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ABSTRACT

Mancozeb (MCZ), a polymeric complex of zinc and manganese salts of ethylene bisthiocarbamate, is widely
used in agriculture as fungicides, insecticides, and herbicides. MCZ can be occupationally and environmentally
exposed to human and has been reported to have detrimental effects on the reproductive system, but the
toxicity of MCZ on immune responses has not been systematically investigated. We investigated the effects of
MCZ exposure on the activities of murine splenocytes through evaluation of splenocytes cellularity and INF-vy
synthesis. Splenocytes were examned ex vivo from mice orally treated with various doses of MCZ for 1 day
(acute exposure, 2,500, 5,000, 10,000 mg/kg) or for 5 consecutive days per week for 4 weeks (subacute
exposure, 250, 1,000, 1,500 mg/kg/day) followed by culture for 2 days in the presence of Con A or PHA plus
IL-2. Splenocytes from naive mice were cultured with various concentration of MCZ (50, 500, 1,000 ng/mL)
in the presence of Con A or PHA plus IL-2 for 2 days in vitro. IFN-Y production was decreased with the in
vitro exposure to all concentration of MCZ. The spleen cellularity and IFN-y production by splenocytes from

MCZ-acutely and —subacutely exposured mice were decreased in comparision with that of control group.

Key words : Mancozeb, IFN -, spleen cellularity

N =

Mancozeb2- ethylene bisdithiocarbamate®] zinc
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et al., 2000), female rate] Mancozeb §oJ 3 AJZ7]
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1997b) 5ol #& B 17} Qo) =3t Mancozeb&
ratel] 1045 EF Ao] Folaigle W) Sz A
sk 2 AR AAAEYS, T2 weE o
BYspepabe] Al8A 59 7} (Belpoggi er al.,
2002)2} ratell A nitrosomethylurea (NMU) 2 gt
H AAgE &A3v= Bz (Larsson er al., 1976;
Monis and Valentich, 1993)% ¢lom Colosio 5
(1996)2 ¥ AZANEd2 EFHT =
Mancozeb3 A7|7t Aoz w2d AlgolA
A HgA Wbl ofshA Jehddn ®psiedoh
I8} Mancozeb®] QuHFEAo|u}; SA=A o A
154 Sl gt ""‘i—rﬁajrﬂl H)al WAl n]X]
dakel A A7 AY Ha HA g a3
B2 Mancozebo] /‘3345—5_‘?_@01 njeAe] el
Al w2z & AAHem A7ty ¢ty
. dFo A= Mancozeb-& in vitrod] A A& 2]
AV FA E=x olgA 2EAZ] 3 ex vivool A
Ml 2] [FN-y 4458 SH3h

o

d

R

1. Alek g4l 7]7]

A EA 2= Mancozeb (86.5%, technical grade,
Dau Agro Science, France)& ()73 Z3¢
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1640 medium power, fetal bovine serum (FBS),
antibiotic-antimycotic agent, MEM —ponessential
amino acid, sodium bicarbonate, trypan blue, Hank’s
balanced salt solution (HBSS), Sigma #A)&<] con-
canavalin A (ConA), phytohemagglutinin (PHA),
Roche A|F<l interleukin-2 (IL-2), 4-(2~hydroxy
ethyl)piperazine - 1 ~ethanesulfonic acid (HEPES),
PharMingen #] 4] Mouse IFN-7y set, tetramethyl-
benzidine (TMB), hydrogen peroxidase 5-& A}-£-3}
er, 1 98 Aok R Azujfs == &
F& ARSI 7]71 2= CO;, incubator (NAPCO,
Precision scientific Inc.), ELISA microplate reader
(ELx800, BIO-TEK instruments Co.), Auto strip
washer (ELx800, BIO-TEK instruments Co.) 5%
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L2 F 53 30%7}) 73]‘7_'1!5‘043}%—1—, tﬂ_l—“‘ft’ﬂ'r_‘
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min, 4°C)3}3 A £A A Bl RBC lysis bufferg 7}
sle] AP £PA2 F AAEss AR
g AAsT A9R WAz L] HBSS
fol-g- 748 & Turk’s solution (Rakich et al., 1998)
oz ME4HE EZAs AT HANESE A

Avsi 9.

