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Piecemeal necrosis, particularly accentuated 
on the lobular periphery near the portal 
tracts, leads to a relentless elimination of all 
liver cells and their replacement by immuno- 
logically active cells within 20 days. The 
initial stage of this rejection resembles the 
peripheral piecemeal necrosis of chronic ac- 
tive hepatitis and progressing cirrhosis in 
man. 
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Metabolic Adaptations in Higher Animals. VII. 'Responses of Glutamate- 
Oxalacetate and Glutamate-Pyruvate Transaininases to Diet." (28164) 
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Freedland and Harper ( 1 )  found that he- 
patic glucose-6-phosphatase (G-6-Pase) ac- 
tivity of rats, fed a diet in which most of the 
carbohydrate (dextrin) t was replaced by pro- 
tein or fat, increased within 24 to 48 hours, 
then gradually returned to normal. They 
suggested that the immediate rise in G-6- 
Pase activity might represent a primary adap- 
tation to low glucos? intake and that the re- 
turn of G-6-Pase activity to control level 
might be accompanied by secondary adapta- 
tions, such as an increase in rate of utiliza- 
tion of amino acids or fatty acids for energy, 
which could reduce the need for synthesis of 
glucose and, hence, for elevated G-6-Pase 
activity . 

If transaminase activity increased before 

* Published with approval of Director of the Wis- 
ccnsin Agr. Exp. Station. Suppcrted in part by a 
grant from Nat .  Inst. of -4rthritis & Metab. Dis. 

t The term "dextrin" refers to  the product ob- 
tained when moist cornstarch is heated for 2 hours 
in an autoclave a t  115°C and then dried and ground. 
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fed diets 
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activity returned to normal in rats 
high in protein and low in glucose, 
appear to be the case from observa- 
Rosen et aZ.(2), such a response 
considered a secondary adaptation 

of the type postulated. Therefore, the ac- 
tivities of some transaminases in organs from 
rats fed high-protein diets for different pe- 
riods of time were studied. 

Methods.  Male Holtzman rats which had 
been maintained on a stock diet were fed the 
appropriate control diet for at least 3 days 
before they were used in an expximznt. The 
composition of diets used most frequently is 
summarized in Table I. 

At the times indicated in the Tables rats 
were decapitated and organs removed and 
chilled immediately. About 1 g of liver, kid- 
ney or heart was weighed and homogenized 
with a Teflon pestle in 9 or 19 volumes of 
distilled water at 0-4°C. Muscle was ho- 
mogenized in a Dual1 glass homogenizer 
(Kontes Glass Co.). Incubations were a t  
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TABLE I. Coii ipsi t ion of Diets. 

fligli- High-  TIigh- High- 

~ ‘ o t ~ t r o l  No. 1 N o . 2  No. 1 No.2  
pro t ei 11 pi-o t ei 11 f R t f a t  

___ 

C’nseiii 
70 of diet  25 80 90 56 40 

88 22 26 Yo of calories 33 1 1  

‘2: of tlict (i5 10 0 16 -* 

% of (licit - - 

rr 

“ 1)rxtriii” 

of caloricis Mi I I  0 1 0  
Mi11.giiritle 

- S8t 49 

All  ( l i ( i tb  coiit;iiiitvl w r i i  oil, 5% ; sal ts(  I;{),  5% ; 
:rtitl vitamii is( l3) .  

*Ahout ,  0.570 of the  total  calories of this  diet  
ciillie froiri the sncrose used to  t r i tu ra te  the water-  
holuhle vitamins. 

t Commercial margarine was nirlted and  the f a t  
takrii f rom the top of the  melt for  use in  High-fa t  
d i r t  No. 1. I n  High-fa t  diet No, 2, the margarine 
was used :IS purchased ant1 considered to  he 80% 
f:1t. 

3 7°C except for spectrophotometric determi- 
nations which were done at  ambient tem- 
perature. Nitrogen content was determined 
by the Kjehldahl method with mercuric oxide 
as the catalyst. In the experiment on the 
effects of starvation, liver protein was deter- 
mined with Folin-Ciocalteu phenol reagent 

Determination of enzyme activities. The 
methods used were essentially those described 
by Karmen et a l . (4)  and Wroblewski and 
LaDue(5). Rate of reaction was expressed 
as mmoles/hr/g of liver or per 100 g of rat. 
The nitrogen content of liver from rats fed 
high-protein diets was from 100-115% of 
control value, so expression of activity on a 
nitrogen basis did not alter the trends ob- 
served. The molecular extinction coefficient 
for DPNH at  340 mp of 6.2 X 106(6) was 
used for the calculations. In each series of 
determinations, the activity of one liver was 
estimated on several different amounts of ho- 
mogena te. 

