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change m y  be antecedent to a threatened 
“break” in the tolerant status of the host. 
Obviously, more information is needed on 
thymic function in immunological deviations. 

Summary. The LCM virus penetrated the 
“germfree barrier,” thus reaffirming the con- 
genital dissemination of the virus. The le- 
sions associated with LCM infection in the 
gnotobiatic mice were clearly related to a 
hyperreactive immunologic mechanism, which 
induced degenerative kidney changes, deple- 
tion of cortical thymocytes, lymphoid cell 
infiltrations of many organs, and hypergam- 
maglobulinemia. 

We appreciate the valuable assistance and council 
of Dr. Wallace P. Rowe and Dr. William A. 
Antopol, in this investigation. 
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The clinical observation that poor nutri- 
tion may exaggerate the prothrombin response 
to coumarin anticoagulants has been readily 
reproduced in controlled experiments with 
short periods of starvation in guinea pigs ( 1 ) .  
Further studies have indicated that deficiency 
in protein rather than caloric intake was a 
responsible factor ( 2 ) .  The effect is not 
related to an altered fate of the coumarin 
drug as reflected in its b l d  levels (1).  

Recent studies by Greengard and Baker 

*Supported in pant by USPHS Granlt No. HE- 
04347 and in part by the Health Research Council 
of the City 04 New York under Contract U-1579. 

( 3 )  point out that the administration of 
glucagon mimics the effect of starvation on 
several enzymes which play a role in trypto- 
phan and tyrosine metabolism. The present 
report presents data indicating that glucagon 
also mimics starvation in its effect on the 
proth>rombin response to the antiaxtgulant, 
acenocoumarin. Insulin has no: significant 
effect on sensitivity to acenocoumarin, but 
blocks the hypersensitivity induced by gluca- 
gon . 

Methods. Guinea pigs weighing 2 79-580 
gm were fed with Pwina guinea pig chow ad 
libitum, supplemented by fresh lettuce before 
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TABLE I. Effwt  of Glucagon on the Prothrombin Timc! Rcq)oiisc to Acenocouni;irin in Guinea Pigs. 
~~ 

Tiitr:tperito~ic~aI d o s ~  days 1 arid 2 
Prothronibin time" OIL day 3 

(-) Y r o t amin 
Saline Glucagon Zn insulin Aeenocou. 

(0.4 nil) (10  ing/kg) (1.7 units/kg) (25 nig/kg) Average Range (N=9) 

Series A + + - - 35.1 32- 38 + - - + 75.3 55- 92 
- + - + 151.1 101-180 

Sorim 13 + - - + 75.2 57- 97 
- + - + 100.5 73-131 
- - + + 73.1b 56- 82 
- + + + 70.7 53- 96 

a Xornial unt.reated guinea pig plasma prothrombin tiine ranges froni 31 to 39 see (1,2). Prothrombin 
tinics were not nioiiitored beyond 180 sec. Ilonger valiics i i i  tlie third group of Series A were taken as 180 
w e  in calculating averages. 

* Average of G animxh. Tlirw of the 9 died before the espcriinent was completed. 

the study. Groups of 3 animals each were 
studied in parallel and the results of 3 such 
studies were p l e d .  On days 1 and 2,  all 
animals were given intraperitoneal injections 
of acenocoumarin, 25  mg/kg and either saline, 
glucagon 10 mg/kg, or pmtamine zinc insulin 
1.7 units/kg. Controls without acenocouma- 
rin, and combined glucagon and insulin ad- 
ministration were also studied. On day 3 all 
animals were sacrificed as previously described 
( 1 ), and the prothrombin time of plasma from 
cardiac blood was determined. I n  some studies 
food consumption was measured daily to de- 
termine whether any of the treatments sig- 
nificantly altered. food intake. 

The effect of glucagon on acenocoumarin 
plasma levels was studied by determining the 
drug concentration exactly 1.5 hours after a 
single intraperitoneal dose ( 2 5  mg/kg) as 
previously described (4),  with or without 
glucagon pretreatment ( 1 0  mg/kg per day) on 
the previous 2 days. 

Results. Effect of glucagon on the pro- 
thrombin response. Table I, Series A sum- 
marizes the p l e d  results of three separate 
experiments, each of which was performed 
with 9 animals ( 3  animals per group). In 
all three experiments treatment with glucagon 
clearly enhanced the prothrombin response 
to acenocoumarin. Animals treated with glu- 
cagon 'alone showed normal prothrombin ac- 
tivity. In one of the three studies daily food 
consumption was also determined. While there 

was considerable variation in the daily con- 
sumption of each animal, there were no dif- 
ferences between the groups. 

