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FIG. 2 .  Gel diffusion plate showing reaction be- 
tween goat antihuman /31C/plA (center well) and 
normal human serum (well 2 )  and serum from a rat  
bearing H E p  2 (well 1) and a rat bearing J-111 
(well 3) ,  but no reaction with serum from normal 
control rat (wells 4 and 5).  

5-111 (well 5 )  and with normal human 
serum (well 2).  The continuity of this pre- 
cipitin line indicates antigenic identity 
amongst proteins in each of the three sera. 
There is no reaction with serum from two 
control rats (wells 3 and 4). 

These results indicate that serum from rats 
bearing transplants of either of these two 

human cell lines contains human plC 
and/or 1 A serum globulins, or proteins with 
identical antigenic determinants. I t  is pre- 
sumed that these proteins were produced by 
the human cells growing in the rats. 

Summary. Human serum globulin ( p  1 C 
and/or P l A )  was demonstrated by the immu- 
nodiff usion technique in sera of rats bearing 
heterotransplants of human cancer cell lines 
HEp 2 or 5-111, but not in serum of normal 
rats. Previous investigators have demonstrat- 
ed that these cell lines produce p1C globulin 
in tissue culture. 
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Glucagon stimulates in vitro the release of 
free fatty acids (FFA) by the adipose tissue 
of the domestic fowl (1)  the sparrow, and the 
pigeon (2,3). Carlson et al. (1)  have report- 
ed that, in contrast with mammalian adipose 
tissue, the adipose tissue of the domestic fowl 
does not respond with increased liberation of 
FFA or glycerol when treated in vitro with 

epinephrine, norepinephrine, or other adipok- 
inetic substances. Infusion of norepinephrine 
caused no change of FFA plasma concentra- 
tion in the fowl (1). 

*Supported by a grant from the John A. Hartford 
Foundation, New York, and by the Mount Sinai 
Hospital Research Fund. 



GLUCAGON AND BIRD FFA AND BLOOD SUGAR 

TAlII,E I. Phmia, F F A  i i i  Gccw Before :111il After Glricngoii Iiijectioii. 

GlucagoiL 
dose No. of Plasma F F A  (nicq/liter, iiieaiis 5 S U )  

- - ~ -  (pug/kg) aiiinials -~ 
0 5 15 30 45 60 90 120 

100 5 

50 6 

20 8 

10 5 

) ) 

2 i 

1 5 

0.5 1 0 

0.1 14 

X O l l C  9 
(VOllt rol)  

1.13 
20.28 

0.99 
- + 0.3 8 

I .03 
2 0 . 3 8  

0.90 
- +0.“6 

0.94 
5 0 . 4 0  

0.71 
+f).52 

0.W 
20.40 

1.22 
2 0 . 1 5  

1.28 
5 0 . 2 7  

1.03 
2 0 . 3 0  

3.50b 
k 0 . 4 8  

2.81” 
5 0 . 6 5  

3.261’ 
20.50  

2.5 A” 
5 0 . 2 2  

2.63” 

1.99” 
5 0 . 3 1  

1.61” 
5 0 . 4 9  

1.48” 
20.22  

1.25“ 
2 0 . 2 7  

1 .Ogd 
2 0 . 3 2  

5 0 . 7 0  

3.93” 
k l . 0 8  

- +0.65 

2 0 . 3 8  

- +0.46 

5 0 . 5 0  

- ~ 0 . 3 1  

20.56 

1.19 
20.20 

1.16 
k 0 . 2 6  

0.94 
5 0 . 3 2  

3.00” 

3.09” 

2.41” 

2.1 1” 

1 .73h 

1.46” 

3.36h 
5 0 . 8 8  

2 0 . 4 4  

2.36” 
5 0 . 3 4  

5 0 . 2 1  

k0 .47  

- +0.24 

2 0 . 5 2  

1.18 
20.13 

1.12 
2 0 . 2 5  

0.93 
k 0 . 2 1  

2.47b 

2.07” 

1 . 8 1 b  

1.48h 

1.30” 

2.90h 
2 0 . 6 2  

- +0.41 

2 0 . 2 7  

- +0.50 

20.56 

- +0.25 

1.23 
5 0 . 6 2  

2.22” 

