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Acute Immunotoxic Effects of Chlorpyrifos
in CBA Male Mice

Kang Seok Kim
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ABSTRACT

Chlorpyrifos. o o-dicthyl o- (3.0 6-trichloro-2- pyridyl) phosphorothioate, is a broad
spectrum  organophosphate insceticide. The use of chlorpyrifos has been increased more
and more as pesticide, But the effects of chlorpyrifos on the immune alterations has not
been vet observed., Therefore, we investigated the offcets of chlorpyrifos on the immune
alterations in CBA male mice,

Chlorpyrifos was administered to mice by a single intraperitoneal injection for the
purpose of observing acute ceffects.

On the one hand to get the information on immunopathologic alterations we observed
hematological values. counted total circulating lcukocytes and assessed the ratio of
lvmphocytes and neutrophils from the peripheral blood, measured the ratio of organ/body
welght and counted splenic cellularity in CBA male mice which treated chlorpyrifos
intraperitoneally. But we could not find any significant immunopathologic alterations
statistically by a single intraperitoneal injection, Also, the exposure of chlorpyrifos caused
no significant change in the number of PEC/T0 spleen cells at any three given doses.

On the other hand @ single intraperitoncal ijection of chlorpyrifos decreased the
lvmphocyte proliferation response slightly to ConA or LPS stimulation at a dose of 6
my ke bow,

Admimistrations of chlorpyrifos reduced mixed leukoeyvte response (MLR). MLR  was
decreased moderately at doses of Smeskg bow, and 6megskg bow,

Theretore, @il these findings suggest that chlorpyrifos mayv alter the immune functions

acutely, especially by the changes of T lymphocyte activity.
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oral rahbit 1000 2000

skin rabbit 1400 2000

oral pigeon 10 27

orai chicken 25,4 63

oral quail 13.5

oral duck 76

oral wild bird 5

oral goat 5001000

A NOEL-2 15.0 mg/kg/day. 4329
NOEL-& 10.0 mg/kg/dayol™ 25 mg/kg/day £
ol M= EHX}"] Z o7} 7 id}” F742] o]4fe} 1}
el Zles whal ok, gl W3t chlorpyrifos

9] {'}é*‘-ﬁ* > ohgt 7L‘:}
gt frlelAle] 3ok o R A chlorpyrifoss} #
)5 O

27134

7+ organophosphorothioate 3Fojm 5
ethyl7] 5 methyl?] 2 # 38k chlorpyrifos-me-
thvlell W37} &%l 73 wof s £88 o
& &l FA AT Aestgols X oldh
ol#lgt A& chlorpyrifos 4] WA o3&
u] A gl 9l &S AlAbstdar & 4 gl
wlelbA], chlorpyrifose] 916} A E-o] o _‘«}
M3t o 5E Eelsls 7R
A 71 ¥ o] chlorpyrifos %:~°i17]— G Ao *O%‘]B]
mel7]% Wisle] vjAy cgghs ool ofr}
Chl()rpvrifm?} Alg FEe] W 7] niis
oJekg oolR 7] f3 713 AgP2F A AB7 HY

K EM' A& o3k} ConA, LPSel o)k oju}
o] —‘;"—0‘3 oﬂ U] ] 0'1 1: o]v‘_ H] 2z ]_j lj: cd ;q
3}-02‘ ?—03 6}@1 :Q‘_?ﬂ— O‘J g}, HOO}:}\] 9] -f#cﬁ Lotoﬂ U] 5-]

- o4 £ ofolugte).



April 1998 Kim :

CI

1. MESE ¢ AR

o Agdef Al AREEl CBA A A3 Mg
B AREE Al FPel Hi 4FE A%
A @7el HeA7 F Abgstleh Agae] 24
L olZAeg oA TI00HE] F TI007R] 124
7tog zAsGom L 22°C, H£EE= 554E
zselth ARE THARE AHgsiglon 44
Py REES ALgEY T ALRsh 445 A g
A eisket

2. Chlorpyrifos @ Cyclophosphamide (Cy) A|2
Zlef = o Fof
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Scheme

Time schedule and routes of administration(ip)

