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I. EXPERINVERTS TO0 DETERLINE THE POSSIBLE TOXICITY OF TH® FOLLOUTHG SUBSTANGCES

1. CHLORCOSANE

On July 14, 1937, we were informed by F. D. Smith that each 6 ounce bottle
of a soft drink might contain 60 to 70 mgm. of chlorcosane. There was no
pharmacological reason to believé the compound would be irriteting or toxic in
eny way, and therefore it was decided to dose rats with it very héavily, the
argument being that if they survived heavy dosage without any evidence of |
damage =& verdic-t of no toxicity might be given and ruch time saved. If, on ithe
other hand, the large doses proved poisonous it would be necessery to reduée
dosage until a non-toxic level xvaé reached, The first of these alternatives
proved correct,

Experiments. -~ August 10, 1937. 20 edult white rate ranging in weight
from 1682 to 210 em. vwere each fed 70 In:;m of chlorcosane in 1 ce. of olive oil
daily by stomach tube. These animais shoved no evidence of daina@e in any way
ettributeble to chlorcosane. They were examined microscopically from the 35th
to tho 92nd day. The only constant change observed was a possible slight
increase in the granulai'ity of the cells of the liver cords, but the
pathologist in charge felt this to be within normal limits. This finding is
doubly resssuring since many of the animals developed a chronic suppurative
luns condition very prevalent in Boston stock rats al the tine. DBut even with
this added handicap there wes no evidence of demepe and we thus conclude that
chlorcosane even in enormous dosage is &n inert material in the body and in all

probability passes through the intestine unchanged.

DSW 346076
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2. DIFHENYL PHTHALATE

On angust 23, 1957, we were informed by Dr. R. E. ﬁblly that diphenyl
phthalate might be absorbed through the skin or might be inhaled end swallowed
during spraying operetions. After consultation it was decided to fdod Leavily,
and if there wore indications of toxicity to project other experiments,

Experiments. -- September 20, 1937, 20 adult white rats ranging in weight

from 242 to 301 gn. were each fed 0,5 mgm. of diphenyl phthalate suspeﬁded in

1 cc. of water by stomach tube'dgily. The enimals were from new stock and
with one exception remained cleer of the lung éondition which existed in tle
chlorcosane group. Durirg the period of experiment, which lasted 92 days,
practically all the énimals gained weight. ZExaminstion of 8 animals killed
at intervals during this period of *est resulted as follows:

The organs were normnal grossly, and on microscopic examipation the liver

alone was of possible interest. The changes in the liver varied from those in

'_which the cells of the liver cords were almost normal, having only a slight

suclling and granulerity of their cytoplasm, to those in which these changes
were pronounced. In the latter therc was.g moderzte degree of vacuclization
and a rare hyaline body. These alterations it must be understood were the
result of very certzin dosage, since the compound was gi#en by stomach tubs
end the aninmels had no poscible way of avoiding it. Neither the pathiolozist
nor myself wus able to consider thew of enough moment.to cause us to mule
further experiments,

I am confident that with the ofdinary precautions accompanying spray

laccuering no possible harm could be done, even if the concentration of

dipbenyl bhthulate in the laecquer vas far above the § ner cent figure given

- us by R, E. Kelly.
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3. CHIORINATZD DIPHINYL -- COLIPOUND #1268

P

This material was furnished by the Monsanto Chemical Compsny. It was
-said to have & chlorine content of 68 per cent, the highest chlorine fisure
of aﬁy compound tésted by us during the past three years. It had been our
impression that toxicity end chlorine content followed one another.closely,
but this has not turned out to be the case for #1268.mxdxinxcemresidmuceiti
sxEoeenpnxy  Further discussion of this point will follow the description
"of the experimentel observations and their results.

