= Y&—Arthusits-o) d3=
Table VellA Hi= Zzto] B o] Arthus uHgo]
1581+ 3.06Q19 v]&] ZnCl, 03, 1.2 ¥ 48 mg/kg
FoJFoll M Zbzh 21.301 2.75(p<0.01), 19.55+ 2.47
(p<0.01) L 19.84+ 2.79(p<0.0DZ fJAsl= 27}
E Bedon, ZnCly 1 9.2 mg/kg Fololl i 14.96
1+ 158(p<0.05)E froAdole #4E 2ot

SHUHLMES ojX= FF-vAAE] $
AP AN E50] A A= Tsble Vo4 EE
ule} 7o), 10°5=9] HAAZANE Y2 28
W A 257} 56,20+ 12.12914] v]s) ZnCl, 0.3 2
12 mg/kg Sl 72t 62,00+ 14.22(p<0.01)
2 6104+ 11.10(p<0.05)2 §oA9ds Z71E B4
21}, ZnCl, 192 mg/kg FoiT-olAE 5104+ 13.12
(p<0.05)E FoAsle ZaE: Mt

Agpgnaletsol okl FEk— Ay ulnks-e
ZH3= Table VIIojA B vle} o), tizF 2o

Table VI—Effects of zinc chloride on the lemolytic
plaque forming cell (PFC) in ICR mice

Group (mg/kg) PFC/total spleen cells
control 56.29+ 12.12
ZC 03 62.00+ 14.22**
¢ 12 61.04+ 11.10*
ZC 48 59.26+ 13.25
ZC 192 51.04+ 13.12**

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

Table VII—-Effects of zinc chloride on the delayed-
type hypersensitivity (DTH) reaction in

ICR mice
Group (mg/kg) FPSI
control 8.18+ 1.19
ZC 03 12.16+ 1.78**
ZC 12 10.93+ 2.58**
ZC 48 9.85+ 2.52**
ZC 192 8.10+ 1.06

Mice were challenged with 108 SRBC on left hind foot-
pad 4 days after sensitization. Footpad thickness was
measured immediately before challenge and 24 hr after
challenge.

Footpad swelling index (FPSI):TZ‘*T*TO %100
[

Where, Ty is the left hind footpad thickness immedia-
tely before challenge and Ty, is the the left hind foot-
pad thickness 24 hr after challenge.

Each value represents the meant SE. from 10 mice.
Other legends and methods are the same as in Table
1 (**, p<0.01). :

3 Hrinkgo] 818+ 1.19¢1¢ u]3| ZnCl, 0.3, 1.2 R
48mg/kg FolTdME ZzH 12.16% 1.78(p<0.01),
10.98+ 2.58(p<0.01) ¥ 9.85+ 252(p<0.01)E 24
UE F7HE BYov e E Ziade A
& 237, ZnCl, 19.2 mg/kg T 7ol A= 8.100+
1062 F94 e #H2E B4k

HIZMZL| rosettedESRFCW| DX Y&
Zhiol| Al #EARE v AAH 2] RFCE %2 #4I5AT
73} Table VIIIo| A B upel o], o =F 2] RFC7}
442+ 1.42%09) ¥ ZnCl, 0.3 ¥ 12 mg/kg 5
oA 77t 6.26+ 1.26(p<0.01) 2 6.05+ 1.96%(p
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Table VIII—Effects of zinc chloride on the rosette for-
ming cell (RFC) in ICR mice

Table X—Effects of zinc chloride on the number of
circulating leukocyte in ICR mice

Group (mg/kg) RFC (%) Group (mg/kg)Number of circulating leukocyte(No./mm?®)
control 442+ 142 control 7,495+ 339
ZC 03 6.26+ 1.26** ZC 03 7,513+ 850
ZC 12 6.05+ 1.96** 2C 12 7,136+ 473**
ZC 48 485+ 1.66 ZC 48 6,123+ 305**
ZC 19.2 3521 0.72** ZC 192 6,181+ 341**

Mice were challenged with 108 SRBC on left hind foot-
pad 4 days after sensitization. On the 5th day, RFC

assay was performed.

___No. of rosette forming cell
RFC(7)= Total cell counted X% viability
Each value represents the mean* S.E. from 10 mice.
Other legends and methods are the same as in Table
I (** p<0.0D).

