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The inhibitory effect of prostaglandin El  
( PGEl) on hormone stimulated lipolysis in 
vitro has been well documented in the adi- 
pose tissue of rat (1-3), rabbit (4, 5 )  and 
man (6, 7 ) ,  but no constant inhibitory effect 
of PGEl on norepinephrine-stimulated lipoly- 
sis has been found in the omental adipose 
tissue of the dog (8) .  In  this animal, howev- 
er, PGE1 inhibits the mobilization of free 
fatty acids (FFA) induced by catecholamines 
in vivo ( 2 ,  9-11). On the other hand, admin- 
istration of PGEl increases FFA mobilization 
but does not inhibit the adipokinetic effect 
of the catecholamines in man (12-15). 

In  view of the remarkable adipokinetic ac- 
tivity of glucagon in birds (16-20), i t  is of 
interest to study the effect of PGEl on gluca- 
gon stimulated lipolysis in these animals. 
Gascon ( 2 1 ) and Langslow ( 2 2 ) have report- 
ed marked inhibition by PGEl of glucagon- 
stimulated lipolysis in the adipose tissue and 
the isolated fat cells of young chicken, but 
there is no information about the influence of 
PGEl on the adipokinetic effect of glucagon 
in other birds. The results of experiments 
designed to test in vivo and in vitro, )the 
influence of PGEl on the lipolytic effect of 
glucagon in geese and ducks, are reported 
here. 

Methods. In vivo experiments were done 
with fasting adult male mallard ducks and 
domestic geese. Experimental conditions and 
chemical methods for determination of plas- 
ma FFA and blood supar (BS) were those 
described in previous publications (16, 17, 
23). In some experiments in ducks, we inject- 
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ed PGEl first, followed immediately by glu- 
cagon. In other experiments, we compared 
the effects of PGE, alone and PGEl injected 
during the infusion of glucagon in 8 geese; 4 
of the animals received PGEl alone first, and 
glucagon infusion plus PGEl 1 week later. 
The other 4 geese were treated in the reverse 
order. Similarly, the effect of glucagon alone, 
and injected during the infusion of PGE1, 
was tested in another 8 geese. Four of the 
animals received glucagon alone first, and 
PGEl infusion plus glucagon 1 week later. 
The other 4 geese were treated in the reverse 
order. All the experiments in geese were done 
under sodium pentobarbital anesthesia (3 5 
mg/kg, 2/3 iv, 1/3 im). 

Experiments in vitro were performed with 
the subcutaneous lateral abdominal pads of 
adult ducks. Experimental technique and 
methods of FFA and glycerol analysis were 
those previously described (18). After 16-18 
hr of fasting the ducks were given an in- 
travenous injection of glucose (0.5 g/kg), 1 
hr before removal of the fat pads. 

Crystalline PGEl, kindly donoted by the 
Upjohn Company, Kalamazoq MI, was used. 
Dilutions in saline were prepared daily, just 
before the experiments, from a stock solution 
containing 1.0 mg of PGEl in 0.1 ml of 96% 
ethanol plus 0.9 ml of sodium carbonate solu- 
tion (20 mg of anhydrous Na2C03 in 100 ml 
of saline solution). The stock solution was 
prepared weekly and kept in the freezer. 

Arterial pressure was measured with a mer- 
cury manometer connected to a polyethylene 
catheter inserted into the wing artery. Pulse 
rate was determined from electrocardiograph- 
ic tracings. 

Standard methods of statistical analysis 
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TABT,E I. Effcct of Prostaglandin El (PGE,),  Gliicngon (G),  and Prostaglandin Plus Glu- 
cagon on  P1:tsnin. Free F a t t y  Acids and Blood Sugar in Male hfallard 

Inj  cc tion 
(J1.6/kg) Time af te r  iiijcctiori (aiiii) 

K O .  of 
PGE, G ducks 0 5 15 30 GO 

1.0 - 

1.0 20.0 
30.0 - 

30.0 20.0 
- 20.0 

1.0 - 

1.0 20.0 
30.0 - 
30.0 20.0 
- 20.0 

Free f a t t y  acids (niEq/litrr) 
6 1.72 L- 0.08 1.86 & 0.06 1.69 2 0.09 1.67 f 0.08 
G 1.82 k 0.12 3.56 2 0.23 3.35 & 0.22 2 . 7 5 k  0.16 
6 1.58 k 0.12 1.83 k 0.13 1.19 2 0.11 1.22 f 0.09 
7 1.50 2 0.15 3.07 2 0.23 3.00 k 0.27 2.49 k 0.19 

