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Cortisone-provoked Depression of Plasma Tyrosine Concen-
tration: Relation to Enzyme Induction in Man *

RICHARDS. RIVLIN t ANDKENNETHL. MELMONt
(From the Department of Medicine, the Johns Hopkins University School of Medicine, Balti-

more, Md., and the Experimental Therapeutics Branch, National Heart Institute,
Bethesda, Md.)

Within 5 hours after administration of cortico-
steroids to experimental animals, the activity of
hepatic tyrosine-a-ketoglutarate transaminase is in-
creased five- to tenfold (1-8). This enzyme cata-
lyzes the initial step in tyrosine degradation and
is one of several mammalian enzymes the activity
of which is rapidly and substantially elevated by
corticosteroids (9). Adrenal steroids also depress
the concentration of tyrosine in plasma (10-11).
The reduced level of tyrosine in plasma has been
attributed to the increased hepatic activity of ty-
rosine transaminase, i.e., an increased rate of degra-
dation of tyrosine by the enzyme would be ex-
pected to diminish the plasma concentrations of the
amino acid (10).

The thyroid status of the animal has been re-
cently shown to modify the typical corticosteroid-
induced elevations of hepatic tyrosine transaminase
activity. Massive amounts of hydrocortisone are
required to elevate enzyme activity in thyroxine-
treated rats, whereas in hypothyroid rats, even a

small dose of hydrocortisone elevates enzyme ac-
tivity maximally (12). Thyroxine, in further con-
trast to adrenal corticosteroids, produces eleva-
tions of the plasma level of tyrosine, and thyroidec-
tomy decreases the concentration of tyrosine in
plasma (13, 14).

Despite extensive investigations of the altera-
tions in the activity of tyrosine transaminase in

experimental animals, only limited attention has
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been paid to the possible existence of steroid-in-
ducible enzymes in man. It is known from analy-
ses of specimens of human liver that the pathway
of tyrosine oxidation proceeds by the same se-
quence of reactions as in animal liver, and that
the human tyrosine-a-ketoglutarate transaminase
has properties similar to those of the animal en-
zyme (15, 16). It seemed likely, therefore, that
the responses of the human transaminase to hor-
monal stimulation would also be similar to those
described in animal liver.

The finding in patients with thyrotoxicosis, as
well as in thyroxine-treated animals, of increased
concentrations of tyrosine in plasma (17-19) sug-
gested a means of investigating the inducibility of
the tyrosine transaminase system in man. Ex-
periments were conducted to determine whether
cortisone administration depresses the concentra-
tion of tyrosine in plasma of normal adult sub-
jects, and secondly, whether cortisone has greater
or lesser effects in patients with abnormal thyroid
function. If enzyme induction were being modi-
fied by thyroid hormone, then subjects with hy-
perthyroidism and myxedema should differ from
euthyroid subjects in their responses to cortisone.
Measurements were therefore made of tyrosine
concentrations in plasma of hyperthyroid, euthy-
roid, and hypothyroid subjects after an over-
night fast and 3 hours after ingestion of a stand-
ard quantity of tyrosine.

Methods

Patient selection. The subjects investigated were fif-
teen hyperthyroid, fourteen euthyroid, and four hypo-
thyroid subjects, all of whom were inpatients at Johns
Hopkins Hospital. Clinical information is summarized
in Table I. The diagnosis of hyperthyroidism and myx-
edema was based upon unequivocal clinical and labora-
tory evidence. In hyperthyroid subjects, protein-bound
iodine levels in serum ranged from 11.3 to 20.0 ,ug per
100 ml serum, and 24-hour uptakes of radioactive iodine
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TABLE I

