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Perfluoro=-n-decanoic Acid 2,3, ,8~Terrachlorodibearo-p-dioxin

Toxicology Polyfluorinated acids

L5178Y Mouse Lymphoma Cells

Cell Cutture

Erythrocyte Fragility

" 10 ABLTARACT {Continue on rovrise side 1 e ary s it fr by Mloch ar)

- iPerfluorn-n-decancic acid (PFDA)} causes toxic sequelae in vivo very similar

to those caused by 2,3,7 8~tetrachlorodibenzo=p~dioxin {ICDD). The toxicity of

these two compounds, several ather polyfluorinated fatty acids, and corvespondin

hydrogenated fatty acids have been studied in vitro in L5178Y mouse lymphoma

cells, Below concentrations which cause cell lysis (2500 pg/nml), PFDA did not

sffect suspension growth. After 24 hr treatment with concentrations between 1

and 00 ng/ml treated ceils no longer grev into clonas when plated in kemi-eoft

agar. Thie impasirment of clone-forming ability wvas reveisivle attnr groveh of .
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teeated cells in fresh wediun for 36 hir. Perf{luove-n-actancic acid did non
impait clone-fovming ability at any coucontration; and neither did the
straight-chain hydrogenated fatty acid analegs. Al polyflucrioated acids
tosted (cither perfivorinated or w-hydro-analogs) with chain length 9 or
greater caused impairwent of clone-forming ability after treatment wich
concentrations chat were non=toxic in suspension. TCDD (highest dose, 0.5
te/ml) had ne effece vn grovth in suspension, After 48 hr trestment with TCRD
concentrations of 0.01 pg/ml or preater, placed gells formed clones with
altered morphology. These clones were less discretc, lacking a clearly
defined boundacy. The effect on cione morphoilogy reguired 36 he treatment of
cellts with TCDD in suspension and was reversible following 48 he grouth in
fresh medium. Cell divisign time in suspension was 10-12 hrs and was
unalfected by PFDA or TCDDWNyIn vivo PFUA treatment altered erythrocyte
fragility in rats, [t is suggested that the toxicity of PFDA and TCDD in vivo
and in LS17BY cells in vitro may be due to an sbility of these chemicals to
interfere with normal structure andfor function of Biological membtln::*
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PREFACE

This rescarch was performed in the Bicchemical Toxicology Branch, Tuxic
larards Division, Alr Force Acrospace Medical Research Laboratocy from
Jansary 1980 through December 1981, It was perforred in support of Task
2312v1, "Toxicological Mechanisms of Air Porce Cheamicals and Materialsi"
Work Unit 2312v118, “Effects of Air Force Propellants and Chemicals o
Hetabolic Mechaniams." Portions of this work were presented at the 218t
Annual Meeting of the Society of Toxicology, Bostom, Hassachuserts, 22-26

February 1982.
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HTROBUCTION

Perfluorinated {atty acids, periluorinated sulfonic acids, aud appro-
priate derivatives are uwsed coumercially in aumerous applications which cake
advantage of their exceptional surfaccant propertics and extreme chemical
and thormal stabilicy (Guenthner and Victor, 1962). Host commercially
important derivatives are based on perfluoroalkyl chain lengths of 5 to 7.
The acute and subehronie toricity of anmonium perfluoro-n-octancate (PFOA)
has been described in detail iv both rats and rhesus monkeys (Criffith and
Long, 1980), Less is known of the toricity of longer chain analogs.

In an abatract Anderxen ct al. (1981) described the acute toxicity of
per flusro-n-decanoic acid (PFDA; nonadecafluore-n-decanoic acid; CyoF1g021)
in a variety of rodent species. Thip acid was significantly wore toxic than
PFOA and its toxicity dif{fered both guantitatively and qualitatively from
that of the shorter chain anslog, Toxic signs and target organs for PFDA
verc similar to those seen with 2,3,7 ,8-tetrachlorodibenzo-p-dioxin (TCDD).
The single dose oral Lbsg ~ 30 days of PFDA in male rats was about 50 mg/fkg
and rats intubated with 90 mgfkg lost nearly 30X of their initial body
weight before dying tuo to three weeks after intubation. As doecs TCDD, PFDA
cauged severe thymic atrophy.