12 1.47 k 0.11 3.09 2 0.20 2.68 k 0.14 2.04 f 0.12 

Blood sugar (mg/100 nil) 
6 124 & 5.1 138 -+ 4.4 137 2 6.3 142 f 6.3 

ci 119 2 3.2 133 3.9 149 +- 3.6 158 * 3.6 
7 120 + 8.3 151 4 9.6 188 2 9.9 192 f 7.1 

6 132 * 3.6 147 2 5.9 189 2 5.7 185 5 4.3 

1 2  135 5 4.0 154 5 3.9 203 & 7.7 192 2 7.4 

1.69 I+ 0.09 
2.15 f 0.06 
1.50 * 0.08 
8.00 f 0.13 
1.69 I+ 0.10 

134 2 5.(i 
130 & 2.8 
156 & 4.5 
146 + 5-4 
148 2 6.8 

a Mean and SE. 

were used. Unless otherwise stated, the sig- 
nificance of the differences was calculated by 
the t test for paired variates. 

Results. The effects of injecting PGE1, glu- 
cagon, and PGEl plus glucagon, on the plas- 
ma FFA and BS levels of ducks are presented 
in Table I. PGEl, a t  the dose of 1.0 pg/kg, 
caused a small, but significant elevation of 
plasma FFA ( p  = .017), 5 min after the 
injection. The dose of 30.0 pg/kg caused an 
elevation of plasma FFA ( p  = .04) at 5 min 
followed by a decrease at 15 min, when the 
mean FFA concentration was 0.39 mEq/liter 
(SE t 0.10) lower than before injection ( p  
= .012). The elevation of plasma FFA pro- 
duced by the injection of glucagon was not 
affected by PGEl given immediately before. 
The mean elevations of plasma FFA, 5 min 
after injecting 20.0 pg of glucagon/kg, were: 
1.62 mEq/liter (SE k 0.12, p < . O O l ) ,  when 
glucagon was given alone; 1.74 (SE k 0.20, 
p < .OOl) and 1.57 (SE t 0.13, p < .001) 
when glucagm was preceded by PGEl at  the 
doses of 1.0 and 30.0 pg/kg, respectively. 
These three elevations were not statistically 
different from each other ( p  > 0.05, t test for 
nonpaired variates) . 

Both doses of PGEl caused significant ele- 
vations of BS ( p  < . O l )  except for the 5-min 
sample after the 1.0 pg/kg dose. Statistical 

analysis revealed no influence of PGEl on the 
BS changes produced by glucagon injection. 

As shown in Fig. 1, intravenous injection 
of PGE, (50 pg/kg) in anesthetized geese 
produced a sharp drop of arterial pressure 
and elevations of the pulse rate, plasma FFA, 
and BS. The mean FFA elevation above 
preinjection level was 0.3 1 mEq/liter (SE zk 
0.08, p < .Ol) 5 min after injection, and 0.12 

/- 

---. 
bd PULSE RATE 
=--a BLOOD SUGAR - F F A  

WC Y 

1 1  I I I I I I I 1 I I 1 1 i I J 
-30 -x )  -10 0 l0 20 30 40 50 60 70 80 90 100 110 1 x )  

TIME (minutes) 

FIG. 1. Effect of a single injection of prostaglandin 
E, (50.0 pg/kg, iv) on mean arterial pressure, 
pulse rate, blood sugar (BS), and plasma free fatty 
acids (FFA) in geese. Injection indicated by arrow. 
Means for 8 geese. 
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FIG. 2 .  Effect of a single injection of prostaglandin 
El (50.0 pg/kg, iv), given during the infusion of 
glucagon (0.05 pg/kg/minute), on mean arterial 
pressure, pulse rate, blood sugar (BS),  and plasma 
free fatty acids (FFA) in geese. Glucagon infusion 
and prostaglandin injection indicated by arrows. 
Means for the same 8 geese as in Fig. 1. 

mEq/liter (SE & 0.04, p = .02) 2 hr after 
injection. The highest BS level occurred 1 hr 
after injection. BS level was still significantly 
higher than control 2 hr after injection (21 
mg/100 ml, SE t 2.7 p < .01). 

The effect of injecting PGE (50 pg/kg) 
during infusion of glucagon (0.05 pg/kg/ 

w LL 

min) is shown in Fig. 2. The changes of 
arterial pressure and pulse rate were simi- 
lar to those observed after injection of PGEl 
alone. Plasma FFA rose after beginning glu- 
cagon infusion. Mean elevation above control 
was 0.52 mEq/liber (SE t 0.10, p < . O l )  
after 30 min of infusion. Plasma FFA level 
was practically constant between 30 and 120 
min of infusion and was not affected by the 
injection of PGE1. BS rose continuously dur- 
ing glucagon infusion. The mean elevation 
after 2 hr of infusion (101 mg/100 ml, SE t 
7.1) compares with that observed in 5 geese 
infused with the same dose of glucagon, with- 
out injection of PGEl (90 mg/100 ml, SE t 
25.6). 

