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1 EFFECT OF FLUOROCARBON DISPERSING AGENTS
‘ON THE LIVERS OF RATS AND DOOS

i ! Medical Research Project Nos. MR-639, 10-B, 10-C and 10-D
i Report No. 123-65

i Amontus pesfiucrocaprylate (CAPRC), w-hydrohexadecafluoro-
nonanoate (Care) and amonium 3,6-&i0xa-2,5-d1(trifluoromethyl)
undecafluorohonanoate (ANT) are powerful surfactants. In acute

k oral toxicity studies with these compounds, the most striking
sbroraality in'snisals surviving a single ublethal dose xas gross
enlargement of the liver (Easkell Laboratory Report Nos. 54-61,

1 55-61 and 70-61). A similar but 1ess marked effect was observed
Zn rabbits that had absorbed ANT through the sicin. Although liver
enlargraent 1s not an uncommon finding in chemical intoxications,

i the effect of AT was remarkable in that 56 days after a single
dose of 12 ng/kg the liver was approximately three times larger
than normal.

I The experiments Teported here were preliminary studies
designed to determine more details concerning:

I (1) the histological changes, that occur with increasingperiods of time, in the livers of rats after a single
I oral dose of AH;

(2) the biochemical changes during the period of rapid
1 growth and recovery in the livers of rats treated

With AMT;

I (3) the combined effects of oral administration of
ethanol and AMT in the rat;

1 (4) the effect of AMT upon the pentobarbital sleeping
time in the rat; and

1 (5) the effect on liver function in dogs trested with
Ar, "GRAPFC and COAG in order to find some clin-
ical ifboratory procedure that might be useful in

1 detecting liver injury in personnel exposed to
fluorocurbon dispersing agents.

1 1. HISTOLOGICALCHANGESDURINGTHE TIME OP RAPIDGROWTH
A._Procedure: In order to study the es in size and

1 suructirsof the Time following 4 single oral ose" or AMT, 16 male
* rats were each given a dode of 12 mg/kg. A second group of animals

of the same age and weight served as controls. One test and one
1 Control animal were killed at intervals over & period of 56 days

and two test and two control animals at 75 and 128 days. The z
. Livers were removed, weighed and a section taken for microscopic g

1 examination. z
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B. Results: The rapid growth of the liver, in cerms of both1 weightnd per cent of whole body mass, 18 Shown in Pigure 1. Theincrease in size was most marked during the first ten Gays, reached2 maximun between 40 and 60 days, and then began to decrease in1 Size, although some eniargemeri was still evident afcer 126 days.Morphological changes in the liver were evident 24 hours afterthe single dose. The initial change was characterized by markedly

1 enhanced mitosis of the hepatocytes. This was less evident by thesecond day; by the ninth day, the mitotic Activity had decreased.After the 56th day, most of the features which characterized the
1 response were less intense.

The structural changes in the cells were quite evident upon
1 microscopic examination and appeared to result principally from anenlargenent of the individual cells.
1 II. ETOCHEMICAL AND METABOLIC CHANGES IN RAT LIVER

1. Changes in the Liver of Intact Animals
I A. Procedure: Thirty male ChR-CD racs were given 12 ng/kg

of AHT'TEaSingle oral dose. Two to three wasks later, eight of
I the rats were sacrificed by decapitation, the livers removed,signed, and analyzed. An equal mumber Sf untreated controll werc

examined to establish’'the normal range of values that mignt be
I expected in rats of this age and strain. Two AHT-treated rats and

vo controls were also sacrificed for microscopic examination of
the tissue. Eight to ten weeks after the ingle oral dose of AHT,

1 a second group of ten rate was sacrificed and the remaining tenTats three months 1ater. Tissue slices were prepared from a
portion of the median lobe for respiration and choline oxidase

1 measurements in a Warburg respirometer. One portion of the left
lateral lobe was homogenized for measurement of alkaline phos-
phatase activity (APase), esterase activity, and the nucleic acids.

[] Another portion was used for glycogen devermination. The remain-
ing tissue was used to measure water, protein, fat, ash, chol-
esterol, phospholipids, and potassium. An average value was

1 calculated “ar each Group of animals and compared With the controls.
Differences vetween groups were tested for significance with the
"test.