As parr of a comparison of the bjiological 2ffects of PFDA and TCDD, we
have evaluated the toxicity of these chemicals in several isolated cell
systems. In part, this paper describes effects of various polyfluarinmated
fatty acids, hydrogenated iatty acids, and TCDU on prowth characteristics of
L5178Y mouse lymphoms cells, a T~cell derived lymphoma (Muller et al., 1981),
which grows both in suspension and in semi-soft agar. A T-cell lymphoma was
uged beciause T-lymphocytes appear to be targets of PFDA and TCBO toxicity in
rodents, This conclusion was baszed on the wmarked thymic cortical atrophy
noted in animals treated wich either of these chemicals. L5178Y cells are
commonly used for mutagenicity testing and the mutagenic potential of these
chemicals in L5178Y cells is reported elsewhece (Rogers et al., 1982). 1In
addition, limited results of osmotic fragility studies of erythrocytes from
rats treaced with PFDA acve described in an attempt to velate alrered osmotic
fragilities to the effects of PFDA on L5178Y cells.

MATERIALS ARD HETHODS

L5178Y Mouse Lymphoma Cells: L5178Y cells were originally obtained from
Dr. C. F. Arlect, MRC, Cell Hutation Unit, Brighton, England. They were
routinely screened for mycoplasma contamination. The routine methods for
maintenance of L517BY cells and the soft sgar cloning technique were as
described elsevhere (Cole and Arlete, 1976), except that McCoy's 5A medium
{supplemented with penicillin, streptomycin, sodivm pyruvate, and 10% horse
serum} vas used ingtead of Fiecher's medium, For toxicity experiments,
L5178Y cells were toeated for 24 hrs with doses of PFDA ranging from 0.01
ug/mi to 1 mg/ml, or for 48 hrs with doses of TCOU vanging froa 0.00) ug/ml
to 0.50 yg/ml. At the end of the treatment period, cells were centrifuged,
washed in McCoy's 5A medium and resuspended in McCoy's 54 comtaiening 20X
horse serum. Cells were plated for growth in eoft agar, and plates were
examined for clones after 9-10 days incubation in a bumidified COg
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incubator. fllocse serum was obtained from Gibco-Biocult. Penicillin,
strepromycin, and sodium pyruvate were cohtained from Sigma,

Chemicals:  Fatty acids (all > 99% pure)l, perflusro-n-decanoic acid (-98%)1,
petiluoro-n-octanoic acid (>96%)1, 11-H cicosafluoro-n-undecancic acid
(97-992)2, and 9-H hexadecafluoro-n-nonanoic acid? were obtained com-
mercially., The latter twe compounds contain s single hydrogen at the omepa
position. Perfluoro-n-dodecancic acid® (71X C11F23C0oH; 3% CyoFy COzH; 22
CgF1¢C0oM; remainder unidentified, nonfuncrional fluerocarbon) and TCBD were
gifts?. For LS178Y studies, TCDD was diesolved in acetone and the fatty
acids and fluorinated analogs vere dissolved in dimethylsulfoxide except
perfluorinated dodecanoic vas also dissolved in acetone.

