Tryptophan Pyrrolase Induced in Human Liver

by Hydrocortisone: Effect on Excretion of Kynurenine

Abstract. Administration of hydrocortisone causes two- to fourfold increase
in the level of activity of tryptophan pyrrolase in human liver, as measured in
needle-biopsy specimens. Correlation of the higher levels of the enzyme with the
amounts of urinary kynurenine suggests that the tryptophan pyrrolase level, which
is regulated by adrenocortical hormones, may be the important variable in the
increased excretion of tryptophan metabolites that accompanies various diseases.

In rat livers the activity of trypto-
phan pyrrolase rises significantly within
a few hours after administration of
glucocorticoids (I) or of agents that
cause increased adrenocortical secre-
tion secondary to pituitary stimulation
(2, 3). That increased activity is
associated with increase in the amount
of the protein moiety of the enzyme
system is demonstrable by immuno-
chemical measurements (4). Our pur-
pose was to determine whether human
tryptophan pyrrolase also responds to
this hormone and, if so, whether this
change in enzyme concentration alters
the metabolism of tryptophan.

Human-liver tryptophan pyrrolase,
studied in excision-biopsy specimens
from patients undergoing abdominal
surgery, has properties similar to those
of rat-liver tryptophan pyrrolase: it is
localized in the particle-free fraction
and is most active when supplemented
with a source of heme, such as methe-
moglobin, and with small amounts of
mitochondria and microsomes (5). The
method of assay, based on that used
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Fig. 1. Effect of administration of hydro-
cortisone on activity levels of tryptophan
pyrrolase in human livers. Samples of liver
were obtained by needle biopsy from well-
nourished adult males with mild rheu-
matoid arthritis (A4), healed homologous-
serum hepatitis (B), and ankle fracture
(C), before and after administration of
hydrocortisone. The height of the light
bars represents the tryptophan pyrrolase
activity before, and that of the dark bars,
5 hours after, parenteral administration of
250 mg of hydrocortisone hemisuccinate
(Solucortef, Upjohn Co.).
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for rat liver (§), was adapted to a
microscale. The tryptophan pyrrolase
reaction forms formylkynurenine that
is rapidly converted by formylase to
kynurenine (6). Percutaneous-aspira-
tion needle-biopsy samples of human
liver (10 to 20 mg, wet weight) were
immediately chilled and homogenized
within 30 minutes in 0.45 ml of 0.14M
KCI containing tryptophan (6 mM) and
sodium phosphate buffer at pH 7.2
(0.02M). The homogenate was centri-
fuged for 45 minutes at 100,000g, and
0.1 ml of the supernatant was pipetted
into a cuvette containing 0.05 mg of
methemoglobin, tryptophan (3 mM),
sodium phosphate buffer at pH 7.2
(0.02M), and 0.05 m! of mitochondria,
to a final volume of 0.5 ml. Because
of the small amount of human liver
available, mitochondria (without tryp-
tophan pyrrolase) were prepared from
rat liver; the 0.05 ml of this suspension
used contained approximately 80 pug
of protein. The change in optical
density of this cuvette at 360 nm (the
absorption peak of kynurenine) was
followed with a Gilford automatic
recording spectrophotometer. After an
initial period of lag, the slope of the
line was straight for at least 30 min-
utes. Activity is expressed as micro-
moles of kynurenine formed per hour
at 37°C per 100 mg of soluble liver
protein (equivalent to about 1.5 g of
liver, wet weight).

The basal tryptophan pyrrolase levels
of activity in the three patients (Fig.
1) were similar, being about 10 per-
cent of the value found in rat liver.
Repeated determinations on different
days gave similar values. Measure-
ments 5 hours after administration of
hydrocortisone showed two- to four-
fold increases in the tryptophan pyr-
rolase concentrations (Fig. 1). These
inductions are of similar magnitude to
those reported in rats (Z, 3).

