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The unidentified spots all disappeared fol- 
lowing the acid hydrolysis of this fraction. 
The chromatograin then showed further in- 
creases in the concentrations of glutamic and 
aspartic acids, but other amino acids were 
also increased. There was no evidence that 
hasic amino acids were present. Their ab- 
sence is consistent with the fact that Amber- 
lite I-R-4 is an acid-binding resin. 

Conclusions. An enzymatic casein hydroly- 

sate was found to contain an agent which 
produced significant changes in the electrical 
activity of the rabbit brain when administered 
under standard test conditions. The agent 
appeared to be a protein fragment which is 
adsorbed by Amberlite I-R-4 and yields large 
amounts of glutamic and aspartic acids when 
destroyed by acid hydrolysis. 
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During the past 15 years there has ac- 
cumulated a considerable body of literature 
describing t t e  hepatic sequelae of choline and 
cystine deficiencies. Unfortunately, this liter- 
ature has been complicated by the fact that 
the many investigators in this field have 
employed rats of differenlt strains and ages 
as well as diets of quite different composition. 
The present paper describes an attempt to 
determine the extent to which the initial age 
of the rat modifies the hepatic response to 
choline and cystine deficiency in one strain 
of rats fed one variety of deficient diet. 

Experimental. The rats used in these 
studies were males of the Vanderbilt strain 
( 1 ) . ,411 animals were grown to the desired 
weight on a commercial feed, housed in in- 
dividual cages and offered the experimental 
rations and water ad libitum. The basal diet 
consisted of acid and alcohol washed casein 
5, corn starch 54, cottonseed oil 10, cod liver 
oil 4, shortening 20, salts($) 4, cholesterol 0.5, 
cystine 0.6 and choline chloride 0.8. De- 
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ficient diets were prepared by simply omitting 
one of these constituents. In addition, each 
diet contained the following in mg/kilo of 
diet mixture: Thiamine 5, riboflavin 8, pyri- 
doxine 5 ,  calcium pantothenate 30, p-amino- 
benzoic acid 75, a-tocopherol 25, biotin 1, 
pteroylglutamic acid 2, naphthohydroquinone 
acetate 5 ,  niacin 50. These diets were chosen 
because of the considerable body of previous 
experience ( 2,3 ) with choline and cystine de- 
ficiency in rats fed such rations. With each 
deficient diet, rats of 3 ages were employed 
whose initial weights were 50, 150 and 300 g. 
Since previous experience had indicated that 
older rats were comparatively resistant to 
these deficiencies, the experiment was planned 
in such fashion that, for each of the 3 diets, 
a representative group of the older rats was 
sacrificed at  about the time the youngest rats 
on the diet had died. The remaining rats 
were maintained on the diets and, finally, 
those which survived were sacrificed after 
they had been on the diet for 270 days. All 
livers were fixed in formalin, sectioned and 
stained with hematoxylin and eosin. On ex- 
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TABLE I. Incidence of Hepatic Damage in Choline 
a n d  Cystine Deficiency. 
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aniination each liver was studied with respect 
to the incidence and extent of fa t  accuniula- 
tion, necrosis and fibrosis. These were 
graded 0-4+ as described previously(2). The 
results are sunimarized in Table I. 

C'hoLinc Dcficienr?l. In  agreement with our 
previous experience, the response to choline 
deficiency proved to be quite variable. Of 
the twelve 50 g rats. 9 died during the es- 
periment but a t  times varying from 44 to 
195 days. 1-nfortunately 3 of these livers 
were badly autolyzed and could not be sat- 
isfactorily examined. The remaining 6 of the 
9 livers in this series showed 1-3+ fibrosis. 
Two rats showed minimal necrosis and all of 
those which had gained weight over the es- 
perimental period had marked fatty livers as 
did some, but not all, of those which had lost 
weight. There was a definite correlation 
between the length of life and the extent of 
scarring and fat deposition. Five of the 150 
g rats were sacrificed after 18 clays. Of these, 
3 had extensively fatty livers but showed no 
necrosis and only 2 evidenced a minimal 
fibrosis. Of the remaining rats in this group, 
66 76 survived the entire experimental period 

but all showed fatty livers and half were 
fibrotic. Like the 50 g rats most of this 
proup pained weight for all but the last month 
of the experiment and then lost rapidly. 

