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Senator Hart. Our next witness, as the Surgeon General has al-
ready indicated, is Dr. Jacqueline Verrett.

STATEMENT OF DR. JACQUELINE VERRETT, F0OD AND DRUG
ADMINISTRATION, DEPARTMENT OF HEW

Dr. Verrerr. Thank you, Mr. Chairman, for this opportunity to
discuss our investigations of the relationships between chlorinated
phenoxy herbicides, chlorinated dibenzo-p-dioxins, and the chick
edema factors.

Chick edema disease was first recognized in 1957, when large num-
bers of broiler flocks in the United States suffered what appeared
to be an epidemic disease. The affected birds appeared droopy, with
ruffled feathers, and had difficulty breathing. In many flocks. more
than 50 percent of the birds died as a result of the disease. Of the
millions of birds affected. those autopsied consistently displayed
hydropericardium (accumulation of fluid in the pericardial sac),
accumulation of fluid in the abdominal cavity. subentaneous edema,
and additionally liver and kidney damage.

In 1938 the mvestigations of a number of laboratories indicated
that the causal agent was contained in fats, and specifically in the
unsaponifiable fraction of fats in the commercial poultry rations, In
laying hens the toxic fat caused a rapid drop in egg production.
Paullets receiving toxic fat during the full growing period did not
come into production, and mortality was very high. Hydropericar-
dium, the most common Iesion found in young birds, was not found
in birds of laying age.

The chick edema factor found in the toxic fat in the 1957 outbreak
was presumed to have arisen as a byproduet of industrial production
of stearic and oleic acids. since the unsaponifiable materials from this
process were the components of fat i the poultry ration. Sub-
sequently. the toxic substance was found to be present in several
different types of fats. It was demonstrated to be present in samples
of commercially produced oleic acids and triolein, in acidulated
vegetable oils. and in inedible animal tallows. The demonstration of
the presence of the chick edema factor in commercial fats led to the
ruling by the Food and Drug Administration in 1961 that higher
fatty acids intended for food additive use must be free of the chick
edema factors. The presence of the factor was to be ascertained by
a chick bicassay based on the volume of pericardial fluid in birds fed
the fat under investigation.

Beginning in 1958, fat that had first been proved to be toxic fo
chicks was used by various investigators in experiments with other
species. and was demonstrated alse to produce deleterious effects in
rats, mice. turkeys, pigeons, guinea pigs. swine, dogs. and monkeys,

Early investigations of feeding toxic fats to rats indicated that
they are more resistant than chicks in short term feedings, but when
fed in sufficient dosage. extracts of the toxic fat produced definite

* deleterious effects as shown by growth depression. enlarged and fatty
livers, marked involution of the thymus, and enlarged adrenals.

Guinea pigs fed 214 percent toxic fat stopped growing at 6 weeks,
- and death losses occurred at 8 weeks. At a llje\'el of 4145 percent the
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weight losses occurred after § weeks, and death at 4 weeks. The
pathology observed was congestion of the lungs and mottled livers.

Dogs fed 10 {)ercent toxic fat in their rations lost hair on their
backs and_shoulders (alopecia), and there was poor reproduction
and lactation performance. Whelped pups were either dead or weak
and the mothers seemed to have an insufficient milk su ply. Pups’
removed before weaning and fed a normal ration showe(ij an imme-
diate and dramatic increase in growth. Other litters maintained on
the toxic fat ration postweaning demonstrated inferior growth per-
formance.

Monkeys have demonstrated considerable sensitivity to toxic fat
matermls.. In one study nine monkeys received a toxic triolein at a
level of 25 percent in their diets. One monkey died at 1 month, and
four died at 3 months. At the 3-month period, corn oil was substi-
tuted for the toxic triolein, but the other four monkeys died from
3 weeks to 5 weeks later, in spite of this substitution. Of the nine
monkeys fed the toxic triolein, eight were autopsied and showed
signs of jaundice, pancreatic atrophy, and fibrosis, hemosiderosis
fatty liver with necrosis. bile duct proliferation, and gross hemor-
rhage in the intestinal tract. No such pathology was seen in the
conAtrol mocllzkeyzin this study.

second study with 36 monkeys given a toxic fat at leve

0.125 to 10 percent of their diet, de%nonstrated an inverse rtla?aggllg
ship between the concentration of the toxic fat in the diet and their
mean survival time. Those given the highest level (10 percent} had
a mean survival time of only 91 days, while those given the lowest
level (0.125 percent) had a mean survival time of 445 days. Tt has
heen estimated that the highest level provided approximately 728
micrograms total chick edema factors, while the lowest level diet
provided approximately 100 micrograms total intake. The toxic fat
was Jethal at all levels studied, and the animals were sacrificed when
possible just before death. During the last 30 days of life, all mon-
keys developed alopecia. generalized subcutaneous edema. aceumuls-
tion of fluid in the abdominal and thoracic cavities, and hydroperi-
eardium. There were decreases in red and white blood cell counts
total serum protein values, and altered serum-protein rattos. There
was also eardiac dilatation and myocardial hypertrophy and edema.
Finally, the experimental monkeys had reduced hematopoiesis and
spermafogenesis, degeneration of the blood vessels, focal necrosis
of If}le_ln('fr and gastric nlcers.

imlted experimentation with mice, pigeons, and turkevs, indi-
cated that toxic fat in the diet led to rgdgitior; in growth'“?itht;]t;t
hydropericardium or accumulation of abdominal flnid. Similarly,
swine, fed toxic fat at a level of 9 percent of their ration. showed
poor weight gain, but one pig sacrificed 6 weeks after the start of
th:_ study showed no gross or microscopic lesions attributable to the
ration.

One important finding in the studies with chickens, is the apparent
storage of the chick edema factors in chick tissues. The unsaponi-
fiable fraction of carcasses (exclusive of intestines, head, and feet)
of chickens fed the toxic fat was very potent in producing hydro-
pericarditm in other birds when incorporated in their rations, Other
investigations of the distribution of t]ﬁe chick edema factors in the
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chick tissues indicated significant levels in bone, heart, intestine,
kidney, liver, and skin. The liver contained more than 80 percent of
the total detected. A similar determination of the distribution n
rats indicated the presence of chick edema factors only in liver and
in the feces. . . .

During the years that the previously described toxicity investiga-
tions were taking place, the toxic fats were undergoing intensive
chemical analyses to concentrate, purify, and finally determine the
nature of the compounds responsible for chick edema disease. At all
steps of these procedures, the path of the toxic material was con-
firmed by assay in young chicks. This proved to be a time-consumin,
and difficult job because of the complexity of the fatty materials. E
major breakthrough in this effort came swhen it was found that a
highly purified crystalline material possessing the properties of chick
edema factor contained chlorine, This indicated that it was nof a
natural component of the fat in which it occurred.

Work in several laboratories obtained similar results, and examina-
tion of the purified material by a variety of analytical techniques
suggested that chick edema factors could be highly substituted
{chlorinated) derivatives of naphthaiene, biphenyl, anthracene, or
even structures common to the chlorinated pesticides of the DDT
family. These latter compounds were ruled out when tested in the
chick feeding assay. but some derivatives of the formmer classes of
compounds were tested and found in some instances to be toxic, and
indeed produce similar lesions to those observed with authentic toxic
fat. However, none of these compounds demonstrated the high order
of toxicity. or the complete chick edema syndrome when so tested.
Finally, by means of single crystal X-ray crystallography, it was
demonstrated that a pure compound isolated from a toxic fat was
a hexachloro-dibenzo-p-dioxin. This structure was verified by infra.
red. ultraviolet. and mass spectrometry data. Final confirmation
came when this partienlar compound was synthesized and found to
produce the same lesions in chicks as the compound isolated from
the toxic fat.

The finding that a chlorinated dibenzo-p-dioxin was a chick edema
factor explamed why different investigators had isolated materials
similar in their capacity to elicit chick edema disease, but yet in their
purest forms, had slightly different chemical properties. The large
number of isomers possible (more than 60) in this family ranging
from mono- to octa-chloro-dibenzo-p-dioxing illustrates the com-
plexity of the problem. It then became a problem of determining
whether some or all of these compounds are in fact chick edema fac-
tors. and what their relative capacities in this regard might be.

The chlorinated dibenzo-p-dioxin strtictures have been known in
organic chemistry many vears. and became particularly noteworthy,
when in manufacturing grocesses with chlorephenols. their forma-
tion as byproducts posed serious occupational hazards. The most
potent in this regard seems to have been the symmetrical tetrachloro-
p-dioxin which was formed in the manufacture of 2.15-trichloro-
"phenol. These chlorinated compounds were found to cause a serious
and persistent disease referred to as chloraene. This disease was first
deseribed in 1899. Associations of this disease with chlorinated di-

" benzo-p-dioxins were made by the Germans. who had several out-
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breaks of this disease in their factories. There have also been similar
occurrences in the Netherlands and in this country, in factories man-
ufacturing chlorophenol compounds. It should also be pointed out,
that other compounds, such as the chlorinated naphthalenes, anthra-
cenes, biphenyls and dibenzofurans, are known to be acnegenie, but
as in the case of the toxic response in chicks, these materials ave less
potent than the chlorinated dibenzo-p-dioxins. In the case of the
chloracne associated with dioxin, the human symptomatology extends
to other mucous membrane irritation, porphyria cutanea tarda, hir-
sutism, hyperingmentation, increased skin fragility, severe damage
to the internal organs, particularly hepatotoxicity, and central nerv-
ous system disorders, as indicated by neuromuscular symptoms and
psychologic alterations, and other systemic symptoms. Most of these
occupational exposures in Germany oceurred in the 1950°s, and fol-
lowup examination of these affected workers in recent years indicate
that the recovery period is lengthy, with many workers still having
demonstrable adverse effects from prior exposure. Similar observa-
tions have been made on exposed workers in the United States of
America. The tetrachlorodibenzo-p-dioxin was demonstrated to pro-
duce the chloracne in humans after the application of only 20 micro-
grams, The rabbit ear is especially sensitive, with concentration of
0.001 percent to 0.005 percent producing severe reactions after local
application. This assay using the rabbit ear is apparently used as an
indicator in some plants of the content of this particular dioxin in
the manufacturing process. Hence, the serious health significance of
these compounds for humans has, inadvertently, been clearly docu-
mented. .

Research in Germany and Japan indicated that the magnitnde of
this problem was indeed Jarge, since the formation of the chlorinated
di-benzo-p-dioxins would be facilitated in the saponifieation pro-
cedures used in various processes involving chlorophenols. A further
complication is that a given chlorophenol preparation is generally
contammated with other isomers, increasing the possibility of forma-
tion of & wide spectrum of chiorinated di-benzo-p-dioxins bevond
those to be expected from the predominant component. Evidence that
this does oceur will be discussed shortly in connection with the
chicken embryo studies of these materials.

During the time the previously described investigations of the
chick edema factors were underway, many of which were carried out
by FDA 1investigators. methodology was developed for detecting the
chick edema factors using sensitive gas-liquid-chromatographic
(GLC) techniques. Tt became apparent that authentic toxic fats
consistently gave peaks with specific retention times. and these peaks
were used as an indication of chick edema factor in a suspect sample.
Confirmation of this was obtained using the chick feeding assay. In
the light of recent knowledge of the chlorodioxins as chick edema
factors, it has been possible to establish that the materials being de-
tected were hexa-, hepta-, and octa-chlorodibenzo-p-dioxins. Al-
though toxic fat samples did indeed contain peaks corresponding
to dioxins of lesser chlorine content, ie. di-. tri-, tetra-, penta-,
these are not detectable with this particular analytical procedure
because their particular peaks are obscured by other components,
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including pesticide residues present in the samples. Other GL.C pro-
cedures are heing developed to detect these latter dioxins. )

In the early 1960’s the chicken embryo was being used in toxico-
logical evalnations of a wide variety of materials. It was hoped to
develop a rapid and sensitive screening system to pmnpoint com-
pounds with significant toxic and teratogenic effects for further
study. In view of the demonstrated sensitivity of the chicken to chick
edema factors, the chicken embrvo was used to assay toxic fat
samples, and found to present the same syndrome as observed in the
chick feeding assay. A high mortality was observed with toxic fat
extracts, and additionally, hydropericardium, generalized and mas.
sive edema, eve, beak, and leg defects, and necrotic livers were
apparent on gross observation. No microscopic studies have been
conducted on embryos or hatched chicks in these investigations.

In parallel with other investigations. the chicken embryvo was used
to test the toxicity of the chick edema factors isolated from toxic
fats. It was also found that the chlorinated biphenyls. naphthalenes,
anthracenes, and other compounds did indeed elicit a toxic response,
and in some instances. the chick edema syndrome was present. But
in no case were any of these materials as potent as the toxic compo-
nents isolated from toxic fats, and were generally less potent by a
few orders of magnitude.

After the identification in 1966 of a hexachloro dibenzo-p-dioxin
as a chick edema factor, studies were initiated in which various
isomers of chlorinated dibenzo-p-dioxin were prepared and tested in
the embryos. Although the investigation was not extensive or com-
plete. it illustrated that isomers prepared by pyrolvzing selected
chlorophencls did give chlore-dibenzo-p-dioxins with GLC retention
times duplicating t%lose in the authentic toxic fats, and likewise, pro-
duced the chick edema syndrome in the treated embrves. It was also
apparent from this study that the various isomers (that is, those
with different chlorine content. and those with identical ehlorine
content. but with chlorine atoms positioned differently on the mole.
cule) varied in their toxicity, although in all cases only microgram
or less quantities were required to elicit the toxic response. It is not
possible to give exact figures for the toxicities obtained in this study,
since most of the individual dioxins were contaminated with traces
of others. Nevertheless, it was apparent that the symmetrical chloro-
dioxin prepared from 24.5-trichlorophenol (2,3,8.7-tetrachloro di-
benzo-p-dioxin) was more potent than any of the others tested, even
recognizing its lack of purity.

During this investigation. samples of the chlorophenols. both tech-
nical and reagent grades. were examined by GLC te determine if
preformed chloro-dioxins were present. The presence of chloro.
dioxins was demonstrated by GLC. and these materials. which can
be removed by appropriate techniques. were then tested in the
chicken embryo system and did indeed produce chick edema. A cur-
rent study of similarly contaminated chlorephenols. containing from

_ 18 ppb to 95 ppm of chloro-dioxins with six or more chlorine atoms
- are currently under test.

This investigation was not pursued further in view of the fact that
there had been no known occurrences of chick edema disease since

- the late 1950s and. hence, such research had a low order of priority.

O ———————
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_However, in early 1969 there was another large outbreak of the
disease In North Carolina and the toxic factor was traced to the fat
component of the feed. The toxicity was confirmed by the chicken
embryo test with fractions of the hexa-. hepta-, and octa-chloroe-
dibenzo-p-dioxins from the crude fat. '

An investigation of the processing plant in which the toxie vege-
table oil products were produced revealed a proximate operation for
the manufacture of chlorophenol formulations. However, it is stil
not possible to conclude that this accounted solely for the presence
of dioxins in the fat, or whether they were at least to some extent in
crude oil from a prior contamination,

Since that time FDA has initiated an investigation of the oils of
other manufacturers and processors and in a few cases GLC analvsis
has indicated the presence of chloro-dioxins. These have not as “yet
been confirmed by chicken embryo bioassay; however. it is note-
worthy that in the case of these subject samples there is no known
adjacent manufacturing operation that would give rise to direct
chloro-dioxin or chlorophenol contamination. so that entry of the
chloro-dioxins from other sources must be considered. .

_ This 1969 outbreak of chick edema disease. coupled with the ques-
tion of contamination of the herbicide 2,4,5-T by chlorinated dioxins
led us to renew this investigation. In the past 6 months the herbicides
24D and 24.5-T, as well as the particular tetrachlorodioxin pur-
ported to be the teratogenic agent responsible for the effects in the
Bionetics study of 2,4,5-T have been under study.

In an effort to assess the edema-produeing capacity, the teratogenic
activity, and the acute toxicity of these materials, samples of the
original Bionetics 2,4,5-T, from Diamond-Alkali, were obtained for
comparison with 2 sample representative of the current manufacture
of Dow Chemical Co.

The Bionetics 2,4,5-T is reported to contain 27 plus or minus 8
parts per million of the 2.3,6,7-tetrachloro dibenzo-p-dioxin, with the
content of other dioxins unknown. The current production of Dow
2.45-T has 0.5 parts per million of this dioxin, with no analysis for
higher chloro-dioxins reported, but does contain almost 5 percent of
other impurities, mostly isomers of 2.4,-I) 24.5-T, and ehlorophenols
and ch.lorop}}enqx}' compounds of undetermined structure.

_All investigations using the chicken embryo involved administra-
tion of the compounds by injection through the air cell of the egg
either preincubation or at the 4th day of incubation. ’

A comparison of the Bionetics 24,5-T with the Dow 24,5-T indi-
cates that with respect to the ability of the materials to produce
embryonic mortality, the Bionetics 245-T is more potent. The
Bioneties 2,4.5-T has an LD,,—that is, kills 50 percent of the treated
embryos—of approximately 25 micrograms per egg, 0.5 parts per
million, while the Dow 245-T LD., is approximately 100 micro-
grams per egg, 2 parts per million.

With respect to teratogenic effects, both samples produce chick
edema syndrome in the nonviable embryos, and hatched chicks. in-
cluding eye defects. beak defects—predominantly cleft palate—short
and twisted feet—the result of tendon slippage—and diffuse and
localized edema in various parts of the body.
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With both of these samples of 2,4,5-T these teratogenic effects are
-observed at levels inducing no significant embryonic mortality.

The Dow 24,5-T still produces the chick edema syndrome at 50
micrograms, one part per million, a level where only 12 percent
mortality is observed, while the Bionetics sample has similar effects
as low as 6.25 micrograms per egg, 0.125 parts per million, a level
inducing only 16 percent mortality. Both of these mortalities are
close to that induced by the solvent alone.

Tt should also be emphasized that the chick edema syndrome is
not observed in the embryos treated with the solvents only, at any
level, or in the control flock.

A sample of 24,5-T from a chemical supply company was sub-
jected to three recrystallizations before test. With the present GLC
techniques no chlorodioxins are detectable in this purified sample.
When tested in embryos it produced chick edema syndrome at 5, 10,
and 25 parts per million. all levels which induced no more than 15
percent mortality in the embryos. ) ) .

This same sample was subjected to an additional purification by
seven extractions to remove dioxins that might have been present,
but were below the eurrent detection levels.

This repurified sample is still clearly teratogenic in the embryos
since when tested at a level of 2.5 parts per million it produced 20
percent incidence of the malformations previously described. though
no significant edema was seen grossly. The mortality induced was
94 percent, which is higher than that of the sample prior to the
extensive extraction procedure.

Tt is also noteworthv that the embryonic mortality ocenrred soon
after treatment, and the hatched chicks had bleached down. indica-
tive of an aberration in the normal pigment formation,

With respect to the 2.3.6.7-tetrachlorodibenzo-p-dioxin, early in-
vestigations of this compound n a preparation containing somc
9.3 % -trichlorodibenzo-p-dioxin indicate a high order of toxicity and
teratogenicity.

Whether prepared by pyrolysis of 2.4.5-trichlorophenol. or direct
chlorination of dibenzo-p-dioxin. the test preparations. which con-
tained approximately 50 to 55 percent of the tetrachloredioxin and
20 to 25 percent of the trichlorodioxin. produced significant mor-
tality, that is greater than 20 percent. and chick edema syndrome in
more than 40 percent of the treated embryos at levels of five ten-
millionths of a milligram per egg, or 10 parts per trillion.

More recent investigations., with two samples of the tetrachloro-
dioxin, both of purity greater than 95 percent. indicate edema and
terata at 20 parts per trillion. These samples have only become avail-
able within the past month and additional testing 1s underway at
lower and higher levels.

Tt should also be mentioned that the herbicide 24-D as a com-
mercially available sample, and a purified sample, a mixture of the
N-butyl esters of 24-D and 2.4.5-T. and a sample of silvex, a related
herbicide. have been tested.

Terata and chick edema syndrome have been observed with al|
of these materials at levels of 10 parts per million and above. Lower
levels are under investigation and the levels of dioxins in these
samples are also being determined.
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Studies have recently been initiated i ;

: the FDA usi
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These studies have in no way assessed another and perhaps more

complicated aspect of this problem i i
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and the phenols, herbicides and other materials in which they

At this point, with your issi

. his 1 ; permission, Senator H i
insert in the record the documents c(;ntaining thirff { W? o S
this testimony was derived. ata from which

Thank you. That is the end of my prepared statement
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senator Hart, Yes, they will be received and placed in the record
after your oral testimony

Dr. VerrerT. 1T realize 1 presented a rather lengthy and com-
plicated piece. I will be happy to answer guestions and elaborate if
vou wish,

I also have some samples of embrvos, if vou would care to see
them, or chicks.

Senator Hart. Yes, I heard about them.

The statement is not an easy one for one not trained in your
discipline.

I take it. Doctor, these are some of the chicks that have the de-
formities that you are talking about ?

Dr. Verserr. That is right. These are chicks that have been
treated with the tetrachlorodibenzo-dioxin, I would like to put them
out on the table but it is not safe.

As vou can see, they cannot stand up. These chicks hatched early
this week. They lLave noticeable edema. This is really the ankle, if
you wish. of the chicken and this is really a result of the malforma-
tion. .

These are normal chicks; as you can see. they have no difficulty
standing and walking.

These are chicks that have been treated with the ethanol, the sol-
vent alone or have been untreated. We always run some at the same
time that have had no treatment and I think the comparison between
that one and this one, if you wish, is quite obvions.

Senator Hart. Your last statement referred to a series of com-
pounds.

Dr. VErrETT. Yes.

Senator Harr. Exactly what are these?

Dr. Verrerr. It is a family of compounds which I may say very
briefly is a series of phenols having a varying chlorine content, They

from dichlorophenol, which is the precursor or the compound
%‘I?om which 24-D is made. all the way up to pentachlorophenol.
All of these materials are very widely used as herbicides. They also
have a very broad use in industry and. in other words, are capable
of being in the environment and if they are contaminated with
dioxins, of also putting dioxins in the environment.

What I was trying to say is that we have looked at these chloro-
phenols. apart from just the herbicides which are derived from them.
and we know from past study. and there is a paper in the materiai
that I have included in the record which demonstrates. that these
materials are already contaminated with dioxin. The amount of the
contamination at this point is——

Senator HarT. It is very difficult to hear the witness. I do not
know what the distraction is. but please be patient.

Dr. Verrert. We do know. at least bv GLC ( gas-liquid-chromatog-
raphy) just chemical techniques—I will distinguish between chemi-
cal and biclogical techniques—by chemical analysis. we know these

- materials are contaminated with chlorodioxins.

In addition to that, we know there are many of these chlorinated
dioxins that are involved and not simply the single one which has
_been the subject of the 2,45-T. There are approximately 60 or more,
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We are aware from our previous work that these materials are
already in chlorophenols as they are being used. This is the point
I was trying to make,

Senator Hart. The point I was trying to make by raising it is the
necessity that there be no more delay with respect to establishing the
dangers, the hazards, the potentials for harm in this whole varlety,
this whole family of products, given the kind of damage that vou
have so dramatically demonstrated liere from one single element of
the environment,

Dr. Verrerr, Yes. T might say—of course I could not bring verv
many—these are chicks treated with the tetradioxin in question,
which 1s the most pertinent to the hearing. There are some here
which have been treated with 2.4-D, Thes are 24,5-T treated chicks,
We do have underway an investigation of all the other dioxins. It
is 2 question of having to synthesize these materials and test them in
pure form. But by inference at least, in our experience with the chick
edema problem in the past, we know all of these dioxins are in fact
toxic. We do know that. We have that information.

_As I said, at least in chicks, we know there is a storage and pos-
sible transmission from chickens that have been fed these materials
to the human. The possibility does exist.

Senator Harr. By handling, as you just did ?

Dr. Verrerr. No. I hope not. The tetradioxin is potent. T do not
know whether handling this bird will harm you. but chloracne is a
very serious disease and persistent disease and there is no known
cure.

We are not aware that the other dioxins are as potent as that in
this regard, but they have vet to be evaluated.

To onr knowledge the herbicides we have been discussing have not
actually been tested to see if any other of the dioxins are also
present-.

The concern. apparently, has revolved around the particular
dioxin because it is extremely potent: even if the others are less
potent, of eourse, they may still be important.

Senator HarT. I understood vonr explanation with the rats and the
monkeys to indicate that this—that the dioxin in 24,5-T has an ae-
cumulative effect.

Dr. VerrerT. The effects that are seen would indicate that. T wounld
be unable to say that has heen proven. but the fact that, for example,
in the one monkey study. when thev were fed for 3 months and tEen
the animals that did not die during that ecourse were put on a ration
free of it. still died in subsequent months, and that would indicate
that either the damage had been done by the initial exposure or
there was storage such that it firally did have its effect.

But 1t was fatal in all cases. So the animal data would indicate—
again we cannot apply that with certainty about the human—storage
or persistence, if you wish to use that word.

Senator Hart. Then your attitude. which vou say is not conclusive
and certainly does not relate directly to humans, points to the per-
sistence, the cumulative character of the dioxin, rather than in the
ather direction. that it is not cumulative? )

Dr. Verrerr. T would say it indicates it is probably cumnulative.
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Senator Harr. Do you know any experiments that point in the
direction that it is probably not cumulative?

Dr. Verrerr. I am not aware of any, no. The human data I cited
with respect to occupational exposure would also indicate that it is
probably cumulative in the human, of course.

Senator HarT. You used a word here which I take it means burn-

ing.

%r. VERRETT. Pyrolysis. Not exactly burning. In the sense I used
it, it means reacting under conditions of elevated temperature, but
not the actual burning of the material itself. It indicates a high tem-
perature reaction, perhaps, heat applied to the material in order to
make the reaction take place. but not in the sense of actually ignit-
ing it.
m%ut it does indicate that leat, in other weords, facilitates the for-
mation of these compounds (dioxins}, if that is what you are arriv-
ing at.

enator Harr. What if some of this material is just put in the city
dump and burned? Could that burning inadvertently produce
dioxin{

Dr. VerrerT. I could only say that the likelihood is there; yves.

Again, lack of actual experimentation does not give us any evi-
dence or proof of this, but the fact is that these materials are formed
when chlorophenols are subjected to heat and that would indicate
to me that that is definitely a possibility.

Senator Harr. What common products, or what commeon articles
contain chlorophenol ?

Dr. VerreTT. There are so many that I wouldn’t be able to name
all. But, every piece of newspaper or paper of any kind probably
has chlorophenol used in the manufacture of paper. I am sorry I am
not in an area which would enable me to give yon total usage fig-
ures, but they are considerable.

This is washed out to some extent. but there probably are some
chlorophenol residues, and paper would be one item and one which
we can say is very widely used,

Another example—well, leather is cured by nsing chlorophenols in
the tanning process. So leather materials contain 1t. There would be
any number of other evervday items that would possibly have it.

Senator Hakr. Well, just as T am reluctant to have pictures taken,
I am reluctant to make these contrary statement and yet this one is
not inappropriate.

If the materials that we customarily—and for generations, cen-
turies I guess—have been throwing into & fire contain chlorophenol,
when you burn them, it is your opinion that dioxins can result

Dr. VerrerT. Counld possibly result; ves.

Senator Hart. Is it possible that some of the birth defects for
which there has been no medical explanation to date are the result
of this kind of thing, where we have always done it and it has never
seemed to hurt us?
= Dr. VErreTT. ¥ would say it is a possibility. It would be for others
to assess this situation, but I think it is a distinet possibility because
of the fact that these materials {chlorophencls) are ubiquitous, and

- i, in fact, chlorodioxins are formed in the environment, this is g
possibility.
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I should point out the studies done in mammals have been done
by feeding, while the largest exposure may come from inhalation or
dermal contact. That was the source of exposure occupationally to
the tetrachlorodioxin. So here we have to be concerned not only
about eating, but inhalation and perhaps contact exposure,

This brings up the subject of other materials, For example, we are
also investigating——

Sebrgst;p?rt fART. I was jl;st zcl;-loin to say that it is hard to visualize
2 substitute for paper or leather, but can one have leath
without this mateml:].l? eather and paper

Dr. Verrerr. I would think so. I should point out some of the
materials (chlorophenols) are washed ont in the processing, The
total amount used in the processing does not always remain in the
products. T did not mean to imply that. That brings up another
question : Are they washed out into the rivers et cetera?

Nevertheless, I am not really sufficiently knowledgeable of the
technology to say whether something else conld be substituted or not.

Senator Harr. Mr, Bickwit ?

Mr. Bicgwir. I have heard several people criticize these chick
embryo studies as being overly sensitive. I am not sure of this, but
I believe the Secretary of HEW has criticized them.

Can you respond to that criticism ?

Dr. VerrerT. Well, I have not as yet. As I mentioned in the testi-
mony very briefly, this technique was started with just that idea, of
finding a sensitive technique, if at all possible, for assessing toxic
and also teratogenic response.

One of the great difficulties in all of the toxicology animal work,
using mammals and primates, even, is the difficulty of relating, of
course, to the human. There is perhaps another generation gap, if
you can use that word, between the chicken or an avian species,

I would say without hesitation that these studies, for example,
proved that this material is not for the birds, if I may phrase it that
way. I would certainly not say that you can conelusively state that
there is a human hazard from the results with the chick embryo.

_ However, inferentially we have evidence of that, and we have the
inadvertent tie-in because of the chlorodioxin toxicity already known
in primates and humans, I would certainly hope the human is less
sensitive than the chick, but I feel what we really need, and T think
that is gomted_ out very much by these hearings, is a very sensitive
test, and then it remains to show this is not the case in the species
mors ¢closely related to man.

. I would rather demonstrate that something has an adverse effect
in o sensitive system and then, by appropriate study, find out
whether it will be relevant to man, than miss it altogether in an
insensitive test. Although we do not try to make direct correlations,
we feel certain anything seen in this system is worthy of further
study, and I should also like to add we are trying to keep the study
in the proper perspective. )

That is, we use levels (doses) when possible that are relevant to
the human exposure or other animal exposure and not simply try to
produce effects with excessive amounts og material. T
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Mr. Bregwrr. You state on page 4 that the most potent dioxin in
the production of serious occupational hazards. seems to have been

the tefradioxin,

What actual experimental evidence is there that suggests or con-
firms that tetra is the most potent of the dioxins?

Dr. VErrETT. You mean in animal work?

Mr. Bicrwrt. Yes.

Dr. Verrerr. Of course the tests referred to earlier by Dr. Stein-
feld show in that system that the tetradioxin is extremely potent in
rats. I am not aware that the other dioxins have ever been studied.

Mr. Bicewir. Have the other dioxins ever been compared in po-
tency in chick analysis?

Dr. VerrerT. Yes. As far as T know only in the chick embryos.

Mr. Bickwir. So, unless we can rely on the chick studies. we may
be in very serious trouble. even more serious than it now appears on
the basis of available evidence.

Dr. Verrerr. That is right.

Mr. Bicrwrr. Are there any data available. either in mammalian
studies or chick studies on the relative toxicity of dioxins compared
to thalidomide ?

Dr, Verrert. If you used the chick as an exhibit or even the
mammalian studies with the tetradioxine. which is the only one
being studied at the moment, yon would have to say this material
is some 100.000 to a million times more potent in these particnlar
species.

Now, I should add that the abnormal effects (terata) that we are
seelng are not the same as we see with thalidomide, but the potential
for producing abnormalties that we do find. it is of that order.

Senator Hart. Doctor. thank you verv much.

(The material referred to follows:)
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THE CIICK EDEMA FACTOR

A foric factor in wune feed groie fals aud faify acide pmdu:_'rx_ i _-mau;w;-;mm:;in
and aecites in poing chicks when O pg. per kifogtam body weight ore led p;:r i
There ave u womber of these 1Axic cow fuuiteds, cuniatning large amounts of chlorine.
One has been characterized and sgnthesized.

Tn 1957, large number= of chickens suf- ¢ t'llllI!II]:llliOll ofﬂuid in the 1wc|t1c1\1{:l;\]l‘ :I:c:
“fered from what appeared to be un epidene uhdo:mn:n_ 1 euvilics oi: l]hc affee e;l ‘1“:) {-:tum
discise, Loses attmbualile to vhic epidemie  hentuocrit, blooed .\0 l'lll‘lcl. l:'m‘ o ;ki“
have been estimated in the wiithon- of t'unlt‘l‘lt of thi heast, ~ke Cl.l‘ “.1::.‘ ) , : t.li
dollars. The afected birds appeared droopy,  sunl kidney were nominl. lIov\\ g\ u“, : 'f" ;Jié
showed ruffied feather=. and had ditlieulty  body \\-illcr contend ol ‘:.hc bn: I \}:t ] :1: iJ-
breathing (1. Frivdman, Foedstnffs. March ‘umlv\“ nu-rc_&-;c-d. On 1ucﬂ l}asui j:u 11m,}(_1 ‘;
17 1963?. rervatiune, it was aug;{(‘:lcﬁ i ‘il'fl'l ‘F (; n;-
in soime flocks, gver 50 per vent of the  edema Tretor ineveased et ?n(;; W .;.tﬁ. S ll;
birde died with typies! svipuons of the  cardine \'(i..‘?(?},ll:ll‘ huc}l_ [_'.l.'llAt-ll\,lI :::\lrt;‘; ?]“i,-,
disease (V. L. Sanger o8 all Jo m Ver, Gallo, Ior_', cil.). .-\d\.uw:\.\ ;Lj;{ 0« “t‘t g;
Afed. Assn. 133, 172 +1938)). When au- h_vi_ml.hms calite fmin m'-:' ‘TIL-I'I']T]:I.;. ‘:e
topsied, the birds had pale Lhewris with hy- ‘t.oxu' jactor pr'mlm-m. fl.()]‘:]‘;]“.;: 1 ; c ‘: l;il},_.i:
draperivardimn, and livers that wore pale, m-'t}w |:1'npm‘ijcn }‘1‘ l(--t: ul I},”:‘;:hl']\]-l:'[-;?;-
mottied, and had an ivegubar grannlar ~ur-  (Flick, l?, _l‘n'cmr;c,, d{n(l}ﬁ;‘ . Manliae,
face. In the advanced stuges, the abdonens PO!{“!';’{ Kei, 4-i.‘ 125 M ’.}];;' ot
were di:{-‘tended, and coprained 100 1o MK The tvpe of (!lf'l lixd :l.]]-u‘}:r-!c; (Iil(-:l<nf|
ml. of clear, struw-colored fluid. The peri-  the e at wlhich 1111.: ;.\ flcf \{ ‘ru .c: ,l-l|
eardial eavity is most suseeptibie to fuid t'lltl}Ul:ll@ water. (_,Im‘ * u” ;\tn:f n;n
accutiulation, with the abdominal cavity  gram ration eantaining '11‘]1-::‘ ‘t;n nxwt at
next, and then subentancous tiszue f1), F. showed an |llt'r¢-;n-.,~.i Laing .\fmm;} :r-:; coln ?n
F]ic!-:, C. D. Dougluss, and L. Gollo, Poul- « (78 versus T2 iu.;‘f ce}nt ‘io'rd :\. ‘(_.}?“];? :];
ery Sei. 42, 855 (1963)). The kidnevs were  only al the end of l-l? 1.A‘11rf‘t :.1 - ! eds
pale and swollen: the fatly tissnw of the Iml‘tlm sane level of .o:uc‘k ‘:l ‘llc.l‘._cl‘.}‘lv
gizzard was edematous: and the dnr-}lm;;n'r: i]ll(];ﬁ(‘d ttiwt ci:mt\(\'cti :':1'11::‘;-;-(\1:“({:(;:0( ;:
as swollen and soft (Zanger ¢f ¢l. loc. lody water content atle ® [days
2:5) ;‘I;ldiopericnrdium was not as "15\0';]11- E;erf]ue Zilc ;:;:'! ;:L-::l] {Flick, Douglass, and
N‘H} l}u tze.'::idiz{ 1;11'\1= % o the Buotfers .;'):;-ing 1958, & mumber of iaboratories
{rll:-'l: I::cacelrntah;]e explanation is availabie i:-ac:cd the‘ fli:‘m_x!cri lo tlic br?ﬁ?tﬁc ?f 3
for the nhnormalities azwciated with feed- tosie suhsiance i tiao 1:.:15“1101;:‘::1 ¢ aifc;
ing the ehick edema factor. Despite nee  tion of fats added to commercial poulin
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yations. Thi= ‘raction contuined u toxie S“E."
soanceled whiell presumnbity wag present in
. teprediet of industrial production of
‘:‘,5::;‘. amd aleic acids.

" he toxiv substanec was present in a
vatiety of wypes of Tats, These inrluded o
swple of trivlein, which on the basis of
chensieal analyses was found Lo he of “ex-
ettent gquatiny” (AL Yartzofi of @ S Am.
oot Clem Socs 3800 (W00, Wihen this
crivicin was ineorporated indo 1 chiek ration
st level of 13 per +ent, the hirds showerd
evore svmpioms of hydroperieardinm, Sim-
dar svmptowms were prodiseed when chieli<
o jed rations contuining distilluies or
rebdties seeured in ronpuereial praduction
Sy acids. The toxie substanee (st was
- found in inedible animal taliows, aeid-
yated vegetable oils, and severad com-
prcriztiy produced eleie acids and rinlvin
Teazione. W, TTorwitz, Friedman. and G,
M. Fhue, J. Am. O Clem. Soc. 38. 418
UL A report from another laboratory
wa frmied the presence of the elbiek edema
in variouz Jodustriad (nis . L
Aexander, R 5 Young, C, M. Burneit, and
N0, TMadbaway, Powléry Sei. 41, 22
e,

Thae presence of the ehicrk edetnn factor
aeonanereial fats led 10 the rulmg Ly 1he
Foold zand Drug Administration that meichyl
s+ of higher fatty arids intended for use
=i jood aduditive wnst be free of the chiek
~waa jactor (Federal Negister Dec. 8,
rei W FR.O1IRIS; 121.224) . The presence
@ik Turtor was to be ascertained by a
Sk bireeay hased on (lie volume of pori--
ardinl fuid in birdz fed the fai undev in-"

e jon,

Thar walt was necessary in the ehivks?
son for the development of hydroperi-
cudme when toxie fats wore fod was sug-
ot I Alexandee and co-worker~, They
beeved typicad sviptems of Ve disiurh-
rocaule when the ration contained sodjmm
i exter ealt secentuated the eon-
whan Athongh this evndromie had many

o r

e stk of A vitiam T dedisvicp-y,

T

neither antioxidauts cincluding vitamin E)

nor selenium had any rurative effect,

Zensitivity of different speeies to the
toxie Factor in these jats varics consider-
ally. When monkeys were fed a sample of
triofein that produced hydropericardium in
chicks. the five monkevs died within three
mohth= (Yartzofi et al.. loe. ¢it.3. The ration
containedl 25 per eent teiotein. The monkeys
showed signs of jaundice, panereatic atro-
phy and filrosis, homosiderosis, fatey liver
with neerosis, nnd gross hemorrhage in the
intestinal {raet.

Pigs furl 2 vation comiposed of equal purts
oi i Dy toxic ehick ration and a normal
“wire vation miined weight and appeaved 1o
show no admormalives (Ranger et af., loc,
eebos However, when a toxie fat was ine
emporated inte 1 swine ration ot a leve! of
¥ per cent. the five showt= gained 072
el per day while the eontrols guined
2 pounds (L, C. Seott, J. Am. Ver. Med.
Asso. 137, 258 (130)), Despite the poar
weight gains, the one pig ~aetificed about,
X weeks aftor the start of the study showed
no gre~ or mirroscopic lesiens attributable
to the ration, -

The fat from the latter pig was rendered

and incorporated into a chick ration at a
level 0f 4 per cent. None of the chicks il
the’ ration coxtaining the rend sred lard de-
~veloped 1oxieity signs or sviwptoms. This
fitling sugzested that the pig 8id not store
appreeinbie amounts of the toxie substance
m its adipose ti<sue,

The apparent absenee of the toxie factor
i pork dat is in eontrast to chick~’ fat,
where storage appears to oceur. The wi-
saponifinhle iraetion of carcasses of chick-
eis fed the tixie fat was very potent in
producing hydsoperieardivm in other birds
{Frichnan e al.. L. dssn. Official Ao
Chew, 42, 120 (10390,

A mare reeent study of the response of
different speries to the ehiek odemna factor
utilizel the unzaponifinhle fraction of »
toxie fad. This< was fed to yvoung ehicks and
vai= 4T C. Campbell and Fricdman, Proe.
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Soc. Frp. Biol, Med 12V 1983 (Ju75)).
The wennhng rats b the unsapemdiabic
fraction ut a level of 9 po. per kilogram barly
welght per day of the ehick ediema Tietor
showed 2 3.7 per ront Jos~ in weight over the
six duy feeding winl, No gross tissue aliera.
tions were apparent on autopray. Uhe bers,
however, were 21 per eont heavier than
these of the control: when expres=ed on a
body weighi basis, while the sdrenals wore
50 per eent heavier, Tl heant, Kidnev, and
spieen were of normal size,

Chiecks fed o compuinbic w
centraie developed bvdropermcardiium b six
dave, The Hvers of thowe ids wope 15 quer
et feuvier tian thoese os U contreds e

WWNNE 0F con-

stateincnl waz menke b the joeteee
rRs wad pol i w

fiver weight in the
mol=tnre or fat.”
shouht Bave Deen doeaim niod ann r!u-r-!\;.‘-\il
by lstolagival studies. ’

A few vears ago, T 10 Haovtony aned s
Laborators {4, Awm. Chews. Soe, 82, 273
(860 ) reported elation o o crvendline
sulpstance Jrom n feed-grade thow fins
compouid  produced havdtoperieacdin i
chieliz when reorpoiated it o regreerein]
raticni ot a level of WT ppan. A repaon
{Yartzofi ¢t ol, loc. eit.y indivanod that the
crvstalline subsianee comnine A7 per e
chilorine.

Apparently, there nve o wnubwr of eow-
pounds that beliave Tl the ebich edenia
Tovtor, These computinads rove eheely with
the lovie factor durine nwhcular distibu-
tivn. on thin laver ehrovnategraphy, and
show =huilar peaks an gos clironmcanzaphy,
Not all these compounds wre toxic,
HRICHY APRens 10 VArY iu tho-e that are,

Sach aal ebecrvaton

Part of thee difficultio ey be rosolug
with ehaneterization und synthesis of oy
of the tosee ubietanees, By ey ol -y
ery-tod x-riey ervetdlesraphy, S Ot
N0 Webh, mind AL 0 Blalas yepnes
{ALstraets, Ane. Crustallogcaphic .i.\_sn‘
Mectra, p, 28 (FWT0 Gt the eotnomy
izolated i their Tiboratorics was 32,37,
§.0-hexuchioto-dibienzo-p-dioxin, This worg
was iprgended by infrasred. ultra-violy,
and rwtes speetrolnctry principally v J e,
Woutow ard W, Cowrcliene o, o, Food
Choa 12, 85 119651}, Thiz stiueture vy

Cverified By axathesizing the compound, The
“larter predtuced the smne lesions in chieky

e the cvanpoundd Isolaied Trom hae tosie Ty
rumbiennt progress hos been nevle o
toxie =uhetanpeg,

inientiivang one of the
Prosend i sanke Instelnes of fate pemded for
stinpd foods, There wre 41 0 winber of
vansvered questions, {he wo~i nporiag
of the-e Deings Whae i the possilibe s
e af tlaee compaoiied- to lpman healiy?
Rince subetunees with plivsislogical prag.
ertivs shisiiar o the ehick vlemn Ttor eay
be stored in the adipose tssae of chivks,
can Ahey o acewinubite In fameay Usee
when sdninm] amounts wre fandvertomly

ingdeaged?

Anather tmpoctant auestion i=: Whai i
the =ouree of these componnda? Apparentiy,
thie eliek sdema Tagtor s been asocinied
onby witly fads and futty acdds subjected 0
a eenreideralde amount of Leat duving their
processingg. 11 the couree of the ehilorine in
the tenie rompoumd eanbd b jdenfified. it
aiiglt be pasaible tu devise methiod- {or jus
iesmovi]l e elinination befiore amarketing

the fut,

[ e

L e
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Studices of the Chicken Edema Discase Faclor®

By L. FRIEDMAN, D, FIRESTONE, W,

BORWITZ, D. BANES, M. ANSTEAD, aud

G. SHUE (Feod and Drug Admniniztration, Washinezton 25, DG

Tntrodoction

When the problan of “X” or “Bdema”
im poultry was hronght 10 onr attemion in
Degenber of 3997, a considerabic amount
of work lad alremly boen done. Tt was o
tablished that dvogs adeed 16 e feed, as
well as contanination Ly drugs or heavy
metads suel as led or arschic, was pad ro-
sponsible. The distnse waz not coysed fy
bacterial, vival, or parasitie mfectivn, andd
evidence was sectmulating thai the ouriy feed
wgtslient nesovizted with sl she varipus
outhrenks was the fai. Tie sunptoms hyve
been eeseriled in detadl in 1l preliminary
reporl of Schenittle, of af. (2. A2, Vet Med.
Aesoc., 132, 26 (19583), whish alo “Hn-
visrized some of the work leadive (o0 the
ingrimination of 1he izt adided 1o the ration.

The charucieristic sympioms of this dis-
case are the presence of overssive fluid in
the perienrdial sac, i (he abdnind caviy
(waler belly}, and loss often subeiiatieosy,
aceotipumied by hish mortaliy bepinnine
approximately in the ihird seeek, The stril-.
g resemblance of fire “gdeniy dispsse”
symptams to those reesrded for the cxuda-
tive disthesis syndroric of viiain ¥ ode-
ficieney i chicks mewle alimotive the
hypolhests that the discaze onbyen! were
the result of an indoeed vitamin 1 deficivner
cawsed by the vse of poor gualis v fuwe

Ie was eonvenient, hecause of other work
in progress in onr labosatory at tka time, to
use the AOAC, vitnin L, ehick fest ru-
tion and single consly whice Lechorn eliels
i an attompt o Jroduee {Le ctnditing,

ur firet feedivg tral witl 2 sanle of
feeid collested from wne of the “0;, Cua gtreas’
was A false #tart, Suea affer s weck
the Fation the el were normad pug! oF
no angsel Ao VPN Jasi oy ten
amition. The i exy

we suwecossluliy prodiced the charaeierisiie
srmptonts of the “chiek edema
volved a sanple of fat that had boen col-
ieted by one of our Foud aed Ihug ine
BPCtrs al & feed snonifaernin AT e
which Jewl bten known o bove pradieed
the iz, mnl gl 4 sample 6 a “rarppe”
Iy-prodiset from e mantlueinr: of oluic
ad #teavie seid, whivh presivantdy hod faep
tsed mto this i somipde to g}
about 4000, In thi, CXDOTHNCN Ak 4
T hxpothieds was foeign], Alze, the 1o
ny of the AOAC ration for (his ve
1os was ehecked A2t A feedd Jeeeands
more cloeely a practiea] coanmmeri ) ; -

[T

*etend of

i'.l}

Hasal Ration and the Vitam™ & Hapntda
es't—=Table 1 shon~ the e g of rthe
AOALC Tusal ration and the -
mtion. “The majur ifcrenees
stitation of Thaekeis (an denlsy,
PrOtes fur the cosem of the A .
and b inclison of allialln leaf mooi ana
lnsced ol meads. Tiew ke peoshe ~lionen
i Toble 2, 5 5 oar that: €7 the fatie
ackd (F.L) by-prodnet is much mear ooy,
tive in producing the disea: then ihie sume.
ple of fuz {INY. Faty that Iingd urinnliv bhoop
used by fewd manniact urers; {2 the speeint
bustl ration s (o b predesred 1o rhe
AOALC e, siney e WY S {he ciloma
EEmpay ks nereased, erovhy jurmatiee
t* mproved, sed wizzamd (ST T T
nxtind; {4) the Feeshing of vitunt 1 i e

T olied,

Talde 1. Bisa chiet, Tl Feanpa
Aty

sdn
{pruipsd-

ek faedin bl el
AR
Byescioat pieicin




- Table 2. Elvcet of suspect ful and by-produet fat on chichs

Av. 20Duy

Chrowp  Diet Adted Fat WE (Grann: Deatl, X Notmal
1 AOAC 6, lurd 147 0 - — 20
pid A DA, . 655 FNY, Int | B 0 -— :Z i2
3 ] GUy ENV. Jot | N 1 10 2 41
4§  Epeeink "4 G” 1ard 4+ _
g 12.4% FLAL by-product M7 [C)0d 7 9 -
3. G‘r"c ;:m\l -Il- .
3 Specinl  {2.4%% F.A, hy-product 4 _ .
P 'vilymin v 143 4] 3 K] 9
& 00 gz dfeadpd teropherol per clik s by b aspuh,
WAy, ahr Ll i, 292 days,
doves doez not provent the oveurremce of  Bree Dy ackds containing on wnusuelly
the disease, Lut does seem 1o deerense the  large wmount of unsaponinable material

severity of the symploms. Ioewever, in an
mdepend. -2 stady by PoC. Underwood aud
C. . Durkin at the Belusville Laboratorics
of our Voterinary Aedical Branch, with
Rbode Fand Reds, the oral administration
of 1 my per day per chick of dlalphn
tocopheral acetste bad no effeet, the symp-
toms being cightly mere prenounced in the
supplemonted group. The conclusion that
some materiyl associated with the “latiy
acid by-product™ is responsible for the dis-
ense, and oot a simple vitamin T defieicney,
was confirmied in a subsequent test, when the
fatly by-preduet was fed at 75 of the dict
and all chicks showed marked to severe
symploms at antopsy; only 2 of 19 chicks
supvived the twents-third day, and the aver-
age survival of J7 chicks was 194 days. In
a amilsr greap fed 10 myg of di-alpha to-
copheral per chick poer day, the averige s~
vival wns 203 dave for 15 citicks; 4 chick»
survived to the twenty-thind day, All showed
marked 10 severe symptoms,

Chemica! Findings—Fort of the ¢hemical
duta on these samples s shown in Tab'a 3§
Findings of particutur signilicanee were that
the=e “fats” (F.A. by-produet} were actealiv

Talile 3, Comparison of sieepect fins
with lard

Lirbermann-

L Buretad Thicitaniy
Unsnp. Vinptives Frrergaral iy
o of Uiy, toaf L,
Lard .33 23.0 2.7
Inv. fut 3.8 TG 7.6
A T .y 02 h 2.4

renlaiet

whegn |
LrtarstoJ stenal,

Furthermore, the uusaponifiabie fraction is
qualitatively diffierent from it found in
fre-ly animal fat sueh us Loed, by virtue of
she lurge perecninge thut yenets i the
Lichernmnn-Furchard test, compared o the
muach smaler proportion that reaels with
digitenin,  In the land the proporien i
alanzt one to cee.

Urea Frectionation —-The Loty acids from
the fatty by-product, after sepouification,
were {rueltiopaied (Fig. 1) with wrea inta
two portions: the normolly ceeurving faty
acitis that form uren adduets, and inodified
or abnormal fatty aeids thot do not form
nrea acdiductz. Aboul 7695 of the fatty aeid:
form urea adduets; thc verainder (24%7)
romprize the nrea ftrate,

Eficel of Uvea Froctions on Rets and
Chichs—The urea filirate frity neid frac-
tion was futal to weanling vats (40-60 g}
npen oral admiuistration. Two snecessive
daily doses of 0 ml resultes? in marked Jogs
of weight and deatl by the feurth day. Twe
doses of 0.2 nil czwsed & maried weight Jose
from which reeovesy begzan &t the fourih
day. This cffect is eimiler {0 that chserved
in onr lzborstory with the iy acidy tha
do not fonm urcd addusts which were de-
rived from hrated cotiensee? oil, and to ihe
ob-crvations verorded by Cramplan, et o,
{4, Nutrition, 44, 177 (I931)) wiili heatel
lnseed oil. Chicks react sinailariy, althoush
they sern o be move resistent to the letha
offects of direel feeding thew {he rats. Meow-
ever, nol enough observatios < were made to
eitabhish the relative suseepiihility of the
two spocies. Ml onolymers sl hydrozena-
tion pendiets (w0 Fizo 13 wore foaje.

[ U A

nkre s

e T VAN i~ ey s

209

FATTY
BY - PRODUCT
{10004gm)

5+

Saponification

i

!

U‘NSAP

TTY
0.7% FA 8

ACIDS
%

VOLATILE 100°C

1354
107gm. 830gm. I3gmn.
B+ Urea, |
Froctiongiion

{

ADDUCT
76%(669?m)
MW, Me, Eslers:

1

NON-ADOUCT

24% {2lli¢

v Me{Fs*%Ts}
353

hMotecular
Distiliation
130°C., 71

1
POLYMERS
1% (2em}

!
ACIDS
ALV, 13

Pig. 1—Fructivmation of Jotty acid by-product. {Nianbess Jolloeed by 4 sign are tonicity teares)

see Jootnote ¢, Tebic §

Tha ate: adduet l'r:lctlon ai the fatty acids
produced no mmsval elfects cither in rats or

n chicks.

Effect of Uwnsaponifiuble Fraciion on Rais.
—The sinificant findings of {eeding the un-
~ipomifiatle fruction of the fatly acid by-
procired {0 rats are seen in Table 4. One
il of the mzaponifizhle fraclion was fed to
each of four mus every day for 22 davs.
Conlred snimals reeeived w0 supplomunt to
1he hasa! 1ation, The exprrbnental grouy
contained two males Trom Bifferent Jitgers,
with Jitter mates in Ahe cotenl group, The
foles of buth the test and conleel giouus
were all frers ane Jitter, The srowth mte
was smnivandly  deprosced—females  wel
maze deasileally afiecled than wales; the
dae of the thyvings deereazedy amd the size

of the liver markedly increusad, which was
aceounted for only i part by . increase in
liver fat. No other significant o ierences in
the relative weighis of orgn (};idl;i;yp:
thyroids, hearls, wmiyenals, eic) were noted,
although smnal! differences eanno be de1.1on-
sirated by suely znnll grou;s.

Although deleterivas effects v o produced
in rats both Ly the wrea fihmt ond by the
nnsaponiizide portion, sympionr: shailer 1o
thoze of the “edama disees" =v- dveane were
not ebaeived in 1hiz epeeie-.