1 B. Results: The results of the biochemical measurements are
ivenim EBs l, Two weeks Arver the. steele dove of ARF the

1 livers of the treated rats were quite large in size, more’ than
twice that of the controls, and comprised approximately 9% of the
body weight. An increase in the alkaline phosphatase activity and

1 Phospholipids and a decrease in glycogen were the most important
i changes. Saall but statistically significant (pZ0.05) increases

in oxygen consumption, non-protein nitrogen, VACer and protein1 and decreases in the respiratory quotient, sholine oxidase, RNA
and INA occurred.

z' 1 Two months after the single oral dose of AFT, the livers were =no! longer growing at an accelerated rate, for there was no further 2
1 increase in the abaclUSe size of the livir and ite portion relative  S
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1 to the whole body had decreased. The increase in phospholipids,
otein and non-protein nitrogen, and decrease in glycogen

1 Pespiratory quotient, RNA and DNA &gAin vas observed.

Five and one-half months after the dose of ANT, the livers of |
the treated rats were still slightly larger than normal, but the
cmall differences in the biochemical measurements were no longer I

1 significant.
These results indicate that ANT produces significant bio-

chemtcal as well as morphological changes in the liver of rats. A
Sliaber of these changes point to disturbances in the norsal meta-
Polte and synthetic functions of the liver. The lowered concen-

1 Cation of mucleic acids 1s consistent with the observed arrested
Eitotic activity. These effects are most evident when the liver
Ti oapialy increasing in size. Later, when the accelerated growth

1 has stowed down or ceased, a reversal’of biochemical changes is
Apparent. Five or six months after the dose of ANT, when the liver
$a heariy normal in site, the recovery of the organ is virtually

1 complete.
2. Biochemical Changes and Liver Enlargement in Hepatectomized Rate

I A. Procedure: To study the effect of ANT on liver tissue
alreadyTrgstate of rapid growth or regeneration, six male ChR.CD

1 fats wre subjected to partial hepatectomy by removing 60 to 70% of
The organ. Forty-eight hours after the operation, the rats were
given & single oral dose of ART of 12 mg/Kg. The experiment was

I 8180 conducted reversing the order of treatment byresoving 60 to

70% of the liver of rats which had been treated with ART 8 hours
viously. Sham-operated animals dosed with AMT and hepatectomized

1 Animals served as controls. Fourteen days after the single oral
dose of AUT, the livers of the rats were removed, weighed and
4nalyzed for glycogen, Phospholipids, DNA, RNA and alkaline phos-

1 phatase activity.

B. Results: The results of these experiments are shown in
1 Table5. Two weeks after the operation, the livers of the

partially hepatectonited control animals were normal in size for
PAT: of Inis age, sex, and strain, but the alkaline phosphatase

1 activity and DNA were higher than'in normal livers. When partially
Pepateciomized Tats were treated with ANT, the livers grew very
Pipidly; two weeks After treatment with the trimer, the livers were

1 Dore than twice those of the hepatectomized controls. The phos-
Pholipid content and alkaline phosphatase activity wers increased
inile’ the’ glycogen content decrassed. | Toe INA vas Renn decreased

1 38 in the Tivers of intact AHT-treated rats, but the RNA had
Increased. Except for this increase in RNA, the results were in
AGreenent with the previous measurements on livers from ARI-treated

1 Tats shown in Table 1. The biochemical changes in the liver
| occurred whether partial hepatectomy preceded or followed treat-

Dent with AND, although the effects were somewhat less when =
1 hepatectomy followed the treatment with ANT. g

. §
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1, " |. Effect of Chemical Injury on AMP-treated Rat Livers |
1 A, Procedure: Six male CHR-CD rats were given a single oral

dose of12mg/kgof AHT and then, 8 hours later, a single sub-lethal dose of carbon tetrachloride, equivalent fo 0.1 Al per1 100 gm of body weight, intraperitonsally. Animals which received
only carbon tetrachloride served as controls.

1 B. Results: The results of this experiment are also shownin 745157. One of the six rats dosed with carbon tetrachloride| dled eignt days later, but all six rats treated with ANT prior toi the carbon tecrachloride aed within AS hours. No analysis of: the liver was possible, for 11 of the animals were found dead andpost-mortem changes had begun. When examined grossly, however, the1 livers were massive in sits, ipproximetely 30 To AO gn, and yellowin color, probably from acute fatty infiltration. The repidlyenlarging liver, With a greater.than normal lipidiglycogen ratio,1 18 ‘sore susceptible to the toxic effect of CCl, than normal liver.
Biochenical measurements on the surviving carbon tetrachloride1 rats showed no appreciable differences from controls two weeksafter the treatment.

