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Abstract — Triazine herbicide has been reported to directly suppress the immune response. In the present study,
the effect of simazine on the immune response was investigated. Splenic lymphocytes were treated withmito-
gen (lipopolysaccaride, concanavalin A) in the presence of simazine. When simazine(300 mg/kg, 600 mg/kg)
was administrated every day for 3 weeks or 4 weeks, respectively, the number of plaque forming cells (PFC)
was decreased. Antibody production of IgM and IgG class was significantly decreased in splenic cells from
simazine-treated animals. In addition, when animals were exposed to simazine, the susceptibility of virus infec-
tion as well as the growth of tumor cells was increased. These data suggest that simazine affected the immune
function and humoral immunity impaired by simazine treatment contributed to pathological process.
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Simazine triazine”| herbicide2A FEolA fakgto]
o EE ks el o2 e gledch(Hayes et
al., 1990). %3} triazine®| herbicide®] atrazineo] %A
o oA EAZ 9] BRIl LT (Michel et al.,
1992), simazine®|\} atrazine™ -2 A=AZ I8 w
< gobEe] dAl vA kel Hig A7) ALE
o{x|aL glv}t. D.D. Tl A7 =il vA Fape] 7hh
8191 ovalbumin® 2. W FHAIZ] Al g} AR
7ol £8A v -globulin X9 #3}F 74} #lE 9]
L vf(Wasermann et al. 1969), A FNAA Sabmonella
ryphimurim 7342] X|AEI ] W8t eAE F7HA]7)L
(Fan et al, 1978) Salmonella typhimurimell “H3+ A=t
-5 7+4AZ1ok(Subbarao et al, 1977). A# A  dini-
trofurantoing =EAI7|H AlGHHNA mitogen ZFFel
gt vkl s 4% GA|Al7] I (Subbarao et al., 1977),
phosphoroorganic compound, pyrethroid, chlorinated hy-
drocarbons, carbamates, nitrophenol®} f7]&wllo] =&F%
A Fof AAIA ) Bl ZEAES] AEAHEH
AR H-g ZAT A HE2LH vwTsle] A5
1gGe 557t S7F8l FAle Xl 1M, A4
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Charles River Lab., Japan2 25E] Heobiol Agsigdct
AFRFTEE AF 5789 R 37F Uz, ST,
MTD(maximum tolerated dose) 7o+, 2902] MTD F<f
o2 BRg F 5ulE]e] AFHE TR S SR F
oL HEF, 0.5% carboxymethyl cellulose(CMC) Fo3
& 47, 05% CMCel|l = AFEel nFee]
simazine $- (300 mg/kg, 600 mg/ks) FolF-O 2 vhyFo]A]
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02ml¥ 455t ATTFAEGt in viro ¥EAME
simazineS 100, 10, 1, 0.1 pg/mlz AMElat), 2.5 Ak
= Bt olge] 9o w|= Sigmarlell A FYUSed ARS-
sHel, RPMI 16405 £EHA 7 7|v]ols] BAl= v]=9]
GIBCOAPI A F-4i8le] ARE-algT)

MF HIEM=Zo| E2|

SimazineZ 15, 25, 3F, 45 Sl Hl27 AFHE
ether2. IFAL A7l 3 F-aelellA] v|A-S HE3)d
S5mi®] RPMI 1640 ®j=|7} 9l 60 mm petri dishell &
Aot 5mlY] FAFIE o|83le] v AMEF BAz] F
Z Helsle] Y4Relsle] Aea-s WE F 243 wiA
£ 7isled AgAlR] F APEH wet HELE 286
At '

LPS2} ConAd| 2[5t M=FAlQ| £H

A AF e vAANEZS 96-well plateel] wellF 2X
10°712] MEE 93 LPS9 concanavalin A(ConAYE #
7VSkIL ZA wjek )= 200 wiz. sl

5% COpN°E7], 37°CelA] 48A]2k wjofs}l & AlEZa|&
olir] 95l MTTQ ug/mh)E 715t 4A]7E o wjekst
F 540 nel|l A FERE A2 dutals 5
ahgdet.