Effect va Chicks~When adils o the diet
of chicks &t a levd equivakni tr 75 of the
oviginud Tatty by-preduet, the -veq {liate
punehitend o ienifieant grow il de, vessdon but,
ns Tulde 5 shows, very fow of wa disens
symplaane The szl amonnt of aehviy
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. = ¥ alty o =prolael
a s L L4 bles froan #*fatty peid b= apod 4
= Iable 4, Rusults of Feedie um,:\pumlm k

iy ‘\ncr,lnlu]g TS Ii)‘ sloptacly tube L 111[,”]’3!/(1:“}

Femaleh

Conteet " e Icl-n;.nu \ £I)
22-day wi gain, grams %.lig ::1‘ ] 11;‘_, ) . -{3 .
Liver wt, /160 ¢ budy wi g?g l;g-% L}»Gh) 1?:’5
5 Fad i ey Tiver 12.3. I{syfﬁas lg::.;lm.; Otlél
Thmiis, g 10 g body wt 03 162 600 0.073

a4 pzired by Doter; U o b,
& ali froe ne b .

ndreated in e urea fdirate was shu“'n.l‘n
later experiments to reside in the uns;\]wn:_t:-
able re-ilne that Lad nol been comp[ci:vly
exivaciol. TU ix clear thay the ('-tI{‘}ns! i
exse-prodacing nadetizh s sssocmtcd. \-.'1t}1
the un=ipaordifabie portion of the Tatéy h.\‘»
produer, In Tabic 4 ;00 obo =hown the vari-
ations in =everity of the discase produesd by
u seties of graded doses, Alithoush -‘:-‘:i(!Il 2
tabulnfion as thowd  Lere cunnot give
coiuptete pieture of the rmoze of observatlons
entconpiered, 10 imJiemes how the pattern (:f
VU0 SPCR I SNV NS group depsends
upor: the duse of active material fed. :]I:l
these sfurdiez il dose wae paually hx{_'xl
enonalt to preddiee severn F}:I:‘t{!tfiillﬁ:_ sl
a5 we heegne mare fronhar with the Giscase

we beciine more confident of the resiits ob-
tatmalde with unalier gionpe. Whenever pos-
sible we now use five chicks per ooy

o0 PETAR. ] £5% ET20 ¢ {ETHYL ETHER
50 [ [[ETHER} PETR ETHIR
! £R T FRII
] E§% To% 9% )
[ BC co G0+0
0 Fo | I
w _f 5a%] Aak%
R
g
=
&
ol
05 [
. ‘-\ 2, J—— TR .
* S 0 B 23 2 30

FAOTION NO.

b of wnce e -
v Dimfreednet

ovcisionaliy we have wsn. s few 25 Two,
when the wmount of sang’: was Ninited,
Concenteation of To -iv Factor

Algming Chromatogripl - ~—The fivat stop
In our atiewmpts to isolste the foetor that
caitsed the “edoma discas . Trom the tin-
sapeniflible porion of th: Hay by-prociiet
wis ehromntegraphy on (onina {1:6). A
chroimdogram  {(Fir. 2) --.:clr)bt:tined by
plotting the weight of 1w -ovinl cuted 1y
increments of solvent, Verzoleats other vy
need vnil the elution earve scemed 1o bave
reachicd n punimam, then = iellowed \by
2574 ethyl ciher in peirel v ciber. Tie
eimian wos compleind vih 100% et]:"'\‘l
ether to pive three distin- fmc‘._ir.ans frf -
croing pohrity, T omees o, Fraction .I
canied be clamieterized as b froenrbon (110,
Fraction ! s comiabuin, l:l?}JO.I!:\'] oM.
pounds, xnd Fraction IIT o~ contaimug stop.
olz. The uloavielet absorp wa speetra sh'm\:
that T'r.oetign I has charueis @ stie ahsorptiog
peaks at 223, 227, 234, and i3 mp, .«:ugge:-l:
ing the presenee of siznifl it amounts o
chelestadiene, dithier the 506 or 3,3 lsomer or
Bonls.

In antivipation of the pe -hility tI‘.utl the
toxicity would a1xide i Iioction T (§3¢
of the wisjwaifiable muder ) a sample of
3d-cholostasdivne was prer sed he W1
Mt in time ta be inela” 3 oin the ‘1hér.1
feeding frial. The remilis of 1iis experimege
indicated clearly that eie wis no tespons:
to chodet phiens bul thae ol "hf-‘ aclivity
respodtstble for the chich ¢ & il shizeuse wae
e Fruetion TEH which oo itlad approsi.
ety B0 b the nasper dible oF abont

085~ of the arisinal pra i

walion of Feuelion Jreo=Three di-"fl\'l"'

et e S P e gt

ey

LG - WA . M
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‘Table 5. Effcer of by-product fat and irs fractions on chicks

Mo, Chicke Showing

LALIOA Syhiytons o, Nor-

Expt. Sample % in Lliet Dentls Severe  Moulerute Mitd wai  Tox, Seoree
2 F.A. by-produet 7 17 (19.4) 2 —_ - —_ 1.9
2 F.A. by-product 4

Vitawmin I5b T 15 {20.5) 2 2 — —_ 4.7
2 Urea sdduct 4.8 - - —_— - 20 —
2 Uren filtrate 1.5 — -— _ 4 14 0.2
2 Unsap. 0.70 15 (20.2) 1] _ — - 1.7
1 Unsap., 0.50 3203 G —_ ] —_ 4.0
4 Unsn). 0.2 —_ —_ 7 3 - 2.4
4 Unsap. 0.125 —_ 1 5 2 3 2.0
4 Cosap. 0.062 —_ —_ —_ — 10 -—

¢ Figures in parenthesos indicate averye survivat tione in daya.

B30 g -k vacotibenol et chick per day by meuth,
£ Tho LOsicity seore i epnpuied By nxsizbing a seorn of & k-lr oAl k ehick that died
i i

that showed wne o1 pware of

charnetsristic sTp

of the edoma direavs, 4 for encl, hink

i pevers derree, noacore f o
wol srores is 1aboluird gy e Tugivity seirg,

ent approaches were made sinultaneously fo
the probiem of further purifying Fraction Xi:
(I} counter eurrent. distribution (iso-octane:
mcthanol solvent svstemy with 500 trans-
fers"), (2} ehemical separation of carbony!
containing  compounds by the Cirard Re-
agent T, and (3) re-chromatography on
alumina with a higher ratio of adsorbent to
semple and mare gradual clution,

For the ecounter-current distrilution ox-
periment. 84 grams of Fraction I were
loaded jnfo the first 10 tubes of & 500 tube
Craig all-glazs  counier-current apparatus,
Alter 500 teansfers, the contents of every 10
conseeutive tubes were combined, and after
cvaporation of the solvents the weight of
switls was determined in each of the 50
frictions obtained. The resulting distribu-
tion curve, ic., solute vs. tube numbers, is
showen in TFig. 3.

The §0 fractions were combined aceord-
mg 10 the peaks indieated by the distribu-
uon curve into 10 fruclions for bislogicat
wting (Figo 8). Fach fraction wne added
 the test diet at a Jevel equivalent 1o 7%
¥ the original fatty by-produect. Figure 4
shows the separation proendure dizgrarnmati-
«liy, and indieates the amount of materizd
swovered inoeach fraction. The activity
- eaed ta be equally distributed botween
Pretion 3 {tubes 240370 containine 2200
- un<} and Fraction G (tubes 521-373 ron-

cing 0600 grams), as indicated by the
Cualy geares. Fraction 6 was (e nnEt

Swtn geatelully acke <l oor dilt 16 Irocrar &
v e warketa For nnpne g the sl Bystony,

el e a3, 1od 1 seare of 1or 2 for mild £ J-E;r;:!ar,. T

diuny, hy

7.0 xuhcumn-nml edcina,
2 average of the dyddivid.

potent, showing as muych activity al g Jevel
of 4.2 g per 100 grams of feed as had heen
obeerved with 5 £rRms of originul product,
It is of interest that the toxie fractions 5
and 8 did not reaet with digitenin and did
rot shaw the L.B. reaction.

In preparing material for the ehemical
separation (Fig. 5} Fraction II wag cut into
two approximately equal portions; 2 char-
aeteristic vellow band wus used as the land-
mark for the scparation. Each of the frae-
tions (HA rrd TIB} was treated idendieally.
First, after evaporation of the ether the ma-
terial was honfed with methanal, then coofed.
When the ho nethznol  sobytio cooled,
white crvstals were ehtained. The infraved
spectrum for these eryetals indicaiod a car-
bonyl eompound witl a long alipl: e ehain,
A syathetie ecompourd, dipalmitone {pre-
pared by Jonas Carol), had a Yoy shmilar
infrared spectrum.

Approximately 165 of Fraction I1A twas
nsolulde in methane!, To the methanol-
soluble portion was addeq twice the weight
of Girard Reagent T and o the mizurre
was added 10¢ its velume of glicial acetic
acid. The mivture was alloved to stand far
two hours at room fempernture pefore the
water-soluble  derivatives  were sepittated
from the unrezete mzterial (*non-ketonie”)
The “non-ketonie” portion wag dissohved ip
hot acetic neid and heated with two times
its weight of Girard Reagent T on the steam
batk for 10 minutes, and the unreaeied ma-
levial wax separated from the waier-solnhic

derivativo., Approximutely 23 of sampia
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Fr.No......| 3 |4] 5 ,e,?l 8} 9 IIO]
50F % e} 3 61 30 Isl7i 3123 {0

4o}
a
3 3o
™
o
= 20F
10F
l6%] 38% |
P, e S L 1 ! 3 [ 3 ]
100 200 300 400 500
Tube No. i
Pig. 8—~Counter-current partition of Fraction 11. Methyl aleokol riso-octane e ystem, 590 tubes,
22 hours,
FATTY
BY-PRCDUCT
1000gm.
3+ Saponification
UNSAP.
{O7 gm.
5+
] i

I
25%E1>0

in Pel.Ether
8.5gm.

L

Pet. Ether
83gm.

4.9+

o
Ethyl Ether
9.5gm.

1
COUNTERCURRENT DISTRIBUTION

500 Tubes
MeOH - }so octane

ot

! 2 3 4G 5 6 7
O .03 26 .49 257 .69 .50
0.+ 39+ 3.8+ 0Ol+

‘h;:-f:?‘ A—Partitien of Fraction H with methyd alecholiso-nclone counlerscurier’ syetem. (Xum.

bers follmzed by + slgn are toxicly seorex; see footnote ¢, Table 5.}

o

8 9
LI3

10

1.97 B2gm,

[T

[ L = e T

T ——
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|

UNSAP
10.7% 107 gm.

5+

Al505 Chromatography (:6)

l I

l |

I IIg

b T

88.2 gm, 4.2qm, 3.8am. 10.8gm.
| H|
MeOH MeOH
Insoluble Soluble
067gm. 3.53¢gm.
Girard-T

Reagent

COLD HOT (FIN}
KETONIC KETONIC NON KETONIC
0.6l gm. 0.28gm, 2.44 gm.
4.4+

Fig, s—Further frectionntion of Froction I,

had teacted iu the eold and 875 more with
heat; G955 did not reaet under these von-
ditions and was efassificd a5 “non-ketonic”
{1IN). The various frzetions derived from
Fraction ITA in Fig. 5, 1s well as a similar
set derived from Fraction ITB, were aiso fod
at a 76, equivalent level in the diei. The
synthetic dipalmitone was fed at 2 Jovel of
10 mg per 100 grams, As idieated, thoe
was N0 dizexse-produeing aetivity in any of
the Mractions obinined from IIB and asly the
“not-ketonic”™ Fraction 1IN was very active.
Lurprisingly, however, the infrared speetrum
of Frrction 11N definitely indiested fhe
vresenee of earbony] gronps, This so-ealled
“non-ketonsie” material was again treated
with Girard Reagent T, this time wiil five
ames the weight of resgent instead of (wo
s, and was heated ot 80° C for 15 nin-

utes. After the water-soluble detivatives
were separated from the unreacted nom-
ketonic material, two-thirds of the 11N
fraction proverd to have reacied. "The now-
ketonic residug was aguin trented with ex.
cess Girard reagent and heet, and tiis fime
50¢; of the “non-ketonic” muterial reavted.
When the origimal maierial from the Giryre!
derivatives was rescperated aml the reaction
was repeated with oxeess Girard reagent,
agnin only 67¢% reacted to form lietone-
Girard devivalives, 1 was clear that our
active “non-ketonic” Fraction 31N consisted
lnrgely of compounds coniaining “hindered”
cxthonyl gronpe that would reget with Giran!
reagent wilth great reluctance. OF additions!
mterest iz the fact that these “hindered
Letone” fructions bad chameteristic wliys-
vinlet speetra with a major alearption mox-




214

l

HN
NON KETONIC
2.44 gm.
4.4+ |Al,05 Chromatography {1:40)
J i ] |
2% Ether in 2% Ether in 4%, Eiher
tso octane Iso octane Is0 octane Qo
0.4t gm. S?. 102 gm. 0.63gm. gm.
+ O+ iti hrematograph
i e gﬁmg?%re%i;d Celite ]
1 I
N e CHCI
80% E10H 80% EtOH 30% EtOH 3 ’
0.22gm. Q.24 gm, 0.47 gm. Q.19 gm.
4.2+ 5+ l
[2mg.%} (2mg.%)

Fig. 6—Chromatography af Praction 1IN (Tozicity sceres ot the levels fed appacr below bozes)

o at 233 mp and 8 secondary maximum
at 260 M.

The disense-proctucing activily of Fraetion
1IN was further eoncentrated (Fiz. 6) by
chromusography, first on sluming, A ratio
of one part sample to 40 parls zhuning vas
used, anvd the eolamn was eluted sccessively
with lxo-oetane, 265 ethy] ether in iFo-oetane,
and 4% cibyd ether in iso-oetane. The {rac-
tmnz were momtered by wltravielet spee-
trophotometry as they were cluted and then
were combined for feeding on e basis of
spectral characreristics. The first part of
the maicrinl eluted with 245 ethy! ether in
iso-oetare had 2 dJefinite phenanthrene type
of ultraviolet speetrum with eharactoristie
maxima at 259 mpy 2nd 300 my, and with no
pesk at 234wy The fraetion immediately
preceding, eluted with 1007 iso-octune, did
not show a plemantlrene {ype of specirum
t et absorption meak at
Her one at 200 1. The

but dul have
T34 myoand ¢

LR

Next, this “phenanihren:” matenal was
further concenirated by partition chromg-
by on a column consivting of & grams
silane-trenied Celile ples 4 mlb of oo
ncisite. Mobile solvents were 802 cthy)
aleahiol saturated with iso-ocinne, followed
by 005 cthyl aleohol salimated witly js.
octane. The first and second 0% aleohn
fractions were both very toxic al a level of
2 mng per 108 grams of feed. These fwq
steps (Fig. 6) represent approsimately ag
S«fold corvenimation of the foxic materil
of Traction JTIN. The first §0%, aloohol g
had a typiesl phenantbrene wltiaviolet spee.
tron and no pesk at 23% pie, whetens the
second 80% aicolwol fraction shows & major
abworption maximwm at 234 my, in additio
lo the characteristic phenaniinene pesks -
259 and 300 my.

Simultaneously with ths work just g

[T —

215

and ibal oniy the firsi, cut cantained odeng
digense-producing  inaderial {Fie. 23, This
Fraction HA was cuted from the serond
colrmn with large volimies of prircioun
ether {three arhitrary ents), foMowed in #ag-
cession by large volnnes of 02eq, 17, 290,
ard 565 and 2525 ethy] ether in petrolenm
ether. The seven fractions indieated in Fiz, 7
were tested at a level of 3 mg per 108 orams
of feerd. Omly Fractions 2 and 3 sliwed
aelivity. The methy) alohol-inaolill: por-
tion frem Fraction 8 sheseed activity, This
finding did 210t sgree with carlier experience,
lat pry be explained by the lareer quan tities
of material involved i these partienlar OpeT-
ationg as eompared to the enalier £Xperiment,
Apparendly the active material has a mora
fimdted solubility in methanol thay first )
posel. In ome of our most recent, experi-
ments, the methanol-solithle portion of Frae-
tion 3 from the second alumina cohnnn was
subjected to partition chromatography on
slane-treated Celite as previously deseribed
{Figz. 8). This time only $0% othunel was
used as the mobile phase and the cluate wns
partitioned into forerum, tailings, and two
major fraetions, 824 and 82D, aeceording to

UNSAP
| 107 gm.l

their ultraviolet speetra. Frastion 824 con-
sisled mainky of material with a phenan-
threne spectrum, and 5213 showed the mmjor
peak at 23 mp. Fraction S2A was re.
ehrumatographed on the silane calumn, using
7545 elhianol as the mohile <o) vent, and agnin
cut according to the uliraviolet spectra juto
a forerun, 2 fraction with a pheranthione
spectrure, an overlap frastion showine ap-
proximafely equal sbsorption peaks at 259
and 234 my, and a fraction with a major
peak at 234 mp, approximaiely 6 {imes as
intenze us ot 259 mp. Al of (e fractions
were fed, and cach of the mnajor fractions
was Tomnd eapable of producing the chick
edema divease when fed at o jevel of 0.5 mg
per 108 wvains of diet with s severity ap-
prexinmately equal to that ehenrved in chicks
fed 5% of orizinal fatry by-prodaet. This
is the firsl instanee whore iractions with
distinetly differont absorpiion characterisiies
had appruxinately the same hinlogical ac-
tivity,

Another reeont experiment involves the
reduction of one of our potant fractions with
sodium borehydride. Aftey tha borohydride
was separsied, the treated material was

B A|203 Chrometogrophy

{1.6)
e
3gm.
5 Ai203 Chromotography
(1:100})
| I | [ i T 1
0.2% 1.0% 2% 5-25%

Petroleum Ether

Ethyl Ether in Petr. Tther
! !

) i i f

Fr. | Fr.2 Fr.3 Fr.4 Fr.5 Fr. G Fr.7-11
no2gm|  P.26gm. 0.34gm. 050em]  [t09gm{ losagm| lo2§ gm |
3.6+ 5+ '

MEQH MeCOH

Insoiuble Soluble

1225, .22 ¢m,
44+ 5 ¢
30mg % 3.0!‘31@ %

" Fig, 1~ Chrematography and clation of Fraction ITA (1:100 cobonn ).
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MeCH
Soluble
0.220¢gm.
i1t Chromoiogrophy
> Fo)nqrgi?l‘gge- treated Ceﬁte
{80% E10H:

- 82A 828 |44%% | Tcllings
) mg. 48mg 24mg. 20mg% | {47 mg.

Partition Chromotography
on Silene-trecicd Celite
{75% E10H)

{ l

.

' A fye [4
P 2o+ =7 maq.
2ma. Tma. | 9mg. I2.‘.-'3 6mg. i i
1.2+ 0.5mg% 0.5mg %%
0.25mg % P=Phenanthrene Spectrun (U.V)

Axfbsorplion Moximum ot 234mu.

it oy O ferolubls poction. nf Fraction J.
i, s—Reverse phase pawtition chiveaitoareply of Mo iezalubin ports

chromstogaphed on alumina into _1.!1.:N.- b
proximately eaual (3G:30:50} fractaams of zij_-
ereasing polarity. The infraved spoetra m-;‘u-
cated that the first fraction was lurgely
hrdroearbon, the seeand fraction bl the

Sample ASadc

VIOLET
BLUE- @ 1
WHITE 9"
WHITE
& 8
&
PALE >
BLUE
3
BLUE -
WHITE /_/_/-/
1
BLUE ?; - 1 1
WHTE 705,07 300 260 220

Fig. fi— Puper chromalography. and wll m:n::h‘!
pacnde of Froccscent epeds ehitaficedd Joum oo
Eiekdg beie fraetion,

byl grasp pressat, Irdiating l]mt: boro-
lvdride alo rexets relusiantly and ineom.
;;I::f_(-f_\' with the hWinders 2 ketones, and e
third fraction contained  hydroxy! goups,
There was very Httie dizmase-producing se.
vty Toft, all of it Jumited to he st frae
rion. This may mean tha* nither the netivity
i< Just wpen reduction b that pot afl wf the
mzterinl resels under Uy eondilions uged,
or tiat e redueed eeimound relaing only
part of the oviginal setiviy. In either ense,
1hese Jida are addiions” doner that {le
aetive material comtwin- & cwrbony! e

[

Pyt

Tueh of ihe fraetions
ey others have beeno studied by ulir.
violot sl infrared speeropholometry ang
the periinent ob-ervatics have heen mea.

Gieetased hieve, qwd

tioned,

. 0. Maenni Dias bees :\".u:i_;:mg the fo.
ro-conee specit, batly o :iv:d:pn andl emgjen
<o, of eseh Draetion, ol will mepor qhe
peaniie when the dato bnove beon atalysed,

In sddirian, s the paseney of 1he disese

provlucing factors has b conceninied, we i

Lave tested the parity <7 excl Taetion 1
proyeer elronatography. We wre wing 83

Y e -

A A

S o be
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s Whatman No. 3} paper, washed with
methanol and ihen coated with mineral oif
tlat has been preswaslied with sulfurie neid
and methaned, The papers ave developed
with methanel in an asecending system for
periots varying from 2 {0 20 hours. For {he
longer periods ihe solvent is permitled 10
evaporaie frum the edge of the paper through
the slotted glass cover. Afier the papets
are dried, they are examined under ultra-
violet iight and the fluoreseent spots are
rraced.  Figwre 9 shows a typies! puper
chromategram. The spots e eut out and
cluted with methanol, and the ulirvicict
spectra of these sofutions sre delermined.
Figure 9 represents a fiaction of ligh putity
that has been tested by a chiek feoding
experiment; it is of consideralle interect to
note lhat the ultravielet spectrn of theee
spots are of boilt types discussed catfier,
namely, the phenanthrene type with an ab-
soTption maximum at 25¢ my and the type
with & maxinwm at 234 g, The ultravielet
curve of the original sofution was of the
phemanthrene type.

If we were to speculate about the chemienl
nature of the diseare-producing materil
from the evidence availalle at this point,
we would viwualize a pair or a series of
clozely related cormpounds, with 2 Zering
naphthbalene structure, or wore likely z 3-
ring nuclens, similar to plenantlirene; a
carbony! group in o long aliphutic side ehain;
and moleeulzr weights of 500600,

Appearance of Poison in ¥lesh of Chickens

Onee it had been ‘cstablished that (he
ehicken edemna disease was causzed by a toxie
principle, the possibility that edible chicken
flesh might contain 1his foxie material had
to be considered. As soon as we dizeovered
the unmsaal charieteristios of the wnsenonisi-

able wmalerial from the toxie fat and fatty
by-pruduct, we compared the unsaponifiable
fraction of the earcasses of chickens that had
been fed these produets with the vnsaponifi-
able fraction from the carensses of normal
conirol chickens. About 259 more nusaponi-
fiable mauterial per unit of fresh chicken
weight was obtained from the test chickens
than from the eontro) group. When the un-
saponifizble material was ‘chromatographed
on atumina, about 18 times more hydroear-
bon muterial was obtained from the test
group. The test group hydrocarbon fraction
fave a strong positive reactivn in the Licher-
mann-Burchard Test wherezs camparalle
material from (he control group was nega-
tive. Furthermore, upon corapering  the
hydrocarbon fractions by differencial ultra-
vialet spectrophotometry, definite atsorption
peaks appeared which were similsr to those
observed frow Fraction I of the un=aponifi-
able portion of ike fatey by-product.

‘This evidence indicated beyond daubt that
some of the material from the disaase.
producing fat was deposited in the flesh of
chickens when they received it in their diet.
This, of course, did not prove that the
chicken meat contained the foxic nterial,
espeeially - afler it was leamncd thet the
diseaze-producing activity was in Fruction 1
and net in Fraction I, Tn order to sottle

- this point, the unsaponifiable portion ob-

tuined from freshly ground chicken ear-
casses, not including intestines, hend, or foct,
was fed te chicks at levels of 10, 0.3, 0.25,
0.125, 0.05, and 00259 in the text ration,
As cxn be seen in Table 6, sympioms of
edemz-disense were observed at all levels fed.
The unsaponifizble materinl from normai
control chickens fed at 0.5 of the et
produced no abnemial sympioms of any
kind,

Table 6. Results of feeding nusaponitable extract of chickens that
had boen fedd fat o Fucty neil by-product

Yixpt. Nar ‘e b et Peatls
3 1.0 2(15.5v _
4 0.5 5{16.6} .
3 .25 5 ¢19,0) t
125 A (210
1] 0.04( — —
0.025 -

Ko, Chicks Showine Felrna Symptoms
A7 ik

Masbarate My

X, Noringl

2 2 R 1
H 1

o Tezutes in popentleoes show avessze anrvival G fo i
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e luve examined samples of variows
wpes of fats and fauy ackd produets in a
gurvey thed is stll continuing. The edetin
dise-e-priclueing  produect is n eharacier-
istic not contined to the production of a
single nenafzeturer.

Supunery

In swmmatry, from the studies o far, it
may be concluded that: )

(1) The chivken edera diseese i3 civecd
Ly a ioxie factor in a {ay by-predues of
stearic and oleic aeid mannfacturing ojwtu-
tions.

(2} The disea-e-producing factor has Leon
concentrated approxncdcly 10,000 times by
saponihicaion, chromatography of the un-
capontfiable portion on aluming, and reoverse
phaze partitivn chromstography on silae-
treated Celite.

{2} The evidence presented indieates {i)
the presence of eonpoutkls with a two-ting
nnelens sunilar to nuphthalene or a three-
ring nuclews similar to phenanthrene, (L)
the prescnee of o “hindored cathony?” group.
profehly na side el Bazed o the vl
tiveby low dnden-ity of the earhensd o ok
at 55 poo compeund of meleesbir wecht
S00-600 1 mgmesfed, However, the evidener
on the precence of earhbonyl m the toxg
compuiil: 13 not cenclusive and does put
completely 1ule out the possthility of o toxic
hydreearbon.

{4) The fatty acid {roction from this
fatty by-produet eontaing significant quan-
tities of pon-urea adducl-forming compounds
that are toxie, altlough they do not produce
edomn deonse,

(3 The cdema discase-preducing  cam-
pomnls are present in signifeant amounts
in the fte-h of clichens on rations winch
contsin toxie material.

() Fhe edeina dicea se-praducing material

15 not confined o the prodaction of a single

manniacinver,
Nuoie
i Ui paper wos poescitod, sl
T, s ;-Il;'j!:.:|[11-TI\ of tle oy
oot ey ot aed on crlimeate i) €

bove v pepmdtod e nodatiomn of et

disiinetive frections, One of these fraclions,
pos~cxsing the ultraviolet alzomlion spectrum
of sulmitded naphiholencs (h.s. of 246, 285,
205 s shoubder bt 325 ey e, al 238 my;
A ~ 11 % A=), proved bigzhly toxic. The in.
frared speetrwm of this material showed little
ahsarption in the carbonyl ropion, It is con.
cluded 1hat the “paphihalenc” fraction com-
prizes 4 mixiure of bydroerbons.  Assuming
thal alkvlsubziiieted wapht ne is the enly
chromophore preseni, the avermge moleewbe
weizht, ealeulated from the al=orptivity at 236
mp (F, 157, 1 em = J200} is in the vieinity
of 240,
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TRE OCCURRENCE OF 'IHE~CHICK PERICARDIAL EpEMa Facror Iy SoxME OrEIC
AcIps AND PropUCTs DERIVED THEREFROM 1

Stanley R. Ames, William J Swan
: 3 . sont, Marion I. Ludwig,
George Y. Brokaw, Research Laboratories, D,istillation Producti I?l?ﬂzstries

Division of Eastman Kodak Company, Rochester, New York

ema syndrome has been reported (1, 2, 3, 4)

to occur in specific lots of feed-grade animal fats. These fats were reported to

] s characterized i
(distention of the pericardial sac with fluld, also termed l‘tyhylcjler?;glde:cal!dfgfnn’i?

and In more severe cases aseites and gross liver and kidoey damage. In the

voung chieks the inftial gross symptomns are i
1 : s charact
tention and labored breathing. Manifestations of the ‘i)l:ffc{;r}gailgfiommal e
appe;ar tothe limited to poultry (1). ema factor
Tie active pericardial edema-producin
! £ factor i
certain characteristics of the pvericardial edema ?:fﬁffr(’thﬁz t[);e;n o bt
Bretlv ;:t al. (2) as follows: ) rative e
of cholesterol, b} a molecular weight of abont
which tgi\;gd tlhe Liebermann-Burchard test fafeo A it can be
concentrated by molecniar distillation nf fats contai )
::;yndrome s not produced by fut ooy se but appmrs:ntif;uf}eu:'?elﬁgctloﬁi I;Ile edpma
in certa_}n k}ts of fats aubjected to special fat-processins operations, mpurities
F. W. Hill of Cornell University reported to us th;t It

l-{{icks of a sample of a glycerol ester of oleic acid result

es have confirmed
that the pericardial edems.
commercially-available oleje

bis observations and furthermore by

8 { ave shown
prf:ucmg‘ factor is present in many samples of
acid as well as in giyeerol esters made therefrom. Molecular distillation of an

aetive oleie aeid or of o siyveoral
H Tl nono-ester of an i id w
to concentrate the pericardial edeina-producing 1’:1":t(;;-cmrc olelc aeld was found

TECHNIQUE

in this investigation a rapid, sensitive bi
‘ ; sti; g ' OasSsHy proced i
|_.:::;$f011;;?sh r\;‘r‘t% cl;ml;lo,(‘;-;l {56}. The diet uszed isla mo:llirisc':a‘:?:;lzﬂh:; '31?
. 4 al. and consists prineipally of i .
plucose, and 16< test fat. Da,\_'-old chicks are fed 'th;)s %‘i?i?du?s}e&e%e;fgﬁ

ol arrival. Subgroups are sacrificed at 10, 14, and 21 days. I

vzamined for the appearance of pericardi i o
! al eden

.,fsacgmgrm;cations. sr;eh as liver and kidney dam;?eaggui:sﬁ

Assay Upg consist of 10 or 15 chieks

ing procedure deseribed in Table T ,a o ach S of

lated. This makes possible a semi i i
aetivities of various fat samples, uantitative compariso

OCCURRENCE

Oleic acid samples (U.8.P) from f
Oleic. 8P our manufacty ; i
!(]gl‘l‘caa{:l)e z}nd chemieally (acid value and unsaponiﬂabit:e ci:snt‘:;g 133:;:13? 221‘
I-lll an !'tfl several of tlfe oleie acid samples were strongly actit"e ’but 311
showed little or no aetivity. The pericardial edema activity scores :;howe{(l) tl?zﬁ

producing factor and the aeid value or tl
0 | e
Pests for the pericardial edema-produ
simples 0f glveerol esters
are summiarized in Table 1T, Seven di
n Ty - ifferen
are n'}ll‘l”ﬁl'llt!‘il. I'he mjority of these ester
is no currel_ahnn between wnsaponifiable
tu Tour iwstnnees, snmples of hotly

smuslention N Ma fran tiy
Tluntrbes, v lnlagy of I\fm:lmm‘u ;‘ ‘.lt.‘l. '.‘-','ff "‘_‘h brbovndvrden of DtlBaften Tt o

t manlufau-t'uron: of glyeerol estors
SHRPMes were active, Again,

; 3 . there
cnntqnt and perieardinl edema activity.
o oleie aeid aad the glyverol pster pr;n-




PERICARDIAL EDEMA ACTIVITY

Bioassay Resulls

wricaridal edema
Sampte Cut, Analysis P Activity Actvi
No. percent Acid Unsap. Plus Plos com- Plus Unmmgti- QOther i ratio SCOT8,
valpe percent death  plicationss ascites caled deathst Negative pos.taisl percent
TABLE |, —OLEIC ACIDS AND THEIR PE (PERICARDIAL EDEMA) ACTIVITY
201.0 45 . n /21 1}
2025 00.'53 .. 7 32l 1o
20,2 0.7 . ] 1/10 3
202, 8 0.52 3 210 80
2030 0,18 6 310 133
2085 0,28 .. 4 7/11 200
201, 3 Q.81 _. 10 I}/ID 0
204.9 0.50. 3 /9 2
204, 4 L1 4. N YOS 107L0 300
2019 0,52 _ 10 /10 [
202,10 0,20 10 0710 ¢
TABLE N,—OLEIC ACID ESTERS AND THEIR PE {PERICARDIAL EDEMA) ACTIVITY
1.. - . 2. 0 6/6 N
2 aaan L& [ 4 §/10 130
3o L7 013 1? zﬁﬁf zsg
5 ” . 0'25 13 1714 7]
6 0.5 0.32 . 9 Fl 55
1. 0.3 0,63 9 0/9 0
8. - 28 0.5 2 5/10 160
TIPS 87 0.43 4 §/10 200
0 i L1 0,35 8 179 13
[ 1.2 0.46 .. § 079 Fi]
12— ————— 55 1.2 9 214 50
T e i e S

TABLE W.—MOLECULAR DISTILLAYION OF AN OLEIC ACID {SAMPLE §,TABLE 1)

= Complications include gross
: gﬁ:{ duaths in _excmgorf mn;‘r‘:{;r:ﬂ:smn n%ﬁ;gmabmd beathing.
2 Ghi 3&%1;3%?::0 ;rlgg;ici:rml edema/Total chicks In fest,
umber of chicks gy o ecore 8 numerical index of the sevevity of the activity. The products of the number of chizks in each cat
L]

PE actvity score=100 _Si((PE+deam)+4x(PE+mmpl.)+3x(PE-i—asciles)-f-Zx(l‘E)-l—lx(other deaths)
Tolsl chicks in lest group

| k44
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duced therefrom were bioassayed as summarized in Table III. The glyeerol
- esters showed activity only when the corresponding oleic acid was active. With

fnactive oleic acids or those with low activity the corresponding glyeerol ester
did not have increased activity. Thus the edema factor was not formed during

the manufacture of the glreerol esters.
CONCENTRATION STUDIES

Moleculer Distillation of an Oleic Acid. A sample of oleic acid khown to
contain & moderate amount of the pericardial edema-producing factor was
fractionated in a 14.in. molecular still into six fractions as indicated in Table
IV. The first and last fractions and a composite of the middle fractions were
bicassayed as described above. The first 12¢, strip cut was entirely free of the
pericardial edema-producing factor. The middle cuts, representing approxi-
mately 609 of the input fat, were only slightly active. The last 7¢: fraction
showed a coneentration of the edema factor with an increased activity over
the input oleic acid. Thus the pericardial edemsa-prodvecing factor was concen-
trated in the last fraction after the bulk of the oleic acid was removed by
molecnlar distillation.

Distillation of a Glycerol Mono-ester of an Olcie Acid. A sample of a gly.
cero! mono-ester of oleic acid, prepared from an oleic acid known to contain
the pericardial edema-producing factor was fractionated into six fraetions in
a 14-in. molecular still, as described in Table V. The first 10¢% cut, the last
3% fraction, and an intermediate fraction representing approximately 604,
of the input material were bioassayed as described above. An increased con.
centration of the pericardial edema-producing factor was observed in the firgt
10% cut. SBome pericardial edema-producing factor was present in the other

fractions examined.
DISCUSSION

The material which produces pericardial edema in chicks has been Teported
previously only in certain lots of fats subjected to spectal fat-processing opera.
tions (1, 2, 3). Therefore the finding that some U.8.P. oleic acids possessed 5
high degree of activity was unexpected. Feed-grade fats that contained the
edema faetor characteristically had high unsaponifiable levels ranging above
8c% (2). However, in the present study, samples of the more active oleic acids
had unsaponifiable levels ranging from 0.2 to 0.7%. This indicates z 10- to
30-fold concentration of the edema factor in the mnsaponifiable fraction ang
suggests that the unsapenifiable fraction of an active olefc acid might be 2
starting material for isclation of the factor.

Molecular distillation of a fat whick contains the factor concentrated thjs
factor In the more volatile fractions (2). Molecular distillation of an active
glyeerol mono-ester of oleic acid also concenirated the edema factor in the
more volatile fractions, but separation from the monoglreeride fraction wae
not as complete as it was from the higher-distilling triglycerides. Moleculay

TABLE I11.—COMPARISON QF PE (PERICARDIAL EDEMA) ACTIVITY OF OLEIC ACIDS AND THEIR CORRESPONDING
GLYCERQL ESTERS

Ofgic Acid Glyeerol Ester

Sample No. PE activity PE activity Sam ll’." Na. PE achvity PE attivily

(from Table I} ratio score {from Table 11} ratio soare
pos.jtotal pereent por.ftoiel peresn
5 (75%) 10 133} 2 6/10 ot
13 (259) &f10 0 3%
5 3o 133 3 51 m
i Q21 0 4 Of1L 3
3 110 33 5 1/t4 i

* distillation of an active olefc acid concentrated the edema factor in the Tess
volatile fraction. Since fattr acids, such as oleic acid, distill at temperatures
lower than the corresponding monoglycerides, the distillation range of t|

. _edema factor appears to lie above that of oleic acid and below that of the
glycerol mono-ester of olefc acid.

e

e e
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SUMMARY

A number of samples of commercially.
gL!”gerg(l1 esters of eleic acids were shown iopcr:g::larietf a(&stélzizl %;iicmacids o
pene{; fal edema in chicks. The active material wag concentrated f i eithe
th%‘gu?cota etilclleolrlthe gl{cerofl Tiono-ester by molecular distillation rom elther
h samples of oleic acid were inactive - ical
pericardial edema is not caused by clve; this indicates that the
material in the fatty aeid, by the fatty acid itself but by an incidental
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STUDIES OF THE CHICE EpEMa Facror. IT. TS0LATION oF A ToxIc Svpsrancy
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A crystalline halogen containing maters
D 4}
ngh_o,111 part pter million in the djet has been ﬁﬂ"n:?e? fgroct?gks:dt: l]lm ot Booas
which was toxic to monkeys, Thiz materia] 18 similar to th fe c’l.l'teﬂtrw‘eiIl
Harman et al. (4) but differs somewhat in ultraviclet spect Dropan by

In & symposium on the chick edema disease in OQctober, 19?&} gg@?ﬁMm

Presented reports on thei A

f{ugdattonlgf the toxic factor responsibll; gzggrtﬂ“;so?;uwfrgczhefisolahon and
sradrome. .ﬂ“'as established that the disease is caused b, aot e umusua]
r‘?e' uns:;:om able fraction of a fatty by-product of in. dgst r‘a(l’xic factor in
;f:lteraxc'nj ht:anufaetu £ oberations, and it was further 1es;tesclm’i:ill;i t tha
o+ 1 addendum o oo TRUCIeAr OF steroidal structure, 4 ngre yoicy (LAt the
fl: atn a tentum to the contribution from this labora tory (23 T published
'_ ?t .33“&1 a(!:n o:; Was associated with eluates from alumina and'u;gm“id that
el romatographic columns which exhibiteq the wlt ane-treated
spectra of polysubstituted naphthalenes raviolet absorption

=6 and 206 mg). Neighboring ents from these chro;:‘t’o secondary Anae at

ap) 2and of simpler naph
sy ) bhthalene derivativeg (AMax
Subsequent purifieation of substances that h
ad a
gﬂdhe:;;%sfemxd that they were not the most toxie ?ra?:gi)on? gganoupeak oriste
L2 T computations showed that the toxie factor gmaberials.
:rhe;;a le'esen in the diet at levelg of g fraction of one part per minont ot
cen ¥ marman €t al. (4) have reported the isolation of tli)er m}ll_lon, e
:aciwrt ll(i-rly:;talline form from g feed-grade tallow. Their e f)hmk gdemma
;.».:c grugl cwigh ens at 0.1 p.p.m. 'in the diet and hag aﬁ ultravitfll:tsmb!.;ge tiom
T stram wit a.vmajor Deak at 244 my, a lesser beak at 312 my apd 2 shampon
:it_aclosed ;Eha \ 1{;; glt.gsctgﬁn};mmcat:on from Tishler of the sami’ ianbo:;.f(g:;ul?;;
3 i i
s ¢ substance contains chtlorine to the extent of about

Ames et al. (6)._-_‘]?3‘.’?_ o_bseWEd the nresonca Af thw s . .
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1.

tngredient in a series of dietary treatments involving changes in the level
and types of fats to which a group of Cebus monkeys had Leen subjected.

The following summary of experimental results relative to these monkeys
was received from . W. Portman and 8. B. Andrug of fhe Department of
Nutrition, Harvard School of Public Health.

Of a group of nine monkeys that received this triolein in their diets at a
level of 25¢ by weight, one died at one month and four at three months. After
three months on the triolein diet corm oil was substituted for the triolein. The
other four monkeys died from three weeks to five months later even though
triolein had bLeen discontinued and replaced bF corn oil. Of 14 monkeys in the
colony that Jdid not receive troilein bmt were supplied other fats and ofls at
25¢ of the diet by weight, there was oniy one spontaneous death. Eight ot
the nine monkeys fed triclein were antopsied and siowed the following find-
lngs: jaundice (4.5%): puncreatic atrophy and fibrosis (6) . hemosiderosis
(8) : farty liver 13) : bile duet proliferation (3} : extramedullnry erytliropoiesiy
(3) : necrosis of liver (2): gross hemorrhage in gastrointestinal tract (2);
and erythroeytophagoeytosis (1), Heveral features including marked anemia
in several instances suggested the possibility of a hemoiytic process. Tan-
ereatic changes were most pronounced in the two monkeys that sarvived long-
est (seven to nine monthx from the beginning of triolein feeding). The severity
of the lesions in the pancreas was unrelated to that of the hepatic changes.
wWith the exception of fatty ehanges in the biver, the above findings have not
been reproduced it rats. These observations arve from an experimient not
designed to study it toxie prineiple, and it would e unwise to draw firm
conclusions with respect to the toxicity of the trivlein from these Hmited data,

The fact that, in our laboratory, marked syrmptowms of click edema disease
were produced by this sample of triolein suggests the possibility that the
chick edema factor may have Leent responsible for the toxie effects noted in the
triotein-fed monkeys.

We now wish to report the loslation of a highly toxic crystalline substance
from this triolein and to describe its properties.

EXPERIMEXNTAL

The triolein sample was of excellent quality with an unsaponifizble content
of 0.877% and a steroidal hydrocarbon (1) absorbance of 0.07, Only 0.01¢ of
oxirane oxygen {(epoxide) was detected. Examination of the fatty acids as
the ethyl esters by gas chromatograply showed that oleie neid constituted
70.9¢; of the total acids with 3.65¢ linoleic, 0.36; linolenie, 139 palmitoleie,
945, palmitic and shorter-chain fatty acids, and 1.8% of a C.: fatty acid
containing one double bond {by inference from relative retention time). Urea
filtrate fatty acids were present to the extent of 4739 (6a).

When fed to chicks at a level of 154 in the diet, the triolein produced
the symptoms of chick edema diseave with a severity approximately equivalent
to that observed with a diet containing the toxie fatty product uszed in our
original studies (2) at the 3% level. The unsaponifiable fraction of the trio-
lein was proportionately richer in the toxic factor than any other materialg
available to us.

The toxic factor in 17.6 kg. of triolein was concentrated by molecular dis.
titlation under pressures of 10-20 microns ot temperatures up to 260°C. The
distillate (289 g.), which contained all of the toxic factor, was saponified, ang
166 gz of unsaponifiable material were recovered. The portion soluble in pe-
troleum ether {155 g). was chrawmategeraphed on 3 kg of Fisher Alumina A
540 in a 4-ft. x 33i-in. colmnn, using petrotewn ether as eluent. Two-liter
fractions were collected, and substances with the absorption speetra of naph-
thalene and phenanthrene derivatives were eluted in fractions &-15. The
bulk of the material coataining cholestadiene and related hydrocarbons (129
g.) was eluted in the ficst three days, and the remainder was recovered by the
use of more polar solvents. These forerunus and failings were devold of potency
in the chick edema test.

Fractions 8 to 13 were combined (66% mg) and chrowmatographed on 2,500

* g. of the more retentive Merck Aluming No. 71707, No material was eluted with
petrolettrn ether. Foreruns were eluted with 1-2¢; ethyl ether in petroleum
ether, and fractions exhibiting the spectra of naphthalene nnd phenanthrene
derivatives (239 mg.) were obipined when 55 ethyl ether in petroleam ether

"" was employed as eluent. This material was again chromatographed on Merek

R ————— )
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agluming, using 250 g in a 42x4.5.cm. tube. Several fractions which eluted
with 5% ethyl ether in petroleum ether exhibited an absorption maximum near
245 mg as well as the peaks previously observed at 234-236 mu and 255-260
mp. There fractions were combined, and the eluted material was partitioned on
5 g. of silane-treated Celite, by reverse-phase chromatography, using 4 ml. of
iso-octane in the immeobile phase, and 809 aleohol saturated with iso-octane
as the mobile solvent.

Fractions exhibiting maximum absorption at 245 mg, but not at 285 my or
235p, were combined for two further chromatographic purifications on alumina.
Merek alumnia was deactivated with 34, itz weight of water, and the ratios
of alumina to sample and column size 2,000:1 in a 25 X loem tobe and 25000:1
in a 25 x 2-em. tube, respecively. Iso-.octane, redistilled and chromatographed
over silica gel, was employed as eluent, and fractions were again monitored
vy vitraviolet speetral absorbance fractions devoid of inflection and 235
mp were combined and evaporated to dryness. The solid residue was dissolved
in o small volume of boiling iso-octane and stored over-night in the refriger-
ator. White crystals weighing 2.84 mg. were ohtained.

The ultraviolet absorption spectrum of the crystals dissolved in iso-octane
was characterized by maxima at 245 wmgx (E}%. =718) and 300 mpx (B=1%,
80) and Inflections at 240 mpe (E{%,==653) and 310 mg (E!%.=78). The
snbstance sublimed on the hot stage about 239°C. The infrared absorption
gpectrum of the substance. incorporated into a potassium bromide dise, showed
evidence of aliphatic and aromatic linkages but no bands characteristic of
oxy¥gen or nitrogen functions.

The reported presence of chlorine in the toxic substance isolated by the
Merck gronp (3) prompted a Beflstein test, which showed the presence of
anlogen. The presence of halogen im the erystalline material being reported
here was confirmed by examination in & microcoulometric gas chromato-
grapht {Tn this instrument the sample is fractionated Ly gas-liquid chrema-
tography, and. as they are eluted from the column, the compounds are pyro-
Iyzed at 300°C. under oxidizing conditions. The halogen acid formed from
halogenated materials is titrated in a mierocoulometer. )

In the chick blossay the substance, when fed at ca. 1 p.p.m. in the diet,
produced severe hydropericardinm, hydroperitoneum, and liver damage, with
death occurring within 12 days. At 0.1 p.pm. in the diet marked hrdroperi-
cardinn was evident at autopsy after a tliree-week feeding periol.

The isolation of the texic substance bad been complicated by the presence
of another material with an abhserption maximum at 248 mp. This second sub-
stanee wax isolated by the same techniques of chromatography. monitored
by ultraviolet spectrophotometry, and a yield of white erystals was obtnined.
The ultraviolet spectrum of this materinl was jdentieal with that of the toxic
substance except that it was shifted 3 mg so that the major absorption peak
was at 218 ma. Tt behaved similarly to the toxic substance in the microcouln-
weftic Zas chromatograph, showing a similar retention time and a similar
hatogen content. However, it wax completely inactive in the chick edema test
when fed at 1 p.p.m. in the diet.

In order to obtain additional crystalline material the portion remaining
from nondestriictive festing. fortified with the adjacent fractions from the
final chromatography (of high potency, judging from the ultraviolet speetrum),
was further chrowmatographed according to the previous isolation scheme.
Small quantities of phenanthrene derivatives were separated with a conse-
quent diminution in the wultraviolet absorption in the 230-300 mp region.
Furthermore, although there was no indication of nonhomogeneity by paper
chromategraphy, the ratio of absorbances of the shoulder at 240 m,a‘ to the
peak at 243 varied from fraction to fraction, suggestion the presence of an
additional component.

The extinction valies reported above may be in error becanse of inaccuracies
in weighing on account of the difficulties in handling the small amount of
material involved. There i no doubt however of the validity of the relative
sbsorbances at varions wave-leugths. The spectrum of the substance reported
here differs soinewhat from that reported by Harman el ¢f. (4), particularly
in the ratic of the alsorbance at the maximwm (244 or 245 mp) to the ab-
sorhbance at the tnflection at 238 or 240 mp.

1Dohrmann Manufacturing Company, Palo Alto, Calif,
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DISCUSSION

The toxic substance which we have isolated from triolein resembles that
{4) from animal feed tazllows. However the
divergences in their properties suggest either that we are dealing with two
different but closely related compounds, or that one or both of the prepara-
tions is still a mixture of related compounds despite the fact that only a
single spot could be obtained onr paper chromatography in a number of solvent
systems. In view of the manifest difficulties involved in isolating a pure com-
pound in minute quantities from a myriad of substances with similar proper-
ties it would be hazardous, as Harman warns, to infer chemical structures
from spectral data. Nevertheless it should be pointed out that the spectra
obtained by us and by Harman et ¢l. are strongly reminiscent of those exhip-
ited by highly substituted naphthalenes (7). Furthermore the toxie factor oe-
eurs in association with a Dbewildering array of gromatic naphthalene and
phenanthrene derivatives, as we have previously noted (2). The detection of
chlorine in large proportions in a toxic preparation, and the ultraviolet
spectrum observed, suggest a possible relationship with chlorinated naphtha-
lenes. Pentachloronaphthalene possesses an an abserption maximum at 243 my
and a secondary maximum at 312 mge (8), and if has Leen shown to cause
hyperkeratosis in cattle (9) and several other species of animals including
chickens (10). Other chlorinated naphthalenes also are toxic (11).

The possibility that the chick edema factor iz a chlorinated napthalene
derivative cannot be ignored. Samples of tetrachleronaphthalene and hexa-
chloronaphthalene, kindly provided by Engel and Bell- of the Virginia Poly-
technie Institute, who had demonstrated that these compounds could produce
hyperkeratosis in cattle, were without effect in the chick edema test. Fur-
thermore these compounds, despite the similarity of their ultraviolet speetra
and their chreomatographic behavior te the toxic substance, showed considera.
ble difference in the microcoulometric gas chromatograph. For instance,
chlorinated pesticides, aldrin and heptachlor, showed retention times of 10 min.,
tetrachloronaphthalene 9 min., and hexachloronaphthalene 14 min, whereas
the toxic substance, as well as its inactive analogoe with the absorption max-
imum at 248 my, had refention times of 37-38 min. It fs tempting to specnlate
that the greater retemtion-time of the toxiec material is related to a greater
molecular weight or to a substituent conferring different solubility and polarity
properties.

We are continuing our studies toward the isolation of the toxic factor. It
is necessary that the chemical nature of this substance be elucidated to make
possible a rapid chemical test for its detection, to clarify its origin, te verify
the suggestion of iis severe toxicity to primates, and fo study its action in
other species.
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A substance contained in certain processed

fats and fgtty products used in poultry feeds

has haen implieated in the outbreak of the

condition called “chick edems disesse” which

oocumecl in 19§7 {1). A number of labg.
?atorfes are actively working to isolate and
identify the agent Tesponsible for the dis-
case (2-5) and each has developed its own
bicassay, which in each case hag admirably
served its specific Purpose. .
Ames and co-workers (6), early in 1950
reported this factor in oleic acid samples

destined for human consumption. The pre:f
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ence of this highly poisonous substance in
human feod products immediately resulted
in & regulstion from the Food and Drug Ad-
ministration specifying that all such prod-
ucts must: be free of “chick edema factor”
in order to be incorporated in food. From
the point of view of the regulated industry
and the regulatory agency, the need to de-
velop an assay method of adequate specifieity
and sensitivity, the resuits of which are
comparable from lshoratory to laboratory,
can bardly be overemphasized. Since the
chemical characterization of the substance
has not proceeded far enough to provide the
basis for a chemical or physical assay, it is
necessary to use the bioassay. This method
has suceessfully proved itsel{ capable of
providing for the detection and semiquanti-
tative estimation of smali amounts of this
factor.
When the need for the standardization of
a method became acute, investigators in eight
lgboratories that are currently engaged in
some phase of work on the chick edema fae-
tor were invited to participate with us in a
collaborative study and te submit suggested
ptocedures. Al graciously responded, and
from the procedures which they forwsrded,
the authors selected what they considered
the most desirable features of each and com-
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bined them irto the procedure presented
here.

Three collaborative test samples were pre-
pared by thoroughly mixing a fat, known
to be toxic, with cottonseed oil ity smuch pro-
portions that the amount of toxie fat in the
satuples was in the ratio of 1:2:4.

Each of the collaborators was sent the
procedure given below as well as four col-
laborative test samples identified by number.
Sample 1 was USP cottonseed oil; Samples
2 3, and 4 contained, respectively, 1, 2, and
4 grams of toxic fat in 16 grams of sample.
Report sheets suitable {or recording the fol-

lowing specific information were also sent:
chick number, initizl body weight, final body
weight, weight gain, heart fluid volume,
presence ot absence of peritonesl and sub-
cutaneous fluid, and dates of early deaths.
Moteworthy features of the assay proce-
dure are the use of white leghorn cockerels
as the assay animal; a semi-synthetic ration
in which the test sampies are contained at
169 ; and a 21 day feeding period. We in-
cluded a request that groups be assigned to
provide for observations to be made at the
tdth day as well. The collaborators were
asked to score the results visually, by use
of a suggested scale of values, as well as by
measurement of the pericardial Auid volume.

METHOD

Reagents
{a)} Salt mixture — (b} Vitgmin mizture—
G/ 60 & MINT. AMOUNT, G
CaC0O, 15 Folic acid (1.0% triturated in
CS:(PO;): 14 Dﬂ’wdA glucose) 10
K:HPO. ] Biotin {0.1% triturated in
NaCl 39 powd. glucose) 75
Na,HPO. 73 Vitamin B (0.12% triturated
MgS0.7H:0 486 in powd. glucose) 25
MnS0.4H:0 042 Niacin 20
Fe citrate 04 Ca pantothenate 050
ZnCO. 02 Thiamine 0.50
CuSO.SH.Q (X1 Riboflavin 03175
Na.8e0,5H.0 12 mg Pyridoxine~HCI 0200
Menadione 0425

{¢) Fal-soluble witamin mizture.—

AMOUNT/EG MIXT.

