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pheochromocytomas. This question cannot
be answered fully; however, one factor might
be the increased rate of oxidation of epine-
phrine commonly found in schizophrenia(8).
Summary. Increased 24 hr excretion of
urinary epinephrines was found in 14 of 17
patients with various psychiatric disorders.
These increased outputs varied from about
200 to 500 pg/day; the largest was 1184.
Such values are within the range of those
found cases of pheochromocytoma and em-
phasize the fact that increased epinephrine
excretion is not pathognomonic of adrenal
medullary and chromaffin chain tumors.
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Effects of Aminopterin and Estrogen on Phosphoprotein Phosphatase

of Rat Uterus.*

(23182)

James S. Davis (Introduced by Roland H. Alden)

Division of Anatomy, University of Tennessee Medical Units, Memphis.

In a previous investigation of the effects of
estrogen and 4-aminopteroylglutamic acid
(Aminopterin) on phosphate metabolism of
rat uterus(1), it was observed that Aminop-
terin caused an almost complete inhibition of
synthesis of phosphoprotein in response to es-
trogen. Aminopterin also inhibited uterine
growth in response to estrogen which sug-
gested that synthesis of phosphoprotein,
might be a significant factor in growth of this
organ. Therefore, it was felt that a study of
the enzyme concerned in metabolism of uter-
ine phosphoprotein would be of interest.

Methods. 45 female rats of the Holtzman
strain, weighing 45-55 g, were used. The
animals were 22 days old when spayed and
were placed on experiment 1-2 days after
spaying. They were grouped according to
treatment as follows: Group AE contained
22 animals, receiving 10 pg Aminopterin/day
for 4 days intraperitoneally and 0.1 pg 17-8-
estradiol /day for 3 days subcutaneously. Es-

* Supported by funds from University of Tennessee
Reserve for Research and National Science Founda-
tion.

trogen was given simultaneously with the last
3 Aminopterin injections. Group E contained
6 animals which received estrogen injections
only and Group C contained 17 animals serv-
ing as untreated controls. At necropsy uteri
were removed, stripped free of mesometrium,
weighed, pooled as described in Table I, and
10% water homogenates prepared. Assay
procedure for phosphoprotein phosphatase ac-
tivity was that described by Norberg(2) ex-
cept that whole homogenates rather than ex-
tracts were used. The substrate was com-
mercial casein dissolved in dilute NaOH solu-
tion and precipitated with HCl 3 times, then
stored in frozen state. This procedure was
necessary to prevent precipitation of prote-
oses after addition of molybdate in phosphate
determinations. Inorganic phosphorus was
determined according to Lepage(3).

Results. Activity of phosphoprotein phos-
phatase in the different groups (Table I)
cannot be correlated with observations on
phosphoprotein fraction of uterus studied
under identical experimental conditions, as
described previously(1). Values for this
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TABLE I. Phosphoprotein Phosphatase Activity of Rat Uterus.*

Body wt No. deter- Units, Total

Group change, gt Tterine wt, mg} minations§  xM P/min./g}|! X 10731

C +16 25.6 + 1.061 3 1.636 * .075 41.8:2

AE -11 20.8 + 2,162 (>.03) + 2.297 £ .008 (<.01) 68.45

E +15 86.7 = 2.173 (<L.01) 3 1.961 + .151 (>.05) 170.0
* Mean values and stand. error.
t Gain or loss in body wt during 4-day injeetion period. o _
1 Significant difference bhetween means of exp. and control groups indicated by P = .05 or

less, shown in parentheses.
§ 2-7 uteri pooled for cach determination.

i wumoles plhosphorus released/min./g tresh tissue.

 Units X avg uterine wt X 1072,

fraction (taken from previous publication)
have been included in Fig. 1 to facilitate com-
parison with enzyme activity. Total phos-
phoprotein. uterus is used as index of phos-
phoprotein synthesis and incorporation of
radioactive phosphorus by this fraction is in-
cluded as a relative index of turnover. P52
uptake was calculated as counts min/pg P
divided by injected dose.

In response to estrogen alone (Group E)
phosphatase activity g fresh tissue did not
increase significantly over the control value
but total activity /uterus increased as a conse-
quence of 240% increase in uterine weight.
Synthesis of phosphoprotein. however, in-
creased 8109 while P** incorporation de-
creased 55%. In Group AE. where Aminop-
terin completely inhibited uterine growth in
response to estrogen. phosphatase activity in-
creased significantly. but svnthesis of phos-
phoprotein was not significantly greater than
in controls, and turnover increased 3009%. It
appears, then, that phosphoprotein synthesis
and turnover are not directly related to phos-
phatase activity and phosphoprotein turnover
is inversely related to synthesis of phospho-
protein and uterine growth.

