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ABSTRACT : The mutational effects of pentachlorophenol (PCP) on the hypoxanthine phosphoribosyl
transferase (hprt) locus in human T-cell were analysed by T-cell clonal assay in vitro. Cells were exposed
Jor 24 hours at primary culture to 0~100 ppm (W/V) PCP in dimethyl sulfoxide. Treated cells were al-
lowed at the same time to stimulate by phytohemagglutinin (PHA) and T-cell growth factor (TCGF) and
then seeded in medium containing 6-thioguanine to select for hprt-negative mutants. We have also de-
fined the optimal condition for the determination of mutant frequency. The parameters investigated in-
clude survival counting, first and second subculture for clonal efficiency plating and mutant plating. Under
the optimal conditions, mutant frequencies of high dose-treated cells were significantly higher than those
of non-treated or low dose cells. The results indicated a clear dose-effect relationship and showed that
mutant frequency in 50 ppm PCP treated cell was 4.31x 10° (background, 8.32x 10°). Above data strong-
ly suggest that hprt mutation assay can be used as a biomarker for the environmental risk assessment.
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PCP= @A A #AFHELE N FEa 9l
+ e EHN, T2 A5 BEA, P AL, A

A 5 cbEHoez A4E 7 glcH(Hattenman-Frey S-,
1989; Hill'S, 1989). 313) Bofo4at AAAH o2 oF
90,000E/1d o] A}%Eu 9101 (Seiler, 1991), |24,
AR, AR A, 2F 9EA], %A FoRE AL
=)o %G(Crosby—o—, 1981; Cirelli, 1978; CELDS,
1992). PCP= F2 o] & Melgt FA| & 7] & A
2 a4 B i A Ehgel] S]] 31738 2@ A7)
W, F7|FeR e o gy 7|3 S 2 4]7)
7= g} (US DHHS, 1991). PCP+ o y-H-o] efA
o] FA4E FHAI7IH, A e Holxl&E T}
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Aol AR B4

T oled, 53] 54 35
A7) ¢JeH(IPCS, 1987; US EPA,1979). PCP+=
o3k B9l AL 2 BRH D Aste] v
= 54 7] BAE AR H| A edx A
& A " EAE Hholol sz FF o2 mAEo] g
tH(U.S.EPA, 1991).

PCPe| gt AN EALY A= o] E3lo] o} %
AJ (fetotoxicity > QX1 7] 3 A (teratogenicity }&- $1=
Ao, wah FA) WA SHele e ) wo
o], WS WAEA] Rek e wuEw

et

L 2 % Ho off
Aqr B el gy

(Schwetz %, 1978). &F# PCP2| f-35A o thafjr] =
e °3_:rL7]- Bl ¢lx|&= ¢fer}, Nishimura

(1982)2] Hle]g]o}E o] 83 Ames test 2 7= PCP7}
FAR} Ho) & o}7| A7 Ho] ol Casto(1981)+=

syrian hamster embryo cell& PCPZ 2|3}t
SA79] ujolei 2 HAME sk S2F of ukgo] &
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e Fvstdve ZA-s 2 uslgdct. w3 Chinese
hamster ovary cell& ©]-83 MEFAAY A=
PCP7} sister chromatid exchange®] ¥4l v & Z7}4)
7l AL 2 4e 3 cH(Galloway 5, 1987).

Aol cfah PCPS) :3e F2 290% AE, &
o A3, FUEZF] 5= PCPE A A3t 2l
2 A2 A me i Aellxe] F4lo] 7 2<le] H
T Slek. ol F2 Ao AlEd, n, dol e
T8 SoA] &ExxH, Hill—‘:—(l989)2 v]=- Arkansas
Toﬂkl 197 Di'/] o]'o 52 EHA]'—«E—'S}' 7&%‘@640"/(%

v E o}gellA] o] PCP7} AEH A 0w, 2 FTEEAA
Lappbeb 233} uh olek. wak BAEelH 2R
Aol gl AReR AVZAS nolE 1672 8
AN BE, %, YA Hsto] PCPE] 5o
aqa) 2 Ak 2R Aere] DRSS v
s BoFT 3lsl j_(Jorens—‘:— 1991), S =
= xe] AFAoh Ak 78 AAFApel cha vl 2
& °ﬂ/‘1 = 8% PCP2) o] 7 ‘7 } 420 ppb : 40 ppb(Z
%), 69 ppb : 3.4 ppb(=F)2E ¥ H v} glr}i(Cline
=, 1989).

oleld AL WAl S2l7t 28] Dol Bus)
Sl sk FAAe) 45428 PCPol A
8 xulo] olehs AL eulstel, 1 AWAE o2
shx Wb 4 sl el wael Agsicin AR
R NI EE R CERERN
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biomarker=-