Experiments. -- august 2, 1937. The compound #1268 was administered by
inhalation, the technigue being thot desceribed in the paper entitled The Problen

of Pocsible Systemic Effects from Certain Chlorinated Hydrocurbons, Journal of

Industrial Hygiene, 1937, 19, 283. For the first observations 80 adult white
rets were useaq, They viare exposzd asvfollows: |

'Group l. - B0 enimals. Temperature to which the compound vas heated to
introduce fume into eir line 140-190° C. Average concentration in air breathed
by rats 0.53 mgm., per cubic meter. Average daily exposure 16 hours, The
experiment was continued for 119 days, euninals being sacrificed &t intervals for
fathological exaination and for the carvon tetrechloride sand alcohol test
(see puper previously cited).

The condiiions Coseribed above czured suclling end incregse of prunularity
of the liver cells. !yeline inclusions vere rare. Tbgse changes were cuite
uniform in all enimels exwzmined alter the S5lst day, tut wvere not certainly
progressive. The rats were very healthy throughout the period end therc wes an
‘almost uniform gain inweight. The curbon tetrachloride-uvlcohol test wes
positive after 52 deys, vhich indicates thuat though liver dumuge was appuarently

Celi-kit sonme desree of b had been done the organ. Thers was no evidence of

DSW 346078

STLCOPCB4084397



demage in any part of ihe body except the liver.

At the end of 93 days 10 rats, apparently in excellent condition, were
remqved from the experiment and set eside for observations upon liver recovery,
These recovery animels showed no clinical‘changes of any sort. When sacrificed
972 and 141 days after removal from exposure it was observed that the swelling
of the liver cells had disappeared, but the granular end hyealine maferial
remained in the liver cells and h&d‘apparently become peranent., There was
absolutely neo progression of damage efter removel from exposure.

Theée changes may be compared with those produced in rats by inhalation
of chlorinated diphenyl #4465, administered in a sinilar manner in concentra-
{ions of 0.57 to 0.93 rniga. pér cubic meter over similar periods of time. In
the case of this corpound the conspicuous difference was tle far greater
ircidence of hyelinization of the liver cells, which in our opinion was the
characterictic lesion csmused by #4465 and mixtures containing it. One can
therefore conclude that #1268 in low concentretions is definitely less toxic
than £4465,

Group 2, — After 119 days, the low concentration of #1268 having proved
but slipghtly poisonous, it was decided to incrcese. the concentrction in the air
breathed by the 54 rats then remaining., Temperature and othcer conditions were
mainteined as during the first 119 days, but by ithe uce of 4 veporizeors insteed
of 1 t]té avirase corcentretion of #1268 in the air vas brousrht to 6.23 mgu. per
cubic rieter of air. ZErposure to this very hich concentretion was continucd for
87 days.

Under these extreme conditions ithe animals again remained in perfcet
hezlth, The corbon toircchlorile ord wleohnl test vas rositive but tlere varg
absclutely no oiker indication of liver da;gse and no evidence ofAdisturburcc

to othor orpuns. :
DSW 346079
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When examined at autopsy at the end of 87 days -~ the animels had
experienced a totel exposure of 206 days -~ there were no gross evidences of
abnormality in any part. On microscopic exemination no organ showed chenges
except the liver. The number of cells containing hyaline and the amount of
h&aline in the cells involved ihcreased éuring this period of exposure to the
higher concentration of #1268, Tho hyaline was most abundant in the portal zone
of the lobule with very little in the central erea. After 42 days of exposure
10 rats were set aside and were sacrificed 73 days later. They were in excellent
condition when removed and did not change. Grossly, at autopsy, they showed
nothing abnormal, and on microscopié examination the liver cells had lost their
swelling but retained increased granularity aend hyaline inclusions.

The experiments on inhalations of high concentrations of #1268 reenforcc
the cornclusion that this compound is of low toxicity as compared with #4465 or
with ehlorinated naphithalenes abovq tricilornaphthelene. The guestion as to why
#1268, the most highly chlorinated compound tested, proved but slightly harmful
cannot be answered with any definiteness. It has been suggesied that the
toxicity of all these chlorinated compounds, even though of veried compositiocn,
may depend on the ability of the animnl to decempose them efter lodgment in the
tissues, and that this decomposition might be shovm by an increase in the chlorine
in the 'urine in suitebly conducted feeding experiments. In experirments upon this:
point we have shown a definite increase in the winory chlorides when dogs and
rats werc fed & mirxture of penta and Yexzchlormephthulenes (#/1006), e compound
highly injurious to the liver and conlzining 62.6 pcr‘cent of chlorine, but similar
observetions have not been made with any of the chlorinzted diphenyls or allied
compounds, It may, hénovcr, be that vhen sbout 65 per cent chlorination is resched