Osmotic Fragility: Male Fischer 344 racs (200-300 g) were treated ip with
50 mg PFDA/kg. Propylene glycol:iwater (50:50 v/v) was used as diluent with
a final dosing volume of 2 ml/kg. Treated and diluent control rats in
groups of four to five were killed at various times after iniection. Blood
was drawn from the inferior vena cava after opening the abdomen of anesthe-
tized rats and erythrocytes harvested by centrifugation, Osmotic fragility
was determined as described in Dacie and Lewis (1963). Curves were con-
structed for hemolysis at 10 saline conceatracions betweea 0,25 and 0,852,
Data presented are percent hemolysis at a single intermediate saline concen-
tration, 0.4%,

RESULTS

Fatty Acids: PFDPA had lictle cffect on L5178Y suspension growth at concen-
trations below 00 pg/ml (Fig. 1), At concentrations of 500 pg/ml or above,
cells waere dissolved by the surfactant action of the acid and neither cells
nor debris were visible in suapensions at these concentrations. In compari-
son to the dose-response curve for suspension growth, the curve for clone-
forming ability was shifted some 2.5 log units to the left: the EDgom24 hr
for impairing clone-forming ability was approximately 3 x 1071 pg/al. To
our knowledge, this ability - dissociating the markers of suspension growth
and clone=-foruing ability in these transformed cells - has not been reported
for any other chemical., Perfluorinated-a-dodecanoic and ll-H-eicosafluoro-n-
undecanoic acid caused x similar displacement of the two dose response
curves {Table 1), On the other hand, PFOA which was slightly less toxic to
cells in sugpension than was PFDA did not show the differential toxicity
with respect to suspension and clonal growth. The w-H-hexadecafluoro-n-
nonanoic acid displaced the dose vesponse curves for suspension and clone
forming ability, but the displacement was less than that seen vith PFDA
(Table 1). With hydrogenated fatty acid analogs from Cg to Gp], toxicity
was equal both in suspension and in agar (Table 2).

! Aldrich Chemical Company, Milwaukee, WI 33233,

2 pCR Research Chewicals, Inc., Cainesville, FL 32602,

3 Alfred Bader Library of Rare Chemicals, Division of Aldrich Chemical.
Company, Milwaukee, WL 332313,

4 Commercial Chemicale Division IM, 3M Center, St Paul, MR 55144,

5 pow Chemical USA, Midland, MI 46460.
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24 HR. TREATMENT OF L5178Y CELLS WITH PFDA,

100+
L
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204 /

Growth as Percent of Control

.//
0 o P =
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-2 -1 0 K] 2
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Figure 1. Toxicity of PFDA in L5VI8Y Cells. LSI7EY cetls were grown for 24 hr in the presénce
of varying crounts of PFDA (k-ais]. CTridngles are tota} 43::. in suspension as percent of
conlrgl growth in the absence of PFIA. Aliquots of the cells lrested with different concentra-
tions were plated and crown for B to 10 days en semi.soft agar. Circles are percent of plated
cells which gavy rise to clones relative to similer values for control cells. OQata points are
wean and standard errors (n = 3-7).

Table } :

The Effects of Yarfous Polyfluorinated Fatty Acids on Growth of LS178Y
fouse Lymphoma Cells in Suspension and on their Clone Forming Ability in Semi-Soft Agir

9.1 1-H
Perf luoro- Hexadecaf Yuoro- Perf tuoro- Elicosaf ivoro- Perf luorg=-n=
n-0Ctanoic n-nonangic n-decanoic neundecanoic dodecanvic
Acid Acid Acid Actd Actd
Dose  Suspeénsion xma Suspens ian nm« Suspens ion nﬁ« ) w_._amm...ﬁo: ﬂmm_. wcamoammo_. ﬂmn
{ug/nl} (% Control) {% Controt) {% Control) {% Control} (% Control)
0.01 g 98 94 97 94l 9% 9% 100 87 97
0.1 190 96 83 95 97 :i.a¢ 97 %007 18 0 18 87
0.5 g9tad t2t)
] 89 98 9¢ 95 97&13d gt 15 ]| 9 25
0 89 98 ¢ 8§ 90 %220 0 82 0 12 0
50 76 %0 92 §9 B8tz 0 2 0 75 0
100 76 90 B3, 0 §3%3.6b 0 ° 82, - 0 7 0
£00 2 21 . B P - -ad .. -0 -
uSQ liﬁ - lln - .-lln -— Oiﬂ - l.ﬁ -

# Result of single experiment. Kumbers in each column are growth as percent of growmth of
control cells,

b Mmean £ standard error ~= . 3).

