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Effects of Zinc chloride on the Immunobiological
Responses of Lipopolysaccharide

Byeong Suk Chae
Department of Environmental Engineering, Woosuk University, Samrae-Up 565-701, Korea

Abstract— Effects of zinc chloride (Zn) on the immune responses of lipopolysaccharide (LPS) were stu-
died by using ICR mice. Mice were divided into 4 groups (10 mice/group), and Zn was given to the
mice with ip. injection at 0.3 mg/kg 5 times a week for 14 days, and 1 hr after Zn administration, LPS
was given with i.p. injection at 5 mg/kg twice a week. Mice were immunized and challenged with sheep
red blood cells (SRBC). Immunobiological responses were evaluated by humoral, cellular and non-
specific immunity. LPS treatment significantly increased the relative weights of spleen and thymus.
hemagglutination titer (HA) and proliferation of splenocytes compared with those in controls, but sig-
nificantly decreased the body weight gain. Zn treatment significantly increased proliferation of spleno-
cytes and circulating leukocytes compared with those in controls. Combination of Zn and LPS sig-
nificantly decreased the body weight gain and proliferation of splenocytes compared with those in con-
trols. Combination of Zn and LPS significantly decreased HA and proliferation of splenocytes than in
LPS alone. These findings indicate that zinc lowered the humoral immune responses of LPS.

Keywords [_] Lipopolysaccharide, zinc, hemagglutination titer, proliferation of splenocyte, phagocytic ac-
tivity, circulating leukocyte.
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£ 7o} AdeolE & AF A= LPSel 23|
o e FEHA Fdrta Bk, Flieger
T in vitrod) A} TNF-ao} Al ZEAo) st ofslo]
U t=Fo 2 §58 MTo] Rednrt dokn Bus)
i, Malave 5 in vitrool| A oo trinitrop-
henyl-LPS, sheep erythrocyte & LPSell 2] ghAjut
g F7MAGA Bastel. el ojef Ak B
24, Driessen 5% human peripheral blood
mononuclear cell® whole blooddll4} LPS$} ofsdg]
HeFodg [L-1pRHI7E FriEivkn Barsiedan
Wellinghausen 572 o}ddo] LPSO| #-54teh Wsts
st EA LPSel 9% TNF-ast IL-1B9] H=&
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Lipopolysaccharide(LPS) 92| =x| 3 50{ -
Lipopolysaccharide(Escherichia coli Serotype 0127:
B8 Sigma Co., Ltd.. U.S.A)E T8 Ae|ads
o] 83AIA AF kgd 5 mgS 14U 15U 23] ¢
Ak Azt B FALSEA o

Zinc chloride(Zn) 29| ZTH| ¥ EO0| - Zinc
chloride(Sigma Co., Ltd., U.S.A)& FALE A7)
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Y., U.S.A)ol BFA1A A3t

8io] - 94 A1¥% SRBCE Reed 59 WS
Zasted HBSSell 1x10° cells/ml9] FE2 H-HA]7]
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HIZNE AMZHBO| &H - Tetrazolium-based
colorimetric ZA¥*& & 18to] 96 well plate?] z+
wellell RPMI 1640(Gifco Co., Grand Island, N.Y.,
U.SA) WixZ A v E Bi9d 100 w2x
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A2 FABICE 2 F AF 9] el AN A=
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24E] phagocytic coefficient®} corrected phagocy-
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Aol dolA LPSe HANEEA whgo] wX|&
zinc chloride®] &l dist A gA3E= U&7 2},

HES U &9 #3} - 7} o] AFHs= Table 1
oA Hiz uke} ol =T AT S7H&0) 24.60+
2.87%<149] vi3| LPS @553} Zn9 LPS B8+
ool A 2 15.49+2.97% 2 10.90+4.21%Z
oA A AaERew LPS ¢EFAd B8 Zn
¢} LPS H-4-FHTNME 94 §le a7t ddh

FA9 F% WA3l= Table oA B ulel go), o
Zo] 0.24+0.03%<0d Hs) LPS gEFols 9
Zn®} LPS ®E&FAZA 42 0.30+£0.06% 2
0.2940.06% 2 S7FE a1 LPS ©EFol Fol A {9
ol e, LPS @55l vl Znot LPS ¥
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0.10% 2 0.91+0.15% F7}& RY 1 LPS ¢=54
TAA FelAde] gllen, LPS 9EFoe Hld)
Zn%} LPS B&-Foto A= A ¥Er} gigic.