X100

Table IX—Effects of zinc chloride on the phagocytic
activity in ICR mice

Group (mg/kg)

Corrected phagocytic index

control 5.01% 0.70
ZC 03 5.25+ 0.65*
ZC 12 5.03+0.37
ZC 438 4.69% 0.40**
ZC 192 448+ 0.28**

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
I (*, p<0.05 and ** p<0.01).

<0.0DE Fo4%dEs Z718 Hgon) ZnClL 192
mg/kg FolTdolMe 352 0.72%(p<00DE 214
e FAE Byt

CHAl Mol gHMofl pixle FEk—-2lA 2o g
= &3*3}d corrected phagocytic index® ZHAHSH
A= Table IXellA B& uis} e} 279 of
A EZAe] 5014070219 w3 ZnCl, 0.3 mg/kg
T e 5251 0.65(p<0.05)2 23 =712
Hoje}, ZnCl, 4.8 2 19.2 mg/kg Fodoll A& zhz}t
4.69% 0.40(p<0.01) % 448+ 0.28(p<0.0DE F-2l3+

avE ¥alck

UXTEME T DIXlE S dxsINdT
Foll Wgk A= Table XA B upel 7o), of
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Each value represents the meant SE. from 10 mice.
Other legends and methods are the same as in Table
I (** p<0.01).

279 W74} 7495+ 339218 ¥la) ZnCl, 1.2,
4.8 ¥ 192 mg/kg FoFl s 27t 7,136% 473(p<
0.01), 6,123+ 305(p<0.01) ¥ 6,181+ 341(p<0.01)E

FHE FaE noch
o o

ZnCl, Fojsko) AF ) WAub-go] Aoldt kg
v Ao JuiEe) AAR B Ay Az diFt
2 o gk

2 A APFEY AFHshe gzl bl
InCl, 12 mg/kgFoiTell A AFF71E0] F3HA

Z7)sked o}, ZnCly 19.2 mg/kgFol ol A= H-2)8h
742% Hded(Table D), o) #g fololA o}
A F9FEHN HFe) F7bE ke Castillo-Du-

ran =98] BT w|Foy ofcde) AL &z]x}y]
7*—5 A, 2438 ojd TR Tl F
Zoll, AT A7)t G5 9 FeAad z}AEo]
StrElglel s B8 Van Campen $593} Settlemire
S0 g wife], ageFe) ojele] WHE s}
B2 Aol A4y Ao Alm¥rh

743 Fepashs ZnCLY oo wie}l v sl
FojAele 271 2oiedi(Table 1D, ol oleld]
2717} w]AArAgl  cholesteroltfAFE: Yok

Marshall®®s} Hooper 5492} B 12 v]Fof, 31.8-3k9]
oledo} 739 cholesterol oJAINALE ZEAA)|Z 02 H
g deogl Aod Asiel

FAlel FepAsle Azl w3 ZnCl 0.3 mg/kg
FoFol e e 371 2o, InCl 12,
48 ¥ 192 mg/kg FoIFlAE $k9) Fole) w2
vl#|te] FolslA ZhAsiglviTable HI). o) ofad
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o] thymulin®] ¥AJs}z}go] 9lch= Dardenne® 2
HIE v|Re], A4 ojdo] FAY FFE F
7R Aeg Agshd, 49 oldFdR T-y-
mphocyte #4Je] Asl=9cle Chandra 5499 H
A u)Fe], 18] oldFoe FAE HHAA
Ao g Ata¥ch

H2te] FepA sl o2l 88l ZnCl, 0.3 2 4.8
mg/kg FoTME FAEUdE FUE B,
ZnCl; 192 mg/kg FoATolAE 23k 714 24
tHTable IM). ¢}= oldde] Hxd N3} v|AFelA hu-
man B cell9] blastogenesis& f-=&} 3= Cun-
nihghan-Rundles %2 R g v]Fe], o}lde] B
cell 7158 FARA vAY F4& F7HA7 Aoz
A=, 31839 ZnCl, F495%= B cell 7|5l <
& v|HA FIe 2R Aladd

AgA dogursql YT B 2-MERA
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Fg vehle AR ¥ ARATH HYTSA
27 9 2-MEWA$H A R 2l w8l ZnCl,
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ZA1¢ 222t Chesters 5%3) Fraker 597¢]
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ol ARAWAA | i JFge SN F2A
o143 gle v, & AylA ZnCl, 0.3 mg/kg F
AT d2F vid F94d%de F71E rged,
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