H|IZMZe| SHUFEMMZS(plaque forming cell)
=3

A S PAsl= M ES e 3t simazine?] ©i3RE &5
317] $8t] SRBCe w3 A BAd5HE Bullock®}
Mollerel] #]8] &= Jeme plaque assay(Jerne and
Nordin, 1963)% AR4sled EA3de)k. 7H338] M&shd o
<3 Zoh Y E2ETLH simazine FHFLE EHERAL
SRBC(5X 10° cell/mouse, sheep blood cells, Korea media,
Korea)s E70o]l FAlsle] dd 5]z, HY3ha)7] 2
HE 4d Tl ether® F=AAA ¥)AA-E HET F 10%
FBS & RPMI 1640414 homogenizeAl%] F {452
(1000 rpm, 1033t AAES ThE F wiofFde] 4]
712, 100 MM F=5 SRBCE FBSE 31
o2 RPMI 1640 902 33) M2 5}ed (1000 ipm, 10%)
ARNNE = F FAHo] EE=IA oA 7). Gunia
pig complement= FBS ¥-#3}A] ¢-2 RPMI 164022
39 AL 0.5% aga® FBS 3514 92 RPMI
164007 =-0]3 of7)o] 2E%T 0.05%% FBS FHfralAl
ok2 RPMIC %591 DEAE-dextrane- 4oiA agar} &4
SEE 47°CE A% 10m! round-bottom tubee]]
400 p19) agar 8=} 251 SRBC ¥ s0ue) w7 &
gAg 7Bl o] Gfell 25 ule] complement®: 7Fsie}.
o] &gl 200 utE petridishel] droppingdkT ZA] slide
glassE F71HEe] AVA d=F € F 37°C, 5%
CO, ¥ 1ol 3A)zE F4t whekslged. wiek 3 A=

L4598 A ESE A9l Plaque forming cell
(PFC)?] o} v|AM|EL] 42 A3 &N wigE 785l
A4kt F PFCs/10° recovered cells® e 41oh(Gilbert
et al.,1987).

HHX[LH 2k =&

273 simazine FoiFe] SRBC(5X10° cells/
mouse)E M FAlsle] HHEAZ) BFE 49 Fol
APRAZL B $le) 22 il o2 u|A) X e S ot
a1, wjeiaeed vid 7R 10% FBS #+ RPMI
164022 1:12 A% ZmA wFd2AE 22t 1, 2,
3, 4% 3] FR)sIACh v|AAE weksde] EA)sk=
Z+7+2]  Immunoglobulin®}& Vunakis?} Langone (1980)
9] ublel mle} ELISA ¥PEo R SAslelv). 7hts] A
s ot 2o 100 pie] =] R I EAE 96-
well plateel] 231 4°Cel| A WAl FolA] coatingH =E &)
At oJ7ledl AR o] E8]zE8) = carbonate-
bicarbonate $3&8 (pH 9.6)9l 1:160 ¥i.2 3] 3}e] Alg-
v, Plate™= 0.1% Tween 20% 1% BSA(Bovine
Serum Albumin}g Z%gl PBS(PBS-Tween, pH 7.4)%
33 o)Ak pAlsldTh 100 pi) PIRAE ARSH-S FA)
coating ¥l 96-well plateell 7Fsled 3A]zF Fob wjefskT
plate= PBS-Tween 2022 33 oAb A8 ¥ alkaline
phosphate”} %% 779 anii-IgG, 1gM o FE2E
FAE 100w 7isled 2A17F Fob wiekslsivh. PlaeE
PBS-Tween 2022 33 o|Ab $45t % diethanolamine
AFHpEH 9.8)] 1mgmlE ¢ 4-nitrophenyl
phosphate -&-#-& 100 ul¥ 713 Al2elA] 147 ks
3 ELISA reader ol-&&led 405 nnell M F4=8 £33}
et

#e 3 B dMEH

A A 71224} 3= vlo)e]2x2A] Friend Leukemia Virus
complex(a mixture of helper Frend murine leukemia
virus and defective spleen-focus-forming virus)e} o]-A] 3}
1A} B FokA E9] sarcoma-180(ATCC TIB61)S AR
i om AT JAYENE 5Y A Hi= o vlelEla
= AZ39 X simazine ¥ 25 ¥ sarcoma-1802 &
Zholl o)algte] Zpe] AEAN-Z FaABIET. ALl
simazine®] virus Zr<gel oigh A N A3 <FFS-
FrA] &Asl7] 98ted Starec F(1991)%] Whde =z 74y
4 virus titere] ®]# 8L splenomegalyS 3 A Sh=
Friend Virus 744 &8-g o] 4-5}%ic).

