Liver Fat DEeposiTiON

the Fisher-Hirschfelder-Taylor atomic models
of the analogues. The greater effective vol-
ume of trichloromethyl over methyl tends to
maintain the benzene rings in a more nearly
rigid configuration by virtue of steric blocking
of rotation of the benzene rings. Secondly,
by virtue of an inductive effect through the
resonating ring system, the chlorine atoms
would tend to increase the activity of the
p.p-hydroxyl groups. This latter effect may
not markedly influence activity, however,
since the trichloromethyl group is not attached
directly to the ring but is ‘insulated’ by one
aliphatic carbon atom. Much more effective
in increasing estrogenic potency would be the
influence of the trichloromethyl group on the
p.p’-hydroxyl hydrogens by inductive action
through space via the field effect.

In conclusion it must be pointed out that
the distance between the active hydrogens
of DHDT can never achieve the optimum
(14.5 A) and one would not anticipate activity
approaching that of estradiol or diethyl stil-
bestrol.
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Summary. 1. DDT and 2,2"-bis-(p-me-
thoxyphenyl)-1,1,1-trichloroethane possess no
estrogenic activity in ovariectomized rats
in total doses up to 45 mg. 2. 2,2"-bis-(p-
Hydroxyphenyl)-1,1,1-trichloroethane posses-
ses seven times the estrogenic activity of its
non-halogenated congener 2,2’-bis- (p-hydroxy-
phenyl)-ethane and this increase in potency
may be related to field and steric effects ex-
erted by the trichloromethyl group.

1. Burlington, H., and Lindeman, V. F., Proc.
Soc. Exp. BioL. AND MED,, 1930, v74, 48.

2. Schueler, F. W., Science, 1946, v103, 221.

3. Keasling, H. H,, and Schueler, F. W, J. Am.
Pkarm. Assn. (Sci. Ed.), 1950, vXXXIX, 87.

4. Preliminary Report, Fed. Proc., 1952, vll,
345, pt. 1.
3. , Fed. Proc., 1952, v11, 20, pt. 1.

6. Ter Mecr, Ber., 1874, v7, 1201.

7. Allen, E,, and Doisey, E. A, J. Am. Med. Assn.,
1923, v81, 819.

8. Scimssen, U. V., Chem. Rev. 1945, v37, 481.

Received October 14, 1952. P.S.E.B.M, 1052, v81.

(19904)

G. Litwack, L. V. Haxkes,! anp C. A. ELVEHJEM.
From the Department of Biochemistry, College of Agriculture, University of Wisconsin, Madison.

The effects of certain amino acids on the
metabolic relationship between tryptophan
and niacin have been studied extensively
(1-6). Recently we were surprised to observe
fat deposition in the livers of animals receiving
similar diets to those used in the above studies.
Since the basal ration contained 0.1% choline
and since methionine failed to prevent the
occurrence of fatty livers, it appeared that
other factors in the ration were involved.

In this paper, we wish to present experi-
ments which demonstrate certain effects of
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t Present address: Brookhaven National Labora-
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proteins, amino acids and carbohydrate on
liver fat deposition.

Experimental Three-week-old male
Sprague-Dawley rats kept in individual cages

TABLE 1. Basal Ration for Fat Deposition

Studies.
Level in diet
C‘omponent (per 100 g ration)