1 III. SNEEDEFFECTS OP ORAL ADMINISERATION
——OFETHYL ALCOHOLAMD ABT INTHERAT

1 A. Procedure: The study was designed as an additional
eaBETORSF he Krracts oF combining hepatotoxic agents. Toe
objective was to determine, by oral stration to rats,Whether repeated sublethal’doses of ethyl alcohol would enhancethe effect of a single hepatotoxic dose of ART. The outline of

I the study, in tabular form, is presented in Table 3.
Male ChR-CD rats, weighing between 300-400 gu, were used in

1 the study, They were'offered water and Purina Laboratory Chow
on an ad iibitun basis and were weighed daily.

1 At the time Of the Prescribed sacrifiies, the animals were
subjected to gross pathological evaluation. The liver was removed,
Weighed, and preserved in appropriate fizatives.

1 B. Rosle: A summary of the Liver weights obtained at thevari OiSERRTed atopeies to fren in Table 4. Toe preliminary1 results of this study, whereinART was administered to Tats in a
single dose of 12nis, simitaneously with, or after, theirexposure to ethyl alcohol, indicate that the increase in liver

1 yeignta observed in this experiment was not any greater than that
produced by AHT alone at a dose of 12 mg/kg.

1 1V. THEEFFECTOFANTUPONPENTOMREITALSLEKPINGTIMEINTHERAT
: A s S in liver function or liver morphology zBeSRESLtanoder ein 2
| recently, a quick and simple pharmacologic test hae been developed z
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1 which has been used to determine liver damage - Pentobarcital1 Sleeping Time (PST).

Pentobarbital 1s metabolized in the liver; a change ini particular liver enzymes is reflected by a projongation, orshortening, of the sleeping time induced in animals by this com-pound's normal anesthetic action. Therefore, alteration in the1 ST has been correlated with changes in liver function and liveri morphology. When young adult male CHR-CD rats are given 30mg KgNa pentobarbital in an aqueous solution intraperitoneally, theirI average sleeping tise was found to be 58 + 19 minutes (for 110rate).
1 In studying the effect of ARM administration upon PST, groupsof ten rats were employed. A control valus for PST was obtainedfor each group of ten rats, usually 2% hours before the test began.
1 Twenty-four hours later, the rats were given a single oral dose ofAMT &% the rate of 12 ng/kg, PST was determined on each group ofTata four hours, 24 hours, 8 hours, and at other tise intervals1 after the oral administration of the ANT. Control groups weresimilarly examined for PST at che same time intervals. The resultsof two of these tests are sumarized in Table 5.
1 B._fesults: The PST of rats that received ANT was firstprolonged;It then became shorter and shorter until, At approxi-1 mately six days after dosing, none of the Tats could be anesthetizedby a dose of Na pentobarbital that still affected untreated rats.Approximately seven weeks later, the PST of AHD-treated rats could
1 again be determined, but it was still much shorter than thatobserved in control animals. The sume observations were made forthe next two weeks, at the end of which time the experisent was
1 terminated.

VY. EFFECT OF FLUGROCAREON SURFACTANTS ON LIVER FUNCTION IN DOGS
I 4__proceture: aces male beagles fron the sok colony weregivenawingleoral dose of AMT, equivalent to 4, 6, or 9 BE/Ks.1 Samples of blood were taken at frequent intervals for three weeks30d then veeldy thereafter. The dog chac received § guy veslater given doses of 26 and 60 mg/kg. Pour other male beagles were1 given & single oral dose of either CoAPC or CAFC, equivalent to :50 0g/kg and a similar series of meisuresents made. Since both i426s receiving the CGAPRC died within 36 hours, the experinent was |i repeated with two other dogs which were given a 200 mg/kg dose ofthis dispersing agent. The two dogs that survived the exposure to |the COARC were given an additional oral dose, equivalent to 6701 ag/kg] at this time. |

The following biochemical measurements were made routinely on|] tne blood: | suger, urea nitrogen, ioral cholesterol and alkaline
phosphatase. When the 60 dose of AHT, ATO mg/kg dose of =x CGAERC or the 670 me/KE dons of CoARG were administersd, the level g1 activity of lactic dehydrogenade (i 4); iaoeieric defydrogenase 2{fem ‘idolnne; “siucamts oxincetse (oof) ang glutamic pyrivie1 GFT) transaminase were A180 meamired. A foutine hematological g
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1
examnation and an analysis of a 24-hour urine specimeni at intervals on these animals. vere mde

The level of the various components of the blood follows:1 the dose of fluorocarbon dispersing agents was compared sion: oSaverage value observed [rior to the exposure and with s stelei easurenent made at the same tise on Specidens from stock sojenydogs.
Por the enzyoe activities, a normal range was established1 fron beasurenenta made on a rusber of stock dogs. The Aotivicy¥as also measured at least once, prior to treatment, on the degsdosed with the dispersing agents.