Clinical summary of patients studied*

Plasma tyrosine
Fasting plasma concentration 3

tyrosine concen- hours after
tration tyrosine load

RAI
Age uptake After After
Race at 2 and Before cortisone Before cortisone

Patient Sex PBI 24 hours cortisone (1 day) cortisone (1 day)

pg/100 ml % jg/mI Jg/mi

13.3
14.0
12.0
16.2
18.0
17.0
20.0
13.3

7.0
15.5
15.6
14.6
11.3
18.3
11.3

86/90
58/81
32/71
41/67
52/61

80/64
58/74

80/86
69/76

70/77

31.4
28.1
24.4
23.8
21.8
21.6
19.4
19.0
18.8
18.5
16.7
16.3
15.2
14.5

9.3

2.9 10/10
2.3 4/9
2.6 2/2
1.2 3/4

Clinical diagnosis

Obesity; mild bronchitis;
chronic gouty arthritis

Anxiety
Obesity, mild hypertension
Hypothyroid, treated
Erythema nodosum
Hypertension; mild congestive

heart failure
Hyperthyroid, treated
Iron-deficient anemia;

ASCVD; old stroke
Mild hypertension
Mild chronic bronchitis
Diarrhea, treated
Esophagitis
Thrombophlebitis
Mucous colitis, in remission

35.7
16.8
24.9
19.6
18.6
18.9
25.1
24.7
17.3
18.6
15.0
13.2
18.2
15.0
14.6

12.4 9.7
12.7 13.2
13.5 11.5

8.3 7.7

18.5
16.8
15.7
15.3
14.8

14.6
13.8

13.6
12.8
12.6
12.1
11.4
11.2

9.7

16.2
9.8

15.5
14.0
12.6

12.9
13.9

7.9
9.5

11.8
11.4
11.4
10.4
11.3

46 55
41 44

113 72

42 49
64 93
36 49

112 65

56 89

36 31

28 22
43 37
23 16

23 28
51 32
25 16
29 20
34 34

36 29
43 31

37 31

* PBI = protein-bound iodine; RAI = radioactive iodine. N = negro; C = Caucasian.
sclerotic cardiovascular disease.

t Normal subject treated with triiodothyronine 300 pg per day for 10 days.

by the thyroid gland from 61 to 90% of the administered
dose, as shown in Table I. Additional laboratory con-

firmation of hyperthyroidism was provided by elevations
in the measurements of basal metabolic rate (range = +
35%o to +95%), and of I131-triiodothyronine uptake by
red blood cells (24% to 40%), with depressions of the
serum cholesterol concentration (90 to 170 mg per 100
ml serum). One normal subject was included in the
group of patients with thyrotoxicosis after he had been
receiving 300 pg per day of triiodothyronine in divided
doses for 10 days. At that time there was elevation of
the basal metabolic rate to + 50% and depression of the

ASCVD= arterio-

serum cholesterol concentration to 135 mg per 100 ml
plasma, in association with marked tachycardia, sweating,
nervousness, and weight loss.

In hypothyroid subjects, as shown in Table I, pro-

tein-bound iodine levels in serum ranged from 1.2 to 2.9
pAg per 100 ml serum, and 24-hour uptakes of radioactive
iodine by the thyroid gland were from 2 to 10% of the
administered dose. The return phase of reflexes was

uniformly delayed; assays of thyroxine iodine in serum

by column exchange techniques 1 were below normal in

1 Bio-Science Laboratories, Los Angeles, Calif.

Hyperthyroid
(1) L.T.
(2) C.W.
(3) G.W.
(4) M.E.
(5) G.C.
(6) E.P.
(7) C.S.
(8) R.B.
(9) T.B.t

(10) M.C.
(11) F.B.
(12) F.D.
(13) O.M.
(14) N.C.
(15) C.P.

Hypothyroid
(1) R.J.
(2) G.C.
(3) A.H.
(4) M.U.

Euthyroid
(1) L.M.

(2) A.S.
(3) N.B.
(4) A.H.
(5) L.L.
(6) W.C.

(7) M.C.
(8) O.W.

(9) G.P.
(10) S.W.
(11) M.M.
(12) C.P.
(13) G.P.
(14) A.C.

45 NF
46 NF
27 NF
44 NF
34 NF
36 NM
38 NF
40 NM
62 NM
51 NF
36 NF
23 NF
47 NF
35 NF
41 NF

68 NF
35 NF
45 CF
59 CF

57 CM

35 NF
27 NF
45 CF
23 NM
59 NM

51 NF
62 NF

42 NM
29 NM
30 NF
55 NF
45 NM
55 NM
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all patients, and there were low measurements of basal
metabolic rate (-24% to -34%o).

