CorT1sOL AND LIVER PHOSPHORYLASE

dose and in increase in incorporation of iron
per unit of stimulating material. However,
in certain instances, the shorter time between
injection of the isotope and sacrifice of the
animals in the 8-hour splenic assay may be
advantageous.

Uptake of iron® into peripheral RBC’s in
the starved rat is directly proportional to the
injected dose of ESF in the range between 2.4
and 48 cobalt units.

The minimal amount of ESF needed to in-
crease significantly Fe®® incorporation above
saline controls in this assay is 80 times that
needed in the 48-hour blood assay using the
polycythemic mouse. The greater sensitivity
of the 48-hour mouse blood assay is also seen
in the greater coefficient of regression of the
dose-response curve. This heightened sensi-
tivity is of most importance when the test
material is limited in activity or amount. The
upper limit of the linear portion of the dose-
response curve in the 48-hour mouse blood as-
say is 2.4 cobalt units which coincides with
the minimal detectable dose of the starved rat
assay. These 2 assays are thus complemen-
tary and the rat asay, which does not require
laborious preparation of the assay animal,
may be used more conveniently when very ac-
tive material is to be assayed.
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Summary. Incorporation of Fe®® with
blood and spleen of transfused polycythemic
mice at various intervals has been used to
find sensitive assay systems for erythropoie-
tin. Transfusion polycythemia markedly re-
duces erythropoiesis as judged by low levels
of Fe® uptake into the spleen and into the
blood after 16 hours. In polycythemic mice
receiving injections of erythropoietin, incor-
poration of Fe® is maximal in the spleen at
8 hours and in the blood at 48 hours after in-
jection of the isotope. Incorporation of Fe®
into the blood of the polycythemic mouse 48
hours after giving the isotope was found to
be the most sensitive assay when compared
to the starved rat assay and other polycy-
themic mouse assays.
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Phosphorylase activity in several organs
and tissues is altered by various hormones.
Epinephrine and glucagon cause a rapid in-
crease in liver phosphorylase activity under
in vivo and in vitro conditions(1,2,3). ACTH
specifically increases adrenal phosphorylase
but has no effect on enzyme activity in other
tissues(4). Skeletal and cardiac muscle
phosphorylases are subject to hormonal influ-
ence, epinephrine producing a rise in activity

* Supported by grants from Nat. Inst. of Arthritis
and Metab. Dis. and from Nat. Vitamin Foundation.

of both enzymes, whereas glucagon has
greater effect on cardiac muscle phosphory-
lase(5,6). Adrenal cortical hormones are
known to stimulate liver phosphorylase(7,8)
although effects of these hormones on the en-
zyme have not been thoroughly investigated.
The time required for phosphorylase activity
to rise after corticosteroid administration and
the duration of increased enzyme activity
have not been established. Furthermore, it
is not known whether continued hormone ad-
ministration will have greater effect on liver
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phosphorylase than does a single injection.
Since phosphorylase serves a major role in
glucose formation and adrenocortical hor-
mones have important effects on carbohydrate
metabolism, it was of interest to investigate
further the effects of cortisol on liver phos-
phorylase activity. The results demonstrate
that cortisol causes an increase in phosphory-
lase activity which is apparent within 12
hours, continues to rise for 48 hours and be-
comes maximal after several injections of the
hormone.

Procedure. Male, Holtzman rats were
housed in individual cages and fed Purina
laboratory chow. In the first experiment, one
group of animals was given a single subcu-
taneous injection of cortisol (free alcohol)
suspended in vehicle, a mixture of 0.5% car-
boxymethylcellulose, 0.4% Tween 80 and
1.5% benzyl alcohol in isotonic saline. Cor-
tisol was administered in a dose of 5 mg/100
g body weight. Control rats were injected
with the vehicle only. Animals were selected
at random from both cortisol-treated and con-
trol groups and sacrificed by decapitation at
intervals of 2,4,6,12 and 24 hours after injec-
tion. All rats were fasted for 24 hours be-
fore being decapitated. The liver was
quickly removed, weighed and homogenized
in cold 0.1 M sodium fluoride which contained
0.001 M EDTA.t Phosphorylase activity of
homogenate was determined by the method
of Sutherland (9), however, the incubation pe-
riod was increased from 10 to 15 minutes.
Protein content of liver was assayed using
Lowry’s technic(10) and glycogen concen-
tration determined by the method of Walaas
and Walaas(11). Blood glucose levels were
measured in some rats at time of sacrifice
(12).

In the second experiment, one group of
rats was given 5 mg of cortisol subcutane-
ously while control animals were injected
with vehicle. At 24, 36 and 48 hours after
injection, rats from each group were ran-
domly selected and sacrificed by decapita-
tion. All animals were starved for 24 hours
prior to decapitation. The liver of each ani-
mal was removed, weighed and homogenized

t ethylenediaminetetraacetic acid.

TABLE L. Liver Phosphorylase Activity during First 24 Hours after a Single Injection of Cortisol (Mean Values + Stand. Error of Mean).
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No. of rats indicated by figures in parentheses.

t Significantly different from control value, P — <.01.