7] -rl?ﬂ- H’-‘ﬂ”_.i 7HHL51 T-cell hprt clonal assa
(Albertinis-, 1985) ¥+ A& o gl biomarker=
o &5kei = Alglel £05 o] olv] el S4g el o)
ol 2 7PsAe W e uh glos, mak el
PCR(polymerase chain reaction)7|¥ 2] ®bd-2- o] T-
cell clonal assayS &hgtA] ¥hA A] 7)o}, mutant clone-&
multiplex PCR, RT(reverse transcriptase)-PCR&- ¢]-8-g+
A7IM A o2 FA sl 3 EAnio] el of
g A Byl o]l mutational spectrum®] AHA] %
o 7 A7 A 1 ¢l (Messing 5, 1989; Nicklas
£ 1990; ONeillS, 1990; TatesS, 1991;
1992; Cochrane-5-, 1993).

£ B oAM= ¢4 PCPE H3A FA e digk A
FA A E 24 Q7ke] T-lymphocyteol| 4 hprt 312}

'~<

ColeZ,

9] in vitro mutant frequency S =43} 7, o|2{gt in
vitro system®] JuFA 8- 93} AgubAle) Flel
A& EA3ke] biomarker24 9] 715AS S8}

shsich.
IL Rig 9 gy
1. M3 3 M| ZEHH QFHR K]

Alglol AHE%l M E= 394 3 FAK(Sample A)o}
224|18] &= F2KSample B)ol|A] Z}z}  heparin(beef
lung heparin, 10 units/ml whole blood)&- A-8-3}o7 x|&
3}32 lymphocyteZ 2-25bith. T-cell viokg- 9is}ed
71wz Z4] RPMI-1640(Sigma R-5382; with L-glu-
tamine)S ARSI, 1 9] J|E A, F
Dulbecco's PBS, HEPES, sodium bicarbonate 5% &
Sigma(cell culture grade) #|E-8- AL2-3}¢ic}. RPMI 7]
Bpjx]e] FA)-& 25 mM HEPES, 1x non-essential am-
ino acid(Sigma, USA), 1 mM pyruvate, 0.05 mM 2-mer-
captoethanole| ™, o]ol] 2 g/l®] sodium bicarbonate-5- A
7¥sled pH 722 xAE F, o3 Hsleich HL-1
medium-2 Ventrex LaboratoriesA}(Portland, ME, USA)2]
714, fetal bovine serum(FBS)2- GibcoAHUSA)2] A&
S ARESlgd 1, phytohemagglutinin(PHAYXS Wellcome
diagnosticsAHUSA)®] 718 Al8-3}eic). T-cell growth
factor(TCGF):= Collaborative ResearchAHUSA)ollA] F-
FRkgter o sHERq A o3 Atrh(Alvarez
=, 1979). = o] MAr =3% human mononu-
cleus cell(MNC)—E‘ HIAL FAH1000 rad)slir o] 1~
2% 10° cells/ml®] =% 2 1% FBS, 1 ug/ml PHA, 2x 10°
feeder cells/ml7} 35-%1 RPMI 1640 vl R]ol|A] 40~424]
7k vkt 3, AA5N-S Rol, filtrationS 73, -30°Cel]
A B#AEtgdc}. Feeder cell2 hprt-negative?]l WI-L2
lymphoblastoid cells(TK6; W.G.Thilly, MIT, Cambridge,
MA, USA)e] H3 | ZF4) 36x4 cell line(hprtX A H-
A 2Fe] ZHAL; Skopek, TR.. 1978)8 AL4-3lgic}. A En)
4ol 48 LE JIFE dalg EeedAEes
Nunc %5 FalconA| -2 AH8-8}i )

2. Blood Lymphocyte2| 22|

AEF 25 mle] S Histopaque(Sigma, specific
gravity=1.077) 25 ml7} 71 50 ml-§& A} E-ajgke] AF
Zol] W1, Ab2-ol|4] 400 g, 30507 4l &g 3}0:1 T
713kt

Z2] blood lymphocyteE

EE



DPBS&-H o2 FH AHZ F(250 g, 10&), 5 ml
RPMI 1640 mediumel]l ¥-#-A17]%, 2% 01 mliE
0.4% trypan blue(10:1)Z <3 3}o] haematocytometer=
AEA L) ST ZAsACT

3. 1X} U (primary culture)

