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Variations in Arginase Concentration in Livers of White Rats 
Caused by Thyroxine Administration. 

HOWARD JI. LI(;HTBOI)Y, EWALD WITT AND ABRAM KLEINMAN. 
(Introduced by D. M. Greenberg.) 

From the Divisio,i of Pharnzacoloyy, Food a id  Drug Administration, 77. S .  D e p r t -  
melit of AgricuZtwre, Wa&ilzgton, D.  C. 

The literature coticerning stored and ingested materials as energy 
sources in tlie increased rate o f  nietabolisni caused by thyroxine 
adniinistratioii has been reviewed by Keiidall' and Harington.' 
Nitrogen exretic )ii after atlriiiiiistratioii of thyroxine, or desiccated 
thyroid, has l ~ ~ r i  fotiiid not to  he in direct relation to changes in 
the hasal ~nctal)olic rate. I 'rotciii lxeakdown is said to be initially 
accelerated 1)y tlic Ii( )r1i1011~. *( )iitinticd administration, however, ap- 
pears to be accc milmiic.tl 1)y (Icw-eases in nitrogen output, to, or even 
below, the initial level. Xitrogen equilibriuni caii be maintained at 
times of high haw1 metabolic rate by medication on very low daily 
protein intakes, and 11y providing sufficient carbohydrate and fats 
to meet caloric recluirenients. The quantities of nitrogen excreted 
and protein cata1)olized are dependent upon the carbohydrates and 
fats available. Changes ill nitrogen inetabolisin caused by thyroxine, 
therefore, depend npoii caloric intake and type of food in relation 
to requirements. 

Bodansky and l lnff  haw found pregnant rats have a marked 
toleraiice to thyroxine. Daily administration of one milligram of 
the hormone during the last 10 to 12 days of gestation failed to 
interfere with gains in weight as compared with pregnant controls. 
Danforth and LOLI~~IOS' have found that in tlie case o f  female rats 
at constant food intakes after feeding desiccated thyroid the increase 
in rate. of oxygen consumptioii by pregnant animals is less than 
that by nonpregnant controls. Pregnant rats were able to maintain 
the rate of increase in weiglit 011 doses that caused marked decreases 
in nonpregnant rats. 

ihialysis of livers o f  wliitc: rats5 after feeding at various levels 
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of protein intake have shown that the concentration of argiliase in 
the livers, and the total arginase per unit of body weight, varies 
directly with the quantity of protein ingested. Siniilar analysis" 
of livers from fasted rats indicated a correlation between the quan- 
tities of arginase in the livers and the type of body materials, carbo- 
hydrates and fats, or protein that serve as primary energy sources at 
the time of sacrifice. Sex differences' in concentration of the en- 
zyme characteristic of the reproductive period theref ore seem likely 
to be related to sex differences in protein metabolism. 

The object of the experiments reported here was to study the 
action of thyroxine upon the concentration of liver arginase whell 
aclmiiiistered to male and to pregnant and iionpregnant female rats. 

One milligrani of crystalline thyroxine was adiiiin- 
istered by subcutaneous injection daily, for 9 days, to rats of 3 
groups. These groups consisted of f rmi  8 to 10 aiiinials each 
and were made up of niales ( I ) ,  nonpregnant females given thyroxiiw 
( 11) , and pregnant females given thyroxine (IV). A similar group 
(111) of pregnant animals was used as controls. The periocls of 
injection were so selected that sacrifice was made during- the 17111 
or 18th day of pregnancy and when the ages were 96 to 106 days. 
These are the approximate ages of greatest sex differences in coii- 
centration of arginase in the liver.7 Daily records of food consump- 
tion of animals in Groups I and I1 were kept for a preperiod of 5 
days and during the 9 days of thyroxine injection. Similar records 
were kept for pregnant animals of Groups I11 and IV only during 
thyroxine administration. The housing and feeding of the animals, 
and the methods of collection of tissue, and determination of arginase 
have been described el~ewhere.~ A summary of the results is given il l  

Table I. 
The data show that the responses of the sexes to 

thyroxine injection were quite different. Of the 10 males injected 
(Group I )  all but 1 lost weight. The average loss amounted to 
8.8% of the average initial body weight. Three nonpregnant females 
in the group of 10 (Group 11) given thyroxine lost some weight but 
the average change amounted to a gain of 2%. Food intake by the 
niales was decreased during the treatment. The food intake of the 
iionpregnant females was not changed by thyroxine injection. The 
thyroxine-treated pregnant rats of Group IV did not show a 
marked change in food intake when compared with controls (Group 

Procedure. 

D~scussio~z. 
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TABLE I. 
Suiiiiiinry of Analytical Data. 

Exvelbt ill  first 3 columns values given are group means. 