{ho subistonces formed are cuite stable in the body and o ceuse & minimum of

damure,
DSW 346080
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In conclusion, #1268, -1f handled with ordinery precauiions as to ventila-
tion should be entirely harmless to worlmen. While it cannot be given an

absolutely clean bill as to health, it is preferable to #4465 and 5460,

4. MIXTURE OF CHIORINATED DIPHENYL ARD CHLORINATEb DIPHENYL

BENZENE -~ COMPOUND #5460

This substence was furnished by the Monsanto Chemical Company end was sqid
~to have a chlorine content of 60 per cent, being in this respect below #4465 end
far below 71268,

Experiments. -- The inhalation technique was used us in the case of #12¢8
end #4465,

| fugust 2, 1937. 80 sdult white rats were the subjects. Tewmporature to
'which the compound wes hcaied o lntroduce fume into the air lins 140-19¢5° C,.
Aversge concentration in air breathed by rats 0,085 mgm. per cubic meter,
Average daily exposure 16 hours. The experiment lasted 119 days. »a ceriein
number of animals were sacrificed for pathological'examinetion, others were
used for the carbon tetrachloride and alcohol test, and still others sel esicde
for observations as to recovery from possible damage.

In spite of the fact that the concentrction in the cir brezthisd Ly the e
averzged about 1/6 that obteined at cormparable temperaivocs frow 18068, © ma ey
of these snimals became sick and lost weight towards the end of the secund noesih
of exposure. Vlhen killed, such indivicuals showed gross mottling of the liver
but,no changes in other organs. On microscopic examiﬁution ewelling of the
liver colls, increaséd cranmularity snd hyeline inclusions verg notwd in i
‘killed as early as the 16th day of exposure. Theso changes- obviously cceurred
rapidly. Hyaline deposits were never as numerous as with 51268. ininuls

DSW 346081
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removed for recovery after 51 and 119 days of exposure did nol gain markedly
in weight, and one died for no obvious cause. When examined at autopsy the
.swelling of the liver cells had subsided, but abnormsl granularity and
hyalinization remained,

Needless to say the carbon tetrachloride and elcohol test was positive
whenever used,

In view of the fact that #5460 in such low concentration proved so
definitely toxie, no higher concentrations were tested. It seems imperative
that whenever this compound is used in industry, great care.be taken to keep

concentrations in the air st an extremely low level. No liberties con be

teken with 1t, as vitlh 7126€.
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II. SOMZ GIIZRAL CONSIDHRATIONS

-

In eddition to these tests of compounds, certain experiments were done
which &are of interest to those mapufacturing or using chlorinated hydrocarbons.
Details as to these experiments are of course availdble but sre not included

N

in this report sinece they ere not of direct industrial interest.

l. EVIDENCE FOR ThZ DeESTRUCTION OF A MNIXTURE OF PENTA AND

HEXACHLORNAPUIHALETSS (:£1006) IN THI BODY

It has alwafs been a cuestion as tc whether the chlorineted hydrocarbons
which heve been examined by ourselves znd by others do harm per_se or whether
toxicity depénds on their brealidown in the body with the liberation of some-

Ling hoeriilul Yo the liver. A pertizl ancuwer hes been obtazined by feeding
#1006 to rats and dors vhich viere on & low chloride diet with uniform
excretion of chlorides in the urine. Vhen these animz=ls received the
chlorinzted hydrocarbon (7°1006) the uriﬁary chlorides rose. This indicsates
that the body certainly his pouver to detach chlorine from this coipound, and
it is probcble that the same condition is true for allied toxic compounds. It
would de nost interestins to see vhetder ingestion of #1268 recults in sirmiler
findings or vhethor in the cene of this relutively non-toxic cosvound there is
practically no splitting off of chlorine. Neither time nor our finencial

resources permitted such tests.

