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Effects of Zinc Deficiency on Immune Response in Mouse
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=ABSTRACT=

The purpose of this study was to investigate the effects of dietary zinc on immune response in
mice. Weanling male mice was placed individually in stainless steel cages and fed a zinc deficient
diet and control diet. All mice were given deionized water ad libitum. The introduction of extraneous
zinc was minimized in all cages by washing feed jars and water bottles sequentially with 4mM
EDTA and conc-nitric acid followed by deionized water. After 4 and 5 weeks of the diets, mice
were immunized with Ix 10° Naegleria fowleri intraperitoneally. Mice were weighed once a week.

The results from this study are summarized as followed :

1) Mice fed the zinc deficient diet showed growth retardation. After 3 weeks of diets, mean body
weight of zinc deficient mice was 21.4g and that of control was 25.0g. This difference is singnificant
statistically (p<{0.01). The more time passed, the more remarkable difference was found.

2) The weight of organs were measured on liver, kidney, spleen, thymus, heart, lung, brain. Differe-
nce in weight were observed only in liver and spleen.

3) Proliferative response of spleen cells of zinc deficient mice to con A was lower than that of
control mice after one week on immunization (p<{0.005).

4) Stimulation index was lower in zinc deficient mice to phytohemagglutinin after two weeks
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on immunization (p<<0.05).

5) Blastogenesis of speen cells of zinc deficient mice to Naegleria fowleri lysate was lower after
10 days on immunization (p<{0.05).

6) Immunoglobulin G antibody titers of zinc deficient mice sera by ELISA was lowered to control -

mice after 5 weeks on immunization (p<<0.005).
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ofdel T AT vlF P49 Y J)go]
23 54710 olz8 77 Gy, o o]
2e otdo] ¥y FEo F23 AL Fo] o
ATAEN o BIARL JTp? olde Ao
of 2] 43}8H4] wh-g-o) B 3le F 4 E A (metalloe-
nzyme) 8] 74 AdEo] Ju 53] FH2l DNA
polymerase$t ¥ Holglth 28 ug ol FAY
Alell o] $1%531, helper T-cell®] 7150l A
sHe T g Al Fo] ZAE T, ¥H YT (sheepred
blood celDol W3t plaque-forming celld 71% 3
GHE )7 killer T-cell®] 7155 A3lE o,
A2 M (natural killer cel) 9} B4 = 24"}

B A7l HYuAZ o] &3 2}-H-A Golrju}
(Naeglenia fowleri) = Q719 93] EXxo] gle
{2 Uetol Mz o] ofuiulr} stuw 9%
o A} AE u} glr}oo,

EdATeold 2ol WY Yo A= IS
otr izt et & AAE AEA B (cell me-
diated immunity) % H]5-°]4 w224 (nonspeci-
fic blastogenesis) S ZotE 7] 98] A= mouse 8%
# = 7 (tymphocyte) ol T-cell mitogend & st
Hizpuksfo] o] RojA e HEE vmIn, EAZ
5o]/d vl A4 (specific blastogenesis) & ZolH.
7] S1#iA4= B QA7) Naegleria fowleris®t & F
(strain) ] &% (lysate) S TE=)4 mouset]F
PEF7 i BAse JEE vudo AR
A} AY (humoral immunity) & Lolr 7] 943}k
o FHT AAHET e HAAY HAPY 24
A4, Folda MEAo] Hold EAFEAAUY
HAPY (enzyme linked immunosorbent assay :
ELISA) & o] &3l @Y #H4 & &4 st} g},

