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Inhibitory Effects of Simazine on Various Functions of Peritoneal Macrophages
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Abstraet — Triazine herbicide has been reported to directly suppress the immune responsc. In the present study,
we exarnined various functions of murine peritoneal macrophages that were isolated and stimulated with LPS
after siazine (300 and 600 mg/kg body weight), a triazine herbicide, was administered every day for 4 weeks.
Simazine decreased the capacity of phagocytosis, compared to those of carboxymethylcellulose (CMC)-treated
control group. In addition, the production of NO and TNF-¢ was decrcased in macrophages of simazine-
treated mice. However, the production of hydrogen peroxide (H,0,) was not altered. In vitro tumoricidal activ-
ity of in vivo simazine-treatcd macrophages was reduced against target cell, B16 melanoma. Taken together,
these results suggested that simazine might have the immunosuppressive effect on macrophages after in vivo
exposure, which was related to the reduction of tumoricidal activity.

Key words ] Simazine, macrophage, H,0,, TNF-¢, NO, tumoricidal activity
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Fig. 1. Effect of simazine exposure on phagocytosis of macre
phages. 300 or 600mg/kg body weight of simazine was ad
ministered by oral gavage to mice every day for 4 weeks
Peritoneal macrophages were isolated on the lst day after th
last adminstration of simazine. Phagocytosis was measured a
OD 540nm following NBT assay. *P<0.05; significantls
different from the vehicle control group. Experiments wer
repeated 2 times.
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Fig. 2. Effect of simazine exposure on NO (a), HO, (b) and
TNF-¢ (¢) production of macrophage. 300 or 600mg/kg body

. weight of simazine was administered by oral gavage to mice
everyday for 4 weeks. Peritoneal macrophages were isolated on
the 1st day after the last administration of simazine. Culture
supernatants of macrophages were collected and the levels of
nitrite, H,0, and TNF-ox were measured as described in
materials and method. *P<0.05, **P<0.01, significantly dif
ferent from the vchicle control group. Experiments were re
peated 2 times.
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Fig. 3. Effect of simazine exposure on antitumor activity of
macrophages. 300 or 600mg/kg body weight of simazine was
administered by oral gavage to mice everyday for 4 weeks.
Peritoneal macrophages were isolated on the 1st day after the
last administration of simazine. Macrophages were co-incubated
with BI16 melanoma for 18 h at effector: traget ratio of 10: 1
and tumoricidal activity was assessed by MTT assay. *P<0.05,
significantly different from the vehicle control group. Expert
ments were repeated 2 times.

vlrld s o 7 A M 29 7)5g HA Al & 5= glet

Stuchr®} Maretta (1985)%c A 3d B A A EE
LPS¢} IFN-y= AE]3}5S o NO, ¢} NO; 5 A=}
I HEZ B 319}t NO= L-arginine®] 242452
ojr] g2 Al7hH el repsiratory burste} AFRgl o] B-EAF
A el pitrite?} ntirate® % 8-¥ vH(Iyengar 5, 1987). &3t
NO= EAAEL] AL i3t E4LF A5l dAAE
o] b= Abds) At Abd 28 F93 e g
T @A gleh(Keller & Keist, 1987). E4 318} o)A £
oA Fu)== INF-o ©3F HHEES Fo|= 83 £2
olgbil o] WEF Y ThFeinman =, 1987). wHEhA
simazineell ]8] HA|FE M L AL AP L2
Zha¥l TNF-a ¢f NO2| Ao 7|dsdE 7oz F4F
o, o|HF A= Fu|EAe] MR Apd EHeA F
85 9% ok JFHe] el 94X FrBredt &
Snyder, 1994; Feinman -5, 1987; Urban 5, 1986). ¥
v}, simazineol] 2}&] A== A EY QM E Abgz}
4 7]zhe %] PEE A ok DiNapoli 5(1996y
HAEE oAt FEEFE B dHAZE7F NOE
AR s ZAANEES AMEsle Ye] ZhAaEE Al
iNOS Wt o] ZtA4xw]7] o Feoleli WFIPgE o, =3t
E o7 AgAze 3T B d7AA s A
oA simazing cHAA ol Xe]gt Ao} dx|&t
chKim 5, 2002).