* Significantly different from control value, P — <.03.
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TABLE II. Liver Phosphorylase Activity during Second 24 Hours after a Single Injection of Corti-
sol (Mean Values =+ Stand. Error of Mean).

Liver phosphorylase
Body wt Liver wt Blood glucose (u/g liver
(g g (mg/100ml)  (u/gliver) protein) (u/totalliver)

Control rats (9) 128.4 - 2.1 49 +.3 66.0 + 5.9 104 +=.4 5014+12 50519
Cortisol treated rats

24 hr after cortisol (5) 119.5 + 2.1 51 +.2 95.8 + 4.6* 11.9 + .2t 59.1 + 2.5t 60.9 + 1.9*

36hr " ” o (5) 1221 +43 59 +.2% 918 +6.1* 12,5 + .4t 66.6 = 1.6t 73.4 = 3.4%

48hr ” ” (5) 121.7 =22 59 +.2* 87.0+8.1* 13.6 + .4t 68.9 + 1.9t 80.5 + 4.0t

No. of animals in parentheses,

: Significantly different from control value, P = <.05,

Idem

as in the previous experiment. Phosphorylase
activity of liver homogenates as well as he-
patic protein concentrations were determined.
Blood glucose levels were measured in all
animals at the time they were sacrificed.

In Exp. 3, rats were given cortisol subcu-
taneously daily for 1, 3 or 7 days while con-
trol animals received carboxymethylcellulose
vehicle. Rats that received 1 or 3 cortisol in-
jections were given 5 mg each day. Animals
injected with 7 doses of hormone received 5
mg daily for 4 days but, because of severe
weight loss, the dose was reduced to 3 mg per
day for the last 3 days. Food was withheld
from all rats for 24 hours before sacrifice.
Phosphorylase activity and protein content
of liver were assayed as in the first experi-
ment.

Results. In Exp. I, blood glucose and liver
glycogen were elevated within 2 hours after
cortisol injection (Table I). Blood sugar
concentration reached its maximum at 6
hours; however, the greatest liver glycogen
content was attained 24 hours after hormone
administration (Table I). Hepatic phos-
phorylase activity was unchanged for 6 hours
after cortisol injection (Table I). Within 12
hours, however, a rise in enzyme activity be-
came evident and at 24 hours the increase in
liver phosphorylase was even greater (Table
I).

In Exp. II, blood glucose level was in-
creased 24 hours after cortisol and remained
elevated 36 and 48 hours following hormone
administration (Table II). Liver phosphory-
lase activity 24 hours after cortisol was ap-
proximately 20% greater than that of con-
trols; however, the rise was less than that

P = <.01.

which occurred in the first experiment. The
level of enzyme activity became progressively
higher 36 and 48 hours after hormone injec-
tion (Table II).

The third experiment again demonstrates
increased liver phosphorylase activity 24
hours after a single injection of cortisol but
also shows that activity of the enzyme is more
markedly increased following several doses of
hormone (Table IIT). The level of hepatic
phosphorylase activity was high in rats given
7 injections of cortisol even though these ani-
mals demonstrated severe loss of body weight
(Table III).

Administration of cortisol in all experi-
ments was associated with increased liver
weight, as has been previously noted(13).

Discussion. Phosphorylase activity is in-
creased in various tissues following adminis-
tration of several hormones including gluca-
gon(1), epinephrine(2), ACTH(4), growth
hormone and chorionic gonadotrophin(14).
The rapid effect which epinephrine, glucagon
and ACTH exert on phosphorylase activity is
dependent on formation of cyclic adenosine
monophosphate (AMP) by a particulate frac-
tion of the cell(15). Growth hormone and
chorionic gonadotrophin might also affect
phosphorylase activity of corpus luteum by
stimulating production of cyclic AMP since
these hormones have a prompt effect on phos-
phorylase and are active in vitro. Appear-
ance of 3', 5 AMP in corpus luteum after
growth hormone and chorionic gonadotrophin
has not been demonstrated, however. The ac-
tion of cortisol and other adrenal steroids in
stimulating liver phosphorylase activity is
apparently different from that of other hor-
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TABLE II1. Effcet of Multiple Injections of Cortisol on Liver Phosphorylase Aectivity (Mean
Values + Stand. Error of Mean).

Liver phosphorylase
(u/g liver
Body wt (g)  Iiver wt (g (u/gliver) protein) (u/total liver)

Control rats (3) 138.2 + 3.0 51 = .2 109 +.3 57.2+ 14 55.5 + 2.0
Cortisol treated rats

1inj. (dosage) (5) 128.6 + 3.2 5.8 + .4 125 = .6t 715111+ 723 +52%

3 daily inj. (5) 119.0 + 1.8 6.7 = .5t 141 .5t 896451t 944 + 7.6t

7 daily inj. (5) 86.4 == 3.2 44 + .1 16.1 = .7t 87.7 =401t 717 + 4.3%

No. of animals indicated by figures in parentheses,
* Significantly different from control value, P = <05,