Figure 3 shows a comparison of the effects 
of glucagon (50 pg/kg) when injected during 
a continuous infusion of PGEl (0.5 
pg/kg/min) and when injected alone in 
anesthetized geese. 

Infusion of PGEl caused a rapid decrease 
of arterial pressure that was maintained 
throughout the infusion period, and an eleva- 
tion of plasma FFA. The mean FFA eleva- 
tion at  15 min of infusion was 0.25 mEq!li- 
ter (SE t 0.04, p < .Ol). The injection of 
glucagon caused a further elevation of plasma 
FFA. Mean elevation above preinjection level 
was 0.78 mEq/liter (SE t 0.10, p < . O r )  
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FIG. 3 .  Comparison of glucagon effects (5.0 pg/kg) when injected during the infusion of 
prostaglandin EI (0.5 gg/kg/min) and when injected alone, in anesthetized geese. ProstagIandin 
infusion and glucagon injection indicated by arrows. Means for 8 geese. The same geese were used 
for the two tests. 
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5 min after injection. The same dose of glu- 
cagon, injected into the same geese without 
PGEl infusion, caused a mean elevation of 
plasma FFA of 1.29 mEq/liter (SE t 0.14, 
p < .01) after 5 min. The mean difference 
between the two elevations (0.5 1 mEq/liter, 
SE _t 0.12) was significant ( p  < . O l ) .  

There was a slow elevation of BS during 
the infusion of PGE1. After 60 min of infu- 
sion the BS level was 20 mg/100 ml above 
the mean preinfusion level (SE t 3.8, p < 
.01). Glucagon injecion caused further ele- 
vation of BS with a maximum 15 min after 
injection which was not significantly different 
from that observed when glucagon was in- 
jected during the infusion of PGEl ( p  > .OS) .  
Pulse rate rose from a mean of 160 beats/ 
min, before PGEl infusion, to 370 after 10 
min of infusion. At the end of infusion the 
pulse rate was 300 beats/min. 

The in nitro effect of PGEl on glucagon- 
stimulated lipolysis in the adipose tissue of 
the duck is described in Table 11. A constant 
dose of glucagon (0.5 pg/ml) was used 
in these experiments. The three levels of 

PGEl tested caused a decrease of the effect 
of glucagon, but only the dose of 50.0 p.g/ml 
caused a significant reduction in the produc- 
tions of FFA and glycerol. 

Discussion. The experiments in ducks 
demonstrate that intravenous injection of 
PGEl (up to 30.0 pg/kg), immediately 
preceding that of glucagon, did not modify 
the adipokinetic and hyperglycemic effects of 
this hormone. PGEl alone, on the other 
hand, had both adipokinetic and hyperglyce- 
mic effects in the duck. These results com- 
pare with observations showing that PGEl 
increases FFA mobilization, but does not in- 
hibit the adipokinetic effect of catechola- 
mines in man (12-15), and are a t  variance 
with those showing that PGEl inhibits the 
adipokinetic effect of catecholamines in the 
dog (2,9-11). 

In ducks, PGE1, at the dose of 30.0 pg/kg, 
produced an elevation of plasma FFA fol- 
lowed by a decrease. Kupiecki (24) noted a 
biphasic plasma FFA response to the injec- 
tion of PGEl (80.0 pg/kg) in fasted rats, but 
in this animal, in contrast to the duck, there 

TARTIF: IT. T i p l y t i c  Effect" of a Constant  Dose of Glucagon (0.5 ~ . ~ g / m l )  i i i  tlic Presence of 
Various Concentrations of Prostaglniidiir El.b 

Prostaglaiidiii E, (pg/ml) 

0 0.5 9.0 50.0 
(1.4 x 10-0 M )  (1.4 x 10-5 M )  (1.4 x 10-4 M )  

1)iffcrciicc' 

Glycerol protliiction 3.02 t 0.54 
(pniolcs/g/hr) 