Liver 
I I 

Eody wt, and f -l 

gain or fetuses, Dry, per Per 100 g 

Uterus Arginase units* 

Group So.in loss, total wt, Solids, 100 g rat, Per mg rat  
dry liver X 10-3 So .  Group Ses $6 g % g 

I 10 M - 8.8 - 30.8k0.2 1.06+0.02 243.928.5 259.9f10.1 
I1 10 F + ‘1.0 - 30.420.3 1.23A0.02 223.9k6.6 273.92 6.8 
1.T 10 F(P) +?2.3 22.0 89.7+0.1! 1.29k0.02 232.325.2 303.5-e 8.6 

V t  18 M - - 33 .7202  1.15+0.02 219.3f7.2 252.9f 9.5 
\-It 12 F - - 33.8k0.4 1.18+0.03 176.9k4.2 207.8k 4.7 
I11 8 F(P) +%.9 22.9 32.8k0.3 1.3620.05 174.926.4 237.9212.0 

Controls (uninjected). 

*The arginase unit is that quaiitit?- of thc cnzprnc wliicli will liberate urea equivalent to onc 

tTlic values for tlwse ~ ~ i i t r o l s  ; ire  tliosc obtaiiied after feeding a diet containing 26% of 
Tliesc twults ha yc b : ~ w  ]wcq%usly reportcd.7 and are repeated liere for con- 

The awrage daily food cousuniptions in grams per 100 g body weight per day were as 

inicroniole ( M  x lo-‘;) of c:t rboii diosidc uiidcr the esperirnontd condition used. 

niilk proteins. 
\-enience. 

f ollon-s : 
Group I, preperiod 6 3 ,  thyroxine injection period 4.9. 
Group 11, preperiod 6.0, thyroxine injection period 6.0. 
Group 111, preperiod -, control period 7.3. 
Group IV, preperiod -, thyroxine injection period 6.9. 

111) during a similar period o f  gestation. The livers from all 
groups of rats (1, 11, 1V)  given thyroxine were found to have lower 
percentage of solids than clid those from non-treated groups (111, V, 
VI). The quantity of dry liver tissue per 100 g of body weights 
was found to he greater in pregnant rats than in others of the same 
sex. The adiiiiiiistratioii of thyroxine was found to have not sig- 
nificantly changed this value. Neither did the hormone cause loss, 
or changes in weight of the fetuses and associated tissues. 

The quantity of total arginase in livers of male rats given the 
hormone (Group I )  was not different from that in livers of similar 
aninials fed a diet ncar the optimum in protein content (Group V ) .  
Cnlike male rats fasted for 2 days,G which had lost a comparable 
percent in body weight, the thyroxine-treated males maintained 
the quantity of total liver arginase at levels characteristic of well fed 
animals. Thyroxine administration to male rats did not cause marked 
increases in liver arginase as did the feeding of diets high in protein. 

Livers of pregnant rats (Group 111) were found to contain more 
arginase than those froni the nonpregnant controls (Group VI) . 
The increase was clue to the greater size of the organ rather than 
to a diff ererice in concentration. The arginase concentration and 
total arginase in the liver of the nonpregnant female rats given 



thyroxine (Group 11) were found to be considerably greater than in 
the livers of the Group VI controls and to have become comparable 
to similar values found in livers of male rats (Group V)  after feed- 
ing a diet of near optimum protein content. Similar changes in 
argiiiase values in the livers of female rats have been found after 
feeding high protein diets5 and after fasting.G High protein feed- 
ing, as previously reported,' caused increases both in concentration of 
the eiizynie and in size of the organ. Fasting caused increases in 
coilcentration but liver sizes were decreased. Pregnant rats giveti 
thyroxine (-Group IV) did not increase in body weight as much as 
did thle yregiiaiit controls (Group 111). They did, however, in- 
crease both the quantity of the liver tissue and the concentration of 
the enzyme. The values found for liver size, concentration, and total 
quantity of enzyme, upon analysis of the livers of these animals are 
closely coniparable to those previously found for livers of female 
rats fed diets containing 757% protein for 21-25 days. 

If the quantity of liver arginase per unit of body weight is used 
as an index of the demands placed upon the enzyme systeni con- 
cerned with protein catabolism, the metabolic responses of male 
and female rats to thyroxine actniinistratioii are indicat.ed by these 
data to be different. Livers from treated males contain quantities 
of arginase quite comparable to those found in untreated males. 
I t  seems likely, therefore, that any readjustment in enzyme systenis 
caused by the hornlone must have been made primarily in systems 
other than those conceriied with protein catabolism. The quantities 
of the enzyme found in livers of female rats, both pregnant and non- 
pregnant, are similar to those found in livers of female rats fed 
diets high in proteins, or after fasting for long periods. It seems 
likely, therefore, that a readjustment in the enzyme system con- 
cerned with protein catabolism is caused by thyroxine when injected 
into female rats. 

Sziwnwj. -~nalysis of the livers of white rats for arginase 
activity after the adniinistration of thyroxine have been niade. The 
data show that, although the hormone in the dosage used caused male 
rats to lose body weight, the arginase content of the livers remained 
unchanged. Livers from pregnant and nonpregnant female rats 
given thyroxine contained quantities of the enzyme coniparable to 
those found after feeding diets high in protein or after long fast- 
ing. Possible relations of these changes in enzyme concentration 
to protein catabolism are discussed. 


