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and 1.8 mEq Ca*+*/l accumulated K+ when
reimmersed in a solution containing 106 mEq
Na+t, 10 mEq K+ and 1.8 mEq Ca*+t/1.
When Na+ was replaced by Lit in the second
immersion fluid, K+ accumulation was inhib-
ited. Removal of Cat+ from the Lit Ringer
used for the second immersion did not sig-
nificantly increase the uptake of K+ by the
fibers. Muscles kept in Cat+ {free Li+
Ringer during both immersions had a signifi-
cantly lower K+ content than muscles im-
mersed throughout in Li+ Ringer containing
1.8 mM Cat+. Increasing the Catt con-
tent of the fluid used for the second or for
both immersions had no significant effect on
the final K+ content of muscles kept through-
out the experiment in media containing nor-
mal concentrations of Nat. It is concluded
that the inhibition of K+ uptake by frog
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stomach muscle observed when Na*t is re-
placed by Lit in the second immersion me-
dium does not arise from metabolic disturb-
ances caused by an increased entry of Cat+
into the fibers.
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Chick Edema Factor: Some Tissue Distribution Data and
Toxicologic Effects in the Rat and Chick.* (31029)

T. C. CampBELL! AND L. FRIEDMAN
Department of Nutrition and Food Science, Massachusetts Institute of Technology, Cambridge

The chick edema factor (CEF), respon-
sible for a large number of deaths in 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 crystallized(1,2,3) and its structure
proposed as that of a hexachlorohexahydro-
phenathrene(2). It is known that in the toxic
fat, a mixture of related compounds can be
found, some toxic and some relatively non-
toxic.

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 organs
were primarily affected.

Experimental. Adult rats and day-old

* Supported by USPHS Grant EF 00305. Contri-
bution 858 from Dept. of Nutrition and Food
Science, Massachusetts Inst. of Technology.

t Present address: Dept. of Biochemistry and Nu-
trition, Virginia Polytechnic Inst., Blacksburg.

White-Rock chicks were used. Because the
pure material was not available in sufficient
quantity, we used, from the toxic fat, the
unsap which represented 389% of the original
toxic fat and was estimated to contain at
least 10 ppm CEF. The unsap was force-
fed because the animals’ food intake was
drastically curtailed when it was mixed in
the diet. All animals were offered water and
commercial feed ad lLibitum.

Table I shows the experimental plans and
dosage levels employed for all 3 Trials. Feed
consumption and fecal and urinary excretion
were measured for the rats. Body weights
were recorded in all experiments. All animals,
upon sacrifice, were examined grossly for
pathology and selected organs were weighed
and frozen. Hydropericardial fluid (HPF)
volume was measured in the chicks.

In addition to the examination for gross
effects, the presence of CEF material in vari-
ous tissue was determined. Adrenals, kidneys,
and livers were-assayed in the rats; livers only
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TABLE I. Experimental Plan of Trials.
Dosage (per kg)
No. of Unsap CEF (estimated)
Trial Species animals Group (ml/day) (ug/day)
I Rat 2 High 2.0 18
(14 days) 2 Low 1.0 9
II Rat 4 High 2.0 18
( 6 days) 4 Low 1.0 9
4 Control* 0 0
IIT Chick 6 High 5.4 48
( 6 days) 6 Low 11 10
6 Control* 0 0

* Control animals were not intubated.

have been analyzed in the chicks. To obtain
a picture of the amount of material being
absorbed and perhaps excreted, analyses of
the feces and urine of rats and of the com-
bined chick excreta were made.

The assay method for CEF is being re-
ported in detail elsewhere.! In short, the
sample is homogenized with water and saponi-
fied with alcoholic KOH. The unsaponifiable
portion is extracted with petroleum ether and
chromatographed first on an alumina column.
The eluate obtained with 25% ethyl ether
in petroleum ether, following prior elution
with petroleum ether and 5% ethyl ether in
petroleum ether, is concentrated and chro-
matographed on 500 p thin layer silica gel
plates with 3% ethyl ether in petroleum ether.
The silica gel in the area of R, 0.80-1.00 is
removed and eluted with ethyl ether, the
solvent removed, and the residue is redis-
solved in isooctane for gas chromatography.
We used an F & M Model 400 gas chromato-
graph with an electron capture detector and
a U-tube column, 3 ft X 6 mm (o.d.) X 4
mm (id.), packed with 1% SE-30 on ANA-
KROM ABS (Analabs). The operating con-
ditions were: temperatures, column oven
180°C, EC detector 200°C, flash heater
240°C; gas flows, helium carrier gas, 60
cc/min; argon, 10% methane purge gas 180
cc/min. The limit of detection by this method
is approximately 0.2 ppb, assuming a sample
size of 5 g and a sensitivity of the EC de-
tector of 5 X 10~ g,