€ Mean L standard error {n = 7).

d These concentrations dissoived cells in suspension,

(L 4]
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Table 2

The Etfect of Yarious Falty Acids on Growlh of LS1TRY Mouse Lysphoma Cells
i Suspansicn and on theie Clore Forndng AbTlity in Seei-Sott hgar

Nonandic A id hecanoic heid Undecanoic Acid
Dose SusEntion Lgar Suspéntion Egar SULRAIRYGN Raar
{pysmi) (% Contrul} {X Lontral}) {X Controt)

0.01 852 98 106 96 95 96
0.1 B2 98 94 94 85 93
1 92 98 100 93 15 96
10 90 94 84 90 82 93
50 85 58 75 82 174 £6
100 72 4 63 61 42 a4
500 1 26 -0 . -b -
1060 -0 - - - e -~

a Nmnb?rs in both colunns are growth as percent of growlh of control
cells,
b These concentrations dissolved cells in suspension,

Tine to Elfect and Reversibility: Cell division time for L5178Y cells in
suspension under growth conditions used in this study was 10 to 12 hours.

An experiment was performed to see if cells required a period of treatment
with PFDA before diminished clone-forming ability could be observed., Cells
were groun in suspension centaining 0.5 yg PFDA/ml and removed at various
times for plating to observe loss of clone-forming abilicty (Fig, 2a). There
wag a lag of 8 hr before any appreciable effect was observed and the time of
treatment vequired to reduce plating efficiency to 50% of control was about
12 hr, i.e., one cell peneration.

Cells were also grown for 24 hr in the preseace of 0.5 uwg of PFPASml
harvested by centrifupation and washed in fresh growth medium. These
treated cells were resuspended for growth in fresh, uncontaminated medium
and aliquots withdrawn after various times for plating (Fig. 2b). The
decressed plating efficiency was veversible, but recovery was more prolonged
than the time required to induce the diminished clone~forming sbility., The
time of growth in frecsh medium necessary to restore 50% plating efficiency
wae nearly 36 hr, ot about three cell generations. Cell division time of
L5178Y cells in suspension was unaffected by pretreatment with 0.5 ug
PFDASml,

Dioxin: En LS17BY cells TCDD did not dissociate growth in suspension from
growth in soft agar at any concentration tested, up to 0.5 ug/ml. However,
the norphology of the clones obtained after treating cells in suspension
with concentrations of TCDD betveen 0.01 and 0.5 pg/ml, was mackedly
diffevent from coantrols (Fig. 3). Instead of the well-¢ircumacribed,
circular clusters of control clones. those clones formed after diexin-
treatment were less~discrete and lacked a well-defined border. After
grovwing ceils in suspension for 46 hr in the presence of 9.00% ug TCDD/mI,



TIME TO RESPONSE/TIME TO RECOVERY OF LS178Y
CELLS TREATED WITH PFOA. '

T 00

80 1

607

401

204

Clonal Growth - Parcent of Centrol

o Pds
1 n L) )} 1
o ] 15 24 Q 24 48 72 96
Time (br)

Figure 2, Time course of impairment and recuvery of cloning ability in LS178Y cells treated
with PFDA in suspensica. A: Time to effect: cells were grown for various leagths of time
{x-axis} {n suspension in & medium cuntainin? 0.5 g PFOA/mE and ptated in semi-soft agar.
Growth is expressed as percent of plated celis forming ¢lones after treatment relative to
percent of untreated cells which give rise to clones. $: Time to recovery: cells were
treated in suspension vith 0.5 ug PFOA/@Y for 24 hr, and harvested by centrifugation. Aliquots
were removed and grown in fresh, uncontaminated medium for various lengths of time {x-axis).
Cedls were then plated to observe recovers of the ability to form clones.