%2 % blood lymphocytet= 12} ujofelel 2} Alg)T-
T} 40 % 10°(1 X 10° cells/ml)E] Al V137, Zt7] 474] 50
ml-8 culture flaskell 10 mI® v}r¢ic}. 12} wjofele
RPMI 7| 2uf 2] ¢f] 2 mM L-glutamine, 1x antifungal-an-
tibiotic solution(100 units/ml penicillin, 100 pg/ml
streptomycin sulfate, Sigma; oA} 2% HIEFE)s ¢
o] RPMI 1640 S| & ut&35, of7]el o}A] 20%
HL-1 medium, 5% FBS, 1 ug/ml PHAE #7}3}o] 1%}
vl ool (primary culture-$-)© 2 3}t wiok 37°C,
5% CO, incubator(5F%.¥ 100%)ellx] 36~40A| 7} wlj ok
stk

4. PCP mutation

PCPx{2]& o]& 50 mg/mle] % & DMSO9| o
7 AT HEXTU) 0, 01, 1, 5, 10, 15, 25, 50
ppm(w/v)o]l HA 3te, 1aheleF Alxk 124]3F F-4-¢]
Alzbsle] 36417 7HA] 24A17F 2] & wbA| st

5. 2&} Y 3XH|2F(subculture)

36~404) 71| o xjufjofe] kg E F, cells WA
g2 A%, 1 AdF-E 9, A AEE
2] (survival counting)d}lgich. o] 5L S Ho AN E
o] Aeuofel] Soi7}7lell kA 23 2] subcultureE
Fastodct. oju wicfH-& RPMISEH iAo 20%
HL-1 medium, 5% FBS, 10% TCGFS ¥3%A]7|1,
0.125 pg/ml PHAE A7FA ek wlofAI2HA] Al £ 9]
e = 0.1x10° cells/mlo] 2, 5 20 ml <19 = vl
SFahaick. 712 7} 3edolsick. 471 Algls
= HEZ vkl & AES E FoddHe] vl e
o W3S 7] iskel 22 A 37 who Aol 22} A

% 73tz H ¥ mutant plating-& 3314}
t}. HAeJAl 12}lvfef F mutant plating & 21 sur-
vival plate, 22}u ¢} ¥ platingdt 71-2- direct plateg}
st ch3AMSF $2] 712 mutant plate]). o] wl<F
b2 o}2-9] 4xtuloF(mutant plating)e] w3} &
A 3}HA stsdct.

tlo e

73

6. 4X}H 2f (mutant plating)

3atufofe] skwH F, o] AEE F hprtiAizle] &
odwle] MEE AIH3r] 3] 6-thioguanine(6-TG)S-
ARggE Aellofyg sastsdch Al 2o FEe 5Xx10°
cells/ml 2. 96 well plate2] 1 wellel] 1x10* cells/0.2 ml7}
= A sladct. o] wjeked-& RPMI eHA vl =] ¢l 20% HL-1
medium, 5% FBS, 10% TCGFE ¥3+A]7|31, 0.125 pg/
ml PHAS A 7MA 7). 3k Eodie] Hlxo] Aldlg
28l 6-TGE 1 pg/mlz AH7}slgict. Feeder cell-
36x4 cell line(hprt-negativeye- o] 43}gier], HE 2
9krads (137Cs¥d, 1100 rads/min)e] Z}obddel :=ZA)71
3 A183ldn}. o] x|+ cell countinge] *E¥ ¥,
FBS7} Z&E]R] 942 RPMI 7] 2ulx]ol| 4] $=aalelw
2]¥ AN Z= ulE wlofol] 218313t Feeder cell?)
5= 1x10° cellsiwelle] = A 3lich wjekE 37°C,
5% CO, incubator($ =5 100%)2] Z71ell4 10U 2+
Lol wabdE 15) $83t9l o™, hprt-negativedl
clone forming unit(CFU)2| wHAl-&- haks}eic.

7. CFU &N, CE plate 3! Mutation frequency@] H|At

CFU+ EF plating 6 o] F F93l= A E2] 3=
24 BRI} ol BE 100 clones] HehE 5
Qdatol 13 BAL 3, oAl 14Ul HE DAL 3
git}. CE plate(clonal efficiency, nonselective plate}=
welltd 1, 2 == 5709 A ZEe} 1x10° cells®] y-ir-
radiated feeder cell-2 go] wljok3t 71 o 2 o]ujo] ujok
Heoll 6-TGE EF3IA] ob i3 ZE A23tare mu-
tant platingu] ]2} FU3}c}. Clonal efficiency(CE),
mutation frequency(MF)2] #A|AF-2 Poisson statistics &
] 83| &3} 3Fo| Al4bstsdcHAlbertinig, 1985).

