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SUMMARY

The relative rate of synthesis of glutamic-alanimme transanminase (GAT) in rat livei was
nmmeasum-ed at vai-ious times after time administratiomi of massive doses of prednisolone

sodium phosphate or hmyt!rocomtisomme sumccinuate by time L-leuciime-14C pulse-labeling method.

Time rate of symutimesis was ummeimanged 3.5 hr after time at!mmuinistration of prednisolone amid

6.5 hun after time adnmimmistnatiomm of imydrocortisone. However, time mate was increased ap-
pm-oximately 2-fold after 6.5 him-of pntdmmisolomme adnmimmistratiomm, and approximately 3-fold

aftem- 2 days of pnednmisolone 01 5 days of iuytlrocoi-tisoime.Timums, time fm-st noticeable in-
crease imi time GAT syimthmesis, occumn-m-inmg sommue 6 hr aftei- the hormone administration, lags

behminmd timose of glutammmic-tymosine tranmsanuinase (GTT) and tryptopiman pyrrolase (TP)

wimich imave been simow’mm to occum- witimimm 3 hun aftem amm adnminmistnation of imormone. Timis

observationm imutlicates that time stimmuulatom-y effect of glucocorticoid hmorummommeOh time symu-

timesis of liver proteimms ar-c sequcmmtial m-atlmer thuamu sinmultanmeous.

I NTIIODUCTI()N

Omue of time inumpomtammt qumestionms concenim-
immg the mmmechmanmism of glumeocom-ticoid hum--
nmomue action w’imicim imas not been satisfac-

torily aim swereti is w’lmethei- time stimulatony
effect of time imormmmommeon time svntimesis of

liver enzymes is simmmultammeous for all time

responsive emuzynies, ii-ncspcctive of time time
coum-ses of enzynme accummmumlation in time

tissue. Time GAT activity level imu a mat liven

does not meach its maximmmunm fom- 5 days

after glucocorticoid treatimmenut, but time late

of syntimesis of time enuzynme has beemm shown
to i-each a mmmaximnunnm as eamlv as 12 hmI aftem

an admmmimmistratiommof the lmommmmomme(I) . This
fiumding suggests time possibility that arm in-
crease in time mate of GAT synthesis mumay

1)egin nmmuch earlier, possibly witimimm 2-3 hr

of huom-momme ti-eatmmment, at which timume the

symmtimesis of otimer emuzynmes sumehu mms GTT

and TP is kmmownm to imave already l)eemm

stimumulated nmmaxiimmally. Howcvem, mcsumlts of

expenimmmemuts desigrmed to uktemmmmine if time

i-ate of GAT symutimesis was increased within

a short time after a imormumone administra-

tionm were inconclusive (1). Time experi-

ments described in time presenmt report show’

that umuder time inuflumence of even a massive
(hose of lmormmmone, time i-ate of GAT synthesis

does mmot immcrease in 3.5 hr, but an increase

in time tate is nuoticeable in 6.5 hr.

MATERIALS AND METHODS

Male Spragume-Dawley rats of 200 g body
weiglmt were umsed. Each rat was given

immtnapenitomueally 4 mg/mat of predmmisolomme
sodium phosphate every imour for 3 hum in

one group of ammirnals anti for- 6 hmr in aim-
otimem groump. Tim om(lem to assess the effect of
a bug I)eriOtl of imorimuone treatmument, 3 rats
w’ere given time same anumount of time hom-

momme every 12 imn for 2 thays. Similar cx-

ptrinmemmts were also camnied out witlm 20
mug/rat of imydmocortisone succimmate. For time

assessmmmemut of bommg-tem-nm effect, time sanume

ammiount of hmvdmocortisone succinate was
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givemu to animals every 12 hr for- 5 (lays.
Tine control gmoups meceived 09% sahimme
soiumtion instead of a hmornmone. Thirty mumimu-

utes after time last imoimonue (or saline)

atlumimmistratioru, 20 /kC�uat of immmifoimuily

l�ui)cied L-leumcine-1’C (305 nuC/ nuimmuole)
\\‘(l.c admiminmistemed iImt1a�)elitOImeally, ammtl 30

mnin tlmemeafter time ammimmmalwas sacrificed i�’

decapitation. Tine liven was isolated, limmsed
in time potassiumm PimosPhmate h)umflei-, 0.01 �i,

1)11 7.4, contaimnimmg 0.25 �i sucrose, amid
quickly frozen mu dm-y ice. Time fnozeum liver
was stored at -30#{176}C ummtil umsed.

