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Kinetics of Induction of Rat Liver Enzymes by Glucocorticoids
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SUM MARY

The hypothesis that cortisone inucreases tine synuthesis of a group of rat liver enzymes to

tine sanne extennt, sin-id tl-iat tineir relative rates of accumulation-i are connsequently determined
by their respective degradative rate constants, is re-evaluated ins terms of the origirual data
annd assumptions. Tine data do riot for tine most part conform to tine chsin-iges in enzyme levels
predicted by the kinetic model. A fundamenutal assumptions upon usi-iicis tine original con-

clusions us-crc based is shossn to be erroneous ; i.e., the initial rate of enzyme accumulation
is tuot si valid estinnate of tine induced rsite of eruzyme synthesis. A rearrangement of the

equationu for enzynne siccumulation permits calculation of tine induced synthetic rate for any
segnncnnt of tine accunuulationi curve. Solutions of tine equation are consistent with tine cons-
dept of a lag period ins tine inductions of tryptopinsinn oxygernase (L-tryptophans : oxygens oxi-
doreductase, EC 1 . 13 . 1 . 1 2), tyrosine aminnotransfera��e (L-tyrosine 2-oxoglutarate simino-
trsinsfersi.se, EC 2.6. 1 .3) , arid alaninse aminotranisferase (L-silannine : 2-oxoglutarsite simino-
trannsferase, EC 2.6. 1 .2) inn adrenssilectomized rats. Arginsase (L-argininue amidirnohydrolase,
EC 3.5.3.1) usas svn-itiuesized at a fairly constant inuduced rate from tine earliest measured
1)Oinit in tinne, usisile ti-ic syintinesis of alansinne aminotranusferase appeared to rise to a maximum

at 1-2 dmtvs ar-id them to declinne to about half tinis value at the induced steady-stsite level.
Tinese kinetic analyses provide no support for the original hypothesis, or for tine generaliza-
tion that differences ins accumulations rates of cortisone-induced enzymes mire simply a

funnctiors of their n-iornnmnl degradmntive rate conustmints.

Ins 1962, Price anal co-workers (1) derived

sins e(jusitiOnn depictiing tine relationship be-
tsseeii ,-tvnntiuesis aind degradations inn control-
linig tine concentration of sirs inntrsicehlular

enuzvinie. The follossinig year, Segal and Kim
(2) applied tine sanne equations to si study of
the kinetics of inductions of rsit liver alansine

anuninuotrmirusferase iii responsse to glucocorti-

dOi(I administrmitionn. Ons the basis of tuue same
theoretical considerations, Schimke et al.

(3, 4) developed an equationn for liver enzyme
inductions that purported to explains differ-

einces ins tine siccunnulatorv respon-ises of
several enzymes to cortisone as being due to
differences inn their turnover rates. It us-as
conncluded by Berlin anud Schimke (4) that

the synitinesis of tine several ennzymes ssmis
incresised to tine ssime extent by cortisone.

These fsir-reachinug prinsciples have beers ad-
cepte(l by at least several groups of usorkers
(5-12) susd hstve been reiterated quite re-
cenitlv (13). Hossever, much of the experi-
nnenntal dstta offered ins support of tinese
concepts actually do not fit the kinuetic equa-
tion. Tinis has inot beets poinnted out pre-

viously.
Figure 1 shosss tine sictual accuniulatory

respon-ises of several rat liver enzymes to
cortisone injections observed by Berhinu and

Schimkc (Fig. 2 of ref. 4) and tine corre-
spondinug tineoretical responses predicted by
tineir Eq. 3 arid tineir kinetic parameters
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(Table 2 of ref 4).’ Tryptopinan oxygeunase
(L-tryptophan :oxygers oxidoreductsise, EC
1.13.1.12) actually increased 10-fold durinng
S hr of iinductionn, us-hnereas solutions of the

kinetic equations predicts onnly a 3.S-fold
increase in that time arid a total inucrease of

4-fold at infinite time.2 T�-rosinnc amirnotrmsrns-

ferase (L-tvrosinne : 2-oxoglutarate amino-
trannsferase, EC 2.6.1 .5) increased 0-fold in
S iur, ushile the maximum expected inicremise

from the data of Berhinn and Schimke is only
about tuso-thirds of that amourst evens us-liens
the fortuitously iuigh estimate of the insduced
rate of synthesis (S’) is substituted unto tine
equation. Moreover, accordiing to tine my-

pothesis that the time course of chan-ige in en-
zyme level is a functions of the magnitude of
tine degradation rate constant (k’) anid not a
differential stimulations of synnthcsis by corti-
sone, tyrosinse aminsotranisferase sinould ac-

cumulate just as rapidly as, if not more so
than, tryptophan oxygenase. The data
clearly show that tyrosine aminotranssferase
increases ornly half as rapidly as tryptopinan
oxygenase, even tisoughi tine value of k’ is,
if anything, greater for the former ennzyme.

