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TOLICTYY STUDIES OF Filied
Hpdlesd Ranpwpih maact ‘ﬁﬁa» m«ég? and 10-D-1

BIOCHENISTRY
Asmonton perflucrosapryiste (CEFUIAY, smmomive + Ypdecheradecaliuoro-

{Cg¥ma) and mﬁm«},@&m&ﬁv{mﬁummw}» jundatalinoro=

sonanoets

sonanonte (ART) sre dispersing sgents used in i polymarization of
totralinoreathylene, In scubte soxieity studdiss with these compounds, the mst
grdking shoormelity is snimale surviving & single sblelhal dowe was gross

priargemant of the liver. A simiier bub lesw mevkad affect was chasvvad in

pabivits thet had sbsorbed AHT whrough the wdn,
The preliminary experizents reported hare wer: deslgued to measure
stme of the blochesdval changes thet scommpany the sccelersted growih of Tab o
Iivers to delerndng whathm; functional impeirnant ou the liver ccours as welils
and whether there is a species gifferenca in @scaptwmzy; The Liver funcniun
. atodies ware uidertaken to find momes clinicsl laborstory procedure that wight be
ugafl Lo wedicsl supsrvision in detecting igrocarten 1iver inwrys. The
lasber vhose of the work wes supporded by the Flastics Departpest vnder Medicval

QAR A Dt L

- Tassarch Project No. MR-539.
' L. D035

?mamﬁ Thras m ® ha&g&w fyom the stock cology wars given a aing‘ia el
-ﬁﬁmwﬁ AT, sguialent to by S or 9 mgfig, Samples of Wlood wvers taken -1

O TUR TR PR DR

&

5 grequant Artervals £or thres wooks and then weekly thereafteruntil the witmels
i Warﬁim or glyen ¥n sdditional doss of the ctagpwurd. Four sther sale
B

m»,:ﬁ.?aa a gingls ordl dose of aiww Cg¥ik oy Ggm, or CoFDA;
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at this tipe. Hiood seger and sEylase activity wsre peasured op thess dogs |
in an sffort to detect an effect on the pamrwa‘ "

Tne following biocheuical seasarenents wem mads roubinsly on the
nlood: gager, ures rmlirogen 1otal chole#itirol, and sikaline v&ms;:hetam 5
APssa), When high doses o the dlspersing ageniy were aw avad; The
1epel of setivity of lactic debyrdrogensss (1R}, isseitric delydirogenase
{Iong}, aldolase, glutamic axaloscetic (00T) and glutasdin pyrovic {arr} ,

Lyemsamingees wers &lso repasared. Tos free and sabariPind cholestarcl,

phoapholipids, demsstercl {&Wmuml} , thymol Surdidity, 4lboein
and globelin wers slsu datermined on ong oF BOTe samples of blood Py Lhe

dogs given low doses ol AET. Tu 3dditiom 8 roubine nematalogieal exeminatdon

snd apalyesis of a Z-hour urize gpecimen ¥as made b irtervels on thess

saimals.
The level of the wardious vomponents of the blood f2llowing the

dsse of Ilnorocarbon dispersing agents wag scmpared with sn sversge’ raiug

abserved priov o the axposuras snd ui‘hh E m:ﬁ.é? pesgurenent wade 8l the

mome time on gpecimens Ifrom stock evlony do0gs.

For the enyyws activities, & BUrRSl TENZe WeE- emm.iahad (ﬁ%m

messuresnnts mads on 2 mumbar of stock dogs. The activity was almon maumd

at leawt once, pdor Lo tpastiment, o the dogs dosed with the Aepereing

iings ave Hoeaatdged

the doge thab received ART was - % decreass in the Husm - "ﬂ el
dfalein retantion (BSP) and AFése sctivity: m'
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changes degan Lo somu within ons waek after the doss was sduindstered.
The changes in cholestarcl snd APase becane "gtmorsal”, i.e. sxceeded
sn srbitrary mit of two gtandard devistiong from ths pre-egposure man,
sow v tvo weeks later. The inersase in dys retention oscurred during
mfummwmmm&mmmmmwmmz, s
depreszion of plagms cholsstersl in a1l three doge oomurst sarlisy sod |
bogan to return to ormal soonar than the rise in plsems APess asctivity.
fhe dog that received the highest doss of AHT abowed the greatest change
from the pre-gsposurs waan. For doses of AHT wp to 26 ngfip, however, |
the sotusl valuss ebserved for all three dogs did mol differ graatly.
{See figures 1 and 2.}

Some gualitative and Wiﬁati‘m changes in the gexwus protains
of ons of tho throe dogs wers noted. ALL thres ghowed Jecreazey in the
plagms phoa;ﬂwlipiﬁa; Thers were ai8o sums changes in red cell morphology
and s decrsess in Wew rousbar of red blood 2alls of the degs recelving low
desus of AT, ALl other wessuresents sade oo the blood or wrine showed 1o
signdficant devistion from the wormal.