Celluflour { Atphacel), to make 500

AMOUNT/ KG DIET

Vitamin A zcetate, cryst. 900,000 USP Units 0000 USP Units
Vitamin D, cryst. 100,000 IC Units 1,000 IC TUnits
pe-Tocopheryl acetate 200 ¢ 0 mg

100 kg 10 g

Corn oil, to make
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Table 1, Summary data of the eollaborative assay for chick edema facior

ave Aversge Hydroparicardium Edems Incidence
No. Wﬂ"‘h?&h
m IE?. of v s Bcore Sub- Hydro.
| Dt Bow ks Dusthe|  Towitn | Gd P Yohume Prm | s s
1 4 12 0 | 305 32| 0 oO0S4x0M O 0/12 ¢
. /12 0/12
; ﬁ g ? WOk 43| 14+ 012 2025 1+ | 1712 0/12 1;12
7 4B ! 528+ 437 0 01 .00 ¢ 0/12 9/12 o/12
221 ! B2+ 48124+ 028 +.030 94 | 0412 0/12 /12
3ouou ¢ ;;.0:& 32 7+ 023 +£.09 3+ | 1/12 1112 112
doa 2 m.u: 46204+ 092 .29 21+ | 3/12 212 10/12
$ non 2k 33) W0+ 071 25 154 | 1/12 2712 /12
0 M4k 511274+ L5 x£.92 24| 6/12 3/12 10712
1 4 [ 1] 262% 67| 14+ 0.028=.013 ¢ 0,
1 2l 5 0 | 596£126{ 0 0072013 0 o;g g’/’: g;:
g ;: 7 1| 827+ 92| 9+ 0095+ 021 0 o8 0/6 0/8
: @ g g ;g.oa: 43110+ 059 .24 T4 0/5 05  4/5
3 ou ’ ; &gi 29 T+ QIS5 079 2+ ) 16 15 16
3 o ; + 471154 143 .49 M4+ | 25 15 5/%
3| 393 761204 205 £.98 164 | 5/7T 67 577
4 2 5 1 ] 570% 96154 180 % 86 15+ | 4/5 355  5/5
1 14 12 0 | 481% 20] 0 00234.001 o0 0/12 o
, J /12 0712
; :lz: g 3 lgiu += 33| 0 0085016 ¢ 0/12 0/12 o/12
2 non g 113:4* 25 44 011018 1+ ] 0412 0212 142
2 a u o 4&2* 63| 3+ 0.145£.036 4+ | 0/I2 0/12 3412
S u on 0 397:': 26112+ 039 .13 94 | 2/12 6/12 4/12
soa ! ﬁ.id: 491 74+ 028 .12 7+ | 1712 872 542
¢ non +£ 33|44+ 054 £20 144 | 3/12 4212 6/12
I | 8lx 4423+ 146 £.45 25+ | 8/12 9112 9712
1 4 12 0 | 423+ 18| 0 00502008 o 0/12 ¢
1 4 /12 0712
; f.: g g B3k 89, 0 008i0M o 0/12 0712 o/i2
2 uon 0 ::15.5: 29| 0 0127006 3+ 0/12 0/12 312
:ouon 2 2&?* 5.1 110+ 0.306 +.052 104+ ) 1212 1512 812
Ponon 0 350=|= 21] 1+ 0102+.021 24| 0/12 2712 2/12
ioa o L] % 14116+ 066 £.29 17+ | 10412 8/12 11/12
4 uou 3+ 18|11+ 037 =.1v o4+ | 1/12 5/i2 6412
8 | 323x 501104 080 .25 204 | 8/12 812 8412
114 12 O 26+ 59! 0 005 +0 0 0712 0/12
7 0/12
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_(d} Assay Ration-—

FBolw/w)

Bucrose, commercial 203
Corn starch, commercial 203
Casein (vitamin-free) 2
Fat (USP cottonseed oil or

asay fat) 16
Gelatin 13
Salt mixt., {a) 8
Vitamin mixt., {b) 2
Salt, iotized 12
Fat-sol. vitamin mixt., {¢) 1

Choline chloride, 255 aq. soln 02

‘Ofr - tol dAmi I.

1‘, #-

Usze day-old white leghorn, single comb
eockerels. On day of receipt of chicks, tag
individually, record body weights, and place
in brooder cages equipped with heater. Use
room with controlled temp. and humidity.

Offer control ration contg 16% cottonseed oil
as fat and H.0Q nd Lbitum. After 48 hr, weigh
chicks and do not use any chick which is cut-
gide limit of mean body wt by *5 g. Place 12
chicks in each brooder cage and record body
wt and date of beginning feeding regimen.

Astay Period

Cuontinue 1 group on comirol ration contg
16%% cottonseed oil and substitute test fats for
all or part of the 165 cottonseed oil iz assay
rations, Check chicks daily for fatalities and
for presence of adequate food and H.O. Re-
cord zll deathe and cause of deaths. For each
death due to other than accidental cause,
autopsy and record presece of hydropericar-
diure, hydroperitoneum. subcutaneous edema,
and amount of heart fluid 1o 90t ml. Autopsy
remaining chicks on 2lst day and record find-
ings as zhove.

Post tem E. ination for
Quantity of Heart Fluid
(a) Saecrifice of chicks—Sacrifice by means
of cervical dislocation and proceed as follows:
(b) Ezrposure of heart—With dissecting scis-
sors make smal! trepsverse ecut in skin over
futl diam. of abdomen. Peel skin toward head
and lay skin fold over head. This cutaneous
incision permits wide fSeld exposure of sub-
cutaneous zrea over thoracic and abdominal
cavities for examination for subcutaneous ede-
me. Skin may be reflected caudally to afford
wider field of vision. BRecord (+ or —) evi-
dence of subcutaneous edema,
= Imsert blunt tip of scissors thru body wall,

and make transverse incision of musculature
to lawer rim of rib cage, avoiding cutting into
organs of periteneal cavity.

Lift breastbone with fingers, insert blunt tip
of scissors, and carefully enlarge jnecision by
cutting on each side of chest eavity thru rib
joints up to clavicles. (Do pot cut into eub-
clavian vessels) With sufficiently wide cut,
fingers may be used to protract incised chest
cavity angd thus permit clear observation of
substernal attachment of pericardium. Firmly
¢lasp pericardis] attachment with fingers and
reflect flap of sternum so a5 to expose heart
with pericardium intact.

Eatimate visuslly and record severity of
pericardial edema according to following table:

Pericardial Edema Score
Absent 0
Slight +
Moderate ++
Severe ++
Very severe Ealdeahs

(c) Withdrawal of heart fuid —(I} For voly
estimated a3 <10 mi—Fimly clasp apex of
pericardium with small forceps and make small
incision in heart sac. Insert small spatula into
incision of pericardium and push heart to obe
side. Carelully aspirate fluid into 190 mi tuber.
vulin syringe. Blunt-end 18 gaunge needle per.
mits more complete aspiration of small vols,
To reduce formation of air bubbles during as.
piration, preritse needle and syringe with
n-butyl aleohol. Do not include vol. of n-buty|
aleohol in measurement of fluid.

(2) For vols estimated o5 10 mi~~Insert
sharp hypodermic needle oa 10 ml syringe
into intact pericardium. Aspirate as much sy
possible of the heart Auid (r-buiy]l aleohal
ringe is unnecessary}, Collect and measure
remaioder with blunt-end tuberculin syringe.
Record total vol. heart fuid.

{d} Other observofions—Observe and re-
cord other obvicus changes such as pecitoneai
edema {ascites), liver ch . kidney ch
ete.

B+,

Resnlis

Seven of the nine cooperating laboratories
submitted results in time for inclusion in this
report. Their obzervations are compiled in
Table 1.

It is seen that mortality due to the toxig
factor does not become appreciable until the
third week on the diet containing the highest
level of the toxic fat. Note that three of the

e~ iy .

e
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this value falls at the high end of the normal
range of the volumes of pericardial fluid for

chmks of the age and weight used in the
bivassay. :

4 T
Collabarator 1,

U tays

a Days

el T ———

From the observations reported by the
collaborators it may be generalized tlfat of
the three anatomieal sites in which fluid may
] accumulate, hydropericardium oecurs with
the grestest frequency, followed in order by

- Peritoneal and subeytaneous aecumylation,

'I_'hls is in sgreement with eariier ohserva.

The appended charts (Fig. ) show graph-

21 [ eally the response of the volume of peri.
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Table 1. (Continued)

i ' Average Hydropeticardium ‘I Edems Incidenca
' No. | wad S Seore Sub:  Hydro.
i Pemed of T | Visus! FluidVolime From | . caW: pericar.
Coll. | Dier Bnew Chirks lia"g-] Toul(g) | Scare wal) " Velume| Asciies aeobs dium
R ; ' 5+\ 112 112 412
! 12 0 | 451+ 28! 13+ 0.203 = .068
5 g ; 12 2 | 725+ 83!25+ 08784 330 1T+ | ¢/12 7712 §/12
{4 1¢ 12 1| 483% 5425+ 0903 303 20+i 512 8/12 8/12
4 21 12 5 0 7514 641204 344 =140 19+ 677 877 I3
; : 0/12 0/12 0n2
. 14 12 0, M5+ 33, 0 009 =01 O
? i 21 12 1 144 96 0 010 N5 O 0/12 0/12  0/12
L2 1 12T 0 i B4+ 56 1+ 045 207 2+ | 0412 0412 112
2 1 12 0 S0 D110+ 03 .05 104 | 0112 012 9/12
3 B 12 0 ] GRF £ 30 4t I AMS .'J-i—'l h1E u/12 412
3 21 1z 1 1040+ (18| 36+ 286 55 42+, 912 5/12 12/12
4 M2 0 604£ 4821+ 081 %24 22+ | 612 2/12 11012
4 21 12 5 ' 152 +.86 34+ 11/11 9/11 1171

896 = B.7 ' 35+

* Hydropeticardium incidence:. based on measurement of pericardial fuid.

eollaborators reported deaths of four birds
on the comtro! diet. Since these deaths could
put have been due 10 the factor, this and the
foregoing obrervation indicate that mortality
measurement zione 12 not a reliable index of
the pirczence of the chick edema factor. It has
been lound rimt ~ign= of chick edema dizeaxe
are the developanent of hydroperieardm,
hvdroperitoneum, amd Aubentaneous edema,
in that order, »~ the dose of 1oxic material is
incren~eil. A1 igher dosage levelz, death
will occur from the 10th day. Bird: dving
of chick edema dizease invariabiv  exhibit
these Agn=. Deaths gmaeeoimpaniat by any
of these signe cannot be stinbuted tw 1he
toxic agent.

Weight gans of the rhicks were somewhat
depressed at the higher Jevels of toxie far.
In the control groups, the average weight
gains at the end of the ar-ayv penods were
quite varisbie smone the isboratories. This
variability mav be Jue to borderdine nutn-
rional inadequacies of the basad diet that
possibly were aggtavated by hereditary or
envitonmental {actor: or o combiphon of
botk, a5 may have happened o e cpse of
Collabworator 7'~ group. Perhaps 11 would
have been wise (o Tollow the upgestion of

Teertasn of the collabortor g to lave an
antibiotie incorporated in the test Tation,

Visual subjective scoring of the degree of
hydroperieardium according to the instrue-
tions given in the collaborative procedure is
seen to agree fairly well with a score calen-
fated from the zetunl measurement of peri-
cardial Auid 22 zhown in Table 2. The
figurex given in Table 1 vepresent the sum
of the plus seorer for individual ehicks within
the group. 1t appears that there was greater
accuracy in visual seoring of large toxicity
respon=ex than in the zmalier responses,
While wvisnal scoring may be adequate in
judging the presence of a large amount of
txse matenal, it e mdeqinite in Hwse hoy-
detline cines where controversy s must likely
1 alevelap.

W heve arbarrarily adepted 0.2 ml ax the
upper bt of normal beart-zae thnd volume,
Thix chviee & justificd on the busis of the
work of Shue and Gallo (7), whe report that

Table 2. Scoring by Referee of
pericardial edema

¥olume of Toxicity

Pericardiel Fluid Heure
<020 0
0.21-0.40 +
041 100 + +
g 200 t 4
»>2.00 ++++
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cardial Auid to the level of toxic fat in the
diet. It is seen to vary directly with this
level. It is likewise seen that an appreciably
greater response to the dose i= obtained
after a three-week feeding period than aftet
a two-week period. Although there is high
incidence of negutive responses in a group
of chicks on a low level of toxic fat, the
average Tesponse of the group as measured
by the volume of pericardial Buid is propor-
uonal to the dose level within the dose limits
of thiz experiment,

Cosments of Collsborniars

Most of the comments were diveeted at
the mutnbionnl adeguacy of the basal ration.
One investigator has suggested that dry,
stabilized vitamins A, D, and E be used
rather than the crystalline products nsed in
the procedure. Thix suggestion appears to be
meritorious and has heen ineorporated in
the recommended procedure as optional, An-
other objected to the mode of addition of
rholine to the diet and suggested a 259, dry,
frec-fiowing preparation which is commer-
ciallv available. For the sake of convenicnee,
this has likewize heen incorporated as op-
tional. Objection was made by another col-
laborator to adding the water-soluble vitg.
mins on Cefluflour a= the earrier, Sinee many
Izboratories routinely use other of the dietary
ingreddichil= ax earriers for the vitamin mix-
ture, we see no reason why any of the major
somponents cannot be used for this purpose.

Weight gin= obtained on the dist are not
optanal - This, bowever, 1w not ergies) g,
ihe sandpmint of The assay eseept, s ane
collaborator poimts ont, that 4 1= saser fo
carey ootk Lhe procedare ol withudracmg §he
beart-sae Auid from w0 lirger bird 1han [Toan
a sofler one. Sinee the diet lue given exeel-
Jent.  perieardial  fluid TeEOnss,
changes connot be jnstified ot this time,

Other tollahorators have suggested that
an antibiotic be incorpormted in the ration,
that. eniedde ea=ein he <ubstitnted for the vita-
min-free ensein, and that senamereialiy avail-
abde sl and vitamin imixbres I ~eif, Thyrep
apprar to B chesieabsle Frone the stk
al veonomy ol convenenee il wilt furm
the baxi= of 4 oendieation of the dut Faer
wsoll m orther collabortive work, The level

tmajor

of sodium chloride was likewise the subject
of question on the basis that 2% of salt is
too high and sabjects the chick 10 extra
“stress.” It has been found in our laboratory
that this level favors the development of
the edema. Selye and Stone (8} have found
that extra sodium chloride in the diet of
chicks accentuates the development of edemg
produced by certain steroids. Biester and
Schwartz (9) state that 6-8 grams of sodium
chloride per day is not harmful to ¢ week-old
chicks. We pannot see that a change here is
justified.

Eme eollaborator reported that the ration
wi npalaiable to b chicks. The weight
guns reporied by him were much lower than
in any other Mboratory. We have no expla-
nation for this effect. It is suggested that this
laboratory may have some peeuliar problern
and thas the perfermance of these chicks
iz not typical.

Beveral of the collaborators preferred to
use heavy breeds of chicks rather than leg-
horns. We have retained leghorns for the
reasons of uniformity of response, wide-
spread availability, econvenience, and the
demonstrated sensitivity of this breed,

5 ¥ and Hec dati

A sueccessful collaborative study of a pro-
cedare for the detection and ussay of the
chick edema factor in Fats and fatty mate-
rials has been carried out. The results indi-
cate that the method as studied is satisfae-
tory for the intended purpose. Although it
i aletmanzteated here tht the et hewd stuactiod
reoenmble of hiffetend s g eontannnd o
froun senveontan ted Fakr, b wonlid dae afy
aurnfle tooenaey ol

biteninl enlinhorpt v
stalies on sanphs of lower pobiteiss than
those yvod lere,

I is recommended!—

(T} That the method for bicasszy of chick
edema factor, presented in this report, be
adomed ax first action.

{2} That collaborative  stadies

) b con-
Tirsied,

Rerieneny

1 Falita s Neras, Thie Jivrandd, 42, 1200 1 inin

o
* l!wuv revaipilntions  wepe approyml b
the Cirnernl Weferoe gt by Hubeommitios

nd o were miogded by the Aswocialion. Nee Thix
anenal, 43, Tn L),
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PPROGRESS IX THE CHICK EpEMa PRoOELEM
By Dr. Leo Friedman, Food and Prug Administration

It has been almost four years since I first became aware of the problem
that we know today as “chick edems disease.” Because of our activity on this
problem, my colleagues and I have had the opportunity to become acquainted
with many scientific groups and individuals working in the same area with
whom we have enjoyed a fruitful cooperation and pleasurable association. We
hope that they feel as kindly toward us as we do to them, but sometimes, I
known, they wish as we do that they had never heard of chicl edemn disease.

This problem has been most difficult and progress frustratingly slow. Despite
the mezger amount of new information that can be added at this time, espe-.
cialy since the most recent advances were reported hy Dr. Artman recently,
it is nevertheless worthwhile to review the severai aspects of this problem
and see its present status in fyll perspective.

As Fou recall, during 1957 an epidemic disease cnused millions of dollars in
losses among broiler fAocks throughout a large part of the U.8, After elimina-
tion in succession of all other bossibilities, attention was focused on the fat
ingredient of the feed as the etiologle agent. A series of reports in 1958 from
several laboratories described the manifestations of the disease and definitely
implicated a toxic fat or a toxic substance in fat as the cause, The charac-
teristic symptoms were droopiness, rufied feathers, labored breathing and high
morbldl_ty and mortality. Autopsy findings revealed hydropericardium, abdomi-
nal ascites (water beily}, subeutaneons edema, swollen liver, swollen and pale
kidneys, ete. In laying hens the toxic fat coused a rapid drop in egg production.
Pullets _receiving toxic fat during te full growing period did not come inte
production, and mortality wag very high. Hydropericardium, the most common
lesion found in young birds, was not found in birds of laring nge.

SYMPTOMS DIFFEREX?T

These differences in susceptibility and symptoms in different age
of the same species should be poted. The feeding of toxic fat to othir sg;:ct;g:
has not produced such striking results ag with young chicks, with the excep-
tiotl possibly of wonkeys. However, every species that has been tested has
shown evidence of deleterious effects. Very little work has been done with rats.
Our very limited experience indicates that they are much more resistant than

I recall few reports of the effects of toxic fat on swine, but again, in our
own limited experience we have seen depressed growth . . . gnd have demon-
m:;tegl tthe presence of toxie factors in the meat of hogs that had been fed
toxie -

I am indebted to Dr. Wilcke of Ralston Purina for reports of studies on
ruinea pigs and dogs. Guinea pigs fed 21497 toxic fat stopped growing after
=ix weeks, and death losses occurred after eight weeks, At g level of 4ifer,
toxic fat weight losses occurred after three weeks and deaths after four weeks,
E]:'Imtmll gl:i)ups rt;ceir%lngl non-toxilc faty did not show weight loss or deaths,

e only observed pathology at the conclusion f the ; -
tior of the lungs and mottled livers. ¢ @ experiment was conges

In experiments with three different hreeds of dogs, using Purina
in which 10¢% of toxic fat was substituted for theol?:tml nogrmal lfg‘f ?l?grecii%‘:
oot reproduction and lactation performance. The females on the toxic fat
ration whelped pups that were dead or wenk, and, farthermore, the mofhers
wemed (0 have an insuffcient niik supply. When the pups were re,moved hefore
weaning and fed a normal ration the increase in growth was Immediate and
dramatic. Also, the females on the toxie fat ration tendeq to lose hair on their
tacks and shoulders. With the ration containing toxic fat, Dost-weaning growth
tests (618 weeks) with five litters of pups demonstrated inferior growth per-
formance wsing either weight gain or inercases in body length as the criterion.

WORK WITH OTHER SPECIES

In these eXperiments with other species, fat that had first been
ie toxic to chicks had been used. In the case of monkeys, 3 sample (ﬂ'n;:i?leitr?

AN AT Y s -



236

that had prodnced irreversible toxic symptems for no apparent reazon later
was proved toxie to chicks and was the source from which we irolated a I‘I.ighly
purified crystalline “chick edema” factor. At the present time, then. “toxie
far~ that proluces “chick edema disease” has been demonstrated alse to pro.
duce deleterious effects in rats, guinea pigs, swine, dogs and monkers. It should
e emphasized that the toxic fat undoubtedly contains many other substances
that may have effects in these nther species. Definitive information as tn the
effect of “chick edema factor” (CEF} in other species must mvait. tests with
purified CEF. Triolein-fed monkeys probably received the “purest” source of
CEF. However, purified CEF should be administered to monqus t.o rerify the
implication that the severe toxic symptoms observed with triolein were due
o CEF.

t Relatively little has heen done to throw light en the mechanism of the toxie
effect. Flick and Gallo in our laboratories have reported that in young chicks
showing symptoms of the disease, the intra-cellalay water was not ehanged.
Neither were the total blood and plasma volumes altered so that the observed
edema was primarily interstitial. Hemoglobin aml hematocrit levels were low
and blood glucose levels were decreased in advanced stages of the disease.
Plasma sodium. potassinm and cidoride were not affected. In the liver, neutrat
fat was decreaxed and phospholipld increaxed. Preliminary experiments by
Flick give zome indication of increased membrane permeability, but these must
be repeated under much more rigorous conditions.

DISSERTATION ABSTRACT

A most interesting study in chicks has heen reported by J. R. Allen. Jr. Dart
of the results were presented at the federation meetings in March. 1961, and
the complete study ix available ax the dissertation of J. R. Allen, Jr., University
of Wizconsin, 1961 [ will guote portions from the dissertation abstraet [Dis-
sertation Abstracts 22 [2), 545 {Aux. G111

“Experiments conducted to determine the effects of ‘toxie fat’ on mice,
pigeons and turkeys demonstrated a reductior in growth without hydrg-
pericardium or ascites.”

In chicks, “Microscopic examination of the tissues of the test animals
revealed lymphoeytic focl in the epicardium and myocardium. Edematous fgid
separated the myeocardinl fbers. Edemn of the langs was a frequent observa.
tion in the experimettal birds

“ . . Blomdl pressure indieated the text birds had an elevated average mean
pressure in the right ventricle of 6 e¢m. water and 2 cm. water in the venn
cava. Eleetron micrographs of the mFoceardinm revealed shrunken. vacuolated
mitochondria in the test animals

“Paxic fatt produces a reduction in growth rate of experimental animals,
Thix veituction depends on the age of the animal and the level of ‘toxie fat
atided to the dief. Hydropericardium and ascites are a frequent lesion in the
anitnals receiving from 16 to 5.0¢ ‘toxie fat. When this level was reduced
to 0.23¢: in the diet, reduced testicular developnient was & more sensitive
criterion than hydropericardium, ascitex or weight gain for evaluating chronic
toxicity.

“The mechanism by whieh ‘toxic fat' induces hydropericardinm and ascites
appears to he associated with dezeneration and edema of the myocardinl fibers.
These data wonld tend to elitninate the kidnexs, liver and ewdocrines as the
primary cause of edeina. ‘Fhe entiy development of hrdropericardinm, increased
venons pressure. enlarged hearts. mitochondrial changes in the myocardinm and
generalized edema suggest that the myocardittn may be directly inhibited;
however, aitered capillary permeability has not been exchuded, Tt ix lelieved
that cardine decompensation and inereased eapillary permeability act together

in producing the excessive extravuseular fluid coilection and the demise of the
animal.”

The wide range of suseeptibility within and among species and the varjety
of toxic effect= that have already been noted would make it appear logical

© that some primary unit of structure and funetion such ax the mitochondrion,
may be rhe target of the toxic factor and that the observed differences may he
explained by faectors such as absorption. specific hinding, transport. detoxiea.
tion, ete., that determine the local concentration of any substance in a specifie

site.
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Another possible mechanism that had suggested itself quite F
toxie fact?r interfereg with the normal regulation of glectr:lsi'rtlg ;iéhﬁaﬁﬁ
balance, bgllyv awd N¥tone, back in 1043, deseribed the produ(:tion of edema
symptotns in chicks Ly certain steroids and the accentuation of these symptoms
by i_ucre:wmg the salt intake of the chicks, Alexander has shown that it is
pos'slble te produce hydroperieardium in chicks by increasing the NaCl in the
ration and 'to prevent its oceurrence even with CER by eliminating NaCl from
the 1_1wt. Work in our own and other laborstories has illustrated beautifully
the mte-r-.mtim‘l of nutritionnl factors on the suseeptiliility of the chicks to a
toxic agent. For example, the present ADAC bioassay diet for “chiek edema
factor™ is probably four times more sensitive than the assay diet we used
originally, altbough bLoth have approximately the same NaCl content,

A point to remember iz that hydropericardium as o symptom of toXicity in
chicks i_s noet new. In addition to XaCl and certain steroid hormones ehast
40 in }El_ester and H.('lm'urte on Poisons and Toxins indicates that: ’ pter
cm(légstf::lc “!;il}:;.«;iull:ule, usaetll ';s a rodenticide produces "various: degrees of

1e acewmnulation of som id i i
as(“)';_-il {'lls Im the alhdlnminal cavity fn xome (e:a:;'c:!ls fluid in the pericardial sac

(2) Alpha naphthyl thionrea, the rodenticide ANTTU, shows in

(2 ar e rode . v ; poisoned
g.: evidenece of lang edema and excessive quantity of #uid in the perieardial

(3) Saedium menotiucroacetate, compotind 1080, an rery ;
ticide, produces in ehicks distention of the peri.carc?igims;a‘eeﬁ'itelfrecﬁg: ;?gaevt

lored fiuid, i i .
;’(:.d g in addition to other marked pathological changes on the heart
(4) Chlordane, “IThe primary lesions found in i
e yte M ¥ les all fatal es '
heurt. Excessive quantities of fluid were found in the |)erica1€“dlis:lss;‘c?.?. .m”the

The weed “eori cockle” and several spec i seed
veed y ckle pecies of Crotalaria produce » i
are tu?m'. .m_d In elticks the toxie symptoms include hydm{gerimrdium. 3 whieh
Howex er, in each case other characteristic pathology is usually present, and
in noe case is the purified toxice principle of the same high order of acti\'iiv as
thﬁtt(;xie slll:miances that have been isolated from toxic fats )
s Well Rhown now that chieks can officiently util-i.ze la
. ) 3 TZe a
fat in _pmperly balarnced ratious. The unse of fat as a standardg ingﬁ?ﬁ;ﬁ gf
pqultr,\ fes:dx grew as the price of fat calories drepped and became enn'metitire
with calories derived from eorn. The chick edema disease epidemic" of 1957
a totally unexpected consequence i u e
familiar with the story of how the toxicity w i
‘ 3 . Y was associated with n fatty by-
product of stearic and oleie acid manuf Y it
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with information and samples. However, they sincerely beIievegi that they
were not part of the food business, that the bulk of their production went for
‘nen-food industrial purposes. In our visits and talks with their technical people
we advised them to study the application of the new legislation to their in.
dustrs. They realized that a substantial proportion of their highest grade of
materigls did enfer food channels when their customers started asking for
guarantees that the fatty acids met the requirements of the Federal Food and
Drug Law. At that point the technical committee of the Fatty Acid Producers
Council became actively engaged in a study of this problem, and we have
enjored the whole-hearted cooperation of the fatty acid industry. While they
made studies to determine what part of their processes were responsible for
the production of the toxic material, studies were continuing on the isolation
and chemical eharacterization of the active substances. Three Fears ago at the
AOAC meeting a symposiumt on chick edema was held at which reports from
the Purina laboratories, the Quaker Qats laboratory, the Procter & Gamble
research laboratories and the Food and Drug laboratories described the
progress made up to that time. The Merck group had recently enterqd the
problem, and, although they did not report, they also had traveled a similar
road.

Everr step and experiment had to be followed by the chick bloassay. How-
ever, during the first year all the groups had made steady progress at about
the same rate. First it was demonstrated that the “chick edema” foXicily was
entirely in the unsaponifiable portion of the fat. Then, in our work, the un.
saponifiable was separated by chromatography on alumina into three fractions
of increasing polarity by elution with petrolemmn ether alene, then with a
mixture of ethyl and petroleum ether and finally with 100¢; ethrl ether. The
first, or hydrecarbon, fraction contained 839, of the unsaponifiable, and itg
ultra-violet absorption spectrum indicated the presence of cholestadiene. The
second fraction was characterized as ketonic and infrared absorption spectra
suggested the presence of dipalmitone. The third fraction consisted of sterols
and oxidized materials, Simultaneous bicassay of these three fractions and
srithetically prepared samples of cholestadiene and dipalmitone showed that
only fraction 2, but not the dipalmitone, was toxic,

Several approaches were tried simultaneously to purify fraction 2, I will not
take the time to describe our experiments with a 500 tube counter-current
distribution between iso-octane and methancl, or the separation of carbonyls
with Girard-T reagent or the comsecutive rechromatography on alumina and
silane treated Celite. Suffice it to say that as our fractions became more
potent we relied more and more on ulitra-viclet spectrephofometry as an indi-
cation of concentration and purity. Two distinet trpes of fractions were ob-
tained, one with the ultra-violet spectra characteristic of naphthalene com-
pounds and the other of phenanthrene compounds. Both fraetions contained
the toxic factor. However, the sum of their toxicities swas not comparable to
that of the starting material in the fnal purification steps despite the faet
that practically all of it was accounted for by weight in the eluates. Sinee
ouly the fractions that had a sigmificant weight had been tested biclogically,
the insignificant, hardly visible residue of less than 0.5 mg. in the praectically
“ampty” beaker that represented the cut hetween the two major fractions was
rinsed into & chick diet and te our surprise was very active at approximately
0.1 ppin., representing the most potent material we had obtained. At this stage
we had practically exhausted our raw material, and we had to start from
the beginning once again.

During the course of these studies we had learned that Drs. Portman and
Andrus in the department of nufrition at the Harvard School of Public Health
had lost a number of monkeys in a nutritional study. They had used a synthetic
trinlein as the source of fat and had to abandonh the experiment. At a Gordon
Research Conference T had the opportunity to diseunss this experience with Dr.
Portman. Fortunately about 40 1b. of the triolein was still available. Tt proved
to be toxie in the chick edema assay. The triolein was of eXeellent quality,
containing only 0.9% of unsaponifiable material. 'This unsaponiflable proved

Ity be the richest source of the toxic material we had ever examined.

The toxie fraction was separated from the triglyeeride by molecular dis.
tillation. The distillate from 17.8 EKg of triclein was saponified. and the
unsaponifiable was ehromatographed on alumins to remove the cholestadiene

- ~fraetion. The naphthalene and phengnthirene-containing eufs were collected,
rielding 670 mg. of material. This fraction was rechromatographed on more
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retentive alumina with 5% ether in petroleum ether, and 240 mg. of naphtha-
lene-phenanthrene material was separated. This was rechromatographed in the
same system and thivee distinet types of U.V. spectra began to emerge in the
fractions : Naphthalene (235 mg), phenanthrene (260 mg) and a new peak at
245 mp. These materials were combined and chromatographed on a silape
treated Celite-iso-octane column, with 809, alcohol saturated with iso-octane
as the mobile phase. The cuts with maximum absorbence at 245 mgp were
further purified by two more chromatographic treatments on alumina at a
very high sample: adsorbent ratio (1:2,000 and 1:25,000). The final fraction
was comDletely free of absorption peaks near 2335 and 260 mg This fraction
was evaporated to dryness, dissolved in a small volume of boiling iso-octane
and stored overnight in the refrigerator. White crystals were obtained, weigh-
ing 2.6 mg. and representing a coneentration over the original triolein of three
million-fold. This material at 1 ppin. in the diet killed the chicks in 12 days
and produced typical hydropericardium when fed at .05 ppm. in a 21-day test.

During the last stages of this work the Merck group [Harmon, et al.,
JACS 82, 2078 (1960)1, announced the isolation of a erystalline chick edema
facfor from a toxic fat. On Jualy 19, 1960. the Merck group informed us that
they had found 47% chlorine in their crystalline material. The presence of
chlorine in our material was quickly confirmed by the use of the Dohrmann
wicroeoulometric gas ehromatograph,

In this test, a few micrograms of sample is injected into a gas chromato-
graph and the eompanents as they emerge are prrolyzed at 800° under oxidiz-
jng conditions, The halogen acid formed from halogenated materials is titrated
automatically in a microcoulometer.

Of interest also is the isolation of a crrstalline material that had an ultra-
violet absorption speeirum identical with that of the toxic material but shifted
3 mu 50 that the major peak was at 248 mg Instead of 245 mg. It behaved like
the toxXic substance in the microcoulometric gas chromatograph, showing a
similar retention time and halogen content. However, it was completely inactive
in the chick edema texf when fed at 1 ppm. in the diet.

The finding of chlorine in the toxic substance was a major breakthrough.
It was no longer necessary to think jn terms of a naturally oceurring material
that had changed chemically under the conditions of Industrial fatty acid
production. The possibility of contamination with one of many familiar
chiorinated hydrocarbons was obvious. Samples of tetrachloronaphthalene and
hexachloronaphthalene, kindly provided by Engel and Bell of Virginia Poly-
jechnic Institute, who had demonsirated that these compounds produced hyper-
keratosiz in cattle, were without effect in the chick edema test. We have tested
a long list of chlorinated compounds including aldrin, dieldrin, lindane, DDT,
DDE, BHC, chlordane, toxaphene, methoxychlor, and a series of Halowaxes,
withont any definitely positive indication. Furthermore these have all been
heated with oleic acid at 250° C for long periods and then fed to chicks, with
negative results. Also, on the theory that tallow may sometimes be bleached
with aetive chlorine materials which may chiorinate 2 sterol nucleus, e have
chlorinated cholesterol, squalene, estone and equilenin with negative results.
To fest the theory that the toxie substance is o metaholite of a chlorinated
insecticide we have fed large doses of chlordane, methoxrchler, lheptachior,
aldrin and dieldrin to rats for a month snd are feeding the unsapopifiable
extract of the rat carcass in the chick test. The results to date show that
chlordane and methoxychlor produce no response.

INDUSTRIAL EXPERIMENTS

Similar experiments have been carried out and are still in progress by at
least two industrial laboratories under conditions of Fatty acid production.
The results so far have Leen largely negative or at Lest only suggestive but
not clear cut. Dr. Artman has reported that chlorination of naphthalene and
phengnthrene by substitution reactions has produced CEF active products. The
chlorinated phenanthrene is particularly promising, since preliminary frac-
tionation experiments indicated the possibility that s highly toxic compound
was produced.

Dr. Boyd O'Dell and colleagues at the University of Missouri observed
hgdropel_-lcardium and other symptoms of chick edema disease in chicks
housed in freshly painted cages. They traced the responsible agent down to
one of the paint ingredients, a chlorinated biphenyl sold under the mame
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Arochlors of different chlorine content. Some were not toxie; others produce
the disease hut only at relatively high feeding levels, e.g.,, 200 ppm. It may be
that an impurity in these compounds is the toxic agent, or that they are
‘innately toxic at the high levels fed. OFf interest is the use of one of these
Arochlors in some insecticide formulations. At the present time there lhas been
no reai evidence developed to implicate any product or compound. However,
the circumstantial evidence ix stiimulating considerable spesenbation and activity.
The feed industry has managed by careful control of ingredients to avoid
a recurrence of the 1957 epidemic. The eolor test developed by Brew, et al, at
IPuring has been very useful in scereening out toxie fats. This test is not specifie
but iz usefw! yince the presence of karge amount of steroidal compounds that
give thiz test usually indicates still residue that wmay be toxic. It is useless,
Lowever, for fatty acids amd other products such as triolein, nonegyleerides,
ete., that give ne response in this test, but which sometimes are quite toxie.

GEORGIA OUTBREAK

T.ast year. at thix time, an outbreak of the chick edema disease occurred in
Gieorgia. Although considerable ehlordane residues were found in the feed, we
do not helieve they were rexponsible for the symptoms abserved. Furthermore,
the hest information we liave indieates that ondy rendered fat was nsed in
this feed and no produet of the fatty aeid industry was involved. With each
aew development the scope of the problem inereases. First we were concerned
only with still residues, then also with fatty aeid distiflates and their dertva-
tives. For a loug time it was felt that only the fat derived from anfmals was
involved. Recent evidence from sources in the fatty acid industry and our
own studies indicates that some vegetable fat sources may yield fatty acids
contaminated with CEF.

Still another develupment has oecurred to further compicate the picture,
Early this Fear in the course of our regulatory acfivities, we examined a
sample of oleic acid. All the test chicks died by the end of the second week,
with symptoms of severely stunted growth, ascites, jaundiee and pathology of
the liver and other organs. but with no hydrepericardimn. Thisx sample haq
been fested by the mannfacturer last year betore the adoption of the present
AOAC test procedure. The festing laboratory had used the procedure we
nurselves had used in our earlier work, and had found the sample negative for
chick elema. Repeat of the test in both laboratoriex by both procedures con-
firmned Loth findings. The sample i free of chick edema dixease factor when
tested on a diet of natural ingredients, aml the chicks survive in apparent
good lhealth. On the casein-sucrose diet of the AQAC click odema fest, the
chicks fail to grow and die early with the deseribedd symptoms but no hydro-
pericardium. Furthermore, the dose response curve for this effect iy very steep,
sinee the ratin of the dose that gives a maximum effect to the dose that pro.
ditees a4 minimum effect i= less than two. ax comparad to a ratio of four to five
for chick edema factor. Evidence from ypreliminary fractionation studies also
indicates that this is an entirely different substance. Tiwre is no other infor-
mation as to its characteristiex at thix tiwe. There ix evidence that this toxie
contamination has occurred in different places from time to time and in 5
variety of fatty seid samples and may occaxionaly occur together with CEF,
Here again we must anticipate that this material may oceur elsewhere inde.
pendently of the fatty acid industry.

For whatever enmfort we may derive. it shonld be noted that chick edemg
disease has been observed in England. In a letter to the editor of the Veteri.
nary Record of June 10, 1961, C. C. Wannop of the Hougliton Poultry Research
Station draws attention to a condition apparently identical with that reported
by Sanger, et al., and Schmitile, et al.. in 1958, that has appeared in severst
broiler focks. In a personal note dated Sept, 29, he says that the condition
has disappeared for the time in his conntry.

At the present time fatty acids can be used in the manufacture of foods or
food ingredieuts only if they are free from CEF. This requirement made nee.
essary the development of & bioassay which has been accomplishied b¥ collabora.
tive work and is now being adopted as official by the AQAC.

I have tried to review the history of this troublesome problem, what little
is known of its toxicology and its physiological aspects, the speculations ns to
tiie origin of the coatamingtion, and sttempts to track down its sources. |
-~ have sketchied quickly our own atrempts at isolation and identification of the
toxic factor and have alluded to the most recent developments along this line
that were reported at the AQAC Section of Fats and Oils by Dr. Artman.
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German chemical works, the acne persisting ¢ver a long period and being asso.
clated with other effects on the health.

Diseases in a group of 17 workers from a company in North Rhine/Westpha-
‘Ha were reported by BAADER and BAUER, as well as by BRINEMANN in
1550/51. The workers im that company were engaged in the production of
pentachtorophenol. Apart from comedone aene with varions degrees of sec.
ondary pustular infection and boils, most of the workers, whilst still in the
first stages of the skin diseases, also experienced pain and weakness in the
lower limbs, mild paraesthesia, heart complaints and indeterminate psycho-
vegetative disturbances, Subsequent examination of the records of 17 cases?
revealed the following findings:

All 17 were suffering from an acne, 4 of these being very severe, 8 falrly
gevere, and 5 moderately severe to mild. In almost all cases there were exten.
sive pustular infections and boils, 4 with bursitis on the elbow.

Other disturbances amongst the workers included 11 cases of bronchitis, 5
of myocardiac damage, 2 of cirrhosis of the liver (one of which proved fatal),
9 of neuritis symptoms (severe pains in the lower extremities in 7 patients,
sensibility disturbances in 4 cases, mild paresis without atrophy in 2 patients,
and 2 cases of weakening of the Achilles’ reflex). Seven workers complained of
physical cenditions such as continuwous fatigue, depression, lack of vitality,
nervousness, slight headaches, disturbed sleep, and decrease in libide and
potency.

A larger number (about 60 cases, Prof. Hergt) of similar conditions oe-
curred in two Mid-Rhenish companies amongst workers whe had been engaged
for long periods, generally several years, in the production of trichlorophenot
(saponification of 1,2,45-tetrachlorobenzene to 24.5-trichforophenol by treat.
ment with methanolic caustic seda solution). These trichlorophenol workers,
like those in a third group of affected persons from the Hamburg region who
will subsequentiy be dealt with in more detail, suffered from further disturb.
ances to health, these often not vecurring until a fairly long time after ocep
pational exposure had ceased. In the course of a discussion on a paper by
SPIEGELBERG, who referred briefly to our Hamburg cases in n lecture a
the 1960 North-West German Negrologists' and Psychiatrists’ Congress ip
Liineberg on psychopathological delayed and chronie damage following gecu-
bational intoxication. Janzarik described largely identical disturbances amongst
workers from the Aid-Rhenish companies.

The third group comprised 31 workers in & Hamburg company. Those of this
group who were affected were engaged in the trichlorophenol department of
the company, in which the herbicide 24,5 -trichlorophenoxFacetrie acid was
manufactured from technical 2.4,5-trichlorophenol by heating trichloropheng
together with caustic soda solution and monochloreacetic acid in autoclaves
After completion of this esterification process, the end product was purified by
double recrystallization. The task of the workers consisted first of all in
charging the autoclaves, for which purpose the trichlorophenol in flake form
had to be removed by shovel from open barrels. In this operation, a fine dugt
formed and dispersed throughout the room,

Other operations were concerned with filling and controlling centrifuges and
regulating feed and outlet pipes. Since it was the workers most exposed to
contact with trichlorophenol who suffered from the severest skin conditions,
it was logical from the outset to suspect the causal noxa to be present in the
trichlorophenol. The extent to which this assumption was valid is discussed
later in this paper in connexion with etilogy.

BOME CLINICAL OBSERVATIONS

Of the 81 workers of this Hamburg company, 9 are still receiving medics)
attention 3 years after the termination of oceupational exposure, thiz bejgge
due to residues of their ache, chronie neuromuscular weakness of the leg
musculation, vaso-vegetative lability and, most especially, marked psyeho
pathological disturbances. Details of the established complaints and damape
_to health are given in the table. The development of the skin conditions i
" the patients fellowed, by and large, a uniformn pattern. Numerous comedones
formed, first on the face, especially on the cheeks above the malar bones, fore

*Our thanks are due to the Beryfsgenossenschaft der Chemischen Industrie f
- “placiog their records and other documents at our disposzl, and alse for their unde.
standing in the sometimes lengthy clinicatl examinations,
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Implicit paresis or atrophy, weakening of the reflexes, or absence of musele
expansion refleses as a sign of toxic polyneuropathy was not established in
any of the cases. Two of the patients examined indicated a decrease in sensi.
bility with isolated epicritical disturbances in the lower limbs. No definite
signs of neurogenic damage that could have beer expected with peripheral
nerve lesions were established electro-myographically: premature fatigue,
which was recorded in the series stimulus test, requires further confirmation
regarding both the method and the raised findings. As these findings show,
the neuromuscular disturbances do not fit in with the typical picture of toxie
polyneuritis or polyneuropathy.

The electroencephalographic examination produced an abnormal electroen-
cephalogram in € cases, with frequency lability and dysrhythmic groups of g
partly asymmetrical character. In one of the patients examined, accentuated
dysrhrthmia and raised cerebral excitability were revealed after photostimula.
tion. The electroencephalographic changes found were unchitracteristic and
afforded no diagnostte viewpoints of any real consequence,

Some of the workers examined complained of headacheg, attacks of giddiness
and orthostatic collapse tendency. In 5 of the 9 patients examined, there were
distinet signs of vegetative hyperexcitability. fine tremor of the hands, in-
creased perspiration on the hands and legs, axillary perspiration, raised derma-
graphism and suggestions of Chvostek's sign. The blood pressure value meas.
ured during ount-patient check-ups were all in the normal region, though at
the lower Jimit of the norm in 5 of the D patients examined. Orthestatie eol.
lapse tendency was not established either during out-patient visits or during
in-patient observation by an imternist. In 2 cases, mrocardiac damage way
suspected.

Abdominal complaints such as a feeling of fullness, pressure in the stomach
and liver region. and slight pain. were reported by 5 of the D patients. There
were 1 reports of disturbances in the gastric seeretions, 3 of subacidity, one
of hyperexcitaldility apnd one radiographic finding of gastritis

Very thorough investizgations were conducted ax part of repeated out-patient
examinations and in-patient observation to ascertain any [iver damage® Whilst
the liability reactions were uncharactetistic in all cases, the bromplithalein
test indicated slight delay in the dyestuff exeretion in 2 instances. Tn 3 enses,
the liver biopsy produced pathological findings. these comprising 2 cases of
slight perihepatitic changes and in one ecase a fatty liver with inflammatory
symptoms and slight fibrosis of the liver. Owing to the clinieal and histnlogiea]
findings, it was suspected that a condition following virus hepatitis existeq
in this instance. Deposits of ferrons and non-ferrous yellow-brown pigment
were established in this case, although these did not correspond to the a
non-ferrous pigment discovered by KALK and WILDHIRT in chlorophenot
Intoxication. The exXcretion of erythrocrtes in the urine of one worker whose
renal findings were otherwisze nortmal remained unncenunted for

The psyehinpathologieal changes in the clhlorophenol workers who were af
psychiatrically and psychopatholegically examined were especially remarkabla,
In 6 cases the course could be observed over a 2-year period and there wag
an opportunity for ebjective amnmnesis investigation and experimental pey.
chological examinations.' With a very large degree of agresment, a subjective
syodrome of complaints was reporte] by the patients under investigation, thi.
syndrome extending from the psychonenropathic complaints in the region of
the extremities, cardiovascular and abdeminal symuptoms to the mental;
spiritual sphere, especially in the modes of behaviour asseciateld with the ity
forces (BURGER-PRINZ). Considered in detail. there were reportz of dis.
turbances in the vital sensex such as general sense of weakness, feeling of

fatigue, indisposition. sense of insecurity. inner restlessness and a feeling or

illnexs. The basic mental mood was reported to le deteriorated and lowereq

towards hehaviour characterized by dissatisfaction or sullenness and irritation,

Not infrequently, a mood component of fear and unease was present. Changes

in affeetivity in the restricted sense of the fermy were reported by the patients

in the form of increased emotional reactions. irritability, tendency to fits of
- temper and also a certain hebetude.

B 3Pr|3£_fl’)r. HORNBOSTEL and Dr. SCHONFELDER. I. Med. Univ.-Klinik, Hamburg.
ppendoft.
4+ Qur thanks are due at this point to Dipt. Psychologist W. von SCHUBERT, for ©0n-
- - dgc}:ttuf the tests (Rorschach psychogram and Hawmburg-Wechsler intellicence test for
adults).
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PISCUSIION

On the basis of the findings in three independ
workers, \\'glieh' together inciuded more tha};e Ioﬁintagﬂ’zl:epé; ?f el(;!orophenol
characteristic elinical picture is provided, the most import atares of (i
being the following disturbances ' po

1. Following initial dermatitis of the face a
1 I nd sympt itabj

;h;» :mrlt\ (;fl :llli con;unct;ra: often together with J;m%ggiigyogei\gi%ggticgg
primarily 1€ Tegion of the face, then the back of th k
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the mucots membranes of the face and th :

with eontinning blepharoconjunctivitis. the pper reshiratory tract: sometimes

2 In several cases, disturbances connected with

especially damage to the liver, with deposits of a non the internel organs,

ferrous pigment as a
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characteristic biopsy finding. In some cases, chronic bronchitis and isolated
instances of myocardiac damage.

3. In all cases, general fatigue and weakness priocipally affecting the prox.
imal museles of the lower limbs, often with pain in the musculation and in
some cases paraesthesia and slight Lypaesthesia. In isolated cases only, more
pronounced disturbances of sensitivity, slight paresis (implicit) and weakening
of reflexes.

4. A psychevegetative syndrome with the following disturbances: Subjective:
Disturbances of the vital senses, disturbances in the basic mental mood and
affectivity, disturbance in impulsion, weakness of memory and concentration,
hyperaesthetic traits, vegetative drsregulation, tendency to orthostasis, sleep
disturbances, much increased sleep requirements. disturbances of the instinet
sphere, reduction in libide and potency, and alcohel intolerance.

Objective.—psychopathological : Reduction in impulsion, subdepressive traits
of a type characterized by genuine vital moments of depression. disturbances
in affectivity in the sense of a certazin levelling-out, increased excitability:
occasionally hebetude, hypochondria and personality alienation.

Experimental psyelological. HAWIE: Increased degemeration percemtage:
Rorschach psychogeim @ Coartation of the experiential type, signs of weiketed
mpotional reactivity, weakiness of concentration, reduction in tempo. shuggish-
ness of mental processes, tendency to perseveration.

The dermitologienl picture of the ehlorophennl intexication deseribed shows
extensive sgeorment with the disease cavsed by chlorinnted aromatic hydro.
carbons as first described by HERXHELIMER and later by several authers
{see BRAUN, RISSE-SUNDERMANYN). On the basis of the observations
that chlorinated naphthalenes were principaliy responsible, WAUER, ang
later TELEKY. suggested the designation “perna disease” (PERchlorinated
¥Aphibaiene). TELEKY pointed out that the chloracne already described by
HERNHEIMER in 1599 was produced not by pure chlerine but by chlorinateq
hydrocarbons or the simultanecus action of chlorine and tar. Further obser-
vations oh perna disease made by MITTELSTADT, FLINN and JARWIK,
DRINKER and coltaborators, and GREENBURG and collaborators, indicated
that not only the skin symptoms Lut also fatigue, loss of appetite, giddiness,
and severe liver damage with acute yellow atrophy of the liver leading to
death can result from work with chlorinated maphthalenes. BAADER men.
tions epidemies at Ameriean shiprards during the Second World War. In
his description of the cases occurring in America and Great Britain, some.
times with a fatal outcome. TELEKY refers to the report of BROWN, Presi-
dent of the Halowax Co., New York (1937). that only fhe manufacture of
the ligher stages of chlorination and the combination with echlorinated
diphenyls and other suhstances led to severe damage to the health and in
some cases to fatal acute yellow atrophy of the liver. TELEKY alao refers
to the animal experiments by C. K. DRINEER and collaborators to support
the view that only the higher eclhlorinated diphenylamines produce serious
damage.

The geheral symptoms in oceupational chlorophenol intoxications are appar-
ently more pronounced than those occurring with the lower chlorinated
naphthalenes emploged earlier. This fact was alse observed hy TRUHAUT
and collaborators amongst workers who had been using pentachloropheno
for wood preservation, as well as KUBOTA in Japan. who mentions multi.
farions disturbances of the auwtonomous nervons srsten and who observed
several fatal cases. In all thres German groups of chlorophenol intoxteation,
liver damage was established, the damage that was most pronovnced and
stndied most intensely being that found ameaengst the cases of disease accur.
ring in two 3Mid-Rhenishi eompanies (HERGT. KALK and WILDHIRT). In
all the groups. zeveral cases of chronic emphysema bronchitis and myeeardiac
damage were found. although these disturbances {id not oceur nearty so rep.
ularly as the pronocunced fatigue and nenromuscniar weakuess, Which we
nhserved in all our patients. The psychosyndrome described was enqually

T pegular, this being found not only by us but alzo by JANZARTK and RICHERT
tn a completelr Identical degree amongst the Mid-Rhenizh workers.

The psrchopathological sFndrome could he distinguished with a sufficient
degree of certainty by differential disgnosties from endogenic psyehosis,

© 7 egpecially mild evelothymie Qiseases, neurotic personality develonments and
organic psrchosyndromes of different etiology. and somewhat preseniie or

[ |
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cerebrosclerotic processes of degeneration. Phenomonologicaily, the relation-

ships to the pseudoneurasthenic syndrome, which is described in connexion
with a large number of occupational intoxications such as those caused by
lead, carbon monoxide, manganese, thallium, arsenic, carbon disulphide, tri-
chloroethylene, ete. {for relevant articles, sce BORBELY, von HATTINGS-

BERGG MEGGENDORFER, MOESCHLIN, PENTSCHEW, TELEKY)—and
egpecially the ‘relationshnm to particular endogenic mood conditions—are
obvious, Lowering of the vital level, moments of depression, vegotative sS¥mp-
toms, and, not least, fluetuations in intensity can e observed predominantly
In endogeniciepressive conditions. On the other hand, aleohol intolerance,
hyperaesthetically excitablie and polyneurcpathic traits influence the differential
diagnostic aspect more in the direction of an apparently exogenic condition.
The so‘mewhat older psyehiatric literature should be borne in mind in this
connexion (}IEGGEND{)RFER, STERTZ), this placing the neurasthenic
syndrome (mite definitely in the pattern of exogenic symptom complexes. Not
least, reference should he made to the phenomenological relationship of our
obser\'auons_to the (exogenic} hyperaesthetic-emotional conditions of weak-
ness of BONHGFFER, which, from the psychopathological aspect, have sig-
nificantly been designated by EWALD as no longer heteronomous but hom-
onomous in the sense propounded by KLEIST.

Despite the pheromenological relationships discussed, the psyehopathological
slefuyed syndrome of the ¢hforophenol workers scarcely corresponds cotnpletely
with aiy of the known elinical pictures. In any case, the question of a special
psychic-vegetative delared intoxication syndrome, which was discussed by
SPIEGELBERG in connexion with observations on persons suffering ebhronie
occupational damage from military poison gas, also demands consideration in
view of the observations mentioned in this paper.

It has been possible fo rule out psychogenic-neurotic moments so far as our
subjects are cohcerned, provided that individual neurotic conditions, ie.
characterogenic and experiential situative data are involved. Two of the
nine prebands exhibited considerable psychopathie or neurotic structural
elements. However, it was easily possible to separafe these two probands from
the other completely or largely non-neurctic ecases. Certain “collective-neurotic”
factors have, in our epinion, to be taken inte account as an unfortunate but
practicslly unavoidable fact in all group investigations but especially these
involving etiological evidence (SPIEGELBER®G). Reactions of this type have
aiso been observed iIn our cases in the sense of a superimposed psychogenie
accessory with, as it were, “physiological” but not inadequate, individual-
neurotic (complex-determined) idemnification wishes. The psychopathological
analysis of the individual case and the comparison of the findings in each
instance with such independent collectives of the same etiology afford suf-
ficlent protection from aunthoritative and scientific false assessments. Despite
the long course, the prognosis of the psyehopathological intexication results
appears favourable. Altheugh technical aspeets of the pension situation have
ot yet been finally clarified, there was, on the whole, a certain subjective
fmprovement in the symploms, or else they remained statie. We have not
observed any objective deteriorations, except for the momentary intensity
fluctuations. The experience of the Mainz Nerve Clinie (RICHER) and the
impressions of works medical staff (ENECHT) suggest a benign course of
aeute add chronic intoxications, previded no toxic parenchyma damage, as
sieh, influences the prognosis unfavourably.