Well & AlZ2] 4 1x10° cellsd 2%,

P(0)=P,=Number of negative wells/total number of wells
CE=(-In P, in nonselective plates)/(1 or 2 or 5 cells/well)
Mutant fraction(Mf)=(-In P, in TG-plates)(1x 10* cells/well)
Mutant Frequency(MF)=M{/CE

1L &2 9 Da
1. PCPO| 2|8t} in vitro mutation

Primary cultureol]]2] PCPef] 2]3t HdHolf- 2+
50 mg/ml-"/] T2 DMSOd| =of 1 HEEE7} 0,
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10, 15, 25, 50, 100 ppmo] =] A] A A] 3}¢ic}h. PCP 2
& 913 DMSOA7k= PCP7} G4-Ad B3 o] 7 el X
SAeo] M2 L2 ALS-H Zlolw, B A=
RBE AFTolxzte] DMSOE 0.05%(V/V of medi-
um)E ARE-3tgich. o]e W AMEEAHS AAsH S
o, o]u] ofz] AFeA] BuH ule} 7o (O'Neill %,
1990; Cariello -, 1992), ¥ A& |4 = MF7} DMSO
= A7p3ER| & in vivoAlH oA 9.2x10°, DMSO
0.05%% A 7)3} in vitro A8 o4 83x10°2.8 &3]
o] & zol7} glg-& Ho] Fict o] AL sam-
ple AS ARg-38t5iom, T4t in vivo platezt =3}
913, CEx 34.8%, Mfi= 3.20x 10°2.2 ZA =i}
o] Z3}ellA] in vitro®] 739 CE7} 2z} yolzl 7o g
veft DMSO2] o o] obdr Azt 7| = §)g) o,
H| 523 MF&-S B3l Zlol o713t B A3dAAE &
58 3ke 73] @& o Z fokaldch gk MFr}
& o] sample®] A|-gz}7} 200 A
AEg 71 39 -& Zekd W, TatesS
(19914 31 x| o} w]arsle] AAFA © 2 gAd3)sdc).

2. Survival counting

Survival counting®] ZA3E 2 PCP= 75 %Eol4]
g x4 2 FASEE e S B 5 9l
t}. &, PCPx2]E 3} primary culture 3-2] AJEAZ5
ZAAR= 0 ppmollA] °oF 80%2] WEE-S, 15 ppm ©|A
25 ppm7bA| = 37%~90%2] AEES vieh o, 50
ppmell 4= 40%4 &, =& 100 ppmell A= 10% o]35}2]
AE5S Bolch(Table 1). o]21g &Y 2ol 17}
ekl A= M EFLde] A dojur] etk A
off B]Zo] X W(ONeillS, 1987) T2 PCPo &)} A
ESAENE ddshe AR Ay, Al3ake] o
2ol 7]elsk= A2 A8 = samplee] w2 PCP%
Qastel $ABEAE welFw oldeh 1t ¥
sample ¥ T5=%(100 ppm)oll A= 10% £52] # =%
gh AESS Bl o] w3 FEEH, o] 2 ql3le] B
A3 ol 4} 3= 100 ppmol| 2] CE2} MFol|A| wh=3 A=
QA F3HA shodvk. aE A el tel gk AgAke]
A= FE= oo} & A2 ABEEol k)=
A ErL] Z7} £ subcultureE E3F EAZS
F7F T A 4 9l et AztEc) 13l
o A EAEEE A AZFAE 7 7|lsht, 24
FFo MEAEELE NEREA i SIS
ghedgickar 3 4= gleh wlofA] A ZFEE 0.1x 10°
cellsmlZ 243}y 37 23tulek3o] A EAESLS

= N O T

Table 1. Survival countings of human T-cells exposed to pen-
tachlorophenol at different steps of culture

After Primary After 2nd  After 3rd

Concentrations

Sample culture culture culture
of treated PCP @ days) (6 days) (9 days)
0 ppm A 72.3% 494% 423%
B 88.0% 890% 510%

15 ppm A 46.3% 756% 385%
B 90.8% 1095% 545%

25 ppm A 37.7% 563% 485%
B 58.4% 833% 500%

50 ppm A 37.7% 102% 465%
B 46.7% 110% 740%

100 ppm A 6.2% - N.D.
B 11.6% n N.D.

*ppm was calculated by pg of pentachlorophenol/m! of primary
medium.

*% was calculated by total number of cells before cultivation x 100/
total number of cells after each cultivation.

*Cell concentration of culture: primary culture (1x10° cells/ml),
2nd culture (0.1x 10° cells/ml), 3rd culture (0.2x10° cells/ml).
Each volume of primary cultures was A (5.18 ml, respectively), B
(5.78 ml, respectively).

a: No cell could be found after cell collection.