Fourteen control subjects were selected from the gen-
eral hospital population; the average age of the controls
was 39.0 years, as compared to the average age of hyper-
thyroid subjects of 40.3 years. Each of the control sub-
jects was convalescent from a mild illness and was stud-
ied shortly before discharge. All were unequivocally eu-
thyroid on clinical examination by several observers, and
the majority had one or more confirmatory tests of thy-
roid function performed. One previously hyperthyroid
and one previously hypothyroid patient, both of whom
had been studied earlier, were included in the control
group after they had been rendered euthyroid by ap-
propriate therapy. Clinical diagnoses are shown in Ta-
ble I.

All subjects were fully ambulatory and were receiving
a standard hospital diet at the time of the investigation.

Procedures. Effects of cortisone administration upon
the concentrations of tyrosine in plasma were determined
1) after an overnight fast and 2) 3 hours after ingestion
of known amounts of tyrosine. Two types of studies
were performed.

In the first study, samples of heparinized plasma were
obtained from all subjects at 9 a.m., after an overnight
fast. The blood samples were centrifuged at 2,000 X g
for 15 minutes, and the plasma was separated and re-
covered. Samples of the plasma from fasting subj ects
were then frozen promptly and remained at - 150 C un-
til the time of assay. Base-line levels of tyrosine in fasting
subjects were generally determined on samples of plasma
obtained on two or three successive mornings.

Each patient then received intramuscular injections of
cortisone acetate, U.S.P., 50 mg, at 1 p.m., 5 p.m., and 9
p.m., and the following morning at 1 a.m., 5 a.m., and 9
a.m. A single specimen of plasma from each fasting sub-
ject was obtained immediately after the last injection and
was labeled "cortisone 1 day."

Six hyperthyroid, five euthyroid, and four hypo-
thyroid subjects continued to receive a total of 300 mg
cortisone acetate during a second 24-hour period. In-
jections of cortisone acetate, 100 mg, were given at 1
p.m. and 11 p.m. and at 7 a.m. on the following morning.
Specimens from fasting subj ects were again obtained at
9 a.m. and were labeled "cortisone 2 days." A schedule
of frequent injections of cortisone during a 48-hour pe-
riod was employed because investigations of the tyrosine-
a-ketoglutarate transaminase system in rat liver have
previously shown that the enzyme has a very rapid turn-
over (20), and that a continuous supply of corticosteroid
is required to maintain enzyme activity in the fully in-
duced state (21).

In the second study, samples of heparinized plasma
were obtained after an overnight fast in eight of the
euthyroid, nine of the hyperthyroid, and three of the
hypothyroid subjects. Each subject then received an oral
load of L-tyrosine,2 50 mg per kg body weight, suspended
in orange juice. Samples of heparinized plasma were ob-

2 California Corp. for Biochemical Research, Los
Angeles, Calif.

tained exactly 3 hours after ingestion of tyrosine. Cor-
tisone was then administered for a 1-day period, as de-
scribed above. Identical oral loads of tyrosine were fed
on the following morning, and samples of heparinized
plasma were obtained 3 hours later.

Chemical methods. Tyrosine was assayed in duplicate
by a fluorometric method (22). Under conditions of the
assay, recoveries of added tyrosine from fasting plasma
samples were 87 to 100%. Samples from plasma obtained
3 hours after ingestion of tyrosine were diluted 1: 5 with
water before readings were performed, because of
quenching of fluorescence at high concentrations of ty-
rosine. All results were expressed as micrograms per
milliliter plasma.

Results

Results of measurements of tyrosine levels in
fasting hyperthyroid and euthyroid subjects after
0, 1, and 2 days of cortisone administration are
shown in Figure 1 and Table I. Concentrations of
tyrosine in hyperthyroid fasting subjects averaged
19.9 ± 1.4 lzg per ml (standard error of the mean)
and were significantly greater (p < 0.001) than
were the levels of 13.8 ± 0.6 ,tg per ml measured
in euthyroid subjects. There was no significant
correlation in individual hyperthyroid subjects
between the plasma tyrosine levels and any of the
measurements of thyroid function. Levels in the
four hypothyroid fasting subjects averaged 11.7 +

1.1 MAg per ml. The concentrations of tyrosine in
plasma of all three groups of subjects were similar
to those reported previously (19).