Tt seemed appropriate to attribute the toxic action to the high-ehlorinated
cilorophienols, this view being supywrted by animal experiments conducted
by MACHLE and THOMAS, H KITZMILLER, a series of other investigators
(KEHOE, DEICHMANX, GRUEBILER. BOYD, MeGAVACK, TERRANOVA,
PICCTIONE cited ace. to von OETTINGEN) and also our own animal experi-
ments. KIMMIG and SCHULZ were, however, able to show that the use of
non-industrial, analvfieally pure, bigh-chlorinated chlorophenols {trichioro-
phenols, pentachlarophenots) does not lead to the characteristic symptoms of
ehlorophenot intoxieation,

Animal experiments were carried out with a view to discovering the noxae
causing the symptems. The rabbit's ear proved to be a snitable test ohject
since if i possible to praduce the changes on this with the substances caunsing
chioracne, titese changes closely resembling those of human chloracne
(HOFMANN and NEUMANN. BRAUN. LANDES, ete.). Brushing with a
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substance which is aetive in this respect leads at first to patches of dermatitis
An conjunction with reddening, swelling and flaking: then, some days later,
hyperkeratosis linked with the follicles and also small cysts occur, these
being easy to record histologically, as well. In addition te the brushing experi-
ments, tests were carried out on rablits to determine the genernl toxicity,
whilst cats, too, were used for testing n number of substances. In these tests,
it was found, in corroboration of findings derived by GE'TTEL and also HOF.
MANN from similar cases of intoxiention in a large chemical works in
southern Germany, that the substances producihg chloracne possess marked
liver toxicity in ralbits. It was possible to trace effectively the damage to
the parenchyma of the liver intra vitam with the miero-modification of the
bromxulphtbalein tost given by HOFMANN and OETTEL. In autopsies, dif.
fuse steatoses and extensive necrosis of the parenchyma of the liver were
found. The investigations, which have already heen reported (SCHULZ 1956;
KIMMIG and SCHULZ 1937) led to the following results:

The effective substances must have occurred in the alkaline hydrolysis of
1.2,4,5-tetrachlorobenzene to 24,5-trichlorophenol, this having been carried
out technically under pressure at about 1%0°C in the presence of methanol
ant caustic soda solution. However, it was not the trichlorophenol itself but
the hy-products that formed in small quantities in the course of the pressurized
bhenol process that were regarded as the causal noxne; for it was not possible
to produce any of the above-named changes on the rabbit's ear with pure,
repeatedly distilled 2,4.5-trichlorophenol or with 1.2,4,5-tetrachlorcbenzene,
although they did oceur with the trichlorophensl used technically.

Since the isolation of defined contpounds from the residue occurring in the
distillation of technical trichlorophenol was not possible at frst, compounds
were synthesized by chemical means and given to us for testing on animals
where there was z certain likelibood that these substances may oceur as ly-
products in the saponification of tetrachlorobenzene to trichloroplenol. The
substances initially available were various chlorination products of the
diphenyl ether and tie dibenzofuran (diphenyiene oxide).

Although the diphenyl ether and its 1% to 4X chiorinated Qerivatives, ang
also dibenzofuran and monochloradibenzofuran were ineffective in eXperiments
on animals, 3X and 4 chlorinated dibenzofarans, even in comcentrations gy
low as 0.03%, produced the symptoms mentioned on the rabbit's ear Kingle
doses of 0.5 to 1 mg/kg administered orally produced severe liver damage in
rabbits, this leading to the deatly of the animals in most instances.

The clinical observation of a laboratory assistant engaged elsewhere, whe
fell ill with severe chloracne ufter exposure to tetrachlorodibenzodioxine,
indiented the chlorine derivatives of the dibenzodioxine.

Tetrachlorinated dibenzodioxines, especinily 2,3.6.7-tetrnchlorodibenzodioxine,
were highly effective on the rabbit's ear, even in low concentrations. Thtee
hrushed applications with ¢.01-0.0055; solutions (in polyglyeol) irere stffieient
to cause severe areas of inflammation and folliewlarly arranged hyperkeratosi
When administered orally. zingle doses of 0.05-0.1 mg/kg Lody welght led th
severe liver damage and genervally the death of the animais.

The assumption that 2,3.67-tetrachlorodibenzodioxine is actually of eon.
siderable importance in causing the chloracne diseases occurring in the chemiea
works received further substantial smpport from the chemieal angle. It wye
possible to prove that this compound i= formed from two molecules of sodiug
trichlorophenolate in fssociation with the cleavage of NaCl nnder the DPressure
and temperature conditions prevailing in the autoclave.

It was, moreover, possible to isolate the named tetrachlorodibenzodioxins
from the hy-produet occurring in the techinieal pressurized phenol process
(aikatine savonification from tetrachlorobenzene to trichlorophenol), Tn
prove that 2.3.8.7-tetrachloradibenzodioxine i=s capable of producing alteratfons
in tite form of ehloracne not only on the rabbit's ear Imt alzo on human skin,
one of n8 {(BCHULZ) carried out a test on iiis own bndr, Two brushed apgls.
cationg of a 0.01% solution on o circumseribed skin area of the forearm ledd

© seithin two dars to a mild dermatitis. then some days later to a folliculyr
hyperkeratosis and comedones, these alse being easy to record histologieaily
The etiological significance of this substance for the disenses described here
seems to us to be sufficientiy evidenced by this experiment. However. it is o

-7 impossible that ofher ehlorinated aromatic compounds with highly toy;
characteristics mar aceur in this technical process, these possibly not havine
been so far identified or tested in experiments on animals

249

The experimental and clinieal findings are an im i
ntal bPressive example
faet that, in_ \xorks_lmtllology, substances occurring in small qw?ntit?:s tl;:
y-produets in chemical processes can be of importance. In experiments to
2!::0;:;1 tﬂ;?wg{'ijgin totb friequency Ic::currlng occupational intoxications, this
T3 not be ignored. it is possi i
attached to the main prodact shiould be re e roTe that impurities

h garded as the causal noxa
m?ﬂ?.};‘inm disease, this constitutes an important prerequisite for Suemof fﬂl
10 ¥.

In our own speelal case, it was possible, by changing the £
asp?ct of the ma_rmfncturing process, to prevent theg}ofmaﬁogl?; tlcllt;elll;ighly
toxie, multi-chlo_rmated dibenzodioxines and dibenzofurans. Since than, 24,5-
trichlorophenol ix again being manufactured in this works and processéd into
the herbicide 24,5-trichlorophenoxyacetic aeid, without symptoms of infoxica-
tion of any kind eccurring amongst the workers.

A TECHNIC For TESTING ACNEGENIC PorENCY 1% RABBITS, APPLIED TO THE
PoTENT ACNEGEN, 2,3,7,8-Tm4cm.oxonm!:.\'zo-p-Droxm‘

E. Linn Jones, M.D, and Helen Krizek, Ph.D.

) Follicularll;yperkeratolfiis is an important feat
nOWn as chioracne, which is characterized by the g

mme{]ones and eysts after exposure to industrl:{l ln.stterri'glesa %ﬁﬁiﬁfnﬁﬂgﬁs’
chlorinzted diphenyls, kighly ehlorinated naphthalenes, and other chlorinate{yl
sromatie compounds, A clhiaracteristic epithelial hyperplasia and hyperkeratosis
can e produced on the inner surface of the rabbit ear by such compounds
i1, 2), and a difference in intensity of response has been noted and suggested
#x 2 basits for comparative tests (2). Experimental studies heretofore (1-7)

ure of the occupational disease

ization on the rabbit ear in a quantitative fashion by recovering and weighing

1 of o ¥ -
ized cheniical compound under controlled conditions. To ;?conﬁlrg; ;::;—g{l:}a;a:ﬁ:;
teelitic was developed based on the resistance of this material to digestion by
pepsin. A8 test compound we have chosen 28,7 8-tetrachlorodibenzo-p-dioxin
which his been reported to be so potent that painting the rabbit ear three times
with a_o.os%o‘ool% solution was sufficient to produce the acneform response
.7_)‘ With a2 compound of such potency, the expected elfects could be produced

EXPERIMENTAL

Preliminary gross and histologic observation indicated that 0.2
. L micro,

applied to the rabbit's ear gave, by gross observation, a minimal tollgg:ll:;:
;.lpgg:;‘lri ;E:ler::;s (})"02 microtghranl:s caused no observable effect. Accordingly, 0.3
HieTo; Was chosen as the lowest dose: in additl 3
snd 10.0 micrograms were studjed. ttion dose levels of 10, 3.0

Seven mature, white, male rabbits were used for each dose level i
*he first studied. (0.3 micrograms) for which only si¥ were used. éeiiﬁlﬂ:lta;':
tfter wax epilation {, of the inner sarface of the ears, 1 ml. acetone solution of
she componnd was_applied to one ear of each of the rabbits, and 1 ml. acetone
» the other. Special effort was made to distribute the liguid uniformly over
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I .

i i iformity the dose was
tire inner surface, and to aid in securmg un

(ti];\?ideer(!:l ni-f;to three applications, made c;:‘l successixg El]ilgsi. f’{hf?} rriogtllllt; rgﬂrl‘;;ﬁ-s

-used as control for some rabbits in each group, an & { I
icati ples, extending through
teen days after the first application, _three bltolfsy' samith e o

the cartilage, were taken under procaine anesthesia, with p
- 4 i from the posterior and one from the
sample was taken froin the middle, one eea Lt the e og e
i f the ear, at a level about 15 mm. q::s o the nc
::f'erz%fi;r;? ’lqhe discs were washed free of bl_ood without delay. '[.lrfder a dis-
secfing microscope at 9% magnification, the moist samples were ?lucked free of
any adhering hairs and clots; and the cartilage was removed with s_;harp #10
Bard-Parker scalpel. A thin coating of white li:»e.trgilaﬁum g&;;' I:;énil(])egﬂ u:l). i}:ye
idermis. Each dise was floated in a 50-mm. petri ish containin R A
32};3?1?11 {Worthington Biochemicals “2X Grgst:;lliz]e:‘i hpprglc.‘l'l;cét)t hl;l l?éi:.tg 1;[&
i ated 4 hours at 37°C., at the end of whic i

?mf;ds ::gl:g;lt)y lifted out, free of any undlgeﬁegvde{lzfls ?ydﬁgﬁgigtgh ‘;urn(]il igcetﬁtrlg
i it, and resuspended in 10 ml. 1:1 V/V ethanol: di 3 3
griiggalﬂ‘.ngliltminum-foﬂ p::up 9 mm. in digmeter, with perforated bottom, pre-
viously washed with ether and weighed to 0.02 mg., was bro}lgh't close to the
dise, which was then gently transferred, with follieular projections up, with
th; aid of a seaipel handie, into the cup. After fm{r hours at room tempe}-a-
ture in the covered petri dish, the solvent was aspirated. A similar 1?ahcln'ng
with 10 ml ether was made, after which the cup in thfz covered petri dis “a:;
dried in vacuo overnight. The cup and sample were weighed to the nearest 0.02

midditional biopsy samples were taken on about l}alt the animals and exgmy.
ined histologically after routine hematoxylin_ and eosin stain'ing, 1 quantit

The following method was found convement. for preparing ::.- sx}mhl q ];1 ity
of 2,3,78-tetrachlorodibenzo-p-dioxin® The soc]mm.saét_ of 2.4j-tric mp enol
was ‘p;-e,pared by dissolving 1.6 g. metallic sodium in 25 ml. absolute eE 0ol in
a 100-mi. round-bottomed flask, adding 20 g of 2,4,:.»-tnchloroph_enol'{ astinny
“Practical Grade,” recrystallized from petroleum ether) and distilling off the
ethanol. The salt was cautiouly heated until the copious evolution oi a('eid
fumes which took place at 200-250° C. subsided, after which the flask way
kept at 350-400° C. for 30 hours. Two zoues were found in the distilling hclau'_
The lower of these, a dense, compact mass, had a welting point of 230-300° ¢
and was only slightly soluble in chioroform. This was the crude acnegen, ]The
upper zong of coarse crystals soluble in chloroform was probably & tetraechlore.
benzene fortmed in a competing reaction. Two l{abches of the cr_ude achegen
were combined and recrystalli;ed ‘)twice from anisole to yield 0.25 g product,
Its synthesis is represented in Fig. 2. . ) 5
tALfalysis. Calentated for Cn=HQ:.CL: C, 44.162% ; H, 1.25%; (}l.i fifl.tbc/‘
Found: C. 4431¢: H. 140%: 1. H.18%° The melting point wa
203-300° C.; literature values for 2,3,7,8-tetrachlomdibﬁnzo-p-dioxin Drepared
by chlorination of dibenzo-p-dioxin: 295° C, (821, 320-325° C. (9). The infrare)
spectrum showed a doublet at 1310-1322 cm.™ in the range reported for a
serieg of dibenzo-p-dioxin derivatives (10}. The _ultranolz?)t absorption spectru;E
of the compound in absolute ethanol had a maximum at 233 mp andggne at 307
mg ; the respective molecular extinction coefficients were 46,500 and 4,250.

RESULTS

1 sections showed a c¢haracteristic hyperkera.tosis of the follicular
epﬂlﬁiﬁ?{lﬁlc:nd a marked hyperplasia of the surface epidermis. At low: dose
level soe sebaceows cells were present: at_ high dose le\r'_el, only a few wep
seen, and the follicle was filled with a keratinous mass. (Figs. S‘and 4): The.
was marked thickening of the epidermal keltatin. although this was only rarely
observed on the slides, presumably because it was lost in the cutting and pro.
essing.

1 ractice of Chemical Abstraclis we deseribe our command as 2,33
B-tefrﬂlg‘l‘grno%ﬁg:o-%-gfox{i; From a comparison of its preparaticn \\'ifh thelmode o
oricln in the Industrial process discussed by Kimmig and Schulz (¥} we conelude thy
it is the same as their 2.3,6,7-tetra-chiorodibenzo-p-dioxin,

2 Analyses by Micro-Tech Lahoratories, Skokie, Il
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The complete removal of all non-keratinized tissue from the biopsy by pepsin
digestion was confirmed by histological section of a keratin dise. (Fig. 10).

In general, the keratin dises recovered from the treated animals were less
fragile and thicker than the controls. At lower dosages the follicular keratin
was usually observed as tree-like forms representing casts of the multiolobated
sebaceous glands. (Figs. 5A, 6, and 7). These follicular projections were not
present in the controls. (Fig. 5B). At higher doses the keratin in the follicles
appeared as a larger structure of smooth, oval shape typical of comedones.
(Fig. 8).

Weights of keratin recovered from the biopsy samples are given in Tables
1and 2. In Table 1 are listed average weiglts for the three biopsy specimens
taken from each ear. In subsequent experiments biopsy specimens taken from
the anterior, the middle and the posterior portion twere distinguished, in an
effort to assess the importance of the site of biopsy removal with respect to
the weight of keratin recovered.

DISCUSSION

For each rabbit there was calculated a valge for the relative increase in
weight, (T — C)/C, where T = average weight for the three biopsy samples
from the treated ear and ¢ = the corresponding average for the control.
These values and their average for each dose level are plotted (Fig. 9) against
the dose. The averages vary approximately linearly with the logarithm of the
dose, but individual (T — €)/C values at each dose deviate widely. The devig-
tion may be due, In part, at least, to fafure to secure uniform spreading of
the aenegen, in spite of the precautions taken. Loss of keratin during manipu-
lation of the samples may be another source of deviation; however, sueh an
error would be expected to be most impertant for smalliest amounts of keratin
handled (i.c. the controls). An inspection of the control welghts does not
reveal & corresponding spread of valyes. Further, the probability of losing Ker-
atin was greater for the rabbits showing greatest response, becaunse these
tended to have some looselr adhering scales and large comedones which might
be expreszed and lost in the course of tissue removal and subsequent process-
ing; actually, therefore, the spread of regponse may be larger than our results
indicate. In addition, gross observation indicated that some rabbits gave a
wenker response than others at the same dose level. We feel, therefore, that
the values reflect a real individual variation. Inspection of Tables 1 and 2

TABLE |.—-RECOVERY OF KERATIN FROM EARS OF RABBITS AFTER APPLICATION OF 0.3 MICROGRAMS 2, 3,7, 8-
TETRACHLORODIBENZO.P-DHOXIN

Milligrams of keratin per 9-mm
biopsy sample ¢

Treated sar Controt

st =

cEnegR
R et
uEgRae

1 Average of three

ples from, respectively, anterior, middre, posterior.

reveals some tendency for greater Iesponse to oceur in animals for which con-
teol values were high, but this tendency is by no means clearcut. We found no
correlation between intensity of response and weight of the animal.

There appears to be no consistent difference in the three positions, anterior,
middle and posterior, along the line of section, either for the control or for the
treated ear, with respect to weight of keratin recovered. Average value for ker.
atin recovered from the controls was remarkably constant: 1.11 * 6.19, 0.85 =

038, 1.02 = 0.26 and 1.02 * 0.16 mg. for the rabbits treated with, respectively,
3, 1.0, 8.0 and 10.0 micrograms.

45-862 Q7017
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evel in the present study might be nsed for‘a comparison
ofl;hci:::i?gigydofev:?gus materials if the test sobstance is applied to one ear,
and 2.3,7.8-tetrachlorodibenzo-p-dioxin to the other. Such a pro:rjedl;ge ml%l})lt
avoid the complications introdeced by individual differences, an dr u? e
number of animals necessary. Control values eould be secured in e.pen entliv
from unireated animals. Three biopsy samples may not be neeessaﬁ1 ;an ;;la .
¥sis of the data showed that values _calculated from only one ( he middle)
liopsy sample were not significantly different from those based on the average
for three. . .

i rrelation was found between gross observations and 1ntgn-
ﬁitt:: g?ﬂeip%?losg ;g assessed by weight of keratin, but there were some devia-
tions, Thus all the animals at 0.3 micrograms dose level were assesseid gro?sly
as showing follicular dilatations. However only four showed increase in Wl?bght
of keratin. At 3.0 mierograms large comedones were ol:_bserved -:En four.ra its,
and these showed the greatest relative increase in weight of keratin: on one

TABLE 2.--RECOVERY OF KERATIN FROM EARS OF RABBITS AFTER APPLICATION OF
2,3.7.8-TETRACHL.ORODIBENZ O-P-DHDXIN

Milligrams of keralin per %-mm. biapsy sample

Treated ear Contenl
Rabbit Anterior Middle Posterior Average Anterior Middle Posteriar Average
Dose: [ microgram
: 5.90 0.29 0.65 0.54 0.3 0.55
}g %I ﬂ {1|Z i; 1.70 1.89 0.94 0.70 g. 64 3‘ I8
30 1.60 114 126 133 0.88 0 7g a‘g ﬂ_g
17 2.18 1.8 2.52 2.07 ¢.80 o gs 0.58 0.13
11 2.08 1,35 1.26 1.55 114 1 114 1_1
7 3.82 2.08 2.52 2.81 1.08 108 Lo L
27 5,48 285 2.06 79 0,38 il ; Ly
Dose: 3.0 micrograms
1,2 D. 96 1.01 0,50 L. 66 0.92 .82
fg fﬁ ?E 05 034 1.18 0.78 090 5 93% L0
20 is0 1.08 1,58 1,49 1,08 0,54 0.2 185
21 7.00 8.54 5 84 7.06 1,50 0.38 12 131
32 2.92 7.0 1.32 208 0.88 0. 64 0.1 0¥
23 3.00 2.88 S.96 3.5t 124 0.93 378 : %
b1 536 614 5,56 5% 1.54 1.30 . "3
Dose: 100 micragrams
2.02 2,37 0.88 0.96 0.80 0.2
B R B B B
. 1.62 . . . . N 3
i R o@ 4 2 o& b
g:? ?ftl;: figg 2018 1.72 1.18 1,28 0.5 03
38 6.28 i 4290 5,07 1.08 106 108 L7

nther, comedones were observed ; but the responsge in terms of weight recovereq
\)\-als liess thidn for two which gave the gross impression of follicular papules,
Attention should be called to the great toxicity of 2,3,7,8-tetraehlorodi1{enm.
p-dioxin. Kimmig 2nd Schulz (7) reported tl_mt 0.5-1.0 mg. per kg. orally was
lethal to most of their rabbits. In our preliminary experiments a rabbit receiv.

i b

i o———ra
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4

ing topically 0.3 micrograms in acetone, died at the end of 24 days, and two
others receiving, respectively, 30 and 2 micrograms died within a week, How-
ever, there were undoubtedly other contributing factors, because in all animals
trented subsequently no toxie srmptoms were observed.

BUMMARY

1. Hyperkeratinazation induced on the rabbit ear by the aenegen 2,3,7,8-
tetrachlorodibenzo-p-dioxin is studied by a mnew technic based on weighing
keratin recovered after earefnl pepsin digestion.

2. When applied in acetone solution to the rabbit ear, 2,3,7S-tetrachloro-
dibenzo-p-dioxin is effective at microgram levels. Effect of dose and individual
differences in response are discussed.

3. The new technic, using 2,3,T.S-tetraehlorodlbenzo-p-dioxin, is suggested for
comparing acnegeniecity of various subsfances.
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DIBCUSSION

Pr. PETER FLESCH, Philadelphia, Pa.: Since the criterion of acnegenic activ-
ity appears to be the conversion of the sebaceous eells into keratin-forming
cells, I would like to ask, what did You see in the histologic seetions?

Dr. E. LINN JoxEs, (in closing) : In the paper we will have histologic sec-
tiens of treated glands and the digested keratin dise.

In regard to histology there ig varying response, depending on the amount
applied. With lower doses there is conversion of the cells in the follicle to ker-
atinizing squamous cells, with occastonal remnants of selbaceous cells in pock-
etx here and there. With larger doses no sebaceous cells ean be found. The
cntire Tollicle is converted info g large keratin-filled papule.
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Studies of the Chick Edema Discase

2OPREPARATION AND BIOLOGICAL VIVECTS OF A QIUSTALLINE
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INTRODUCTION
AOLLOWING the carly scpor: of the
chich edemra gisease (Cl1Y), Sunger
of ol (1938), Dotwr of al, (19393, Ailen
1961 and Allea arnd Talich {1962) re-
paricd tospedegical studigs which eotahb.
lighed rhat the deease Blivred from koovn
poultry dheee s\ numbaer of ivesrigalors
reporte] e e purdcation, isolaion and
vartlal Cernlead characterizodion of 1osic
.;';!unr Vhrew o8 2 10590 Faiedman ¢f ol

wm Pobeey 23, 8005)

1959 Wootton and Mexar, fer, 1959 Ames
of of, 1900 Harnman of af , 1460; Yarlzoif
etogl, 196k Wotton ¢ H.'F., 1962 and
Woation and’ Cottechene, 2940:1).

Rrew of al. (1939) repevcted that brofler
chicks develeped the dizeose when fed a
fraction purified 3200-{ak? [rom the orig-
nad starting matedal. A fraction purified
16,000 fal] which elkeited 70007 was veporr.
eb B Feledman of ef. (13539) Yarizolf
R {'l‘)irlj reportad that & fraction purified

=

ey

A, b A

many Al Homovs o
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3,000,000-fold from a low polency commer-
cial triolein produced hydropericardium
(HP) when fed to day-old chicks at 50
pp-b. in the dict, and resulted in death at i
ppm. Woolton and Courchene (1964)
found one fraction (designated « 3.02)
which was highly toxic for the chick. These
workers estimated that ingestion of § na.
of the @ 3.02 fraction was enough to kill
one chick. Firestone ef gf. {1963} reported
that signs of the disease were elicited by
one fraction fed at 0.1 pp.m., which sub-
stantiated the report by Yartzoff e al.
(1961).

The purpose of this paper is to report
our recent studies on the purification and
biological effects of a concentrate of the
chick edema factor {CEF) isolated from a
ctude foxic fatty material (TFM) known
to produce the chick edema disease (Flick
et al.,, 1962, 1963). Preliminary data are
included on the effects of CEF-con{aining
material on egg hatchabiiity and develop-
ment of the chick embrye,

MATERIALS AXD METHODS

Preparation of CEF Concentrate, Eigh-
teen pounds of unsaponifiable marerial was
isolated from 180 pounds of toxic fatty
material (TFM) by saponification and ex-
traciion of the unzapenifizble fraction with
petroleun cther:diethyl ether ( 1:1, v /%),
The petrolewr ether was redistilied ang
the solvent holling between 40.60°C. was
collected and used. The unsaponifiable
fraction was chromatographed on Fishor
Alumina (Cat. No. A 540) essentially as
described by Yarizolf of af. {1961}. Frac.
tions with ultraviolet ahsorption spectra
that matched those of naphthalene and
penanthrene derivatives were combined and
chromatographed on Merck Alumina {Cat.
No. 71707}, Forcruns were cluled with
pelrolewn ether. Additional fractions that
cloted with S5 diethyl ether and thal ex-
hililed the specira of naphthalene and

phenanthrene  derivatives were collectel,
combined and concentzated. The concen-
trate was chromaiograpbed on columns of
Celite: FI,S0, : fuming 1,50, (1:1:1) and
eluted with CCl,. The feregoing procedure
was a modification of AQNC methad 24111
(a} (Horwilz, 1960), The CCl, ecluaies
were re-chromatographed on Merchk Al
mina, and individual {ra<tions were col-
iected and checked by uitraviglet spectTo-
photometry. Fraclions eluting with 10%
diethyl ether with absortion gecira of
naphthalenes (absorption mavima in the
range of Z40-250 my.) were combined and
re-chromatographed on Merck  Alumina
with [rooctane as the eluant. Tndividual
fractions were collected @i Livassaved,
and a4 highly toxic crystalline fraction
(CEF concentrate) weighfng 79 mg. was
ob'ained,

The CEF concentrate was examined by
microcoulometric and electron capture gas
chromatography. A microcoulometiic fos
chromatograph ¢ Dehrmann Alanufaciuring
Company, Palo Alto, California) was used
at a column. lemperature of 2350°C, whh a
6-foot X 14 inch (id) atumimm col-
vmn packed with 207 Dov:-Corning Iigh
Vacuum Grease on acid-washed Chrome-
sorb W, Delails of 1his techaigue were de-
scribed  previously by Fircstone ef gl
(1963). For clectron capture detection, an
Aerograph Hy Fi (Model 609T) gas chro-
matograph (Wilkins Instrument and Re-
search Inc., Walnut Creck. Calilornia) was
used. This instrument was eguipned with a
tritium source election capiure delector.
stainless stee! column, 3 feet X 14 inch.
packed with 305 SE-32 silicane gum fub-
ber on 60-80 mesh Chranmsorh W, was
wed af a column temperature of 202°C,
and a nitrogen (carrier gas) flow rate of
530 mil./minute,

Feeding Proccdure and RincFenvicel Meth-
ads. Day-old Single Comb Wiite Feghomn
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Tavre Y.—Composition of basal ration

Component Tevel
% (W/W)

Corn meal, ycllow 36
Wheat tleur middlings 15
Alfalia mesl 1
Linaeed meal 8
I'rotcin, sova {Drackets} 36
Fals, A0ACE 3
Yeasl 3
Nall, iodized? 1
Cod Hver il 1
Coltonseed oil 14]
100

'For enmposition of AN C salt mixture, zec
report B Flick e af, {1963},

* This arldition gave a total of 1.9977 NaClin the
diet.
cockerels were fed ad Libitum and provider
with fresh water at all times. They were
handled and maintained a: reported pre-
viously {Flick ¢f af., 1963},

The comipozition of the basal diet used is
shown in Table I. The crystalline CEF
concenirate, diszolved in chloroform:ether,
was acdded to the cottonseed ofl, and the oil
was warmed with stirring tc remove sol-
vent. The CEF concentrate was fed at lev-
els of 30 and 200 p.p.b. for three weeks.

Body weights and feed intake were de-
termined and. at weekly intervals chicks
were anesthetized with diethy! ether, vol-
ume of hydropericardium (P} was mea-
sured accorling to the procedure outlined
by Douglass and Flick (1961), and post-
moriern observations were recorde:d, Blood
samples were withdrawn from the right ven-
tricle with needles and syrinzes moistened
with heparin, and the iollowing tests were
performed:  microhemalocrit  (Natelson.
1961}, whole Dlood glucoze  (Somomyi,
1952} and ietal plasma proteins and plasma
protein fractions (Gornall of af, 19493,
Other blood zampies were allowed to clot,
and copper determinations’ were made on
the sera.

Samples ol serum were collected in acid-
Finsed tubes, frazen under carbon dinxide and sent

Hatchabifity Study. For this preliminary
study, commercially avaitable  White
Leghorn fertile vggs were injecied with the
test materials into the volk =ac prior ta
incubation according to the technique des-
cribed by McLaughlin ¢f ¢, {1963).? Con-
trol egas were injected with 9.1 mi, corn
oil. Experimental eggs were infected with
10, 20 or 50 pl. of the unsaponifizble frac-
tion of crude TFM from which the crystal.
line CEF concentrate was prepared. Egas
were cadled each day afier the Sth day of
incubation. DNead embrzo: were removed
and examined for gross malformations, After
incubation, unhatched cxgz were opened for
grosz observation. Chicks which hatched
were observed for 3 davs,

RESULTS AND DISCI 38108

GLC dnalysis of CEF Concentrate, Gas
chromatographic separations of crystalline
CEF concentraie were obtained by using
both the microcoulometric and electron
capiure techniques. A typical clecttun cap.
ture chromatogram of our purified prepara.

——— e

te I, E. W, Rice, Presbyterian Hospital, Dipe.
burgh, Pennwvlvania for determivation of conper

*Injection directly into the volk lhas bepp
studied in over 70000 emos (porconal COmmun ey
tlon from Dr. McLauzhlin} with approsimately
03 chemicals. Tndia ink and various dyes were
injected in conjunction with several  difieren:
studies Injected materials were fourd to con:
ently remain in the volk and o zreat Gifficy’ie:
were encounfered whivh were not amemable 4,
correction.

The unsaponifable fraction i= a lHouid residge
of the tovic fatly matesial wisich s a &3 b
tm reside tesultiug in the camersrcial prady-
tion of fats The unmponiiable fraction comprind
10170 of the crude staviing materiad and rgq.
tained hyedwocarbon reslue s and Faty acid degm.
dution praduciz in addiion 16 the chick edem,
factor. When centrifuged 10032 3¢ ¢ for 13 s
wies at 24°C, the unsapenifshles woteriad o
tained <030 (wv.v) of precinilable malern!
See Brew ¢f al (1939), Friedman o af, {193g
and Wonlton and Alexander (10390,

e bt . -
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$5

{a}

33 8.5 105
170
N . ——————T
105
[i)
0.9 fel
20 . 0 T T

MINUTES

Fis. 1. Gas chironiatagrams af (1} tovic concentrate, (h) Procter & Gz
Gamble v 337 See text for dotails on instiumentation,

are retention limes refative to aldrin

tion is shown in Figure 1¢a). The chroma-
togram revealed (hat within a 70 minute
run at fezst eight components wore Present
in the preparation. Wootton ¢f af, {1962)
isolated two components, which were desig-
nated @ 3.02 and 2 3.17 (gas chromato-
graphic retention time relative te methy!
arachidule). Each of these (wo componcn‘is
contained a high-melting fraction that |rro-
duced edemr aned a low melting fraction
that didl not produze edema. Our toxic con-
cenlrale was chromatog raphically conpar-
el lo the low melting fractions of Waotion
el al? The peaks of (he latter two com.
pounels, obtained with the clectran capture
technique, arve shown in Figure 1(bL) and

*Rindly supplicd by Dy, N B, Artian, l’r:;
wr & Ganmible Company, Cincinmuli, (Hi s

ible @ 302, 2nt fe) Procter &
The numbers adiacent 1o chros s aphic peaks

t{c}. The chromatogram of ;i CEF con-
centrate shows a peak (reiesntion time of
10.5 relative 1o aldrin) haslaz the same
retention time as the 23,02 irscrive isonrer.

The relative peak area (¢ of 1ota) area
of the chiromatographic peaks) of the 10.5
compenent was estimated by u:ing the re-
tention X peak height meth ! of Carrol!
(1961). Ry this methed the 10.5 peak oh-
tained fn rhe microcoulomeric chromato-
gram represented about 2090 of total com-
ponents,

Chick  Respouse. Results chiained  on
weekly weight gain, food cojsungion,
feed/gain ratio and caleutator cusumption
of the CRY are tabulated in Taile 2. The
weight gains among control binde increqaser)
at a fairly constant rate each v ok, Weirhe
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TarLE 2.--1 cebly wefght gain, feed consumplion, feedfgatn ratie and ingestion of crysiailine CFF concontrole

. - AMcean - - coed Foal
CEF Xu. of s Diet Ne.of  Feed/gain aor atrn .
jevel chicks ‘::i"':::l consumed®  deaths ratip  CLF conceatrale consumed
. . Total g, ug.f100 g
prbe g E [ fr
. Week §
a 52 2T.4+1.12 383 g I.4! 0 0
K] 17 20.8+1.4 41.0 0 1.41 21 3.2
260 47 25.041.4 2.7 3 1.33 8.5 13.1
Week 2 .
v 9 36.721.6 2.0 0 2.25 1] L
Ay 36 20.3%2.0 50.5 ¢ 275 4.0 4.1
20 3 39.0+2.2 irt 13 1.85 1.4 14.4
Week 3
0 23 B.4£2.1 139.3 ¢ 2.3 0 L
& 20 275430 1312.0 [ 4.0 5.6 4.4
2 22 qMGE2 7 133 7 3e 3. 6.7 18.3

P Alean value: ‘cage (8-10 chicks/eage in 3-8 cages/treatment).

TR, of the nuati.
#This chick dicd on 11th duv with edenia.
4 These chicks were sovinely cdematous.,

gains among Dhirds fod 200 pph, CEL were
similar to those of contrels for the first two
weeks but were less than those of controls
for the third week. The hird: fed 30 popb.
CEF grew less during the second and third
weeks thin the controds or the birds fed
00 popb. Weizht gains were equivalent
among ail groups during the first week.

There were a few deaths, all of which
were associated with jeeding CEF concen-
trate (Table 23}, The chicks that died had
edema. Dirds with severe edema always
had gros: organ changes. These pathologi-
cal chanzes were not so severe as those ob-
zerved among chicks jed the crude TFAL
{(unpulili=hied observations), This obwserva-
tion way be an indication that the puriied
CLEF preparation has been al least par-
tially =eparated frowm substances in the
crude fat that uot paly cnhance edema for-
mation but al:o may lead to extensive and
more severe pathological changes.

From the data i Talle 2 on giet con-
sumption, i apperent that the CEF ¢on-
certvaie e not alier the amount of dict
r the fir=r wien, CEF con-

inTvaied during
cortriptean 200 Lol cansed @ medisate de-
CrEQse in dict consumption during the sce-

ond weck, and at 50 p.p.b. led to a decrease
in diet consumption during the third week,
The feed/gain ratio was elevated du-
ing the second weck among birds fed 50
pprh. CEF and was further irereased dur-
ing the third week. The feed/gain ratio for
the birds fed 200 p.p.b. CEF concentrate
was clevated during the third week hut it
was lower than the ratio for the birds fed 50
p.p.b. From the data, however, it is appar.
ent that feeding of the concentrale was ac-
companied by a moderate decrease in feed
utilization.

From delerminaiion of feed intake ana
Lnowledge of the amount of erysialline
CEY concentrate incorpurated into each
dict, the amount of purided material in-
gesled was caletlated, These ca'entations
are given in Table 2. The tola! pi CE¥
concentrale conzumed was LY e /ehick
for those fed ppb. and 49.6 we/chick for
those fed 200 ppli. The amournt of CEF
concentrate ingested in pg./100 1. of hody
welght fehick is shown aleo in Table 2, The
tofal ameunt of purified concenirate in.
gesied {(419.6 v} was about ninefold greq.
er than the amount (3 v} that Wootlen

of el (19562) calcutated could kil one

A AN it —
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Tarvk 3 Weekly beocds of plusna profeius of
5. CWhite Leghorn cackorels feid CEF
£onceniric

Clobghn | A

Albumin .
kevel reli b

1.8 (3
BT

t 8.1, of the neean,

chick. The dificrence between these values
may be due to a munher of reazons, Fira,
Wootton ef al. (1962) did not report the
amount of food ingested by their birds fe ]
the z 3.02 fraction. Secand, they useqd &
heavy breed of chick, while we have wsed
a light breed. Third, theush bath dicts v e
synthetic, they were not jdentjcal, Fourth,
their # 3.02 fraction was cesontially homo-
gereous, while our preparation cénlain:ﬂ
pechaps a2 numy  as: eighi comnpanen s
{compare a, b and ¢, Figyre 7). Nevor.
thefess, the prediction of Brew of al,
{1959) thar the chick edema fuctor may
he defectable when fed to chicks at Jevels
of 20 ppm. or less has been confirm=q
by our studies and by those of Wonttan
tal. {1962}, '

The resuitz obtained for plasma alby-
win, globulins, A/G ratio and tolal pro-
ieins are presented in Table 3. In general,
there were no appreciable difierences in ef.
ther the plasma protein fractions or the
wtal plasmy proteins when ernsidiered on
‘he group hasis. Some chichs with severe
edeina had mevked hvpoalisininemia ang
Svpaproteinemia, in confimution of the
shervations of Alevander ¢ ol {1962},
From tre data it seems urdikely that t]'-nc
rasdive edema foringd was the result of
<ach modest aMerations in cirenlating pro.

whis, These dala suppont the hypothesiz of

Flick ¢f af. (1963) that the rechanism of
CEF toxicity resnMting in edetna formation
may be the effiet of CEF on capillary per-
meability, and perhaps more Hpreciiically,
on causing chemical alterstion < 'n endothe-

Hal interceBular cement suli-tince, as pos-

tulated by Alen (1961}, Dven though

there was no appreciahle depe-fon of cir-
culating afbumin, at least <uiteient to pe
sult in hyvpoaibumbnemic el mis {licst and

Tayien, 1933; and Smith  apd Jones,

1961), it may he that even »Yzh( decreases

in albumin conld enhance uid transfer
actoss endothelial membrang < camaged hy
the chick edena factor.

The degree of developrmen: of TP in ro-
fponse to the ingestion of the R concen-
trate & shown in Table 4. Tr Loncentrate
fed at the 200 b, level pre-tuced a -
ked increase in fluid whichk accumulated
wihin the pericardial sac. ‘Fh mamitude
of this response s of the saim order as re-
porvted previousty by Flick o0 o4, (1963},
using 495 crude TTM in a similar diet,
Tie HP group scores show thas ihe pph.
level of CEF did not result in abnormal
volues of pericardial fluid atnording to
the ranges of volumes. repor-cd by Shue
and Galle (1961}, The ' jncidence
shows that 2l the birds fed 20 ppb. CEF
had abnormally hish levels of finid in the
pericardial sac. Also shown i Talle 4 are
values for hematacrit, serun: copper and
whole blood glucose. The parked cell vol-
umes were decreaced by the $10 levels of
CEF concenrate fed. These eoercased he-
mtocrits were net so Jow s rf oo reparied
previsusly by Tlick of o £ 1963} from
feeding 576 crude TFM with a practical
type of ratiun,

Serwn cojper Jevels (Table 4) were ele-
vated at the 50 pp.b. level bt no statist.
cally signtfican chanze from. normial oc-
curied al the 200 pyeh Tevel of CEF concen-
trte. Since U had Leen oliesed that the
ver, heart and kithney wore wlversely in-
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TanLg 4.=Iydropericardium (1), kimatacell, serie enfper and whole blavg glueore volues of 8. C.

White Leghorn cockerels fod UFF congenlrule jor 3 wocks

Bydropericardivm

CER Hematoerit Scrunit Glugose®
level Mean volume Scare! Incidence Copyprer
1.L. 8 €. ¢olis ng S me. $%
ppnb 0.060:£ 0,012 (85° 0 0/% $4.531.565  SEE 60 22651 (8)
50 0133 20,018 (4)1 0 /5 25,0088 G511 {0 2L 78
200 1.63 £1.64 10 N+ 60 151448 11+ ¥3(3) T x108)

FHP seore determined from M1 vilumes according to the following scale: {ﬂu.‘.’fl, 0:_'121-0.«10 14;
GAL-L0K, 24 5 1 H1-2.00, 345 2.01- 300, 343 301200, 313 401509, 64 S.01-6.00, T-+; and >06.01,

* These b vels are eonsiderabily hizher than ghicese level: ameng birds fod crude TEM in & purified ration

(Flick ef ¢f.. 19033 in apnh
mg. i veosevere disease: 11028 mg. ).
151, of the raan {number of plwervations),
A One samtle of HE fuld lost fron this group.

volved in the chick edema disease (Allen,
1061 Alexander ¢ ¢, 1962, and Tlick ot
¢f., 1963], and thai changes in thrse organs
had been involved in the mechanizm of
edema formation {Smith and Jones, 1961},
it was thought that determinaiion of the
levels of serum copper in the birds with the
disease might be of some diagnostic value.
Scheinberg and Sternlieb (1963} reported
that human patients with Wilson's disease
had severe liver discase, and many patients
had serum copper dyecrasias caused by ex-
cessive urinary  excreiion, malabsorpiion
from the intestine, decrcazed protein syn-
thesis {particularly in severe malnutrition)
and severe hepatic dysfunction. It may be
that the elevated serum copper among the
chicks fed 30 ppb. CEl concentrate waz
associated with efther decreased liver utili-
zation of copper or decreased renal excre-
uon. The adverse eifect on serum copper of
CEF concentrate fed at 30 pply is not
clear, but may e indicative that CEF
toxic activity is oligodynamic and more
specifically oligotoxic (more toxic at low
Jevels than at hizher levels).

Whole blued glucose tevels were not ap-
preciably eltered by feeding the concen-
trate (Table 4). Crude TFAL however, fed
in a purified ration, [reguently elicited 2
matked ypoglyeemia ameng chicks in ad-

er expuriment which resubied in1ather marked hypoglycemia {contenls: 14645

vanced stages of the discaze (see footnote
2, Table 4).

TFrom what is known (o date, the chick
edema factor elicit= a nuinber of signs of
intoxication which not only accompany the
feeding of crude TFM Dut are more severe
when the crude matetial i3 fed. The finding
that our CEI concentrate conlained §
peaks by electron capture gas chromatog-
raphy (Figure 1) indicates that at least §
compoutds were present in the purified
preparation fad in these studies. It may be
that oulv one, ot’ a few, of these com-
pounds possess the neceszary molecutar
confiauration to produce signs of the dis-
case cquivalent to the estimated potency of
the = 3.02 fraction.

Hatehability Study. The preliminary re-
suliz obiained Jfrom injeclion of White
Leghorn egas with the unsaponifiable frac.
tion of TI'M, which contained CEV, are
shown I Table 3, The percent halch of
conirel eggs was within the expected range
reported by McLaughlin of al. {1963).
Chicks which hatched appearcd 1o he nor.
mal in size and developnent by gross ob-
sepvation. When fertile eges were yolk-in-
Jecied with 10 #1. of the uadfluted wnsapon-
iltable fractien coutaining CELF, the hatch
was 407¢; injection of 20 pl. resulled in

[P
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FarLy So—Ffect af CEF-contyining w5 powifiabl fe
4 8 ¢ fraction of TFIAf ;
e o egg hetchability of on embeyonic development and
Unsap. Ko, avr - : .
mjectod  injectey Match  —em Obscrvations
_ Emhl’)‘o Click
ul. or ———
o 20 o
0 2 93 - Nprmal
20 pos ;’0 Malformations of right [Weight retardation,
0 cerchral hemispheres, legs lslmrsc sl deformed
S0 3 9 andl beaks; smalt embryos feathers.

! Cantrols were injected with 100 ul. of corn oil.

* Normal expected Y7 haieh (McLaughlin o al., 1963).

209 hatch and 50 yl. completely inhil-
ited hatching, Fuwbryos which failed 1o
hatch exhibited one or more of the follow-
ing developmental anomalies: malformed
beak, lack of development of the right
mesencephalon, eve defects, growth retcz,tr-
dation or leg deformities. The deformities
abserved were not studied further, The
deformities found were common to (he em-
bryopathies whick occurred and were not re-
lated 1o Jevel of CEF -comtaining fraction in-
jected. Embryos which hatched aifter injec-
tion with 10 or 20 4l of unsaponifiahles
exhibited sparse ang defective  feathering
(down} and were small compared to the
controls. This stwdy revcaled that CEF.
containing unsaponifiables are capable of
interfering  with normat embiyonic  de-
velopment and hatchahility.

SUMMARY

The following studies were performed:
gas-liquid chromatographic (GLC) separa-
tion of a purifted erysialiing concentrate
containing the chick edema factor (CEF ¥
feeding of the concentrate at 50 or 200
parts per billion (11.p.b.) in a semi-svnthe:-
ic diel to day-old 5. C. White Toghom

tion of growth, feed jntake, feed/gain
ralio, mortality, total intake of CEI® con-
centrate, plasma proleing, hydropericardi-
um (118, hematocrit, serum copper, whole

.
Avemed by, Mr. Garnett R, ¥ i

cerels . wenplc . BiFAR - Hireinbothom, .
cockerels for three weeks and doterming- B0l ool Cheminiry o

Prug Administration,

blood glucose; injection of CEF-containine
unsaponifiable fraction and determinatio;
of its effects on embryonic development
and on ¢gg haichability.
The following ohservations were made:

1) presence of approximately cight compa-
nents (GLC separation) in crystalline ma-
terial, 2} moderate growth depression at
30 p.p.b. level of CEF concet rate, 3} essen-
tially normal feed consumpiion, 4} moder-
ately increased Teed/gain ratio, 3) increased
HP at 50 ppb. level of CEF concen-

trate, 6} severe TP at 200 pph. level of
CEF concentrate, 7} essentially no group
changes in plasma proteins; 8) moderate
decrease in ‘hematocrit, 9 no change or
modgrate clevation of serum coppe: {50

ppb. CEI concentrate), an<l 10} normal

blood glicose levels,

A preliminary hatchability study revealed
that a CEF-containing material led to a
decreased halch of injected egos 2nd Lo de-
velopment of embryonic delormities.
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Chick Ederma Factor. HI Applic:
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Gas Chromatomes: . N
ratography to Deteetion of Chick Edewm: Yactor in
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A rapid serecaing test for detecting
chick edema factor in fats consists of
adsorption  chromaiopraphy  of  ex-
tezeted  wnsapondhinhles a:{ al::mir;a
followed by anulvsis of speciiie frsc:
tions by 2 microcoulonicisic zas chro.
mategraph which is seusitive only 1o
halegeas. fhis chromutegraphie mo;im‘]
appeass to he more sensitive han (he
chivk Dioassay,

Toxic fab  vielded pas  chremato.
graphie pealie with retention Hires pela-
tive 1o aldrin of 5 or e, A2 samisdes
vhich failed 1o revead thoss d.-rnm:-.m:
prapriic peaks have Leen shown tu be
notoxic in the chick ioasy,

The wiispreard oevtirenen of chiel; vieinn
disesrse i FIAT pocadied du the deaths of mil-
s of vl elickesie, The tovie miterids

vz Ui disewse have bieen foumd 1o be
‘b}rlorin:ct{-r! arumatic fvdroea bons, n.‘rl:rriw;
m fosie fids in aevaciation v .h o Lirae nnn:
1_>(:r of relatively nontoxie wromatie materials
with similar ebeinieal and plhyvsical [roper-
ties, Phis paper describes o ;{’l'\‘l'l!illl pro-
t-(-n!n_ro for detection of sl (onde fuge
Rpecifie fractions of utear aifiable 1||:|I[m:
Fabnted frow the furs are o auined by weine
o Mikeracoithomset fe mav ehen "

g ¢ dteegeial, an
mrment which ean detesr i rozem
mneHnt ol bl 3

A o The vaosenee of ow-
eluting sub-tunees is i bl
eficl eden Lavior by ihe D

Fise predive struetnpe of

Fortn ol thae

. thee sibetanecs
ralng chiek odenie dise o bave vet o
L abetepimizusd,

Prefimiia e worl o the
NPT TP . ’ . R

it b, isolatien, and el arietetisanion of
the 1ok agents
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Hovmen aied co-workers (4) wolited o tcrxu.;
stibstiner in ervetailine nnm flroml a fee
grole tellens . A private commmnieation frnn:
Tialiber of the 2ume liboratory (3) E]!i-'['it.l.-t-l‘.
that  the ervstalline  subetanee  contuined
about 4740 chiovine

Yortzoff snd co-workérs (6) ! \
ervstailine hologen contrunmge nesterial that
prho(iucml chick edemng symptoms af _0.1 T pm
m the dwt from o sample of t:'lt}]L‘l:I.] llhw
trinlein was toxwe to anenkers, pmul::-mf_'
changes i the Ier, kodney, Paneres, :m:f
More recently, Wootton and
isolated three  compoun:t.
presdneed ebick eioms
af twe of the romne

isolited =

other orzans
eo-workers  (7)
from a fove fat whii
Maee aneeirs .
madeente which has oo

LIS .
prowpels e baented " i
mekeenlar weralit ol contaiug s
clhlorime Uhirnaler =peeten
consistent with the egneept ihat tlw.«_o mate-
tials are hghiv ehtarimtied aromatie com-

BH:

wote
atus,

posnnls -

Ames sm! eco-workers {83 and Firestone
trul eo-werlkers (4} repoirted Ih.{: OFEUTTENe:
of ehiek rdenw diease Taetor i oleie :}:'nl
seiples deafined e htnnan consumption,
A dnodd adddoae poamlation! wof _:hc Feod and
Dinge Adnonstedion now requnires ﬂliut Fuud
grade Py ek he “Toee of ehick ecdema o
other tone a0 AL prescad, lhcldc-wetln_ra
and asspvoof elick edems foefor in s 3=
earricd ot Dy o Tneosray procedure (10-12)

that reguires 21 dove 1o rump}ote.

We ob~erved thar ansaponifishle matter
from fose Tats cavtrined o manber of chig-
rinaied comtaorents whih had grt-u!o‘rlr(‘-
than eldurinated  pesticides
oo aierneanlomottie g

tendion -t

when exmmined -
cliromatograph:* our oleervition prompied
thi= mmvestizdion of the ure of mrrrf;coufu-
metric gas chramatagraphy for fI('iN‘lm% l}av
presence of chiek edemin Betar in fate C]‘-!(‘_kr
wdema faetor i+ prestmed to be |rro;"puth i
one ar nnee gas chromategmnhie ]lr-ni{s with
rolenton fumes relstive o ahlrin i‘r[‘ At 203
are founeds ite alrenee is presimed i anahe.
steoof the egnivalent of 100 2 of o far or

N _r;f_ ]."-.-{i«r'.tl Hemubatiens, Title 21, Ree.
i foTo. . . o
t]-'I’"] whresinn Momnlueturing Coampaay, Tule

Ao, tadif.