The so-called CEF components can be seen

} T. C. Campbell and L. Friedman, in press, J.
AOAC, “Chemical Assay and Isolation of Chick
Edema Factor.”

as a gas chromatographic pattern of peaks
shown in Fig. 1. This pattern is that of a
highly concentrated material isolated from
the toxic unsap. It is similar to a material
isolated by Yartzoff et al and kindly supplied
to us by Firestone(3). We have numbered
the peaks 1 through 8 as shown. Peak 4a
was not seen in the Firestone preparation.}

Results and discussion. Table 1I shows the
effects upon body weights, feed conversion,
and feed consumption for the rats. The re-
sults for the vital organ weights and HPF
volume are shown in Table III. There was
no apparent gross pathology in either species
with the exception of HPF and some ascites
and subcutaneous edema in the chicks.

TABLE II. Gross Effects in Rats.

Feed in- Dry
take de- matter
% Body pression* dig.coeff.

Trial Group wtchange (%) (%)

I High —15 — 76
(14 days) Low — 8.5 —_ 78
T High — 66  —38 72

( 6days) Low — 3.7 —29 75
Control — 1.0 — 77

* Depression below control animals.

While only the chicks develop hydroperi-
cardium, apparently both are equally sensi-
tive to liver weight increase, as shown in
Table ITI. In the case where each species
was maintained on CEF for 6 days, (Trials
II and IIT), the rats (9 pg/kg/day) showed
an increase over controls of 219 while the
chicks (10 pg/kg/day) showed an increase

§ The chromatogram for the Firestone preparation
is presented elsewhere.
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TABLE IIT. Organ Weights Expressed as % of Body Weights.

Trial Group Heart Liver Spleen Kidney Adrenals
II . High .34 4.08% .20 .90 214
Rats Low .32 4,08% .20 .82 18
Control 31 3.36 19 .76 14
HPF (ml)*
III High .86 3.85t .61 651
Chicks Low .70 3.15 54 a2
Control .78 2.73 .65 04

* HPF—hydropericardial fluid (ml).

t Significant statistically at 1% probability level,
1 At 5% probability level (Hogben L test)(5).

of 15%. (The increase in liver weight in
the chicks was not due to moisture or fat.)
Also, in Table III, neither heart nor spleen
weights in either species are significantly
affected. In rats, there appears to be a slight
increase in kidney weights, though not sta-
tistically significant, and a highly significant
increase of 50% in adrenal weights for ani-

FIG. 1.
FIG. 2.
FIG. 3.
FIG. 4.
be contaminant leached from liner of sample vial.)

mals on the high level. Whether this adrenal
weight increase is simply a non-specific stress
effect from intubation is not known, although
it would seem that this cannot be entirely
responsible, since the high level group showed
an increase of nearly twice that of the low
level group.

Some other observations which have been

Toxic CEF components found in unsap used in this study.

Rat liver extract showing 2 CEF peaks.

Rat feces extract showing CEF peaks, with altered Nos. 4a and 7.
Chick liver extract showing 2 CEF peaks.

(Large peak just before No. 4 found to
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FIG. 5. Chick feces extract showing CEF peaks,
with altered Nos. 4a and 7.

-made on previously studied birds in this
laboratory are of interest. Hematocrit values
are depressed. Of a total of 43 birds, we
have observed that, with an average of 0.08
ml HPF in control birds (considered normal),
there was a packed cell volume of 33.0%,
while for diseased birds having 0.73 ml HPF,
the packed cell volume was 27.9%.

Also, we observed that whereas control
birds will show disappearance of a given
amount of an I.V. injected dose of T-1824
dye (Evans Blue) from their vascular system
of approximately 1%,/min, poisoned birds
will show a disappearance of approximately
2% /min, supporting the observation of Allen
(4), that the permeability of the vascular wall
appears to be increased.

Distribution of the CEF in animal body. Of
the rat tissues and samples examined, CEF
was detected only in the liver and feces. Fig.
2 through 5 show typical chromatograms of
purified extracts of feces and liver of both
species. Control animals 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 ex-
ception that instead of peaks 4a and 7 show-
ing their original retention times, these were
slightly increased in each case and have been
designated 4a’ and 7.

These retention time increases in the fecal
components were measured by noting their
retention times in relation to their neighbors,
as shown in Table IV. Whether the 2 com-
ponents of the liver are the products of com-
ponents 4 and 7 or the original unaltered sub-
stances cannot be accurately determined from
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these chromatograms, since the rest of the
CEF chromatographic pattern is missing. It
may be concluded, however, that there is a
selective absorption of peaks 4 (or 4a) and
7, with metabolism by the liver and excretion
into the intestine.

It appears, on the basis of the tissues ana-
lyzed, that the liver is the target organ. Fur-
thermore, the pattern of CEF chromato-
graphic peaks presented here, 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 chemical as well as physio-
logical similarity.t There is no way of dif-
ferentiating 4 from 4a with regard to its
absorption and metabolism on the basis of
the available evidence.