Az ¥ gy

L 438 58 % 49

10~20gH 21 9] ICR mouse FH & Al¢ A8 =2
33Uzt AGAIF 20 old AEFE D dER T
o2 EH A7t AFE 2334t Mouse A
F3(cage) S T549 29 7] 934 10mM
EDTA (ethylene diamine tetracetic acid) 2 & A 3]
A2 Goles 2 ARTS AXRAA ALL3R
o} Adgo) AMEF BE 7|FTE A A
gol 242 2~338] M3 3l ALEsIY T Bol&4
wol] o}<d 9] §3F-2 atomic absorption spectrophoto-
meter (shimadzu, 550) & AH&-3te] &3 Az
olAl 7)o & FAHE = Av FHA9 ¥} FHLe
Ro 2 velgel. 43 o] 422 Table 13
Eig

ofdel e otd AYPTAME old EFES
HA7VHA Zk 1, 2T A= 30ppmo] FHHE
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3, 93 geoge W VRS Aure) Feo
2 E5F 78S AHEEih 27139 vigw
£3-& Rogers®t Harpers] #lo]E2 7|R oz 3}
Atk Moused] ¥ AT AgH3A] ggtoy &
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2. Aguhy

A FEY AFL 1579 TFHoz R34k
271 FAE AHA WD (immunization) S AA|
A 17d 2 A 5FARE 2HI}An, 23
271 T3, A%, v, §F4, 43, 93, HF)
At 2 Al 9 =72 AFEE AL{A ol
e 9t FE Aoz wigse AL AR
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Table 1. Composition of experimental diets(wt, %)

Experimental animal group

Composition
Zinc defident Control
Dextrose 590 560
Egg white powder 180 180
Corn oil 150 150
Zn free salt mix™* 40 40
Vitamin mix** 10 10
Celluflour 20 20
Biotin mix *** 10 10
Zinc mix ™ 0 30

* Zinc free mineral mixture(g per 100 g mineral
mixture): calcium carbonate, precipitated, 29.29;

calcium phosphate, dibasic, 0.43; potassium pho-

sphate, monobasic, 34.31; sodium chloride,25.06;
magnesium sulfate, 7H 2O, 9.98; ferric citrate,

6H ,0, 0.623; cupric sulfate. 5H,0, 0.516;mangan-

ese sulfate. H,0, 0.121; potassium iodide, 0.0005;
ammonium molybdate, 0.0025, sodium selenite.
5H,0,0.01

ax Vitamin mixture (mg per kg diet):thiamin chlo-
ride, 5; riboflavin, 5; niacinamide, 25, calcium
pantothenate, 20; pyridoxine chloride, 5; folic
acid, 0.5; biotin, 0.2; cyanocobalamin, 0.03; ascor-
bic acid, 50; menadion, 0.05; inositol, 100; chol-

ecalciferol, 400 L.U.; DL - alpha - tocopherol, ace-

tate, 100 LU.

#ek Biotin mixture: 200mg biotin in 1000g of dex-
trose

sk Zinc mixture:zinc acetate,3.35g plus dextrose,
996.65g

on, A2 dPHolZ ALGE A 43 A9} 534,
23]l ZX A& A . & Naegleria fowleri 7} 1X 10°
/me7} H 2 & A2 A G ol H-A)1H, mouse E7ol]
1néd, 15U HH 0 2 F9]31Q 00, o] HHY L ok
ol 23 ofv] HH Aol 1A Hu} U}, Naegleria fow-
leri€ 24 9] AlxE opvul7} SoilE vl AS Y4
a8t 4EFNL vg) il RPMI 1640 B A 2 2~3
3] A 3ATk Sonicator= TS DT A)71F 4
T ol A 20,000g2 17 AR YsHA 43 AL 0.2
um®] pore sizeE = filterE EHAAH LY,
ol BA Fr & lowryH Q2D 2335}
AER B9E FH37] AlA= mouseS 34