0 1(Davs)
(0 ﬁ—‘

Cp  Sacrifice
Cy

: 5(Days)
(2 | | J I ! |

AR A R
Cp SRBC Sacrifice
Cy SRBC

Cp: Chlorpyrifos
Cy: Cyclophosphamide
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ml&E =2 Ae] Aledhs g0 A3 040
trypan blue2} .2 %ef 3481 hemacytometer
iability 5 &4 8k (95% o Ah)

% o] E3le] cell v
v A M x5 5 Aol
4) gt M MES=(IgM PFC)2| &3
B 3o} A AAA=S E2KE7] 2)skd Cun
ningham®] liquid slide monolayer B'§%& o] &
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Table 1. Composition of K-0, K-10 media
Component (Final Concentration) /Liter
RPMI 1640 (Sigma) 10.4g
L-Glutamine (2mM, Sigma) 292.0mg
Sodium Pyruvate (1 mM, Sigma) 110.4 mg
HEPES (10 mM, Sigma) 2.38¢g

Sodium Bicarbonate (Sigma) 2.0g
Nonessential Amino Acid (0.1mM, Gibco) 10.0ml
2-Mercaptoethanol (50 uM, Sigma) 1.0ml

Penicillin/Streptomycin (100 U/ml, Gibco) 10.0ml

*

Stertlization was made by Milipore membrane filtra-
tion,

Composition of K-5 media : K-0 media supplement-
ed with 5% Fetal bovine serum (Gibco)

anposm(m of K-10 media K-0 media supple-
mented with fetal hovine serum (Gihco)
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Table 2. Effects of a single intraperitoneal injection of chlorpyrifos on the hematological values in CBA

male mice.
Group RBC(1 x10°/mm®) Hb(g/dl) HCT (%) MCV (f1) MCH(pg) MCHC (%)
Control 9.3+1.0 15.5+0.2 47.5%+0.3 51.3+0.5 16.5+0.3 32.84+0.3
0.6mg/kg 8.5+0.2 14.8+0.4 45.0£1.7 52.74+0.9 17.3%+0.3 33.0+0.6
3mg/kg 8.7+0.3 14,9+0.3 46.3+1.2 53.7+0.3 17.3+£0.3 32.340.3
6 mg/kg 8.8+0.1 15.4%0.1 46.5+0.5 52.5+0.5 17.5%0.5 33.5%0.5
CY 100 mg/kg 8.8+£0.2 15.0£0.5 46.0+1.0 52.0+0.6 17.3+0.2 32.3%£0.3

A single intraperitoneal injection of chlorpyrifos and cyclophosphamide (CY) were made at 24 hours before

sacrifice.
Coulter counter,
Abbreviations:

MCH:

RBC: Red Blood Cell,

Blood was collected from retro-orbital plexus and complete blood count was performed by using
Results are the mean +SE of 3 different experiments.
Hb: Hemoglobin,
Mean corpuscular hemoglobin MCHC: Mean corpuscular hemoglobin concentration

Fach group consists of 5 mice.

HCT: Hematocrit, MCV: Mean corpuscular volume,
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Table 3. Effects of a single intraperitoneal injection
of chlorpyrifos on the white blood cell
dlffcrcntl(xl count in LB\ male mice.

Group V\«'B(, v Ly mph()c} te \IL utr nphll
(1x10*/mm?*) ("0) ("0
Control 6.1+0.6 68.5+5.5 28.5+4.9
0.6 mg/kg 5.0%£1.2 69.3+4.7 28,5400
3Img/kg 6.0%£0.3 70.5+0.5 27.5%2.5
6 mg/kg 4.6%x1.1 66.7+2.3 31,821
CY 100 mg/kg *2.6+0.2 65, ()iS.l 33.7i4.8

A single intraperitoneal injection of thmp\nlux and
cvclophosphamide (CY) were made at 24 hours before
sacrifice. Blood was collected from retro-orbital
plexus and white blood cell differential count was
performed by using Coulter counter. Results are the
mean+SE of 3 different experiments. Fach group
consists of 5 mice. Asterisk: significantly different at
©pe 0,001 from the control group.

Table 4. Effects of a single intraperitoneal injection
of chlorpyrifos on the changes of organ/
body weight in CBA mdlc mice.