1 B. Results: The significant biochemical and clinicalfindings are sumoarized briefly in Table 6.
i The principal finding indieative of some inury or dysrunceionin the dogs that received AUT was a decrease in the plasms choi.1 ¢sterol and an increase in bromsulfalein retention (BSP) and APasegctivity. The effects on cholesterol and APase are shown inTigures 2 and 3. These began to change within one week and became1 Labnoraal", i.e., excesded an arbitrary limit of two standarsdeviations fiom the pre-exposure mean within three weeks after thedose was administered. The increase in BSP retention cocurredduring the first ten days and then began to return to normal. Thedepression of plasms cholesterol in all three dogs cocurred earlierand began to return to normal sooner than the rise in plasma Abase1 Sctivity, The dog that received the highest dose of AHT showed thegreatest change in plasma APase from the pre-exposure man. Theactivity of a nusber of enzymes considered to be sensitive indi.1 Gators of liver injury was measured in the plassa when a G0 neckdose of AT was administered. The results of these biochentostmeasurements are presented in Table 7. All the plasma enzymes1 easured were elevated within the first three days after the doseOF €0 ng/kg of ANT was administered. The greatest increases werein the GPT and APags. Within one week, All but these were within1 the norsal range. The depression of the plasma cholestereloccurred more slowly, But there was no evidence of a return tonornal after three waeks as occurred in the dogs receiving 6 or1 9 me/kg.

Withthe200mg/kgdoseofCGAPRC,theGPTandGOTwere1 glevated in both dogs within 38 hours.’ One week later, they werein the normal range. When 430 mg/kg of this compound was admin.istered, all of the enzymes Measured were markedly elevated oi io1 38.hours later. The greatest change occurred in the GPT and ICON.Both animals expired Within M8 hours after dosing.
The 50 m8/KE dots OF COAPC caused elevated levels of allA the enzymes measured within 8 hours in one (No. 2) of the tus; dogs exposed. On the tenth day after the dose was agmintetencd =1 hese were within the normal range. The other dog showed no geffect fron the treatment. At the 670 mg/kg dose of this compound, 3
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Dog No. 2 showed a rise in GOT, OPT, and APase during the first

1 28%hours, and 4 return to normal within two weeks. There was &
light rise in the APase, GPT and GOT in Dog No. i.

1 STRURY
Single oral doses of 12 mg/kgSf ART, sdministered to rats,

1 cause a rapid growth of the1.ver that continues for as long as
wo Donths after the treatment. Morphologically, the change is
Characterized by an enlargement of the hepatocyte. Changes in

§ the biochemical composition, ensyme activity and respiration,
| accompany this enlargement and indicate a disturbance in the
| norma metabolic functions of the organ. The changes in mucleic
1 acid content and morphology of the cell suggest an interference

in mitotic activity. Reversal of these changes begins in two
months and is nearly complete in five to six months.

I Rats that have been subjected to excision of 60 to 708 of
the 1iver 48 hours before OF after & single oral dose of 12 mg/kg

1 of AMT regenerate larger than normal livers.

Carbon tetrachloride is more toxic for rats that have been
I given a single oral dose of 12 me/kg of MET, This may result

m the accumiiation 4nd retention of the CCl, in the enlarging
iver which has more fat and less glycogen than normal liver.

I Vhen ANT is administered to rats in a single dose of 12
ng/kg simultaneously with OF after their exposure to repested

1 sublethal oral doses of ethyl alcohol, the increase in liver
Weight observed is Not any greater thin that produced by AMT
alone at the save dose.

1 Pollowing an initial depressant effect by AHT on enzymes
that metabolife sodium pentobarbital, there is apparently an

1 increase in the rate of metabolism of sodium pentobarbital so
hat 46 cannot exert its anesthetic action at usually anesthetic

1 dose levels. :

Liver function studies in dogs have shown that AT,
GAeno andCOATC clapacaine apts wecect the Liver, Ob the

1 vats of dose, AIT 18 mat, and CoAFC lesat, lose Lo
the liver" Doses of 26 me/icg of! AHP 0920 mg/kg of COAPRC

i produce sievated plasss levels of enryme activity inaifative
in of cellular damage. Only ART lowersthe cholesterol level in
! dogsgiven 4ngormore Perkgofbodyweightin &singleoral

dose.” Of all the measurements made, alkaline phosphatase and
1 GPT are the most sensitive in detecting an effect on the liver

in dogs from all three dispersing agents.

I . g
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