5. HIZMEY =H| W eHe

Agde] A = Mancozebd Fo7F vhf-2
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oot AAF wAH E 10% FBS7F #H7k1
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method (Mishell and Shiigi, 1980)Z. 4 % 10° cells/
mLe] BN ZEHRe] HeZ A3 24 well
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10%ellsg 7}8ke] 308-7F kA A7 (37°C, 5% CO2)
% Con A (2 pug/mL) == PHA (5 ug/mL)e} 1L-2
(0.1 pg/mL)E 713 o2 29 Bt wioksle] 22
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6. IFN-y &3

PharMingenel| A} #3538 sandwich ELISA¥o) &
3}od anti—mouse IFN-y monoclonal antibody & 96
well flat bottomed plate (Dynex ITmmulon 4HBX)e|
=323 & acetate plate sealer2 WE3}e] 4°Cel| A
sh2u} ubx]8k & auto strip washer® o] &3}
washing buffer2 33] A& slx blank well$& A9
& wellel] 747} 200uL8) 10% FBS-PBSE 7}3}a
2A)7h5et AlgelM HEXsle v EE Wi
slod o2 ARl 96 well flat bottomed plate Zt
wellell 100 uL™ duplicate= 7}etx, AL =t
A5}7] 93ted recombinant mouse IFN-yE 4,000,
2,000, 1,000, 500, 250, 125, 62.5, 31.25 pg/mL F=
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2 3)A3le] 100ul4 duplicate2 713}, plate s
acetate plate sealer2 -8to] 4°ColjA] 3}24t H}X]
5199t} 96 well flat bottomed plate S 53] HFE- AlH
g & biotinylated anti-mouse IFN-y polyclonal
antibody 48 well} 100uLH 7}tz 2417F 5
o thA] 53] AjAst 100 L] avidin—horserad-
ish peroxidase conjugate-8-2-& 7+ wello| Vsl
Aol A 3087 WA)§ % plaes 73] AL,
7} welle]l TMBS} hydrogen peroxidaseE 722 %
52 333t TMB substrate 2248 100 uL% 7}3}
I 158 F 50uLe] 2N-H:SO04& 7}ete] wke-&
HANR kg 30%elel 450 nmelx] =S
24skel IN-y2 Ashainh
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Mancozeb& AFHo2 13 FA xF = F
53] 3097k o4 =27 F AYD(FH:29
A, oA 3294 el WA A Este] v 2

Table 1. Splenic cellularity in the mice administered Man-
cozeb

Splenocytes

Experimental group (mg/kg/day) (1'% 10%spleen)

Control 189+3.8

ol 2,500 18.543.0

xp- 5,000 21.6%1.6
10,000 12.74+4.8%

Control 234+7.2

250 . 213429

Exp. 1T 1,000 16.942.5
1,500 15.543.3%

Mancozeb was acutely (Exp. 1: 2,500, 5,000, 10,000 mg/kg, one
time) or subacutely (Exp. 11: 250, 1,000, 1,500 mg/kg/day, 30 days)
administered to ICR mice. Mice were sacrificed on day 2 (Exp. I)
or day 32 (Exp. ID). The results are expressed as the means+S.D. of
3 separate experiments for 3 mice per group. Significant difference
from control group (*p<0.05).
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Fig. 1. Effect of Mancozeb on IFN-y production from
splenocytes stimulated with T cell mitogens in vitro.
Mouse splenocytes were cultured with Mancozeb
(50, 500, 1,000 ng/mL) in the presence of Con A (2
pg/mL) or PHA (5 ng /mL) plus IL-2 (0.1 pug/mL)
for 2 days. Cytokine levels in culture supernatant
were determined by ELISA. The results are expressed
as the means+S.D. of 3 separate experiments (dupli-
cated for experiment). Significant difference from
control group (*p<0.05, **p < 0.01).