[

fativ ackl fuils o reveal the presence of
these za= ehramntazranhie peaks,

METiioD ‘

Fxteection of s ponifable ‘mr’!:’:"fi' {modif-
ebion of AGAC pmeithod Z6.064(5). — l}l&'l’ilu{l
L g sampele with 270 1l :llt'uhrol :wl. I m
3 (wew) WOTL for T hour. ‘rl".if‘.*f‘-:r mix-
ture to 2 I scpapntor, rinsing fask owith 325
ml HO il add minstugs o Ff’]\:i:.fi?-'l'ﬂ'- Add
300 sl pereedeuwm cther, A0S, (redie Ilpd.' re-
tasmine vt with b $0-60°C), :mfl sake vigor-
spslve Let layers separate, breaking vinelsions
that ey hipee Toemed by :zdrl:ng_? 1¢ ml aleo-
Eof and swirhng gent®y, Divaw (,.r.] lower layur,
and transfer wur faver to anoier .'upnm‘lar,
Repueat eatrmetion 3 fimies with 30!} 23} p(lartmns
of peirediurs cibep .-m:.l f'mniumi onr:fc!s,
Wl entrnets with 60 s ‘ yortions
of HA by awicling  gentiv. \\;.‘- n petre-
ety ether extracta fiest with 60 i B:0 and
then with 60 mi of an atkahine (1—11::'.“ ﬂ:lcohol
ol {dissoive 28 g anhvdrous ]\;O{L in GO0
ml H:O and then add 360 i :\‘If.'l.':f'.(:l), and
reseat wislings n same order, “f“‘” exlructs
with 680 il portions of H:Q until neutral to
Tran=fer exiracl 0 2 2§,
ertenmerer and drev by addios 20 g 'i!!:)'droug
* }.,‘ swithinz vigorou-ly, and Liting F].c
;oE;nn.r_\n stand o half hour, Dvnu.‘, solition
rhrogeh woglass funnel, mnn.mmu.: i pledgoet of
cedoi n the nevk ard holdiuge 20 ¢ s ahvdrous
oS0 e pnaddner 2L f*r'hl-:m:r Wih
fust erleminesr and funnel with {5 e 10 ml
porthone of peirakam cther, tr:msfrr.'lmg wash-
inge from the erleamcyer though the funne
vl Buto the flhered solufion, E\'up(:-.ztc mast
of selvewd on stenm bath, and tr‘nl:)l\::r exirael
te 100wl ared fat sk containing soveral
bothing ciiips. Evaporate solvent on : cam bat),
and complite deving ander & gentle turrent of
ar, or by evarwating Be<k o 0.5 e of my:r-
oy wlife swnline on steam bath, D-lermine

fwire

pimedplainlein,

webitht of unwponifizble malter.
Froctivintion of wneopmificble wmalter by
@lumina chrometography. — To 1 ~hiromnato-
eraplie colunn, 25 mine odd. X 300 s ]m_m,
fitted n! the holtom with & coms- porosity
fricted gliee dt-k and Tellon gope ) addd e
distilied petrabomn ether, dned prioe tq u:-c
with snlvdrois Na$0. uniil coleuh &5 3
full. Weixh 59 e alummum oxide {3erek e
agent, Xo, 7105, amd Anmsler fo column
H.l(:re- the alunuma in tiehtly elosed ."nHIt‘.», a‘nd
close Lot < 2onp 4+ posible after “’ou:hfm:
ot jrtions for elromatngrphy, ]:i-lt alumina
3 sop rising o Uy

actthe, ik when sir Tl

B P

i
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surface of Lhe solvent, place n digk of coarse
filter yaper on lop of Lhe shuning, Cover ike
disk with 20 ¢ anbydrous Na80,, Drain il
exeess petrolewm cther so that i is level with
the upper surfica of the NS0,

Transfer unsaponifizhie watter 1o the chro-
maboiriphie eohann, UEDE e tofal of 20 m)
retrolenm ethir. Algw liuied bovel 10 faf] o
thal i js just bolow (he lop of the NaS0,,
Elzte smmple with 409 i pariions of cacly of
the fdllo\\-ing solvenis (dyied PG 1o nse by
shaking wiily avhydrous NiSi),3- Fetraloym
viher {fmciion D, 5% ethyd el in petritegm
cther (imvtion 2), and 25% cihyl cilier in pen
trolenns ether (frnetiop 3 Colleet ehuates in
500 il erlewneyvey fasks, add sevorsl Lailme
ehips, and evapurile (o smell volime on stogm
bt Transfer residiyes ta Laved Tl vxfpaction
ks, evaguointe solvent, gad w ek Prnster
0 2 g short styhe vial hasaog serew cap waih,
tin tmer, andd cvaporate solvent,

Microctulome tric wers oh L TP TR, T
solve 4 g wilfcione grense (Pl Corning Hiah
Vacumnt {rewse) op Dow oining DC wg
silicone fluid (12,500 rertlistokes) in 200 )
ehloroform an steam Lgth Add 16 g acje
washoll Cliromeserh W {Johme-Manyilie o),
amd sliy coninuonsy untjl pos| of selvent,
veaporales (ahowt haif o, hour). Lot st
on sleam bath 1 hoar, apd Ple in vacgum
oven at 50°C overnight o remone residial
solvent,

Pack the conted Chromosarh W into a 3
length of 0.257 o4 ahrtuinuin tabing plugged
2t one end with glqss wool, using Turges
Vibertool. (Two 3 vultigne iy he jirepared
from 20 g conled Cliromosorh W) Add s plug
of glass wool to the gpen end of the rohunn

and bend it inte a fight spiral, wsing a 3*
diameter mandrii, Condition the- caturan at
25°C  for 4”70 honrs, PASEDE  nifrogen

theoughs 2t 20 1! pur i,

Prepare 2 1,00 % 10°%: solution {30 mg/L)
of ablriv i hesane or benzene and chromato-
graph 100 a1 portions i g Dobrmany miero-
coufemairie yns chratmatagraph at 5. 298°¢,
using & nitrogen flone vt of H0-100 m} per
mitule 50 that aldrin rlites in 23-3 minttes,
Use the 128 ohm range setting®  Detepmine
area of akdrin jeak Ly tiangulation, or with
a3 dise chart ot elestronje integrior installod
o the strip chart recortder, and eulenduge re-
covery of akirin using 1l following anuntion
{applieable o chiloringred Canpatdeg ¢

> This setting will hyve o resisinnes of 128
Juns wlien the t-!rrum:it-’\,-.:r,:uph s meed with a
! steiy el recordey,

o8 Aldrin = (peak area, 9.2} X [reeorder
ensitivly tmin_/’in.)(lm',f'in.}l X35 5us00.)
X (60 s /o) X (107 /I sy
(JO)/ (sens Livity ranpe, ohaizs) X (% chlorine
in compound) x (6,500 soulombs/eq ),

For a 0.1 myvsin. Ferordee sensitivily, 2 inin 7
e, ehael spoed, nal 128 ofns sensiy iy range
resistanee, the equalion ahove redices to:

#e Aldrin = {aren x 34.5)% cllorine,

The number of strakes of a dise chart inte-
Erstor coupled 1g 5, cln'omr.l.ngr:tpi:y renordert
eqnmivalonl to e, Sguare dnch of ares can be
determmed g4 followa: (g3 Remove ihe fuse
from tha i chary ampliffer: (b} move the
P oupscule on e Sirip chart o known dis-
tanre from (he bascline; ¢€7) rup the ehagi n
Known stanen; and i) drvide the calealyted
aren (Bl v distance traversed by the pemd
B the nuber of strokes ebinined,

By weing the formuls eabuulated as deseribed
aborg, o rervers of b loast F0% of e aldrin
inpeeted diontg be ohtaiges?,

Ihssalie froctions 2 b 3 from aleming

|:I|rnm:|to",..m]»hy seprrntely i beszene Ta give
ion .t solution, and elirom Hoeraph each gnly-
Hon i the Dohrmann msfourmend. ¢y andy-
S5 6f more (han abiout 60 zuz of cack fraction,
appruximately 500 lenzens solutions of Upr ta
230 u) volume should ha brepared and injected.
Do not injeut more than 135 mp materind inio
tolunm), Firgt c!u-omnu:;:.—:_-j»h Ya of the frac.
Viow, snd i no c]iromaiu:._'mphic Peaks with
Ri=5ur &reuder are ohserved, chromal ograph
the rewmaining Mo of the fraction (equivalont
lo 104 o slarting sumph.), Chromategraph o
porlion of aldrip hefore cach sample, and eal-
enlate Ry valua {relention time relative to
ablrin} of ench reak in the sample ehromate-
fram, using 5 millimeter il o measire pea
lentian times, Record K of gas chromaio-
sraphic peaks i the range {8y = 5-20. Peaks
i this vange are indienlive of ihe Jresence of
chivk erlegay factor, The presence of Dpgad
bands with na definile peaks s not indicative
of the presence of chiek cefema factor.
{Nofe: Tvpes of sunple~ which arp found
framn experience to he generally free of com-
bonents characlorisiie of loxic fals may be
cxamined ns deserifnd utwve in 0o E por.
tions, the snple saponifiesd by refluning with
26 1} alcohel gng 80 mt 50% (wr/w) KO,
and all of each of the polrr alunipn fractiong
Ens chrowmatograyhied )

-‘,\fimwn.;mlix- uTt-‘T_!- :\I:‘;ri{‘i'_‘il__‘ﬁii
(Minnenpa ERLL I TR e | Rexuliutor (o, hila-

telpbia, 1), or equivirlens,
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Results and Dircussions

- Relative Retention Times of Chlorinated
Pesticides and Chlorinated Materinds from
Toric Futs—A number of chlorinated pesti-
cides and several chlorinated materisds iso-
lated from toxie fats were chromatographed
in the Dohomann tnstrument at 248°C with
the 4 column. Tletention limes relative to
sldrin {({t.}) are shown in Talle 1, The
pesticides are represenuddive of the whole
range of retention times displayved by chlo~
rinated pestivides, A toxie factor ieolated
from triclein {f}, an inaclive analogue, and
a copecntrate prepared from a taxie fat, all
vielded chromatograms with peaks of fF, =
3 or mreater whereas the pesticide peaks
were all less than 2, = 4. The toxie Fatut
from trislain as well as the toxie fat coneen-
trate prodaced ehwk edems when fod 1o
young chicks at a level of (.1 ppin in the
diet.

Table 1. Relative retention times of
chlorinated perticides and materials
isolated from toxic fuls
(3 fuot, 15 in. dhumeter column, 2655 silicany
grease, 8070 Chromosork W earrier gas flow
rate, about G0 ml'min column temperaiare,

2484C; mjection biock {emaperiture, 270%C

Tetention
Tirue ve. Aldnin
Sample 1E1)
Chlordane 1.0
Heptachlur [VRY)
Kepore 2.2
Mirex 3G
Strobane .5-3.5
Tedion 34
Toxsplhens 06-3%
Toxic factor from (riclein 5.0
Tinetive analogie from trclein uwn
Concentrate from a tovie it 23, 3.6, 5.4

The chick edenu-producing factors izo-
lated by Wootton and co-workers {7) Iiad
relention times redstive ta geethyl arachi-
ate of 117, 302, and 217 when chromatn-
graphed st Z507°C an a 20 sificone colmn.
Since wddrar elutes twice G2 fast o methyl
arachidale vader theee conditions, it wonld
D expeeted thot these toxie faclars would
have K, valnes of xhout 94, 60, and 62

at 250°C on silicone columns, When z low-.
meliing inactive isomer® having the =qme
retention time (Ry = GO} as on¢ of {he
toxic factors was chromatographed in the
Dohrmann instrument, the following &, val-
ues were oblzined at 246°, 243°, and 250°
respectively: 6.6, 6.4, and 6.2.

Preliminary Analysis of a Group of Tozxic
and Nonloxic Fats. Uicrocoviometric Angl-
ysis of Unsaponifiable Matter Witheut Prigr
Fractionation on Alumina—3A group of 7
toxic and 7 nontoxic fats were examined
initially. The fats are deseribed in Tables 2

Table 2, Data on toxic lats

Crganic
Cl iny
%o Unta- mll:?t'”ﬂl
| Aanu. j::::ifiﬂblf: .\Inlll‘::r.’
Crwmproent l Taetire AMatter P
1. ‘Tallow acids, L 15.3 10
atill disilbate
2. Tallow acids, 1 1.5 47
stitl distilinie
3. Tallow areils, 2 10.1 14
sl istiliate
4, Tallow arid=, ; 3 2.9 25
still diztillte
i i1 4.5 2000
) i
still residoe
G, Tallow 2 5.1 i1}
7. Fat lrom Lroiler 4 2.5 BOOO
ferd

and 3, respeetively. Presenec of chick edeny,
dizsease was determined by bigussay {2} usine
a special basal ration. Organic halogen i,
the unsaponifisble matter {szsnmed to he
chlorine} war determined by reterocaulome.
tric gas chromatographie snalvsis of 50 e
portions of wnaponifiable matter  withoe:
prior fracitonation by aluming ehromates-
raphy. Botle toxic and nontoxie fats cor,.
tained widely vasialle amounts of msapor.
Hinble matter and orgarie chloriue. Souree.
refer 1o individus! munufneturers. Gas ehre.
matozrams  of unsaponifishle matter fron
two of the tevic fats {Nos. 1 and 2} shoe
peaks with B, values of 14. Gas ehromat .
grams of unsaponifiable matter from

B Rrpolied by Pr, NI Artman, I‘rocir.:_.:i':..-;
Goamble Co., Cineinnati, Olio,

— ———
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Tahie 3. ata on nontosie fats

Qrennic
Cli
LArTN
% Uora- | peoreiteabsde
Marm- | poniliable Matter,
Civmipeanent Iacirer Muiter [T
1. Cottonseed of! 8 0.6 B
{050
2. Coltonseed ol 8 0.5 13
3. 80 fords, ii 12.1 5
&I pesichie
£ OB Mty wenls 2 0.4 31
5. Vegoetable oil 5 2.2 28
frnds
. Tolluw fatfy ] 2.2 7
wetds, still
rivgidne
7. orn il h .G 150

other doxie 213 and from nortexie fufs al-
taim-l withsut prine fraetar vion by sdue
NI r-]||'n||;--tn;{1,'||niur woie enmiar; nl-m't of
the arganic Lalogen chied in 9oy minutes,
and et were o pualie with Ry vulaes
greater than 3 Sinee compunents with ey
vithtes of 5 or moge sve wmnally pricent in
the wnzaponifiable matter of toxic fats ot
vory Jow levels, o coneentiation step by
alnming t-hrm:l.'ll"!'"-‘-:'}'_\' e T S 111 1 Te
te mICTGEOLhMetTie atdves,

Fractionntion of Uwsaponifiable  Mafter
un Alwszina Priog b 3ievpeamdometeie Ayl
wis. —The ¥ 1oste and 7 nontoxie fate were
then smdazed Dy proesdires easelilindly as
deseribedd whoaves AL fual, Gefoor, wnd Loder,
acfool clromatagraphic cudann were aed
i the etocotlome lrie g ehiromatogrple,
With sherter cohumrs, faster o lution per-
wittedd anelveis of 12 ~aaples cach worling
Ay, aml restills e comyurable (o thse
astained with ihe consentions] G-faat rol-
noms Pevanse 102900 mes porbons of soan-

ple were repeafedly mieeiad, ail campn
o the mirtoewithmnmrie g chromategiaph
wore fleaned every 2o weoks g reepiired,
Gaz chrometographie coburms were peplecd
ewh 1-2 months 1 rors where FaMipshes
coptained Lage amourts of unsaponifishie
matler, banmer aluming colimns were newd
for the cobm chronrtoreap s wo thed the
ritie of abmiint to nosgunifishle metier
sas b beast X0 10 1 T theee egees HYYTE T

prisdely larger nmounts of cluting solvents
were alay wed,

Fractions obtained by adsorption ehroma-
tography on aluming of mrponifiahle mat.
ter were anwlyzand by udergeonlomet ric s
chromataeaphy (as shromatogrnms  of
Polar fractions from toxie fals {elated with
5% wnd 25075 ethyl ether i petrolen ether)
all showed peoks with 25 vahies gremer
than & Na peaks with 2, values groater
than 5 vewe found iy - vhromatograms of
these fractinns from the wontoxie fats,

Portins of abuninn frachons 2 and 3
equivaleut 1o only abont 50 g of the nontoxie
still recklies (Talle 3, -amples 3 and 6}
were chvancfogmphed i e Dolnnann jne
semir. b cetee of the foesaiee of & large
wnent ol cevatalbine s sial iy these Teye-
Gons, “Lhe mfrarnd stectzinn of this mate-
fial (s led by recevastailzing from netro-
feum ether) prsebiod th ¢ of dipalnitone.
An adiitionad eleanip pree. due o ba do.
veloped for rantine analvs of 100 £ saples.
of auch shll vesidues, A-Llitanal exumying.
tion of wusapemifialibos frozs 2000 E purtions
aof ihree nemtoxie vegetubl (Tulde 2, sam-
Ples 1,2 and 7)) failed to reved ehromato-
graphie peaks with it valies greter than 3.

Table 4. Slaweeluting peahs in micro-
coulometric pas chroruiograms from
arnalysis of tavie fats

. A PRI
No, Tosic Fat far rer

i Z5

i Tu'low acids, y ! 6,9, 12 2t
SO dlistifiate i
2 Tallow acids, | 1 G, 9, 10, 14

sl resicdae

3 Tabiow aeids | t 6, 4 10, I8

4 Trillew ¥ 6,912

5 Tallow acids, r ol 6, 5, 10, IR
shilf distillate

6 Tallew neids r 3 é G, 10

Fuble 4 lists (he dow-cluting peaks found
i @as chromatogrums from 8 of the 7 toxie
fat=. Fizure T shows ehron: togram: of alg-
s fraction 3 from thees sl distiltudes,
carli of which was obfained from 2 different
mumnfacturer of eommereiat fatty acids, A
smilar pastern of dow-eliting praks siee
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gestz that a common complex contaminant
may he vesponsible for the presence of chick
cdema fuctor in fats. Euch peak probsbly
represents 2 complex mixture of closely re-
lated compounds, In fact, when polar ali-
mina fruetions from zeveral toxie fats were
further fructionated by additional eclumn
chrematography on alumina, such purifica-
tion often resulted in partial resolution of
the correspouching peaks into at least 2 com-
ponents,

The far from & chick edmna-produeing
sample of bruler feed (toxic =uwmple 7) con-
tained over 400 ppm chlordune, and this
gample required special treatment because
large quantities of chlordane cluted 1o alu-
ming fractions 2 and 30 Although the R,
of eblordane = 1, the large amounts present
produced gverlvacded chromatograms whiel
interfered with gaz chromatograpive detee-
tion of other components. A portion of com-
bined fractions 2 and 3 was molecniarly
distiled i & “cold finger” pot stil for 2
heares at 53°C and 50 g pressure. The chlor-
dane was volatile under these conditions and

was elfiminuted from the residue which was
analyzed in  the Dohrmarn instrament,
Peaks with R, values greater than 5 were
then found in the chromatezrams.

These results mdieated that aluming chro-
matography of unsaponifithée matler fol-
lowed by microcoulometric &5 chromatog-
raplty of appropriate fractions might be
ued 43 a sereening procedure to detect
chick edemn factor in fats and fatty acids.
Additional work on cleanupr procedures is
required before this technique can be applied
routingly to examihation of 100 g samples
of fow-grade fats, such as stifi residues con-
taining large anounts of material that elute
in alumina [ractions 2 and 3.

Effect of Ahoning Activity: and Column
Dimensions on Adsorption Clrematography.
—Alununa activity was foun<! to affect the
rate of clution of substances frerm toxic fats
which are responsible for the gas chromate-
graphic pezks of Ky = 5 and preater which
are characteristics of toxie sacwples, Various
Lstehes of Merck wdumina wied for this
work were found to vary im aclivity from

{c)

minytes
Fig. 1= Boregons bonnlree gory chrematgsrams of olurnies froston 3 iselated from joric bemeh ol digtillang
coemercal foby ouds. The frodlion: were isclated From (o} 5 5
16} 5 g, end I} 20 g of fob,

Tobtuired e 3 ronsfortarers of

[T APT
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Brockmann activity I to activity 1. Acotiv-
ities were determined by obsorving the rate
of travel of solutions of specific pairs of azo
dyes (13, 14). Using activity I slumira, un-
sepanifiable matter from toxic fal or from
toac fat added to USP colionseed oil was
cluted from the colummns so that the eharae-
tetistic slow-eluting peaks were found in gas
chromatograms of alumina fraction 3. With
sctivity 11 aluminz, these peaks were, found
in chromatograms of alumina fraction 2.

Generally, the alumina wed in this work
wug not standurdized; it respired gas chro-
matographic anslyss of nlumina fractions 2
and 3. Standerdization of the alumina
should pemait elution of the slow-eluig
compounds in one {rartion, reducing  the
number of samples required for gas chroma-
tography.  For example. Merek  aluming
‘heated 48 hours 3t 200°C had & Broekmann
selivity I, and &l the sloweluting peaks
from several toxie fats examsined were found
in chromatograms of fraction 3. Werk is
continiting on a procedure for slundardizing
alumina in 2 simple and reproducible mun.
ner.

Column dimensions alse were found to
affect the clution of characteristic substances
from tovie fats, When activsty 1 alumina
was used, these substanees were ehuted jn
fraction 3 from a 25 X 300 mm colurhn,
whereas they cluted 1 fraction 2 from a
30 % 300 mm column.

Effcet of Columa Temperature and Flow
Rate on Ues Clromalography of tow-eluting
Componcnts of Toric Fets.--Studying the
gas chromatorraphic behavior of ehlorinated
pesticides, Burke and Johnson (15) found
that varying the eolumn temperature and/or
the carricr gas flow tate resulled in varia-
tions of relative reiention times of the pesti-
cides. Similar vuristions in relative retention
limes were observed with ihe slow-eluting
components of toxie fats. R, values, how-
ever, were afficeted more by vaniations jn
temperature than in flow rate. A toxie sub-
stance iulated [rom triolein (8) had the
following Jt, wvalues at 2467, 250°, and
252°C: 5.6, 48, and 47, An inactive ana-
logue isolated from the sample had the fol-
lowing R, values 2t theas temperatures: 0.7,
&0, and 78

Because of the design of the microcouto-
metrie gas chramatazraph used for this work,
wherehy oven temperatures sre centrolled
only by a variable Lransformer, Jine veltnge
flucluations resslt in enntinuous variation uf
coliiny femperature, A variation of == [°C
within 2 1-2 hour period is the best stability
to be expeeted, Even with thesp vanations,
however, the instrument is suitable for de-
tection of slow-eluting materials in toxie
fats heeause of the farge difference in re-
tention times between  these slow-eluting
materials and the ehlorinated pesticides and
other fast-eluting  chlorinated  materials
found ia ali fuls examined.

Analysis of Biuassay Coliaborative Som.
ples—A recent collaborative study of the
AOAC biowsay methed lor detection of
ehick cdemn disease (12) indicated thut the
fower it of sensitivity was obtained with
4 test tample containing 1.55% of a toxic
fat in USP ecottonseed oil. One bundrer 4
portions of this sample, the toxic fat, and
the original cottonseed oil were anzlyvzed.
Extracted unsaponihables were chromato-
graphed on 50 g alumina as Qoseribed above,
and the 59 and 259 ethyl ether eluates
{fractions 2 and 3) were gas chromato.
graphed. Chromatograms of fractjon 2 from
the cottonseed oil without znd with added
toxie fat are shown in Figs. 2 and 3, respec-
tively, Peals with R, valves greater than
L5, including the R, = 6 and R, =10
peaks, are due io the toxic fat, A chroma-
togram of alumina fraetion 2 from 100 g of
lest suple containing 0.78<% toxie fat in

Table 5. Analysis of USP cottonseed oi]

conlaining various levels of added toxic fat;

mitroconlometric gua chmmalngmphy of
- alumina froction 2

Tisg Ind
or of Fen Stgpmonse
Tovie Frl Added, % By =6 RBa =10
0.00 0 ¢
0.78 G 2
1.56 14 G
3.12 32 13
4.08 3z 12
6.24 | 47 ! 28
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: [ R,=1.25

(a) (b}

minutes

; i ie 7 1 ragl
. 2—Hicrocouvlometrie ‘et chrematogroms of (o) aldein siandard ( .
Fio erosve USF colonmesd oil without cdded taxic fat.

and (b} ohur?

no fraction 2 from

—

10 20

minutes

« Fig: texic fat.

40

3—Micracoglometric gas chromalogrem of cluming fragtion £ fram USP coffonseed sif containing 1.55%

JEO—

.

TP SR .
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the USE colton=eed oil = showen in Fig. 1.
The By = 6 omd By = 10 peaks can still
s definitely deteeted nt this fevel of taxje
fu, which was hall of that found 10 he at
fae Jower Tt of detoction of (he AQAC
LDl EELY .

Samples of USP cotionscod wil robtaning
varions Jevels of added foxde fa2 o 1o 6247
aere amalyzed. The dise IMEZFALOr respotise
ol the By = 6wl 1y = 30 peaks are. shown
am Table &, Fhe mivarator Tespon-e {ipnn-
ivt ol pen strokes) ks appraximatels propor-
sl to the fevel of added toxie fut iy 1he
attonseed oid Laell ciroke is equivalent to
Bont 005 w1 of organwe Lalueen,

Awalysis of Commcrciad eie and Stoarie
Aeels and Divivatives, <Poelve fomd geah
e aitds were exmmined by the chroome
saphie asethod, The examinntion of 4 of
s samples [or chick edeina toxieily was
mported earher (01, (s chr-anaiograms of
eing Traction= Trom & pontoxic and a toxie
sl are zhown in Fig: 5 and 6, respee lively,
Chrommtograghic jsaks of Ry = ¢ and
center from the joxge sunple are shown i
P, B Thewe peaks were present in alurins
fachions 2 and J. The “peak™ with By=

in the ehromatogram From sdumina frae-
tion 1 is believel te e an aviifact e 1o
overlomding of the conlamueter.

Resultx of analysi= of the 12 oleic aciids,
confraced. with the vhick bioasay using a
spuecinl basil mation +2). are shown in Tuable
G lrdropericanliasg activity, ihe primary
index of the prosence of ehick wieis fe-
tor, Wus estimated s deseribed by Fire-
stone aml eo-warkers (93, Six camples were
positive by both the Biosay and ehromato-
graphic methiods. Oge sunple {No, #) was
wegative by the reandar bionssay when fed
at the uwial devel of §it2 o the diet. Tjon-
CVEL, o ponHive Kespotee was obtained when
extrictod ursapomdicbic matter was fod a1
wleved equivalent 1o 4 ines that present in
the normal st diel,

Bample 10 was negative by the chick
bisassry, bt gave 5 weak positive response
by the chromatographic method, A small
cliromiatographic peak with &, = 10 was
obtained from alvmiina fraction 2. In com-
preving bioassay activiey and ik sreas of
slow-cliting componeni< of the other toxic
aleie acids, it would be experted that (he
level of ehick edema factor in sanple 10

/=

ta)

b)

T
#__Ag -

min

A A

10 . 20

fig. 4—Microtovlometric ous chromatagroms of
conleining 0.78% toxic ful.

{a) cldrie standard
Also shown ore dise integralar pen srebes.

(1 pgl acd (i) USP cottanseed ofl
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{c)
R“=I
' {6
P {a)
| E]
i
* \\la * zlo l 20 40
minutes

trig gas chr

Fig. 5—Microcaul

ams «f {a} cluvmina fraction 1, (b) olumina frociion 2, and (& aly.
ming frd:ﬂo: 3 from a nentoxic commersial oleic adid,

(c)

R =0 .
i A R =17
A

——
] (1)
(o)
- k]

o 20 30 40

minutes

Fig, Ge=mt’ sulemetric g3t cheomaroyroms of Lal oluming braction 1, ib) alumica fraction 2, and (¢ ab,.
ig, 6N tracoul t g

ming fraction 3 froes o lonic commercial oleic netd.

— 1

e

s
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Talile 6, Analywis of commercial oleic acids
Chrmpatagrghie Analysis, Jelalive T ah e ilnbegrator Jiegh ey
Hittsay e e e . - .
Hydregrneanhin,
Hanpde No, Actiny fiy Ha u b6 B4 =9-)p
Fy +0.2 4 150 9
foe +3 340 % g
3 +0.3 98 196 104
4 +0.1 118 156 9
5 +40.2 46 85 14
G —
T —
) —_
] +i.18 106 105 25
10 — U4
1 —
12 — i' |
- ! |

¢ Encl strake is oy
b {lrsapioninable i,

Bt il by bk DS et i Lot
deter o 2t a bevel equivalent to gt

might be helow that detectable Ly the io-
assay.

In comparing  hydmpenesrdivm activity
and gas elnomatographic response (relulive
peak urea), wo paraib relationship  was
found letween the bioazsny response of the
toxie ohdc aerds and the chromatographic
responise. T4 showld be ctaphasized, however,
that the stow-clutmg compounds Lot
smples represent hoth toxie and relativeiy
nontoxie nuwterials, and mast of e s
chromalographic rosponse is probubly duc
to relatively nontoxic subetances, Neverthe-
less, microcoulometiie gus chromatographic
deleetion of slow-lutijng compennds appears
to be an offective sereening Top] for Fogroenl-
g atestrnalde samples o ! diverling Usem
to notedible vses or for juelher testing by
hioassny.

The ga= chromatographe Yespuiee of the
Ry = 9 peak present af widely ditferent
fevels in 2 olefe nebls ways ehecked b analy-
ds of individual snples an difivrent by,
wsing different gus chioadogeapiie eolipms
ior each run, Besulls ure shown in"Table 7.
Sample 1 eontained o low level of mileral
responsible for the By = 9 peak. The difiler-
anees 10 IRFeETtor Yespolit are dine Lofl to
variation in coulomefer respun<e and to ip-
aceuracies of hse mivgrafor Fe<pon=e i lgw
Ladoger levels. The bireer amonnts of tifes
il i sanple 2 responable for the TN ¢
seak were distributed G aluning fraction:

= thet jresent in the norog! tess dor

2 amd 3 to varving exioni depenling upun

the adumina activity. The total irtegrator
response from both 2luinina fractions was
fxirly constont, however, varying from 136
to 169 integrator pen strgkes,

In addrion o the ohi- acklz, a noinher
of derivatives of olele a¢il (trivlein, glyeerol
monveleafe, eote.) wern aanlyzedt. Nine of
ten samples were negative by both the bio-
ey and  ehromategranhic amalveis. One
toxic sample, a trelein, fave gas cliromato-
grams with peaks of 7, == 6, 10, and 19.

T Ter stearic acidls and Corivatives examined
were negadivee by the biva »ay and ehromato-
graphic inethogd.

Anainss of Animal gnd Vegetable Pots
ek Casctarec scitd Veguind .« Qi Falty Aeids—
Fifven ninal aad vigelable fate were ex-
amied. Three toxie muimal tallgws were
posiive by the ehromtographic method.

Tuble 7. Response of 1y = 9 peak

From 2 oleir actils
—,

Baapls 7

Ren | Frue.  Frue. I'rae - Frac-

Nu tioh 2 bon 3 Lo, * tivh 3 Totut
)] 0.2 1} 2 116 136
L BV O o el 48 114
3006 0 | e 6.5 © 169
40 5.0 1] Jao & 150

* Ed intesinbogr Pespie e ney e of alise integrtor
1k shrgk o,
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(b}

J ) . N . 2 L 1
Rys 8.4 (e}
) N . . ] . . . R
minvies

Fig. 7—Microcoulometeic gas chrematograms of fa) clumina frattion 2, and (B) olutring frecfion 3 from o
growth-deprassing ¢viiniseed @il which did not produce chick edemo diseose.

Ten vegetable fats Cncluding cottonseed il
corn oil, pennit o satflower oil, and sor-
bean oll} were viasinal, and wers noga-
tive by the bioassuy and chromatographic
method. Chromatograms {rom seversl of the
vegetable cils showed broad hunds with no
definite peaks. Chromalozrons of alaming
fraction~ 2 and 3 from one of these samples,
a USSP eottonzer-l oil, pre :hown jn Fig. 7.
The hroad band in chronetograum {a) i<
typical of that found in the other ol This
sample depressed the growth of voung ehick-
ens, but did not prodaee svmproms of chick
edemsa di~ease, The broad band in chroma-
togram {a} with o masimuwn at 84 s nod
characieristic of a lexie fat. No additional
work Dus been dune to ddentify the sub-
stances ennmng these browd bands,

Twelve commereinl vegofalide oil [atty
acids, norioake B the chick elema bioaszay,
were  exunined,  Tiewe sonples inehuled
fatiy ackis from cororit, cotion<eed, enrn,
patm, =ovbean, and Gl ol Fleven of the

_osamples were negalive by the chromnato-
graphic method, bt one of the =neples {2

tall oif {atty acid) gave a smo ! chromaio-
graphic perk with B, = 5, im eative of a
toxie sample,
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The increasingly large number of food additive chemicals introduced
into the market each year has necessitated the development of rapid and
reliable methods for the evaluation of their toxicity. Toxicologic studies
of all these chemicals by the usual methods using animals are very diffi-
cult, and such studies sometimes give inconclusive results.

The toxicity of some chemicals, and especially of food additives, may
be determined by injection of the chemical into the yolk sac of fertile eggs
prior to incubation and subsequent observation of the efiects of the chem-
ical on the embryonic development of the chick. This appears to be a
promising method in that it may be carried out much more economically
in terms of money and space than would be possible with larger animals,
Hundréds of chicken embryos may be observed in 2 minimum of space,
and over a comparatively short period of time. The feasibility of using {
such Jarge numbers is valuable also in the statistical evaluation of toxicity
data.

A review of the literature shows how little work has been done in this :
field except in a fragmentary way on isolated cases. Most of the reports
refer to injections of chemicals made after the fourth or eighth day of '
incubation and examination of the embryos killed before they hatch,

The earliest work that we have found in the literature was by Féré
(1893). During ten years after this date he published about sixty-seven
papers; a review article (Féré, 1899) contains a summary of many of his §
studies. His work consisted mainlv of injection before incubation. but the i

- LIz ‘mesmag- ==:
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Since 1900 other articles have appeared in the literature, but most of
them concern the effects of one or two chemicals on a sm.':ll number of
embryos. One of the most informative papers is that of Ridgwa Od
K:arfuofsky (1952) in which they report experiments on compoi:dg CE:::'I
fa'm"g ﬁft;_r-ﬁve of the elements, mainly the metallic ones generall in:
jected at .ex.ther the fourth or eighth day of embryonic d;velo merl:t t
study toxuflty and teratogenic effects. Hamburger and Hamiltorln) (19510
have descnbed‘an elegant method for determining the stages of develo) 2
ment of the chick embryo. More recent investigations employing the chifk
embryo to study the toxicity of various chemicals have been reported b
Kemper (1962), Platt et al. (1962), and Goerttler (1962) F?r:gll thy
classu.: books of Romanoff and Romanoff (1949) and Ron;anoff (Jl;:?ﬁoe
contam a wealth of information on the avian embryo. ‘

Preliminary reports of this investigati i
(1962) and McLaughlin and Mutc]fleio(n 132;§.bem presented by Marlac

EXPERIMENTAL

The fertility and hatchability of eggs and the livability of chicks
dependent on a complex interrelationship of ecological factors, amon wh?rl‘:
are the genetic background and the age of the mated bir,ds tl-ueg nutc‘
nona'l status ztnd general management of the flock, and seasona; variatior::
In view of this the initial phase of our work, which started in 1959 wa.s
devolted to a study of the hatchability of our supply of White Leg’horn
egss under conditions existing in our laboratories. The data accumulated
during tw? years for control eggs showed that the hatchability of these
eggs was, in fact, consistent, reproducible, and very high. The possibilit |
?f a seasonal variation occurring in responses to compounds introduceﬁ
into the eggs was also examined by repeated testing of several chemicals
at all seasons of the year. No important variation was detected.

Selection of eggs. Eggs to be injected are first candled in order to di
card thc:se that are defective and to outline with a pencil the exact locati n
of the air cell. In our laboratory 9% of 5000 eggs had to be discarded: 21011
cracked, 4?{; with improperly calcified shells, 1.5% with a tremulou. 9'8
cell, 1% with the air cell in the wrong place, and 0.5% with blood Slmr
After the elimination of such defective eggs, the hatch of contr ICOtS‘
averages 95%,. A further restriction is based ’on the weight of th: eggf
all those weighing less than 52 g or more than 63 g are rejected ;gfgt:

! Truslow Eggs, Chestertown, Marvland.
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candling, the eggs are randomized in order to avoid series of infertile eggs
" in any one experiment.

The initial experiment with a given chemical is for range-finding and is
performed at two or more concentrations of the chemical with 10 eggs per
level. On the basis of this information, 20 or more eggs are injected with
the appropriate amount of the chemical.

If the chemical proves to be nontoxic, the experiment is repeated with
the minimum number of eggs that will give a reliable and reproducible
value for the hatchability. In the case of a tozic chemical, additional eggs
are injected to determine the specific effects of the chemical. The total
number of eggs used for a chemical depends upon the data obtained initially
and upon the kind of information desired. Hence, data for some chemicals
are based on less than one hundred eggs, whereas data for others are based
on several hundred eggs.

Technique of injection. The injections of pure chemicals, chemical soly-
tions, or suspensions are made at volumes up to 0.10 ml. When necessary,
dilutions are made with solvents such as water, propylene glycol, corn oil,
peanut oil, or other nontoxic solvents.

In order to avoid contamination, the injections are carried out in an
Isolator Box® with a sterile atmosphere created by using formaldehyde
vapors (produced by mixing 2 g of potassium permanganate and 50 ml
of 379 formalin). During the period of a year, more than fifteen hundred
noniniected eggs were exposed to formaldehyde vapors; no toxic effect wag
noticed. After exposure to these vapors for 30 minutes, the eggs are ready
for injection.

The large end of the egg is wiped with a sterile gauze pad moistened
with a 70% alcohol solution, and a hole is drilled in the shell in the center
of the surface over the air cell {Fig. 1). Care must be taken not to damage
the shell membrane with the point of the drill®; this is to aveid, if possible,
contact of the air with the egg membrane. Fine particles of shell are re.
moved with an aspirator to prevent the needle from carrving them into
the yolk.

Immediately before the injection, each egg is shaken with a quick twist
of the wrist. Since the germinal disc occasionally sticks to the air cell and
it is possible to damage it with the needle, this movement will allow the
disc to float free in the egg.

2 Kewaunee Sdentific Company, Adrian, Michigan.
2 Burgess Vibrocrafters Inc., Grayslake, Illinois.

trays with the large end up;
automatically rotates hourly and is mai
of 38°C and a relative humidity of 60%,
day of incubation and every day thereaf
are removed for examination. On the s
fertile eggs are transferred to the hat
37°C until they hatch,

possible results: (1) the chemical js hi
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The necdle {(hypodermie, I inch long, either no. 22 or no. 27 dependin,
on thfz viscosity of the liquid to be injected ) is inserted horiz:onta,lly throu If
the air cell into the yolk (Fig. 1). Care must be taken in withdrawin tlgl
needle to avoid damaging the vitelline membrane since sach damage fou];
cause the yolk to spread out in the albumen. If the end of the negdl has
some yolk on it, the injection is not "

: : . satisfactory. The needle should
wiped with a sterile gauze pad between each injection. As soon as::e e;);

has been injected, the hole in the shell is covered with a small piece of

Scotch tape, care being taken not to cover the entire air cell.

GERMINAL DIsC

VITELLINE MEMBRANE
CHALAZA

Fie. 1.

Diagram of egg and position for injection.

Incubation and hatching. The injected eggs are put into the incubator
the trays are placed in the incubator,* which
ntained at an optimum temperature
The eggs are candled on the fifth
ter. Clear eggs and dead embryos
eventeenth day of incubation the
cher® and kept at 3 temperature of

EVALUATION OF DATA

The injection of the chemical into the €gg may produce one of four

ghly toxic at the level injected, and

4 Humidaire Tncubator Co » New Madiso i
. h, Ohio; m i
% Brower Manufacturing Co.,, Quincy, Hlinoks, F model no. 50, Fapaciy 450 eges
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all the embryos are killed during the first 20 hours of incubation (before

.the two-somite stage); (2) the chemical is toxic but allows a number of
embryos to develop only up to a certain point, and some possibly even to
hatch; (3) the chemical has little effect on the hatch; and (4) the chem-
ical has no effect on the hatch or on the posthatch development of the chick
(“no effect” level).

If the chemical appears to be highly toxic and all the embryos are Killed,
the experiment is repeated with smaller doses of the chemical until some
hatch is obtained. ¥f the chemical is toxic, but allows the embryos to de-
velop for a longer period of time, dead embryos are examined pathologically
and the chicks that do hatch are examined for eye damage, color of the
feathers, weight, length of the legs, form of the beak and of the rump,
hematologic changes, and condition of the internal organs (liver, kidneys,
heart, gall bladder, and spleen}.

It is advisable in all cases to observe the chicks for a period of a few
weeks in order to detect any delayed effects. Since as much as 309 of the
yolk remains at the time of hatching and is absorbed during the first 7
days thereaiter, effects of a toxic chemical may first be observed at this
time. There may be weight retardation, death during the first week, or the
appearance of nerve damage occurring as late as 2-6 weeks after hatching,

The toxicity of a chemical is evaluated mainly from the percentage
of hatch at varying dosages of the chemical as compared to noninjected
(control) eggs, from a study of the embryonic development of the eggs
that fail to hatch, and from a study of the appearance and development
of the chicks that do hatch. However, several other factors must also be
considered in this evaluation: these are specific gravity, solubility, coagulat-
ing effect, pH, and the jonic concentration of the chemical tested.

1f the chemical has a high specific gravity, there is the possibility of its
settling out in the bottom of the egg and thereby giving a value of ap-
parently low toxicity,

The solubility is quite important since the availability of the chemical
for utilization in the chick embryo is partially dependent on its solubility
in the egg. However, since egg yolk is an emulsion, solubility problems are
somewhat minimized. In the case of insoluble chemicals that are injected
as suspensions, it is also necessary to consider particle size in the evaluation
of toxicity data.

In order to have a toxic effect, the chemical must come in contact with
the embryo either directly or indirectly through the bloodstream. Chemicals
such as the lower aliphatic alcohols have a coagulating effect on the pro-

———————
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tei . .
:;)I:;, ::;10 ntl:;s oq::gulatfon may decrease the availability of the chemical

yolk nutrients, and thereby alter the response of the emb o

ryo.

normal acid-base equilibrium in the egg.
The fonic concentration is also impo

' ' " -
servation of increasing toxicity with coing e milar e o

N increasin 3
h . N 8 concentration :
Z Zzzdthbe ll;lterpreted c.a‘utlously, since highly concentrated s::’:le a.f.‘hemlcal
PF. Ie Physical equilibrium of the yolk by causing Osmmiutloéis may
- = . C
inally, the introduction of a chemical into the yolk may causee eCtS'. 1
a specia

type of toxicity because it d
. estroys, alter i )
nuirients such as vitaming and nﬁngrz’tls > o combines with esencal

EXPERIMENTAL DATA

Twenty-five thousand
€ggs have been used in .
the past three years to test more than 100 chemi our E&or:.ht:rf lIch.n'fng
cals ollowing

TABLE 1
Nowtoxic Caemicars

Solution injected

Chemical Concentration ity P ont
T (ml) hatch
Propylene glycol Und;uted 008 o5
Corn oil ' Undiluted z-os .
Pea!:ut oil Undiluted o o
Sodium chloride 0.9% in water oos -

5.0% in water g,g; ot
5.0% m water 0.10 o
bertone 10.0% in water 0.05 jg
5.0% in water . 0.05 90

results: (1) nontoxic chemicals inj
the embryo to develop and to hatch
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815

4 days
growth re-

on the 28th day of incuba-

tion; growth retardation |
embryos died

incubation

upper beak) ;

rdation

ped paraly

.26 weeks after hatching
Leg damage; beak deformity (short

Remarks
wed

All embryos died at the beginning

failed to hatch
tardation and develo

on the 15th day of

of incubstion
Some embryos lived up to 3

Hatcbed

Hydrocephalus in embryos that
mandible)

Mast of the developing
Hatched chicks sho
Reak deformity

Beak deformity (short
. edema: growth reta

Pey cent
hatch
20

0
20
40
30
20
80

TABLE 2
Cuemicals wirh A Hicir ORDER OF ToxI1CITY
Quantily
{mb)
0.05
0.05
0.05
005
0.05
008
0.02
Q.01
04a%
Q0%
0.05
0.02
0.01
0.025
001

Solution injected

Caoncentralion
10% in water
2% in water
0.5% in wafer
1% in water
10% in water
5% in water
Undiluted
Undiluted
109 in ethanol
0.2% in waler
0.1% in water
0.1% in water
Undiluted
Undilutéd
Undiluted

Chemical

Lead acctate
{chlorinated polyphenyls)

Triorthocrcsy-l phosphate
I.¥ 4 -Diaminodiphenylmethane

Dibutyl-tin-dilaurate

Mercuric chloride
Aroclor 1242

Thiourea
Sodium selenile
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These data, supplemented by an examination of: the nonviable eggs and an
autopsy of the chicks that hatched, have not indicated any hazard from
their use in food. However, it must be pointed out that any chemical,
added at a sufficiently high concentration, may have some toxic effect.
Since our data and those reported in the literature indicated safety, this
phase of the study was not carried beyond a preliminary examination to
ascertain that nontoxicity also was shown for these chemicals by the chick
embryo technique. This is of theoretical as well as practical importance
for the evaluation of any new technique to be used in toxicologic studies.

Table 2 lists our results with several chemicals which have been shown
to be highly toxic to animals. In each case there is not only the low per-
centage of hatch at a low level of the chemical tested, but there are also
congenital abnormalities and other responses that raised extremely serious
questions as to the safety to the consumers of any food contaminated with
these chemicals.

Lead acetate resulied in no hatch at a level of 1 mg per egg. Autopsy
of the dead embryos showed extensive brain damage, as has been reported
by de Franciscis and Bocalatte (1962) and by Karnofsky and Ridgway
(1952).

Mercuric chloride showed no hatch even at a level of 0.5 mg per egg.

Thiourea is a known carcinogen weh a basic effect on the thyroid gland,
The hatch tire was defaved with im :-aging amounts of this chemical. At
a level of 5 mg per egg no chicks hetchied and the embryo required 35 days
to develop to the stage normally atizined at 20 days. At 2.5 mg per egg
some chicks hatched, but most of them had to be helped out of the sheli.
This effect has been reported also by Yushok {1950).

Cavanagh (1934) reported that tiiorthocresyl phesphate (TOCP), a
well-known plasticizer for nonfood use, causes paralysis when fed to adult
chickens. We observed this paralysis in some chicks which hatched from
eggs injected with 10 mg of the undituted chemical.

The compound p,p"-diaminodiphen imethane has been reported by Zyl-
berszac (1951} to cause cirrhosis of the liver in rats. We found this chemi-
cal to be extremely teratogenic at a level of 3 mg per egg; more than 90%
of the chicks had a short mandible and leg ‘damage consisting of a severe
bending of the tibia and a general shortening of the bones of the leg.

Sodium selenite proved to be highly toxic. At a level of 0.1 mg per egg,
no embryos developed to more than the 5-day stage.

Dibutyl-tin-dilaurate showed no hatch at a level of 10 mg per egg. The
majority of the embryos, which did not live more than 1S days at this



TABLE 3
CHEMICALS WITH AN INTERMEDIATE OrpER oF TOXICITY

Solution injected

Per cent
hatch

Quantity

Remarks

(ml)

Concentration

Undiluted
Undiluted

Chemical

0
95

0.05
0.01

Acetone

* At these levels: corneal
opacity, cataract, cleft pal-
ate, nerve aud kidney dam-

age

n-Butanol

70
20

0.02*

0.03*
0.04
003
.10
D05
0.10
a0
0.10
0.05
0.10
.30
005
030
003
005
0.10
005
003
0.10
0.03

40

Undiluted

Carbon tetrachloride

80
55

Undiluted

Diethylene glycol

286

35
13
95

Undiluted

Ethyl acetate

Undiluted

Ethyl afcohol

60

Undiluted

Ethylene glycol

63

95

Undiluted

Di-2-ethylhexyt phthalate

Heptachlor

13
65

1% in propylene glycol

45 in water
Undiluted

Hydrochloric acid

Tsopropancl

15
15

Short legs; bleaching ef-
foct on chick down

)

60

Undiluted

Malathion

0.10
0.05
0.10
003

90
65
95

Undiluted

Methanol

£5h in 809 ethanol

Sevecite

e m el

[P N
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jevel, had a short and/or flexed mandible; in addition, some embryos
showed subcutaneous edema.

Aroclor 1242 gave no hatch at a level of 25 mg per egg. At a level of
10 mg per egg, one chick hatched out of 20 injected eggs, but died 2 days
later. Some embryos, which were examined after they died, showed beak
deformities (often a short upper beak), edema, and growth retardation.

Table 3 lists preliminary data on the toxicity of some chemicals which
have been shown to be toxic in some degree 10 animals, and which may be
found in some processed foods. Included in this group are various solvents,
plasticizers, and insecticides, Some of the chemicals on this list require
further study, including observation of the chicks until they reach ma-
turity, before they may be classified as to low or high toxicity.

DISCUSSION

The injection of chernicals into the yolk of fertile eggs prior to incuba-
tion is 2 method which can be advantageously used as an element in the
evaluation of the safety of food additive chemicals and drugs, and which
could be used to screen new products and eventually to correlate their
toxicity with that of similar products already tested.

If one considers that a chemical injected inio the yolk may be com-
pared to a substance which has the power to cross the placental barrier,
this technique, in addition to being an embryonic feeding study, assumes
{urther importance in that it is also a reproduction study. The unfortunate
experiences recently suffered with chemicals that have teratogenic effects
in humapns, and the failure of conventional testing methods to produce
this effect in animals, emphasize the urgent necessity for new methods of
analysis. Preliminary work that we have done in this area has given satis-
factory results {Verrett and McELaughlin, 1963).

Since this represents a system in which the chemical is in direct contact
with the embryo throughout development, it is more than likely that any
toxic or teratogenic effects would be readily observed, However, there is
always the possibility that the chicken will not be a species susceptible to a
particular compound, just as it has been shown that the other commonly
used species of animals do not respond to all chemicals in a similar manner.

It is also possible for the chicken to be more sensitive to a chemical than
other species.

Finally, this technique may be applied also to the study of the syner-
gistic effects of chemicals. Results of experiments in our laboratory on
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the potentiation of a few pesticides have been very encouraging (Marliac
and Mutchler, 1963).
SUMMARY

An evaluation of toxicity by injection of the chemical into the yolk sac of fertile
eggs prior to incubation gave the following results:

Water, propylene glycol, corn oil, peanut oil, isotonic saline solution, and isotonic
glucose solution showed no toxicity or a very low order of toxicity.

Mercuric chloride, lead acetate, selemjum, triorthocresyl phosphate, p,p'-diamino-
diphenyimethane, thiourea, Aroclor 1242, and dibutyl-tin-dilaurate showed a high
order of toxicity and/or teratogenic effects at certain levels,

Acetone, methanol, ethanol, n-butanol, diethylense glycol, ethylene glycol, iso-
propanol, di-2-etbylhexyl phthalate, hydrochloric acid, carbon tetrachioride, ethyl
acetate, malathion, heptachlor, and styrene showed an intermediate order of toxicity,
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Use of the Chicken Embryo in the Assay of Afatoxin Toxicity

4 AC, and JOSET'H McLAUGHE.
ELINE VERRETT, JEAN-PIERRE MARLIAC, 08 s :
f?NM:HiA?ggﬁsion of Toxicological Evalvation, Food and Drug Administration, Washing.

ton, D.C. 20204}

The possibility of using the chicken
embryo as a iest organism for the assay
of aflatoxin toxicity itas been investi-
gated and found to be feasible. The
injections of test solulions were made
before incubation, in fertile White Leg-
horn eggs, by either of two routes:
yolk or air cell. Thc development of
the embryos was observed for the full
21 day incubation period, The vehicle
for all injections was propylenc giycol.

The injection of solutions of pure

: aflatoxins B, and G, and of extracts

of aflatoxin-producing mokl culiores i
dicated that the chicken: embryo wa,
sengitive 10 these compounds. A dog
response was exhibited i that the 1o,
jcity of the samples was related to the
moriality at the time of hatching,
Extracts of aflatoxin-free peang
products were found to be nontexje g
the chicken embryo. TFhe addition o
aflatoxin I, te such nncontaminatey
extracts produced the expected toxicey
in the embryos, The injection of e
tracts from contaminaled peanut pregd

201

ucls resulied in a toxic response that
correlaled well with that obtained by
injection of pure aflaioxin B, solutions
at the same dose levels, and in most
instznces the chemiczl 2nalysis was con-
firmed. The presence of aflatoxins G,
B, and &, had no npparent ¢Hect on
the toxicily due to aflatexin B,, at the
levels at which they ocecurred in ihe
particular samples tosted.

The separation of aflatoxin B, from
contaminated extracts by thindayer
chromatography, and its subsequent
elution froem the plates and injection
into the eggs, confirmed that the toxicity
of these extracts was due primarily to
their aflatoxin B, content,

The sensitivity of the chicken embryo to
aflatoxins was reported in 1962 by Platt, et
al. 1) who observed that preparations of
“groundnut toxin” injected into the yolk of
S-day old chicken embryos caused deaths,
and that the guantities required were about
1/200th of those required for a positive re-
ault in the day-old duekling,

An investigation of the feasibility of using
the chicken embryo for a bioassay of afla-
tovin toxicity is currently underway in our
Lhoratorics. The preliminsry results re-
ported here consider only the general Svs-
temic toxicity of the aflatoxins to e chicken
embyo. At the present time, the studies
sre not  sufficiently  complete to verify
shether the aflatoxing produce any speeifie
pathological lesion in the embryos,

Experimental -

The sensitivity of the chicken embryo to
ahatoxing was studied by injeeting the follgw-
ing: (1) solutions of pure affatoxin B, and
pore afiatoxin G,; (2) extracts of aflatoxin-
productirg mold cultures; (3} oxtracts of raw
peanuts, roasted peanuts, peanut meal, and
peantit butter; and finally (4) afletoxin B,
chained from erude extracts by elution from
shin-Jayer chromatographie plates,

The solotions were injected inta fertile
White Leghorn  czzs before  inewbation,
Gironps of at least 20 egas were used at ¢ack
xe level of a sample, and each sample was

injected at iwo or more levels when there
was sufficient material available, More than
8,000 eggs have been used in these studies to
date.

The injections imto the eges were made
by one of two routes: into the yolk, or into
the gir cell. ‘The technigue for injection into
the yolk has been described previously (2).
The volume injected inte the yolk was 0.05
md or less in all cases. For injections into
the air cell, a hole of about 5 mm diameter
was drilled in $he sholf over the air cell
The solution was then depasited on the egg
membrane by a syringe, and the hole was
seuled with adhesive cellophane tape, The
eggs were allowed to remain undisturbed in
a vertical position (air cell up) for about
an hour to let the material disperse. The
volume injected into the air epll Was Je-
stricied to 0.04 ml or Jess.

The solvent used for all injections was
propylene glyeol, which was known, from
Previous investigations {3), to be nontoxic in
the eggs at the levels wsed. However, egps
were periodically injected with this solvent
in appropriate amonnts and incubated with
the aflatoxin-injected epgs. Noninjected con-
trols and drilled-only controls were also jn-
cluded in the experiments to provide the
Necessary data on the background mortality,

The egge were incubated (2) and candied
daily from the fourth ineubation day on, nt
which times al! nonviskle embryos were re-
moved and examined grossly,

Results aud Discussion

Purified Aftatozin Solutions and Mold Cul-
ture Extracts—~The toxicity of solutions of
erystalline aflatoxin B, and aflatoxin G, 'to
the chicken embryo was first determined.

The toxicily of aftatoxin B, to the chicken
embrye was greater when injected via the
air eell route {han when injected into the
volk. Figure 1 contains Dlots of the mor-
tality at 21 days dve o the injeetion of
several dose levels of aflatoxin B, by hoth
the yolk and the air el routes. The LD.s
cbtained were 0.045 and 0025 ug for the
yolk and air cell routes, respectively.

Affatoxin G, which was inteeted inte the
vulk only, showed 8 dower toxielly {o the
chicken cmbrye than that obtained with
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aflatoxin B,. The injection of 1.0 ng of afla-
. toxin &, produced a mortality of 60% (at
21 days), while 20 pg was required to pro-
duce 2 mortality of 00%.