Whem high doses of ANT, CgFIA or CyFUA wers sdmindstercsd the
sctivity of 8 mumber of enzymes, reported to e sexwitive lxdissters of
1dwer &a:}m, e meusured in the plasss. The vewulis of the tdochwiticsl

Whien: & m\d@ﬁﬁ eésmm squtvalant to- s ret Tithal doss )
3o the one dof that had w&mlykmm hmm

ﬁ?!" {Zﬁi)mia mm izm} mmmm el 11 mﬁ /

mm@i:
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noral renge. The depression of the plaoma chelesternl cumurysd more

slowlys bub thers was no evidence sf 5 return 3o normel after tires waslks,

Bildrubinuris wes zlsc chesrved.
With the lower dose of the CgFDL {302 »of rat lethal dose} ths

Yyt
3
oS

tpanseminases wers elevated in both dogs within LB hours snd contimed Yo

rige during the first wesk after the sxposura, Therssfier there was 8
retorn to normal. The dog that appsared to have retained the largast
portion of the duse showed the grestest effect. The APase was glsc slevated
in this dog spd perslleled the OFT. The cholasterol wasz mormal or only
siightly elevated within oue waek aftar the treetment. There was no effect
an tha blood sugar and s decreuse in anylage zetivity, Vhon 8 higher doss
of this compound wes administered (2/3 of the rat lethal dose) ail of the
enzymes peasured vere markedly slevated within 2L to LB hours. The greatest
changes cccurrsd in the GPT sod TOOY.  There was no change in the plasma
cholesteral. +h apimsle sxpired within LB hours after de#ing, |

With 2 doss of the CofDA equivalent to 30% of the rat lsthal doses
elavatsd valuss of all snsymas msasured corurred within k8 hcurs i ons of e
two dogs exposed. These rettzned % s the normal range within sevan o ten
davz. The plagma cholasterel waa normal or only slightly slavated aller ai‘har-?f
ons weel, The other dog showed no affect from the treatment. At the highee
dose {48% of the ret lathal dose) of this corpound.the mors suseaphible dog
sgsin shmd 4 rise in 0OT and OPT during the first L8 bours mﬂ 8 reburn’ m
normal within two mm, Theprs wns 2 alight riss in &Pase and dn iﬁ'&anpmm
cholesterel. B4milar, et less marked changss cecurred in’ the mﬁar u:iag., '

The m}.ass gotivity was lowsr than normal during the firs® L8 ﬁﬁgﬁ;ﬁﬁub«
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Tha bin&hméal dats have shown thet the thrae Dluvrecarbon
dsspereing sgents affect the iiver, Yery high doses of ANT ur ths CpfDa
1hat ave lethal or nesv lathel Tor dogs, produce #levnted plaussa Teovels
of snsyme activity indicstive of eallnlar dewtraction. The depression
uf ahclwtmi BeeRY m be peculisr o ABT. Ths Uy diepersing sgent may
alnme aflect e pancress bub this follows the Liwse imiwry lov doses of
the Cg sowpound do st show this sffect. Of il the Beszurenents pade the }
APams snd OFT seem to be the most sansitive in devecting 2n sflset frum 51%
thyree dispersing sgents. 0f these, the latter may ba wore uvaslsl in that
thers ia & narrower range of porasl values. Depressed cholestercl levels

ey be usedul in detsoting sn expodidrs to ART.

2. BB
s with rats wore condusted with only o of lhe

trres fiuorecarbon dispersing sgenisy ART, and were divided into fwo parts.
The first part was s study of the binchamicsl changew in liver t4pzas Which
pight reflect funcilonal impairmanty the awﬁm%m the effscts of
m on degenaraidng or regenerating liver tissus.