Excretion of kynurenine after an
oral dose of 2 g of rL-tryptophan was
measured in the same patients. In
normal, control subjects such a dose,
in our experience and in that of
others (7), results in excretion of 5

to 15 mg of kynurenine during the
following 24 hours. Before administra-
tion of hydrocortisone, excretions by
our patients were in the normal range
(12, 9, and 8 mg per day, respec-
tively); they increased three- to five-
fold (to 37, 26, and 47 mg, respec-
tively) within 24 hours after adminis-
tration of hydrocortisone. Such values
are typical of the great excretions of
kynurenine that accompany various
diseases. Thus hydrocortisone signifi-
cantly increased excretion of kynuren-
ine after a standard dose of trypto-
phan, in addition to increasing the ac-
tivity of the tryptophan pyrrolase in
liver. There was good correlation be-
tween the levels of activity in liver of
the kynurenine pyrrolase, which forms
kynurenine, and the excretions of Kyn-
urenine (Fig. 2)—both in the same
patient before and after administration
of hydrocortisone and in the three dif-
ferent patients. Thus greater activity of
tryptophan pyrrolase results in more
oxidation of tryptophan, and this effect
is reflected in excretion of more
kynurenine.

Kynurenine in vivo is further me-
tabolized, through at least two alter-
nate pathways of limited capacity. Our
results demonstrate that, if the con-
centration of tryptophan pyrrolase is
increased in the patient’s liver by hy-
drocortisone while the enzyme is satu-
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Fig. 2. Correlation of concentration of
tryptophan pyrrolase in the liver with
urinary excretion of kynurenine. Urinary
excretion of kynurenine during 24 hours
after an oral dose of 2 g of rL-tryptophan
(abscissa) was determined (7). Adminis-
tration of tryptophan and collection of
urine were begun immediately after the
liver specimen was obtained. The concen-
trations of tryptophan pyrrolase (ordinate)
are those of Fig. 1. Circles are values be-
fore administration of hydrocortisone; tri-
angles are values after administration. A,
B, and C are the three patients.
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rated with a loading dose of its sub-
strate, more of this intermediary kyn-
urenine accumulates. This is the result
of enzymic imbalance: the larger
amounts of kynurenine produced by
more tryptophan pyrrolase exceed the
unchanged capacity of enzymes that
catabolize it. Another enzymic imbal-
ance, but with a different mechanism,
is responsible for the increased excre-
tion of kynurenine that accompanies
vitamin-Bg deficiency; kynyrenine is
produced in normal amounts but ac-
cumulates because of the low activity
of pyridoxal phosphate-requiring en-
zymes (such as kynureninase) that
metabolize it.

Increased excretion of tryptophan
metabolites, in the amounts found by
us after administration of hydrocorti-
sone, have been reported in patients
having rheumatoid = arthritis, schizo-
phrenia, renal tuberculosis, Hodgkin’s
disease, scleroderma, and various oth-
er diseases (8). Many of these diseases
may be associated with “stress”,
which results in increased adrenocorti-
cal secretion by stimulation of the
pituitary-adrenal axis. There may also
be greater sensitivity to the adreno-
cortical hormones in some of these
disease states. Our results demonstrate
correlation between the activity level
of tryptophan pyrrolase in liver and the
amount of kynurenine in urine, and also
show that the tryptophan pyrrolase is
induced in man by hydrocortisone. It
is therefore possible that induction of
tryptophan pyrrolase by adrenocortical
hormones may represent the common
factor leading to increased excretion of
tryptophan metabolites in diverse dis-
eases in man.
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Microinjection of Mouse Eggs

Abstract. A technique has been developed for injecting known amounts of
liquids into fertilized one-celled mouse eggs by use of a calibrated ocular microm-
eter superimposed on the terminal regions of the injection pipette. From 128 pro-
nuclear eggs, each injected with 180 or 770 cubic microns of bovine gamma
globulin at a concentration of 25 milligrams per milliliter in citrate—Locke’s solu-
tion and then transferred to the oviducts of pregnant foster mothers, 18 living
fetuses developed; from 74 eggs, each injected with 2730 cubic microns, 5 fetuses
survived. The living fetuses that developed from the injected eggs were smaller
than normal in 6 of 23 surviving experimental fetuses as contrasted to only 1 of
19 control fetuses.

Microinjection of living cells other
than mammalian eggs has been prac-
ticed for about half a century (I).
Micrugical studies have even utilized
the living eggs of the rat (2), rabbit

(3), mouse (4), and human (5) during
the last two decades, but the methods
have not been able to safeguard the
structural or functional integrity of the
whole ovum. The mammalian egg is
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Fig. 1. Terminal portion of micropipette, showing different regions and the size of drop-
lets corresponding in measurement against a calibrated ocular micrometer. (4) Entire
terminal portion of pipette filled with solution; (B) upper region (2730 u*); (C)
middle region I (1340 4°*); and (D) middle region II (180 x*). Details in text.
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