4 APLATOEIN B, PIR BOO

JLE I ] 0 e

Fig. 1—Toxicity of cflatexin By in the chicken em-

brye: mortality ot 21 dayz. LDjq: yolk, 0.048 pg; oir

celf, G025 gg. Open squares: yolk injection, Closed
q wir cell injecti

Examinztion of nonsurviving embryes from
eggs injected with aflatoxin B, by either
route revealed a severe growth retardation
in most cases. In addition, edema, hemor-
rhage, underdevelopment of the mesencepha-
lon (in eimbryos that died before the seventh
day), mottled and gramular liver surface,
short legs, and slight clubbing of the down

were alse observed in many of these embryos,

Extracts of several evltures of aflatoxin-
producing molds were used to determine (ke
sensitivity of the chicken embiyo {o eatnbina-
tions of aflatoxing B,, G, B,, and G,. The
concentrations of these four eonsiituenis in
the extraets were known from prior chemical
analysis, The exiracts were Injected into
czgs by both routes, in amounts designed
to contain specific levels of aflatoxin B, to
compare their toxicities Lo those of solu-
tions of the pure aflatexin B, at the same
doze Jevels.

The toxicitics of these extracts 4o the oy N
bryos showed a good corvelation with gy
standard solution of aflatoxin B, There uey -3
no apparent alteration in the toxicity of oy,
toxin B, due to the presence of afiatonieg
B,, G,, and G, at the levels at which they
oceurred in these extracts. o

Aflatozin-frec Eztrocts of Peanut Pred
ucts,—The uselulness of the chicken culeyy
in a bioassay of aflatoxins in peanut pesd
ucts depends on whether the constitventy of
aflatoxin-free peanut product exiracts
inherently toxic to the embryos, 3

To determite the toxieity of these maty A
rials, extracts of raw peanuts, reasted o X
ruts, peanut mesal, and peanut bulter, wing 2
were found to be frec of affaloxing by ehug. 3
eal analysis, were injected into egps by hogy i3
the yolk and air eell routes. In most of they
experiments the equivalent of original pes
nut product injected ranged from | oig AR
per cgg. The toxicity was low for o) o« 3 i
these extracts; in gencral, it was equa]
or only slightly higher than that of e
background, which ranged from 0 5 0%, 3
mortality.

One experiment was catvied out with g 4
extract of aflafoxin-frec taw peanuty j. -
jected by both the yolk and air ool .
in quantities corresponding 10 2 Yaw peamg !
equivalent of 1, 2, 4, and 8 g por egy. Ty
toxicity observed for the 8 g lovel wag gy
significantly higher than that observed
the 1 g level or that of the background

In the same experiment, known :
of the pure aflatoxin T, were added 44 S
raw peanut extraet, and injected at the oy
levels and by both routes. This wos dopg gy
determine whether the aflatoxin B, 13
could be masked or enhanced by the -
enee of inerepsing amounts of peannt bl
rial. Scparate groups of oggs were injockd
with corresponding amovnts of the
aflatoxin B, solntion for comparisoy,
results of this experiment indieated thi g
litfle 4= 25 ppb of aflatoxin B, in the wigh’
nal raw peanuts counld be easily detosted g |
administration of the oxtracl by cither 3

This paper was presented at the
cizhih Aupmwal Mocting of e Assoe
Olicind MAzxeicultural Chomists, Oct, 19
at Washington, 1D.4%
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etion rowie, and that the toxicity was not
apuificantly different from that obtained
with the solution of pure aflatoxin B, of the
e concentration.

jﬁamiu-cantaminated Peanut  Products.

k' _Esimcts from raw or roasted peanuts,

t meal, and peanut butter, which were

:T dwwts 1o eontain aflatoxins by chemical anal-
£ pis, were jujected into eges by both routes.
F e amount of extract to be injected in the

was caleulated on the basis of the afla-
i B, content determined chemieadly, irre-

: spective of the amounts of affatoxins B, G,,

i G, present. In most instances the tesults
erreborated the chemical analysis, since the
wocily was comparable to that obtained
sith the injection of equivalent amounts of
the pure aflatoxin B, selution,

Aflatozin B, Obtained by Thin-Layer
Chrometography (TLC)—In order to con-
g that the toxivity of the contaminated
atracts was primarily due to their aflatoxin

k. 'Y content, separate portions of some ex-
i pets were subjected to TLG and the re-
. aalling aflatoxin B, epots were ramoved from
e plates, eluted, dissolved in propylene

giyeol, and imjected into cggs.
Separnle experiments were performed o

I.j,_ afiron that po toxic materials were derived
. ggen the TLC process itself. TLC “blanks”

injected into. eggs in a similar manner had
g very low toxicity and were comparable to
ackground.

The loxicities of these eluted oflztoxin B,

from more than 20 extracts of & vasi-
dy of peanut products correlated very well
wilh that of standard aflaioxin B, solution
ajeted at the same dose level, and verified
dat the toxicity of these extracls was, in
faet, primarily due to aflatexin B,

Ewmbryo Age end Aflatoxin Tovicity—The
aoeity of aflatoxin B, {o the chicken em-
eyv ab various stages of incubation was also
acedigated. Single injectinns into the yolk
wrre macle up to the forrth ineubation day,

and air eell injections were made in embryos
from 1 io 18 days old.

These experiments revealed that, with both
injection routes, the embryonic sensitivity to
the aflatoxin decvensed rapidly as the em-
bryo age increased, and ihe maximum toxie
effect was obtained with pre-incubation in-
jections. _

Bvaluation of Sample Tozicity—In the
course of these studies il was also observed
that the toxicity of aflatoxin B, injected at
the higher dose Jevels was appareni early in
the incubation period, since most of the em-
bryos did not survive beyend the eizlith to
lenth day. With lower dose levels, it is nec-
essary to continue observations for the dura-
tion of the 21 day period, sinee many em-
bryos survive longer than the lenth day but
fail to hatch. In these inslances an evalua-
tion of the toxicity of a sample on the basis
of survivers at § or 10 days would be pre-
malure, and the true toxicity of a sample
wight be underestimated.
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THE RoLE oF “ToxI0 FAT” IN THE PRODUCTION OF HYDROPERICARDIUM
AND ASCITES IN CHICKENS

Jameg R. Allen, D.V.M., Ph.D.
EUMMARY

When “toxic fat” was added to the diet of experimental birds at econcentrs.
tions from 0.25 to 5.0¢% for 85 to 150 days, edema of the myocardium, skelets}
musculature, and lungs; hydropericardium; ascites; and foci of lymphoytes in
the myocardium and epicardinm were observed. Appreciable changes were not
observed in the total serum protein levels, albumin: globulin ratio, electrolyte
halanee, or in the nonprotein nitrogen levels of the blood. There was dila
edema, and lymphoeytic infiltration of the heart. The myocardial mitochondrig
were vacuolated and shrunken. An increase in venous pressure was glag
noticed. The fuid imbalance observed in birds that consumed toxic fat did net
resalt from a decrease In total blood protelns or from an alteration in the
albumin: globulin ratio, but was associated with cardige decompensation ang
increased capillary permeabilify.

Schmittle ef al'® were the first to ineriminate some fats as responsible fop
the production of hydropericardium and ascites in young chickens. Subsequent
studies*? have demoenstrated a reduction In growth rate, retarded sexps)
development, and increazed mortality in pullets that bave consumed toxie fgy
A marked reduction was observed in the hatehability of eggs from hens fod
toxie fat Turkeys and ducks appeared to be less susceptible than chickens 3o
the detrimental effects of this fat in the diet.* Fat-soluble tissue extracts from
chickens fed toxic fat were capable of producing hydropericardinm and ascitey
when added to the diet of other birds.® Assoctated with the transudate, Sanger
et ol observed necrosis of the liver, subepicardial hemorrhage, and lymphocy.
tic infltration of muscle fibers in chickens consuming toxic fat. In addition te
these changes, Simpson ef ¢l.* also noticed bile duct hyperplasia and prolifery.
tion of the endothelium in the parenchymal tissues. The unsaponifiable portiog
of some batches of fat was found responsible for the toxicity.™** Repested
passages of this fraction through alumina and silica gel columns led to the fag.
lation of sa crystalline factor of unknown structure which wasg able to prodoe
Snasarca.

The primary aim of this study was to investigate the mechanism by whish
toxic fat produces anasarca. Preliminary stedies suggested that a vascular o
cardiac injury may be responsible for the transudation of fluid inte tissues 1n
the hope that some clarification of the mechanism might be obtained, arterig)
perfusions, recordings of hemodypnamic changes, and ultrastructural myocardigl
studies were undertaken.

MATERTALS AND METEODS

In experiment 1 (acute), 100 White Leghorn cockerels, 1 day old, were sepg.
rated into 5 groups of 20, placed in heated batteries, and fed rations contain.
ing 0, 0.5, 1.0, 8.0, and 5.0% toxic fat* for 35 days. Because the exact chemicg}
nature of toxic fat is not known, the amount of the toxic material
edly varies in fats from different sources. The fat vsed in these expm
was from the same source, identical shipments, and had the samd LDy whey
fed to day-old chickens. ’

In experiment 2 (chronic), forty-eight 4-week-old cockerels of comparable
weight were given, for 150 days, & ration** containing 0, 0.25, and 1.0% toxje
fat. The birds were fed and watered daily. Throughout the trial period the
general appearance, food consumptions, and mortality were spleen, pan
kidneys, adrenal glands, skeletal musele, brain, and bone marrow were fixed i
10.0% neutral formalin, embedded in paraffin, sectioned at 7 p, and staineg
with hematoxylin and eosin. Frozen sections were Drepared from the liven
and Lidneys and stained with Suden IV to demonstrate neutral fats. At the
termination of the trials, blood was obtained from the cephalic vein, complaty
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tlood counts were conducted on a portion of the sample, and the remainder was
allowed to clot, After centrifugation the serum was saved for total protein,®
dectrolyte concentration,” and nonprotein nitrogen determinations® and elec-
trophoretic studles,™

In experiment 1, surviviog birds were wsed for vascular perfusion studies.
Immediztely after they were killed, the thoracic aorts was perfused with 5.0%
destrose to remove blood, and 109, silver nitrate wag injected to outline the
»wment substance” between the endothelizl cells of the mesenteric capillaries.
fiides were prepared of the mesenteric vessels and examined for alteration of
materendothelial silver precipitate in birds consyming toxic fat.

Five control and § test birds given the ration containing 1.0¢; toxic fat were
mlected for hemodynamic studies after 150 days on trial. Venous pressures
were determined by making an incision through the skin over the jugular vein.
The vein was dissected away from the surrounding tissue, and 2 ligatures
were placed around the vessel The superior legature wag made secure, and a
sl incision was made jnto the vessel. A No. § cardiae catheter was placed
in the vein and made secure by the inferior ligature. The birds were placed
under & fluoroscope and the exact position of the catheter determined. The
eatheter was aitached 0 a 3-mm, water manometer filled with physiologic
mline solution, thus enabling pressures to be determined in the venge cavae
and right ventricles.

At the termination of experiment 2, tizsues were obtained for electron mieros-
copy by severing the cervical spinal cord and exposing the heart by removal
of the sternum. Sections were taken from the left ventricle and cut into blocks
of spproximately 1 mm. with & razor blade. The tissues were Immediately
fxed In 1.0% osminm tetroxide, dehydrated, and embedded as outlined by
Palade® Thin sections were cut on a cierotome.! Tissues were examined with
an electron microseope * operating at 50 kv.

BESULTS
In experiment 1, birds given rations containing 0 to 1.0¢% toxic fat survived,

whereas those consuming rations with 3.0 and 5.0¢, toxie fat bhad a 25.0 to
.09 mortality, respectively (Table 1). As the level of toxie fat in the diet

TABLE L—EFFECTS OF TOXIC FAT CONSUMPTION DN CHICKENS

Toxle fat in Hydropericar-
Ho. binds diet {percont) Days on bilal Mo, died Ascites diom

[] 35
0.5 35
Lo 35
3.0 35 2 2t 20
50 35 ! Fal) 28
0 150 [ [ a
NS SN S SR
L0 150 1] 2 1

was increased, there was a corresponding decrease in growth rate. The countrol
Mrds averaged 348 Gm., whereas those given rations with toxic fat averaged
18 Gm, at the end of 35 days. Hydropericardium and ascites were not
ewerved in the chickens fed rations containing 0 and 0.59% toxic fat. Peri-
exrdial fiuid velumes ranged from 0.5 to 5.0 ml. in the birds given rations with
L# to 0.5% fat. Ascites was also observed in these groups, but the volume was
aot determined Gue to the partial coagulation of the transudate. _

In experiment 2, € birds fed 1.0%, 4 fed 0.5%, and 1 fed 0.259, toxic fat in
the ration died. The mean swrvival time for the groups was 80 == 20, 100 =
H, and 135 days, respectively. The contrcl grovp gained an average of 165
©m., whereas the survivors of the group fed the ration containing 1.0% toxie
tt guined 14.9 Gm. per day. The weight galn of the surviving birds of the
N

s Porter-Blum microtome, Ivan Sorvall, Inc,, Norwalk. Conn,
13CA, EMU--3G, Radlo Corporation of Ameriea, Camden, N.J.
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groups fed rations containing 0.5 and 0.259) toxie fat was almost comparable
to that of the controls. Hydropericardium was observed in 11 and aseites in 2
birds fed rations contalning 1.09% toxic fat. Bight of 12 birds on the 0.5%
toxic fat ration had hydropericardium but were free of ascites. The average
volume of pericardial transudate in the test birds was 135 ml No appreciable
difference was hoticed in the organ weights of the test and control birds, with
the excepticn of the testes and hearts of the birds in experiment 2. The aver-
age weight per testis of birds in the control group was 149 Gm., whereas that
of the 0.26% group was 6.6 Gm., the 0.5% group was 4.1 Gm., and the 1.0%
group was 3.9 Gm. The hearts of birds of the control group averaged 15.0 Gm.,,
and those of birds in the test groups averaged 23.0 Gm. and were markediy
dlated in most cases (Fig. 8).

Tissue sections of the various organs were eXamined microscopically., The
birds with hydropericardium had fibrinous deposits and foci of lymphoeytes on
the visseral pericardium. The muscle fibers were separated by edematous fluid,
A pumber of the small myocardial artieries were surrounded by lymphocytes
There were alse foci of lymphoeytes between the myccardial fibers (Fig. 12).
The lungs were congested and had a moderate amount of peribronchial lymph.-
oid hyperplasia. Pulmonary edema was found in those birds which died during
the experiments. Livers from birds with marked ascites frequently had thick-
ened capsules. In many cases there was coagulation of the transumdate on the
convex surface of the liver which formed a false capsule (Fig. 3). There wag
moderate fafty infiltration of the hepatic cells in birds given toxie fat in
experiments 1 and 2 (Fig. 4). Extensive Iymphoid hyperplasia around the peri.
portal areas was found consistently (Fig. §). Five of the test birds in experi.
ment 2 also had myeloid hyperplasia scattered throughout the parenchymal
tissue of the liver.

AMicroscopic examination of the testes of the birds given toxic fat in experi-
ment 2 revealed a reduction in size of the seminiferous tubules. The Seriolf
cells and spermatogonin appeared normal, but there wag & reduction of the
primary and secondary spermatocytes These maturing cells were reduced to
the point where no spermsatids and spermatozoa were observed. Cells in the
testes of the test birds appeared normal. The major difference between testes

TABLE Z—SERUM PROTEIN STUDJES ON CHICKENS FED TOXIC FAT

Globulin Honprotein

Toxic fat in diet  Serum protein Albumin- sitragen Sodigm Potassiym
(percent) (sm.,'lpwec.) (Gm. /1006y (Gm./100ec) (me/l100cc)  (mEqAiter)  (mEq.Nie)

| U, 3.3 L05 230 % 217 143 [ X1
[ T
[ T A et atmm e mnnm e m e e
k3 U Ll o e
I 3.06 098 212 M 2.7 146 ¥

of birds in test and control groups was a lack of spermatogenesis and o
marked reduction in tubular size (Fig. 6,7) in testes of test birds.

Total blood proteins were determined by the micro-Kjeldahl method. The
control group of experiment 1 had an average value of 3.36 Gm./100 ¢e. The
0.5, 10, 30 and 50% groups had values of 824, 814, 3.08, and 3%
Gm./10¢ ce. of protein, respectively (Table 2). In experiment 2, it was founq
that the groups given rations containing 1.09% toxic fat had an average of 41
Gm./100 cc., the 0.259% group averaged 4.5 Gm./100 ec., and the controls haqg
an average value of 4.3 Gm./100 cc. of sernm protein. The protein level of the
ascitle fluid of the experimental birds was 1.7 Gm./100 cc., with no appreciable
difference in the levels of the various groups. The albumin: globulin ratio way
defermined by paper electrophoresis, and little difference was found in the pre-
tein ratio of the various groups.

Sodinm, potassinm, and nounprotein nitrogen levels were determined on serum
samples froem € birds given rations containing 509, toxic fat and 6 contrgt
birds. No appreciable difference was found in the nonprotein nilrogen levels of
the 2 groups, with the controls averaging 21.5 mg. /100 ce. and the test birdy
- 7 20.7 mg./100 ec. The sodium values were 146 mEq./liter in the experiments)
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amd 143 mBq./liter in the control birds The potassiwvm I
mEq./liter in the test birds and 5.5 mEq./liter in the zntrol bird:vels were 53

When 1.0% silver nitrate solution was perfused in the thoracic aorta and
the mesenteric capillaries examined mieroscopically, a difference was found in
the cement substance located between the endothelial cells of the test and con-
trol birds in experiment 1 The contrel group had umiform dismond-shaped
bands of silver precipitate between the capillary endothelisl cells, whereas the
bands in the test birds were irregular and indistinet (Fig. 9,10).

Catheterization of the heart revealed the mean right ventricunlar pressure of
the control birds to have an average value of 15.2 Cm. of water, whereas the
test beizgi 'I;:‘lrd a:glegv;;agve o££21.3 te(i-mino:h water. The pressures in the inferior
véha era em, of wa e CON
e tost Bivds rans o, trol birds and 7.1 em. of water

TABLE 3. —HEMODYHAMIC ALTERATIONS DUE TO TOXIC FAT CONSUMPTION N CHICKENS

Mean Megn

Mean right supario inf
ventr ﬁlgl‘ veumm: YeRa ::?;
Toxic fat in diet (percent) i Py kg ]

15.4

152 3 %
15,2 52 5.6
15.0 5.8 53
15,0 54 57
22,2 T4 7.0
2000 7.0 71
=3 &3 %3
20,4 68 i

mifochondria were markedly shranken and vacnolated with indistinct crista
In the birds with more advanced cases, many of the mitochon h jsap-
peared, leaving large areas devold of any crganelle. dria had disap-

Discussion

There was normal development of all organs with the tion of th
of birds in experiment 2, which were markedly redueed m Kumarinteztlfg
Tormer” outlined the tubular and spermatogenic development in chickens at
various states of maturity. It would appear that the consumption of toxic fat
in these eXperiments retarded testicular development by approximately 2
months in the G-month-old roosters. Despite the ‘reduction in testicolar size,
ﬁm gex characteristics such as comb size and body conformation were

In earlier studies' young birds were killed every other day for & weeks to
determine when hydropericardium or ascites developed. Bydropericardinm was
wsually noticed about the 16th day after feeding toxic fat in the ration was
mitlated, without ascites or pulmonary edema. Fluid accumulation in the Jungs
and peritoneal cavity invariably developed later. When the concentration of
toxic fat in experiment 2 was reduced to a low level, the birds failed to
mTe]:op asc:tes, bxgt hy':ill'ggjericardium was a consistent observation.

¢ most prominen ons at necropsy were hydropericardium, ascites,

polmonary edema. A number of procedures were conducted to resolve ’13:3
cuused the anasarca. Birds with ascites and hydroperieardiom in many cases
had higher serum protein levels than those in the control group. The albumin;
gobulin ratios of experimental and control birds were approximately compa-
rable. The nonprotein nitrogen and electrolyte levels of the blood were within
pormal range in the test groups. There wag a reduction in the cement sub-
stance in the experimental birds with hydropericardiom and ageites, Since a
large quantiti of fluid escapes between the endothelal cells rather than
through themu any glteration in the cementum would affect the vermeability
of the vessels.* Whether this alteration in the cement substance of the capil-
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laries was associated with hypoxia of the endothelinl cells resulting from eap
dige decompensation or from a direct effect of toxic fat on the capillary mem.
brane remsaing to be clarified.

" Hemodynamic studies revealed an inercase in right ventricular and vens
cava pressures in the experimental birds. Associated with these pressue
changes were dilatation and hypertrophy of the right side of the heart of
birds given toxie fat. Pulmonary edema, cardiac dilatation, and increased
venous pressure are indicative of cardiae decompensation.

What do these data reveal In regard fo the causes for the eXxcessive extry.
vascular fluid=? The lack of any apprecigble change in the total blood protein
and albumin: globulin ratio would indicate that the liver was produciag
adequate amounts of albumin, There were no marked alterations in
function, becaunse the serum albumin and nenprotein nitrogen levels were com.
parable in the 2 groups, which suggests that the kidney tubules and adrens)
cortex were not affected by toxie fat ingestion. The microscopic observations
fortify the blochemical data, beesuse the alterations in the liver, kidneys, and
adrenal glands of test birds did not appear of sufficient magnitude fo aceonmt
for the anasarca.

Sinece myocardial fibers are very active, there is a constant demand on the
respiratory enzymes located in the numerous mitochondria between the
myofibrils. A rather high metabolic demand is implied, because the ratio of
mitochondria in cardise muscle to skeletal muscle is approXimately 500:1=
Any significant alteration in the mitochondria would affect the respiratory
enzymes and sooner or later lend to cardihe failure. Certainly this wonlg
appear to be a logieal explanation for what o¢ccurs in birds consuming torte
fat. As the heart becomes less efficient, there will be an increase in hydrostatle
pressure in the veins and capillaries, with a predispesition for the extravam.
tion of Anid into the tissues and body cavities.
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SUMMARIO TN INTERLINGUA

Le Rolo de “Grassia Toxic” in le Production de
Hydropericardio ¢ Ascites in Gallinas

Quandro “grassia toXic" esseva addite al dieta de aves experimental a econ-
eentrationes de 0,25 a 6,0 pro cento durante 35 & 150 dies, le sequente altera-
tones esseva observate: (1) Edema del myocardlo, del musenlatura skeletic, e
del pulmones ; (2) hydropericardio; (8) ascites; e (4) focos de lymphocytos in
le myocardio e le epicardio. Appreciabile alterationes non esseva observate in
ie nivellos de proteina total in le sero, in le proportion albumina a globulina,
in le balancia electrolytic, e in e nivellos de nitrogeno aon ligate a proteina in

sangnine., Esseva notate dilatation, edema, e infiltration Iymphocytic del
eorde. Le mitochondrios myocardial esseva vacuolate e contrahite. Un aug-
mento d¢l tension venose esseva etiam notate. Le imbalancia @e liquide ebsez-
vate in aves que consumeva grassia toxXic non resultava ab un decline in total

einas de sangaine o ab un alteration in le proportion albumina a globuina
sl essevau associate con dizcompensation cardiac e un sugmento del permeabil-
fate capillar.

INDUBTRIALLY ACQUIBEDP PORPETEIA

Twenty-nine patients working in a chemical factory engaged in the manufac.

mre of 24-dicbloropbiencl (2,4-D) and 24.5-trichlorophenol (2,4,5-T) exhibiting

reyd of chioracne were studied for the presence of porphyria cutanea
mrda. In 11 cases urinary uroporphyrins were elevated.

Two of these patients who showed evidenmce of acguired porphyria with
¢chloracne were hospitalized. The features of chloracne as well as the clinical
sad laboratory features of acquired porphyria have been discmssed. There

to be an etiologic but not guantitative relationship between the chlor-

aene in workers ‘engaged in the manufacture of 24-D and 2,45T and porphy-

s cutanes tarda of the acquired type. It is our feeling that either the
chemiecals or some intermediate are responsible for both diseases.

8ince Waldenstrom firgt implied that porphyria cutanea tarda might be
sequired, a growing number of chemials have been implicated fn the pathoge-
geuis of this disease. These chemicals have included aleohol, sedatives, fungi-

et While treating a severe outbreak of chloracne in a factory which
mannfactures 2,4-D and 24.5T, a number of workers were noted to bave
wperpigmentation, hirsutism, fragility of the skin and vesiculobullous erup-
gaes on exposed areas of sgkin, together with cutaneons findings of chloracne.
restigation revealed evidence of porphyria cutanea tarda of varying degrees
of weverity in 11 out of 20 workers investigated. Porphyria cutanea tarda has
gever hefore been deseribed as related to chloracne, nor has it been ascribed to

45-382 0—T0——20
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industrial exposure in the United States. This outhreak is therefore of intoregt
in adding more evidence to the growing concept that porphyria cutanea

may be an acquired disease occurring after various insults to the liver. Thre
- cases were studied in detail.

¥rom the Departments of Dermatology and Medicine, Newark Beth Israg
Haspital.

Chief of Dermatology, Newark Beth Israel Hospital (Dr. Blelberg) ; Senioe
Resident Physiclan in Medicine, Newark Beth Israel Hospital (Dr. Wanen};
Assigtant in Dermatology, Newark Beth Israel Hogpital (Dr. Brodkin) ; Diree.
tor of Medical Education and Consultant in Medicine, Newark Beth Isras|
Hospltal (Dr. Applebaum).

EEPCET OF CASES

Caseg 1.—A 48-year-old white male who was employed at the factory o
three years as a chemical operater. His work brought him into intimate oop.
tact with the suspected chemnicals. His past history included two attacks of b
tary colic prior fo 1853 He was never a heavy user of aleohol. A diagnosis of
cholecystitis had been made and a cholecystectomy was performed early iy
1953. After this he came to work at the factory in gquestion. In 1958 he
to notice some darkening of his skin and suffered right upper quadrant patg
A diagnesis of common duet cbstruction was made, and this patient was oper.
ated on again in January of 1956. An unsuccessful attempt was made to probe
the common duct, and no further operative procedure was dote. During the
postoperative course, this man received 2 gm of barbiturates. The patient
stated that his urine had furned “the color of Coca-Cola” at least cne yeqr
prior to the second operation. That spring, an eruption of bullae appeared o
the face, ¢ars, and hands. These lesions could be produced either by expoguys
to the sun or by pressure In addition to the vesicular eruption, the patient
noted progressive darkening of his skin and marked -hirsutism, especizlly gyey
the temples. Inspection of the urine revealed a Coca-Cola coloration ang,
the Wood’s Light, a brilliant red fiuorescence. The exact laboratory data on
this patient are no longer available except for the presence of quantitatively
markedly inereased exeretion of urinary porphyrine including uroporphiyring,
coproporphyring, and porphobilinegen.

This man is now alive and well and apparently is suffering minimal it sny
symptoms of porphyrim cutanea tards. His present job does not entail the gy
of any chemieals He has failed to present himself for further testiog.

Case 2-—This is a 60-year-old white male who has been employed in the fye
tory for seven years as a welder. In the course of his work, which consisteq of
welding tanks and pipes, he was brought into frequent and prolonged contaet
with chemicals. He was admitted to the Newark Beth Isracl Hospitel fop
investigation. He stated that three months prior to admission, he had noted sy
increased darkening of the skin, thickening of the eyebrows, and a darkening
and reddening of his urine. Hizs family history and his past medical
were unrevealing, except for moderately heavy alcohol intake for some yeapy

Physical examination revealed numerous comedones and small epidermoly
eysts and furuncles the face, chest, and shoulders There was intense
brown hyperpigmentation with a purplish tint on the exposed surfaces of the
face, peck, chest, and hands and moderate hypertrichosis of the temples. The
scalp hair showed a lusterless, dull silver color change. The liver edge was
palpable about 3 em below the right costal margin and was smooth and nog.
tender. The remsginder of the physical examination was within normal limitg
A casual urine specimen reveazled a strong ten color with a deep fluorescones,
reddish, under the Wood’s light.

Laboratory studies revealed increased wuwrinary uroporphyin, coproporp
and urcbilinogen exeretion. There was no Jdemonstrable porphobilinogen. The
feces showed increased uroporphyring and coproporphyrins. AR porphyriy
determinations were qualitative and done by the Waison-Schwarts methed
Other significant findings included an elevated serum glutamic oxaloscetie
transaminase ranging between 41 and 51 units on five different days. Serpy
: glutamie pyruvic transaminase on corresponding days ranged between 63 sng

64 units. The sulfobromophthalein retention was 62 in 30 minufes. The
rocyte sedimentation rate (Westergren) was 94 mm in the first hour. Ap
other studies, which included complete blood count, bleeding and clotting time,

.- urinalysis, glucose tolerance test, serum bilirubin, blood urea nitrogen, to)
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albumin-globulin ratio, sezum cholestrol, alkaline phosphatase, eephalin
foccolation, and thymol turbidity, serum electrolytes, and €0, combining
power, as Well as serological tests for syphilis were all within normal limfts,
rdiograms and chest x-rays were normal A liver biopsy was per-
and the specimen immersed In isotonic saline. It fluoresced intensely

" formed
snder the Wood’s light. The red pigment diffused ouf into the saline, so that

ghe entire tube fluoresced. The microscopic examination of the liver specimen
pevealed parenchymal cell regemeration and hemofuscin deposition. A skin
sopey from clinieally hyperpigmented postaurienlar skin showed a ncrmal epi-
dermis except for the dermoepidermal border, where there was a striking depo-
diion of brown granular pigment. In addition, there was mild infiltrate of
small round cells in the dermis. No sebsceous glands were visible in the sec-
tens. Shortly after discharge from the hospital in June, 1943, the patient was
reated for a chromic trichophytosis of the feet with griseofulvin 0.5 gm twice
daily. About four days after the onset of this treatment, a severe vesiculobul-
was eruption on the dorsal surface of the hands appeered. The griseofulvin
was stopped, but the ernption progressed for another two weeks. Healing time
wag very prolonged, and at present, residual atrophie scarring is visible on both
mands (Fig 1). In the scars oceasional milia are seen.

SUMMARY OF DATA FOR 26 WORKERS WHOSE URINE WAS TESTED FOR PORPHYRINS

Chemical®

Hyperpig- Urine
Hirsutism  Uroporphyring Gomtaet  Skio Fragility

Patient Chioracne t mentation

am—————

Do,

do. oy

E..'._ ..... do. Do.
R SRR’ Y do do do T Do
" ... Md__ 0. |} do., da - Po.

2 . P - do________ da da Do,
- B do.. o do......... Pos. do. Do.
EooemeemeatlOl %.. do Pos-_ da, Do,

Sevwrity of chinracae I3 fudiged on the presence of comedooes, spidermoid < and Focyncles snd pustules.
:m wxtent of axpoture 1jsd| cult to truly judge bacause of such variables a?&mml hygiene andp:wk Iabits,
2 e period of employment.

oH 0oH CrL
Cr CL C Cr
Oyl Cy L
T L L
2,4-Dichlarophenol 2,4-5-Trichkwophenol Hexachlorobenzene

3.—Comparison of structurst formulae of weed kier manwfactured and fungicide rasponsible for ired
x& uhmapt.a:da. Note the similarities em

Case 5—This is a 48-year-old white male employed at the factory for eight
yegrs mixing batches of chemicals. During the past two years, he had devel-

 oped hyperpigmentation of the exposed skin of the face and hands. There was
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maried hirsutism which involved the temples. The dull silvery tint of the haty
was visible. He stated that in the past he had had episodes of blistering of the
exposed skin. He also had noticed that his urine was dark on voiding. g

tamily bistory was noncontributory. The physical examination revesled ap

intenze hyperpigmentation of the face, neck, and hands. There was severs hiy
sutism involving the eyelids, eyebrows, and lateral aspects of the fo

(Fig 2). Comdones and small epidermoid cysts wére very prominent, and ther
were numercus furuncles scattered over the entire body. The remainder of the
physical examination was within normal Iimits except for prolapsed
rhoids. The following laboratory stndies were within normal limits: com
blood cell count, urinalysis, bleeding and clotting f{ime, prothrombin time,
blood glucose tolerance test, urea nitrogen, cholestrol, bilirubin, alkaline pheg
phatase, total protein and albumin-globulin rafie, cephalin floccnlation, thymet
turbidity, serum electrolytes including sedium potassium, chlorides, CO: oomy.
bining power, calcium, and phosphorus. The serum glutamic oxaloacetic
minase on five successive days ranged between 39 and 56 units whie the
serum ghitamic pyruvic transaminase on corresponding days ranged befween
47 and 72 units. The sulfebromophthalein retention was 8¢5 in 30 minutes The
electrocardicogram was normal. The chest x-ray revealed a diffuse nod
infiltration of both Iungs due to pneumoconiosis. This was consistent with the
patient’s history of having worked a number of years as a coal miner The
plain film of the abdomen was negative. The urine revealed a negative
Watson-Schwartz test. The urine failed to fluoresce under the Wood’s light. Tne
erythrocyte sedimentation rate {Westergren) was 24 mm in the first hour,

A liver biopsy was performed and the specimen immersed in saline, Under
the Wood's light the specimen and saline jn which it was immersed flug;
faintly. On microscopic examiration, the liver biopsy showed evidence of
cell regeneration and hemofuscin deposition. A skin biopsy showed brown gran.
uiar pigmentation as the basal margin of the epidermiz. There was a mpg
chronic inflammatory infiitrate scattered through the dermis. No sebacaous
glands were vigible in the sections.

Since the man’s chloracne has been 80 severe, e had been removed
contact with chemicals two years prior to his admission to the hospital. P
probably was responsible for the failure to prove gqusalitative chemieql ¢
of porphyTing in the urine It alse may indicate that acquired porphyria cuty
nea tarda is reversible. :

BCREENING TESTS

Twenty-six additional men working at this chemical factory were studied o
an ambulatory basis. In addition to routine urinalysis, each urine

was tested for uroporphyrin by the Watsen-Schwartz method. Eight out of the-

26 manifested significantly increased excretion of urinary uroporphyrins by the
‘Watson-Schwartz method. If the three cases deseribed in the case

above are added, this iz a fotal of 11 cases of porphyria cutanea tards of

varying degrees of severity out of 29 patients tested, or 3749 (Table).
COMMENT

Hyperpigmentation in these workers was Hmited to the sun-exposed Aregs
of the head, neck, and hands. It was more frequently observed in the Negms
patients involved. The degree of hyperpigmentation was roughly proportiong)
to the severity of the chloracne. The hyperpigmentation varies from mild peg.
ness in extremely fair individuals to dark gray intense dusky bronzing of the
sldn, The degree of hirsutism was also proporiional to the severity of the
chloracne. This too wag quite variable in degree but always involved the tom.
ples between the lateral half of the eyebrow and the temporal hair of the
scalp. The hirsutism in a few cases, notably ecase 3, extended beyond thig and
involved both the upper and lower eyelids, The hair was of approximately the
same texture and density as that of the eyebrows

The occupational environment of these men consists of a group of basie

- chemiecals including acetic acid, phenol, wmonochloracetic acid and 8od i
hydroxide, pluos the finished products 24D and 245T as well as many
unknown intermediary products. It is known that one of the intermediaries -
a highly volatile chiorinated phenolic ether which containg six chlorine atomg

. -'This particular compound, because of its volatility, is strongly suspected of

being 4 possible causal agent. Porphyria has been described in many cases ax 2
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result of ingestion of hexachlorbenzepe,™* chemically a closely related com-

(Fig 3). This would lend support to the concept that porphyria cutanea

rda is not necessarily genetically produced, unless the genetic defect is an
etremely COMMOD one.

An analysis of the table of the 28 surveyed workers (Table 4) reveals: the

3 severity of chloracne does not uswally correspond to the degree of exposure o
¥ hemicals (patients 1, 8, 11, 19 or patients 2, 3, 5, 10, 12, 13, 18). The severity
F. of prophyria does not ususlly co

rrespond to the degree of chemical exposure
(patieats 7, 20, 25, 26 or patients 2, 3, 4, 10, 12, 13, 18). The severity of chlor-

E 7o does not usually correspond to the presence of porpbyria (patients 1, 4, 8,

11, or patients 5, 20, 25, 28). Therefore it would appear that there is some
gdividual susceptibility to these disease. It has been observed in general that:

{1) Patients with adolescent acme tend to get worse chloracne: (2) Possibly

liver damage (alcoholism, etc) predisposes to porphyria. Also there
anst be in these cases some etiologie relationship between chloracne and por-
phoria since & relatively large number of both diseases began to appear and
pate persisted at the same time.

On the basis of the elevated transaminase levels and the histological signa of
grer cell regeneration in the liver biopsies, it may be assumed that the basis
of the distrubed porphyrin metabolism is a hepatotoxic effect of one or more
o the chemicals in this factory environment. The synergistic roles of other

liver toxins such as aleohol and barbiturates, or griscofnlvin { 1 case),
t be overlooked.
We would like to express appreciation for the help offered by Dr. Donald JY.
of the division of Industrial Dermatology of the T.S. Public
Health Service, to Dr. Marcus Key, and to Dr. Norman Olivier.
Jacob Bleiberg, MD), 40 Union Ave, Irvington, NI
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ELecTRON MICROSCOPEC ALTERATIONS IN THE LIVER OF CHICEENS
FED Toxic FatT*

Toxic fat is the name applied to certain fats that produce hydropericardium,
sydrothorax, and ascites when added to the diet of ehickens.™ ™ * It has been
ted that the toxic fraction ¥s associated with the umsapenifiable por-
don of the fat’ ™ The toxicity can be incressed by repeated passages
ayrongh silica and alumina gel columns.* ™ Crystalline preparations of the
fraction have been prepared, but the chemiesl natmre of the compound
pains to be identified.™ -
p————
Accepted for publication March 21, 18448,
the Department of Pathology and the Beglonal Primste Research Cenfer, Tnd-
sty of Wisconain, Madlzon. Wizconsin.

» Thiy was supported in part by grants HE-08681 and FR—0167 from the
nm“al Tostitutes of Health.



¢

following alterations that vesulted from the consumption of toxic fyt
ha&ebeen repoited. Sanger, Scott, Hamdy, Gale, and Pounden™ chserved foegl
necrosis of the liver, epicardial hemorrhage, and lymphocytie inflitration of the
cardiac muscle. Simpson, Pritchard, and Harms™ reported bile duct hyperpls.
sis and proliferation of the endothelial lining of the smaller blood vessely
Allen and Lalich* observed testicular hypoplasia, Marked dilation and edemg
of the myocardium’ and altered right ventricular and vena cava pressures haye
been nstrated.

Thgeﬁ.;gsent experiment was initiated {o determine the morphologic effect of
toxic fat upon the Hver of chickens and teo correlate these findings with the
development of anasarca,

EXPERIMENTAL PROCEDURE

. hund sixty-eight 1-day-old White Leghorn-New Hampshire chickens
we?v:: t:!dividev:lmi‘;xtcr gro::aplgll of 48 and 120 chickens. One-half of the chickens from
each group were given a commercial diet containing 3.0 per cent toxie fee
(Emery Industries, Imc., Cincinnati, Ohio), while the remaining chickeng
received a comparable diet which contained 3.0 per cent eorn oil. In the

of 48 chickenr, three coutrol and three experimental chickens were killed

other day for 16 days and sections of the liver were obtained for electrog

i evalugtion.
m’l‘c}l‘::s?rlzigp of 120 chickens remained on the toxic fat diet until the LD, wyy
esgtablished. From the survivoers, blood was obtained for hematoerit,™ hem
bin,* total serum protein,” serum electrophoretie pattern,” and electrolytg studieg®
The ascitic fluid was also collected for total protein and electrophoretic pattery
determinations. All chickens that died during the course of the experiment gy
well as those sacrificed at its completion were necropsied. Portions of the Yiver
were fixed in 10 per cent buffered formalin for 24 hours, dehydrated, embedded
in paraffin, sectioned and stained with hematoxylin and ecosin. Other portions
of the liver were sectioned on a cryostat and stained with Sudan YV for ey
tral fats. Additional paraﬂin-embecliide‘d tissues were stzined with aniline hlgy
and phosphotungstic acid-hematoxylin.

S:Eaﬁsgectiongs;it liver from the 48 chickens of the first group plus 20 o,
trol and 20 experimental chickens of the second group wel;e_‘obtained at the
time of death, cuf in small cubes, and fized in Caulfield’s” and Millonigy
fixatives.™ These tissues were dehydrated through a graded series of ethangd
and embedded in an Araldite-Epon mixture” Thin sections of approxima
0.5 g were cut on an ultramierotome for light microscopy and stained by ihe
tolnidine blue method ™ Ultrathin sections were placed directly on 400-menly,
uncoated copper grids, stained with nranyl acetate, and examined with m
RCA EMU-3G electron microacope,

TABLE L—ALTERATIONS IN YHE PERIPHERAL BLOOD OF CHICKENS CONSUMING TOXIC FAT

—
Mo. of chicks Toxie h:ila'; Hematoerit  Hemoglobin Ha K Serum protein Senmul‘
N

Percend Dercent . ﬁr 00 mBEg.ftiter mEy.fliter m.j;s'ma Pereent

3L "10.0 180 5.4 Y -

—— 3 1.0 6.0 R 59 23 =

REBULTS

‘When 8.0 per cent toxic fat was added to the diet of young chickens 8p
cent died within 15 days. Approximately 24 hours prior to death, the chickeny
became listless and moved only when agitated. Because of the marked
nal distention the chickens assumed a ducklike gait when forced to wak
Moist rales were present in the lungs and considerable amounts of clegy .‘
blood-tinged fluid were observed in the oral cavity of the experimental chig
-ens at the time of death. . -,

On the 15th day, blood studies were made on the surviving chickens, Those

fed toxic fat showed a reduction in several of the blood components (Table 3y, .1

Hemoglobin levels decreased from 10.0 gm. per 100 ml to 6.0 gm. per 100 nt,
-~ ‘and hematocrits were reduced from 31.0 per cent to 18.0 per cent. There was g
decrease in total serum protein from 3.4 gm. per 100 ml to 2.8 gm. per 100 md
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and 8 shift in the albumin-to-globulin ratio of the treated chickens. Similar
dectrophoretic patterns were obtained on the ascitie and pericardial finids,
although the total protein of these fluide was only 1.3 gm. per 100 ml Blood
dectrolytes were not appreciably altered.

GEOSE AND MICROSCOFPIC OBSERVATIONS

A large quantity of colorless, semiclotted #nid aceumulated in the subeuta-
seous tissue and the pectoral, thigh, and lower leg muscles were pale and ede-
matous. The abhdominal cavity of eack experimental chicken contained approxi-
maiely 40 ml of ascitic fluid. The liver was somewhat mottled with rounded
marging and a thick gelatinous material resembling coagulated plasma was
fmly attached to the capsule in 25 per cent of the chickens that had recelved
toxic fat. The kidneys were pale and swollen. All of the organs within the
abdominal eavity appeared edematous. There wag marked distention of the
pericardial sac with a clear, slightly yellow fluid. Five to 10 ml, of pericardial
guid were obtained from emch chicken. There was & noticeable dilation and
wypertrophy of the right side of the heart and the myocardinm was pale, with
oo gross lesions evident. The lungs were extremely edematous and the tracheo-
bronchial tree was filled with blood-tinged, foamy fluid. The brain was edemsa-
toas but free of other gross lesions,

The major microscopie alterations were observed in the liver. Its capsular
saurface was covered by a thiek layer of homogeneous, eosinophitic material
eontaining numerous fibrin strands. Although the general architecture of the
iver parenchyma was maintained, numerous foci of necrosis were observed
{Fig. 1). These lesions varied in size, from only two or three cells to a major

ion of the lobule. There was a fairly sharp line of demarcation betwveen
the viable and dead cells. Immediately adjacent to these necrotic focd, the oyto-
pasm of the parenchymal cells was quite vacuolated, but otherwise not
remarkable.
THIN BECTIONS FOE LIGHT MICROSCOPY

Better visualization of the histologle alterations was obtained from tissues
mmbedded in the Araldite-Epon mixture than wasg possible using the conven-
tional parafiin embedded preparations. The parenchymal liver cells of the con-
trol chickens stained uniformly with toluidine blue. Thefr nuclei were dark

1 sine and the cytoplasm was much lighter and granular. The degenerating pa-

renchymal liver cells of the toxic fat chickens were of two types on the basiz of
their affinity for toluidine blne. One cell type had a decided affinity for the dye
s that both the cytoplasm and nuclens were very dark {Fig. 2). Many of
fhese cells were shrunken, distorted and contained large morphologic featnres
of the organelles were fairly well maintaived in the cells obtained during the
grst § days of the experiment, However, the organelles were in very close

tion as a result of what appeared to be shrinksge of the cells and lose
of the eytoplasmic matrix. Although the external mitochondrial membranes
were quite irregular, the shape and distribution of the ctistae remained ungl-

throughout the cyfoplasm. In the dark cells, the Golgi complex, lyso-
wmes, and microbodies were nusually sparse and only vaguely discernible. Only
wolated areas within the cytoplasm contained glycogen granules, Numerous
ayelin-like structures appeared to arise from the cytoplasmic membranous sys.
tems of titese cells, The nuclei of these dark cells had approximsately the same
dectron density as the cytoplasm. The paired nuclear membranes appeared as
e wide, irregular dense band containing few discernible pores. Except for the
etreme  density of the nuecleo; , the chromatin material and nucleoli

pesembled those in the control cells, . .
From the Tth through the 15th day of the experiment, the dark parenchymal
#rer cells became inereasingly electron-dense, the intercellular spaces wider
sad wyelinlike bodies more abundant along the plasmalemmae. The cyto-
plasmic organelles became more difficult to visualize. Numerous oval to oblong
dear vacuoles of variable size developed in the cytoplasm. Myelin-like bodies,
Mientical to those along the plasmalemima, were present throughout the cyto-
At this time it was difficult to visuslize the existence of a distinet

- ssdear and cytoplasmic separation because of the electron density end the
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absence of any distinet nuclear membrane. Eventually these cells developeq
into dark, shrunken, fairly homogeneous masses which exhibited little morphe.
logic resemblaice to liver parenchymal cells (Fig- 6).
- The second type of parenchymal cell in the degenerative areas was large ang
very electron-lucent. An isolated cell of this variety was seen most frequently
within & group of the previously deseribed dark cells. The plasmalemmae of
these cells were in close apposition to the adjacent dark cells. The
projecting into the space of Disse were shorter and less abundant than thoge
of the dark cells (Fig. 7). Many of the organclles were markedly distorted
Small segpments of the endoplasmic reticolum were scattered throughount the
cytoplasm. The majority of these membranes contained ribosomes along thelr
outer borders. Numerous free ribosomes were also seattered throughout the
ertoplasm. The mitochondria were large and disorted. Their
membranes were quite irregular and formed many bulblike Drojections trom
the surface of the mitochondria, Smszll vesicles were apparent between the
external and internal, mitochondrial membranes. The enlarged cristae pracis.
eally filled the interior of the mitochondria (Fig. 6). Large, clear vacuoles ang
eytoplasmic degenerative hodies were abundant throughout the cytoplasm white
glycogen grannles were very sparse in the light cells. The Golgi complex eon.
gisted of collapsed vesicular sacs dispersed in small groups throughout the
cytoplasm. The mitochondria were large and distorted. Their exiterna)
chromatin material guife evenly dispersed throughout the nucleoplasm,

During the termingl portion of the eXperiment, the large electron-lucent celly
developed openings in their plasmsalemmae, Their eytoplasmie organelles were
observed in the sinusoids, space of Disse, and in the intercellular spaces.

The endothelial cells which line the sinwsoids showed similar changes g
those previously described in the dark parenchymal cells. The endothelta)
changes were most frequently observed adjacent to a large focus of dark celly
The long, slender eytoplasmic processes of the endotbelial cellz became
extremely dark with the cytoplasmie and nuclear structures becoming indistin.
guishable. Large fragments of these endothelial cells were frequently seen In
the sinusoidal spaces. Similar changes were observed in the bile duct epithe.
lium. It was not uncommon to see two or three exiremely electron-dense celly
which had lost all their internal structure adjacent to & number of seemingly
normal epithelial cellz (Fig. 8).

PISCUSSION

The gross legions produced in chickens fed toxic fat have been well doey.
mented, yet the mechanism by which this fat produces ascites, hydropericay.
dium, hydrothorax, and edema has not been clarified. Vascunlar lesions and eap
disc decompensation have been mentioned as possible causes of the marsive
sccumylation of extravascular fuid in chickens that have eaten toxie fat® Iy
this experiment the liver was investigated to determine its association wity
the accumulation of extravascular fluid in chickens whose dlets contained toxie
fat,

There was o decided reduction in the tofal blood protein of the toxic fat
chickens. The electrophoretic patterns of their sera sbowed the drop in protely
resulted from a decrease in the serum albumin. When the liver tissues wery
examined microscopically the explanation for the decrease In serum albumfpy
became apparent. There were numercus areas of focal necrosis throughout the
liver of the experimentsl chickens.

There is no ¢lear explanation of why some parenchiymal liver cells shrink ang
become extremely olectron-dense, while others appear to swell and become very
electron-lucent. Undoubiedly each of these changes i3 a degenerative procemy
which eventually terminates in the death of the cell. One covld postulate that
these two cell types perform different functions and becguse of this functiong)
difference, the reactions of these cells to this toxic material were manifosteg
differently. Such changes in size and lucency, however, are not unigue fop
toxic fat but resemble those observed in hepatic lesions produced by monoery.
taline and x-irradiation.® Further studies will be necessary to clarify the gig.
fering responses of varioug parenchymal cells to this toxic substance,

The accumulation of large quantities of extravascular fluid in the tissne
and body eavities of chickens that have consumed toxic fat can be attribuie
at least in part to an alieration in the permesbility of the vascular bed. The
high level of protein in the ascitic and pericardisl fluid and the electrophoretie
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pattern which regembled that of blood serum woul@ be substantiating data for
the above statement. Extensive necrosis of the endothelial cells of the liver
would also be related to altered capillary permeability, These observations
would confirm a previous report® regarding the toxic effect of this fat upon
ibe vasculature of chickens.

BUMMARY

Three per cent toxie fat was added to the diet of 1-day-old chickens. Fifiy
per cent of the chickens died within 15 days. There was a reduction in the
pemoglobin, hematoerit, serom protein, and a shift {n the albmmin-to-globulin
patio of these chickens. The grosw lesions in these ehickens included hydroperi-
wardiam, dilation of the heart, pulmonary edema, ascites, and subrutanecus
edema. When the tissues were examined microscopically the most distinet
ksions were necrosis of the parenchymsl cells, bile duct epithelium and
endothelizl cells of the liver. The lver lesions were evaluated electron micros-
copleally and the morphologic changes reported.

The reduction in total serum protein and shift in the albumin-to-globulin
ratio of the chickens that consumed toxic fat were attribnted to liver necrosis,

The decrease in serom albumin may have predisposed to & portion of the
extravasated fluid. However, aliered permeability of the vascular bed following

toxic fat consamption appeared to be the major predisposiug factor for the
sccnmulation of large quantities of extravascular Auid,

Acknowledgments. The authors are indebted to Dr. Karl T. 'Zilch, Emery
Industries, Ine., Cineinnati, Ohio, for snpplying the toxic fat.
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Crick EpEma Facror: SoMz TISSUE DISTRIBUTION DATA AND
ToxicoLooI¢ EFFECTS IN THE RAT ANp CHICE.* (§1029)

The chick edema factor {CEF), responsible for a large number of deaths fa
the broiler industry in the fall of 1957, was traced to the unsaponifiable
matter (unsap) of the fat used in the broiler rations, It since has been
tallized (1,28) and its strocture proposed as that of a hexachlorohexahydro.
phenathrene (2). It is known that in the toxic fat, a mixiure of related com.
pounds can be found, some toxic and some relatively nontexie.

To lay the groundwork for a study of the specific physiological effects of
pure CEF compounds, a few short studies have been completed to learn the
distribution of the toxic material in the body and which ergans were primarily
affected.

Ezperimentel, Adult rats and day-old White-Rock chicks were used. Becausg
the pure material was not available in sufficlent quantity, we used, from the
toxic fat, the unsap which represented 38% of the original toxic fat and was
estimated to contain at least 10 ppm CEF. The unsap was force fed becanse the
apimals’ food intake was drastically cortailed when it was mired in the diet
All animals were offered water and commercial feed ad Hbitum.

Table 1 shows the experimental plans and dosage levels employed for all g
Trials. Feed consumption and fecal and urinary exeretion were measiured for
the rats. Body weights were recorded in all experiments. All animals, upea
sacrifice, were examined grossly for pathology and selected organs were
weighed and frozen. Hydropericardial fuid (HPF) volume was measured Iy
the chicks.

In addition to the exemination for gross effects, the presence of CEF mate-
rial in varfous tissue was determined. Adrenals, kidneys, and livers wape
assayed in the rats; livers only have been analyzed in the chicks. To obtain g
plcture of the amount of material being absorbed and perhaps excreted, analy.
ses of the feces and urine of rats and of the combined chick excreta were
made.

TABLE 1.—EXPERIMENTAL PLAN OF TRIALS

Dosage (per kg)

Humber of Unsap  CEF (ug.
Trial Species animals Group (mifday) mated

1. 14 days, N S— 2 g e 3
& .0 n
H. 6 days. do : tl'. 0 $
6 5.4 4
1L, 6 days. .. Chick 6 L1 %
6 ] ]
1 Control animals were nat intubated, o

The assay method for CEF is being reported in detail elsewhered In short,
the sample is homogenized with water and saponified with alcoholic ROH. Twe
unsaponifiable portion is extracted with petroleum ether and chromatographed
first on an alumins column. The elugte obtained with 259 ethyl ether iy
petroleum ether, following prior elution with petroleum ether and 54 ettgy
ether in petrolenm ecther, iz concentrated and chromatographed on 500 g thin
layer silica gel plates with 89 ethyl ether in petroleum ether. The silica gel iy
the area of Ry 0.80-1.00 is removed and eluted with ethyl efher, the solvest
removed, and the residue is redissolved in isooctane for gas chromatography,
We nsed an F & M Model 400 gas chromatograph with an electron cx

detector and a U-tube colamn, 3 ft X 6 mm {0.d.) X 4 mm (1d.}, packed with

* Supported by USPHS Grant EF 00303, Contributlon 838 from Dept. of Nutrithe _'

and Food Science, Magsnchusetts Inst, of Technology. g
$T. C. Camphbell and L. Friedman in press, J. AQAC, “Chemleal Assay and Isclatiey
of Chick Edemsa Factor.”
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19, SE-30 on ANAKROM ABS (Analabs). The operating conditions were:
temperatures, column oven 180°C, EC detector 200°C, fiash heater 240°C; gas
fows, helium carrier gas, 80 ec/min; argon, 109 methane purge gas 180 cc/min.
The limit of detection by this method iz approximately 0.2 gpb, assuming a

' gammle size of 5 ¢ and a sensitivity of the EC deteetor of 5 X 107" g.