0~25 ppm?] 2]-o] 500% o)A 2 2, 50 ppm-& 100%
Z7F )2 et ow, 100 ppmoll A= WEAZ
E87AE 4 st o= 1Apullof AEAET F
Apell 4] 2hubgl Sak RS AA S B oS 50 ppme] A3
ol olu] xHAQl FASAEAE WSS A4k}
I glew, 722 o]f-F 100 ppme] AFFL wF Aby
shodvha AkE ek gHH 3abullofFo] AEA TS = A
He +38 0~-50 ppme] 2+ AFFA TF 400~
700%2] ¥l3A 8 F7HES BoFdet o= T
cell clonal assayoll*] &3t FAEAl ZE &2435}7)
A3le] AHojx 2 o] FAulofo] H g3y, o]eidl &
Alufekglo] vl Adufofel| S AF9, F A7)
survival plater} direct plates= A|FAPGe] w2 A&
o] L3 E op713 5 355 AAkslar Qi

o

Y

3. Clonal Efficiency(CE)

a)
2

Survival countingel| 4] vtept <butal g-2f-
= 7t A3 Eel & CEollA vi$ A%
A1 S Hola ¢lo], CEZ} in vivo mutagenesis2
o4} ¢} 7ro] in vitro mutagenesisol| 4l & E | A Q
AEAAE epll= shte] Axg Aled 5
HodF 3 glch(Table 2). 12y} CE: A} ¥ w
sample®] A gAfel whet 1 SAA7L g
Uehl 57 9l.md(Table 2, A2} B), PCP X el%
A glol| 2] 2] 12}l ofF- o] 1= thA| o) 4] plating&-

op L
1o o ofo
9

20
= do ™ o ¢
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vl mhe} gk ARl Ae] S BeFa i) o]edt
e TEES] PCP A Aio] 53] survival
platecl] 4], PCP2] A=A o) 2]5}o] Arfaq) *Ei*ﬂ
Z4e] ot AR, £ EdHold] BE ¢
540 Slste] 2EHYEE ZA A, AF CE
plate3HfFF)el 4] 2ol vliwA obYE FEHA
guTd o aia:mgﬁ wolchy AwE 2= 94
o olR) e MEEEERHES] AReIA o2
mutant plating-8- —r6§6}0:] hprt-negative mutantg 41
" 8)+= HhH 2 1) hprt-negative mutantE 3 t}5= A
F2] AlE g °—J o7l = T8 FAzke] 428 ApdE
71l 53] A& 2] hprt-negative mutant 3H&- ¥} 3}
Al sk, 2) =3 hprtfrake] $ake] ole Alxeps
wjeF7] 7ol e FAR AFIA Q)= hprtE ol 2]
st} 6-TG2] A=A ok 2w & gQlrh= 59
ol ubAshAl edvta ARl webd 2 Alg
= MFE 78 w A5l CEZX = 3xpu 3
(2#}#¢] subculture5- 37+ 3) platingg+ CE-plateo]] 4]
78 CBE AHgstain

4. Mutant Frequency(MF)

Mutation fraction(Mf)2- -In Po& wellt} o)zl A £
T2 vHrolE o), o] & CER HAF 7S MFE
SATHONEIllE, 1990). o]3= 6.TGE AM&-3}o hprt-
negative?l A ¥-E positive selectiongt 7122 concan-

Table 2. Clonal efficiency determined in experiments of pen-
tachlorophenol treated human T-cells at different steps of culture

Clonal efficiency (CE) from plates of cells

Concentrations After Primary  After 2nd  After 3rd
of treated pCP Semple culture culture culture
(3 days) (6 days) (9 days)
(survival plate) (direct plate) (CE plate)
0 ppm A 0.367 - 0.206
B 0.339 0.545 0374
15 ppm A 0.260 - 0.184
B 0.349 0.429 0.478
25 ppm A 0.127 - 0.202
B 0.439 0.488 0.409
50 ppm A 0.060 - 0.255
B 0.152 0.211 0.202

*ppm was calculated by pg of pentachlorophenol/m! of primary
medium.

*CE (Clonal Efficiency)=-In Po/N; P,=P(0)=Number of negative
wells/total number of wells; N=number of cells per well.

*Each CE was calculated from data determined by 1,2,5 cells/well
(No PCP treated), 2, 10, 50 cells/m/ (PCP treated) with 1x 10° Y-ir-
radiated 36 X 4 cells per well under nonselection conditions.

