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produces an increase in the Mge, accompanied 
by an accelerated uptake of MgZ8 in muscle. 
appendix, and heart (8). Digitalis. in the pres- 
ent study, produced similar changes in mag- 
nesium metabolism. Since it is difficult to ex- 
plain these findings solely on the basis of the 
cardiotonic effects of digitalis, the results of 
the present study furnish additional evidence 
that this drug also has an extracardiac action. 

Summary. In a test group of 8 rabbits, ad- 
iriiriistratiori of digitoxin by intravenous in- 
jections of 0.1 mg/kg:, given daily for 8 da!s, 
produced 110 significant chaiiges in  the exter- 
nal balance of magnesium. On the day follotv- 
irig the last injection the excharigeable body 
content of inagnesiuni, measured with Mg", 
was significantly increased. The results sug- 
gest that digitoxin produces subtle changes i n  

the dynamics of magnesium metabolism which 
are not reflected in the external balance data. 
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Radioiodinated antipyrine (RIAP)  , when 
injected in the rat, releases significant quanti- 
ties of its I*J1 tag within one hour. The I!.; '  
tag appears in the peripheral blood in an in- 
creasingly diffusible form. This phenomenon 
can be measured by the rate of dialysis of 
radioactivity from plasma through a cello- 
phane membrane (1). Brodie and Axelrod ( 2 )  
have shown that in man, 30% of a dose of  
antipyrine is hydroxplated by the liver at the 
4' position, immediately conjugated with glu- 
curonic or sulfuric acid and excreted in the 
bile. It has been suggested that since the 1'"' 
tag of RIAP is located at the 4' position. its 
separation from the antipyrine molecule was 
a function of the liver (1). In the experinletits 
reported here, liver function was altered by 3 
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different methods in rats. RIAP was then ad- 
ininistered to these and to control animals. A 
plasma saniple was obtained after one hour, 
arid the amount of radioactivity remaining in 
the sample after a one hour dialysis was de- 
termined. The results indicate that impairment 
of liver function in the rat greatly reduces the 
loss of tag from RIAP. 

Methods. Young adult Sprague-Dawley rats, 
weighing 150-200 g were used in all exper- 
iments, male rats in Exp. I and 11, females in 
Exp. 111. 20 pc of RIAP (Abbott) in 0.5 ml 
0.9% saline was administered intravenously to 
each animal. In all animals, anesthesia was in- 
duced with 40 mg/Kg sodium pentobarbital, 
given intraperitoneally. 

In Exp. I, male rats were divided into ex- 
perimental and control groups and allowed 
food and water ad libitum until anesthetized. 
The experimental animals were then eviscer- 
ated after ligating and severing the celiac axis 
and portal vein. The liver was left in situ, after 
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the technique described by Russel (3) . RIAP 
was then injected into the inferior vena cava 
and the incision closed by wound clips. After 
one hour, blood samples were obtained by 
aortic catheterization. The blood was centri- 
fuged and 0.5 ml plasma samples placed into 
counting tubes. One ml of plasma was then 
placed in a cellophane bag (80 p thick, pore 
size 30 A )  suspended in 20 ml of distilled 
water and the dialysis allowed to proceed for 
one hour (1). At the end of this time, 0.5 ml 
samples were taken from inside the dialysis 
bag. A11 samples were then counted in a well- 
type scintillation counter and the percent of 
radioactivity remaining inside the dialysis bag 
calculated. 

In Exp. 11, male rats were separated into 
experimental and control groups and fasted for 
12 hours with free access to water. The ex- 
perimental animals were then given an intra- 
peritoneal injection of 0.3 m1/100 g of a 1 :10 
mixture of carbon tetrachloride USP and min- 
eral oil, according to the method of Koch- 
Weser, Farber and Popper (4). Twenty-four 
hours after this injection, the animals were 
anesthetized, laparotomies performed and 
RIAP injected. One hour later blood samples 
were obtained and treated as in Exp. I. 

In Exp. 111, female rats were divided into 
3 groups and fasted for 12 hours. The rats 
comprising Group 1 were then given an in- 
traperitoneal injection of 75 mg/100 g of an 
aqueous solution of dl-ethionine in 3 divided 
doses(4). Animals Group 2 were given car- 
bon tetrachloride as described above. The 
animals in Group 3 served as controls. After 
48 hours, the animals were anesthetized and 
treated as described in the preceding experi- 
ments. 

Results. The data from the 3 experiments 
are given in Table I and shown graphically in 

TABLE I. Results of dialysis of radioactivity from rat 
plasma after injection of radioiodinated antipyrine. 

No. % Radioactivity remaining 
Rats in plasma after 1 hr 

Exp. dialysis k S.D. (range) 

I A Evisceration 10 26.5 f 5.8 (17.7 - 32.9) 
I B Control 10 7.8 f .5 ( 5.0 - 10.6) 

18.5 f 1.7 (16.5 - 21.3) 
I1 B Control 6 8.2 f 1.0 ( 6.8 - 9.2) 

I11 A Ethionine 16.5 rf 3.9 ( 9.8 - 21.8) 
111 B CCl4 48 hr 6 14.3 2.6 (11.1 - 18.6) 
I11 C Control 9.1 f 1.5 ( 7.5 - 12.4) 

I1 A CCl4 24 hr 6 
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FIG. 1. Chart showing percent radioactivity remaining 
inside the cellophane membrane after 1 hr. dialysis 
of plasma from experimental and control ( c )  rats. 