£ A ARZHE simazineo] o5 WHAMEL] 7]



228 Kyung-ran Kim, et al.

AAHE 7Fedt 8 7122 A, simazineo] FHHL
2 ANz 71%5¢ JAE = o Simazine?] A
AbEo] W9 FA]H o] 7] W] Fof MEe] FA E Al E
= gimazine T 1 hARFES A EW S22 JlsAd o
2ok Hanioka $(1999)2 cytochrome P450 systemel] 2|3}
simazine®] 2-chloro-4 ethylamino-6-amino-1,3,5-triazine &
AP shdct. £, smiazine FodFol| Al A A 2
2} A M) E(GM-progenitor cell)7} HAA| E=2] E37]
AAAH R o] Fo] AR k7] W Fo) HHFHOZR o] Az
o) D DAY AZ BEE A ET w7 A
A, RAME 7]5o ek &4 42F FZo] simazine
of fa whe] mix oA & 7t ol o]=dt slsAde

Al M= o] A7) 2=l oF & Aol

HEH OB gimazined M EAPE Y%, 9224 TNE-o
9l NO 5 Al =9 752 Agd. o]aa} A72
= tﬂ’gl*“ﬂlﬂ“ obA) Eof] dR}A Q] F0 WM E]
g AElslg e WA EL] ZhAd A EA}
TNF-o2t NO A9 7r4e AT AR s =
o). =8 simazine? triazine A A &ALl = A o
0] 2] 3= g8kl w3t HRE A)F-FH simazined] HE
AA zHg-o] 24| AL weleY =g g 4 g
Aoleh

[

#IE

Adams, D.O., Lewis J.G., and Dean J.H. (1988). Activation of
mononuclear phagocytes by xenobiotics of environmental
concern. Analysis and host effeets. In Gardner D.E., Crapo
J.D. and Massaro E.J. (Eds.), Toxicology of the Lung, Raven
Press, New Yorlk, pp. 351-373.

Barshtein, L.A., Palii, G.K., Persidskii, I.V., Ber'iaminov, V.O.,
and Pushkar, M.S. (1991). Immunomorphological analysis of
prolonged intoxication by low doses of herbicide simazine,
Bull. Exp. Biol. Med., 112, 657-659.

Bredt, D.5. and Soyder, SH. (1994). Nitric oxide: A
physiologic messenger molecule. Annu. Rev. Biochem., 63,
175-195.

DiNapoli, M.R., Calderon, CL., and Lopez, D.M. (1996). The
altered tumoricidal capacity of macrophages isolated from
tumor-bearing mice is related to reduced expression of the
inducible nitric oxide syntase gene..). Exp. Med., 183, 1323-
1329,

Ding A.H., Nathan CF. and Stuthr D.J. (1988). Release of
reactive oxygen intermediates and reactive oxygen inter
mediatcs from mouse peritoneal macrophages. J. Immunol.,
141, 2407-2412.

Eldrige, J.C., Gleenor-Heyser, D.G. and Extrom, P.C. 1994.
Short-term effects of chlorotriazines on estrus in fetnale
Sprague-Dawlely and Fischer 344 rats. J. Toxicol. Environ.
Health, 43, 155-167.

Fetman, R., Henriksen-DeStefano, D., Tsujimoto, M, and
Vileek, J. (1987). Tumor necrosis factor is an important
mediator of tumor cell killing by human moncytes. ./
Immunol., 138, 635-640.