*Data of unreasonable results were excluded (zero mutants).
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avalin A 52| z}=Fo]] ule} A E RG-S AlEsHA 1]
cloneg 3A33}A] 3tdth(Albertinis, 1985). Aupbd o
2 6 o|FHE] hprt-positived] AFEFo] F43] &
HES B 5 20U, o] 24 hprtnegatived] A EE
9 B a}: AZHeNE v} A W23 3= glode}
B5 6ol AR Fodsh= AlES] ez wiek 102
o]%oll+= clone®] el2 =gl positive well 2
A sFAch(Fig. 1). oheke] plate S #asl= o] g)o]

Fig. 1. Photographs of posmve and negative well in 96-well plate.
Each wells received 1X10° feeder cells and 1x 10' mononuclear
cells in the presence of 6-thioguanine. After 6 days (panel A) and
14 days (panel B,C) incubation, photographs were taken atx 200
magnification. Panel A and B show TG-selected colonies and panel
C shows negative for colony formation.
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round bottom 96 well-plate7} flat bottom 3] BT} wj-$-
Zr# 3131 0™ positive/negative A o] W} M3}
= Aol it CEQ| 7 f-ollA =23t ule} o]
MF9] &% 2 W] subculture¥-o] mutant platingS-
YA A Al Z J3E v|AEe Aoz v}
bt} E3] survival plate(12ul ok of ul2 selective
plating)e] 7 $-ol| = 53] 15 %E2] 7ol 4] vi-$-
<= 49 mutantZ} MAE YL, 0)F ¥ F3] P
CEell 2]slod 21817} 2j4lo] ZAvgl & Foileld
2 A= stAchAER vlAA]). o] T-cell clon-
al assayel| 4] A=) 7} 248 o go] viehvle 4
Folm, 0.1 o|3te] Y& CEelA AA4ld MF= 1 Al
=& Azstiof Arhar AL E5ch 3R direct plate
(A}l k3 selective plating)oll 4 2] Ax-Z B3 CE=
vl Qb E g ot A mutant®] = el Ak
- AL Fo g veh}, A7]9 o]l Fog 244
& AFAAZ A5 FHcK(Table 3). o5 Az}l
jsled 3xtufekdo] A= ujoFsl mutant plate:= sam-
ple cellol] mje} BAZE Aok 2o} wl7t o] Aol &
veblol oy, PCPA ] F=e] F7tel tisled, v] a3
&3] FrtEls MF7LE 3=, AR oz sl
431 0A S BAtH(Table 4). %, sample A°] 7§
25 ppm °|3}e] MFx Aol gleiM = wi-¢- kgt
MF¢] Z7}5 vetdickzh 50 ppme] 155 X 2lofA
= FAYTY 5wl o)AkEl= FAZ MF £718 Ho)
3 9lt}. 3+ sample B2 7 $-= 15 ppm, 25 ppm2]
g AejTella] eolrl FAuEe] 2ufo] deh=
MF2] Z7}E vhehlar, 50 ppm 25 52] A 2|ell4]
B QA FATEY oF suol] el 2 MF2] 37}
= ¥t o]= sample cell®] Fdwo] ol gt W17}

S Fdg Zlole}l AksE ), sample A|FA}e] A

Table 3. Measurement of mutant frequency determined in ex-

9 Fod g ol(Tates S, 1991), = A(394], 21:42] &
A7d9), B(224)), #ade] sloelel Azt £ Al
M Wx g AAE sample cellZbe] x2fol A3 in
vivo mutant frequencyAl AT, B Al¥ o] Tzl
oIl bl vhet 2ol, Ash B o 29) Aol g ¥
alvl slekr s e1A A, w3k 2 A # o] Aol 4] mu-
tant fraction(Mf)3} mutant Frequency(MF)3- 8] w3}H,
9ol gt uhA-5-8 &3} mutant fraction
o samples] whel 12)3 ATl Wb 2 WE
CEE 38 & o, dwle] Wl g SH s A
ek o] ohful, chk 7 TS eI P Woleki
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Table 4. Measurement of mutant frequency determined in ex-
periments of pentachlorophenol treated human T-lymphocyte from
regular plate. Cells were plated after 3rd culture in selective condition

Mutant Clonal  Mutation
fraction Efficiency Frequency

Concentrations

Sampl P
of treated PCP ample Y

periments of pentachlorophenol treated human T-lymphocyte from 0 ppm A 0983 1.71x10° 0206 832x10°

direct plate. Cells were plated after 2nd culture in selective condition B 0983 1.71x10° 0374 458x10°

s -6

Concentrations Positive Mutant ~ Clonal  Mutation 15 ppm A 0981 1.92x 10.,) 0.184 1048 10.{,
. . B 0.962 3.87x10 0478  8.10x10

of treated PCP /total fraction Efficiency Frequency 25 ppm A 0.977 233x10° 0202 11.52%10°

0 ppm 33/864 0.962 3.89x10° 0545 7.14x10° B 0964 3.67x10° 0409 896x10°

15 ppm 40/864 0.954 4.74x10° 0.429 11.05x10° 50 ppm A 0896 11.0x10° 0255 43.06%10°

25 ppm 41/864 0963 4.86x10° 0488 9.96x10° B 0.955 4.60x10° 0202 2279x10°

*CE (Clonal Efficiency)=-InPo/N; Po=P(0)=Number of negative
wells/total number of wells; N=number of cells per well.