2 . l P  

2.00b 

1.69” 

1 .32h 

- 

- 

0.96 
50 .20  

2.50” 
2 0 . 6 3  

- +0.43 
2.08” 

2.01” 
5 0 . 2 9  

1.66 
- -1-0.24 

1.48 
2 0 . 5 3  

1.13 
- +0.71 

1.12 
50.50 

1.18 
- +0.19 

1.12 
20.25  

0.95 
- +0.16 

2.18” 
k 0 . 6 1  

1.91” 
- +0.44 

1.67” 
2 0 . 2 2  

1.48 
- +0.19 

1.30 
k 0 . 5 1  

0.94 
2 0 . 1 4  

0.95 
20 .41  
- 

- 

0.98 
- +0.17 

1.95b 
5 0 . 5 9  

1.79” 
k 0 . 3 3  

1.33 
50.28  

1.22 
20.26  

1.22 
k0.52  

0.89 
- +0.20 

0.83 
2 0 . 3 1  
- 

- 

0.93 
2 0 . 1 4  

a Tinic after iiijwtion in the wing vein. 

(’ Significaiit ( p  = 0.03). 
“ Kot sig1iific:iiit (p  = 0.35). 

SigiLificaiitly different from prrinjcctioii v;iluc, p<t1.01 ( t  test for paired varistcs). 

These observations suggest the possibility 
that glucagon may play a role in the mechan- 
ism of fat mobilization in some avian species, 
but with the exception of the reports by 
Heald et a,?. (4) and Hoak et nl. ( 5 )  there is 
no information as to the effect of glucagon on 
the plasma FFA level of birds. 

Present study was on the effects of gluca- 
gon on plasma FFA and blood sugar in geese, 
ducks, turkeys, and roosters. 

Methods. Adult male domestic geese 
(Embden) , ducks (Peking), white turkeys, 
and Leghorn roosters were used. The animals 
were housed in an air-conditioned room 
(22-23°C) lighted for 10 hours every day. 
A commercial diet (Purina duck Growena, 
Ralston Purina Co., St. Louis, Missouri) was 
fed ad libitum except for the day prior to the 
experiments, when food was removed from 
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the cage 16-18 hours before the injection. 
Crystalline glucagonl dissolved in 0.1 M 
glycine buffer, pH 9.5, was injected into .a 
wing vein. Control animals were injected with 
equal volumes of glycine buffer. 

Blood samples were taken immediately be- 
fore the injection and thereafter at various 
intervals. The blood was colIected in plastic 
centrifuge tubes containing heparin powder 
and kept in an ice-water bath. After measur- 
ing an aliquot for blood sugar determination, 
the blood was centrifuged in a refrigerated 
centrifuge (-2°C) and the plasma was 
separated for the determination of the free 
fatty acids. Blood sugar was estimated by 
Nelson’s modification of Somogyi’s method 

1 Crystalline Clucagon 258-234 B-167-1, Eli Lilly 
and Co., Indianapolis, Indiana, kindly supplied by 
Drs. W. W. Rromer and W. N. Shaw. 



TABLE 11. Blood Sugar in  Geese Before and Aftar Glucagon Injection. 

Glucagos 
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a Time after injection in the wing vein. 
Significantly different from prdnjectioii value, p<O.O1 ( t  test for paired variatea). 
Significant (p>O.Ol, <0.05). 

(6). Plasma free fatty acids were measured 
by the method of Trout et aZ. ( 7 )  as concentrationasshowninTable1. 
modified by Davis (8). 

caused a prompt elevation of plasma FFA 

For the doses between 1 and 100 pg/kg 
Results. Injection of glucagon in geese the effect of glucagon measured by the area 

TABLE 111. Plasma Free Fatty Acids and Blood Sugar in Peking Ducks Before and After 
Glucagon Injection.b 

~ ~~~ 

Time after injection in the wing vein (min) 
~~ 

0 5 15 30 60 

Free fatty acids (meqfiter) 
Glucagon 1.29 2 0.39 3.9Za2 0.80 3.63*2 0.68 3.16"+ 0.69 2.47"+ 0.52 
Control 0.92 2 0.22 0.94 2 0.24 1.00 & 0.27 1.07 2 0.21 1.02 2 0.27 