AA FaHez Fg BFE 15% fetal calf se-
rum©] ¥ 3HE RPMI 1640 & ol Wol MEZRF A&
TE U FETE AR o8 A TR
105/200u7t E1 %% 3435 concanavalin A (con
A) (g 2ug, 3pg, 4ug, Spg, 10pg, 20u/mé) &} phytohe-
magglutinin (PHA) (1pg, 4pg, 7ug, 10ug, 20pg/mé) &
¥ A2, Naegleria fowleri 8% < (10ug, 50pg, 100
ug, 200pg, 500ug, 1000pg/mé) & $ U}, olu 2} mi-
togen® 299 AY FEE 73 e I
FTx ¥ WAk

37C &&-7]0A 42213 vl g ohE, 7 (well)
2 1uCi¥} 3H-thymidineS 7}8F3 6A13F vl 43
t}. Titerteck AXFE7 A HEE 83 & 3
48 H X scintillation cocktail (PPO 5g, POPOP
0.1g, xylene 1000m¢) 5mé-& ‘g o}, Packard liquid sci-
ntillation counter2 284 WAls& &A 3 A=
A<= (stimulation index) & 4H&3 o)
A#E 4 (mitogen, £2%) AeJAl9) A5 (cpm)

Z2T9 WA (cpm).

HAQd HEg 37 HAMAE EZU FAE
FAEAHY HAAPE LR £438IY e, Vollers 9
WSO A AMEEAT F AR Folrut
TS =X HZFN(coating buffer PH 96)22 &
WA ghaFo] sug/méo] H =& 3|3t polystyrene
microplate®] Z} FHoll 100uf 2 Wi 4T oA 1
Fol A3l ) o] A& <UstkE o (PBS tween,
PH74)2.2 A1 A8 ¥HS 1: 80022 43¢
29 2008 BE Wol 37C &27]04 2417
Z3IHeh A Qo Hethe 1! 1000
o 2 3|3} peroxidase conjugated goat antimouse
immunoglobulin G& 100u¢ ¥ 7}3l1 37C &
7)o A4 3A1Zt vl Fatglt. A 7)ol ortho-phenylene
diamine® #4325 100pf B Wi 37C AN
3027 AT o 50l 9 FAHE 7St wb
$& AAANZHY, ZE #Fo] Y5 E microwell
plate ELISA FZAE o] &3l 492nmolA &
F=E FHsch

3. Zae AN
48 84 Z2de 4 Agso, 48 iz

AFA 5=
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w9 BEAY FFUAE AMAAG APE Table 2. Changes of body weight of mice during
HzT S FFAY Fod HHL ttestE AA experimental period (unit:g)
REs Period Experimental animal group
(weeks)
AlB{Z4n} 9l D& Zinc deficient Control
Initial 1112 + 1876 11.57 + 0.590
1 AZ: 2 A0 24 v% 1 1568 +3.112 16.20 + 3.334
2 19.54 4 3.364 20.38 + 3.678
2% 713 F<% mouse] FF A= Table 20 W 3 21.44 + 4.558 25.02 + 3.590*
Etdiutel gt & 48 Al ERAE A}olzt 4 2297 + 4.554 28.92 + 2.084™*
Aoy ddAols 43 3T 2E 95777 5 2442 +3.723 29.92 + 2.084™
oted ZWT 9 FFA7H A A 22rHp<00D), 6 2446 £3150  3L12% 18T
ole T o] ATRESe Buel x| cpne, 7 25.00 + 3.164 31.89 4+ 1.591 **
A9 0l 2 AH4 2 mouse AU 9] 3713 2, 44, 5 B75 11554 32341 24907
W, FY, 42, A%, BEe) TAS R weld) ° BIT 36 U LAGT
A7) FA 9 Aol & HAR L, 7437 v Foln] 1) : Mean + S.D.
2 Z7)E old AP = Atolo] o} = * : Significantly greater than the zinc deficient

mice(p ¢0.01)
»x : Significantly greater than the zinc deficient
mice (p ¢0.005)

Holx] ¢kett}(Table 3, 4).