SH*zE

AgAFte] Haxel AP AET AAbslgdal, AxF
she] z}o]E- Student's r-testZ AMESte] ZAFIAC p
Zkel 5% " W BAEAH R frelade] glviar skt
Eipsio
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Aot okl Hrht wWedAde] digk AFEITE A9 ¢
= AR weld B dyelAes BAE7) el A
alAdm ool v|Xj= odgks: Hrisleiet. AAE A =
7744 D88 BAES] A9 A AR ATt
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Fig. 1.In vitro effect of simazine on the splenocytes
blastogenesis with Con A (A) or LPS (B). Splenocytes(5 X 10°
cells/well) were treated with Con A(4 pg/ml) or LPS(10 pg/ml)
in the presence of various concentrations of simazine for 48hrs.
The proliferation of splenocytes was assessed by MTT. Cell
density was measured at 540 nm. Simazine-treated groups were
significantly different from control group at all dose ranges of
simazine (¥*p<0.01, ***p<0.001).
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o 12% A% JA5HI2™ 100 pg/mle] simazine- 30%
AE AAE)HcH(Fig. 1a). ©)F simazineo] HETAAEHL
ZHeA)Z)L ojm)El= Ao}, Simazine2- BME mitogens]
LPSell wisle] Fwo)Z2le) AEFA AAEAZ bl
Aed ¥R F9Fel| wiE LPSY F4EI= 0.1 g/
ml, 1pg/ml, 10 pg/mke] simazine A2|& T2 gl
H|3le] 35%-43% AE GAslELe™ 100 pg/mle] sima-
zined Wzl Blsled 60% AE AA|FHH(Fig. 1b).
mjelr] o)ejgl A simazinee] ANA WAL AAAE
s de-g viebidde

ole} ZH2 HAZRE simazineo] AW HY| A&
FLz) delrr] 3o} FAYHANTTE SAHIAA
SRBCE. md3}d AFe] ®]AM E2}l SRBC(indicator
cel)Z HelFeg W FAE Aaksl= BAE FH9
SRBCZ} A48t kA9 complement®] F4S ol 23]
e 94 BAsiE wwe® 43l% plaqueTE Mol
A A HE g 3t simazine®] ©3FZ GoRR kv
Simazine ¢ 15 Foll& simazine 300 mg/kg “Foi7
A )z u|wste] WEr)l A% simazine 600 mg/
kg FodFe ) FFHET} 76% AEL FAF FAAE et
Wt Simazine o 25 Fo|= simazine 300 mgke
FolpolA g2zt v|@Ele 61% A= FHAE veh
QT simazine 600 mgkg FATNA HELT v]TE|
31% A% Z7)E el simazine T 35 il

200 . 20

simazine 300 mg/kg
simazine 600 mg/kg

% of control

TIME(Weeks)

Fig. 2. The ex vivo effect of simazine on PFC response to
SRBC. Mice were immunized with 1X10° SRBC by ip.
injection. Splenocytes were obtained 4 days later and agar
solution for plaque was prepared by SRBC indicator cells and
complement. The numbers of plaque were determined and
results were calculated as PFC per 1 X 10 spleen cells. Results
are expressed as the percent of controls(means of 5 indivisuals).
#p<0.05.
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A% simazine 300 mg/kg FodollA] WlE2Es) u|wated
49% A3 ZHi7F VeldT simazine 600 mg/kg oI
< 80% A=e] F/HE vl e simazine Fof 45
FolE simazine 300 mg/kg, simazine 600 mg/kg o7
oM sjzFat wwslel 7F 7 14%, 36% A=) AT
el $oh(Fig. 2).

ol9}zhe ZHZ. simazinee) AN HQg Fdsim g
T BAlEA od8kS wH 1 9lS-S Fld S 9lgich

A A9 okl mXE g dolrr) 93l
T2 IE WA 1gM 2 1gGe] FS ELISA wPHoR
A&%ck. ELISA WE 317) H%led coatingel] AR&-35
HE AT IgM, 1gG 2 Igael] dg BAS x3s)
ALE IgM, IgG ¥ IgA9] 342 &Asigen 13}
Aubgel| o8 A 1gMst 23F Hukgel < QA
IpGe] <k 2EE &Alslgdv}.