DSW 346083
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preventing the acute yellow etrophy of the liver produced by carbon teira-

By P. D, Lexson, M.D., 4. S

£ the ancrican Ledical fsg

~10~

2. THE EFFECT OF IMNCRZASLG TIE SODIUL: CHIORIIE IN THE DIET

UPON ANTHALS RECEIVING TOXIC DCEZS OF #1006

On the ground that chlorides might be fundamentelly associated with
toxicity, a group of 15 rets was fed a low toxic dose of #1006 and compured

with a similar grour on the same dosage of #1006 plus a merked increese in

chloride intzke secured by giving 5 cc. per kilogram of body weight of 4 per
cent NaCl solution daily.

No differences were found between the two groups, &nd it may be concluded
thet chlorine increase secured through the diet does not enhernce toxicity.

This experinent waes done in order to find out vhether in

creese in chloride
inteke during hot weather might be harmful}

A particular phase of the problem, the possible enhancement cof typical

skin lesions by increasing chloride intake, cennot be decidel by experiments

on fur-bearing enimals with no sebaceous glerds., ALl ihat can be seid at
the morent is that increesed chloride intake does no:

+ Increccse systemic
toxicity.

%, THE WFriC CI OF MIGH AND L0V CALSTULD Tifmuui CH ANTAIS
LLALTG 16 CUliC it rics ¢F 1008

It is well known that a diet rich in caleciwr ic rurkedly effective in

hloride (The Prevention and Trectment of Cuvbon Teirach:loride Intoxication,

. Xinot, Pu,D,, and B, 1. Robbine, 1LS., Journul
ociation, 1928, volwre 90, pu;e 345) .
To dircover wnetlicr ccleivr in the dlies would prouwecet o

RS <
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from a toxic chlorinated hydrocarbon, 30 adult white rats were placed upon a
diet of lean horsemeet, starch and lard, a combination adequate for maintenance
but very low in caleium. Another group was given a diet éonsisting of dog
chow, 'milk, lettuce and eggs, fwith added calcium lectete -~ a ration very high

in calciun,

Both groups were exposed simultaneously to inhalation of high concentra-~

tions of #1006, an average of 11.21 mgm. per cubic meter for 16 hours a day.

After 16 days, 12 high calcium diet rats were alive end 7 of the low
calcium group. At intervgls aninals were killed for examination. 1In both
groups the live; was abnormai'gro§sly &nd microscopically, and in both groups
animals died from liver demage. It was impossible to consider that the high
calciun diet was in the least degree protective. It may, therefore, be
corcluded that adding calcium to the diet of workers either in the form of

extra nilk or of calcium lectete viill not prevent liver damage.

. 4. THE EFFECT OF INJECTICKS OF XANTHIIHE Ol ANILALS

INIALING HIGH COHCERATIONS OF #1006

In 1937, R. C. ﬁeale published a brief paper (Tbe Irotective Action of
Certein Purines ageinst Liver liecrosis Produced by Carben Tetrechloride and
Chloroform, Science, 1837, volurme 86, page 83). He cloimed that rats
injected with sodium xznthine becesie merkedly resistent to carbon fctrachloride.
This suggested thet xanthine might have s imilar proteptive power over liver
damage from the chlorinated hydrocarbons on exsmination in this leboratory.

necordingly %8 sdult white rate verve csused io inhmle #lbdﬁ in cerncentru-
tions averaging 15 mgm. por cubic meter for 16 hours d=ily. One group Pf'

20 rats wes given 20 werm, of xanthine subcutaneously every other day and 40 o,

DSW 346085
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of xenthine by stomach tube on the alternate days. The second group of 18 rats
had the same exposure to #1006 without xanth:.lne treatment. No differences were
rnr'o;ted and one cannot expect any efficacy from xanthine either in the prevention
or treatment of liver disease due to this chlorinated hydrocarbon, and in éll

probability the same negative result would be encountered im connection with

allied toxic compounds.
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