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acid on the spthmis of nuclear liver RNA. 
A 30-min p& of [ 6 - W ]  -u>rotic acid resulted 
in a higher incorporation of 14C in liver RNA 
when lbrate was given intraperitonedly. This 
increased inoorpolration was diminished when 
the diet contained 1 ppm boron as boric acid. 
An attempt to &tennine the effect of borate 
on the synthesis of liver DNA, using [6-3H]- 
thymidine, gave unsatisfactory results. I t  is 
apparent that borate increases the rate of 
synthesis of nuclear liver RNA. 
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Induction of Tryptophane Pyrrolase and Tyrosine-a-Ketogluarate- 
Transaminase in Regenerating Liver of Hypophysectomized Rats.* 
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I t  is now well estaiblishd that several con- 
troll mecha.nisans governing the synthesis of 
certain enzymes in nomd liver are altered 
or emtirely absent in a nunnlber of h q x t m a s  
(1). In n o d  liver the synthesis of ch~les- 
tern1 is a m t r d ~ l d  by a feedback mechanism 
which responds to the intracdlular cmcen- 
tmtion of cholestml. The impairment of this 
control mechanism ia sever4 hepatmas leads 
to a. production of cholesterol far exceeding 
that of the liver cell ( 2 ) .  Pitot and Morris 
rqmted thdt the activity of the enzyme 
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tryptophane pymlase which increases in nor- 
mal liver after administration of cortisol is 
very low in the slowly growing hepatoma 5 123 
and does not rise under the influence of mr- 
tisol. The tyrmine-a-ketoglutarate-tans&- 
m e  activity, however, was found to be high 
in the heptcrma and muld not ’be further 
stimulated by administration of mrtiml(3). 
In the hepatomas of adrenidectmized a n i d s  
the activity of the tymsine tm.nsmin!ase was 
still twice as high as in Illolnnal liver but con- 
siderably lower )than in the #hepatomas of 
intact ani,m&. Furthemore, adminktration 
of Oortiwl to adrenalectmized animals pro- 
d u d  a 2.5401d stimulation of the tyrosine 
translaminase aativity in the tumor. Pitot and 
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Momis suggested that a single basic lesion 
involving a c d u k  m p o n e n t  essential to 
the umtml of several enzymes might account 
for these findings as well as for the biologic 
malignancy expressed by the tumor. The 
finding that the cortisal i n d u d  tryptophane 
pyrrolase activity is significantly lower in 
regenerating liver 'between 12  and 48 hours 
after hepatectomy than in normal liver has 
recently raised the piability that the altera- 
tions in the regulatory functiws of the cells 
as observed by Pitot and Morris may be a 
consequence of cell division in general rather 
than of malignmcy(4). It therefore seemed 
justified to study the induction of tryptophane 
pymlase and tyrosine transaminase with mr- 
tisol in regenerating liver a t  the various stages 
of regeneration and under conditions where 
the maximal mitotic activity occurred a t  dif- 
ferent time intervals after hepatedomy. I t  
will be shcnvn that the base line activity of 
tryptophane pymlase is slightly lower in 
24-hour regemrating liver than in normal liver 
and Ithat there is a marked decrease in the 
induction of this enzyme by mtisol 24 hours 
after hepatectmy. It will also be demon- 
strated that the inmwse of tyrosine trans- 
amimse activity after cortisol administration 
is much more pronounced during the period 
orf regeneration studied than it is in resting 
liver. Although the suibstitution of growth 
hormone to hypophysectomized rats eliminates 
the delay in mitotic activity which is ob- 
served in hypophysectomized animals it does 
not influence Ithe time pattarn of the dtera- 
tions in enzyme activities described a b e .  

Experimental procedure. Animals. Male 
hypophysectorrtized Wistar rats weighing 150 
g were abtained fm Charles River Farms 
and were maintained an a Purina lab chow 
and water ad lib. Their weight was controlled 
far 2 weeks after the ojmation and only 
animals which showed no inorease in weight 
during this period were used in the q i -  
meats. Hepakctomy was performed aocord- 
ing ~ the method of Higgins and Anderson 
(5) under ether anesthesia; control animals 
were &arm-operated. Cortisol phosphate ( 5  
rng per animal) was injected intraperitu- 
nealIy into rak with normal livers or at 
various time intervab after pwtid heptec- 

tomy. Six hours later the animals were sacri- 
ficed and the livers quickly removed lor de- 
termination of the enzymes. Bovine growth 
hormone (supplied by the Enhcrindogy 
Study Section, National Institutes of Health, 
Bethesda, Md.) was dissolved in saline which 
had been adjusted to pH 8.5 with a few drops 
orf 1 M Tris HCl of the saane pH. It was 
injected subcutaneously in doses of 0.2 mg/ 
100 g of body weight on 5 mmecutive days 
\before the experiments were started. The 
injections were continued t h m g b u t  the ex- 
perimental period. All animals which received 
growth hormone started to gain weight at a 
rate of 2-3 g per day. 

