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The general cardiovascular response to glu-
cagon administration has been described by
numerous investigators. A majority of these
reports have been concerned with data ob-
tained from humans with various stages of
cardiovascular disease, either during diagnos-
tic catheterization or during the recovery pe-
riod after cardiac surgery (1-4). Experimen-
tation in dogs and cats with glucagon has
also been reported (5-7). A consensus of
these investigations indicates that glucagon
produces positive inotropic and chronotropic
effects on the heart. Systemic blood pres-
sure and peripheral resistance have been re-
ported to increase (2, 10), decrease (7) or
remain unchanged (1, 4). These responses
are not dependent upon beta-receptor mecha-
nisms as beta blockade by propranolol does
not alter the observed responses (7, 11).
There are studies which suggest that the car-
diovascular effects of glucagon are potenti-
ated in dogs and cats (7, 8) by, or reversed
in man (1) and dogs (5) by the effects of
barbiturate pretreatment.

The confusion about the peripheral re-
sponses to glucagon might be explained in
part by the great diversity of protocols and
patient subjects which are necessitated by the
nature of clinical research. Alternatively, this
confusion might be the result of indirect mea-
surements since no data have been obtained
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by direct observation of the microvasculature
before and after glucagon administration. The
present study was designed to quantitate di-
rectly the mammalian microvascular response
in subcutaneous tissue to glucagon with and
without barbiturate pretreatment.

Methods. These studies utilized closed-cir-
cuit television microscopy to quantitate the
microvascular responses in the bat wing (15).
In essence, an unanesthetized bat (7-14 g
Myotis sodalis) was restrained with wings ex-
tended on a microscope stage. An image of a
subcutaneous small artery (35 to 45 p) and
vein (70 to 100 u) was selected for display
on a television monitor with a calibrated
magnification of approximately 1000X. The
diameters of a small artery and vein were
measured at 30 sec intervals. As described
previously (14), the raw data for each of
these variables were smoothed by a five-point
digital computer filter and normalized to give
data as percentage of mean control values for
each experiment. Subsequently, the mean and
standard error of mean (SEM) were calcu-
lated for each point in time to provide the
graphs presented here. Data at 10 min after
glucagon injection were compared to the data
gathered during the control period by group
t tests.

One experiment was performed on each of
23 animals. The protocol for each experiment
consisted of: (a) animal preparation and mi-
croscopic selection of comparable vessels ac-
cording to landmarks in wing structure; (b)
a waiting period of at least 40 min in a dark-
ened room to achieve a quiet condition; (c)
an intraperitoneal injection of sodium pento-
barbital, thiopental, or saline; (d) a 50 min
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Fic. 1. Small vein response to glucagon with and
without barbiturate pretreatment. (abscissa) Time in
minutes with 0 and 10 min corresponding to the start
of the control and postinjection periods, respective-
ly. (ordinates from top to bottom) The small vein
diameters for glucagon (130 mg/kg), for glucagon
(130 mg/kg) after pretreatment with thiopental
(20 mg/kg), for glucagon (130 mg/kg) after thio-
pental (50 mg/kg), and for glucagon (210 mg/kg)
after thiopental (50 mg/kg) are expressed as per-
centage of their respective mean control values during
the first 10 min. Ordinate values greater than 100%
represent vasodilation while values less than 100%
indicate vasoconstriction. The upper and lower trac-
ings in each panel are the average data & the SEM.

waiting period; (e) a 10 min control period
for data collection; (f) an intraperitoneal in-
jection of glucagon; and (g) a 50 min post-
injection period for collection of data. The
animal was observed for spontaneous head
movements and was tested for a biting reflex
in response to tactile stimulation on the nose.
The dosages were 50 mg/kg for pentobarbi-
tal, 20 or 50 mg/kg for thiopental and 130
or 210 mg/kg for glucagon in concentrations
to give an injection volume of 10 ul/g for
the anesthetics and 1.0 pl/g for glucagon.
Results. In Fig. 1, the average responses
of the small veins to glucagon (130 mg/kg),
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to glucagon (130 mg/kg) after pretreatment
with thiopental (20 mg/kg), to glucagon
(130 mg/kg) after pentobarbital (50 mg/
kg), and to glucagon (210 mg/kg) after thio-
pental (50 mg/kg) are given in the four pan-
els, top to bottom, respectively. Similarly,
the average responses of the small arteries to
the same drug combinations are given in Fig.
2. The missing data at 45 min is the result
of a temporary loss of the arterial diameter
data during one experiment (top panel).
Data on the ordinate are presented as per-
centage of their mean value during the 10 min
control period. Time of observation appears
on the abscissa with glucagon administration
occurring at 10 minutes. In each panel, the
middle tracing is the mean curve for all ani-
mals in one of the four experimental groups;
the upper and lower tracings correspond to
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Fic. 2. Small artery response to glucagon with and
without barbiturate pretreatment. The drug combi-

nations and protocols are the same as those pre-
sented in Fig. 1.
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the mean = SEM.