P < .01 

S. iO  & 0.92 

P < .01 

2.03 * 1.03 

p > .05 

2.51 & 0 44 

P < .01 

0.48 -+ 0.33 

p > .05 

5.86 k 0.64 

P < -01 

1.86 I+ 1.12 

p > .05 

2.42 _+ 0.21 

P < .01 

0.60 & 0.48 

2, > -05 

4.72 -+ 0.71 

P < -01 

3.00 2 0.96 

p = .01 

1.80 2 0.24 

P < .01 

1.22 & 0.48 

p = .035 
~~~~ ~ ~ _ _  _ _ _ ~  _ _ _ ~ ~  ~ 

" Glucagon effect calculntecl by  subtrnctiiig the values of tlrr corrcslmircliiig controls trea ted  
with t h e  saiiie aiiiounts of prostnglaiidin, b u t  110 glucagon. 

Duck adipose tissue in c i t ro;  iiicans f BE for 12 ducks. Rpoiitaiieous lipolysis (without  ad- 
di t ion of glucagoii or prost;igl:~ndin E,) was 1.59 & 0.53 @Eq of FFA/g/hr and 1.15 ? 0.24 
pmolrs  of glycerol/g/hr. 

Differeiicc: Olucagon effect without 1)rostaglnncliri niinns glucngon effect with prostaglandin. 
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was initially a decrease followed by an ele- 
vation of plasma FFA. 

In anesthetized geese PGEl (50.0 pg/kg) 
had adipokinetic and hyperglycemic effects, 
but failed to modify the effect of glucagon 
infusion on plasma FFA. This is clearly 
shown by comparing Fig. 2 with the effect of 
glucagon infusion described in a previous 
publicaltion (23). Furthermore, it appears 
that the effect of PGEl on plasma FFA is 
abolished when that compound is injected 
during a continuous infusion of glucagon. 

Injection of glucagon during infusion of 
PGEl caused an elevation of plasma FFA, 
which was significantly smaller than that ob- 
served when the same dose of glucagon was 
injected to the same geese without PGEl in- 
fusion. Continuous infusion of PGEl, started 
1 hr before glucagon injection, therefore, 
caused significant inhibition of the adipokine- 
tic effect of this hormone. This result com- 
pares with the inhibition of the adipokinetic 
effect of the catecholamines when they are 
injected during infusion of PGE,, reported 
by Bergstrom, Carlson and Oro (10) in 
dogs. 

Our results in vitro show that only the 
largest dose of PGEl used (50.0 pg/ml) 
caused significant inhibition of the lipolytic 
effect of glucagon (0.5 pg/ml). Steinberg et  
al. ( 2 )  reported inhibition by much smaller 
amounts of PGEl (0.1 pg/ml) , of the lipolyt- 
ic effect of larger glucagon doses (5.0 pg/ml) 
in rat adipose tissue. Thus, PGEl appears to 
be a much weaker inhibitor of the lipolytic 
effect of glucagon in the duck than in the rat. 

I t  has been reported that PGEl doles not 
affect lipolysis in the adipose tissue of fasted 
rats (25, 26). Since our ducks received an 
injection of glucose 1 hr before removal of 
the adipose tissue, the small inhibitory effect 
observed cannot be attributed to fasting. 
Moreover, Kupiecki (24) observed inhibition 
of lipolysis by PGEI in fasted as well as in 
fed rats. Our in vitro results are a t  variance 
with those reported by Gascon (21) and by 
Langslow (22), who found marked inhibition 
of the lipolytic effect of glucagon by very 
small doses of PGEl in the adipolse tissue and 
the isolated fat cells of chickens. These au- 
thors used young chickens ( 2  5-26 days old), 

whereas our experiments were made with the 
adipose tissue of adult ducks (1 year or 
more). In view of the differences between 
young and old rats with regard to the lipolyt- 
ic effect of glucagon ( 2  7 ) ,  the possibility that 
age modifies the antilipolytic effect of PGEl 
must be considered. 

PGEl does not inhibit the lipolytic effect of 
adenosine 3’, 5’-monophosphate, and, there- 
fore, is believed to act on the adenyl cyclase 
system (28, 29). Some observations suggest 
that PGEl behaves as a competitive inhibitor 
of various hormones (30, 3 1 ) . Accordingly, 
the limited abili,ty of PGEl to inhibit the 
lipolytic effect of glucagon in adult birds 
could be explained assuming that the affinity 
of glucagon for adenyl cyclase, relative to 
that of PGE1, is higher in the adult avian 
adipose tissue than in that of mammals. 

Both injections and infusion of PGEl in 
geese caused a precipitous fall of arterial 
pressure and elevation of the pulse rate. 
These circulatory effects compare qualitative- 
ly with those reported in man and other 
mammals ( 2 9 ,3  2-34). 

Summary. The intravenous administration 
of PGEl had adipokinetic and hyperglycemic 
effects in ducks and geese. 

No inhibition of the adipokinetic effect of 
glucagon was demonstrated when PGEl was 
injected immediately before glucagon, or dur- 
ing a continuous infusion of glucagon. A sig- 
nificant inhibition of the adipokinetic effect 
of glucagon in geese was observed, however, 
when this hormone was injected during a 
continuous infusion of PGE1. 

A significant inhibition of glucagon- 
stimulated lipolysis in vitro, in the adipose 
tissue of adult ducks, was observed only with 
the highest dose of PGEz tested (50.0 

Administration of PGEl in geese caused a 
prompt fall of arterial pressure and marked 
elevation of the pulse rate. 

Pg/ml) - 
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