After 1 day of administration of cortisone, at
which time each subject had received a total of 300
mg cortisone acetate in divided doses, plasma lev-
els of tyrosine in euthyroid subjects were de-
creased in eleven of fourteen subjects compared
to levels before treatment with cortisone. There
was an average decrease in all subjects of 1.9 +

0.7 Mug per ml, with p value using paired data
< 0.02. After 2 days of injection of cortisone, de-
creases in the concentrations of tyrosine in plasma
of fasting subjects were observed in all six euthy-
roid subjects studied; the average decrease from
base-line levels was 3.9 + 0.8 ug per ml (p value
<0.01).

In the four hypothyroid subjects, tyrosine con-
centrations in plasma from fasting subjects de-
creased an average of 1.3 ug per ml after 1 day of
cortisone treatment. After 2 days of treatment,
mean concentrations had decreased an average of
3.0 ,ug per ml (not shown in Table I) .

In hyperthyroid subjects, by contrast, no con-
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E ut h y roi d
Patients

I
Before After

Cortisone Cortisone
(I Day)

After
Cortisone
(2 Days)

Hyperthyroid
Patients

I

Before After After
Cortisone Cortisone Cortisone

(I Day) (2 Days)

FIG. 1. CONCENTRATIONSOF TYROSINE IN PLASMAOF FASTING EUTHYROID
AND HYPERTHYROIDSUBJECTS, BEFORE AND AFTER ADMINISTRATION OF CORTI-

SONE. Each subject received 300 mg per day of cortisone acetate in divided
doses by intramuscular injection for 1 or 2 days. Samples of heparinized
plasma were obtained at 9 a.m. after an overnight fast and were assayed for
tyrosine concentration. The short horizontal lines refer to the mean of each
group. Corresponding patients are listed consecutively in Table I beginning
with the one whose plasma concentration of tyrosine was highest.

sistent decreases in tyrosine levels occurred after
cortisone administration. The levels of tyrosine in
plasma of fasting subjects were decreased in only
seven of the fifteen hyperthyroid subjects after 1
day of cortisone administration and were actually
increased in four subjects. The mean levels re-

corded after cortisone (19.7 + 1.5 ug per ml) did

not differ from the base-line levels recorded before
cortisone treatment (19.9 + 1.4 ug per ml). After
2 days of cortisone administration, decreases in
plasma levels of tyrosine were noted in only three
of five hyperthyroid subjects, as shown in Figure
1. These differences were not statistically sig-
nificant (p > 0.1).
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Results of the second study are shown in Figure
2 and Table I. Three hours after ingestion of ty-
rosine, plasma levels of tyrosine in thyrotoxic
subjects were consistently elevated compared to
levels in euthyroid subjects, as previously reported
(18). When 300 mg cortisone acetate in divided

Euthyroid
Patients

110

too

90
0-1

5
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0
-

C
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l._
Ce
00

0)

0
I-
0

E
cn
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a_
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70-

60-

50-

40-

30-

20-

10-
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doses had been administered during a 24-hour pe-
riod to euthyroid subjects, plasma levels of tyro-
sine 3 hours after an oral load were decreased in
six of the eight individuals compared to corre-
sponding levels in plasma before administration
of cortisone. In one subject there was no change

Hyperthyroid
Patients

Before After Before After
Cortisone Cortisone Cortisone Cortisone

(I Day) (I Day)
FIG. 2. CONCENTRATIONSOF TYROSINE IN PLASMAAFTER INGESTION OF AN

ORAL LOAD OF TYROSINE IN EUTHYROID AND HYPERTHYROIDSUBJECTS, BEFORE
AND AFTER ADMINISTRATION OF CORTISONE. Each subject received an oral
load of tyrosine (50 mg per kg body weight) at 9 a.m., and plasma was ob-
tained exactly 3 hours later. A repeat load of tyrosine was given after
administration of cortisone acetate, 300 mg in divided doses, during a 24-
hour period. The short horizontal lines refer to the mean of each group.
The numbers written to the left of the individual points refer to the patients
listed in Table I.
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in the plasma levels, and in another subject a
slight increase in the plasma concentration of ty-
rosine. An average decrease of 7.1 + 2.6 pg per
ml was recorded for all subjects (p < 0.025).