2. Mitogen® Naegleria fowleri 8349 23 5%
44

tHHE A T-cell mitogen?! con A%+ PHAE mouse

Table 3. Change of organ weight per kg body weight of mice during experimental period (unit : ing)
Experimental Period No,of organ
group {weeks) mice Liver Kidney Spleen Lung
5 6 76.40 + 4_2821) 17.37 + 0.912 8.77 + 3.096 10.90 + 1.680
2 6 6 64.64 + 1977 17.16 + 1.749 6.92 + 3.450 13.02 + 3.131
d":f, t 7 6 2492 + 1481 1706 + 0958 495 +1920 1056 + 2.455
ehelen 8 6 6744 + 4189 1953 + 0.782 1443 + 3455  15.19 + 1L.797
9 6 50.37 + 23.256 16.29 + 0.416 3.88 + 0.671 9.67 4+ 2.920
5 6 65.65 + 10.338 19.23 + 0.706 12.34 + 2.929 9.23 + 0.829
6 6 70.33 + 3.976 18.77 + 1.349 6.05 + 2.022 13.58 + 0.961
Control 7 6 59.37 + 0.560F  16.89 + 1.651 5.41 + 0.687 10.66 + 1.641
8 6 82.00 + 23.266 19.99 + 0.675 16.50 + 5.608 14.92 + 1.667
9 6 5468 + 6.064 1741 + 1.781 6.86 + 0.355" 6.71 + 1.222
1) Mean + S.D.

* Significantly greater than the zinc deficient mice(p ¢0.005)
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Table 4. Change of organ weight of mice during experimental period (unitmg)
O
Experimental Period No. of rean
group (weeks) mice Thymus Heart Brain
5 6 46.7 + 1528 180.0 + 17.32 380.5 + 8.76
. 6 6 533 + 5.77 210.0 + 26.46 433.3 + 23.10
Zinc. 7 6 595 + 0.71 186.7 + 577 4033 + 20.82
deficient 8 6 167 + 12.10 2567 + 85.05 3933 + 578
9 6 36.7 + 15.3 160.0 + 51.96 373.6 + 31.94
5 6 50.0 + 0.71 210.0 + 50.0 393.9 + 27.82
6 6 40.0 + 10.00 216.7 + 20.82 410.3 + 10.50
Control 7 6 43.3 + 1528 215.0 + 35.35 3805 + 0.71
8 6 200 + 17.32 2333 + 35.12 376.6 4+ 5.77
9 6 59.3 + 1344 2105 + 0.71 4255 + 6.36
1) Mean + S.D.

v P Z o Hstgsd, A A57t g =4
Uehde 28 25 4ug/ml 2 Vet (Fig. 1, 2).
Bendich$2? gunia pig?] 817 @ZF) con A%
PHAS Agssied A3 FTET ZF lug/mel
oty B3kl Scott® FarrellS® mouse]
v YEZFo| con A MM AH FEE, 2pg/ml
olgti &t

E A7} Scott & Farrell®) A+ con A2 23
27t & AL olvlE moused] FF WEY A
oz Ay ¥tk B A7E ICR mouseE AHE-3H

Stimulation Index

1 2 3 4 5 10 20

ug/ml
Fi

g. 1. Proliferative response of spleen cells from
mice to various concentrations of concanavalin
A

utof] Scott9} Farrell BALB/C mouseE A48t
AT}, Naegleria fowleri %99 HA T+t 200
pg/mé2 el oh(Fig. 3). Manson¥ Peterson2*
Trichomonas vaginalis®] &) UA Tz A ¢
o & WALAE dodle A FEE 50
pg/méo)2kxl 331, Diamantsteims-2® Enfa-
moeba histolytica 2% (extract)©] 1 ZxdA
JEZFE WizLAA I A FEE 100pg/meo]