The so-called CEF components can be seen a8 a gas chromatographic pat
of peaks shown in Fig. 1. This patiern is that of a highly coneentgatedpamfx
rial isolated from the toxic unsap. It is similar to a8 material isolated by Yart-
soff et al and kindly supplied to us by Firestone (8). 'We have numbered the
wksm]t.lo;h;-ough 8 az sghown. Peak 4a was not seen in the Firestone
prepa;

Resulis end dizcussion. Table II shows the effects mpon body welghts, feed
conversion, and feed consumption for the rats The resulis for the vitnlts‘organ
weights t?:ﬂognypill; ﬁaume are ah:iwn in Table III. There was no apparent
grois pa either species with the exception of HPF and
and subcum gf;: in the chicks. P ane Some ascltes

While o develop hydropericardiom, apparently both are
sensitive to liver weight increase, as shown in Table IIY. In the caseegvul?;g
each species was maintained on CEF for 6 days, (Trials II and III), the rats

TABLE I{.—GROSS EFFECTS IN RATS

Foed in- Dry
hgduu:t.‘t hkn_da—l matter
Tid  Gru aas  Gwond  Gareendy
w igh g -6 5 —23 2
Contraf 222 TT I ) el B
Depression below control animals,

TABLE LIL.—ORGAK WEICHTS EXPRESSED AS PERCENT OF BODY WEIGHTS

Heart Liver Spleen Kidaey Adrenals
7 14,08 .20 .
) .08 .20 .g "ﬂ
11 3% 7] - .
% 23.95 .61 e
70 15 54 312
n 273 : T

1rF—hpdropericardial ftuid (mi),
significant statistically a2 | perceat proba Teval,
:lts percent Nﬂbﬂﬂﬁ’l’ lovel (Hogben L i

{9 sg/kg/day) showed an increase over contrels of 219 while the chicks (10
'day) showed an increase of 159. (The increase in
w&s'lt.w;lduﬁ}o m(i}tii?rior o }5% ( liver weight in the
Also, able III, neither heart nor spleen weights in either species o
aiicantly affected. In rats, there appears to be a slight mmsemina;ledffi
weights, though not statistically significant, and a highly significant increase
of 509 in adrensl weights for animals on the high level. Whether this adrenal
weight increase is simply & non-specific stress effect from intubation iz not
taown, although It would seem that this cannot he entirely respomnsible, since
the high level group showed an increase of nearly twice that of the low level

k. gonp.

Some other observations which have been made on previously studied birds
i thiz laboratory are of interest. Hematocrit values are depressed. Of a total
of 438 birds, we hiave observed that, with an average of 0.08 ml HPF in control

J—
§The chromatogram for the Firestone preparation is presented elsewhere.
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F1oure L—Toxic OEF components found in unsap used in this stoudy.
Figure 2—Rat liver extract showing 2 CEF peaks.
FIoURE 3.—Rat feces extract showing CEF pesks, with altered Nos., 4a apd §,
Ficuee 4.~—Chick liver extract showing 2 CEF peaks. (Large peak jnst before
No. 4 found to be contaminant leached from liner of sample vial.}

birds {considered normal), there was a packed cell volume of 33.0%, while for
diseased birds having 0.73 ml HPF, the packed cells volume was 27.99.

Fieure 5—Chick feces extract showing CEF peaks, with altered Nos. 4a and 1.

Also, we observed that whereas control birds will show disappearance of
given amount of an 1.V. injected dose of T-182% dye (Evans Blue} from theiy
vascular system of approXximately 1%/min, poisoned birds will show a disap.
pearance of approximately 29 /min, supporting the observation of Allen (4),
that the permeability of the vascular wall appears to be increased.

Distribution of the CEF in enimoel body.—Of the rat tissues and samples
examined, CEF was detected only in the liver and feces, Fig. 2 through 5 ahoy
typical chromatograms of purified extracts of feces and liver of both speclex
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Control antmais not receiving CEF did not show these peaks. These chromato-
grams show that only peaks 4 (or 4a?) and 7 were present in the liver. In the
fecal extracts all peaks were found, with the exception that instead of peaks
4z and 7 showing their original retention times, these were slightly increased
in each case &nd bave been designated 4a’ and 7°.

These retention times jncreases in the fecal ecomponents were measured by
poting their retention times in relation to their neighbors, ag shown in Table
IV, Whether the 2 components of the liver are the products of components 4
and 7 or the original unaltered substances cannot be sccurately determined
trom these chromatograms, since the rest of the OEF chromatographic pattern
s missing. Tt may be concluded, however, that there iz a selective absorption of
peaks 4 (or 4a) and 7, with metabolism by the liver and excretion into the
jntestine.

It appears, on the basis of the tissues analyzed, that the liver is the target
organ. Furthermore, the pattern of CEF chromatographic peaks presented
pere, Nos. 4 and 7 are the key components. We have succeeded in partially
separating the CEF components such that 4a and 7 crystallized together, indi-
cating a certain chemicat as well as physiological similarity.$ There is no way
of differentiating 4 from 4a with regard to its absorption and metabolism on
the basis of the available evidence,

Bummary. Unsaponifiable matter isolated from a toxic fat and containing an
estimated 10 ppm chick edema factor (CEF) was forcefed daily to adult rats
at levels of 2.0 c¢ and L0 cc/kg body weight/day in 2 studies of 14 and 6
days, respectively. Feed consumption, body weight, and digestibility were
depreszed. Heart and spleen weights were unaffected, kidney weighis seemed to
pe slightly increased, and adrenal and liver weights were significantly
increased. In the chick, typical hydropericardium, ascites, and subeutaneous
pdemn were observed. There were no pignificani changes in heart or spleen
welghts. Liver weights were significantly increased. The rat was a3 sensitive as
the chick to CBF according tc increase in Hver weight. Of the 8 or § CEF
components shown to be in ihis unsap, 2 (Noz. 4 and 7) were found to be
shsorbed and lecated in the liver, while the other components were not

TABLE IV.—CHAKGES IN CHROMATOGRAM RETENTION TIMES OF CEF PEAK NOS. 4o AND 7

———

Relative retention thmes
Wateris] analyzed No. of runs Rra R
Fesstone Standard 3 3LI0£01  Aznotfond
Nastp! L1l 0 122401
e X 13 L1403 L0048

DL 1 o) rote and s composis feces af 2 guups of 6 chicks aach,
ual 2 £om,
:{'ud::htiuhdudummhlumotuhu. Foaes

detected. In place of Nog. 4 and 7, there were 2 new peaks in the feces with
siightly increased retention times. This suggests that the 2 getive CEF compo-
psnts are metabolized in the liver and eXcreted into the intestine vig the bile,
poth in the chick and the rat. No CEF.ike material was found in kidneys,
adrenals, or urine.

STUDIES ON THE METABOLIEM oF CHICE EDEMA FaicTonr:
DISTRIBUTION 1IN OHICE TISSUER ’

D. Firestone, G. B. Higginbotham, D. F', Flick and J. Ress

The distribution of chick edema factor in chick tissmes following consump-
tion of rations containing toxie fat has been of considerable interest. Chick

p————

sHarman, R. E., Dayis, G, E, Ott, W. H,, Brink, N, G,, Kuehl, F. A, J. An. O
o Soc. 1960, ¥RZ, 2078,
1 Wootton, J. C.. Coutchene, W. L., J. Agric. Food Chem., 1944, v12, 04,
A Fireatone, D, Banes, D. Horwitz, W., Friedman, L., Nesheim, 8., J.
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m: detected in chicken tissues by electron cepture gas chroma-

edmmm;hﬁcgd‘;?esumaﬁm of thgi concentration in varions tisspes was made
chromatographic rezponse.

by'l‘%nt;:.nm;{esgazonsisﬂng of homogenized tissues and parts from three
groups of chickens, submitted by the Division of N\l:ltrition. were examined for
chick edema factor by a recently developed method” One group had been fed 3
ration containing 39 of a reference toxic fat. Another group had been fed a
ration containing unsaponifiables equivalent to 8% of the toxic reference fat.
The last group received a ration free of toxie fat. The weights of tissue sam-
plesmngedtromo.étoﬁaégrams.Thesampleswerereeeivedinglassm
pered Erlenmeyer flasks, in ethanol

DPETEEMINATION

(1) Extraction of unsaponifiable matter from animal tissue (Modification of
fHcial od 26.071}).
A%ﬁn?itaﬁvege :rhansfer an}n.lcoholic solution of the homogenized tissues to o
24/40 round bottom flask, add ethyl alcohol to give a final volume of 4
ml/gram tissue, but not less than 50 ml. Add 2 ml KOH solution (3 + 2) per
gram of tissue. .
oiling with occasional swirling on a gteam bath for one hour
un?lgogeiﬁynxb i;? condenser. Transter alcohol soap golution while still warm to
separator using water {equivalent to twice the volume of ethyl alcohol). Rinse
sapontfication flask with the same volume of ethyl ether and transfer to sepa.
rator. Shake vigorously, let layers separate and clarify, breaking any emulsion
by adding up to 1/20 volumes of alcohol and swirling gently. Drain lower layer
and pour ether layer through top into & second separator containing water (2
ml/g tissue), but not less than 20 wml Make two more extractions of soap solu.
tion with ethyl ether (8 ml/gttissue). Rinse pouring edge with ethyl ether and
rinsings to second separator.
adg{otate c?mbined etherp:xtracts gently with the H:O (violent shaking at this
stage mAYy CAUSE troublesome emulsions). Let layers separate and draig
aqueous layer. Wash with two additional portions of Hy O (2 ml/g tissue),
shaking vigorousiy. Then wash ether solution two times with alternate per.
tions (2 ml/g tissue) of K.COs and H,O. If emulsion forms during washing,
drain as much of aqueous layer as possible, leaving emaulsion in separator with
ether layer and proceed withhnexit;h wlraishing Wash final solution with Hy)
i are neutral to phenoihalein.
mgam%er solution to erlenmeyer, ringing geparator and its pouring edge
with ether, adding rinsings te main solution. Dry ether solution by adding
anhydrous Nas80. (1 g/g tissue) and swirling vigorously ca 1 min. Let soly-
tion stand 10 min. Decant ether selution through glass funnel containing
pledget of pre-rinsed coiton in neck and holding 25 gr anhydrous NesS0, inte
another erlenmeyer containing boiling chips wWagh first erlenmeyer with ether
to second erlenmeyer.

angvmet: most of solvent on steam bath and transfer €0 100 ml (pre-
weighed) extraction fiask. Evaporate residual solvent on steam bath under N,
Dry flask to constant weight and obtain weight of unsaponifiable matter. .

Proceed with fractionation of unsaponifiable matter on glumina and cleanup
of alumina fraction 3 as directed in m_et.hod (1), analyzing the residue by elee
tron capture gas chromatography as directed.

. REBULTS AND DIBCUSBION

residues t for lver samples were initially taken up in 100 ul of
m&flo::tane and gx 1(1:1? I;njected. The liver samples were taken up in 250 ul of iso.
octane and 1 ut injected. Examination of the chromatograms indicated the
presence of a small c‘:’ntsunlmm1 t (Ba 111} in the reagents nsed in the cleanyp
tive control samples. .
otst:;:xe ;1:{“;: 10 samples were “toxic” from each group of chi‘?ks Ig:i toxic fatty
material. The liver sample in each group was the most “toxic”, con
roughly 839 of the total stoxicity” as indicated in Table I. The terms “toxje”
or “toxicity” as used here to describe resulis of gas chromatographic analyses
refers to the amount of material in an individual tissue which produces char
acteristie peaks at Ra 12 and 22 resulting from feeding the toxic fat. Of the
pooled adrenals, bone, brain, beart, intestine, kidney, liver, skeletal m
skin, and testes that were. examined, only the bone, heart, intestine, kidney,
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liver, and skin showed peaks characteristic of the presence of chick edema
tacivr. No characteristic peaks were found in the adrenals, brain, skeletal
muscle, and testes; perhaps the concentration was too low to be detected in
these tissues.

The toxie fat as well as the toxic unsaponifiables nsed for this study exhib-
jted 4 characteristic GLC peaks of Ra = 10.8, 124, 186, and 216 (See Table
2). The intestine. chromatograms exhibited greatly diminished 10.6, 18.8 and
216 peaks, and a peak appeared at 12,0 in place of the 124 peak of the toxie
fat and toxic unsaponifiablea The 106 and 180 peaks were not evident in
chromatogramg from the other tissues exhibiting characteristic peaks, and the
120 peak was the major characteristie peak In addition, the bone, heart,
kidney and skin extracts from the chicks fed toxde fat (Group A) exhibited a
12.4 peak which occurred as a shoulder on the major 12.0 peai

These results suggest a selective absorption of the chlorinated components of
the toxic fat; this is most clearly indicated by the diminished 10.6 peak in the
tntestine extract which is completely absent in the other tissue extracts, The
appearance of peaks at 120 or 12.0 and 124 in place of the 12.4 peaks of the
toxic fat can also be explained by selective absorption and deposition of indi-
vidnal components if we recognize that the GLC peaks observed each represent
more than 2 single component. Campbell and Friedman (2) have also observed
selective absorption of chick edema factor components in rais az well as in
chicks. However, theze authors only deteeted chick edema factor in the liver
gnd feces.
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TABLE 1.—RELATIVE %' OF CHICK EDEMA FACTOR IN POSITIVE TISSUESH

Group B
Goonent 3 vanant
pa
Tissue toxis fat) toxic fat)
11 4.3
0.6 L2
2.4 2.8
2.4 LE
' - ] 23.6
BRI .- o v s mm s s mr s e e s e oo ok o mm M mm e e a o 47 1.2

1 The relative percent of CEF in each positive tissue was estimated by adjusting the valuyme of each that
;."::nd' m'nnﬂaclwuld;idﬁuhmmhu gme:tihinuthaminrp?ak(ﬁ?zﬂ)‘ﬁﬂuh:lwﬂfﬂ‘:'-n ?:“Mﬂ;

was used to calculate percentages:
- yolume of sample
% = (frroame o ol semples in gmp) x100

E N.—RETENTION TIMES | OF CHARACTERISTIC OF CHICK EDEMA FACTOR N N TOXIC FAT
el (wADDED TO DIET AND ISOLATED TISSUES COMPONENTS N CF

[Barber Colman Model 5360 gas chromalography; 7 foot 1/ 1 glass columa packed with 2149, SES2 sificone gum rubber
60-80 mesh Gas Chrom Q; 3 x 10-5 amperes full scale; voita ; ., 240° G
% i ey 1] pel becior ge, 30; Injector tenp. G: coluenn temp.

Sample Group A (Fed 3% toxic fat) Gl::m’i:?a‘t)“ unsap. & %

.0
106, 12.0, 216
e
120,216

tHelention time refative to aldsin,
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LicET AND ELECTReN MICROSCOPIC OBSERVATIONS IN Macace mulatia
MonNEEYE FED ToxIC FAT

J. R. Allen, D.V.AL, Ph.D., and L. A. Carstens, B.S.
RUMMARY

Thirty-six Macecs mulaiie monkeys were given a diet that eontained 0.12%
to 10.09% of a fat eapable of producing hydropericardium, ascites, and death in
chickens. There was an inverse relationship between the concentration of toxic
fat in the diet and the survival time of the monkeys. The monkeys given the
greatest level of toxic fat had the mean survival time of 91 days, and the
monkeys given the lowest level and the mean survival time of 445 dayn
During the last 30 days of life, the monkeys developed generalized subeuts.
neous edema, ascites, hydrothorax, and hydropericardium. There were
decreases in erythrocytes, leukocytes, total serum protein values, and altered
albumin :globulin ratios. There was also cardiac dilatation and myocardial
hypertrophy and edemsa. Experimental monkeys had redured hematopoiesis ang
spermatogenesis, degeneration of the blood vessels, focal necrosis of the liver,
and gastric uleers. It was proposed that toxic fat exerted its injuricns effects
upon the parenchymal cells of the Hver, endothelinm, and myocardium wiih
subseuent development of generalized anasarca.

Fats from plant and animal sources have been used to increase the calorje
level of diets for animals. As a result of increased demands by feed manufae.
torers for low-cost fats, almost every availgble source of these products hax
been utilized. Certain fats were found to be extremely toxic to poultry, angd
hundreds of thousands of chickens died or were killed after they were fed
diets containing these fats. Results of experiments indicated that young chick-
ens developed hydrothorax, pulmonary edemna, aseites, and subcutaneous edema
in 1 or ® wecks when there was toxie fat in their dlet.*"*" The accumula-
tion of large quantities of extravascular fluid in chickens seemed to result
from altered permeability of the vascular bed, cardiac decompensation, and
liver necrosig™*

Chemical stadies on toxic fat indicated that the toxic fraction was located
in the unsaponifiable portion.*® By repeated passages through alemins and
silica gel columns, crystalline preparations of the toxic fraction were prepared®;
Tiowever, the chemieal composition of the compound was not defermined.

Before the eanse of this intoxication of pouliry was established, many ehick.
ens that had been fed toxic fat were processed for human consumption. Sinee
that time, the clinfeal, histologic, and electron microscopic changes that
occurred in the intoxlcated chickens have been enummerated™*™" Data are
not available, however, concerning the effects of toxic fat on primates Since
the chemical composition of this fat is unknown, the possibility exists that it
may once again adulterate various edible fats. This is a report on experiments
undertaken to determine the effect of toxic fat on lower primates. The results
of the experiments may be heélpful in postulating the effects that toxic fat

might have in man
MATERIALS AKD METHODS

Since the chemical nature of toxic fat was mnknown and chemical proce
dures were not available to determine the toxieity, 2 biological assay was per-
formed on the fat used in the eXperiments. When the diet of 1-day-old chick-
ens contained 3.09 toxic fat, 50.09% died within 15 days.

In the initial experiment, 16 Macace mulette monkeys (av. weight, 4.2 kg)
were sllotted to 4 groups and fed dJiets containing 0 (control), 1.0, 5.0, and
10.09, respectively, of toxic fat In the 2nd experiment, 20 M. muloiic mon.
keys (av. weight, 8.0 kg.) were allotted to 4 groups and fed diets containing ¢
(control), 0.125, 0.25, and 0.5%, respectively, of toxic fat. The toxic fat wag
combined with corn oil to obtain similar fat inteke levels in all groups of moa-
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fein valne,” serum electrophoretie "
1 pattern,
bin time,” serum bilirobin valye,® cholesterofol]::ﬂf}e orod

urea nitrogen value“ and body weight. Observations wove made each day on

that occarred in hepatic tissmes,

All monkeys were neero immedia
monkeys were killed v i

from heart, lung, liver, gpleen mesgenterie 24 marro

. \ , Iymph node, ste;
skelt:)t? mﬂ;::qle, testis, gastrointestinal tract (3 zones of atog:;nbone 16
oy tinal tract), skin, adrenal gland, ki i Mo

?glr:mﬂ:‘g&mi;m% og;and, thtrﬁolfd gland, parathyroid gland, and v blsdder
.0% new ormal bedad para
tioned at € u, and stained with hemb;’togﬁdr::gd;:;n tsg}. o e
frtél:c g:grs anfd ll}eart were stained with Sudan IV for neutril fats.
Of llver and heart were taken from each monk
cubes, and fixed in Millonig's™ ang Caulfield’s " " These tiamen Sl
subsequently dehydrated through a graded series

e oelydrat of ethanol and embedded in 1
plastie Sections of the tissnes were cut oo an nltramicrotome,

TABLE 1.—
LE 1.—TERMINAL HEMATOLOGIC CHANGES IN MONKEYS FED (HETS CONTAINING TOXIC FAY

Total serum -
Ne, of ruen White blood Red blood
Group monkeys (Gmﬂgau mk) alhumim uﬁ?.‘.’.‘.?&il xltl')'cf?n“::t xlo'ﬁnn:.t
Costrods._.__.________ 9 1.5
(2] " E—— 27 5 b is bt 23

placed on 400-mesh uncosted
examined with an electron mic m ‘grids stained with wranyl acetate, and

RESULTS

In the initial experiment, monkeys in th
e groups 1 taintng
10.09% ggd bot:]rlic ?t; had the mean survival Hme of alegaqytmnmo Lk P
group e t with 109 toxic fat haa the mear survival msoi?;gg

In the 2nd experiment, the nmonkeys survi
ved for

monkeys in the groups fed 0.5, 0.25, and 0125 to:icmgacth ﬁ:gger peﬂmwlm' i
ﬂm’relf of 202, 2;(:1,];1:‘13“ 445 days, respectively. Tean val

ere were ble differences fn sur onke:
mls groups; however, the major clinlealsgg:ﬂthugoegslgihmmgmys - thme vﬂaar‘

occurred during the termingl 30 days regardless of e ;
survived for less thar 4 months or longer than 1 y

from the experimental monkeys will be presented eollec?ia:élyi.‘hmore' the data

HEMATOLOGIC EVALUATIONS

counts;
white celis/eram. of blood on the last hematologic evalnatit;es:t mm%?

*BCA EMU-3G Electron Microscope,

Ra
o8 ro! dio Corporation of Americs, Camden, N.J.
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tal monkeyvs. Prothrombin times, serum bilirubin valueg, serum electrolytes,
blood ures mitrogen values, and cholesterol levels of serum were not changed

appreciably during the experiment.
CLINICAY. OBSERVATIONS

The major changes in the monkeys were the development of generalized ale-
pecig and subeutaneous edema 1 to 2 months before death. Edema, first noticed
around the lips and eyelids, progressed to the remainder of the face and even.
tually involved the subecutaneous tissue ot the trunk and extremities. Espe-
cially obvious was the marked edema of the serotum and sheath which
developed during the last few weeks of life and, in some monkeys, partially
obstructed the flow of urine. During the last month of life there was decreaged
food comsumption and the subsequent loss of body weight was frequently ax
much as 1 kg. Diarrhea developed in 759 of the experimental monkeys during
the last few days of life. Results of bacteriologic cultural examinationa of
feces were negative for pathogenic enterfc organisms.

GROBE AKD MICEOBCOPIC FINDINGB

The findings at necropsy substantiated the presence of extensive subeuts-
neous edems in over 75% of the monkeys fed toxle fat

‘Heart—Dilatation of the heart was especially obvious on the right gide,
This was further elarified when the circumference of the valves was deter.
mined. The mean tricuspid and mitral valve circumference of the experimentyl
monkey hearts was 55 and 4% mm., respectively ; in contrast, the tricuspid and
mitral valves of the control monkey hearts averaged 40 to 26 mm., Tespes
tively. Hypertrophy of the cardiac muscle was also apparent in the experimen.
tal monkeys. The hearts of the experimental monkeys were 0.56% of the body
weight, whereas hearts of the control monkeys were 0.30%. Microscopically,
the muscle fbers were distinctly separated by fluid. Individual muscle cally
were hypertrophic, and their nuclei were enlarged, distorted, and hyperchromie
(Fig. 1). There were noe distinct vaivular lesions in hearts of the experimenial
monkeys.

Lungs—Lungs of experimental monkeys were not altered appreciably. Ise
lated areas of atelectasis, congestion, edema, and fibrosis were observed. The
proliteration of fibrous connective tissue was associated with the presence of
lung mites (Preumonysis simicoli).

Liver—JXivers of experimentsl monkeys were small, firm, and moderately
yellow. On microscopic examination, moderate distortion of the architeeture
was found. Many parenchymal cells were enlarged, multinecleated, and haj
only moderate affinity for stain, whereas other cells were small and markedly
hyperchromie, There was algo focal necrosis of the parenchymal cells in the
centrilobular zone (Fig. 2). Many parenchymal
their cytoplasm which stained positively for neutral fat when frozen
were prepared. Small areas of flbrous connective tisgue occurred in the ped.
portal ares ; however, they did not alfer the architecture appreciably.

Splecn.—Spleens of experimental monkeys averaged only 0.074% of the boly
weight, and those of the control monkeys were 0.13%. Microscopically, the pen
minal centers were surrounded by only a narrow zone of lymphocytes, the
blood sinuses were practically deveid of cells, and the trabeculee Were espe
cially prominent.

Mesenteric Lymph Nodes—Lymph nodes were light tan and edematogs
Microseopically, the germinal centers were surrounded by & narrow band o

lymphocytez. The medullary cords were indistinet, and the sinuses were fillg -

with proteinaceous fluid.

Sternal Bone Marrow.—Grossly, the bone marrow resembled coagulatw 3
plasma. Microscopieally, only a small number of hematopoletic celld were muy
in the marrow, and those were approximately equally divided between g °

cells contained vacuoles iy ."
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myeloid and erythrofd series (Fig. 3

o tatty Hasue yorold sexie ). Most of the bone marrow wasg composed

on‘lsy S limattel g Drotel eeﬁg‘ous fluid. The blood vessels and sinuses contained

mpwi al %mwe,—l‘he skeletal muscle was pele and edematous. Micro-
cally, e bundles and fibers were widely separated by finid, but

gj:tg:lw a:?é :h;;e ?ﬁiﬁiﬂl fibers. The epidermal layer was eompast:kailt;l’e‘:a
e e Syberin monkeys. There was an absence of sctae
ange | e ;l r follicles of the monkeys given toxic fat. of 217 detectable
f drenma, ana&m:'l, ﬁp:mcreas, kidneys, cerebrom, cerebellum, pituitary
thyroi aringry bladder of the experimenial s gand,
were comparable grossly and mieroscopically. #nd control monkeys

ELECTRON MICEOSCOPIC CHANGES

The extent of electron microsco
the Jevel of toxic fat in the diet a:l.’;c m"’é"é’,;‘,?ag‘mthe liver correlated well with

wete seeit in various stages of . .
! egeneration.
ﬂ;negsb:fg eeiw:h visible despite the - dense mcilizs’ix.mx? s e
P e lcellular organelles. Myelin bodieg were ahu:cnoles ! the
m‘,-gop]woa ’electron : Plasmalemma, and in the intercelluiay WMt mncleithe
v 50 elect ense, and the nuclear envelope was only aguelyThe s
cells had lost alt resemblance to normsl pa‘;enchm?lmcelml;:
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being devoid of discernible cytoplasmic organelles and nuclei, Microvilli were
extremely prominent and abundant along the plasmalemma adjacent to Disse's

space

The lighter celis (Fig. 8) seemed to follow an entirely different comrse in-
their degenerative process. The cytoplasmic organelles were quite distinet in
fhe abundant matrix. There was marked disruption of the endoplasmic retien-
lom, with only short fragments being scattered throughout the cytoplasm,
Abundant free rihosomes were quite evenly dispersed between the organelles.
The external contours of the mitochondria were frequently irregular, and the
matrix was moderately electron dense. Occasionally, bulblike projections were
formed by the external mitochondrial membrane. The plasmaleminge were
irregular, and the microvilli were short and sparse. Qccasionally, there were
myelin bodies along the plasmalemmal sarface. In some instances, tbe light
cell plasmalemmae had ruptured, and crganelles were dispersed throughout the
extracellular space.

Bile dunct epithelium was affected markedly in monkeys fed diets containing
toxic fat. Many of the epithelial cells were so electron dense that the cyto-
plasmic organelles were difficult to visualize, and their nuclear membranes
were irregular and extremely dense. The interlocking plicae of adjacent cells
were widely separated. As a result of the shrunken condition of the epitheljal
cells, microvilli on the luminal surface of the plasmalemmae seemed thin and
elongated.

Endothelial cells in some areas of the liver had a distinet resemblance to the
dark parenchymal and bile duct epithelial celis The dark endothelial cells
were shrunken, and their internal structures were distorted. There were wid-
ened fenestrations between the endothelial eells. Changes in the eytoplasmie
organelles were comparable with those observed in the parenchymal cells,
Occasionally, large cytoplasmic sequestra from the endothelial cells were
cbserved in the lumen of the vessels.

Heart—The main differences between hearts of control and experiments)
monkeys were the dilatation of the intercellular spaces and the wide dispersa]
of the myofibrily in the latter. Between the widely separated groups of myofi-
brils {Fig. 9}, there were mitochondria, occasionally a segment of sarcoplasmie
retienlum, and sbundant matrix. Usually, only the 7 lines could be readily vis-
uslized. Cytosomes were much more sbundant in the muscle cells of experi-
mentsl monkeys and were usually found near the nucleus (Fig. 10). In more
than 59 of the hearts of the experimental monkeys there was a distine
swelling of the mitochondria. The cristae were widely separated, and the mito-
chondrial matrix was abundant (Fig. 11). Large myelin figures were observed
within and surrounding many mitochondria. Myocardial nuelei, components of
the transverse tubular system, as well as elements of the sarcoplasmic reticn.
lom, seemed unaffected. There was a mnoticeable separation of intercalated
disks in many of the experimental monkeys (Fig. 12). The various bands
formed by the myofibrils were often masked due to the abundance of edoma.
tous fiuid in the fissue,

Many of the endothelial cells appeared electron dense and shrunken, with
distortion of the muclei mnd cytoplasmic organelles (Fig. 13). In moest
instances, the organelles were in close apposition as the result of the cefl
shrinkage. There were cytoplasmic myelin bodies in many of the cells. Qop.
sionally, intercellular stromal cells had changes similar to those in the endo

thelinl cells.
DISCUSEION

Toxic fat consumption bhad a decided effect upon hematopoiesis and sperma.
togenesis. Myeloid, erythroid, and lymphoid clements of the peripheral higed
were markedly reduced. Germinal centers in the 1ymph nodes and spleen ang
the islands of hematopoietic cells in the marrow were extremely sparse. Inhih.
ited spermatogenesis was also observed in the monkeys fed toxic fat. Bimfige
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cbservations have been reported in chickens fed t mecha.
oxie o
nism by which toxic fat exerts its inhibitory effects uﬁg Ee];:agoc:tesis and-

spermatogenesis has not been
required to elucidate these points. , and additionsl research will be

The relationship of toxic fat consumption by moakeys and the development

Ap interesting and not well-understood lesion was the
d
ulcers in more than 669, of the monkeys fed toxie gfl omen]tmo:mgashicpﬁ
appeamnge of the ulcers was similar to that observeqd in man and lower ani
malg, an determi.pation of the etiologie factors was equally evasive, Th;

dde of the heart and vena cava
monkeys 1ias been reported in chickens fod toxie favs ot Postulated for the

Reduced osmotic pressure of the blood, increased eapiliary permeability, and

which of these entities wasg responsible,

3 play a major role, with
stage of the disease. each becoming the paramount entity at s particular
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Note on an Improved Cleanup Method for the Detection of
Chick Edema Factor in Fats and Fally Acids by Eleetron
Gplure Gas Chromatography

gy PAUL: NEAL (Divison of Food Chemistry, Food and Drug Administration,
Wahington, 1D.C. 20201)

The electron eapiure QLC screcning fest  of the peiroleum other exiract from the sul-
g rhick cdvma factor (1, 2) has been furic acid treatneent on an alumine eolumn,
audificd by replacing the sponifiention step  and stfurie acid eleamup of the third alumina
< a sullnrie aeid cleanup (3. 4) which per-  frnetion, followed by clectron sapiure GLC.
a5 3 50% reduction in sample cleanup time,  CGins chromatographie peaks with retention time

The wndified procedure involves troatment  versmis aldrin of 10-25 are indicative of the
415 g mmple with sufuric aeid, fractionation  presence of ohick edema factor.
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Table 1. Comparison of suifurlc acid cleanup with saponificatl for delection of thick «d
factor by aloct ptura gas ch tography (ECGLC)
ECGLC Analysis
Sample* Saponitication H350, Cleanup
Low positive refsrence fat (1.5% toxic 14.1 (45), 11.8 (48), 17.6 (85), 10.1 (18}, 11.8 {143, 12.6 (40,
fat in USP Cottonseed Oil) 20.4 (64) 20,4 (34}

Toxic animal tallow 10.2 (74}, ¥1.9 (82), 18.8 (N}, 10.2 (56), 11.9 (425, 18.8 (§5),
20.6 (38} 20,6 (90)

Toxic ofeic acid 10.1 (147), 11.8 (&3), 17.8 10.1 (98}, 11.8 (10), 17.8 ( > 5009,
(5000, 20.4 (200} 20.4 {154)

Toxic glyceryl monooleate 10.1 (50), 11.8 (2D), 17.8 (200), 10.1 (48), 11,8 (34), 17.8 (259),
20.4 (32) 20.4(98)

Vegelable oit p k {nontaxic)
Oleic acld {nontoxic)
Cotic g il (Aontoxic)

18.4 {trace), 13.5 {trace)
10.4 (trace}, 13.% (trace)
1.4 (23, 13.5(22)

Blank 10.4 (trace), 13.5 (trace)

10 4 (trace), 13.5 {trace)
10,4 (trace}, 13.5 {irace)
10.4 {trace)

i0.4 {trace), 13.5 (trate)

* Toxic and nontoxic reler to results of AGAC chick bloassay (AOAC Officiat Mothods of Anaiysis, 10th Ed.,

1345, 26,087-26.091).

"5 The first values (without parentheses) reter to retention time of peaks at 200°C vs. afdrin; the values in
parentheses refar to peak 2rea which is equal to retention timd {cm) X peak height (cm).

Method
Reagents and Appnraiuz

Rinse 8}l glaseware with appropriate solveot
hefore nze. Do ot use polyethylene containers
to store sohvents (5).

(a) Petroleum ether—TReagent grade; re-
distill in glass between 30" and 60°C {(avail-
shle from Burdick. and Jackson Laboratories,
Muskegon, Mich.).

(b) Carbon tetrachlovide—Distilled-in-glass.

{e) Celite—John=Mansville #35, acid-
washed. Wash well with petrolewn clher and
drv.

(d} Fitier paper— #5419 S&5 Blve Ribbon,
or cquivalent.

Petermination

Sulfuric acid cleenup—Dissolve 25 g fat in
10 ml CCl, in 400 ml Deaker (heat, if
necessary). Add 10 ml concentrated IR0,
and then 20 g Celile; miix with heavy glass
stiring rod during addilions and stir until
bomogenecous mixture i obtained. Add 125 mi
petroleum ether, mix well, Jet solids soille, and
filter the supernakuni liguid ithrough filter
paper in %0 mn conical funvel. Repeal with
additional 125 m! portion of petrofeum ether.
Evaporate combined potroleam cther fllemte
to 5 mi for alnmina eolumn fraetiomalion,

Complete sdrlermination as outlined in the
method of Migginbotham et al. (1).

Besults and Disenssion
010 relenlion times and peak areas for

negative, positive, and blank sumples were
compared for hotle the suliuric acid snd (ke
saponification methods; sec Table ! Resuh,
are comnparable as indicators of koxic matora),
Gas chromatographic peak heighis were Jowey
in some cazes with the sulfuric 2:id eleanup.
however, the presence of toxic faclor was
cleatly indicuted in the low positive refermee
material, The nontoxic cottonsecd o0il sympley
would have heen‘ judged toxic by the sapons.

-t

Fig. 1—Gas thromatograms of {2} blank ang -
low positive reference  fal  afier clanup wm
saponification,

GLC conditions: 7° X 4 mm id. plass ooty
packed with 2.59% SE-52 on G080 megh Cn
Chrom @ at 205°C. Amount injecled: [/Stae o

P h traction 3.
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fieation method because of the relatively large
GLC peak of R, 13.5, a peak detecled at Jow
levels in gas chromatograms from blanks and
olier nontoxic sunples; see Table 1. Small
peaks of B, 10-25 were obwerved in both pro-
vedurcs in the blink and nontexic mamples,
However, they did not interfere with identifi-
calion of the toxie fats and differentintion of
toxic from nontoxic sumples. Gas o
tegrams of blank and Jow positive reference
smples afler saponificalion and prelimivary
alfuric acid treatment are shown in Tigs. 1
and 2. '
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26. GILB, FATS, AND WAXES
(1) The official, HBrst.action GLC-microcoulometric method for chick edems

. taetor, 26.002-26.098, was changed by adding the following to 26.092:

' (g) Ethyl ether jor aluming chromatography—Ether (not >2% alcohol) o
absolute ether (mot >0.01% alcobol) (available from Burdick and Jacksos
Laboratories).

{2) The official, firat action electron capture method for detection of chick
edema factor, This Journal 50, 216-218(1967) was changed by addition of the
following to (b) in the Determination section:

After “ . . 26,0047 in line 6 add “(using ether specified in 26.082(g)” (item

1) above).
¢ {3) Thg following rapid screening method for detection of chick edems
factor was adopted as official, first action:

PRINCIFLE

Samples are subjected to preliminary H,SO. cleanup and extd with pets,
ether. Ext. is purified on Al:Qa column and examined by electron capture GLC,
after addnl H,80, cleanup. Gas chromatographic peaks with retention time
relative to aldrin of 10-25 are indicative of chick edema factor.

REAGENTE AND APPARATUS

(a) Petroleum ether—Redistd in glass, b.p. .30-60° (avatiable from Burdiek
and Jackson Laboratories, 1953 S. Harvey St., Mushkegon, Mich. 49442),

(b) Ethyl ether for glumine chromatopraphy.—Ether (not 2>29 alcohol) op
absolute ether (mot >0.01% aleohol) (available frotn Burdick and Jackses
Lahoratories).

(¢) Carbon ietrechloride—Redistd in glass (available from Burdiek ang
Jackson Laboratories).

{d) Celite—No. 545, acid-washed. Wash well with petr. ether and dry o
room temyp.

{e) Aldrin 2tandord soln.—0.1 pg/ml. See Reagenis end Apparatus, section
{2}, JAOAC 50, 216(1067).

() Chkick edema factor low positive reference zampie—1.5% reference toxte
fat in USP cottonseed oil. (Available from Division of Food Standards angd
Additives, Food and Drug Administration, Washington, D.C. 20204).

(gy Activeited cluming—See Reageniz and Appareius, revised 26.0924b3,
JAQAC 50, 216(1967).

(h) Aluming chromatographic celumn.—To dry chromatographic tube, py
mm o¢.d. (14.5 mm id) ¥ 250 mm long, fitted at bottom with coarse Porosiy
fritted glass disk and Teflon stopeock (tube without fritted disk but bolding
glass wool plug in bottom may be used), add redisd peir, ether, dried hefuy
use with anhyd. Ne,80,, until column iz % full. Weigh 15 g ALO: and’ trage.

fer to column in small portions, tapping tube as AlO, setiles. When last pen

tion of ALO, settles and air bubbles stop rising to surface, add § g

Na:30. Drain excess petr. ether so that it is just above wpper surfare ¢'

N80,
(i) Gas chromatographio column.—Glass, 57" X %" 1.d., packed with

8E-52 silicone gum rubber on 60-80 mesh (Gas Chrom Q (Applied Science 1ah
oratories, State College, Pa. 16801). Coat support with substrate ag follomy -
Welgh 2.5 g silicone gum robber stationary phase and dissolve in 3g9 w
CH:Clrtoluene (1 + 1), heating to dissolve. Add 97.5 g Gas Chrom Q apg ™
stand 10 mm with occasional gentle stirring. Dry in rotiry evaporator hed g
50° bath. Pack coated material into chromatographic column by adding wagl
amts while vibrating column at packing level with Vibro-graver tool (Piskey
Scientific Co., Pittsburgh, Pa, 15219). Fill to within 1”7 on exit side and 3° -
entrance side, and flil remsaining space with silanized glass wool. Conditieg
column at operating pressure 2-5 days at 250°.

() Gas chremaiograph with electron capture detector—See Reagenty p—
Apparaius, (e), JAOAC 50, 218 (1987).

DETERMINATION

(a) Preliminary sufuric soid oleenup.—Dissolve 25 £ fat in 10 mi CCY, n gy -

ml beaker; mix with heavy glass stirring rod while adding 10 ml
& g anhyd. Na,S80; and stir well while adding 20 g Celite, until ho

mixt. is obtained. Add 125 ml petr. ether, mix well, let solids settle, anq e

supernatent thru paper in 90 mm conieal funnel. Repeat with addnl 125
ml
gg‘;‘ gger. Evap. combined petr. ether filtrate to 5 ml for Al:Oy column frac.
(b) Fractionation of petroloum ether filirate by alumina chromatography.—
Dry solvents prior to use by shaking with aubyd. Na,SO, Transfer petr.p:gﬁer
flitrate from {a) to Al;O, chromatographic column, using total of 15 ml petr.
ether. Let liguid level fall to just above top of Na:S0,. Elute sample with 100
ml petr: ether (fraetion 1), 50 ml 5% ether in petr. ether (fraction 2), and 100
ml 25%, ether in petr. ether (fraction 8). Relatively fast flow rates of on 3.9
mi/min give satisfactory results, Keep liquid level above top of Na.SO, at anl
times, Discard fractions 1 and 2, and collect fraction 3 in 125 m! erlenmeyer.
Add several boiling chips and evap. to dryness on steam bath. Transter residué
"Eh)”?;ifffg ;:ijo El £-8. gz}aduate and evap. patr. ether soln to 3 m).
[ cleanup of qluming cf —, erming secti
o JAg:m P oty Yracifon 8.—Sece Det Hon, on
{d} caplure gos chromotogropky of petrolew —See
De(tzménh:ﬁo%c sieelﬁog (d), gaoac 50, 217(1%671;.9 rotetm siher extract.
oillclal, first action method for methyl esters
ﬁg_o?sqﬁa with changes in This Journal 49, 231-232 (1963§, ?at?m%
{A) 26.1'158({:), revised third paragraph, This Journ atter
*... to obtain calibration factor.” insert “Reference mir‘:; :&uﬁztggw:?o:st fats
and ofls may be obtained from Applied Sciemee Laboratories, Box 440, State
College, Pa. 16801; Supelco, Box 81, Bellefonte, Pa, 16823; and Lipids Prese
”‘{'gr}' Ié%-bocggto% Hor:;el Institute, Austin, Minn. 35912)."
, change read as follows: “Two single detns of
ﬁt{s &sggglléegtomrmed ri:f; i Iaboll;latory shall not differ by >ﬁa§ﬁ§p§
e performed
it percent&gemlinits.” different lahoratories shall not differ by
(5) The official, final action lead-salt ether method for rinin
erated and unsaturated fatty acids, 20.040, was changed ap s L2 HOR Of sat-
{A) Change first paragraph, first sentence to read: “Accurately weigh 10
{for pla’l,lt fats used in common household cooking ofls) or 20 g sample into
(B) "Add the sentence “Reserve ether filtrate "
to the e;;ltﬂf the second paragraph, {containg ether.sol. Pb soaps).
) paragraph, line 8, after “ ., . HClfree" “
A G ,» insert “(mo ppt with

¥ (E) Paragraph 6, line 1, insert “reserved” wem: “Transfer”. Line
.. “Repeat HCL hydrolysis until no more PbClL ts ppid.” after “.e r’ into hg;k:fe

(F) Change paragraph 7, lines 2 and 3 to read, “ . . until HCI i3 removed

" (a0 ppt in wash H,O with AgNQs). Dehy
. Xa,80, and transfer e.ther soln.,g.bf” ) drate ether with ca 2 g anhyd.

{G)} Change paragraph 8 to read: “Det. In duplicate I nombers of 0.2-0.8 g

i_' off from unsatd fatty acid fraction, and from entire satd fatty acid fraction,

{1 :umber of satd acid fraction is due to presence of 20me unsat d. )"
{6} The following gasdiquid chromatographic method for bu‘li;yz;:ite'd) hydroxy-

B aaivle (BHA} (121006} and buiylated hydroxytoluene (BHT
- qam and rice breaktast cereals was adopted as oéymL ﬁnﬁ; a{ CﬂOn.) (128370) in

APPARATUS
(1) Gas chromatograph.—Barber-Colman Model 5000, or equiv., with H

2  feme lonization detector and strip chart recorder, Establish f; i
- g eonditl_ons: temps—column 160°, detector 210°, flash heatgll'l cggg}g I%’p‘;!roavt'
. wte, suificient to elute BHT in 3~ min from QF-1 column snd elute BHA 1
" 34 min trqm Apiezon column; H fipw rate, ea 40 ml/min for Apiezon I, and
. o 25 mi/min tt'g QF-1; air flow rate, ca 840 ml/min ; electrometer sensitivity :
. WX (5 X 10%) amp foll seale deflection) with 5 mv recorder. AdJust H aag

o fow ratles, if necessary,

Adjust electrometer sensitivity so 0.1 #2 BHA gives ea d
t injections until constant peak h 50% deflection,
goms of identical voL. of std mixt. | oNL ATe obtained on successive injee-
_Ower of appearance on Aplezon column (4°) : BHA, BHT, di-BHA. Order of

mppearance oo QF-1 column (6%} ; BHT, BHA, di-BHA.
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INTERNAL PRELIMINARY REPORT ANALYRIS OF COMMERCIAL CHLOROFHEROLE
FoB TrRACE AMOUNT2 oF THEIE CONDENSATION AND
PLYMERIZATION PRODUCTE

By G. R. Higginbotham and John Ress

Laclair (1) has reported an ultraviolet absorption study of the components
of technical pentachlorophenol, separated by vacuum sublimation, and diselosed
only pentachlorophencl (PCP), 2.8.4.6-tetrachlorophenol, and an unidentified,
dark brown, high melting, “ehlorophenol” containing 58.3% chblorine, The uni-
dentified material was presumed to be a polymerization product produced
during process of manufacture. Tomita et al {2) have demonstrated that
chlorphenols and their salts, when heated, underge cohdensation reactions and
form chlorinated derivatives of dibenzo-p-dioxin {chick edema factors, CEF}).

Recently, we examined the unsaponifigble fraction of a number of commer.
cial chlorophenols and obtained resuits which suggest that the impurities of
chlorophenols eonsists of chloro derivatives of dibenzo-p-dloxin in addition to
other components which have not been identified.

Thirteen c¢hlorophenol samples were analyzed for chick edema factor. The
samples were carrted thru the 2.5 gram saponification procedure and examined
by electron capture GLC after AlLOs column chromatography and H;80,
extraction [JAQAC, 50, 884 (1987)1. GLC peaks indicative of chick edema
factor were cbserved in most of the chromatograms from the thirteen samples

8ix of the thirteen samples were selected for further study. The unsaponifis.
bles from each sample were extracted and chromatographed on an ALD,
column, according to A.Q.A.C. Method 26.092-26.004. The unsaponifiable frae
tions were submitted te the egg embryo biassay. Two components (Ea 63 and
Ra 11.8) were isolated by preparative GLC from the unsaponifiable fraction of
Eastman’s techuical grade 2,3.4,6-tetrachlorophencl. The components were
examined by mass spectrometry and submitted to the egg embryo bioassay,
Results are tabulated below.

Table I shows the amount of unsaponifiables isolated from 100 g samples of
six representative commercial chlorophencls. In every case the amount of CEP
in the total sample iz estimated to be less than 0.3%. If a lipid sample 13 con.
taminated with pre-formed chick edema factor,* high levels of poly chlorophe.
nols wounld also be expected to be present in the sample.

Results from the chick embryo assay are recorded in Table II. Table II1
summatfzes the results obtalued on two components isclated from
2,3,4,6-tetrachlorophenol. The molecular weight and the number of chlorines for
each component are not consistent with a chioro derivative of dibenzo-p-dioxin

The Ra values of these components are not consistent with known chiek
edema factors. The compounds may be photodecomposition products of techni
cal grade 2,3,4,6-tetrachlorophenol.

Fuarther work will be required to characterize the unsaponifisbles from com.
mercial chlorophenols. The overall results of {his preliminary study emphasize
the need for & rapid method for polychlorophenols in fats and fatty acids. The
unsaponifiable and CEF (hexa-, hepta- and octachlorodibenzo-p-dioxin) contest
of a number of reagent and technlcal grade commercial chlorophéencls gre
shown in Table 4. CEF content was determined by GLC using a synthetic CEF
mixture as a reference material. CEF was found in all the chlorophennls
examined, varying from a trace {ca 0.001 ug/g) to 205 pg/g.

* Pre-formed chick edema factor is defined here 23 a groug of chloro derivatives of
gigego-ptdiorln {nitlally present im a sample before It 13 subject to any type of huys
atment.
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TABLE | —EXAMINATION OF CHLOROPHENOLS FOR PRE-FORMED CHICK EDEMA FACTORS

Sanple (100 2) Welwde WA et
1265 109.2
2.7 1L % 0.0'0};
R i w1 B
o A
ﬁ'.a phenol (Baker)._.. . : ! lfg."g n&g o1
t Estimate based on weight of A0, Fr. 3 and assyming that the frection consists of
24 second #xtraction of th i S e i
T S ) o S S S m o
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Mo, of Chicken embryo assay
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. TABLE 4—EXAMINATION OF COMMERCIAL CHLOROPHENOLS FOR CHICK EDEMA FACTORS (HEXA-, HEPTA- AND
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d from a

A crystalline
pmt:lrr]nm in chicks,

d animal feed fat, and capable of producing hydre-
wasshownbysolunonofiumstalsmnmtobel,ZJTSB-Msachlomdp

benzo-p-diaxin (C120:HzCls). The triclinic vnit <!l has the dimensions a= 7-852:& 0005, h=9-379

+001, ¢=9-431+0:01

density is 14958 g.em-3 for 2-2, compared vulh 201 gxm-’

, a=9235° £ 0-20°, §=92:39°+0-20°, r—lm"‘+030° The euln!h_tcd

d for the bulk ik, A st

treatment of the 1158

d a center of sy

¥; the space group was there.

fore assumed 1o be PT, The structurs was sol\u] by the symbalic addition method of Karle & Karle,

The nearly planar

liel to the (UT1) crystallographic plancs. No unusual bood

ore almost
’ hghsmnnghwefmmmmwasnﬁmdm R= 10-5%.

Intredustion .
The isolation, chemical analyses, and spectroscopic
data on the hydropericardivm taxic factor (HPTF)
material have been deseribed by Wootton, Akman &
Alexander (3962), and by Waotion & Courchene

* Presert addross: Miaend University, Departvent of Chem-
iy, Oxford, Ohis, U.5.A. .

1 Reprint reguests should be addressed ko this aulhor al the

Procter & Gaobke address.

{1964). One of the active fractions of material isolaind
was that called #-3-17, where this nomenclaiure rofn,
to the vapor phase cheomatographic behavior as de.
seribed by Wootton er al. (1962). Wootton and his eab.
leagues proposed that HPTF was a chlorinated hegy
hydrophenanthrene  with  the  empirical  formaly
CrH0Cls. Following the  moleenlar  identiBeagipy
herein seported, Waoolion (1966) showed that 3 e
thetic bexachlurinuted dibenzogedioxin, whose

ical propectics are remarkably similae w the isobagy
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& ¥ 17 material, does indeed produce the hydropericar-
divm condition in chickens.*

Experimental

Two types of crysials were isolated from a warm
penzene—hexane solution of the «-3-17 material. The
bulk of the erystalline materia) appeared to dilfer in
Erom the material used for this study. Mo crystals

of the bulk phasc were found to be satisfactory for
single-crystal studies, and only two crystals of the
studied phase were isolated, Measured d-spacings of
X-ray powder patterns taken of the bulk phase mater-
il did not match dspacings calcelated from the unit
el of 1,2,3,1,8.9-hexachlorodsb¢nzo-p-dloun. How-
ever, when ihe bulk phase was heated to just bclow

Kodak No-Bereen). Intensity data were recorded for
both crysials, reduced sepazraiely, ther compared,
edited, and averaped. Absorplion corrections werg
made separately for cach crystal wsing Busing & Levy’s
genenral absorplion correction program as modified by
Jefrey {1964).

Qwing to the very tiny crystals, and in patt to the

.integeation, very long exposwres of approxinuiely 150

hours were required to obiain satislsctory multiple-
film data. The entire Weissenberg comera was placed
inside a plastic bag and a helivm atmosphere was pro-
vided to reduce background due to air scattering. OF
the 3030 possible reficctions, 1158 (38%) were re-
corded; 397 of these reflections had intensitics fess
than a minimum threshold value and were classified
as ‘less-thuns”, The intensitizs of most of the reficctions

the melting point (230°C) a phase chang
Mezsured dspacings from Xeray powder patterns of
the transformed bulk phase match the caleulated d-
sgacings of 1,2,3,7,8.%-hexachlorodibenzo-p-dioxin rea-
somably well, Therefore, it was assumed that the ma-
teria) used for this crystal structure determination was
& high temperature phase of the bulk ¢rystailine mater-
il known as =317 HPTE.

The single crystals used were diamond shaped and
had the approximate dimensions 0-18 x 0-10 x {-08 sun
(axéxc)

The unit-cell par :

al data using a General Electm single-crystal
orienter and Ni-filtered Cu K radiation (2= [-5418 A).
The paramcters of the trickinic cell chosen according
to Dirichlet (Baleshor & Urselk, 1957 are as follows:

w7952 20005 A o= 92-3540-20° g, =1-958g.cm—?
pe3T91001  B= 92:3910-20 go=20| gom—?
eoPd133001 p=109921030 Z=2

¥=662-5 A

where oo was measured for the bulk phase by flotation.
Two-dimensionslly integeated equi-inclination Weis-
senberg data were collecicd for the a-axiz zones, Oki-
&, and for the b-axis zones J-AST using the multiple-
fitm. technique {one pack each of four fikms, Eastiman

* The ition foe The: d here, pamely
Cus0:BsCls, agmes well with unpublished microchemical

mined from single-

were d by a Joyce Lochbl microdensitometer
scanning at rlght anglcs to the longer lmcgnnon direc-
tion. The were st d visually.

A standard mttmsrty steip wes prepared and used For
the visually estimated intensities. To ensure that both
types of intensity data were on the same scale, 2 suf-
ficient number of medinm ities were

both visually aad by the dersifometer, Radiation dam-
age elfects were found 10 be neglizible by retaking daly
for earlier crystal setlings.

Statistical treatment of the intensity data by Roma.
chandran & Srinivasan’s (I959} modification of the
method of Howells, Phillip & Rogers (1950) indicated
a center of symmetry. The tpace group was assumed,
therefore, to be PT(C]) and this assumption was con-
firmed during the direct method cakeulations.

Sohrtion and refin t of the ¢

Initiafly we knew the weight of the molecule and the
number of dl.lonnc atoms per molecule, and we knew
that the mol d some af i character.
Attempts to solve the stencture from the three-dimen.
sional Patterson map were nol successful. The symbolic
addition method of Karle & Karle (E963, 1966) was
then employed.