7+ slE Table [ BE vhel o], tizT9
4 Z5)7} 4.04+0.43%20 6 ¥)&] LPS 5%
T3 Zn ¢} LPS BE5Fo T4 22t 5.00+0.36%
2 510+0.35% & 7 ¢} ¥alrt e},

HEFEFI) - Zrd AT 47 Table
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Table I-— Effects of zinc chloride on the thymus, spleen and liver weights in lipopolysaccharide-treated ICR mice

Percentage of body weight

Body weight % 100
Group gain (%) Thymus Spleen Liver
Control 24.601+2.87 0.24+0.03 0.601+0.05 4.04+0.43
LPS 15.49+2.97* 0.30+0.06* 0.93+0.10* 5.00+0.36
Zn+LPS 10.90+4.21* 0.29+0.06 0.91+0.15 5.10+0.35
Zn 23.49+3.71 0.23+0.05 0.58+0.06 3.751£0.67

LPS: Lipopolysaccharide. Zn: Zinc chloride. Zn was given with i.p. injection at 0.3 mg/kg 5 times a week for
14 days. and 1 hr after Zn administration, LPS was given with i.p. injection at 5 mg/kg twice a week. Each
value represents the mean+S.E. of 10 mice. Asterisks denote a significant difference compared with control

group (*p<0.05 and **p<0.01).

Table II — Effects of zinc chloride on the proliferation
of splenocytes and antibody production in
lipopolysaccharide-treated ICR mice

Proliferation of
HA titer

1 t
Group (log) sp. 9?020)}’ es
Control 3.60+0.69 100.00+0.00
LPS 6.80+0.61** 113.54+4.24**
Zn+LPS 4.60+0.72° 65.34+4.66**%
Zn 5.00£1.03 114.34+4.75*

HA: Hemagglutination. Each value represents the
mean*+S.E. of 10 mice. Other legends and methods
are the same as in Table 1 (*p{0.05 and **p{0.01).
Section marks denote a significant between LPS and
Zn plus LPS groups (*p¢0.05 and *p<0.01).

Zn @EFAF, LPS 95547 9 Zn9} LPS HE%
ool A 22 5.00£1.03, 6.80+0.61 2 4.600.728
o4 A FUHEIeH, LPS dEFoFd H)E
Zn% LPS Bl &-FodFo M= F-94 glA A4Ect.
HIZMIZO| MIEMENE - =72 FFol th3l A
Pl FHEE WEEE N3 u A L] HPEL
Table I[o1A B vle} o], th2F 100%9 V)&l Zn
5o L LPS 955 ZH2} 114.34+4.75%
2L 113.54+14.24% % F94 = 7 BYT ZnS
LPS Bﬂ%-‘?—‘ﬂ%lfﬂw 65.34+4.66%= 4 U= 7
BHom, LPS ©EFEaytl nisl Znet LPS ¥
%*rﬂv?oﬂ*ir: o4 sl 2ag By
CHAJMIZZO| WAJOH Okl & — tha)A X o] B4
< £33} corrected phagocytic index® 335t 2
T= Table II0A] B vie} o], Y29 &N E
g4do] 4.32+0.56%1H] ¥ Zn BHEFAFollA 4.73+
0.202 94 gIA S7HEI oy, LPS gE5 o
A 4.35+0.852 A9 W37t 92, Zn9t LPS W&
FoTodAE 4.08+0.372 2R HAEA e LPS ¢
E5oFo] ¥)8] Zn9t LPS HEFo A= 594
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Table INI— Effects of zinc chloride on phagocytic ac-
tivity and the number of circulating leu~
kocyte in lipopolysaccharide-treated ICR

mice

Corrected Number of

Group phagocytic circulating
index"” leukocyte (/mm®)

Control 4.32+0.56 7.510+1,132

LPS 4.35%+0.85 7.640+1,660

Zn+LPS 4.08+0.37 7.640+2,187
Zn 4.73%0.20 12,160+2,347**

" Corrected phagocytic index is a constant obtained
from a formula relating the cube root of K to the ra-
tio of body weight to the weights of the liver and
spleen.

? Blood samples for measuring leukocytes in mice
were collected from the retro-orbital plexus imme-
diately before assay. Each value represents the
mean*+S.E. of 10 mice. Other legends and methods
are the same as in Table I (** p{0.01).

A ZAE A
WETE YRl DiXlE HE - D25 WY
Tl g A3t Table [H9]A 2.3 vle} o] g
9] NEP47} 7,51041,132 WBC/mm® ¢14) )3
LPS @550l AE 12,160+2,347 WBC/mm’e.
2 594 JA F71EI o) LPS 9E £ Znst
LPS #HE&Fodlre 22 7,640+1,660 WBC/
m® 2 7,640+2,187 WBC/mm*= 9z Z7}s|9l0
Dﬂl. LPS ©@E5od o) uls) Zngt LPS B-&-5eii
e A9 WErt gl

@

= Al Zndf &3 L ICR AF A Hslo}
Ao BT FAR Aol ol mE Weuhgol g
Ahn 578 R3E F1E 3o} MWL 227

9 0.3 mg/kge Filolde]l dPEFoR H%m,
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LPSe &% HAL IF SA479 #ge] nHFo
LPSell 23 cytokine®] 2H-& %47] 9138t ICR 37
9] LDy(E4FAhe] 2550 mg/kgolQE Chae 5%
o] Bro] 9Ja] LDy oF 589 1 €32 5 mg/kge
2 st