all clones formed sfter plating were normal; at .01 wg/ml, most clones
formed were abpormal: and by 0.5 ug/ml, ail clones had altered morphology.
By inspection of the plates, the ED5p, that is the concentration of dioxin
requitred to produce alterations affecting 50X of the formed clones when
cells were inirially maintained in suspension with dioxin for 48 hr before
plating, was about 0,01 pg/ml, i.e., sbout 3 x 108y,

In time-course experiments analogous to those in Fig. 2, but conducted
with 0.01 pg dioxin/ml, the time of treatment in suspension required to
produce 507 of maximum response in altering clone morphology was about 36
hr. A time to recovery of normal growth characteristics was also estimated
for cells grown inicially for 48 hr in the presence of 0.01 wg TCOD/wl. The
time of growth in fresh medium required to give a 50X relurn to normal
clonal morphology was about 48 hr. - As noted with PEFDA, effects on clone
growth were reversible, but vecovery and expreeésion times for the effects
were longer with TCDD than with PFDA.

Red Blood Cell Fragility: Rat ved blood cells were obtained from rats
killed at various times after ip injection of 50 mg PFDA/kg. There was

© increased resistance to hemolysie after treatment with PFDA (Fig. 4) and the
time course of decreased fragility was similar to the time course of weight
loss in treated rate (Andersen et al,, 1981},

. 6
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Figure 3. Altered clone morpholcgy after freating LS178Y cells in suspension with TC0D,

DISCUSSION

Knutson and Poland (1980) studied the effects of TCDD on 23 cultured
cell types and found no toxicity in any of these mammalian cell lines at
treatment concentrations of up to 10°?M and contact times of up to two
weeks, Markers for toxicity included (1) alterations in the morphology of
cells or the cell cultures, (2} percentage viable cells, and (3) growth
rate. Among the 23 cell lines were five lymphoid cell types dervived from
thymic cortex = three were murine and two were virally transformed human
leukocytes, All these cell types were tested for growth in suspension and
cell viability by trypan blue exclusion. Beatty et al. (1975) found that
TCDD had no effect on growth or morphology of normal human lymphocytes in
suspension. Our vesults are similar to the extent ‘that TCDD did not affect
growth or cell viability of L5178Y cells in suspension. The altered growth
charscteristice observed in this paper are more subtle and only apparent
when cells are groun in semi-soft agar, where they are constrained to grow
. in ¢lese proximity to each other. The concentration dependence of the )
effect with TCDD ie such that a 48 hr treatment with 0.01 yg/ml (i.e., about
3 x 1078M TCDD) causes the effuce in most of the treated cells. This
concantration ie reasonable for physiological significance sfmce the mouse
LDgg is abour 300 ug TCOD/kg, or about 1 vmoles/kg (McConnell et al., 1978).

7



100

@ T T 1
£ go} 1 1 I
[}
s
*
< sof
o .
BERE
2 a0t i
z 8 )
5 3
2 20f 3 : .
Lo i >
o i ﬁ,‘_’l—..-? P Lo
DAY 2 DAY S DAY 14 DAY 30

Figure 4. Relative osmotic fragilities of red blood cells from rats injected ip with
50 mg PFBA/Rg and killed 2t various times after injection. Dita dre mesn and stendard
deviatica {n = 4.5}, From the overal! curves with 10 salt concentrslicns, the concens
tration at which 50X hemolssis occurred was 0,43, 0.28, 0.34, and 0.43%, respertively,
in treated rats at 2, &, lo, end 30 days. Control groups 2l these sampling t w3 had
50% hemolysis at 0,45, 0.44, 0.45, and 0.43%, respeclively.

Alterations in clone wmorphology seen after TCDPD are striking, but
estimations of concentration dependence are essentially qualitative, i.e.,
the percentage of abnormal clones is estimated by inspection and making a
distinction between normal and slightly abnormal clones is difficult. We
have maintained a restrictive definition of what constitutes an abnormal
clone and scoring was done solely by Dr. A, M. Rogers. For these reasoans,
the estimated EDgp for the effects with TCDD are probably high. Hore
Guaatitative determinations of these TCDD dose response curves avait
determination of the biochemical basis of the altered morphology and methods
to unequivocally identify altercd clonal vaits.