Each liver was imommuogemuized imu time I)lmOs-

luimate buffer with suicmose, and time sanmmples
of soluble protein amid tine emmzynie-ammti-
sem-urmu Precil)itate were pmepam-ed as dc-
scmil)ed pmeviously (2, 3) . Amm alitiuot of

soluble protein was precipitated witim 0.5 N

pemehmborate. Usually 100 ummuits of GAT was

i)Iecipitated withm time equmivalenmt anmount of
aimtiserummm, and time emmzymmie-antisemummm j)ne-

cipitate was wasimed three times \vithm 0.9%

saline solution commtaimming 0.1% L-leumcilie.

Time �)unity of time enzyumue used to elicit time

aumt.isem-um and tine specificity of ammtiserummm
iuave i)een discussed pmeviounsly (4, 5). Both

the pel-chlorate-pmecipitate( 1 soluble pmotein
arid time enzymuie-antiserumum PiCcilmitate were

fum-timer washed with 0.5 N pereimlonate amid

time etimer-ethanol-chmlonofoim nmuixtum me as

described by Konmuet- (6), and suspendeti in
known amounts of w’ater. Time samples were
timemusolubilized witiu 0.05 N NaOH to make

time final concentratiomm of 0.025 N in NaOH

amid less than 2 nmug/mmul in pmotcimm. Glass
counting vials comutaimmimmg 18 nil of scintil-

lation fluid amud 0.5 mmmlof time sammmples were
courmted twice to time couiutinug emmor of

witimin 1% in time Beckmmmamu CPM 100

scintihlatiomm countimmg systenu with time car-

bon-14 channel w’ide open. Time seimmtilla-

tion fluid commsisted of 2,5-diphiemuyboxazole
(PPO), 5 g; ethuammol, 310 mmml; etimylemme-

glycol, 20 ml; ammd tolimemme to make ump time
final voluimme of 1 liter. Time backgm-oummcl was

40 cpm, and time coumuting efficiemucy of

earl )on-l 4 unuder time comm(litionm was 82.5%.
Details of time counting l)rocedlumre will 1)c
described elsew’imei-e (nmanumscnipt in pmepa-

nation. Pmoteinm commcemmtrationms of all
samumples were determined by time muietlmod

of Lowry et (Li. (7) , anti GAT activities

were assayed accordiiug to time Methuod II

(lescribed by Segal et (Ii. (8).

RESULTS AND I)ISCUSSION

Although the Pmevioims experimuueluts ( I

failerl to yield definite evideimee to show
men-ease mu time rate of GAT symmtimesis after

3 hun amid 6 imi- of imoimnone treatmnemmt, possi-

bilities thmat time insoluble forum of pretiniso-

ionic a(etate mmmav have tak(mm a longer

l)cmiotl of tinume for- ttbsomptionm than time solu-
ble foiimms and/on that time dose mmmay huave
been immsufficieimt to elicit the stimulatomy

effect could not be completely excluded. 1mm
om-(len to eiimmiinmate timese possibilities, mas-

sivc doses of l)lc(lnisobone sodium pimos-

Phate or lmy(lm-ocoltisone sumccinate (soluble
fom-mums) WCt( a(hmminmist(m-ed to time anuimmuals.

Tn tine Plesemmt (xpenimmmemuts a higimer dose

of time ma(lioactive ammmino acith was ad-
nmuiimistcm-cd to ammimmuals, arid time (ountinmg

effieiemmcv of madioactivitv was higimen than

time Previoums expcm-iumm(umts ( I , 2) . These
mmmodifications of time pmoccdumre weme mmmad(

iii :inm attemnupt to nminimmuize time couintimmg

emmom imm time mumeasurenmcmmt of madioaetivitv.