B Ao Atz H)s] LPS ©ERFor
Zn¢t LPS HEFAFM AF37HS 94 e
F2E 7EA oy 4, v R I Al 01
HAE 3 LPS TRl vl3)] Znot LPS &
S Foll A AF7HE, 4 L v AFH] Fol ot
A2 Ak (Table ). AFF7H X, LPSE
olsf fel5+ IL-1, TNF-a 2 116 5 cytokine® 2
23 A A F A, 712dANE S AR
£ Z7} S 8L Yok Klasing™el 2u9t
oldo] LPSY #5744 WalE f=sl=an LpPSe
oJg TNF-ast II-18 59 f5& ZT7MATh:
Wellinghausen $°7¢] B12 wFoj, LPS7} IL-
18 2 TNF-o 59 28 771N 433
A FolUR] 28|1E Z7A AFE ZAaAF LA, of
o] LPSY IL-1p ¥ TNF-o #8& HL F7MA
7n%} LPS H&Folo] LPS HERAT T} 2F5F
7hHeo] BE ZaE A olz2detd 4 3wl Al
Fu7LAdH oz S7kd Ao AztEn, LPS &5
o] B8 Zne LPS HE5oTy 4 2 v
o FFu7} ok A48 Aoz Kol LPSe o3l &
JE FEIIQ F4 L ug ME F2]o] ofAol &Jat
o 28288 2= A0 2 AlsE

AedA wANkSQl HY AV} ¥hgel iyt 2
Ay Az} izt vlF e BE o FolTd
A Z7 Q2 LPS 5T ollA fo4do) dlen
3 LPS g5 T b8 Znot LPS B85l
A frelA e AAaE PRSIt T3 e R A%
& 7ol Hl3l Zn 9EFAF 2 LPS 9EFAT
Al feA A F7HEId e Znd LPS MEFoT
A G4 UA AaENeH LPS BEFodTe] 4
3] Zn¥} LPS HE5oFol foAd e A4S BA
tH(Table II). ©]= LPS7t %43 § B-cell mitogeno|+
polyclonal B cell activator ¥ T-independent an-
tigen!'?e] & <A 91, LPS7F FA &
o th3t wkgollA A HIFMES TS suppes-—
sor cellE =3 Persson™ 9] B.18}, o} AR
nAd4: B cell® 4534 3= trinitrophenylated-

24

lipopolysaccharide(TNP-LPS) &4& AAAH =
Fraker £%¢] ®y¢}, o2} 7499483} endotoxice-
miaE ¢ 94 malignancy Al olle] HFE
=rh W w fela Al AAaHthE Pekarek 59
B ulFo] LPSE I3 F ofde] sErt Ats
ol E7sta LPS dERo2 T 34 2
AN E F2go] F7HEAY Znst LPS HE-Fo
Al 749 AoZ Kol T-independent antigen{!
LPS7F $49E8 A& JAAT= HE
71918 FEAA FHYEA ot MAdHAE
o] M3le Aoz AlwE 1 7|l g B2 A7)
s zjof & Zolrt.

A A Ee] BALS ol g AT Uy 9
interleukin®| ¥H]o) 2.3 93§ 3l 1 HAl 5o
Wz AT At dge] SAAREHN o]&EH
di vl AARET vlE Zn GEFATA Rt
Z7 e LPS g55oi ol vste] Zn? LPS
£ RS FoA4 e AA2E 2HtH(Table I1D). ©]
BT AE 2459 =2 1|7} LPSol| 28 |\t
g Z7H714) E3rke McGhee 509 B9} o}
o] IL-1B, IL-6, TNF-o 2 IFN-y ¢ #2& # %
sto M gl o] &A1) monokine F-28 2 W uEE-
o] o]Fojxth= Driessen 59 B ofdo]
LPSel o/% TNF-a} [L-1B 5¢) #E8 27120}
£ Wellinghausen 57" Klasing”'9] Ra2 nF
o, LPSel o8 T HEe) B4 oAA7)E Be |
F7kele] fE7t ofdel A& FUtHEEM LPS 35
Ea o) H]&te] Znt LPS WE5o oA ekt 74
H Aoz AgEH o] 7[H| Ui A7t a7E

D2 WY E AR vl Znd 9=
Bz A fo4 9 F/1E 2P o LPS ¢ER
o 77} Zn9t LPS HEFo Tl M= f24 fle 371
7 dglem LPS ©EFolo vl& Zn9t LPS ¥H&
Fojate A9l W3yl gigith(Table I1D). ©)& in vi-
troo| A LPS7t %78 8432 th= Moore 5
o] B 1} ofdo] &9 lipid peroxidation &
ZaAZen Zad WEFFE HHAIZ T Tho-
mas $%¢] B2 v]Fo] LPS9} olqde] & ot 27
W3 2 Z7)A) 7 A R LPSe] F8-4 Zno] A B
2 u]x|R] 23 A LPS9} ojle] HEF 2 YF
71e19] Z-gol M7 A8E-S zhi= RO AlREHY
olof] W& &gk 7| Aol et B A7t arErh

R op
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