5747 A3 Table 15} o) FA4 »29 7
(Exp. ) A &% T2 o] Blste] A
VA 27} 3A W3belA] ekeront mgak
2l 10,000 mg/kg Fef -2 w9 $-2)4 (p<0.05)3)
A ok 32.6% A= A =3 250, 1,000,
1,500 mg/kg/day8-2F0 2 o}FAl =2 4] (Exp. 1)
Wzl Bs 22+ 9.0%, 27.8%, 33.8% (p< 0.05)
A ZrAaste] T% %2 Mancozebol] ¥lEA o=
28 ApE vl AN ESI} e
e Blez Beldh

ol Ho

2. HIZAMZ2f IFN-y YM 5o o|x= H&

Bz T A (helper T M| %, Th cell)= o}2 9=}
T2 8A5E Ex8 4F AzgiEAde A
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Fig. 2. Comparison of IFN-y level produced from spleno-
cytes collected after single exposure of Mancozeb.
Mancozeb was orally administered to ICR mice
(2,500, 5,000, 10,000 mg/kg) for one time. Mice were
sacrificed on day 2 following administration of
Mancozeb. Splenocytes were cultured with Con A (2
ug/mL) for 2 days. Cytokine levels in culture super-
natant were determined by ELISA. The results are
expressed as the means =S.D. of 3 separate exper-
iments for 3 mice per group. Significant difference
from control group (*p <0.05, **p < 0.01).

cel)®] ofxleto 2 B FE1 (Abul and Andrew,
2003), IEN-y= Thl M =7} QA= dzHe E
A cytokineez &z ¢} (Kurt-Jones et al.,
1987; Swain et al., 1991). Mancozeb-& H]A1A) Lo
A% A AK (i vitro) ATFH 02 FH wE o}
T =FAIZ F(ex vivo) BIZA E2] IFN-y A
¢ 4% Ao chesh 2o

in vitro 413 - Mancozebo] W]AA E2] IFN-7y
Aol plAE <38& 2As7] Ysled 50, 500,
1,000 ng/mLe] H =& FA|& Mancozebg& B])AA|
FHof] H7}sled Con A == PHAS} IL-28 =4
o] Zkata 2zt wioFst F wjokel 9] [FN-—vE
sandwich ELISA¥] ¢ 2 A3t Axles Fig. 1o] v}
el git}. Mancozeb3} Con AZ &7 x2)st AL
gz wv]s] 50, 500, 1,000 ng/mLej| A Z+zt
73.8%, 91.6%, 97.5% A% ETxoEH oz £A
WA (p<0.01) F&Ho] Zradigon] =d o T
cell mitogengl PHA$} autocrine A AFel =)ol 1L-2
£ Bl ABlg Ao = 50, 500, 1,000 ng/mL%
EoAM iz v A4 17.8% (p<0.05),
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Fig. 3. Comparison of IFN-y level produced from spleno-
cytes collected after subacute exposure of Mancozeb.
Mancozeb was orally administered to ICR mice
(250, 1,000, 1,500 mg/kg/day) for 30 days. Mice were
sacrificed on day 32. Splenocytes were cultured with
Con A (2 ug/mL) for 2 days. Cytokine levels in cul-
ture supernatant were determined by ELISA. The
results are expressed as the means+S.D. of 3 sepa-
rate experiments for 3 mice per group. Significant
difference from control group (¥**p<0.01).

86.3% (p< 0.01), 98.6% (p<0.01) A= §-2]A17
7+A4E ). v)AAM ZE mitogend] Con A =&
PHAS} IL-29} wjoFste] A= IFN-v2] A4
gko] Mancozeb?) gz sle] ZHAHE Aoz
Hol ThiS AAsk= Aoz uqidh
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£ ¥o] Mancozebel]| HFE-R 0 2 »ZA)ol| 2 JFN-y
o] QYA o] FA3) Ak AL o 5 A

4 =

W En 4 AejEAdz d#fxl Mancozebd in
vitroo| A v)AA o] =9 (50, 500, 1,000 ng/mL)
= A AEAY mRgze] FA4 (2,500, 5,000,
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