Fim(’ nesults observed rime summuummmamizetl imu

Tabies I amid 2. TIme emmzymume activity per
grammu of liver was mmot immcmeased for- 6.5 hr

of (itin(m pre(lnisoiomue or hydm-oeom-tisone
t neatrmmenmt , hurt �vas ir1tmea�((h apl)moxi-

matelv 2-fold after 2 thavs of piednisolorme,

Ui(h appmoxirumatelv 4-foid after 5 (lays of

imydrocortisone. Time relative mate of en-

zvmmue svumthmesis mumeasurned by tine extent of
m-adioactivity incorpom-atiomm, omi time other

hmand, shims’s mmo cimammges imu 35 inn of pmed-

mmisobonme tmeatnmmemut on- 6.5 hun of hmvdro-

comtisomme treatrumemmt. Appmoximmmatcly 2-fold

inmcn-eascimu time mate was obsei-ve(1 �tfter 6.5

hr of prerirmisobomme, arid approximately 3-

fold increase after 2 days of prerlrmisolomme
or 5 (lays of hmydm-ocontisomme. Time bong-tem-mmm

experinnermts suggest timat time cxtemmt.of time

mmmaxinmmal stimmuimlation irm time rate of GAT

svntimesis by pm-ednuisolomue sodnurmm phmos-

pimate or lmydi-ocomtisone suceimmate is aim-

proximmuatehy thur-ce timumes timat of eommtroi.
Time slioi-t-tem-m expeninmmeumts inmdicate thmat

aim immcmease iii time rate of GAT synthmcsis

is muoticcabie 6 imr (or mumore) after time immitial
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TABLE 1
EfJect of prednisolone sodium p/nosphate on 1/ne radioactive lencine incorporation

into rat liver glu(anmic-al ovine lransamiirase

H ornmmone-treated aninmals

Parameter

(‘ontrol animals

(S a 3.5 hr (8) 6.5 hr (7) 2 days (3

GAT activity

Unmits/g liver 2S 26 29 50

H/Ch - (1.86 1 .04 1 .77

Radioactivity in soluble l)roteirm

Cprn/g liverc (Xl(Y5� 3.01 ± 0.29 265 ± 0.31 2.69 ± 0.23 2.83 ± 038

H/C - 0.87 0.87 0.94

Radioactivity in GA’l’

Cpni/g liver’ 2:38 ± 32 �9 ± 28 506 ± m 619 ± 109

H/C - 1.00 2.13 2.60

Numbers in parentheses indicate time numnmber of aninmals in each group.
b Time ratio of time nmeasinred values in the imornmone-treated (H) to the control animals (C).

( Cpm in tine protein ler granmi of liver with standard deviations.
d Cpnm in time GAT P(�n grttrsm of liver was nornmalized to 3.00 X 10� cpm of soluble protein per granni of

liver, since the radioactivity mm tine solul)le protein is time measnnre of time size of radioactive precursor pool

(2, and unpublished observation). The cpm irm soluble protein and GAT of nornmal animals are higher than

those in previonns experiments (1, 2) The higher radioactivity in both time precursor pooi and the enzynme

are dime to time higher dose of radioactive leucine administered armd a higher counmting efficiency in the present

experiments.

admmmimmistr-ationm of iuonmuoimes, and the rate

increases to a maximal level several hours

thuereaf ten-.
A signmificamut observation fmom this study

is that thme rate of GAT synthuesis is un-

eimanged urp to 6.5 hr of imydrocortisone
adnmuinistration. Jim contrast to thus result,

Schmimmmke observed timat time rate of TP syn-
timesis w’as maximally (ca 4-fold) stimu-

lated 3 iii- and 20 nun after a single ad-

ministratiomu of Ca. 5 mg/100 g body weight

of imydm-ocortisone in an experiment using
the pulse-labeling technique ven-y similar to
timat employed in the experiments described

mm this report (9).
Time courses of changes in time activities

of various liver enzymes following gluco-
con-ticoid administration vary markedly.