Casein 9 g
L-cystine 2
Suerose or dextrin 81.9
(‘orn oil B}
Salts IV (7) 4
Thiamin - HCI .2 mg
Riboflavin 3
Pyridoxine « (' .25
Ca pantothenate 2
Choline chloride 100
Inositol 10
Biotin .01
Folie acid .02
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TABLE II. Effect of Various Supplements to Sucrose Basal Ration on Liver Fat and Growth Rate.
50 mg ——— % fatinrat livers ———  Avg growth rate
i No. of DL-tryp- 1.5mg Wet basis Dry basis (g/wk)
Supplement animals tophan niacin  Avg  Range Avg  Range Avg  Range
0 9 8.8 (4.4-13.3) 20.4 (12.7-28.4) 14.4 (10.4-20.8)
0 9 + 9.3 (6.6-15.9) 23 (13.5-37.8) 19.8 (15.2-26.4)
0 9 + 13.4 (9.5-19.9) 323 (24.4-41.7) 16.4 ( 8.8-20.8)
69 gelatin [ 2.0 (2.2- 3.8) 83 (6210 ) 32(1 - 6.6)
6 + 148 (3 - 9.6) 119 ( 84152, 25.6 (19.2-35 )
6 + 3.7 (3 -44) 111 ( 8.9-14 ) 25.6 (14.2-38.8)
169 threonine 9 2 (2.3- 4.1 8.7 ( 6.5-10.1) 44 ( .8-7.6)
U + 6.6 (3.8-13.5) 17.5 (11.3-26.6) 23 (14.8-29 )
Y + 7.3 (5.1-151) 197 (15.1-35.3) 20 (12.2-35.2)
.31% threonine 6 2.4 (2.3- 2.9) 6.9 ( 6.4- 7.4) 3.2 (22-4)
6 + 6.2 (5.9- 6.9) 161 (15 -18.1) 22 (21.8-22.4)
6 + 6.5 (58.7-7.9) 17.2 (15 -19.9) 22.8 (19.2-26.2)

were fed ad (libitum and were weighed at
weekly intervals. The basal diet to which
supplements were made at the expense of the
carbohydrate is shown in Table I. This basal
diet contained cystine in all cases except
where indicated. The fat-soluble vitamins were
administered orally in the form of 2 drops
of halibut liver oil each week. The animals
were sacrificed at the end of a 5-week period
and the livers of the animals were removed
and analyzed for fat content using essentially
the procedure outlined by the Association of
Official Agricultural Chemists(8). The livers
were dried at 50°C in a vacuum oven for mois-
ture determination, and the fat content was
determined on duplicate samples of the dried
livers. Samples were ground with sand and
extracted with ether for 16 hours on Goldfisch
extractors. After evaporation of the ether the
fat samples were heated in a 100°C oven for
15 minutes, cooled in a desiccator, and
weighed to constant values.

Results. The data in Table II show the
effect of various supplements when added to
sucrose rations containing 99 casein with
0.2% L cystine. When either 50 mg % DL
tryptophan or 1.5 mg 9% niacin was added to
this basal ration the growth rate increased
but no protective effect upon liver fat deposi-
tion was noted. When 6% gelatin was added
to the basal ration, however, a decided depres-
ston of liver fat together with a reduced
growth rate occurred. Either tryptophan or
niacin, added with the 6% gelatin supplement,
stimulated growth over the controls while the

liver fat was still significantly lowered. From
this experiment, it appeared that the factors
controlling growth and liver fat deposition
were not the same. When 0.15% DL threo-
nine was added to the basal ration, growth was
inhibited as much as that caused by 6%
gelatin and the liver fat was lowered to the
same level. When the indicated amounts of
either tryptophan or niacin were added to the
threonine supplement, growth was increased
markedly, but no depression of liver fat oc-
curred. The growth depression was undoubt-
edly due to an amino acid imbalance(4).
Either niacin or tryptophan alleviated this
growth depression but an increase in liver fat
still occurred.

Griffith and Nawrocki(9) have reported
intensification of a choline deficiency when
threonine was added with cystine to a low
casein diet. The influence of threonine was
believed to be due to a direct stimulation of
growth or metabolism rather than an antag-
onistic action towards labile methyl. This
seems to be the case since 0.1% choline was
present in the basal ration under our condi-
tions. The growth depression which we ob-
served is probably due to a tryptophan-niacin
deficiency, yet when either of these factors
was added to bring about a growth response,
fatty livers occurred. When the level of
threonine was doubled as in the last experi-
ment in Table IT in the presence of either
tryptophan or niacin, growth was restored and
liver lipids were reduced, but not to the ex-
tent brought about by the gelatin supplement
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TABLE IIT. Effect of Various Supplements to Dextrin Basal Ration on Liver Fat and Growth Rate.