In preliminary experiments the spectropho- 
tometric method was used to estimate the ac- 
tivities of both glutamate-oxalacetate (GOT) 
and glutamate-pyruvate transaminase (GPT) . 
A 2-fold increase in hepatic GPT activity 
was observed when the casein content of 
the diet was increased from 25% to 80%. 
Rosen et a L ( 2 )  reported that a 4-fold in- 
crease was produced by a similar experimen- 

(3).  

tal treatment. To investigate this discrep- 
ancy a colorimetric method was used for 
estimation of GOT and GPT(7).  The re- 
sults obtained were similar to those of Rosen 
et d ( 2 )  and were confirmed by manometric 
measurement of glutamic acid formation (8) .  
The colorimetric method was therefore used 
for measurement of hepatic GPT activity. 

Procedures used which differ from those in 
the published colorimetric method ( 7 )  are de- 
scribed below. L-aspartic acid and L-alanine 
were used as substrates. When the method 
was used to estimate hepatic activities, 0.03 
mmole of a-ketoglutarate and 0.14 mmole 
of an amino acid were added per 1.2 ml of 
reaction mixture. Incubations were at  37 t 
1°C. Oxalacetate formed by the reaction 
catalyzed by GOT was decarboxylated with 
aniline citrate (9). Two reaction mixtures 
were prepared from each homogenate; one 
contained at  least twice as much tissue as the 
other. 

No increase in activity of either enzyme 
resulted from incubation of the homogenates 
with pyridoxal phosphate under the condi- 
tions described by Meister ( lo). Mixing of 
liver homogenates from rats fed 2 different 
levels of casein resulted in enzyme activities 
close to those predicted and did not indicate 
the presence of activators or inhibitors. 

Results. Glutamate-oxalacetate transami- 
nase. The activity of glutamate-oxalacetate 
transaminase (GOT) per g of liver increased 
with increasing casein intake. The values, 
expressed as mmoles product/hr/100 g body 
weight, for rats fed for 7 days on diets con- 
taining 0, 11, 2 5  and 50% casein were, re- 
spectively, 24, 38, 45 and 63. Increasing the 
casein content of the diet to 75 or 90% did 
not further increase GOT activity. GOT ac- 
tivities expressed per g fresh liver showed 
the same trend. Average food intake per day 
of the group fed the 75% casein diet was 13 
g, and of the group fed the protein-free diet, 
14 g. 

GOT activity per g of liver from rats fed 
an 80% casein diet for 1, 23, or 100 days 
was about 180% of control value (Table 11). 
Similar but less rapid increases were obtained 
after feeding a 90% casein diet (Table 111) 
or a diet containing 80% of egg white. The 



E 11 zy 11 I ( x  :I c t i vi t y diet, an increase equal to 4007h of control 
1:ic.t f t y v l i l i g  P C I Y  g Iivcr I > C ~  100 g r:tt value, was observed only in livers from rats 

I )::!> 0 1 '  

) 

1 1  

fed the high-casein diet for a t  least 4 days 
(Table TI). A similar increase was obtained 
by feeding a diet containing 8Oc/c of egg 
white. The  increases observed were similar 
to those reported by Rosen et  a Z . ( 2 ) .  

The results in Table IT show that hepatic 
G P T  activity was higher in livers from con- 
trol rats 10 months old than in young rats. 

TAi:I,E I V .  Effccts of Feccliiig n. Higli-Protein 
1)ict f o r  8 or 9 1):iys 011 Hepat ic  GOT and G P T  

Activities. 

Enzyme activity 
7--( iOT-7 T-GPT----, 

p ( . y  (I' 1'c.r P e r  g P e r  increase in GOT activity in livers of rats fed I , i c , t  1 j ,.(, ;i 100 g r a t  livcr 100 g r a t  
the 8O'/r casein diet was about the same - _ _ _ ~ ~ - - -  

whether the rats used were 1 or 4 months ':(''.' *' w O'" ( I l l l l l  olcs ] ,rotluc t/llI.) 
2 t . l t  7 

old. However, only small increases were ob- $!: :?'::::: 2 :it ::( 4 2 . 7  10 
served if rats 10 or 14 months old were 1 ) : t i i .  I + ( I ;  
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T A B L E  V. Effect of Food Restrictioii on Hepatic GOT and G P T  Activities of Rats Fed a 
25% Casein Diet. 

Enzyme aetiviti es 
No. of W t  of ~.~~~ GOT -\ T - - - - - - G G P T p \  

13ts 1,:lts (g) Per g livci* Ptir 100 g r:it Per  g liver Per 100 g rat 

(yo of coiitrol values) 
2 1 no 130 110 110 i o o  
2 1 0 0  200 1 3 0  i i o  80 
5 200 110 200 80 70 
4 goo 130 90 120 90 
3 t  100 125 100 

* The rats wcre f e d  for  2 or 3 d:i:;s aniouiits of tlic 25% casein diet that allowed only 
weight maintenance. Control values wrre for  rnts fetl the 25% c:iseiii diet ad libitum. 

t These rats were pair-fcil for  9 tlnys with others fed the 80% cxseiii diet ad libitum. 