30
\
PR
g 2] \w
: \ S
21NN
: N

1 4 7 10 20 wag/ml

Fig. 2. Proliferative response of spleen Cells from mice
to various concentrations of phytchemagglutinin.
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Fig. 3. Proliferative response of spleen cells from mice

to various protein concentrations of Naegleria
Jowleri lysate,

2}al 3ttt Mouse T-celloll Naegleria fowleri 3
299 HEAld AP FEE 200pg/méol B
I8 bz QITP?, o] 43} 2ol mouse HF @ Z 7ol
mitogen¥ & A-& A5t -&ul, vz}t WAYo) &
Al o) FolHEH FEE HA T T t}
=9 Ad¥goME o] =& AL

3. Con A°ll 9J& v A9 wiApdA HE

AE Aol & M2l mouse?] H1F FZFoll conAZ
A 2]3l 9, mousedl 2 A HYS A7) Th-g, F4]
YA AN ofd APTL AFAF7} 0.
960112, 2T 2752 FAHeE R
°]7} AN (p<0.005) (Table 5). °1} &S ZHae
ofdol A FFE o] (Lepg/g)E HQ ojma
28 $/48 22 A7 moused] 3 vl YL
con A, LPS(lipopolysaccharide), PWM(pokeweed-
mitogen) & A 3HEH h=Z(B0pg/g) BT} vl
Zperajo] & tdojdie B u ot A&t Gross
52 oldZAY mouseN A ¥IZHZ T con A
Ao g =TR} wjzpEAde] Yolxtin Ba
g u} ek

Table 5. Stimulation indef@f spleen cells to con
canavalin A in mice immunized with Ne-
egleria fowleri

Experimental animal group

Period No. of

(weeks) mice Zinc
deficient Control
5 6 096 + 0.181Y 275 + 0.136*
5.5 6 121 + 0172 1.06 +0.350
6 6 4.98 + 6818 6.89 +5.671
7 6 2.33 + 0.689 5.09 + 3.298
8 6 157 + 0232 7.44 + 7513
9 6 10.53 + 9.435 14.48 +10.870

@: Stimulation index =

cpm of treated sample(mitogen or lysate)

cpm of untreated sample

1): Mean 3- S.D.
* : Significantly greater than the zinc deficient
mice( p ( 0.005)

Table 6. Stimulation index of spleen cells to phy-
tohemagglutinin in mice immunized with
Naegleria fowleri

Experimental animal group
Period No.of

(weeks) mice Zinc

deficient Control
5 6 0.76 + 0.075” 0.95 + 0.015
55 6 117 + 0.086 114 + 0.276
6 6 0.60 + 0.192 111 + 0.175*
7 6 1.20 + 0.317 153 + 0.369
8 6 1.30 + 0038 1.27 + 0.406
9 6 1.01 + 0194 131 =+ 0.177

1): Mean + S.D.
% : Significantly greater than the zinc deficient
mice (p {0.05)

4. PHA| 9% 8| =79 vijzpgy WF

PHAE mouse ¥ Y 7o) Haggm H¥
Aolg E4 6574 o}A 2 moused A X
TE 06022 HETY 1112t} FostA wetrt
(p<<0.05) (Table 6). o] R-& HF A v =P
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Table 7. Stimulation index of spleen cells to Nae-
gleria fowleri lysate in mice immunized
with Naegleria fowleri

Experimental animal grou
Period No. of P group

(weeks)  mice dzeif?tgent Control
5 6 3.20+0.938 ¥ 2.98 + 3.072
85 6 0.89 +0.001 3.31+0.262*
6 6 323+3819  4.16 + 1.478
7 6 198 +0.337 242 +0.821
8 6 2.27 +0.365  2.42 + 0.444
9 6 426 +1.161  5.05 + 1.660

1) Mean+ S.D.

*: Significantly greater than the zinc deficient
mice(p ¢0.05)

" Table 8. Changes of immunoglobulin G antibedy
titers of mice sera by ELISA(enzyme lin-
ked immunosorbent assay) after immuni-
zation (unit:O.D.)