With PFDA, results ave readily quantified since treated cells no longer
prolifevate in semi~90ft agar. The EDgy =~ 24 hr for the_loss of
clone-forming abilicy was 0.3 ug/ml (i.e., about 6 x 10°7); this contrasts
to a single dose Lbgp in mice of about 100-150 wg PFDA/kg or 0.2-0.3
mmoles/kg (Andersen et al., 1981; Van Rafelghem and Andersen, unpublished
experiweats, 1981).

With the polyfluorinated acids examined, this toxicity is preseant with
acids of chain lengch greater than 8. The differences in single cell
toxicity between the fluorimated octancic and decanvic acids are striking,
but consistent with the different acute toxicity reported for these two
acids in rats. The hydrogenated fatty acids ere without differential effect
on clone-forming ability of L517BY cells. In terms of cell lysis, expreseed

.

8



aM t.".‘xi(‘.i(}' L ﬁll:'.;:('ﬂhi(_"rl. 1]:.'f|ri1,'_a-n.'|tl-|: Aad ;..'.}-',-‘;]““fi;};‘:l-d iillt}' acias werae
about Guipotent (ebles 1 oaad 7).

The melecuter basis of the rmpaivment o8 clone—-Toimiie (Bidity In
weknown.  Subtle changes may bave accurved ir cell memhranes to inhibit prowth
of cells vhen matutainea an close cantact.  In this regard, (he vumatic
fragility results suggest o biological membrane wore resistant to hiypocsmotic
insult, lucreased rosistance ean be due to a variety of ceuses, one of vhich
is altered membrane composition (Kuiper et al., 1971}, Preliminary studies in
our laboratory have now shawn that erythrocytes from IFla-treated anicals also
shov increased membrane fluidity (M. Ceorpe and M. E, Andepsen, unpublished
studies, 1982), and that the totar facty acid composition ni (he liver lipid
pool in these rats shows a dramatiz shiflt (oward increasing unsajuration,
vspecially in the atearic to oleic acid ratio (Olsen ec al,, 1%82).  While
irdirect, these results suguest compositional and functional alterations in
membranes subsequant to PFDA exposure in the rat in vivo.

There is no unifying hypothesis cxplaining he toxicicy of TCUD and
materials causing similar toxie effecis, i.e., cevtain polyhalogenated
biphenyls (Sleight et al., 1981; Biocca ct al., V1961) and jong=-chain
perftusrinated fatty acids of chain length Y% or above {Andersen et al.,
1981). 1t may be that these various chemicals, including PEDA and TCOD, are
toxic due to effects on cell mebranes resuiting in faterfersnce with
celli-cel) or cell-nodiator intevactions, These effects ¢could either boe divect
or mediated by interference with some ondogenous hormonal control of meabrane
compusition/function. Toxicity would not be a resule of ccll necrosis or
grossly visible organellar alterarions, but from more subtle structural
altervations of bivmembrancs and attendant disturbances in intercellular
communication. Thie hypothesis is under active investigacior in our
laboratory.

The cell line used for this research was so-called TK */* with regard to
the gene locus for the enzyme thywidine kinsse (TK). Our stock of chese
calls, brought to Dayton from England by Dr. Ropers, was destroyed during a
nalfunction of the deep freeze storage unrit. -We have not cbserved
differential effects on suspension and clonal growth with LS176Y TK*/~ cells -
8 cell line more commonly used in mutation research and, therefore, wuch more
readily available. It sppears that fucure work on this phenomenon will have
to be restricted to the TK*/* cells.

REFERENCES

Andecsen, M.E., Baskin, G., and Rogere, A.M.,.1981, "The acurc toxicity of
perfluoro-n-decancic acid: Similarities with 2,3,7,8-tetrachlorodibenzo-

dioxin," The Toxicologist, 1, 16.