In all three hypothyroid subjects, cortisone re-
sulted in an appreciable decrease in plasma levels
of tyrosine 3 hours after an oral load, as shown
in Table I.

In hyperthyroid subjects, by contrast, plasma
levels of tyrosine 3 hours after an oral load of the
amino acid were decreased in only three of the
nine subjects after administration of 300 mg cor-
tisone. In the remaining six subjects, levels were
increased compared to values measured before cor-
tisone. The average plasma concentrations of ty-
rosine before and after cortisone administration to
the hyperthyroid subjects were nearly identical,
i.e., 60.7 ± 10.3 pg per ml and 60.8 + 6.9 pug per
ml, respectively.

Discussion

The present experiments demonstrate that cor-
tisone administration reduces the concentration
of tyrosine in plasma of euthyroid and hypothyroid
subjects within 24 hours of its administration. A
further decrease in tyrosine concentration is ob-
served when cortisone is given for a 2-day period.
In thyrotoxic subjects, by contrast, no consistent
changes in the concentrations of tyrosine in plasma
after an overnight fast are noted after either 1 or
2 days of cortisone.

Similar results are obtained when oral loads of
tyrosine are fed before and after the subjects have
received cortisone. In euthyroid subjects receiv-
ing cortisone, levels of tyrosine in plasma 3 hours
after an oral load of tyrosine are lower than are
levels in these same subjects before cortisone has
been given. In thyrotoxic subjects, no consistent
decreases in plasma levels can be demonstrated
after administration of cortisone.

These results are similar to what one would
predict if there were a steroid-inducible tyrosine-
a-ketoglutarate transaminase in human liver simi-
lar to the enzyme in rat liver in its dependence
upon thyroid function. Previous studies have
shown that to increase tyrosine transaminase ac-

tivity, larger doses of corticosteroids are required
for hyperthyroid than for euthyroid rats, and for
euthyroid than for hypothyroid rats. This dif-

ference in response to corticosteroids has been
attributed at least in part to differences in the rate
of steroid inactivation (12). Thyroxine enhances
the rate of steroid degradation (12, 23-25). It
has been postulated that small doses of adrenal
steroids are degraded too rapidly by livers of thy-
rotoxic rats to be effective as stimuli of enzyme
synthesis. Only when massive doses of steroids
are employed is the capacity of the degradative
system exceeded, and enough active steroid ac-
cumulates to be effective as an enzyme inducer
(12). Similarly, in hypothyroidism, the rate of
steroid inactivation is reduced, and even a small
amount of administered steroid can be effective
in increasing enzyme activity.

It is apparent that adrenal cortical hormones
and thyroid hormones have different effects upon
tyrosine metabolism, as illustrated diagrammati-
cally in Figure 3. Experiments using a-aminoiso-
butyric acid and 1-aminocyclopentane-carboxylic
acid have shown that cortisone accelerates the up-
take of these nonmetabolizable amino acids by the
liver. (26-29). Therefore, steroids probably act
to augment the accumulation of neutral amino
acids by the liver. Indeed, one of the earliest ef-
fects of cortisone and triamcinolone is to increase
the total level of amino acids in liver (30). In-
creased uptake of tyrosine may facilitate its re-
moval by the hepatic tyrosine transaminase system.
After steroid administration, the level of tyrosine
in plasma decreases, as shown above. This de-
crease may be related to the substantial increase in
the activity of tyrosine transaminase that also oc-
curs (10). The increase in enzyme activity may
produce a transient depletion of tyrosine in liver;
after administration of corticosteroids to fasted,
adrenalectomized rats, the level of tyrosine in liver
was observed by two groups of workers to de-
crease (10, 31).