Period No. of Experimental animal group

(weeks) mice dffl'irtl:(i:ent Control
5 6 0.16 + 0.030Y 0.17 + 0.082
6 6 0.49 + 0.062 0.41 + 0.048
7 6 0.64 + 0092 0.64 + 0.059
8 6 0.47 + 0275 0.28 + 0.112
9 6 0.30 + 0.217  0.69 + 0.052*

1): Mean + S.D.
*: Significantly greater than the zinc deficient
mice (p ¢0.005)

F4 927, 22¥ YLT 25 PHA A A,
ot AWTL Y2T Bk FAHCE fela)
AFA57} Gkt Rast YT

5. Naegleria fowleri 8% %ol 93} v]4 Y=L 79|
Hiz} G HE

£ ATl A& T-cell mitogen?} 2] & v S04

WA & ZA 5 of-g 2], WY A7) mousedi A,

HANZ Naegleria foleri 29L& 71X 1 EolA

i S E 3t 1A H old Ay 2o

<l mousew 555 Al AF A7t 0.89% 2T

r

9] 3318t} EAFoE Fo5A @A Jelwd
(p<0.05) (Table 7).

6. A AAY HAbH A3 A3

AAA Hegel 24 Wye g B dFdre ¥
A 2] Immunoglobulin G& E4FAHY HAMY
o2 ZFsAY. AFHE AREA 9FA
ELISA®) optical density (O.D.) &2 ot 2929
03022 79 0698 FAH2Z o3
o) & B Y Hp<0.005) (Table 8). LueckeT®-&
oldo] ZYH N jerne plague assay P& ©]
23] A Y4 WY ol 113}%—% B 313k v} Q1) Fra-
ker§-2% okd A 2o} & 457 < moused] WY
¥g X3 2, °l-?"; Ayo] 4 ¥AHde
gae nxA geri sPey, o a7 4¥
7)3to] 455kl HA] @gkth & Aol A< 9F Aol
2ol & Y iTh

2

2
*

3 M

2 o] o}gdol moused] HY Tl A& FHFS
Lo} 7] 9]3}ed, th 3 2] T-cell mitogen$! con A}
PHAE A2jstglen, ¥ A7 43 S¢& ¥
%9 8298 BEA oy uix HAEL ¥R
St =3 A A WG gob 7] $13ke P
HYZZHAL 84 FAHY AAgoz 2§
uio} Ohg-3 e g AUk

old ZE T NEF mouse? #FF7HE AH
2d, ol AP moused HFS AE 2oz
AR 3F A RE dEzTEg A JEge
(p<0.01), ol Aol AYPo] AYPPL2 A4,
ek

old AYTH WET moused] 7] FAE &
A Ao ol ZHUT moused WA H|AZ S
A xR FAvebd e, ym A Zrle
xtol & eI A ekttt

Moused] ¥ FZF con AE st
AZAFE AF 2olE HUAA 55744 ojd HH
o] 09622, ET ] 2758 FAHz W
e o o (p<0.005), PHA A2Al9 AFAFx
Ay A zHeFA ol ol AR 0] 06028 HET 9
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L11E foaA 2t (p<0.05).

WA AMSE 959 Y dFY 293
&) 5kd, mouse WA WET9 Wiz Ag-E Wl
A3, old APTY AFAFE AFHIRE AR
32] 55%°] 0892 WZTY 3312t 23
2t th(p<0.05).

BEAFAWY Aoz A4 HY S &
A7, A3 HolE AFHTA 9F A o} 4¥
A §4710.3022 HE T 0.6925 F9
A st= o] AAHp<0.05).

ol Aol AT Aol 23, oldo] ZHHUYEH
do Sdo] HeHe A2 AlgHU, YoR2E
ol AR 9 At AT B A A7}
ZAlo)] Wi=]ojol Ao, olde] AYHH &
A% 7 A7 oo} stelatn AzE.

32
2l
il
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