Thyvmus(wt, )/ \p]oen(\\t ) /

Group

b.w, (") b,\\. (‘n
Control 0.11+0.01 0. ’)4i() Y2
0.6 mg/kg 0.12£0.01 (. 33+£0.01
3 mg/kg 01340, 02 0.3340.03
6 mg/ kg 0.12+£0.02 0, ’ﬂ)f() )2
CY 100 mg/kg * 0, 08%0.01 L), 2410, ())

A single intraperitoneal injection of (hlnr[)\tlfm and
cyclophosphamide (CY) were made at 21 hours before
sacrifice. Results are the mean+SE of 3 different

experiments. Each group consists of 5 mice. Aste
risks: significantly different at *p< 0,001 from the

control group.

Table 5. Effects of a single intraperitoneal injection
of chlorpyrifos on the changes of splenic

cellularity in CBA male mice.

Splenic cellularity

Group (“u of Lontml)
Control 100

0.6 mg/kg 97£6.5
3mg/kg 914+3.5
61ng/kg 90+6.8
CY 100mg/kg 6057

A single intraperitoneal injection of chlorpyrifos and
cyclophosphamide (CY) were made at 24 hours before
sacrifice. Spleen cells were counted using tryvpan blue
exclusion test. Results are the mean®SE of 3
different experiments. ach group consists of 5 mice,
Asterisk: significantly different at *p- 0,001 from the
control group.

TOXICOL. Vol. 13, No. 1~2

Table 6. Effects of a single intraperitoneal injection
of chlorpyrifos on the splenic IgM PFC in
SRBC immunized CBA male mice.

[¢M PEFC/10° spleen cells

Group

Control 2,135+78
0.6 mg/kg 2,325458
3mg/ kg 2,250£50
6mg/kg 21404130
CY 1(()mg/kg * 273117

A single intraperitoneal injection of chlorpyrifos and
cyclophosphamide (CY) were made at 24 hours before
SRBC sensitization. Mice were immunized with 4x 10
SRBC intraperitoneally, IgM PFC of spleen cells were
counted at the 4th day after immunization. Results
are the mean®SE of 3 different experiments, Each
group consists of 3 mice. Asterisk: significantly
different at *p< 0,001 from the control group.
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Fig. 1. Time course of the ConA or LPS induced
splenocyte proliferation.
Normal spleen cells from CBA male mice
cultured at 4 X10° cells/well in 200l K-10
media using 96 well flat bottomed micro
plate and stimulated with ConA (5pg/ml) or
LPS (5 pg/ml). Cultures were incubated 2,
3, 4 days and were pulsed with 0.5 mCi/
well *H-thymidine for the last 18 hours of
incubation. 3ll-thymidine uptake was deter-
mined by liquid scintillation counter. Re
sults are the mean+SE of 3 different expe-

riments. Spleens were pooled from 3 mice.

kg, 6mg/kg B2ko g 13] E7MH Fof3laT 244

2 Fol g W Arsle] 24 MR 2
g g hAe] AFe] g FANE ol ulel

47] Bl 1A AR G el wateh 2
Ao wE ol FupelA s e e
( 5

t}(Table 4). ol24 Al FTAMz} vzl 3)2
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5 Yep A g Aol 2l =gl

v o] M el v AlRe] g abolR
7l $13te] Al 0.6mg/kg, 3mg/kg, 6mg/kg
SgFoz 13] B Fofala 2447 Fof B]AS
S 2 v MEE F83 oF hemacyto-
meter& AHE3ted E2lEt HE £E A EHAT
wjke] FAE o] &sle] WA, 1 A% BE
o S-afoll A W3S el Al ¢Sk} (Table 5).

A AAGel w) R AlBe] dEFS dotRr] $3}
o 0.6mg/kg, 3mg/kg, 6mg/kg HFo 2 13]
B Foisl 24 A7 Fof WekAHETR A
5 A7 F 4 dAel 1gM PFC 8 Z3 3]
2 Az Wyl Yepdal gslek (Table 6).
ol AEE B a7 A YAl oS
o] X 2] eberhe el elE i

+

120000

H-Thymidine uptake (cpm)

3

NC Cpl CpIl

Fig. 2. Effects of a single intraperitoneal injection
of chlorpyrifos on the ConA induced splen
ocvte proliferation,

Spleen cells from CBA male mice were
cultured at 4Xx10° cells/well in 200ul K-10
media using 96 well flat bhottomed micro-
plate and stimulated with ConA (5 ug/ml).
Cultures were incubated for 3 days and
were pulsed with 0.5 pCi/well *H-thymidine
for the last 18 hours of incubation. “H-
thymidine uptake was determined by liquid
scintillation counter. Results are the mean
+SE of 3 different experiments. Each
group consists of 3 mice. Asterisks: signifi
cantly different at *p<0.001 form the con-
trol group.