Similar observations have been reported pre- 
viously ( 1 2 ) .  Some very high values were ob- 
tained for the control rats in the 100-day ex- 
periment, resulting in a high average activity 
with a large standard error. After this ob- 
servation was made the activity in livers of 
several more control rats of similar age was 
estimated ; no values exceeding 3 .O Inmoles 
per g were obtained. 

The response of GPT activity to increased 
casein intake was smaller for rats fed the ex- 
perimental diets for 10 months and for 14- 
month-old rats fed these diets for 8 or 9 days 
(Tables I1 and IV). 

Restriction of food intake resulted in no 
change or a small increase in GPT activity 
(Tables IV and V).  In contrast, rats starved 
for 5 days had 60% more total GPT activity 
and 40% less total liver protein than fed 
rats (Table VI).  

T A C l X  VI. Effect of 5 1);iys of St:ii*v:ttioii 011 

He1);i tic G P T  ant1 GOT Activity. 

Fed 
Gross ch:Inges stock diet Starvetl 

Activities of GOT and GPT in other tis- 
sues and in seyum. The activities of these 
enzymes have been reported to increase in 
the serum under conditions involving tissue 
destruction. Therefore, these activities were 
estimated in the serum of the starved rats. 
GOT activity per ml of serum from starved 
rats was 2 2 5 %  of that for the controls (Ta- 
ble VI).  GPT activity per ml of serum was 
the same in the 2 groups. Small increases, 
10% or less, in activities of these 2 enzymes 
in sera of rats fed diets deficient in protein 
were observed. Neither of the enzyme ac- 
tivities increased in sera from rats fed the 
80%) casein diet. 

The activities of GOT and GPT in gas- 
trocnemius muscle, heart, and kidney were 
estimated. Activities in these tissues were 
not altered in rats fed a high-protein diet. 

Efiect of diets low in carbohydrate on ac- 
tivities of GOT and GPT. The high-protein 
diets used in these studies were necessarily 
low in carbohydrate. To determine whether 
the high-casein or low-carbohydrate intake 
was responsible for the response of GOT and 
GPT to the high-casein diet, diets which were 
high in fat, low in carbohydrate and ade- 
quate in protein were fed to 3 groups of rats 
(Table VII) ; 3 control groups were fed the 
control diet containing 2 5 %  of casein and 
5% of fat. There were no marked changes 
in hepatic GPT or GOT activities of rats fed 
a high-fat diet. The rats fed the high-fat 
diets had total and relative liver weights 
similar to those of the control rats and 
gained weight slightly more rapidly. 

Discussion. Rosen et a L ( 2 )  have shown 
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‘l’ARI,l!! V I I .  EfYect of Diets High i n  F a t  and 
I,ow ji i  C:ir.bohyilratc on Hepatic GOT and GPT 

Activities. 

nays of Enzyme activity 
1)ivt fccdiiig GOT GPT 

A > I V : I I I  2 st;lntl;irtl e r w r  f o r  3 or  ti rats weigh- 

t 2 rats. 
ing ahont 150 g. 

that GPT activity increases in livers of rats 
subjected to several treatments (cortisol, al- 
loxan, starvation) which stimulate gluconeo- 
genesis. However, the observation that GPT 
activity increases as dietary casein content 
increases from 10-40c/c ( 2 )  while carbohy- 
drate intake is presumably adequate, and 
that it does not increase in rats fed a high- 
fat, low-carbohydrate diet, indicates that the 
enzyme responds to increased casein intake, 
not to decreased carbohydrate intake. The 
data available indicate that the activities of 
these 2 transaminases increase as protein ca- 
tabolism increases. 

An increase in the activity of an enzyme 
involved in amino acid catabolism within 3 
days after feeding a high-protein diet, with 
the activity remaining elevated as long as the 
protein intake remains high, could represent 
part of a secondary adaptation of the type 
postulated to precede a return of G-6-Pase 
activity to normal in rats fed a high-protein 
diet ( 1 ) . The observed responses of GOT and 
GI’T fulfill these conditions. However, since 
the transaminases increase as the dietary 

casein content increases from 10-40‘j/o while 
G-6-Pase does not, it is evident that the 
stimuli responsible for the elevations in trans- 
aminase and G-6-Pase activity are different. 

Summary. The activities of glutamic-oxal- 
acetic (GOT) and glutamic-pyruvic (GPT) 
transaminases have been estimated in livers 
from rats subjected to limited food intake or 
fed diets high in casein or fat. Increases in 
GOT and GPT activity were observed in 
livers from rats fed an 80% casein diet; the 
responses were greater in young than in old 
rats. Increases in GOT and GPT activity due 
to limited food intake were much smaller 
than those resulting from feeding a high- 
protein diet. Feeding low-carbohydrate, high- 
fat  diets caused no observable change in the 
activity of either enzyme. 
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