1.  Biocherdicel Changes
me Thuirty young albine rete (ChR-CD) were given 8 singls

oral dogs, squivalant to 12 ngfeg of budy weight, of AHT by stomsch tube.
FiZteem mmy«:«mw later eight of thess wers sam:m ard thels

s axasind: for bhochanical evidence of abpormality. A skilisr ————
wf udrested vonteok m:&mu«m exsained to setablish & ml'rma of

P S

wﬂuﬁ*é’w Adag werions ochemical mmmts in ratg of thﬁmm»aﬁﬁ*mm

R AL SRR R B SR TIE AR SO LR S A
% 3T SRR NN T
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Sixty to sixty-sight days aftar the singls 4086, a second group of
sight ANT-ireated rats and elght sortrols were sacrficed snd the same weazure-
mants made. At this tioe, semples of of blood were alsc taksn for messurement
of 4he plasre slkeline phosphatase sctivity {arase) mnd cholestercl concen~
sration. Approsinately § 1/2 months after the AMT trestoent the ressining

smimale were saorificed.

Resultst The results of ihe bicchemicsd mﬂamen of the lirers
are summarized in Table 3. In the group of rais samﬁcm f£ifteen %:z tenty-
three davs after s single srel dose of ANY, the principal changes fm the Liver,
i additiom to the relative and sbecluts incressu in liver size, wers &n
increase in aikaline phosphatase acdivily, phosphioiipidy sod 8 deer-age din
glycogen, nop-protein nitrogen {§FN), and deseyribormelieic avid (DEA). Dmell
tut signdficant incyease in oxypan conmmytion, water and protelin somured
znsd 8 slight bub signdficant dacresse in respiravory quotient (R}, choline
cxidsse pod ribomizieic scid (FHA)s ALl cther measurements were in the
range of rormel.

Sixty deys sbber the singls dose, the livers of the ART-treabed
rete ware gtill guits large, although they were spparsnily no loogsr growing
st the accalarated rete. The grwth depression 38 meagored }ry Yive bedy
w however; was grester than obssrved previsusly,

The incresse in phospholipid and decresse in glycogen were still
the wmost ocubsbanding changs. Small bul significant decresses in R, RNA and
DNA again ecourred. The alkaline phosphatase was no longsr sipndficHAtly
sifzapent from the conbrols, wiils the choline oxidsss had actusily“Ser
Trolike the dogs these rats showed no maa in plam w3kaddine
#411 in plamea cholastercl. ‘

and % riss rather
,&Wmtmﬁm and obesbel ':'
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size of the liver had dscreased apprecisbly. Al though wmell M fferences
were still cboerved betwesn the comigol and treated ardmals, all of these
wers within s rengs of noswel for rats of this apge, sex snd giraln, 83

satablished by the witrsated econtrols.
e results irdlivete that the enlarged livees resulting from s
singls dose of ABT are vlochemically 88 well a3 sradonicslly sonorms.. T

rise in Op congumption oY darresge in Cﬁé prodoction snd BQ reflact aome

respiratory guotisnt wes small and aftar two womths greater wsriation was

span in the AHT-trssted grovp &8 more cf the animals spproacied the normel
TAEOES.
Some individual ensymes wers aflected to & grester degres than

the RQ between 15 amd 23 days. After two moutha, hewever, twe of the
angyme sctivities were in the normal rarss, and the thied »as actugily
sore sctive than the controls. Thess chougesy together with the yrespiralory
changes in the tissus, muggest that some modificstien in the affect of ANT
had oooureed.

| e 1iver was depleted of glyeogea st both twe wosky and two

The-desraass mmmmmmmm from 8 duereags In
mllasmity a5 the muwber of gells in & glven amount of Lissne émeamﬁ.
%&a&m&ﬁ«me with the nhaqmtien that the m&? aiisrginert I8 dus

LRT000AVIH
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months thers was lesg differencs bebweun remtzol end ABT-tresated veis,

ther Y decreasa iy the gize of the cells pr an incresss in

guggeating 8l

mitosis. _ _
The rem_lts rgp@r’t&d saem bo indicate that the livers of rats

gtimilabed by & single orsl dess of ART undergo slterstion in thelr bice
chemicsl behavior and metabolimm during the pericd of yepid growth., lLater,
when the accelerated growih has slowsd down ar ceased, tha iochemical
sherrations also cend to dissppsar. The grestest changss cccur during the
firat fow weeks or month alter the ewposurs. By the end of two months acme
egvidance of & rev@aal of thess effects is &lreadv apparm batween five

and six monthe mcwm f‘sf tbe argan is virtuslly complste.