NC ¢ Normal Control

Cp-1 : Chlorpyrifos 0.5mg/kg b.w.
Cp-11 : Chlorpyrifos 3mg/kg b.w.
Cp-HI : Chlorpyrifos 6mg/kg b.w.

Cy . Cyclophosphamide 100 mg/kg b, w.

Acute Immunotoxic Effects of Chlorpyrifos in CBA male Mice 39

B3k}

A Mitogene] &8} u]# M HogSof v]jx]=
AlBe] o3k dolrrl 3k 0.6 mg/kg, 3mg/
kg, 6mg/kg &322 13] B7h) Foidl 244
b Fof v MES Hesld T dab+us 249
A7l ConA (Sug/mbhE 7k ¥ L #4952
Astdch. wA A Ee A wiok AIZHE A3
#} 39 wigkel A gatel or (Fig. 1) ConAel 9
952 6mg/kg SF M FofH o e}
Ho g Jepdd (Fig. 2). weld, Ags 9t T
dutre] 715 WHEE T ZoR 7 & £ 9
o},

oo e

90000

45000

H-Thymidine uptake (cpm)

3

NC  Cpl

Cpll CpIl CY

Fig. 3. Effects of a single intraperitoneal injection
of chlorpyrifos on the LPS induced splen-
ocyte proliferation,

Spleen cells from CBA male mice were
cultured at 4 X10° cells/well in 200 pul K-10
media using 96 well flat bottomed micro-
plate and stimulated with LPS (5 pg/ml).
Cultures were incubated for 3 days and
were pulsed with 0.5 uCi/well *H-thymidine
for the last 18 hours of incubation. “H-
thymidine uptake was determined by liquid
scintillation counter. Results are the mean
+SE of 3 different experiments. Each
group consists of 3 mice. Asterisks: signifi-
cantly different at *p<0.001 form the con-
trol group.

NC : Normal Control

Cp-1 : Chlorpyrifos 0.6 mg/kg b.w.
Cp-11 : Chlorpyrifos 3mg/kg b.w.

Cp-MI : Chlorpyrifos 6mg/kg b.w.

Cy . Cyclophosphamide 100mg/kg b, w.
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Fig. 4. Time course of the one way allogencic mix
ed leukocyte response,
Normal spleen cells from CBA male mice
were cultured at 2 x 107 cells/well (responder)
in 200pl K-10 media stimulated with 2 X102
cells/well Mitomycin-C inactivated splen
ocvtes from C57BL/6 male mice (stimulator)
using 96 well round bottomed microplate,

Cultures were incubated for 4, 5, 6 days and
were pulsed with 0.5 uCi/well “H-thymidine
for the last 24 hours of incubation. ‘-
thvmidine uptake was determined by hquid
scintilfation counter. Results are the mean
+SE of 3 different experiments. Spleens
were pooled from 3 mice.
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Fig. 5. Effects of a single intraperitoneal injection
of chlorpyrifos on the one way allogeneic
mixed leukocyte response.

Spleen cells from CBA male mice were cul-
tured at 2310’ cells/well Mitomycin-C inac
tivated splenocytes from C57BL/6 male mice
(stimulator) using 96 well round bottomed
microplate.
days and were pulsed with 0.5uCi/well “H-
thymidine for the last 24 hours of incuba
tion. “H-thymidine uptake was determined
by liquid scintillation counter. Results are
the meanSE of 3 different experiments,
IFach group consists of 3 mice. Asterisks:
significantly different at *P<0.01 from the
control group.

NC © Normal Control

Cultures were incubated for 5

Cp-1 : Chlorpyrifos 0.6 mg/kg b.w.
Cp-11 : Chlorpyrifos 3mg/kg b.w.

Cp-III : Chlorpyrifos 6mg/kg b. w.

Cy . Cyclophosphamide 100 mg/kg b.w.

ekl (Fig. 5).
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