50 mg ———— % fat in rat livers ———  Avg growth rate
No. of DL-tryp- 15mg Wet basis Dry basis (g/wk)

Supplements animals tophan niaecin Avg Range Avg Range Avg  Range
0 6 49 (3.76 ) 13.9 (11.2-17.6) 21.8 (14 -26.8)
0 6 + 3.9 (3.2-5.2) 114 ( 9.4-14.7) 17.8 ( 9.2-26.2)
0 6 + 5.9 (5.3-6.5) 16.3 (14.2-18.5) 22.4 (16.2-26 )
6% gelatin 6 3.1 (2.5-41) 93 ( 7.2-125) 7.6 (6 -9 )
6 + 4.2 (3.5-4.7) 12.9 (11.2-14.1) 22.8 (14.8-30.4)
6 -+ 3.2 (2.44.4) 9.6 ( 8 -12.2) 22 (12.8-32.6)
.18 threonine 3 3.9 (3.35 ) 89 ( 7.7-10.7) 11 ( 5.4-15.6)
+.24% phenyl- 3 + 3.1 (2.4-4.1) 89 ( 7.2-11.3) 31.4 (10.4-32.4)
alanine 3 + 4.5 (4.1-5.3) 13.5 (12.6-15.2) 23.6 (18.8-26 )
2% acid-hydro- 3 4.3 (2.9-6.4) 12.8 ( 8.8-18.8) 15 (13.6-17.6)
lized case’}n-i— 3 + 51 (4 -5.8) 15.1 (12.2-17.6) 30 (27.6-33.8)
1.5% glycine 3 + 5.6 (5.4-5.7) 16.8 (16.5-17.1) 23.4 (19.2-27.8)

alone. Tt is clear that gelatin exerts an effect
beyond the action of threonine.

In Table IIT similar data are given when
dextrin rather than sucrose was the carbo-
hydrate. The controls on the dextrin basal
showed a higher growth rate even without ad-
ditions of niacin or tryptophan. At the same
time it can be noted that the deposition of
liver fat was not as severe as in the sucrose
group. The addition of either tryptophan or
niacin in the indicated quantities failed to pro-
mote increased growth over the controls.
When 6% gelatin was added to the basal diet,
a drop in liver lipids and growth rate was ob-
served. Supplements of either tryptophan or
niacin together with gelatin completely over-
came the apparent growth antagonism pre-
cipitated by the gelatin and maintained the
liver fat at low levels. When 0.18% DL threo-
nine and 0.24% DL phenylalanine were sup-
plemented to the basal ration, a similar effect
was noted. The addition of either tryptophan
or niacin restored the growth without affecting
the liver fat. In the final experiment in Table
I11, 2% acid-hydrolyzed casein and 1.5% gly-
cine were added together to the basal ration.
The growth was depressed but liver fat was
only slightly altered if at all with respect to
the controls. Tryptophan or niacin increased
growth and liver fat deposition slightlyv. The
dextrin basal rations supported growth rates
of control animals which were much greater
than the sucrose controls as has been pre-
viously observed in this laboratory by Teply
and coworkers(10). On the other hand, it can

be observed that the lipid contents of the livers
of the dextrin controls were lower. Gelatin
exerted a greater effect when sucrose was the
carbohydrate.

McHenry(11) cited the roles of biotin,
thiamin and carbohydrate in the production of
fatty livers. More recently Harper and Kata-
yama(12) have studied the utilization of
sucrose or corn starch for growth when added
to low casein diets. They showed that corn
starch supported better growth than sucrose
in a 9% casein basal ration supplemented
with methionine. This was also true when
methionine was not added to the basal diet.
One can surmise that the differences between
the 2 carbohydrates may be in the rate of
passage of the diet through the gut. A greater
availability of the amino acids in the casein
might be suspected if the ration passed
through the intestine more slowly. The ob-
servations by Mulford and Griffith(13), and
Salmon(14) that cystine supplementation ag-
gravates renal damage and fatty infiltration
of the livers of rats receiving 8% casein diets
deficient in choline; and Griffith and Naw-
rocki(9) that further intensification of the
choline deficiency occurred when threonine
was added with cystine, prompted us to carry
out a third set of experiments which are re-
ported in Table IV. We decided to omit
cystine from the basal ration and test the
effects of certain protein and amino acid sup-
plements. The most striking effect of the cys-
tine omission may be seen in the control
group where the growth was about 50% lower
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TABLE 1V. Effect of Increasing Protein and Single Amino Acids Supplemented to Sucrose
Basal Ration Without Cystine.