2, Hegenersting and Degenerating Liver
Procedure: Regemersiing liver tiswue was induced by partisl

nepatectomy {S0-705) in six male rats from the stock colony. Forky-eight
wours after the nperstion a single orsl dose of AT, scuivalent to 12 mgfkg
pody weight was sdministered by intubsticn. Pourtesn days lsier tha animels
wars sacrificed, the livers removed, weighed and anslyzed. The meperiment
was repested a secopd tinme, reversing the provedurs by parforping the partial
hepatectomy forty-sight hours sfter the doge of AHT had bemn admindshared.
Dagemerating liver tissue was 'im’luceﬁ chemically by sdmindetaring,
intraperttoneally, ~.1 ml of carhon tstrachloride per 100 gn of body weight
to yats L8 hours after intubating them with 17 migfig of AW, Andmsls -wbich

T

raceived only serbon wmchlerida sayvad a8 cuntrols.
Bemults: The results are sumardved 4o Tabie b. s capiy

produced sn sccelerated growth of t&m ver tissus for ﬁmjb 2
or-nearly sl of the tissus-wes pestorsd. Ths D¥A; m o i?m 2
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than in normal dissus.
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in MMA and glycogen as well ss an inecresse in kPese snd phospholipid. These

changes pecurTed regaryless of whatber two-tidrds of the liver vas mo?ea

wafope or aiter the doss of AHI, althaugh thers was somewhat lass of an effect

on the mucleic seids, shogpholipide and AFeoe when hepatectory i‘cllmma trent~
with &HT.

This remsrkabis growth of the 1liver even pftar Swo-thirds of 3% has
paan sarglosily vemoved, 18 pite frteresting. fporrently removal of much of
the sflected tissue does nob sppraciably slter the woumsual grevih rete 554
that pemsining, Srom another point of view, ABY would spprear o have an
sven graster stirsdus on reganerating tisaue. ¢ one assumes that the
smound of liver remaining afler partial hepatectomy was betwesn h oard § grons,
1t tncreased 2 b0 3 fold wlthin two weeks after hepatectomyy ebous the same
scoslerated growih thot seomrred in pormal tissue afber treatment with AHT.
The 4 or § grams of tluwue pemaining after partial hepetoctumys howeper, had
inereszed g op & fold when trostad with AT,

Ops of the six rats dosed with serbon tetrachloride dAled oight
days latsr, bubt all $i% ruts dosed with AUT prder to the carbon tetrachl oride
dded within L8 hours. ¥No snslysis of the liver was possible for 21l of the
snimals wers fownd daﬁd snd post-sortan changes had begpun. When aymimd
grossly, however, the livers ware xanelve 4n size {3.8. 30 to LO grams] and
yellow in oolor, probebly foum acute fasty infiltretion.

Bochemicwl meaguretents on the surviving cerbton sutractioride rats
me&mamé;n;wmwmmmmmsm
. the rugdsie seids. :

' The ,Mwhmical ézm puggend that Thaie e protiy m&&m&w
' iffesiences in ths Wiferk st ART fluciscarhdn Rivpermind egeny o piveiand.
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dogs. Liver enlarpement cecurs in rats buh in dogs, hyposholestervlenies is
the most unusual fnding. Tt would be usalnl to invasiiigéte these in sewsral
ather specie:z -~ mive, guineé piga, rabbits, The cami:gingd effect of cerbon
tetrachioride and AFT moy he of prsctical signifimm; 'éiince sugly radldldiple
sxpogures couid conceivahly be experisnced by pevsonnel hamdling AHT,

Further study of thig problem iz recompandsd,
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Summary snd Conclusion

¢ me/kg doses of HE 3025 ware giver to trpeo{3} rats, which ohesrvad
ifived, This procedure vas employsd av 53 Lo enabl
mil

Snvestimnicors

&
p ar

foother dispersing asents sdeinistersd in a sim

-
A
WL

H¥ 3035 given in single oral 12 me/kv doses produced no slinicel signe of igpisity

Conclusion

H# 3035 mav be considered relative.y harmless vhen adming
eral doses of 12 mg/ke, having rroduced no clinical simx of -+

&Y

sterad 1o rate ¥ xinsle
oxicity,

%

Terde of Liver Veiphix

Rat No. Bady Wi, Liver Vi, Liver ¥t. . 100

o, 1, Body Wy,

LG4ES 403 17.51
LGERG! 353 AR
L3623 AL 18,03

b
T
el

e

PLIOOOEYIH