Beatty, P.W., Lemback, K.J., Holscher, M.A., and Neal, R.A., 1975, "Effects of
2,.3,7,8-tetrachlovodibenzo-p-dioxin (TCOD) on mommalian cells in tissue
cultures,” Toxicol. Appl. Pharmacol., 31, 309-312,




s

R tapta, B, .. . \h.n Koy MoRameey o 05, and Hooee, 1.A., 1981,
LoriertyTon relirted s trn':_l besdebboarebo pieny L iseoters in the pouse
Paendeaed, ;'\!:1‘1, Phiokmie o), 'lh. At Ll

-

Colos dy and arlatr, SoF., Pe748, "Ethiv]l methanesulphonate nutapeaesis with
LOTISY nouse lymphone cells. A compuirisun il onabain, thiveussiue, and
cheesn thymidine vesistance,™ Mutation ies., M, Y)-3s0,

Bacbe, GV and bevis, S.M., Practicel Benntolecy, Jed ed., J.A. Churchill,
Yic,, Lasdon, 1963,

Grifdich, F.0. and Long, J.E., 1980, “"Anizal toxicity studies with ammonium
pettlevrooctanate ™ Aacr. Ind. Hyp, Askoc. do, &1, 576-4%43,

Guenthner, R.A, and Victor, M,L., 1Yo, "Sucface active waterials frowm
perilugrocarboxvlic and pertluoresulticnic acids,” Iudustrkal and Eng ;noering
Chem, Prod, Res. & Dev., ). i65-169,

gnutson, J,C. and Poland, A., 1980, "2 3.7 S-tetrachiorodifento-pedioxin:
Farlure to demonstrace (oxicity in twenty-three cultured cell types, Toxicol.
Appl. Tharraeod., 94, 347-383.

Kuiper, P.0.C., Livne, A., and Meverstein, ¥., 1971, “changes ia lipid
copponition and msmatic fragilicy of erythracetes of hamster induced by heat
exposure,” Blocihen, Riepbvs, Acta, 248, S0U-10%.

MeConnell, E.8., Moore, 1A, Harewan, J.K., and Rarcis, ¥.W., W78, "Tue
anpArative toxicily of chlminatea dibdenzo-p-dioxine 10 nice and guinea
pies.” Joxicel. Appl., Fharma-ol., 24, 335-35s,

Muller, ¥.£.G., Zaha, P.R., Haidbof, A., Schroder, 1.C,, and Unczawa, H.,
198t, “Bestatin, a stimulacor of polysome assezbly in T-cell lymphoma
{LS178Y),"” Hiochen. Pharmacol. 30, 3375-1)77,

fitson, C.T., Andersen, M.E., Georpe, M.E., Van Rafelghem, ¥.J., and Kack, A.M.,
1982, “The toxicology of perfluvrodecancic acid in rodents,” presented at the
Thirteenth Annual Conference on Environmental Toxicolugy, Dayton, Ohio.

Rogers, A.M., Anderscn, M.E., sad Back, K.C., 1982, "Hutagenicity of 2,3,7,8-
tetrachlorodibenzo-p-dioxin and perfluoro-n-decanoic acid in mouse lyophoma
cells,” Mutation Hes. 109, 443-449.

Sleipght, $.C., Reader, J.A., Akozo, B.T., Aust, $.D., and Kachreiner, R.,
1981, “Comparative toxicopathology of ficemaster BP=6, 2,2,4,4°,.5,5" ~hexa-
dromobiphenyl (HBB) and 3,3°,4,4°,5,5'-HBB aftter 10 and 30 days of diecary
adwinistration to racs,” The Toxicologist 1, 12,

10
LS. Coverament Printing Olilee: 1992 — 439003 /1934



	0001-Cover Page.pdf
	02434.pdf
	0001-Cover Page.pdf
	02434.pdf