Avg growth rate

% fat of dry liver (g/wk)
No. of —————— — —_———
Supplement. % animals Avg Range Avg Range

\ 6 29 (13.9-35.2) 7.0 ( 5.8-11.6)
3 Casein 6 1.3 ( 64917 ) 15.6 (12.6-18.8)
6 5 102 (7 -15.2) 22,6 (16.2-24.8)
3 Gelatin [§} 17.2 0 (9.7-25.8) 104 ( 8.8-12.2)
6 6 13.9 (9 -184) 10 ( 6.2:13.8)
.3 L. Proline [} 23.6  (14.8-35.8) 6.6 ( 1.8- 9.2
.6 [} 245 (17 -25.4) 7.2 (48104,
.6 DIL Alanine 6 231 (15.6-28.1) 3.6 ( +.2- 8.4)
3 DL Methionine 3 26,7 (23.6-20.6) 14.9 (10 -17.6)

than similar controls in Table IT where cys-
tine was included. It is likely that the sulfur
amino acids were limiting for growth in the
9% casein rations(4). Larger amounts of
casein added to the basal diet increased growth
and decreased liver fat. This, however. was
not true in the case of gelatin. Increasing
levels of gelatin failed to stimulate growth
proportionately to the level added to the diet,
but did decrease liver fat proportionately.
L proline was chosen as an amino acid supple-
ment because of its high concentration in gela-
tin and DL alanine was chosen because it
showed a slight effect upon the reduction of
liver lipids in preliminary trials. The supple-
ments of 0.3% L proline and 0.6% DL
alanine are comparable and each decreasss the
liver fat slightly while the growth in either
group is similar to the controls. This observa-
tion strengthens the earlier conclusion that
those factors controlling the liver fat deposi-
tion are not necessarily the same as those
controlling growth. To show this more
clearly, 0.3% DL methionine was added to the
basal ration which resulted in a restoration in
the growth equivalent to that exerted by cys-
tine in the control group presented in Table IT.
While the addition of methionine to the basal
ration without cystine increased growth 1039
over the controls, it exerted no effect upon the
liver fat deposition. It appears that 0.3%
DL methionine improved growth without an-
tagonizing liver fat deposition as is often the
case when added cystine is present (9,13-15).
The fatty liver which we have obtained un-
der our conditions seems to be one which may
be influenced by at least 3 factors: protein,

amino acids and carbohydrate. There has
been much conjecture as McHenry(11) has
pointed out, upon the role of the pancreas in
preventing fatty livers. Some observations
suggest the essential factor in the pancreas
to be the hormone, lipocaic, while other work-
ers claim to have ruled out the horimone action
and assert the idea that the proteolytic en-
zvmes from pancreatic juice are necessary for
the complete digestion of dietary protein
which then reduces fat deposition by some
mechanism; perhaps one which involves one
or more amino acids specifically. It seems
likely from our data that, under our condi-
tions, carbehydrate may effect liver fat and
growth by controlling the rate of absorption
of the necessary amino acids from the gut by
affecting the rate of passage of the diet
through the gut or affecting the microorgan-
isms for production of necessary vitamins, or
both. Whole protein, such as casein or gelatin,
apparently supplies necessary amino acids for
controlling liver fat deposition. While certain
individual amino acids exert a slight effect on
the reduction of liver lipids, it appears that
combinations of these amino acids are neces-
sary to bring about a greater reduction in liver
fat deposition. (Harper, Monson, Elvehjem
work in progress.)

Summary. A number of factors under our
experimental conditions influence fat deposi-
tion in the liver: the availability of niacin to
the animal; the type of carbohydrate used in
the ration and type and level of protein used.
Individual amino acids and mixtures of amino
acids which support optimal growth condi-
tions do not produce minimum levels of fat



FEceEs Durinc ACTH or CORTISONE

in the liver.