The phases were deterntined for the 251 most intense
reflections in terms of four algeiraic quantities, a.b,¢,3.
A summary of the calculation of the wnitary sirwture

performed by Pmrcsw; Wolfgzang ). Kirstzn, Uni- ) . palinet S
iy of Uppsala, 1a, Sweden, at 1 carly stage of  12C1075 or E-values msed for this determination is com-
ks stractune work. i pared with theoretical values and is as follows:
Karle «r of, (1964)
3-Tredolyl-
Q ¥ N i Cent CizH20:C1 acoth: acid
El} 0886 o3 [ g 0768
EZ = 1]} 736 0968 &0 0934
E12) 1-000 . 1000 14000 1031
[E{>3-0 83% Cd4% 2%
|E}» 20 S0% A-5% %
1EL=10 0% 30-3% I61%
158 refloctions  1-23% reflections
76l von-zero 863 non-zere
397 uncbscryed 324 zere
{hrsthan'}y



some changes made in carbon and chloring assipm.
menrs sesaliing in, ideally, a planar 1,2,3,78 9 hexs
chloronnthricene wilh s symmetry. This change oy
the structure dropped the R value 1o 35%. The plase

The overall temperature fictor was 2424,

A summary of the séxfeen ¢ases that reudted fom
the sign permtation of the four aigebriic assignments
is as follows:

Cae 1 2 3 4 3 & 7. 08 5 10 11 2 13 4 5
e 4+ + o+ O+ + o+ + . * - = = - - - - -
b + + + - - - - + + + + - - - —
€ - + - + - - + + - + - + - - + 4
g - - + + + - - -+ - - + 1 + - - &
No. refl, 119 183 114 B33 M4 116 1§ 281 k2L 128 IS 125 ER IR 13
grered | — 132 68 137 %8 109 13 133 0 130 130 136 126 130 1® i3 3
No. incor-
rect sigae U132 125 132 133 19 10 129 1A % W 130 35 6 1m gp
2.?;‘“’"5 466 526 498 526 530 Skd S1-7 514 483 510 415 SL? 139 343 475 g
g"’;;‘;'iige’” N N .

+ Eleciron density peaks were found al cenlers of symmaetey when the special sections x=0and x=§ were camputed,

1 Tt is very untikely that ol 251 most inteose reflecrions woold be posiive.

densily maps for cusct 9 to 16,

* This correcl case was sel b alicr

Case 13 was chosen over 1he other seven acceable
choices because ol the appearaxe of a chenyically rea-
somable structure in the eleetron demsity plot in an
(034) plane. ¥ had already boen determined (g 1he
matecule had to be oriented approximasely in alterpate
{034) planes, based on (a) the vasly analysis of the Pat-
terson map, (P) the very high intensity of 07, {¢) clec-
tron densities ealculated from models based on the
Patterson vectors, and {d) packing comsidersiions, A
nearly planar h forinated ph hrene structure
was initialiy fitted o the E-map peaks localed near an
034y plane. An R value of 50% was obtained Far the
initiz! 1dal eoordipates and a three-dimensional elce-
tron donsity map suggesied that the phenanthrene
skeleton should be changed to an antl ont with

of the moleeuls was originall, in allernute (034) plany
but required some tilling and when these changss were
made the R value dropped to 24%. One cycle of ko
squares reduced the residual 1o 19%. A2 this poiat G
two bridging atoms were recopiized as oxygens, sige
their relasive electron densitics wers 30% higher e
those for the carbom 2loms and the individual seg.
permture fuctors For these asoms had gone negative.
Substituting oxygen atoms for these carbon stom i
the proposed model tesulted in an R valoe of 14%,
There was a carefnt editing of 1he data, especially of
thase refiections classified as ‘less-thany’, at the Rw
16% stage of reflinement, This editing consisted of de.
leting a few douhtic] reflectinns recorded near the

of a film, correcting transeription errors, and sechue

Table L. Finaf prrameters ond their stendard deciations
The fraclional coordinates have heen multiplied by 10* 2nd the temperature faciors by 107; the standard deviations ue m -

e T T

factors of 1he chierine atoms are in the form

cxp f~ HBndtar2+ 2/1skat kEA + Bppk2692

X ¥ r4 Bor fiy
CILE =0y (63 JIBIGy  SIRS () 87 (0
CI2y  —0145 (G} 0579 45) 315 362 (23)
Cl(yy 331407 —023) (6 2621 {35) ABT (26
Clidy «i03 (6} 1325 4im 10547 (5) 3N
CiLsy 6158 {6) 8314 (6) 16752 (53 195 {24y
Clicy 2019 (G 36 {6) 8629 ¢5) 2420)
i) F7R2 (29) MOl 4879 (20} I
Ci2y 1715424} 1502 120} 3979 (1% W2 (TH
[+']] IBG25r B2 320 3R6 44D
iy 4733424) 19N S6ED 0 I AY
CH6) FHZIH 5516021 RMI(Y) 321 (3%
(T TIOA {30y L5120 BME (56) 219 150
Ci%) 624327 FOS1L 2N AMIY 427 (4m
4% 4754 (274 G235 LYy RSN 249 {3%)
i) AXG2 23y 3TN 5178 N9 325 30
OO 477642 BT N9 A
TN 6226430 MIw 7381 0% 2000
Cild) 4752420 53TEeIGY 75210 213432
o5 G325y 3MTLLY &G4 385{27)
a0y 3264{35) SR04 AR 3HRD

By By Bz By o
37629 487 (26} 49 (21 =507 ~08s Oy
WLGN AT 0SCD -H0n  lenem
A1(0) 626 16101 -0%01  —onge
457 (3 M7 125 ~018 {1% -
AT 0% 09 (2h 076 (22) 034 (433 ~m
42 (29 473 (27} 143 {21y w8 (1) ~ 03 O

333

fying some of the “less-thans” to obscrved rellections
om the basls of visual estimations of the weakest re-
Eectians.

The R value dropped to 13% during the next feast-
squares refinement, Fixing the chlaring atoms and yo-
iz only the carbon skeleton reslted in an R value
of 11-8% a1 which time the aniso'ropic ¢ ure

man (1939} those For oxyeen by Berghuss, tlangppet,
Dotters, Loapstrs, MacGillavry & Veenendual (l(}?{);
amd thosc for chlorine by Dawson ( FO60).

Discussion

mheement on the chlorine atoms was undertaken and
gve the final R of 10-5%. OF the 397 kess-than' reflee-
towes only 42 caleulated were karger than their threshold
walucs andd mone by mare than 36%. A weighting func-
gon similar to that given by Hughes (5941 ) was chosen
w a8 ta have litthe dependenee on Fa; ot was taken as
pu=Ki(Fyt 53:4) for Fo> Emand [w=KNFn+53-4)
fot Fy s Py Whete Fip = 284, and the quantity minfmired
was Zn{Fo— Fo) “Less-than' reficctions having Fos £,

hotd) contributed like an andinary reflection, but
owse having Fo< F, did not influence the refinement
wall, A full-matris least-squares procedure was uscd
dwonghout the refinement, and in the lnst cycle afi

neter shilts were less 1han Ja. In « diffesence map
akulated at the R=11-8% stage, the residual clectron
dewsity manged from —08 to +06 ¢ A, and the
sasimz and minima did not show any chemicully or
wxwaaarally significant feagures,

T final position and thermal parametors are given
i Table 1. The observed and calculawd structure fac-
s 2re listed in Table 2 In this work, the scaktering
fsors are taken from faternarional Tubles for Xeray
Crptallograpliy (1962); those for carbon are by Free.

Table 3. Disrances of atoms fram Icast-squares plancs

Owpoces for2tams not defining Ui plane arc marked with an
amrek; 5.4, i e standard deviation of the aloms deiining
e gl Uinder the {093} heading are listed the deviations
o fhe (D34) plame containing Uw molecule, The planes are
delexd in direct space by equations Pe+ Oy + Rr=$,

All C+0 w4}
omn =10 —0-10* 033
o —t-11 -0 2 o1
o 00 -0 = (24
(=) =36 -5 )
a) —¢035 =006 20
o o13 b i 034+
= )] -2 =13 &5
o — 06 —00% o2
an -2 ~0-08 —G16"
o) 086 003 -7
s : -003 =025
o wiHS g7 —-021*
om -(0F -0 003
m -001 —092 013
am 106 005 o113
oy 0D5 03 =0+
am 005 002 —0-10"
e 406 005 o1
af 008 i -G
o 209 025+
Orign 1-57% E-55 167+
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The ke is nearly planar and the molecular plane
is tiltcd 8% to the (0T1) plane, Deviations of nlw‘nsl;rom
the (034) plane essentially comaining the molecule and
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Fig-2, Projection eito ¥Z plane,



from the cast-squares planes of the cmire molecule

and of 1he carben-oxygen skeleton are given in Table 3. -

The molkcule appears to be slightly bowed in the
middle and stightly vwisted ahout a Tine from CY3) to
CI(5). The packing arrangement of chlorines 4, 5, and 6
appears 1o be more ¢rowded than that for chlarines
1, 2, and 3. This packing difference could account for
the Sight twisl of the molecule,

Fig.1 piciures the molecular packing it the (034)
plane coamaining the molecule, and Fig. 2 gives a pro-
Jjected vicw of 1wo adiacent molecules refated by the
cemter at (4,3, 1) Intermolecular distances in this (034)
plasie of less than 40 A are shown in Fig. 3. Between
centrosymmetrically related molccules theve are a2 pum-
ber of CI@)-ClGnY) and equivalent Clm)}~Cl{n?) dis~
tances of 4-0 A or less. From the parent maolecule to
the one mlated by the center at (3, 4.4 1the distances
are CI2)-CHa) =385 A, CHI-CI(5)=366 A4, and
CKW-Ci6) =333 A; by the cemter at (0,0, 3-CI{1)-
Cl37)=3-84 A ; by the center a1 (0,4, D-CI(=CI{) ") =
339 A and CH2)-CUE V=398 A; and by the center at
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Fi. 3. (&) Interatomic distances. Pimed atoms aré on nvigh-
boring moicenics in the sme pline. e 700N A,
Fome 001 A ge- 0w 0022 AL View corresponds to Fig. 1,
(8) Bond angles, e=207.
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4,4, D-CI-CI(6)=400 A. The Jeast-squares

of the two adjircent molecutes refated by the center 5

(4,4,2) are 313 A apart; hetween these two m

the shortest interatomic distance is 3-30 A froma Oy

0 an Q{I0) .
Fig.3 indicates tle bond distances and anglcs. Ty

mean standird devintions arc as follows: soem

0025 A, oc-a=0019 A, gc-0=0022 A3 for

¢=20", The bond distances arc not significantly dif.
ferent from those found by Davydova & Struchkes
(§962) and Gafner & Herbstein (1962) for 1458,
tetrach] kil where ol I. .

ing resulls from the presence of many chlorine atog .

substituled on adjacent aromatic pasitions. This com.
powmd belongs in group (If according to the clases,
cation due to Harnik, 1erbstein, Schmidt & Hirshiog
(1954} for compounds that zre affected by molecniay
over-crowding,

An electron density map plotted in the (094) plage
comaining the molecule is shown in Fig.4.
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CLINICAL PICTURE AND ETI0L0GT OF CHLORACNE
By K. H. Scultz, University Dermatology Clinie, Hamburg-Eppendort

Chloracne is the name for forms of occupational acne which develop as g
result of intoxication with certain chlovinated aromatic eomponnds. The name
dates back to Herxheimer who deseribed the first case in 1899 and stil]
assumed that in analogy to bromine and iodine, the pcneiform eruptions are
the result of free chlorine as the etiological toxin. This view proved to be
incorrect. The proposed designation “perna disease” of Wauer, Teleky and
others based on the finding that this clinical picture occurred more frequently
under the influence of perchlorinated naphthalenes elso does not go to the
heart of the matter, since other chlorinated aromatics in addition to chlor.
nated naphthalenes are also etiologically important. .

The clinical picture of symptoms primarily affects the skm: Beyond this,
internal organs may be affected and nervous system and emotional disorders

a T

maqs'rhepm srmptoms are in the regions of the follicles. Comedones, resulting
from a follicular hyperkeratosis, predominate and frequently are §0 numerous
that hardly a single follicle remains untouched and the affected region of the
skin obtains a dirty-gray appearance. In addition, at the peak of the dizease,
fairly large sebaceous cysts, inflammatory nodules, pustules and furuncles
appear and in some of the patients, large spots or patches of pigmentation
appear in regions exposed to light. Preferential sites are the face as well a3
the exposed areas of the throat and neck. Frequently, the external ear, espe-
clally, the ear lobes, are involved where small cysts ean be easily palpated. In
more pronounced forms, changes can also be found on the back, chest ang
extremities and in males, on the genitalia. Hands and feet usually gre not
involved. It is not rare that the symptoms of acne are preceded by a dermati.
tis with erythema and edema. In this phase of the condition, photosensitivity
frequently exists which evidently contributes f:o the development of dermatitis
and the mentioned pigmentations (8. Braun, Grnn_mer}-

Generally, a differential diagnosis is not particularly difficult. The primary
problem is to define the condition compared to other forms of eccnpationg)
acne and aene vulgaris, which is generally possible with consideration of the
clinical aspeet, localization and especially the patient’s history. Acneiform ger.
matoses caused by tars, pitch and mineral oils are found primarily on the
extremities and trunk, while the face is more rarely involved. The predomi.
nanee of inflammatory changes, such as folliculitis and furuncles in ofl and tay
acne and of comedones in chloracne are other characteristic features. Drug.
caused acneiform exanthemas due to iodine, bromine or cortisone also have 8

fcture differing from chloracne.

P ?Iheecourse isg eminently chronic. In spite of intensive loea[ and general thep.
apy, recidivism may oceur even years after the.elimlnatmn of the causa)

toxins. Healing frequently takes place with extensive pitted, permanently gjs.

figuring cicatrization (Schmidt and Boslet)._ i .

The skin is mot the only indicative region of Intoxication with chloracne.
causing substances. Damage of internal organs is not rare, with the Ziver bel
in the foreground. Several authors have reported on grave damsage of hepatie
parenchymsa accompanied by icterus and funectional disorders, including
number of fatal cases of acute atrophy of the liver (see reviews of W. Bragg
and A. Risse-Sundermann}). The pronounced liver-toxocity of chloracne-causing
substances was also confirmed in animal experiments (Bennett, Drinker apg
Warren ; Hofmann, Oettel ; Schulz).

In addition to liver damage, changes in the kidneys, pancreas, gastrointes
tinal tract and myocardium can also be observed, although much more Tarely.

Nervous sysiem and psychological disorders were tound primarily amonpg
workers occupied in the production and processing of chlerinated phenals

{Trobant et al.). Genersal fatigue, weakness of the legs, headache, attacks of
vertigo, paresthesins, muscle pain, tendency to orthostatic collapse, loea
paresis and disturbed sensibility, anomalies in reflexes as well as an auntonomi
syndrome with lowered drive, depression, reduced power of recall and conces.
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tration, disturbed sleep, Irritability, loss of appetite, reduced libido and impot-
ence have been reported as the most frequent meurclogical and psychopatho-
logical symptoms of intoxication which become manifest often only several
months after it occurs {(Bauer, Schulz and Spiegelberg). With regard to the
question of distinguishing the latter from bsychoneurotic obsessions (wish for
compensation), reference is made to the discusslons of Spiegelberg.

Btiology—When we review the literature, we find that periods of greater
incidence of chloracne have existed in the last 60 ¥years, which can be corre-
lated with industrial development. W. Braun bas deseribed these relationships
in his monograph.

The first cases were observed near the turn of the century when chlorine
and hydrochlorie acid began to be produced by the electrolytic route. At that
time, the condition occurs primarily among workers having the assignment to

determined at the time, it can be assumed on the basis of our present knowl-
edge fhat the reaction products of ¢hlorine and aromatic components of the tar
must be considered as ettological factors of this condition.

The next period of incressed chloracne frquey coineldes with the introdue-
tion of so-called halogenated@ waxes. These are mixtares of highly chiorinated
naphthalenes and diphenyls with a Waxy consistency and a number of valuable
properties. They are water-repellent, nonflammable, resistant to acids, are a
good dielectrie and are not pest-promoting. The halogenated waxes developed
during the first world war at that time were used primarily for the manufae-
ture of gas masks, Numerous cases of chloracne cecurred in the manufacturing
plants.

radio industry. Chlorinated naphthalenes and diphenyls were In more wide-
spread use for the insulation of wires and condensors at the start of the thir-
ties. Several hundred cases including one fatality with liver atrophy became
known especially in the United States.

With the entry of the United States in the second world war, the field of
application of these materials expanded also into ship building; this had the
following reason: It was found that the halogenated waxes were in the posi-

chlorinated greases for frying.

The questlon of the relationships between chemical structure and acne-
producing effects of chlorinated naphthalenes is the subject of several experi-
mental studies. Teleky as well as Drinker and Warren arrived at the conclusion

by Sehley and Kligman with human subjects #nd with the use of several
chlorinated naphthalenes showed that penta- and hexachloronaphthalenes pro-
duced the strongest effects; compounds with 1 to 3 ag well as 7 and 8 chlorine
stoms were far less toxic of inactive. We confirmed this finding in animal
experiments using rabbit ears {Schulz 1965).

In the last 10-15 years, halogenated waxes have becolne less important as
etiological factors of chioraene. Evidently, this is related with the fact that
they are no longer as important industrially and have been replaced by syn-
thetics of the most diverse nature in most fields of application.

In the fifties, the incidence of chloracne was observed in entirely different
sectors of industry i.e. in the production and processing of chlorinated phenols.
Reports of group involvements have been published from at least three
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indastrial plants in Western Germany. Baader and Bauer as well ag Brinkman
described 17 workers of a plant in Nordrhein-Westfalen who developed the
typical skin symptoms as well as damage of the internal organs and centra)
nervons system disorders in the production of pentachlorophenol.

A larger number (about 60 cases) of similar disorders were recorded several
years later in the region of southwest Germany among workers occupied in the
production of of trichlorophenol (Hergt, Oetfel, Hofmanu). Approxzimately at
the same time, 31 workers in a Hamburg plant became il after working with
industrial 2,45-trichlorophenol, an intermediate of the synthensis of trichlory
phenoxyacetic acid, a weed killer.

Siliar high incidences of the disease occurred a few ¥years 8g¢ in chemiecel
plants of the Netherlands and the U.S. during analogous production processes.

The high frequency of cases in Hamburg led to studies of the etiology. They
were conducted by us together with Dr. Sorge, the foriner manager of the
chlorophenol plant.

Rabbit ears were used as the biological substrate on which symptoms corre.
sponding to human chloracne can be produced by local painting as demon.
strated by Hofmann and Neumann with chleronaphthalenes. The results, which
have been reported earlier (Schulz 1957; Kimmig and Schulz 1957), ean be
briefly summarized as follows:

First, it was found that it was not possible to produce changes in the rabhjt
ear in the form of chloracne with the nse of the chemienlly pure compound iy
contrast to the technical grade of 2,4,5-trichlorophencl used in the plant. Pure
1,24 5-tetrachlorobenzene also was inactive. The toxic factor therefore must
have formed as a byproduet during the alkaline hydrolysis of tetrachiope.
benzene into trichlorophenol.

Cl OH

Ol 4 NaoE c
—p
[ + CHyOH C

i 1

1,2,4-tetrachlorobenzene 2,4.5-trichlorophenol
Alksline hydrolysis of 1,2,4,5-tetrachlorobenzene into 2,4,5-trichlorophenol.

Since the isolation of well-defined compounds from the {distillation residue op
trichlorophenol was unsuccessful, a number of especially synthesized zmh.
stances were investigated which might have formed as 2 byproduct of the
¢cited saponification process on the basis of theoretical considerations
majority of investigated compounds proved to be inactive. Only dbenzefu
with 3 and 4 chlorine atoms (diphenylene oXxides) and 2,3,6,7-tetrachiory.
dibenzodioxine (tetrachlorodipbenylene djoxide) led to the characteristie
changes on the rabbit ear already ie low concentrations. Moreover, it waz dery.
onstrated that 2,3,6,7-tetrachlorodibenzodioxine had formed by the Ffollg
reaction route in the industrial process of atkaline hydrolysis of 1,24 S.tetpy.

¢hlorodibenzene.
Cl: ONa C Cl
EN —
Cl Ci NaQ Cl
Sodium salt of 2,4,5-frichlerophenol
ClL ° Cl
_— + 2NaCl
1
Cl o

2,3,6,7-tetrachlorodibenzodioxine
(2,3,6,7-tetrachlorodiphenylene dioxide)
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Under the conditions of a salt fusion in a solvent-free state, 2 molecules of
sodium trichlorophenolate form 1 molecule 2.3,8,7-tetrachlorodibenzodioxine
with the elimination of 2 molecules of NaCL. Dr. Sorge synthesized the com-

and in addition, isolated it from the distillation residue of industrial
trichlorophenol.

Animal  experiments eonducted with tetrachlorodibenzofuran and
23.6,7-tetrachlorodibenzodioxine showed an extremely high toxicity of these
compounds. Even concentrations of 0.001-0.005% of tetrachlorodibenzodioxine
led to severe reactions on the rabbit ear after local applicatic. On human
skin in a self-experiment, two applications of 10 y of the substance produced
the symptoms cheracteristic of chloracne. On the rabbit ear, tetrachloro-
dibenzofuran showed an activity which was about 10 to 20 times less pro-
pounced. Moreover, the unexpectedly high hepatotoxic action is worthy of note,
particularly after tetrachlorodibenzodioxine, Single oral doses of 2060 y/kg
dody weight regularly produced lethal Hver necrosis, while doses of 10 y/kg
were lethal for about 509 of the rabbits.

On the basis of these chemical and toxicological findings, it is jJustified to
conclade that 2,36.7-tetrachlorodibenzodioxine played an important role in the
stiology of the cases of chloracne which occurred during the industrial produec-
ton of trichlorophenol. It cannot be ruled out, however, that other, as yet
gnknown chlorinated aromatics of highly toxie properties may form Quring the

gl process under certain conditions. The results of the study are an
erample that materials which form only in small amounts as byproducts of
arge-scale syntheses ean be of importance in occupational medicine. If such
toxic byproduets can be uncovered and their mechanism of formation ean be
elucidated, this will create an important prerequisite for successful prophy-
lxis. In our special case, the plant succeeded in avoiding the formation of
bhighly toxie byproducts by modifying the production process. .

Qur apimal experiments were extended fo other chiorinated aromaties to
wxhich other authors ascribed a chloracne-causing action on the basis of clini-
el observations. (Reviews of these compounds in the monograph of
w. Braun.) Neither benzenes and phenols with 1 to 6 chlorine atoms nor chloxi-
nated diphenylethers produced an effact in animal experiments, It seems indi-
eated to assume, therefore, that neglected toxic byproducts were of decisive
stological importance in these cases rather than the main produets.

In connection with the acte produeed by chloronaphthalenes, the gquestion
arose whether toxic byproducts rather than the chioronaphthalenes themselves
might not be considered as the true toxins (Oettel). In the production of
industrial naphthalene by fractional distillation of tar, the presence of other
aromatic compounds deriving from the tar apparently cannot be ruled out. In
tbe following chlorination process, such substaneez might then also underge
(T-substitution. These question prompied us to carry out animal experiments
on rabbit ears using chemically pure chloronaphthalenes of different degrees of
ehlorination specially synthesized for this purpose.*

In agreement with the findings of Shelley and Kligman, we found that naph-
thalenes containing 5-8 chlorine atoms have a chloracne-producing effect. The

ry concentrations, however, were about 100 times higher than those of
etrachlorodibenzofuran (diphenylene oxide) abeut about 1000 times higher
than for 2,8.8,7-tetrachlorodibenzodioxine (tetrachlorodiphenylene dioxide).

On the basis of the present state of the art, therefore, the chloracne-produc-

actlvity of the following compounds appears to be sufficiently demonstrated
or at Jeast highly probable:

Xaphthalenes containing §~6 chlorine atoms:
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_ . : sl ' 3 Tmbant,R.,G.VitteandE.Brwssomnt:mehonthetoxico of
Dibenzofurans (diphenylene oxides) with higher degrees of chlorination: B ventachlorophenol, Aveh, Mal. Prot, 15, 601 (1552) 1°37

3 Wauer: Occupational diseases due to chlorinated hydrocarbonss Zbl. t
R Gewerb-Hyg. 6, 100 (1918).
B  Address of the amthor: Prof. Dr. K. H Schulz, University Dermatology
c a . " 4B cinle, Martinistr. 52, 2 Hamburg 20. .

0 ‘L . *I am indebted to Prof Dr. Zelle, Fu. . H. Boehringer Sohn, Ingelheim, for

- 3% the synthesis of the compounds, - - .

2,3,6,7,-tetrachlorodibenzodioxine: ' oo .' _
s represenfod he - ... REPOBT oN METHODOLOGY FOE CHIORINATED ABOMATICS TN Fars,
In conclusion, it should be noted that the toxicddermatosis represented 2
chloracne refults from intoxication with certain chlorinated aromatics. '-I'L’ E T Oms, AND FATTT Acos _
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8.4, 6-tetrachlorophenol in fats and fatty acids. Chlorophencls and their salts,
when heated, undergo condensation reactions and form chlorinated derivatives
dibenzo-p-dioxin. The following equation illnstrates this condensation reae-

on.
Technical grades of pentachlorophenol contain ea 10% ot 2,846 teirachloro-

An electron capture GLC method has been developed for pentachlorephenol
g 2.3,4,8-tetrachlorophenol in fats, ofls, and fatty actds (6). However, recov-



eries of the two volatile polychlorophenols were low and varied over a “
range; nevertheless, the method appears to be satisfactory for qualitgiie

measurements at the 0.5 ppm level. Several samples of oleic acid knowns 11) Gas chromatographic column. ’ ) - .
contain Ui were anaiyzed and were found to be contaminated with reitagy) ) ¢ s, 6-7' long x %" Ld, packed with

4% SE 52 gilicone gum rubber on 60/80
of pentachlorophenol. The method requires further study. e % r /80 mesh Gas Chrom Q (Applied Science

The official electron capture and microcoulometric methods for CER g: Weigh 2.5 g of the silicone rabber stationary phase fgsol
developed before their chemical structures were kmown. The methods : ylene chloride-gbl:)llnuene, hea%x to dissolve. a:gdds‘r.s vze f:;
screening procedures and sre based on the observation that toxic fats eor mpport material to lquid mixture and let stand 10 minutes with occasional
a number of chlorinated components (now known to be polychlorodibenye . s'sﬁrﬁn& Dry in rotary evaporator. Apply vacuum to the ehmmam_
dioxins) which have greater retention times than chlorinated pesticides. T coluron, and pack the coated material into the column by sdding small
electron capture method has received wide aceeptance It is approx nady gounts while tapping the eolumn at the Dacking lével after each addition.
2000 times as sensitive and requires.less sample thar the microcoulon to within 1”7 on the exit slde and 3* on the entranée side, and fill the
method. In addition, electron capture gas chromatographic equipment is =k moaining space with silanized glass wool. Condition the column at operating
pler and u;s i;lt g;leneral usetin manytltzggmtotrli]:% of 1aborat ries : ﬁmure at 250°C for 2-5 days.

Recently, a8 come to our a on a number ghorato; Gas chromato h with € tector.—,
routinely use the electron capture method for control work are not aware t.ric type detecg:pis Tﬁeomggﬁ?eﬁ.%mted‘;n m‘:neé gﬂmmu
improvements (3) that have been made in the original procedure (2), Bg& with Instructions of manutacturer, and obtain a stable baseline before carrying
changes which have not been published include a minor modification of the wt analyses. Choose an operating voltage (ca 50O-80 volts) that will cause
HsS0,y cleanup step and a slight modification of the procedure for Packing they' getween 0.8 and full scale deflection for 0.1 mg of aldrin (2 g of standard
GLC column. The modified method, which includes these changes, Teplaces o} | sidrin solution) at a sensitivity setting of 1 x 10-* AFS, Eeep the column tem-
existing GLC methods for the chemiecal assay of CEF. , perature at 200° +1°C, and adjust nitrogen flow rate so that aldrin elntes in
15 min. (3-4 min. per in. chart speed). Inject 2 4l of the standard aldrin

e.

343

gaivent, add & g anhydrous Nas;$0. Drain excess eum eth
st above upper surface of Na,so:: petrol ether so that it 1

METHOD . wiution before injection of each reference or test sampl
Reagents and Apparatos DETERMINATION
Ringse all glassware with appropriate solvents before use. Do not use bolp.. . (8) Analysls of 1.59 reference toxic fat in USP cottonseed oil.—Dissolve 2.5

thylene containers to store solvents.
g; m&%&ﬁgﬁ?ﬂm“ ed fn glass be 0 Erenmeyer flask. Proceed with determination as described below in sections
st ctroleum ragent g l‘edisn mﬁﬂbomto ries 1053 Stweenlg ol M), (c) and (d). Take up residue from (d) in 250 4! iso-octane and inject 5
Muskegon, Mich 48442). ’ : ey : ters of reference solution (eqmivalent to 50 mg of the original sample)
- ed tn . (Available £ Burdick and Jackson I ) calibrated gas chromstograph. The resulting gas chromatogram should

tories, Muskegon, Mich.) ; t Ra g
4) drous NasSO,—Analytieal reagent grade. fons. Peaks a §-13 are due to hexachlorodibenzo-p-dioxin isomers, 2
(5) ﬁnu]:ﬁ ether.—Analytiesl reagent grade (not >2¢ alcohol)or g -a'iana 17-212; adre due to the 2 heptachlorod ¥ ! and a

ether {not >>0.01% alcohol). it Ra 35-45 e to octachlo oxin, ) PIErs,

{6) Iso-octsne—~Distilled in glass (Available from Burdick and b} Prelimivary sulfuric acid cleanup.—Disgolve 2.5 gm of fat in 10 ml CC),

Laboratories, Muskegon, Mich.) s 1,500 ml glass stoppered Erlenmeyer, Add 10 ml cone. H.80,, stopper, and
(7) Standard- aldrin solution.—Dissolve aldrin in iso-octane to make ake for 30 sec. Add 125 ml of peiroleunm ether, stopper and shake vigorously

#&/ml solution. . e ¢z one Mminute. Allow layers to separate and decant supernatant ligndd into
(8) Chick edema factor low positive reference aampla—-l.ﬁ% reference mﬁf’fg‘;f %&:ﬁdggpem& of 10W€1'Evl:y . ti:epuo;:t ertraiﬁiéldon with

] aldith ether. ra ¢omb
fat in USP cottonseen oil or other suitable vegetable o (Prepare from extracts to 5 ml for ool tractionapo petro-

ence toxic fat available from the Division of Pesticides, Bureau of &
Food and Drug Administration, Washingtor, D.C. 20204). e) Froctionation of Petroloum ether flitrate by alumina chromatography.—
ate o ents must be dried prior to use by shaking with anhydrous Na,80. Trans-

(9) Activated ALO, (Fisher No. A-540, do not substitute).—Activate 10
rtions by heating 4 hours at 260°C. Transfer without cooling to fee petroleum ether filtrate from (b) to ALO, chromatographic column msin
- ¢ dey 1'of 15 ml petroleum sther. Let Hquid level fall to Just above top o%

forence sampie. Srem A30: traetions 3 pa s With sudiermrot
re sanm examining ong 2 an - >
vated Al:O;, chick edeme factor elutes predominantly or entirely in Al,‘?.’, frae; 100 ml of petroleum ether (fraction 1), 50 ml of 59 ethyl ether in petro-
tion 3 as indleated by the gag chromatograms (Chromatograt should shoy
series of GLC peaks with Ra values between ca 8 and 45), B

(10) Al:O, chromatographic column—To a dry chromatographie col
mm o.d. x 250 mm long, fitted at bottom with coarse porosity fritted glags weerves for eluting solvents. Discard fractions 1 and 2, and collect fraction 3
and Tefion stopeock (a colmmn without the fritted disk but holding g emle in 125 ml Erlenmeyer, Add several boiling chips and evaporate solven:
wool plug in the hottom may be used), add redistilled petrolemn ether, drig  dryness on steam bath. Transfer residue with petroleum ether to 10 ml
prior to use with anhydrous Na.30O,, until column is % foll. Weigh 15 g pduate cylinder equipped with a grownd gless stopper, and evaporate petro-
and transfer to column in small portions, tapping the colemn as ALO, ‘am ether solution to 3 ml. _
‘When last portion of AL, settles and air bubbles stop rising to surface
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eamine standards and an extract from & 2.5 g sample (positive for chick

factor by EC-GLC). The GLC oven temperature was 220°0C with a

peliem flow at 75 ml/minute. Injection temperature was 235°C and silicone

membrane temperature was about 150°C. M8 sensitivity ectting was 32 x at 40
fg/

A,

GLOC retention times as well as molecular weight and number of chlorine
in the molecule were determined for a standard mixture and an extract
from-. the test sample. Two al of 104 solution from the test sample was
pjected ; it -was estimated that 2 xl test sample contained 0.4 gg of hexs-,
pepta- and octachlorodibenzo-p-dioxing in addition to other unidentified constit-
yents. A summary of results are in Table 1. Comparison of fragmentation
pttern and relative abundance of the jons from standards and ssmple might
sfford additional specifieity ; impurities in the test sample prevented soch eval-
wtion &t this time.

(3) Sulfuric acid cleanup of cluminag fraction 8—Add 2 ml of
H,S0, to graduated cylinder containing 3 ml petrclenm ether solution-
(¢), stopper and shake vigorously for 30 sec. Allow Iayers to separaté’
decant petroleum cther layer into 10 ml besker avoiding tramsfer of E
layer. Add 2 ml petroleum ether to cylinder, swirl vigorously, allow layery:
geparate, and decant petroleum ether layer into beaker. Add ¢a 0.5 g of i
nalHCO; to beaker and stir ea 1% min Fel stand five minutes and 'dess
petroleum ether layer intc clean 2 or 4 dram vial. Wask NaHCO, with 95
petroletmm ether and decant washing into vial. Evaporate solvent under N, -

(¢) Electron capture gas chromatography of peiroleum elther exztract:
up residue in 250 pl iso-octane (redistilled in glass), stopper vial tigh
rotate so that solvent wets sides of vial. Inject 1 microliter of sample
{equivalent to 10 mg fat) into eslibrated gas ehromatograph. Gas chrog
graphic pesks with Ra 3-45 are indicative of the presence of chick- edemg
tactor. Compare Ra values of sample penks with Ra values of peaks from
erence toxic fat. See (z) for identification of peaks. If peaks Indicative'j
chick edems factor are not observed, inject § u! of sample solution
to 50 mg fat) into gas chromatograph, Check reagents for possible qu_
ences by running 2 blank with each set of samples. The chromatogram teegy
the blank should show a smooth Jow baseline from Ra 8—Ra 46. (Types of s
ples found by eXperierice to be generally free of componenis characteristie of
toxic fats may be examined by initial injection of § ul of sclution.) 8

CHICEEN EMBRYO ASSAY.

. Extracts from a reference toxic fat and several test samples were subjected
# the chicken embryo assay (7); 11l g samples of fat were fractionated
givording to AOAC (1065) 26.003-26.084, and alumina fraction 8, and cleaned
wp with sulfuric acid (JAOAC (Changes jn Methods) 50, page 217, section (¢)
(1967) }. Small portions of each extract wag retzined for EC-GLC analysiz and
the remainder, in chloroform solution, was subjected to the chicken embryo
gmay (10-15 eggs per sample were tested by injection of portions of the

extract in the air cell) at three levels equivalent to ca 40, 30 and 10 g
sarting sample. Assay results are shown in Table 2. These results fndicate
" ghat the chicken embryo test can provide s sensitive indication of toxicity as
well a8 a measure of specificity due to observations of localized and genralized
glema. In many instances evidence of toxielty can be observed (by periodic
andling) 1o 3-5 days.

DISCUBBION

Analysis of the low positive reference sample serves as an overall chack
instrument performance and sample cleanup. The chromatogram from the
Brente L The lower chromatogzam (B) represents an injection Sqmim et

e lower s m represents an on eq ; o
3 mg of the or!ginalullovtii' posli;r:lc;t; rrgfdﬁzence ;f&tl Chromatogram (A) oy ST B. megalerium TOXIOITY TE
sents a mixture of synthetic po 0 enzo-p-dioxing prepared by The use of a non-specific biological test employ the Beacillus megaterium
of 23,4.6-tetrachlorophenol and pentachlorophenol. As stated previously, pely was evaluated (8). This test involves observatioilngof inhibition of 8 seeded
1 through 4 are due to four positional jsomers of hexachlorodibenzo-p-diortyg 3 dish holding a B. mmepaterium spore suspension It agar medium. Filter
The isomer associated with the small shonlder (peak 3) is probably caused hg ~mper discs of sample extracts are placed on the surface of the agar plates
the presence of a tetrachlorophenol other than the 2,3.4,6-isomer in the starfiig “god inhibition zones are cbserved atter 18 hour Incubation at 37°C.
material. Peaks 5 and 6 are due to two positional isomers of heptachiop. .Five samples (111 g esch) were fractionated aceording to the general proce-
dibenzo-p-dioxin. Peak 7 is due to octachlorodibenzo-p-dioxin. kY dure of AOAC (1965) 26.083-26.004. These test samples consisted of two

Aldrin is used to calibrate the instrument sensitivity for chick edema ﬁﬁ pghly toxic fats, one low toxie reference material (159 TEF in USP cotton-
analyses. The similarity of detector response va. applied voltage for aldrin gy " peed 0il), one nontoxic ofl, and a reagent blank. In addition to the three alu-
an extract from the 1.5% reference toxic fat (low positive reference { wina fractions' obtained with pelroleum ether, 5% ethyl ether in petroieum

!

is iNustrated in Figure 2. dber and 25% ethyl ether in petroleum ether, a fourth fraction eluted with
ml of 100% ethyl ether was obtained. The four alumina fractions were

CHEMICAL AND BIOLOGICAL CORFIEMATORY METRODS o deaned up twic& with sulf;;iac acid according to JAOAC (Changes in Methods)

The need for rapid chemical and bjological confirmatory tests has leg. .&fﬁgu?a(c‘rt.s 2 dlai;leter) Py 1&‘&%%%“&5‘&?&?3&&
investigation of mass spectrometty s wol as fwo biological foxiclty ey R Lriie TC.GLC analysis of aluming extracts indicated that chick edema fac.
Preliminary work has suggested that rapid EC-GLC screening for chick edemg Sl *> (polychlorodibenzo-p-dioxins sre predominantly concentrated in alumina
factors can be carried out initially; if the presence of chick edema fnctomg ¥y m“,cﬂﬂl‘l 8. In addition, solvent blanks, a synthetic reference standard consist.
indicnted, then larger portions of sample would be fractionated and cleaned #ag of bexa-, hepta- and octachlorodibenzo-p-diaxin (CDPD), 2nd a sample of
for chemical and biological confirmation. : wchnical grade 2,3.4,6-tetrachlorophenol (2,3,4,6TCP) were Spotted at the fol-

MASS SPECTEOMETEY Jwing concentrations: 0.01 gg, 0.1 ug, 0.5 ag, L0 pg, 10.0 pg, and 100 pg.

. é'% After inenbation, inhibition was observed in six cases as shown in Table 3.
Results of & preliminary investigation of combined GL{-mass e sensitivity of the B, megaterium test for CEF appears to be limited to 100
(GLC-M8) indicated that the use of this technique might be suitable if gy o and even then only a very small zone of inhibition was noticed. It

quaie sample cleanup can be accomplizhed. A 7-foot colled glass column pge
with 2.5¢ SE-52 on 6020 mesh Gas Chrom Q was used with an Atlag :
mass specirometer and single-stage Llewellyn (silicone membrane) sepan&

sppeats, however, that a rapid confirmation test for chlorophencls ean be
“developed at levels of ca 2-8 ppm or less. These are the low levels at which
ofatoxin B, shows inhibition of B, megaterium. o
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TABLE 1.--MASS SPECTROMETRIC ANALYSIS OF ISOLATED COMPONENTS

e, ot
Molecular
6Le weight e
peak no. Identity found indicrg <
Standard mixture. .. ... zl’ Hexachlorodibenzo-p-dioxin,..-u__aeve-... % s
3 42 g
Testsample. ... ; &a ,
TABLE 2,—-CHICKEN EMBRY( ASSAY OF EXTRACTS
e —
ol
LE analysi and octachlo mortafit
forchickedams  dibede.pdion  chickey
Sample Factor insinfat, mppm  embryoassay  Assa¥ observatiogg
0] 1 S 117 T 2.4 100 observet ?
Tostfat No. 1. oooreemn ik b .ol 7 e
Test fak No, 7 do —— 0.7
Test fat No, do. o0&
tblank. ... e e pogative.
lorofarm solvent. ... .. do -
Contrad ogte o BT
TABLE 3.—RESULTS FROM B, MEGATERIUM TEST
Sample Observation
T ———
Kontoxic USP cottonseed oil Fr, 4 2.5 g extract). oo oo Barlmvisibla around dise,
TEF-F797 .- Fr. L2 7 o
100 g f 2'((0265?3} reference standard Do.

1 uf ST oveoe oo T e,
10ug 2 346-TCP.... 11T 16 mm Iahibilion zone,
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BECTION 121.1070 FATTY ACIDE -

Thetoodaddiﬂvefattysddsmaybesafelyused in fo0d and in the mann-
facture of food components in accordance with the following presgeribed condi-

tions ! .

(s) The food additive consists of one or any mixture of the following
-straight-chain monobasic carboxylic acids and their sssocleted fatty acids man-
ufactured from fats and oils derived from edible sources: Caprie acld, eaprylie
aeld, lauric acld, myristie acid, oleic acid, palmitic acid, and stearic scid.

(b} The food additive meets the following specifications

{1} Unsaponifiable matter does not exceed 2 percent.

(2) It is free of chick-edema factor or other factors toxic to chicks, as evi-
denced during the bjoassay method for determining the chick-edema facior as
pregeribed in paragraph (c) (2) of this section.

{c) Forthe purposes of this section:

{1} Unsaponifiable matter shall be determined by the method described in
section 26,049 of the Official Methods of Analysis of the Association of Official

tural Chemists, Ninth Edition (1960).

{2) Chick-edema factor shall be determined by the bioassay method
deseribed in the Journal of the Association of Official Agricultural Chemists,
Yolume 44, page 1468 (1951). The presence of chick-edema factor shall be deter-
wined b¥ a comparison between the mean log of the pericardial fiuid volumes
of a test group and of a concurrent pegative ¢ontrol group. The significance of
the difference in pericardial fluid volnmes between the test group and the neg-
ative control group is determined by celeulating a # value according to the for-
mula: The test sample Iy judged to contain chick-edema factor if the ealcu-

100}

ALDRIM

T 2
28, &t

Varta:

here:
¥, and Z, are the means of the log of the pericardial fluid volumes of the test

and control groups, respectively;

n¢ snd x, are the number of chicks in the respective groups;

¢2 and . are the variances of the test and control groups, respectively.
The variances are calculsted as followa:

@t Ee—(Eo)
n{n—1)

ox ‘is the sum of the logs of the Pericardial fluid volumes:
¥2% is the sum of the squares of the log of the pericardial fluid volumes for
either the test ¢ or control ¢ group date.

f=

SPCNST {mm)

¢o

..
Rz

CHICY, EDEIAAN
ACTOR
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ated # exceeds 1.8 and the mean log of the perieardial fluid volume obtained
trom the negative control group multiplied by 100 is lezs than 1.1461.
" {3) “Other factors toxic to chicks” referred to in paragraph (b) (2) of this
section shall be determined during the course of the bioassay test described in
sbparagraph (2} of thiz paragraph on the basis of chick deaths or other
abpormalities not atiribuiable to chick-edemsa factor or to the experimental
3 wnditions of the test.
VOLTS (8} Tt iz used or intended for use as follows:

-1 (1) In foods as & lubricant binder and as a defoaming agent in accordanee
with good manufacturing practice.

(2) As a component in the manufacture of oiher food-grade additives.

(¢} To assure safe use of the additive the label and labeling of the additive
and any premix thereof shall bear in addition to the other Information
mequired by the act the following:

(1) The common or usual name of the acid or aclds contained therein.

{2) The words *“lood grade,” in juxtaposition with and equally a3 prominent
ay the name of the acid.
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BECTION 121.1071 SALTE OF FATTY ACIDS SECTION 121.107T0 FATTY ACIDB
* * * » »

The food erdditive salts of fatty acids-may be safely used in food and in the
‘manufzcture of food components in accordance with the following prescribed
conditions :

{a) The additive consisis of one or any mixture of two or more of the alg. 4
minutm, calciwm, magnesium, potassinm, and sodium salts of the fatty achds 3
conforming to § 121,1070. : )

(b) The food additive is used or intended for use as a binder, emulsifier,
and anticaking agent in food in accordance with good manufactaring practies

(¢} To assure safe use of the additive, the label and labeling of the additive
and any premix thereof shall bear in addition to the other informatipe
required by the act the following:

{1) The common or usual name of the fatty acid salt or salts containe
therein,

(2) The words “food grade,” In juxtaposition with and equally as prominent
as the name of the salt.

Title 21—FO0D AND DRUGS

Chapter 1—Food and Drug Administration, Department of Health, Education
and Welfare

b} ***

(2) It is free of chick-edema factor:

{l) As evidenced during the bioassay method for determining the chick-
edema factor as prescribed in paragraph {c) (2) of this seetion; or

(i) As evidenced by the absence of chromatographic peaks with a retention
time relative to aldrin (Ra) of five or more using the gns chromatographic-
picroconlometric method prescribed in paragraph (¢} (3) of this section. If
chromatographic peaks are found with Ra values of five or more, it ghall meet
the requirements of the bicassay method prescribed in paragraph (¢) (2) of
this segti:)t: for determining chick-edema factor.

{2} Chick-edema factor shall be determined by the bioassay wmethod
described in Officinl Methods of Apalysis of the Association of Official Agricul-
rurnl Chemists, 10th Edition (1985), sections 26.087 through 28.001

{3) The gas chromatographic-microcoulometric method for testing fatty
sefds for chick-edema shall he the method described In Official Methods of
Analysis of the Association of Official Agricultural Chemists, 10th Edition
(1965), sections 26.002 through 26.096, except that the following procedure is
snbstituted for that desgeribed in section 26.092(h) :

Activated aluming.—(Fisher No. AB40 or equivalent.) Activate 25)-gram por-
tions by heating 4 hours at 260°C. Transfer without cooling to dry container
and close tighfly. Use within 1 week after preparation. Check activated ALO.
by analysis of a reference standard by examining fractions 2 and 3. Chick-
wdema factor should elute in AlyO, fraction 3 as indicated by the gas chromato-
gram. (A sample of the reference standard may be obtained on request from
the Burcau of Science, Food and Drug Administration, Washington, D.C.
20204.)

* * » * . . J

Any person who will be adverzely affected by the foregoing order may at
apy time within 30 days from the date of its publication in the Fenerayr Reais-
. ye file with the Hearing Clerk, Department of Health, Edueation, and Wel-
- fyre, Room 5440, 330 Independence Avenve S8W., Washington, D.C. 20201, writ-
ten objections thereto, preferably in quintuplicate. Objections shall show
. wherein the person filing will be adversely affected by the order and specify
with particularity the provisions of the order deemed objectionable and the
' grounds for the obJections. I a hearing is requested, the objections must state
- the issues for the hearing. A hearing will be granted i the objections are sup-

by grounds legaliy sufficient to justify the relief sought. Objections may
. yeaccompanied by a memorandutn or briet in support thereof
- Effective dale. This order shall become effective oxt the date of its publiea-
. tion in the FEDERAL REGISTER.
{Bec. 400{c) (1), T2 Stat. 1786; 21 U.8.C. 348(c) (1))
Dated : August 18, 1966.

STBCHAPTER B—F00D AND FOOD PRODUCTES
PART 121—F00D ADDITIVES
Subpart D-—Food Additives Permitted in Food for Human Consumption

Farry Acivs

The Commissioner of Food and Drugs has received a pefition (FAP 6420035
from Fatty Acid Producers’ Council. Division of the Soap and Detergent Az
ciation, 205 Madison Avenue, New York, N.Y. 10017, proposing that § 121.1o7a,
the food additive regulation providing for sufe uge of fatty acids in food apd
in the manufacture of food components, be amended :

A, To provide for the use of a screening method for determining the preg
ence of chick-edema factor in the fatty acids that, within certain condf
may be vsed in lieu of the bicassay method prescribed by paragraph (c) (2),

and
B. To delete references to “other factors toxie to chicks” from the section,
From the available information it can be concluded that the anomalies pres.
ently identified as due to other toxic factors, which may be evidenced 4
the bioassay method for determining chick-edemn factor, are directly assod.
ated with the same conditions or suhstances producing chick-edema factor, ang
the proposed physicochemieal method is adequate 243 a screening test for
detecting the chick-edema factor complex of toxicants.

J. K Kex,
Based on the information sbumitted in the petition, and other relevant ma ommissioner
rial, the Commissioner has concluded that the regulation should be amendeq : Aoting € Foo: and D’:{g&

petiticned. In addition, the references identifying the chick-edema bioassmy
procedure was updated to refer to the Official Methods of Analysis of the
Association of Official Agricultural Chemtsts.

Therefore, pursuant to the provisions of the Federal ¥ood, Drug, and e
metic Act (sec. 409(e) (1), 72 Stat 1788; 21 U.8.C. 348(c) (1)), and undes
the authority delegated to the Commissioner by the Secrefary of Health, Egy.
cation, and Welfare {21 CFR 2.120; 31 F.R. 8008}, § 1211070 (b} (2) and {¢)
(2) and (8) are amended to read as follows:

{F.R. Doc. 66-9263; Filed, Ang. 24, 1988 8:47 a.m.]



Tabla 12 Enbryovoxicity of chlorophenola, Dibanzo-p-dioxins (Chick edema}
Estimeted Dose Levels to Produce Indicacad Mortality {Percent)
Phenols Pyrolysisk Unsavenifiable¥
(Dege in mg) Products {Pose ia =p) ¥raetfon (Dose in mg)
J- Compound Morcaliiy < 100 50 0 100 - 50 0 100 50 0
-1
2,4-Dichlozopkanol 2y 1.5 0.4 >0.5 0.25 0.0t - - 1.5x007"
2,4, 3= Trichlorophanol - 0.05 ¢.0% 2.53:10“5 541075 2..5.w.1('.:"E ~ 51073 2x19'$ 5x107%
2,4, 6-Teichlorophenol - 1.0 0.2 0.05 0.005 2.5x10-3 - .05 -
2,3,4,6-Tetrachlovophenol 2.5  .1.0 0.2 1x1073 2104 1.0x207% 61673 1,2x107%  éxlo—h
Puntachliorephanal 1.5 0.7 0.4 - 2502 - Higtad 107 a0
—Dick
2,4 Dic.dcrophenoxyac: f}: 1.0 So.1
2,4, 5-Teichlorophenoxy-
acoric acid \
Eianatics 1.0 0.25 < 05
Dow £120449 1.0 ~0,5
Bolvchlorodibenso-p-Dioxins *
nitenzo-p-dioxin 0.5
Chlorinated diberzo-n-dioxin 2.5x1074 Ix16-3 2.5x1G-6
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MARCH 2, 1970,

CHILORINATED DIBERZO-P-DIOXIN STANDARD (FT768)

1. We have supplied Dr. C. Rilliams with a mixture of tri- and titrachlope.
dibenzo-p-dioxins (¥768) prepared by direct chlorination of dibenzo-p-dioxin at
room temperature for two and one-half hours (see memo of Ress to Campbell
1/80/70 and memo of Firestone to Campbell 2/5/70).

2. This mixture, previously analyzed by EC-GLC and found to contain sboyt
507 tetrachlorodibenzo-p-dloxin (GLC peak area}, was reexamined by GLC
with flame jonization detection (6 foot glass column; 200°C; 3% OV-101:
Packard GC model §71), which gives a more accurate determination of Compo-
sition. By this latter anslysis, it was determined that the chlorination mixtore
FT763 congists of two components as follows:

{a) 38¢; 2.3,7-trichlorodibenzo-p-diexin

(b) 629, 2,8,7,8-tetrachlorodibenzo-p-dioxin

MarcH 28, 1570.

SaMrLEs FOR CHICKEN EumBrYOo TESTING

1. The following samples were delivered to Dr. Verrett on 3/17/70 for chickey
embryo testing:

———

Qur, No. \dentifcation Renrarks

P87l ..o......._. 2,37 Btstrachlorodibenzo-p-dioxin, Dow, puse (ca, 355 by 6LCY.........._. 0.08?8 mg in 10mt
F8IT........_... 2,T-dichlorodibenzo-p-dioxin, Dow, pure (2. 995 byGLC) ... u.asoecgg In 10 et
[ 2. T 23, T,a-t:trta;chcl;l‘mdlbeqm-p-dmm, FD&, prepared by Dr. Pohland (%9.5¢; 0.1?35 t:tsn.:' Hm

re by
FEBI-A-%... ... 24, S-tnchlnmpheooxpwtlc acid; Dy, Williams' porified sample; Turther ex- 1 ?12 rams,
cled 3 x wil peir. ether and 4 x with 1+ pelr. eh‘mr—doethyl ether,
F&31-B. ... ... S!lvex Dr. Williams" purified sample further extracted 3x with petr. alherand 2,519 Lrams,

dxwith 141 petr. sther—diethyl ether,

D. FIRESTONE, Head,
Fats and Oils Sectm

Maren 26, 1970,
CHLOROPHENOL SAMPLES

1. About 3 grams each of the following chlorophenols were delivered on 3/23/70
to Dr. Verrett (at her request) for chicken embryo testing.

—

EC-BLe
Qur No, [dntification PPB ‘(‘.[’F‘“l
Fagg-sub A..____. Pwuehlnmpltenu {purified) Aldrich Chemical Co___ . _____ . .o L .. 167.
2,34, 6-Tetrachiomghens| (technical) Eastman Chemicals 96,500,
2 H)Ichlornchhm e {parified}

stman Chemicals. . 18,

Oﬂho-d_dmahanol (purifed) Fisher Sﬁenﬁﬁc ...... .

gtechnml) Eastran Chemicals,
reagent) Dow Chemical Co. . .o iaa.s Trsce,

*Hexa-, hepta-, and octachivrmdibenzo-p-diozine.
J. Ress,
Fats and Oils Seciton,
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