Summary. Unsaponifiable matter isolated
from a toxic fat and containing an estimated
10 ppm chick edema factor (CEF) was force-
fed daily to adult rats at levels of 2.0 cc and
1.0 cc/kg body weight/day in 2 studies of
14 and 6 days, respectively. Feed consump-
tion, body weight, and digestibility were de-
pressed. Heart and spleen weights were un-
affected, kidney weights seemed to be slightly
increased, and adrenal and liver weights were
significantly increased. In the chick, typical
hydropericardium, ascites, and subcutaneous
edema were observed. There were no signifi-
cant changes in heart or spleen weights. Liver
weights were significantly increased. The rat
was as sensitive as the chick to CEF accord-
ing to increase in liver weight. Of the 8 or
9 CEF components shown to be in this unsap,
2 (Nos. 4 and 7) were found to be absorbed
and located in the liver, while the other com-

TABLE 1V. Changes in Chromatogram Retention
Times of CEF Peak Nos. 4a and 7.

Relative retention times

No. of
Material analyzed runs R7 6 R4a .3
Firestone Standard 31 1.10 #.01% 4anot found
Unsap* 2 1.11 .01  1.22 .01
Fecest 13 1.14 +.03 1.27 +.04

* Unsaponifiables administered to animals in this
study.

t Includes feces of 11 individual rats and the
composite feces of 2 groups of 6 chicks each.

{ The deviation includes the total range of val-
ues,
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ponents were not detected. In place of Nos.
4 and 7, there were 2 new peaks in the feces
with slightly increased retention times. This
suggests that the 2 active CEF components
are metabolized in the liver and excreted into
the intestine via the bile, both in the chick
and the rat. No CEF-like material was found
in kidneys, adrenals, or urine.
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Oxygen Consumption and NADPH Oxidation in Microsomes from
Vitamin K-Deficient, Warfarin- and Dicumarol-Treated Rats.* (31030)

RoBErTA BLEILER HILL, FLORENCE PAUL!t AND B. CONNOR JouNson}
Division of Nutritional Biochemistry, Depariment of Animal Science, University of Illinois, Urbana

In the pathway of electron transport for
cytochrome P450 reduction and activation of
oxygen in mixed function oxidases, a related
reaction, that of lipid peroxidation, has been
described. When reduced nicotinamide ade-
nine dinucleotide phosphate (NADPH) added
to rat liver microsomes was oxidized, the con-
sumption of oxygen was greatly enhanced by
various pyrophosphates in the presence of
ferric iron(1,2,3,4,5). Oxygen consumption
with concurrent lipid peroxidation by micro-
somes has been observed upon the addition
of only ferrous iron, suggesting that lipid per-
oxidation is catalyzed by a pyrophosphate
chelate of Fe?2+0,(6). Lipid peroxidation is
not inhibited by carbon monoxide(4).

In this paper, the effect of vitamin K defi-
ciency upon oxygen consumption and lipid
peroxidation in rat liver microsomes is re-
ported. Since menadione is known to be an
acceptor in the NADPH-cytochrome c reduc-
tase system(7,8), our investigations included
the possible role of vitamin K in the lipid
peroxidation pathway.

Materials and methods. Control (*K) rats

¢ were given vitamin K-deficient diets plus the

diphosphosodium ester of menadione(9). The
deficient group (~K) received the same diet
without vitamin supplementation and were
housed in tubular, coprophagy-preventing
cages(10). Warfarin-treated (W) and di-
cumarol-treated (D) animals were controls
injected with 20 mg of sodium warfarin or di-
cumarol per 100 g of body weight, 18-24
hours prior to sacrifice. All animals were
fasted overnight.

The animals were killed by decapitation
and plasma prothrombin times determined by
the method of Quick(11). Livers were ho-
mogenized in 3 times their volumes of 0.25 M
sucrose or 1.15% KCl,|| and a fraction con-
taining primarily heavy microsomes was ob-
tained (12). Final suspensions were made in
1.15% KCl in 0.02 M Tris buffer, pH 7.4 at
37.5°C and contained 5 mg of microsomal
protein per ml(13). Oxygen consumption at
37.5°C was measured by the Warburg tech-
nique and by an oxypolarograph with a vi-

* Work supported by grants from Nat. Inst.
Health (A-6005) and from U. S. Army Surgeon
General’s Office (MD 544).

t Fulbright fellow, Commissariat a
Atomique, Saclay, S/0, France.
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§ When livers were taken from treated animals
and microsomal fractions prepared, livers were re-
moved from control rats and handled similarly.

|| Preliminary work on oxygen consumption was
done in 0.25 M sucrose, but 1.15% KCl was sub-
situted when malonaldehyde measurements were
made(1).