The mitotic activity in the regenerating 
livers was m y e d  by preparing Feulgen- 
stained histologic slides and by m t i n g  at 
l a s t  4OOO cells per liver. The results were 
expressed as mitoses per loo0 cells. 

cording to the method of b o x (  6 )  with addi- 
tion of hematine(7). The values were ex- 
pressed as pmoles of kynurenine formed per 
hour per 1 g of fresh tissue. 

The tyrosine - a-  ketoglutarate - transaminase 
activity was determined by a d i f i c a t i m ( 8 )  
of the procedure described by Lin and Rnm 
(9). The values represent pmoles phydmxy- 
phenylpymvate/g tissue/hour. All enzyme as- 
says were done in triplicate. 

Results. During the first 24 hours cnf re- 
generation a mall  dewease of endogeMHls 
tryptqhane pymlase activities can be oib- 
served in animals which were not treated 
with growth h m a n e .  The decrease in the 
response of the enzylnle activity to cartisol 
follows the same time *tern and is mueh 
more striking. Forty-eight holurs after hepa- 
tectmy, tryptophane pymlase activities are 
higher than after 24 hours but have not yet 
reached their n d  levels. There is no co- 
inclidence af the diminished induction of tryp 
tophane pymlase which is observed after 24 
hours and the highest mitotic activity which 
appears after 48 hours of regeneration. W e  
the endogenous transaminme levels r& 
very stable during the first 24 hours of m 
generation and show only a modest irurrease 
48 hours after hepatechmy there is a shaap 
rise in the induction af this enzyme by cor- 

TYyptOpham W Y O ~ S ~  W ~ S  assayed ac- 
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TABLE I. Enzyme Induction in Normal and Regenerating Livers from HypophysectoIlzized 
Rats. 

Tryptophane pyrrolase Tyrosine tramwninase of 
T i m e  Conlxol Cortisol h t r o l  Cortisol (per 1000 cslls) 

Norm1 liver 2 1 . 0 k 5  110 k 7 . 0  4 4 0 k 3 1 . 0  1 3 1 1 k  103 7 

Regenerating 6 F  29.2 k 4 . 0  126 & 7.5 429 rfr. 28.0 2829 k 170 3.0 k 1 
12 80.8 k 3.5 103 & 6.8 541 rfr. 80.0 2606 -e 153 4.0 sf= 1 
24 ” 13.7 k 1.5 53.7 k 4.1 409 k 71.0 2358 k 120 7.0 -e 2 
48 ” 15.6 k 2.0 82.5 + 3.0 524 f. 87.0 2292 2 130 29.0 f. 3 

9 9  

Y Y  

9 9  

~~ ~ 

TqptThane pyrrolase values represent Fmoles of kynurenine produced per hr per g of tis- 
sue. Tyrosine transaminam values are expressed as pmoles of p-hydroxyphenyl-pyruvate formed 
per hr per g of t h e .  Mean values and etandard deviatim axe given. Each value represanh 
results obtained from 4 rats. In the case of normal liver 8 rats were used in each group. 

tisol as early as 6 hours afiter the orperation. 
This rise is maintained throughout the whale 
48-hour period. No relationship between the 
tyrosine tramaminase activities and the 
mitotic rate emerges from these data. which 
are shown in Table Z. 

While the onset of mitotic aotivity of re- 
generating liver seem to !be delayed in hypoc 
physectdzed rats by approximately 24 hours 
as m w d  to normal rats( 10) the applica- 
tion of growth hormone Ibrings it back to 
normal. In hypophysectomized rats the first 
mitotic wave dws nat seem to occur before 
48 hours after hepatectwy; if growth hor- 
mone is given,, the mitotic peak is d k r v e d  
by 24 holuiss after hepateotomy. These find- 
ings are in agreement with results published 
‘by Camanelli et d( 11 ) and ‘by Higgins and 
Ingle( 12). Surprisingly, this variation in the 
time course of mitotic activity #had no influ- 
ence on the ‘baseline activities of tryptolphane 
pymlase and tymsine transQminase or on 
the response of these enzymes to contisol. As 
is shown in Table I1 there is a sharp increase 
in the indtuction af tyrasine transaminase 6 
hwurs after hepateotomy in the presence of 
grolurth hormone while a marked depression 

of the tryptophane pyrrolase activity induced 
by cortisol is a b m e d  after 24 hours Olf rn 
generation. These findings are identical with 
the results obtained froan untreated hypphy- 
sectmized rats. 