Alanine aminotranusferase (L-alanin-ie : 2-oxo-
glutarate aminotrannsferase, EC 2.6.1.2)

actually irscreased 10-fold in 4 days, but the
kinetic equation and the rate coisstants ens-
ployed by Berlin and Scinimke predict only

a 4-fold rise ins that lenugtin of time. Only the
accumulation of arginase (L-arginnine mimi-

dinohydrolase, EC 3.5.3.1) conformed to the
kinetic model to any degree.

Berlins mind Schimke (4) assumed that tine
“initial linear time course of increase in
enzyme” during inductions is a valid estimate
of the induced rate of syruthesis. This as-

1 In order to obtain ani estin-iate of 1.9 units/hr

for the induced rate of synnthesis of tyrosine annino-

transferase, the enzynne level would have to inn-

crease nearly 7-fold in the first 4 hr instead of the

less than 4-fold given-i in Table 1 an-id Fig. 2 of

Berlin and Schimke (4). The data actually yield an

estimate of about one-half that given.
2 Table 1 of Berlin-i and Schimke (4) shows a

10-fold inncrease in this enzyme after 4 hr of induc-

tion, whereas their Fig. 2 indicates half this in-

crease il-i 4 hr an-id a 10-fold elevation only after 8

hr of irnductionn. It is presumed that the former

data are iii error, sin-ice they yield ann estimated

synthetic rate twice that shown in their Table 2.
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FIG. 1. Theoretical and actual responses offour liver

enzymes to cortisone

Solid lines represenut actual increases in-i enzyme

levels observed by Berlin and Schimke (4) ; broken

lines show responses predicted by their Eq. 3 and

the data in their Table 2. The symbols are for

tryptophani oxygenase (S), tyrosine arrnino-

transferase (0 ) , alannine aminotransferase (A),

an-id arginase (Li).

sumptionn us-as supported by similarities of

sucin estimates to vmtlues for 8’ (ieternninned
by pulse-labeling studies usith radioactive
amino acids (not, inousever, during tine initial
pinase of induction). It is inninerenst ins such
ann assumptions tinsit tine nnaximum stinnula-
tionn of synstinesis of all four enzymes occurs

durinug tinis time irsterval. It ss.sts on tine bmssis
of suds estimates that tinese usorkers con-
eluded tinat ti-ic synthesis of tine four enzymes
in questions us-as increased to tine same extent

by cortisone. Careful examination of tine
iuypotinetical induction curves of Berlin sinid

Schimke (1’�ig. 1 of ref. 4) revemils that tine
initial slope of tine accunnulation curve is riot
a good estimate of S’ uniess tue innitial time
insterval is innpracticahly short or k’ is cx-

ceedinugly small. If onne estinnsites 8’ for their

hypotineticmil ennzyme A fronn ti�ie 1-mr level,
a value is obtained that is less than tss-o-
thirds tine vmnlue employed to construct tine
curve. The error in estinnmutinig S’ from tine
initial time course decreases with smstilcr

values of k’ but increases ssitin time. Tinus,
for ann enzynne suchu as tryptophminn oxygenssise
that is subject to a coefficierut of dcgradmition
( k’) of 0.3/inr, tine siccumulmitions rate incas-

ured at tine earliest time (4 hr) after ins-
creasinng tine rate of synthesis 4-fold svihl be
only one-half tine true vaiue of ,S.



(1)

alansirse aminotranusferase exhibited a similar
lag, appeared to rcacin a maximum at 1-2

days, and tinereafter seemed to decline. Ap-
phication of Eq. 1 to the data of Segal and
Kim (2) for this enzyme presents the same
picture. Arginase appeared to be synthesized

at a relatively constant rate from the first
point in time onward. Except for this en-
zyme, the maximum values for 8’ calculated

from the kinetic equation exceeded by a
considerable margin the corresponding val-

ues estimated by Berlin and Schimke (4).
Several possible causes of these deviations

from theory suggest themselves. A lag be-

tuseen the time of hormone adminsistrations
and ti-ic onset of increased synthesis (14, 15)
would account for an actual increase in 8’
with time and would also contribute to the

error in estimating this parameter from the
initial slope of the accumulation curve.