*Each CE was calculated from data determined by 1, 2, 5 cells/
well (No PCP treated), 2, 10, 50 cells/m/ (PCP treated) with 1x 10°
Y-irradiated 36X 4 cells per well under nonselection conditions.
*Mutant Frequency (MF)=M{/CE=Mutant fraction/Clonal efficiency;
Mutant fraction (Mf)=(-In P, in TG-plates)/(1x 10* cells/well)

*1x 10° mononuclear cells/well used for 6-TG selective conditions
(1 ug/m! of medium) with 1x 10* y-irradiated 36 4 cells per well.

*CE (Clonal Efficiency)=-in Po/N; Po=number of negative wells/
number of total wells; N=number of cells per well.

*Each CE was calculated from data determined by 1,2,5 cells/well
(No PCP treated), 2, 10, 50 cells/m! (PCP treated) with 1x 10* y-ir-
radiated 36 4 cells per well under nonselection conditions.
*Mutant Frequency (MF)=M{/CE=Mutant fraction/Clonal efficiency;
Mutant fraction (Mf)=(-In P, in TG-plates)/(1x 10 cells/well)

*1x 10" mononuclear cells/well used for 6-TG selective conditions
(1 pg/m! of medium) with 1x 10* y-irradiated 36 x 4 cells per well.



3 Foln, o]o} xR AYPFEe 23 in vivo, in
vitro A& e o]ate] Ao} M E7Ee] vb-g-Ae] 7t B A
o, & A F5A FA<l kel g 27 =A
2 (PCP)?] biomonitoring, & <l7Fe] 37|41 2]
PCPEA=E 4 A&3t= o] & 73 A2

2t 7 et
IV. ZAle] 2

E dgeld Ayt FAH A 2 258 F
]2 Vermontt] &2 R.J. Albertinix <2} J.P. O'Neill
4 18] 1 LM. Sullivan, T. Hunter®] o A %= 7FA}2]
g sy o £ AFe deaEaid £-7) %
= 2o 3| (94-0402-05-01-3) QATH] 2 Fraw|gl o
), 78] 2] 2|l Zat=] = vy}

ok

=

i)

Albertini, R.J., O'Neill, J.P., Nicklas, J.A., Heintz, N.H.
and Kelleher, P.C. (1985): Alterations of the hprt
gene in human in vivo-derived 6-thioguanine
resistant T lymphocytes. Nature, 316, 369-371.

Alvarez, J.M., Silva, A. and de Landazuri, M.O.
(1978): Human T-cell growth factor. 1. Optimal
conditions for its production. J. Immunol., 123,
977-983.

Cariello, N.F., Swenberg, J.A. and Skopek, T.R.
(1992): In vitro mutational specificity of cisplatin
in the human hypoxanthine guanine phos-
phoribosyltransferase gene. Cancer Research, 52,
2866-2873.

Casto, B.C. (1981): Effect of chemical carcinogens
and mutagens on the transformation of mam-
malian cells by DNA virus, Gauri, KK., Ed,
“Antiviral chemotherapy: Design of inhibitors of
viral functions”, New York, NY., Academic Press,
261-278.

CELDS (1992): Computer-environmental Legislative
Data Systems, University of Illinois, Urbana, IL,
March, 1992.

Cirelli, D.P. (1978): Patterns of pentachlorophenol
usage in America. - an overview, in Rao, K.R.,
Ed., “Pentachlorophenol,chemistry, phar-
macology and environmental toxicology’, New
York, NY, Plenum Press, 13-18.

Cline, R.E., Hill, R.H.J. and Phillips, D.L. (1989): Pen-
tachlorophenol measurements in body fluids of
people in long homes and workplace. Arch. En-
viron. Contam. Toxicol., 18, 475-481.

Cochrane, J.E. and Skopek, T.R. (1993): Mutagenicity

77

of butadiene and its epoxide metabolites: 1. Mu-
tagenic potential of 1.2,-epoxybutene,1,2,3.4,-
diepoxybutane, and 3,4,-epoxy-1,2-butanediol in
cultured human lymphoblasts., Carcinogenesis,
submitted.

Cole, J., Arlett, C.F., Norris, P.G., Stephans, G.,
Waugh, AP.W., Beare, D.M. and Green, M.H.L.
(1992): Elevated hprt mutant frequency in cir-
culating T-lymphocytes of Xeroderma pig-
mentosum patients., Mutation Reserch. 273, 171-
178.