Idem

mones since there is an appreciable delay be-
fore a rise in enzyme activity is evident. Fur-
thermore, phosphorylase activity continues
to increase for at least 48 hours after hormone
injection and maximal activity is obtained
only when multiple injections of steroid are
given. These observations suggest that cor-
tisol does not cause increased phosphorylase
activity by stimulating formation of cyclic
AMP but through some other mechanism,

Cortisol and certain other adrenal steroids
have striking effects on carbohydrate metab-
olism in the experimental animal. Adminis-
tration of these hormones is associated with
elevation of blood sugar, liver and muscle gly-
cogen and there is a concomitant increase in
urinary nitrogen excretion(16). These ob-
servations support the concept that adrenal
cortical hormones stimulate gluconeogenesis
although there is other evidence which indi-
cates that peripheral utilization of carbohy-
drate is impaired as well(16). The fact that
cortisol stimulates liver phosphorylase activ-
ity suggests that this may contribute to the
rise in blood sugar which occurs in response
to the hormone since phosphorylase is con-
cerned with glycogenolysis. However, in
these experiments it was observed that blood
sugar and liver glycogen rose within 2 hours
after cortisol, whereas, phosphorylase activity
was not elevated until 12 hours after hormone
injection. These findings indicate that in-
creased liver phosphorylase activity is not a
primary effect of adrenal steroid treatment
but is, instead, an adaptive change induced
by elevated body carbohydrate stores which
are produced by the hormones.

Summary. The effects of single and mul-

P = <.01.

tiple doses of cortisol on liver phosphorylase
activity have been determined and correlated
with alterations in blood glucose and liver
glycogen. Phosphorylase activity was in-
creased 12 hours after a single injection of
cortisol and continued to rise for 48 hours.
Multiple injections of the hormone produced
a much greater increase in enzyme activity
than did a single dose. Elevation of blood
sugar and liver glycogen which followed cor-
tisol occurred several hours before a change
in phosphorylase activity could be demon-
strated.
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Leukemic leucocytes contain a higher con-
centration of folinic acid active material than
mature leucocytes(1,2). In these investiga-
tions it was noted that the increased levels of
citrovorum factor activity (CF) correlated
with degree of immaturity of the leukemic
cell type, the highest elevations being present
in acute leukemic cells. Furthermore, al-
though some free CF activity was present,
most of the activity in leucocytes was in a
bound form. Ellison and Hutchinson(2)
noted that CF activity of leucocytes was
maximal only when the sample was protected
from oxidation by including ascorbate in the
assay procedure. Thus, the indications are
that several folate forms exist in leucocytes
which may be designated as free, bound, oxy-
gen-stable and oxygen-labile CF. Other
workers have demonstrated the occurrence
of oxygen-labile bound CF in liver(3), red
cells(4), and blood plasma(5). However, the
relative amounts of each CF form in leuco-
cytes have not been previously reported.
Hence the present study was undertaken to
establish values for {ree, bound, oxygen-stable
and oxygen-labile CF in normal leucocytes.
Preliminary observations in leukemic leuco-
cytes are also included.

Method. Six healthy, well nourished medi-
cal students were studied to establish normal
values. The leukemic patients (Table II)
are classified according to cell morphology of

* Supported by US.P.H.S. grant and Post-Sopho-
more Research Fellowship to J.S.0. 1958-59. This
work in part included as M.D. Thesis by J.S.0.,
Creighton Univ. School of Medicine, 1960.

t Present address: Dept. of Biochemistry, City of
Hope Medical Center, Duarte, Calif.

t Present address: Chief, Medical Service, Veterans
Admin, Hospital, Portland, Ore.

peripheral blood and bone marrow. These
patients had received no therapy for leuke-
mia. All subjects were on unrestricted diets
with no vitamin supplements, except for nor-
mal subject E.M. who was receiving 100 ug
folic acid daily.

Venous blood was obtained from individ-
uals in a fasting state for leucocyte separa-
tion. Approximately 300 cc of blood was
necessary to obtain sufficient numbers of leu-
cocytes (0.5-1.0 g wet weight of cells) for
assay in subjects with leucocyte counts in the
normal range. Leucocytes were separated by
the phytohemagglutinin method(6). Micro-
scopic examination of leucocyte morphology
showed no alteration after separation, and
erythrocyte contamination was negligible.
However, platelets were included in the leu-
cocyte extracts. When the buffy coat layer
was aspirated directly in patients with high
leucocyte counts CF assay results were not
essentially different from the activity of those
samples obtained by the agglutination meth-
od. The dry weight of the residue was de-
termined by heating at 100°C for 30 minutes
to correct for variations of water content in
the samples. The results are expressed as
mpg of CF activity/mg of leucoctyes-dry
weight. The samples were assayed immedi-
ately or stored at —20° until use.

The leucocytes from each subject were di-
vided into fractions and assayed after treat-
ment (Table I). In Table I the column
entitled Incubation indicates that the frac-
tion was incubated at 37°C in 025 M
phosphate buffer at pH 6.6-6.8** for 18-20

*x Although it has been stated that optimal pH
for release of folate conjugates is 4.5(1), we have
found that yields are much greater at pH 6.8,
similar to Chang’s findings(3).