Simazine®| IgM¢] AIETFe] HAe| v]X|Ee o33k o
ol gkl 24x)7bel] glel A simazine B¢ 15 Foll:=
simazine 300 mg/kg FolTolA NEFI H|E3le] 18%
AE ZHASIA, simazine 600 mgkg Fol oA W2
o ulzsted a0 A=) A4E vehigiort EARH
freldel W%, simazine Fol 25F Fol|:= simazine
300 mg/kg FodmellA] HET wldslel 8% AH=e) i
& vehiigd o), $AA Fo)de] ¢i%lT, simazine
600 mg/kgs FolTll 2T} W EIle] 18% HZO]
2o vepligdel B 35 FelME simazine 300 mg/
kg, simazine 600 mg/kg FodrollA Hhz=F) wlwsle] Z+
7} 30%, 34% A=) #A§ 7142 YT simazine
Fo] 45 Foll simazine 300 mg/ke, simazine 600 mg/
kg Tl M Wzt nlmsled 22t 399, 479 A=)
A A4E vEPAY SN Fig. 3a).

Simazinee] IgGe] SJA|FaFe] PAJo)] n|X)= oI5k ok
ol gk}, 24X 7kl QlelA simazine T 15 Feole
simazine 300 mg/kg, simazine 600 mg/kg Fo3ZAA o
Z7a} vlwsle] 27t 2%, 13% AR AAE vehig]
I, simazine o 25 Felt simazine 300 mg/kg, sim-
azine 600 mgkg FoiFolM T w|mwsle] bzt
12%, 19% A=) g vehiglen), 484 59
Aol Gl T 35 FolXE simazine 300 mgkg T
oAl A HzZFa wlaste] W ofske] glodvh Y
simazine 600 mg/kg T2 25% A= AF #AZ
WP simazine o] 45 $olli= simazine 300 mg
kg, simazive 600 mghkg FoiFolAM &I B]Wsle]
A7k 16%, 48% A= A ZA2E Jepsivh(Fig.
3b). A7} FH]E o] wix|Fel EAslew A YA
o o) A PAde] AeEeiof s} o]7lo] fHlH o] A
E vfeg PHEHE DAE HHo & Zlo|mR YA
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Fig. 3. The ex vivo effect of simazine on the production of TgM
(A) and IgG (B). Mice were immunized with 1 X 108 SRBC by
Lp. injection. After 4 days, spleens were isolated at the 1st, 2nd,
3rd, 4th week after administration of simazine into mice and
splenocytes were incubated in the medium for 48 hours.
Supernatants of splenocytecultures were collected at 24 hours
for IgM or IgG production and used for the determination of
each antibody concentration. Anti~-mouse polyclonal antibodies
(1:160 dilution) were coated on 96 well plate overnight. After
supernants of splenocytes cultures were added to each well and
incubated for 2hrs, antimouse IgM or IgG conjugated with
alkaline phosphatase (AP) were added, respectively. The reac-
tion of AP substrate was measured at 405 nm(***p<0.001,
*p<0.01, ¥p<0.05).
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A Erel Bue gAY oFE AT ZHN simazineo] Al
N o] AE ASl= A E A&7 4 9]
A sk wERA simazined FAE Mg 7S B
THLE JAst AL ErjalE V5% dAES o
T AuH,

BHZeA A4 A= welg)2nt AEE AlAs
= 7S 7R =t #A7E 24 ol shAE
of A%t F ¥A7) Agdshy Lslzo] Bzl 239 u}
olg|zt i A7) R F xE2H Fe F-Fo o
3 AN 2] Azh8o] EAF|oA] A)AEE 72 e
9 (Morgan and Weigle, 1987). b #ofa] Q£
A E ¥ 2718)ollA simazinee] A 7 o]
v Feke] el Wk whelsHe] haE 2#E A}
2 YolRuz} sy}, = AA7} simazines| ¥RES)A]
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Fig. 4. The ex vivo effect of simazine on the weight of spleen
with Friend virus. Mice were inoculated i.p. with 0.2 ml of FLV
complex suspension on the 5th day after first administration.
Spleens were isolated at the 3rd, 4th week after administration
of simazine into mice and tnmmed weighed. Simazine-
administered groups for 3 weeks were significantly different
from control (**p<0.01,*p<0.05).