1. Kreh]l, W. A,, Henderson, L. M., de la Huerga,
J., and Elvehjem, C. A, J. Biol. Chem., 1946, v166,
531.

2. Henderson, L. M., Deodhar, T., Krehl, W. A,
and Elvehjem, C. A., J. Biol. Chem., 1947, v170,
261,

3. Hankes, L. V., Henderson, L. M. Brickson,
W. L., and Elvehjem, C. A, J. Biol. Chem., 1948,
v174, 873.

4. Hankes, L. V., Henderson, L. M., and Elveh-
jem, C. A, J. Biol. Chem., 1949, v180, 1027.

5. Hankes, L. V,, Lyman, R. L., and Elvehjem,
C. A, J. Biol. Chem., 1950, v187, 547.

6. Lyman, R. L, and Elvehjem, C. A, J. Nutr,,
1951, v45, 101.

7. Hegsted, D. M., Mills, R. C,, Elvehjem, C. A,

443

and Hart, E. B,, J. Biol. Chem., 1941, v138, 439.

8. Methods of Analysis, Association of Official Agri-
cultural Chemists, 6th Ed., 1945, p. 422.

9. Griffith, W. H., and Nawrocki, M. F, Fed.
Proc., 1948, v7, 228.

10. Teply, L. J., Krehl, W. A, and Elvehjem,
C. A, Am. J. Pkysiol., 1947, v148, 91.

11. McHenry, E. W., Biological Symposia, J.
Cattell Press, Lancaster, Pa., 1941, p. 177,

12. Harper, A. E,, and Katayama, M. K., J. Nutr,,
in press.

13. Mulford, D. J., and Griffith, W. H,, J. Nutr.,,
1942, v23, 91.

14. Salmon, W. D., J. Nutr., 1947, v33, 155.

15. Tyner, E. P, Lewis, H. B.,, and Eckstein,
H. C, J. Biol. Chem., 1950, v187, 651.

Received October 14, 1952. P.SE.B.M, 1952, v81.

Fecal Electrolytes and Nitrogen During Cortisone or ACTH Therapy.*t
(19905)

T. S. Danowski, R. TaraiL, J. H. PetErs, F. A. WEIGAND, F. M. MATEER, AND
L. GREENMAN.

From the Department of Research Medicine, the Children’s and Presbyterian Hospitals,
University of Pittsburgh School of Medicine.

In view of the established effects of corti-
sone, ACTH, and DOCA on the excretion of
certain body constituents through the kidney
and the skin(1-6), the possible influence of
two of these agents on the composition of
stools has been studied in a series of patients.
Compound E, 50 to 1000 mg per day, or
ACTH, 10 to 100 mg per day administered for
3 to 50 or more days, did not produce any
characteristic alteration in the output of
electrolytes and nitrogen. Collection of con-
trol data to establish this fact has incidentally
provided information about the amounts of
sodium, potassium, chloride and nitrogen ex-
creted in feces during maintenance of a mis-
cellaneous group of subjects on certain types
of milk diets.

Materials and methods. Stools have been
collected from hospitalized children and
adults while on one of the following dietary

* Aided by grants from the W. Pa. Chapter of
American Rheumatism Assn., the Damon Runyon
Memorial Fund, and the U. S. Public Health Service.

regimens supplemented by vitamins and iron:
a) essentially complete sodium restriction, i.e.,
low-sodium milk fortified with carbohydrate
and milk protein, providing an adequate nitro-
gen and caloric intake, or b) a whole milk
diet similarly modified. Patients with gastro-
intestinal disorders were excluded, but the
available clinical material made it impossible
to limit the study to any one category of
patients with respect to age or disease. This
study is therefore based upon analyses of
stools from a miscelleneous group of children
and adults ill with rheumatic fever, diabetes
mellitus, rheumatoid arthritis, leukemia,
muscular disorders, et cetera. The daily
intake of formula usually exceeded two liters
but the seriously ill patients at times took less
than the prescribed amount.

The output of sodium, potassium, chloride
and of nitrogen in formed stools has been
measured in control studies as well as during
periods of therapy with cortisone or ACTH.
Water was taken as desired. The beginning
and end of a stool collection period, usually