TABLE 2
Effect of hydrocortisone suiccinate on the radioactive leucine incorporation

into rat liver glutamic-a!anine transaminase

Hor mone-treated animals
Contr ol aninmals

Parameter (3)a 3.5 hr (3) 6.5 hr (4) 5 days (3)

GAT activity
Units/g liver 28 32 30 100

H/Cb 1.14 107 3.58

Radioactivity in soluble protein

Cpm/g liver’ (X105) 296 ± 0.49 299 ± 0.36 3.24 ± 0.29 2.56 ± 0.40

H/C - 1.01 1.09 0.87

Radioactivity in GAT

Cpm/g liver’ 248 ± 30 247 ± 35 266 ± 67 768 ± 100

H/C - 0.98 1.07 3.10

a-d lootnotes to Table 1 apply also to this table.
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For example GTT amid TP activities reacim

a mmmaxinuum witimimm a few’ imouns after a

gluicocorticoid administmation (10, 11),
wimer-cas time peak of GAT activity is not

reacimed for 5 days (2, 12, 13) armd that for

arginmase still later ( 1 4) . Howevem-, time iii-
cm-ease in time tissue enzynue activity level

depends on time accumulation of ciuzynmie
protein, which is a function of tunmuover
rate rather than time rate of symutimesis alone

(1, 3, 15, etc.). On the other imamud, it has
been shown timat glurcocoiticoid imom-numonme

has either very little effect (10) or a con-

siderable stimulatory effect (2) onu time mates

of degradation of time enzymmmcs i-esponsive
to the hormone. Time substantial increase in

the GTT activity in rat liver w’itimimm 2-3 hr
after a single admiministration of hmonmnmone is

therefore attributed to the result of a bat-ge
increase in time rate of sviutimesis (10).

Fumthmermore, Kennuey has presented cvi-

dence indicating that stimulation of mmii-

clear RNA syimthesis upon glucocorticoid
treatment begins after a lag of about 30

mm duration, and accunmulation of time in-

duced GTT (or imucrease in time rate of
GTT synthesis) begins about 30 mmmiiiafter
the effect on RNA is appam-enut (16).

Summarizing time evidence discussed
above, there is no stimulation of GAT up

to 6.5 hr of hormone treatment, dunm-ing
which time time rates of synthesis of TP

and GTT are already stimulated maxi-
mmmally. Thus, althoughm the increase in tim(

rate of GAT synthesis starts much earlier
than is manifested by the increase in time
enzyme activity, the time at wimicim time

increase in GAT synuthesis begimus lags be-

imind that of GTT or TP. Simmce time GAT
synthesis was measured in the livers of

inmtact well fed rats, while the syntimesis of

GTT and TP was studied with livers of
either starved on fed adnemmaleetomumized ani-

nmuals, there is a possibility timat time lag mm
the stimulation of GAT syntimesis diseunssetl

in time present report may be chute to time

differences in time stm-aimus and types of amui-
mais and/or timeir diet. However, time possi-

bility is an unlikely evermt imm view of time
following observations: Most signuificanti,

time imaif-hife of GAT (arm index of rates of

synthesis and degradatiomm of time enzyme)

determimmed by kimmetic studies of time cmi-

zyme activity following cortisonue aclminmis-

tr-atiomm to adrenalectonmmizcd numale Osboi-mmc-

1\Ienudel rats (14) was exactly time same as
time value detcrnminmed by time similar experi-
mnemmt witim intact rmualc Holtzmmnanm mats fob-
bow’ing prednisobone adrmminmistr-ation (2 )
Timis observation indicates timat time tinume

course of GAT stimulation arid its return
to time basal state mm time adrenalectonmized

mats of one strain is idemmticai to timat in time

intact rats of another. Funrtiucmmmiome, it has
been demonstrated that time tinme coumrse of

radioactive aminuo acid inmcom-1)oration immto
time total liver piotein in either stam�’ec1 or

fed adrenmalectonnmized rats before amid after

glueocom-ticoi(1 atlimministi-ation �s’ere time
sanmmc, anud timat gluncocorticoiti admmuinistra-

tionu imad vemy little effect omm time accummuila-
tion of madioacti�-ity in time total liver

protein of well fed intact mats (2, 10, inn-

published observation). Timese observations

are intenpneted as indicating timat the
dietary factor- (UI) to 24 hun- of stamvationu),

adrermalectommiy and diffem-emuces in time strain

of armimmuals i-cruder very little effect on time
time course of glucocorticoid stirmiulation of

liver protein syntimesis. It is thmerefore
comucluded that time apparent effects of

glucocorticoid lmormmuone on time syntimesis of
liver pm-oteins are sequmenutial rather than

sinmuunlt.aneous.
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