Different events occur after thyroxine adminis-
tration. There is an increase in the activity of ty-
rosine transaminase in liver of 40%, which is small
when compared to the five- to tenfold change pro-
duced by corticosteroids (12, 14, 32). Experi-
ments with radioactive tyrosine have shown that
thyroxine produces a decrease of approximately
one-third in the apparent volume of distribution of
tyrosine (33), by mechanisms that have not yet
been elucidated. The plasma level of tyrosine in-
creases after thyroxine administration, probably
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NORMAL

[TYROSINE] i

I..Pm

Plasma Liver

EXCESS THYROID HORMONE
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[Tyrosin iTyrosine ]HPPMetabolites

Hydro- W' Metobolites
cortisone

Plasma Liver

EXCESS ADRENAL CORTICOID

[Tyrosine]

Plasma Liver

FIG. 3. DIAGRAMMATICREPRESENTATIONOF THE EFFECTS OF THYROID AND

ADRENALCORTICAL HORMONESUPONTHE PLASMACONCENTRATIONOF TYROSINE

AND THE HEPATIC ACTIVITY OF TYROSINE-a-KETOGLUTARATETRANSAMINASE.

The elevated concentration of tyrosine in plasma after administration of thy-
roid hormone is symbolized by large letters in brackets in the plasma com-

partment, and the reduced concentration after cortisone administration by
small letters. The reduction in the apparent volume of distribution of tyro-
sine with excess thyroid hormone is shown by the dotted lines in the central
portion of the figure. Thickened, hatched arrows refer either to increased
hepatic enzyme activity or to accelerated uptake of amino acid into liver
from plasma. HPP= p-hydroxyphenylpyruvate.

in part as a consequence of this change in distribu-
tion. An additional factor may be the hepatic ac-

tivity of p-hydroxyphenylpyruvate oxidase, which
has been reported to decrease after administration
of thyroid to animals (34). Because the degrada-
tion of hydrocortisone is greatly accelerated by
thyroxine (23-25), a given dose of adrenal cor-

ticosteroid may be relatively less effective as an

enzyme inducer in livers of hyperthyroid than eu-

thyroid rats.
The present report provides evidence that is

compatible with the functioning of a steroid-in-
ducible enzyme in euthyroid individuals and with

altered induction in hyperthyroid individuals.
Data in the present report are consistent with
those of Menkes and Avery (35), who showed that
cortisone in larger doses than used here produces
marked decreases in the greatly elevated plasma
levels of tyrosine in premature infants. Using
microbiological techniques, Borden and colleagues
(36) were unable to demonstrate any effect of
ACTH administration upon the serum levels of
tyrosine, although the 24-hour urinary excretion
was increased. ACTHand cortisone have been
reported to reduce the tyrosyluria of premature
infants (37, 38), but the mechanism producing ty-

TRANS-
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Tyrosine >± HPP4Metabolites
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AMMNASE

iTyrosineE HPP-4Metabolites

Hydro- - > Metabolites
cortisone

1696



CORTISONEAND PLASMATYROSINE: RELATION TO ENZYMEINDUCTION IN MAN

rosyluria may comprise changes in more than one
enzyme (39).

We suggest that corticosteroids may influence
amino acid metabolism in man in a manner simi-
lar to that described abundantly in experimental
animals.

Summary

The administration of cortisone to euthyroid and
hypothyroid adult subjects in divided doses for 1
and 2 days produced consistent decreases in the
concentration of tyrosine in plasma of subjects
after an overnight fast. Cortisone also decreased
the plasma levels of tyrosine 3 hours after an oral
load of tyrosine, compared to results obtained after
oral loading before cortisone.

In hyperthyroid subjects, by contrast, cortisone
produced no consistent changes in either the levels
of tyrosine in fasting subjects or the levels in
plasma 3 hours after an oral load.

The results are consistent with the hypothesis
that cortisone depresses the concentration of ty-
rosine in plasma by increasing the activity of he-
patic tyrosine transaminase. This process of en-
zyme induction appears to be modified in hyper-
thyroid subjects in a manner entirely analogous to
that described in experimental animals.

Thyroid and adrenal cortical hormones differ in
their effects upon the metabolism of tyrosine, and
the postulated mechanisms have been discussed.
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