29 A9 BAE} A AL FAAFIE AATRYe
gk Wlols2e] sl ER vlelaaat Fofe A|A T
o] ZtaEele}l dakwr] difel.

Friend virus 3ol gk FAiate]] WAz ofdkelM
7492 HAE: virus titerd] B]#|S= splenomegaly®] ¥
A (Axelrod and Steeves, 1964; Bendinelli et al., 1985)
o ¢J7] W&ol simazine®] Friend virus Fr<gel £gk 18]
ZAFA 9] W3le]] vlX= Ff2 EAEHA. A simazine
o] Friend virus el 23t XAlge|| v)2& dFE &
Aot Z edske] glliolels HWER Z)AsA] ¢
3keb), Friend virus Zrsdell 23k v]a-FA18] W e
simazinee] WX o3&E AT A= ¥AA TS vzt
simazine ¥ 3F %)= simazine 300 mg/kg, simazine
600 mg/kg Foia-o] WiEEat Wlwsle] 27 13%, 15%
Az F7+2 JePRT simazine Fo 4F FelE
simazine 300 mg/kg, simazine 600 mgkg ol HE
=3 wlwste] 2 2 20%, 9% AEY A VERGA
vk 2AkEel foAde] $elvh(Fig. 4). Friend virus 7
Foll 23 FAFAY Hel simazineo] W|AE FIE
23 Aae FA/AZF) v)7t simazine Fo 3T $o)
X simazine 300 mg/kg, simazine 600 mg/kg -F-o1Fl
gzt vwste] 247 27%, 18% X AE Ve
4] simazine Fof 45 FolE simazine 300 mg/kg T
o] -2 ofdfo] 9141, simazine 600 mg/kg FoJ7-o] THE
o w\watey 1% HEY ZAE eEhfRA T BAEH
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Fig. 5. The etfect of simazine on host resistance against tumor
growth of Sarcoma-180. Simazine was administered to mice at
the 300 mg/kg or 600 mg/kg dissolved in 0.5% CMC for 4
weeks, Sarcoma-180 was intraperitoneally inoculated to mice
before 14 days last administration. Simazine-administered groups
were signi-ficantly different from control group(***p<0.001,
*%p<0.01, *p<0.05).

Q ool duvtE olele MR SAsA @i, w
2l M AubS-S simazineo] 28l 1 7)%0] A E)Ee]
7o) wlo|g| Ao dig} ZpAle] FTksl] 3T Feo Alel
7o) sl WAk el FARA ko] viehd AloE
Ho|i 2§ Az} W7o FEFHAM 45 Fof Fell=
v AREd o FA7A 247} FES R e FAE
A=},

oFH|E el 3t simazine®] °33FE- UolHT] $i5led
simazine Fo] 2% Fel| sarcoma-180F Bl o]4Fla
AZste] simazined 25 ¥ T3t vhE ALEE WA}
e}, o|gzke A AT FPES sarcoma-180 ©]4
gt Ao AmdAAtge] ZaHTH(Fe. 5). WHEe]4
1594 e 2R UE2TH simazine FoHT Afeld] F
23t A=g-0] xo]EZ B4 simazine 300 mgkg 7
3} simazine 600 mg/kg FoiwollA AEEe] HEwH
vlasled 20% AE FAsiger HE o4 16944 H
= gellE simazine 300 mg/kg T simazine 600
mg/kg FoFolA ASFol 2T} w|wsld 22t 20%,
40% RE ®AF) 734 o] simazineo] ol W 2
S ZTPAM AL EolBE oF e, FU A
AE3 Ael7} 7S Hel A AR Fe] ¥ Ao
2 A= o WAL B8t Weubsdl 72 T 3
7) wjEe] AgE) 2E7AS 87 oflp A Rk
AA 2 BAE vlelga AA Fag AL shr dA
X 34le o5t A= antibody-dependent cell med-

2=

iated cytotoxicity %= complement dependent cell lysis
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o ol HE AAES F=F ¢ et d=A s
(Frank, 1979; Lowell, 1980).

gz} olg} ZhE A= whA] BH|Ee| SEtEe] Ao
v Adgelal 2 o glovt B d-ATE AEIe
Agg 7zt A AgEAdet dX87] WEel simazine
o] AA4 WAL AAlshs B} Yo ArKE oH
3t A3= triazined| herbicide?] atrazine®] Al A
kel gl B 1(Michel et al, 1992)9 U=}
sima-zine®} triazined| A|ZEA| HAA ] o3 ARE A
3™ simazine®] WHLAFE-2] 24T 1HS weleE =
o] 2 4 9lg Aol
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