Vertical bars represent S.D. 

Fig. 1. After dialysis, the percent of radio- 
activity remaining in plasma samples from 
control rats in Exp. I and 11, with unimpaired 
liver function, remained within a narrow range 
(5.6-10.6%). In Exp 111, after 60 hours of 
fasting, a higher percentage of radioactivity 
remained (P<.Ol, Fig. 1). All methods util- 
ized to impair liver function resulted in a sig- 
nificantly higher percentage of radioactivity 
remaining in the plasma of experimental an- 
imals after dialysis. The least loss of II3l from 
RIAP was seen in those animals with ligation 
of the celiac axis and portal vein. Acute pois- 
oning with carbon tetrachloride or with dl- 
ethionine resulted in percentages lower than 
the experimental group of Exp. I, but signifi- 
cantly higher than in control groups. Signifi- 
cantly higher percentages were observed 24 
hours after carbon tetrachloride poisoning 
than after 48 hours. 

Discussion. This study shows that impair- 
ment of liver function results in a decrease in 
diffusibility of radioactivity through cello- 
phane in the plasma of the rat following in- 
jection of RIAP. This decrease can be de- 
tected by a relatively simple procedure since 
it is correlated with the percent radioactivity 
remaining in a plasma sample after dialysis. 
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The comparatively narrow ranges o f  \ a1uc.s 
observed i n  the control ariimals o f  Exp. I aiitl 
11 indicated that the amoutit :if freel!- diffus- 
ible radioactivit? appearing iri the plasiiia 0 1  

rats one hour after adniitiistratioti o f  KIAt'  i s  
relatively constant. This range \+as taketi to 
indicate normal liver fuiictioti. The less diftius- 
ible form of radioactivit! o1)served in the con- 
trol animals of Exp. I11 differed significantl! 
from this range. indicating impairnient of li\ er 
function after a 60 hour fast. It has heell 
shown by Addis et nl. I 3 )  that the fasting rat 
loses 20c;  o f  its liver proteiti after 4:: hours;, 
a i d  40(; after 16:: hours. Nliller~ 6 )  has derii- 

onstrated a loss of  lil er catalase. alkaline phos- 
phatase. xarithiiie deh! drogenase atid vathtp 
sin activit! in the fastitig rat. which parallels 
or exceeds the loss of liver protein. A decrease 
i n  deaininating. transaminating and gl!coge~i 
forniing functions in protein-depleted rats has 
been described h! Kaplansk! et a l ( i ) .  The 
present study indicates that along 1% ith the 
above impairment of eiiz! niatic actiyit! . there 
is an impairnient o f  ahilit! of the fasting rat 
liver to release 1' ) '  tag from the R I A Y  mole- 
cule. 

It was noted that more severe forms of liier 
damage. such as that produced by ligation o f  
its blood supply. ~~roducetl  the greatest tle- 
crease in  cellophane diffusihilit!. o f  the 1' ' I  

tag. although the lesser degree of liver damage 
produced b y  carbon tetrachloride and dl-ethi- 
onine poisoning also resulted in  a marked de- 
crease in diffusihilit!. 

Russel has reported that ligatioii of the celi- 
ac axis arid portal \ein results i i i  total impair- 
ment of liver function in the r a t ( 3 ) .  The re- 
sults obtained in these eviscerated rats differed 
significantly from those rats poisoned with car- 
bon tetrachloride or dl-ethionine. A statistic- 
ally significant difference was also noted be- 
tween the results in those animals studied 24 
hours after carbon tetrachloride poisoning arid 
those studied at 48 hours, reflecting the greater 
degree of liver function that has been reported 
to take place at this time( 4 ) .  These data deni- 
onstrate that varying degrees of liver daniape 
can be quaiititated I,! this inethod. 

Koch-Weser, Farher and Popper (4) meas- 
ured liver functioti at several intervals follow- 
irig carbon tetrachloride and dl-ethionine pois- 
otiitig, using the doses described above. At 48 
hours they reported the following: control 
rats; BSY retention in mg 76 of serum, 0.12+ 
0.130; bilirubin 2.10k0.64 mg %. Two days 
after ethionine poisoning; BSP 4.05 + 0.980 
ing 5- CSO%) retention). 

It is concluded that impairment of liver 
function can be detected and quantitated by 
ineasuring the cellophane diffusibility of the 
1 tag one hour after intravenous injection 
o f  RIAP in the rat. It is possible that this pro- 
cedure can be adapted as an accurate measure 
o f  liver function in human subjects. 

Summary. To determine whether impair- 
rnent of liver function interferes with release 
o f  I' tag from radioiodinated antipyrine, 
groups of rats were functionally hepatectom- 
ized. poisoned with carbon tetrachloride or 
poisoned with dl-ethionine. RIAP was then in- 
jected intravenously and the diffusibility of 
the 1"' tag through a cellophane membrane 
measured after one hour. Functional hepatect- 
omy resulted in a marked decrease in diffus- 
i hility, while carbon tetrachloride and dl- 
ethionine poisoning produced a significant de- 
crease in diffusibility. Return of liver function 
after carbon tetrachloride poisoning resulted 
i n  an increase of diffusibility. The data support 
the conclusion that the release of 1l3l tag from 
KIAP is a function of the liver and can be 
used to measure liver function. 
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