Glucagon 116 2 4.6 147.2 11.0 2Ola+ 23.5 225.2 24.9 184.2 55.2 
Control 121 & 15.2 120 f 6.6 124 2 4.8 130 2 8.3 131 2 7.6 

Blood sugar (mg/100 ml) 

" Significantly different from preiiijectioii value, p<O.O1 ( t  test for paired variates). 
Means and standard deviations for 10 ducks injected with 100 pg of glucagon (mean weight 

1.58 kg) aiid for 6 control ducks injected with glycine buffer (mean weight 1.46 kg). 
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under the curve of FFA concentration above 
the preinjection level showed a high correla- 
tion with the logarithm of the dose in 
&kg ( r  = 0.981, p<O.Ol). The rela- 
tionship between dose (x) and effect (y) is 
described by the regression equation 

y = 78.44 logx + 28.67. 
Glucagon caused an elevation of blood sugar 
as shown in Table 11. The change of blood 
sugar concentration as percent of the prein- 
jection value was smaller than the correspond- 
ing change of plasma FFA. The effects of 
glucagon in ducks and turkeys are summar- 
ized in Tables I11 and IV and the effects in 
two roosters are presented in Fig. 1.  Like the 
goose these three species responded to the 
injection of glucagon with marked elevations 
of plasma FFA and blood sugar. 

Discussion. The increase in plasma FFA 
produced by glucagon injection indicates that 
the adipokinetic effect of glucagon observed 
in the avian adipose tissue in vitro (1-3) 
also takes place in vivo in the species exam- 
ined. An elevation of plasma FFA was ob- 
served in the goose with doses of 0.1 
pg/kg. This amount of glucagon dis- 
tributed in .a volume of extracellular fluid 

EFFECT OF GLUCAGON ( 0.05mg/ bird ) ON FFA 
AN0 BLOOD SUGAR IN ROOSTERS. MEAN OF TWO 

ANIMALS, MEAN wt. 5.85 kg. 
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FIG. 1. Effect of glucagon injection on plasma 
FFA and blood sugar concentrations in roosters. 
Values expressed as percentage of the corresponding 
preinjection levels (means of 2 birds). 
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equivalent to 16% of the body weight will 
cause an increase of glucagon concentration 
of 0.6 pg/liter, which is about 60c/o of a 
recent estimate of the physiological concen- 
tration of glucagon (9 ) .  Sarcione et al. (10) 
have reported that glucagon produces an ele- 
vation of blood epinephrine levels in the dog. 
Because of the lack of effect of the 
catecholamines on the plasma FFA of the 
domestic flow1 (1 )  it seems unlikely that the 
elevations of FFA reported here can be ex- 
plained by liberation of epinephrine induced 
by glucagon, if such a phenomenon occurs in 
birds. The effect of glucagon on the plasma 
FFA of birds is in contrast with its effect in 
mammals since most of the reports indicate 
that glucagon produces a decrease of plasma 
FFA in man and dog ( 1  1-16). The eleva- 
tion of blood sugar produced by glucagon in 
birds is in agreement with previous reports 
( 17,18). The relative changes of blood sugar 
concentration, however, were smaller than the 
relative changes of FFA concentration in our 
experiments. This is particularly evident in 
the experiments with turkeys and roosters, as 
shown in Table I V  and Fig. 1. The observa- 
tions reported in this paper demonstrate that 
glucagon has a very marked effect in increas- 
ing plasma FFA in various avian species and 
support the possibility that glucagon plays a 
role in the process of fat mobilization in 
birds. 

Summary. Intravenous injection of crystal- 
line glucagon caused a prompt elevation of 
plasma FFA and blood sugar in geese, ducks, 
turkeys, and roosters. The FFA response in 
geese, for doses between 1 and 100 pg/kg 
showed a highly significant correlation with 
the logarithm of the dose ( r  = 0.981, 
p<O.Ol). The relative changes in FFA con- 

centration, for a given dose of glucagon, were 
greater than the relative blood sugar changes. 
These observations indicate that glucagon 
may play a role in the process of fat  mobiliza- 
tion in birds. 

The  technical help of Lois A. Laven, Donna E .  
Swenson, Wynn Berven and Henry M.  Keys is 
gratefully acknowledged. 
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