Sone  of the 300 g rats were sacrificed at 
a time which now permits comparison with 
younger rats. A11 of this group lost weight 
throughout the experiment, yet half of them 
were alive at 9 months and I 5  of the total of 
19 had fatty livers. 1-et, only 6 showed any 
fibrosis. Of the total of 28 rats of the two 
older series which either died of themselves or 
were sacrificed at  the end of the series. only 
7 showed a 3+ fibrosis while 17 showed no 
fibrosis a t  all despite the fact that 24 of 
these rats had fatty livers. These findings 
are in agreement with the impressions gained 
previously in studies not designed to this 
end, that hepatic damage due to choline de- 
ficiency, beyond the stage of fa t  accumula- 
tion. is much more readily obtained in young 
than in adolescent or mature rats. The 
severity of the fibrosis in younger rats was 
almost entirely dependent upon their survival 
time but this was not true in the older rats. 
It is of considerable interest that many of 
the initially larger animals probably lived 
for 9 months with massively fatty livers which 
did not progress beyond this stage. Only 
under special conditions (3 ) has this been 
observed consistently in younger rats. 

111 general the rela- 
tionship observed in choline deficiency also 
obtained in cystine deficiency, viz., younger 
rats were much more susceptible than older 
rats in that they succumbed much sooner. 
-411 the rats of the entire series lost between 
1 2 and 2 3 of their initial body weight. The 
mean survival time of the 10 50 g rats was 
51 days while, of the older groups allowed to 
run their course, the survival time of the nine 
1\70 g rats was 91 days and of the twelve 300 
g rats, 143 days. Only one rat of the entire 
series, whose initial weight was 300 g, sur- 
vived the entire experimental period. I n  5 
of the 50 g rats, 3 of the 150 g rats and 5 of 
the 300 g rats were found characteristic 
necrotic livers. It is noteworthy that, of the 
!50 g group, the 3 necrotic livers were 
found in the 3 rats which survived longest. 

Cysfiur Defiriency. 
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None of the 13 animals in the 2 older groups, 
sacrificed at  56 and 75 days respectively, 
showed any histological abnormalities in their 
livers. The relatively low incidence of 
hepatic necrosis among the cystine-deficient 
animals, despite their uniform survival times 
and invariable death, raised the problem of 
the cause of death in the animals with es- 
sentially normal livers. A control experi- 
ment was run in which 10 rats of each of 3 
age groups were fed the basal diet supple- 
mented with both choline and cystine and 
maintained on this diet for 175 days. At this 
time, 2 of the 50 g ralts and only 1 of each 
of the other groups had died. Thus the mor- 
tality rate on the cystine-supplemented ration 
was much lower than that in the cystine- 
deficient series and it must be concluded that 
early death in the latter group must be 
ascribed to cystine deficiency even when their 
livers appear to be essentially normal. 

In  an attempt to determine the cause of 
death in those cystine-deficient animals show- 
ing no hepatic lesions, another 1 2  rats weigh- 
ing 50 g were fed this diet until they died. 
Sections were made of heart, lung, liver, 
spleen. panoreas, kidney, adrenal, testis, 
trachea, thyroid, parathyroid, esophagus, 
stomach, intestine, eye, brain, skin, bone and 
marrow. Other than the hepatic necrosis 
found in half the animals, no lesions were 
found in any organ. Except for a moderately 
atrophic skin all tissues were entirely normal 
in appearance. 

Choline and Cystine Deficiency. As in un- 
complicated cystine deficiency, all the ani- 
mals on this diet died during the experimental 
period. Again, the younger rats were con- 
siderably more susceptible than were the older 
rats, the mean survival times being 56, 125 
and 170 days for the 3 age groups, respec- 
tively. It is noteworthy that rats deficient 
in both choline and cystine lived significantly 
longer than did rats deficient in cystine alone. 
All rats lost weight throughout the experi- 
mental period. The livers of the young rats 
that died of this dual deficiency were entirely 
normal in appearance. No explanation is 
available to account for the protective in- 
fluence of choline deficiency against the he- 