Changes in k’ during inductions usould cx-

plain other differences betuseen the actual

accumulation curves and those predicted by

the kinetic equation, as us-eli as the discrep-

ancies between the solutions of Eq. 1 and

the pulse-labeling results. Until recenstly is

usas thought that k’ for alanine aminotrans-

ferase increases during induction uvith gluco-
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TABLE 1

Induced rates of synthesis of four enzymes, calculated from accumulation data and kinetic model

The basal enzynne concenntrations given in Table 2 of Berlin an-id Schimke (4) were multiplied by the

“fold” increases given-i in their Fig. 2. These products were substituted unto Eq. 1 (see the text), along

with the respective values for k’ (k’ = 0.693/half-life) from Berlin and Schimke, to calculate the in-

duced rates of synnthesis (&‘). Other columns heads represent ratio of irndinced to normal synthetic rate

(Sc’/7S) an-id the linduced synnthetic rate estimated (4) fronn the innitial slope of the accumulation curves

(5,’).

Time interval S�’ S,’/S Se’ Sc’ Sc’,�S 5,’

hr Tryptophan oxygenase Tyrosinne aminotrannsferase

0-4 0.115 8.2 0.056 2.07 4.6 0.88’

4-8 0.166 11.9

Alaninne aminnotransferase
3.04 6.8

Arginase
0-12 0.29 8.4 0.24 11.7 5.1 9.9

12-24 0.65 18.6 11.8 5.1

24-36 0.89 25.4 12.3 5.4
36-48 0.86 24.6 13.1 5.7

48-60 0.73 20.9 11.0 4.8

60-72 0.60 17.1 11.5 5.0

72-84 0.51 14.6 11.9 5.2

84-96 0.41 11.7 9.6 4.2

a See Footinote 1.

Solvinng Eq. 3 of Berlin an-id Schimke (4)
for S’ permits calculation of this parameter
from the accumulations data and tine value

of k’:

�, kF(P�,ek’t P)�s = e_k�t �

winere Po and J) are experimenutal values for
initial and subsequent enzyme concentra-
tions, respectively. Testing Eq. 1 against
theory (Fig. 1 of ref. 4) reveals that it is

applicable to any segment of the accumula-
tion curve ; the smaller of any tsvo enzyme
concentrations being takers as Fo, the larger

as P, aisd t as the time interval separating
them.’ Table 1 compares the irnduced rates of
syntinesis of the four enzymes determined by

use of Eq. 1 us-ith those estimated by Berlin

and Schimke. The data for tryptophan oxy-
genase and tyrosinne amirnotransferase per-
mitted calculation of SF from Eq. 1 for only
two segments of the response curves. In botin
cases tine calculated value for 5’ us-as riot
constannt, the 0-4-hr value beirng less than
tine 4-S-hr figure. The induced synthesis of

3 While this paper was beirg considered for

publication, a similar equation was published by

Russell and Snyder (5).
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corticoids (2, 15-17). Hosvever, Kim (iS) has

lately claimed tinat tisis is riot tine case. In

vicuv of tine different responses of basal annd
innduced levels of tyrosine aminotransferase

to puromycin, Grossman and Mavrides (11)
reported that k’ for this enzyme is inscreased
during induction with hydrocortisonc, but
Kernney (19) shouved that inhibitors of pro-

teins synthesis also block degradations of tyro-
sine aminotranssferase in the nsonsiusduced
state. The alternative possibility, tinat the
value of k’ is lowered during the course of
insduction, perhaps by substrate stabiliza-

tiors resulting from a influx of amino acids,
appears to be ruled out by some of these as
usell as other observations. Schimke et al. (3)

concluded from kinetic studies that hvdro-
cortisone increases the rate of syntinesis of

tryptophan oxygenase us-ithout altering its
rate constant of degradation. Garrens arid co-

workers (20) reached the same conclusion
on the basis of enzyme regression rates fol-
lowing administration of puromycin during
induction. Segal and Kim (17) stated that
there is very good evidence against an in-
crease in the tryptophan concentration in

tine liver during corticoid inductions and that
alanine aminotransferase is not “induced” by
its substrate. Kenney and Albrittons (21)

found that tyrosine actually depressed tyro-
� sine aminotransferase uvhen administered to

adrenalectomized rats, and that changes in
tise rate constant of degradation have little
or no role in tue isvdrocortisonse-induced in-
crease of this enzyme inn adrenalectomized
animals (14; see also ref. 22). In any event,
iii order to obtain from Eq. 1 and the accu-
nnulation data the values for 8’ estimated by

Berlin and Schimke, k’ for each enzyme
uvould have to be practically zero. In suds a
case k’ usould, of course, have essentially iso
effect on the rate of enzyme accumulation.
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