The data in Series B again demonstrates 
the effect of glucagon in enhancing the re- 
sponse to acenocoumarin. However, this ef- 
fect is eliminated by the concomitant adminis- 
tration of insulin. All 9 animals given gluca- 
gon in addition to insulin survived and were 
clinically normal. In contrast, the same dose 
of insulin alone caused death in 3 of the 9 
animals and clinical signs of toxicity in the 
other 6. The surviving 6 animals showed the 
normal prothrombin response to acenocouma- 
rin. 

In all experiments the prothrombin time of 
12.5% saline diluted plasma was determined 
as well as the undiluted plasma prothrombin 
times recorded in Table I. Without exception 
the 18 animals treated with glucagon and 
acenocownarin showed diluted plasma p m  
thrombin times longer than the cutoff time of 
180 sec. In contrast, none of the animals 
treated with acenocoumarin alone, or with 
both insulin and glucagon in addition to aceno- 
coumarin failed to clot in less than 180 see. 

Effect of glucagon on acenocoumarin plas- 
ma levels: The data in Table I1 indicate that 
glucagon pretreatment has no significant effect 
on acenocoumarin concentration in plasma 1.5 
hours after dosage. 

Discussion and Summary. The response to 
drugs such as the coumarin anticoagulants 
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TABLE 11. Aceriocouiiia,rin Plasma Levels 1.5 
Hours After Acenomumarin. (25 mg/kg ip;  4 

guinea pigs/grou.p) 

Acemocoumarin con- 
centration (mg/liter) 

Protreatmerit for 2 clays Average Range 

Saline (0.4 inl/dsy) 23.1 17.8-26.4 
Glucagon (10 mg/kg per day) 24.3 18.8-34.1 

may be altered by factors which either affect 
the physiologic disposition of the drug, or 
the site at which the drug acts. Clues as 
to the nature of the drug action may be ob- 
tained by studying the factors which influ- 
ence sensitivity to the drugs without altering 
the fate of the drug. 

The effect of Vitamin K in blocking the 
action of columarin anticoagulants is well 
documented, and is not correlated with 
ohanges in the physiologic disposition of cou- 
marins as reflected in plasma levels of the 
drug. In contrast, the effect of barbiturates 
is mediated through altered disposition of the 
mumarins ( 1,4). The tranquilizers chlorpro- 
m i n e  and reserpine exaggerate prothrombin 
response while not influencing plasma levels 
of the mumarin drug. This effect may be 
correlated with the action of these agents 
on NAD synthesis ( 5 ) .  

The mechanism by which starvation causes 
an exaggerated response to coumarins is not 

known. Elements of protein origin are proba- 
bly involved ( 2 ) .  The finding of a similar 
effect by glucagon suggests that the metabolic 
fate of tyrosine and/or tryptophan may be 
imprtant  to prothrombin synthesis. The 
fact that saline diluted plasma demonstrates 
the glucagon effect at 1-t as welll as un- 
diluted plasma indicates an exaggerated pro- 
thrombin deficiency rather than a superim- 
posed heparin-like effect. 

The observation that insulin has no de- 
tectable effect on sensitivity to acenocoumarin, 
but can block the sensitizing effect of gluca- 
gon may have clinical significance in helping 
to explain the “unpredicta,ble” manner in 
which sensitivity to anticoagulants may be 
altered by an agent under one set of condi- 
tions, and not under another. 

It remains to be determined whether the 
effect of stamation on sensitivity to cmrnarin 
anticoagulants is mediated through a stimu- 
lation of endogenous glucagon production dur- 
ing starvation. 
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Liver Insulinase Activity in Insulin Deficient Rats* (32795) 
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The term “insulinase” was proposed by 
Mirsky and Brorh-Kahn, (1) for the enzyme 
or enzyme system which preferentially de- 
grades insulin. Initially the in vitro insulinase 
activity of rat liver was determined by meas- 

*Supported in pant by USPHS grants HE 
06308 and AM 11548 and in pact by the Keith W. 
Hardy Memorial Fund. Mr. Wiesman was the 
recipient of a Medical Student Fellowship supported 
by the Council for Tobacco Research. 

uring the blood sugar fall in rabbits injected 
with insulin solutions previously incubated 
with rat liver homogenates under specified 
conditions. Using this method, Broh-Kahn 
and Mirsky ( 2 )  observed a marked reduction 
in liver insulinase activity in fasted rats. 

T n ~ u l i n - ~ ~ l I  provides a much more sensitive 
method for quantitating the degradation of 
insulin ( 3 ) .  The i n s ~ l i n - ~ ~ l I  and insulin are 
degraded equallly well and competitively (4). 