Discussion. The baseline activities of tryp- 
ftcphane pyrrolase and the mponse of this 
enzyme as well as wf tyrosine f m d n a s e  
to cortisol are clearly altered during livm re- 
generation. While there is a decrease in the 
absolute levels a d  in *the induction of t r y p  
tophane pyrrolase 24 b u r s  after hepatec- 
t m y  there is a sharp rise in the induction 
of tyrosine t r a n s m i n e  which remains pres- 
ent thmughout the whole period of regenma- 
tion studied. Neither the rate od cell divi- 
sion, the time of maximal mitotic activity dur- 
ing regeneration nor the appliation ot grvrwth 
hormone as such had any influence on the 
dbserved changes of the enzyme activities 
during regeneration. These findings are in 
agreement with the results of Seidman et a2 
with respect to the induction of tryptophane 
pyrrolase in regenerating liver. They are, 
however, not compatible with the suggestion 
of these authors that the depression of tryp 
tophane pyrrolase induotion may be only a 

TABLE 11. Enzyme Induction in Normal and Regenerating Liver8 from Hypophysectomized 
Rats Receiving Growth Hormone. 

Tryptophane pyrrolase 
T i m e  Conbrol Cortisol 

Nonnal liver 19.6 k 2.5 136 ? 8.4 
Regenerating 6 hr 17.6 -+- 4.0 95.0 k 7.3 

12 ” 15.8 k 3.2 106 e 7.1 
24 ” 4.9 f. 1.5 63.0 k 5.7 
48 ” 14.5 k 3.8 81.0 + 7.4 

9 9  

9 )  

P Y  

Tyrosine transaminase No. of mitom 
Control Cortisol (per 100 cellig) 

370 2 30 9 2 0 , k  6 1  - 
378 k 4 1  1929 k 180 2.5 & 1.0 
326 2.1 1804 f. 102 8.0 f. 4.0 
353 e 40 1553 k 117 35.0 & 7.0 
417 f. 9 1  1693 2 105 10.5 2 2.0 

FOT legand see Table I. 
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consequence of cell division. If cell division 
were to be the critical event in musing either 
the diminution of t r y f l o p h e  pyrrolase in- 
duction or the enhancement of the tyrosine 
tramaminase induction, one would expect 
these events to follow the time course of 
mito$ic act'ivity. This does not seem to be 
the w e :  the changes in enzyme activity 
oocur a t  identical time intervals after hepa- 
tectomy whether the mitotic activity is de- 
layed (hypophysectomized rats) or normal 
(growth hormone treated rats). 

The relative unimportance of cell division 
as a factor modifying the endogenous levels 
and the induction by cortisol of both enzymes 
is dso emphasized by the fact that in a slowly 
growing tumor (5123) the tryptophane pyr- 
rolase levels are extrmely low and show 
no response to cortisol while in 24-hour- 
regenerating liver, a tissue with a much more 
rapid cell proliferation, the baseline level of 
the same enzyme is only slightly lower than 
in normal liver and its induction-though im- 
paired-is still clearly present. 

At  present i t  cannot be decided whether 
the alterations in enzyme activities observed 
in the hepatma are in any way related to 
the enzymic changes found in regenerating 
liver. The results presented here, howwer, 
allow the conclusion that neither the deletion 
of contlrol mechanisms observed in hepa- 
toma 5123 by Pitot and Morns nor the 
altered response of trylptophane pyrrolase and 
tyrosine transaminase to cortisol in regmerat- 
ing rat liver is caused by cell division. 

Summary. The induction af tryptophane 
pyrrolase and of tyrosine-a-ketoglutate- 

tramaminlase with cortisol is altered in re- 
generating liver of hypophysectomizsd rats 
as compared to normal liver. While there is 
a decrease in induction of tryptophane pyr- 
rolase 24 hours after hepatectomy a marked 
inorease in the response of tyrmine tram- 
aminase activities of cortisol is found during 
the entire period of regeneration. The onset 
of mi totic activity during liver regenemtion 
is delayed in hypphysectomized animals. 
By application of growth hormone it can 
be brought ,back to nma l .  This variation 
of the mitotic activity, however, has no 
influence on the time course of the changes 
in the induction of the two enzymes. 
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Immunologic control of virus-induced can- 
cer presents 3 Wibili t ies,  viz., immunization 
against initial viral infection, immunization 
against homologous ]tumor-specific antigen Nat. Inst. Health, USPHS. 
prior to tumor appearance, or immunization 
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