Discussion. A similar discrepancy between
activity of phosphoprotein phosphatase and
synthesis of phosphoprotein in a growing or-
gan was observed by Norberg(4), who studied
regeneration of rat liver after partial hepatec-
tomy. Total enzyme ‘liver increased at the
same rate as liver mass but enzyme concen-
tration did not change appreciably, as ob-
served for uterus in Group E. Total phos-
phoprotein likewise increased at the same
rate as liver mass except on the 3rd and 10th
days of regeneration when phosphoprotein in-

crease was 509% greater than the increase in
liver mass. In this respect the 3rd and 10th
days of regeneration are similar to the finding
for Group E uteri. Also, Johnson and Albert
(3). who studied phosphoproteins of various
rat organs, noted an inverse relation between
phosphoprotein content and turnover rate,
and a lack of correlation between enzyme ac-
tivity and turnover.

At present only a theoretical explanation
can be offered for the results presented here.
[t is possible, if not probable, that phospho-
protein phosphatase functions only as a
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catabolic enzyme that is controlled by a spe-
cific protein inhibitor, similar to the inhibitor
described for deoxyribonuclease(6). Such an
inhibitor would not necessarily be apparent
in the assay procedure for enzyme activity.
In Group AE Aminopterin apparently inter-
feres with synthesis of inhibitor, which is
consistent with ability of Aminopterin to in-
hibit incorporaton of glycine and serine car-
bon into proteins(1). Estrogen in Group AE
stimulates synthesis of phosphoprotein but
hydrolysis proceeds at an equal rate, thus pre-
venting a net increase in phosphoprotein and
accounting for the very high turnover of phos-
phorus. In Group E production of inhibitor
would be unimpeded, preventing the high
turnover rate and resulting in increased ac-
cumulation of phosphoprotein.

Harris(7) observed that some controlling
factor must exist for phosphoprotein phos-
phatase of frog eggs but he believed that pH
of the yolk was that factor. Johnson and Al-
bert(5) suggested that a specific inhibitor
might exist in mammalian tissues, but the hy-
pothesis obviously requires direct experi-
mental support, particularly in view of Fein-
stein’s unsuccessful attempt to demonstrate
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such an inhibitor in rat intestine(8).

Summary. Total phosphoprotein phospha-
tase activity of rat uterus increases in re-
sponse to estrogen as uterine weight increases,
but activity/g fresh tissue does not change
appreciably. Aminopterin administered si-
multaneously with estrogen inhibits the in-
crease in total activity/uterus as it inhibits
uterine weight increase. The changes in en-
zyme activity could not be correlated with
changes in uterine phosphoprotein and the
possible existence of a phosphatase inhibitor
was discussed.
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Influence of Water-Treatment on Nutritional Value of Barley.* (23183)

Ramon E. Fry, Joun B. ALLrep, LE0O S. JENSEN AND JaMES McGINNIS
Department of Poultry Science, State College of Washington, Pullman.

Fry et al.(1) showed that feeding value of
barley for chicks was not improved greatly
by removal of the fibrous hull through pearl-
ing. Results on metabolizable energy con-
tent analysis (with chicks) of barley and
pearled barley obtained on material sent from
our laboratory showed that pearled barley
contained less metabolizable energy than reg-
ular barley.! These findings suggested that
the carbohydrate in barley, aside from crude

* Scientific Paper No. 1590. Washington Agric.
Exp. Station, Pullman Project No. 1291.

t The authors are indebted to Dr. F. W. Hill of
Cornell University for determination of the metabo-
lizable energy values.

fiber, is much less available than similar car-
bohydrates in corn. Studies were undertaken
to determine whether the nutritional value of
barley could be improved by different treat-
ments. The results obtained in 2 of these
experiments are here presented.

Procedure. As the basis of a working hy-
pothesis, it was assumed that the lower nu-
tritional value of barley could be due to a
number of reasons such as: (1) Presence of
an inhibiting substance or substances; (2)
existence of structural linkages in the carbo-
hydrates of barley that are not attacked by
enzymes endogenous to the chick; or (3) out-
right deficiency in carbohydrate content of