patic necrosis of cystine deficiency but it ap- 
pears likely that the cause of death was 
similar to that in uncomplicated cystine de- 
ficiency. The lack of fatty livers due to the 
choline deficiency is entirely in accord with 
all previous experience with choline deficient 
young rats which lose weight markedly dur- 
ing the experiment. Half of the 150 g rats 
sacrificed at  74 days had appreciably fatty 
livers but were neither fibrotic nor necrotic. 
However, when allowed to progress, half of 
the remainder developed necrotic livers, pre- 
sumably due to the cystine deficiency, while 
only one liver in this group was at  all 
fibratic. Of the 300 g rats, again half of 
those sacrificed at  75  days were found to 
have fatty livers but even these were neither 
fibrotic nor necrotic. Of the 16 animals al- 
lowed to progress, 7 were found to have 
markedly necrotic livers while 6 were fibrotic. 
Since only 2 of the livers were both fibrotic 
and necrotic, it appears likely that these were 
of different origin, the necrosis having been 
due to cystine deficiency. The lack of fibrosis 
in the 150 and 50 g series was probably due 
to the fact that they did noit survive for a 
sufficient length of time nor bad they suf- 
ficiently fatty livers. It is of interest that 
the incidence of fibrosis in the 300 g rats 
deficient in choline and cystine was of the 
same order as that in the equivalent choline 
deficient, cystine fed animals. Most, but 
nolt all, of those livers were also fatty, in keep- 
ing with the concept that the fibrosis is con- 
tingent upon a preliminary fatty period (3  ). 
However, it is difficult to understand the 
maintenance of fatty livers in rats which lost 
112 to 2,/3 of their body weight during the 
experimental period. 

Sumnzary. A study has been made of the 
variation with age of the response of rats 
to low casein, cholesterol supplemented diets 
deficient in cystine and/or choline. Young 
rats succumb much more readily than do 
older rats to the effects of dietary deficiencies 
in cystine or choline. W'hile choline de- 
ficiency almost invariably results in hepatic 
fibrosis in young rats, in older rats it fre- 
quently causes nothing but fatty livers even 
after 8 months. The incidence of hepatic 
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necrosis due to cystine deficiency in young 
rats was about the same as that observed in 
older rats but the young rats developed such 
lesions in 1/3 the time required in older 
rats. Many rats of all ages have been ob- 
served to die of cystine deficiency with no 
detectable histological abnormalities in any 
of 19 organs examined. Young rats, fed a 

diet deficient in both choline and cystine live 
somewhat longer than simply cystine deficient 
aiiiinals but show no hepatic damage. Older 
rats on such rations develop livers khich are 
necrotic, fibrotic, and fatty despite a ,  loss. of 
as much as two-thirds of their initial body 
weight during the experimental period. 
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Vp to the present time, all methods em- 
ploying radioactive iodine in the diagnosis of 
thyroid function have depended upon the 
well established fact that the hyperactive 
thyroid gland selectively concentrates and 
fixes larger amounts of 1-131 than does the 
normal organ. This phenomenon has been 
measured in 2 ways; first by direct counting 
over the gland with a suitably arranged 
Geiger-Muller tube and second, by measur- 
ing the excretion in the urine during a fixed 
period after the administration of the tagged 
iodine. Both of these methods leave much 
to be desired so far as results consistent with 
the clinical state of the patient are concerned. 
There is a definite, often considerable, area 
of overlap between the normals and the hy- 
perthyroids. In an attempt to circumvent 
these difficulties some observers have at- 
tempted to study the blood levels of 1-131 
after tracer doses and have sought additional 
information by fractionating the circulating 
1-13 1 into its inorganic and protein-bound 
fractions. These studies have again showed 
a considerable overlap between the normals 
and the hyperthyroids and have not given 
diagnostic information as clear-cut as might 
be desired. I t  occurred to us that a new 
approach might be fruitful. If one attempted 
to measure secretion of the thyroid hormone 
from the gland into the circulation rather 
than fixation of iodine by the gland more con- 
clusive results might be attained. This has a 

physiological basis because it is the increased 
discharge of hormone from the thyroid gland 
rather than the increased avidity for iodine 
which accounts for the clinical phenonieiia of 
disturbed thyroid function. 

Studies reported to date have usually been 
extended over a period of only 24 hours be- 
cause it was known that fixation of iodine 
in the gland is quite complete in that period 
of time. If, however, one carries the obser- 
vations over a longer period of time and 
studies blood levels of 1-131, the changes due 
to fization in the gland become less significant 
and changes due to hormone secretion domi- 
nate the findings. Although there is a dif- 
ference between the amount of 1-131 fixed in 
the glands of euthyroid and hyperthvroid 
subjects, these differences are not marked 
enough for a clear differentiation of the 2 
groups of patients. However, at the end of 
48, 72  or 96 hours after the administration 
of the tracer dose of 1-131 there is a very 
marked difference in the level of 1-131 in the 
blood and this difference has diagnostic value. 
The determination of the radioactivity of 1 cc 
of blvod beyond 24 hours after safe tracer 
doses of 1-131 could not be performed until 
counters of high sensitivity, such as the flow 
counters, became available. 

Selection of clinical material. consecu- 
tive series of 24 normal and 30 hyperthyroid 
subjects was selected from the wards of The 
Mount Sinai Hospital. The normal patients 