Fournier, M., Friborg, J., Girard, D, Mansour, S., and
Krzytyniak, K. (1992). Limited immunotoxic potential of
technical formulation of the herbicide atrazine (AAtrex) in
mice. Toxicol Lett., 60, 263-274

Hanioka, N, Jinno, H., Tanaka-Kagawa, T., Nishimura, T., and
Ando, M. (1999). In vitro metabolism of simazine, atrazine
and propazine by hepatic cytochrome P450 enzymes of rat,
mouse and guinea pig, and oestrogenic activity of chloro-
triazines and their main metabolites. Xenobiotica, 29, 1213-
1226.

Hayes, WJ. and Laws, ER. (eds.), (1990). Handbook of
Pesticide Toxicology 3, Classes of Pesticides, Academic
Press, New York.

Iyengar, R., Stuer, D.J., and Maretta, M.A. (1987). Macrophage
synthesis of nitrite, nitrate and N-nitrosamine: rccursors and
role of the respiratory burst. Proc. Natl Acad. Sci. USA, 84,
6369-6373.

Keller, R. and Keist, R. (1989). Abilities of activated macro-
phages to manifest tumnoricidal activity and to generated
reactive nitrogen intenmediates: A comparative study in vitro
and ex vivo. Biochem. Biophys. Res. Comm., 164, 968-973.

Kensler, T.W. and Trush, M.A. (1983). Inhibition of oxygen
radical metabolism in phorbol ester-activated polymorpho
nuclear leukocytes by an antitumor promoting copper comr
plex with superoxide dismutase-mimetic activity. Biochem.
Pharmacol., 32, 3485-3487

Kim, K.R., Son, EW.,, Rhee, D.K., and Pyo, S. (2002). The
immunomodulatory effects of the herbicide simazine on
murine macrophage functions in vitro. Toxicol. in vitro, 16,
33-39.

Lewis, J.G. and Adams, D.O. (1987). Inflammation, oxidative
DNA damage and carcinogenesis. Environ. Health Persp.,
76, 19-27.

Lewis J.G. and Adams D.O. (1985). The mononuclear
phagocyte system and its interaction with xenobiotics. In
Dean J.H., Luster M.I,, Muson A.E. and Amos H. (Eds.),
Immunotoxicology and Immunopharmacology, Raven Press,
New York, pp. 23-44.

Mand, HM. and Vogel, S.N. (199]) Measurement of mouse
and human TNF: In Colgan, J.E., Kruisbeek, A.M., Shevach,
EM., and Strober, W. (Eds) Current Protocols in Immuno-
logy, Wiley-Interscience, New York, pp 6.10.1-6.10.5

Michel F., Jacques F., Denis G., Saad M., and Krzyztof K,
(1992). Limited tmumumotoxic potential of technical forma
tion of the herbicide atrazine (AAtrex) in mice. Toxicol. Lett.,
60, 263-274.

Nathan, C.F. and Root, R K. (1977). Hydrogen peroxide release
from mouse peritoneal macrophages: Dependence on
sequential activation and triggering. J. Exp. Med., 161, 648-
662.

Okimura, T., Ogawa, M. and Yamauchi, T. (1986). Stress and
immune responses. 11l Effect of restraint stress on delayed



Simazined| =2 CHAMIEES| 71501 DIRl= &t 229

type hypersensetivity (DTH) response, natural killer (NK) biosynthesis. Mouse macrophage produce nitrate and nitrite
activity and phagocytosis in mice. Japan, J. Phamacol., 41, in response to Escherichia coli lipopolysaccharide. Proc.
229-235, Natl. Acad. Sci. US4, 82, 7738-7742.

Pyo, S., Gangemi, J.D., Ghaffer, A., and Mayer, E.P. (1993). Urban, J.L., Shepard, H.M., Rothstein, J.L., Sugarman, B.J., and
Poly I:C-induced antiviral and cytotoxic activities are Shreiber, H. (1986). Tumor necrois factor: a potent effector
mediated by different mechanisms. Jnt. J. Immunopharmac., molecule for tumor cell killing by acitvated macrophages.
15, 477-486. Proc. Natl. Acad. Sci. US4, 83, 5233-5237.

Stehr, D.J. and Marletta, M.A. (1985). Mammalian nitrate