Crosby, D.G., Beynon, K.I., Greve, P.A., Korte, F., Stil-
li, G.G. and Vouk., JW. (1981): Environmental
chemistry of pentachlorophenol. Pure. Appl.
Chem. 53, 1051-1080.

Galloway, S.M., Armstrong, M.J.. Reuben, C., Cole-
man, S., Brown, B., Cannon, J., Bloom, A.D.,
Nakamura, F., Ahmed, M., Duk, S., Rimpo, J.,
Margolin, B.H., Resnick, M.A., Anderson, B. and
Zeiger, E.(1987): Chromosome abberrations and
sister chromatid exchanges in Chinese hamster o-
vary cells; Evaluations of 108 chemicals. Environ.
Molecul. Mutagen. 10 (Suppl.10), 1-175.

Hattenman-Frey, H.A. and Travis, C.C. (1989):
Pentachlorophenol:Environmental partitioning
and human exposure. Arch. of Environ. Contam.
Toxicol., 18, 482-489.

Hill, R.H., Teresa, T., Holler. J.S., Douglas, M.F.,
Smith, S.J., Needham, L.L. and Binder, S. (1989):
Residues of chlorinated phenols and phenoxy
acid herbicides in the urine of Akansas children.
Arch. of Environ. Contam. Toxicol., 18, 469-474.

IPCS. (1987): International Programm on Chemical
Safety; Pentachlorophenol, environmental health
criteria. 71. Geneva, World health organization. 1-
236.

Jorens, P.G., Janssens, J.J. and Tichelen, W.I.van.
(1991): Pentachlorophenol concentrations in hu-
man cerebrospinal fluid. Neurotoxicol. 12, 1-7.

Messing. K., Ferraris, J., Bradley. W.E.C., Swarty, J.
and Seifert, A.M. (1989): Mutant frequency of ra-
diotherapy technicians appears to be associated
with recent dose of ionizing radiation., Health
Phy. 87, 537-544.

Nicklas, J.A., Falta, M.T., Hunter, T.C., O'Neill, J.P.,
Jacobson-Kram, D., Williams, J.R., Albertini, R.J.
(1990): Molecular analysis of in vivo hprt mu-
tations in human T-lymphocytes. V. Effects of to-
tal body irradiation secondary to ra-
dioimmunoglobulin therapy (RIT). Mutagenesis. 5,
461-468.

Nishimura, N., Nishimura, H. and Oshima, H. (1982):
Survey on mutagenecity of pesticides by the Sal-



78

monella-Microsome Test. Aichi Ika Daigaku Iga-
kukai Zasshi. 10, 305-312.

O'Neil, J.P., McGinniss, M.J., Berman, J.K., Sullivan,
L.M., Nicklas, J.A. and Albertini, R.J. (1987): Re-
finement of a T-lymphocyte cloning assay to
quantify the in vivo thioquanine-resistant mutant
frequency in humans. Mutagenesis., 2, 87-94.

O'Neill, J.P., Sullivan, L.M. and Albertini, R.J. (1990):
In vitro induction, expression and selection of
thioguanine-resistant mutants with human T-
lymphocytes. Mutation Research. 240, 135-142.

Schwetz, B.A., Quast, L.LF., Keeler, P.A., Huminston,
C.G. and Kociba,R.J. (1978): Results of two-year
toxicity and reproduction studies on pen-
tachlorophenol in rats, Rao, K.R., Ed.,
‘Pentachlorophenol, chemistry, pharmacology
and environmental toxicology”, New York, NY, Ple-
num Press. 13-18.

Skopek, T.R. (1978): Isolation of a human lympho-
blastoid line heterozygous at the tk locus. Bio-

chem. Biophysic. Res. Com. 84, 411-416.

Seiler, J.P. (1991): Pentachlorophenol. Mutation.
Reserch. 257, 27-47.

Tates, A.D., Dam, F.J.V., Mossel, H.v., Schoemaker,
H., Thijssen, J.C.P., Woldring, V.M., Zwin-
dermann, A.H. and Natarajan, A.T. (1991): Use of
the clonal assay for the measurement of fre-
quencies of HPRT mutants in T-lymphocytes
from five control populations., Mutation Research.
253, 199-213.

US DHHS. (1991): U.S. Department of Health and
Human Services; Toxicological profile of pen-
tachlorophenol.

US EPA. (1991): U.S. Environmental Protection Agen-
cy. Land disposal restrictions. Code of Federal Re-
gulations, 40 CFR 268. ,

US EPA. (1979): U.S. Environmental Protection Agen-
cy, Reviews of the environmental effects of pol-
lutants; XI.Chlorophenols, HERL,ORD, Cin-
cinnati, OH.