Other than the transient constriction at
the time of intraperitoneal injection of gluca-
gon (10 min mark along abscissa in Fig. 1),
there were no statistically significant re-
sponses of the small veins to glucagon with
or without barbiturate pretreatment. Ten
minutes after glucagon without barbiturate
pretreatment (20 min mark on the abscissa,
top panel in Fig. 2), the small arteries ap-
peared to dilate to 108% = 10% but this
could not be demonstrated statistically (p
> .05). With thiopental (20 mg/kg) pre-
treatment, the small arteries. significantly di-
lated to 109% == 2.5% (p < .02) at 10
min after glucagon (Fig. 2, second panel).
In the lower two panels glucagon (130 mg/
kg) following pentobarbital (50 mg/kg) and
glucagon (210 mg/kg) following thiopental
(50 mg/kg) did not produce any significant
change in small artery diameters. As reported
previously (12), pentobarbital (50 mg/kg)
and thiopental (50 mg/kg) appeared to anes-
thetize the animals since they did not have
spontaneous head movements nor a biting re-
flex to tactile stimulation on the nose. Thio-
pental (20 mg/kg) produced moderate seda-
tion without hypnosis according to these
qualitative criteria of anesthesia.

Discussion. The data presented in Fig. 1
indicate that the subcutaneous veins do not
respond to glucagon, with or without pretreat-
ment by barbiturates. This is not consis-
tent with the hypothesis suggested by Wil-
liams ef al. (13). They suggested that gluca-
gon might have . . . an effect on capacitance
vessels and (effect) an increase in venous re-
turn. . . .” It is, however, possible that the
veins in muscle tissue respond to perform this
function.

In awake bats (Fig. 2, second panel), the
arterial data suggest that a dilatation of
about 10% occurs at 10 min with a return
to control values occurring in about 30 min.
This time course for the response to gluca-
gon corresponds in general to that reported
in the literature. It should be noted that vas-
cular resistance is proportional to the fourth
power of the vessel diameter and that a 10%
change in arterial diameter would correspond
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to a change in vascular resistance approach-
ing 50%. Therefore, while changes in vessel
diameter might be slight, the change in vas-
cular resistance could be significant. If other
organ systems respond in a similar manner,
the cumulative effect upon total peripheral
resistance would be considerable. For exam-
ple, Bache et al. (16) report reductions in
total vascular resistance of 35 to 44% in un-
anesthetized dogs. Similarly, Puri and Bing
(17) report reductions in peripheral resis-
tance of 44% in dogs lightly anesthetized
with pentobarbital, 25 mg/kg.

In previous studies (14, 15) we observed
that small arteries and veins constricted or
dilated independently of each other with
changes in diameter as large as 50% of con-
trol values. Thus, the dilatation of small ar-
teries observed in this study does not repre-
sent the maximum dilatation which is pos-
sible. Both arteries and veins in other micro-
circulatory preparations are innervated and
possess beta receptors. Therefore, the lack of
small vein dilatation in conjunction with
small artery dilatation in this study suggests
that the peripheral vascular response to glu-
cagon is not mediated through beta-receptor
mechanisms,

The lack of an arterial response in the
anesthetized animals (Fig. 2, bottom two
panels) agrees with the findings of Farah and
Tuttle (5). They anesthetized intact dogs
with pentobarbital (30 mg/kg) and observed
no changes in peripheral resistance after glu-
cagon. In particular, these observations do
not give any indication that the glucagon re-
sponse is potentiated by barbiturates as sug-
gested in a recent review by Kones and Phil-
lips (8).

Summary. The response of the subcutane-
ous small arteries (35-45 p) and veins (70-
100 p) to glucagon, with and without bar-
biturate anesthesia, was quantitated by direct
observations in the bat wing. No statistically
significant venular response was observed in
either the awake or anesthetized bat. An ap-
parent, but not significant, increase in arteri-
al diameter to 108 == 10% (p > .05) of
control values was observed 10 min after in-
traperitoneal injection of glucagon (130 mg/
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kg) without barbiturate anesthesia. With
thiopental (20 mg/kg) pretreatment, the
small arteries significantly dilated to 100
+ 2.5% (p < .02) at 10 min after glucagon
with a return to control values within 30
min. No changes in arterial diameters were
observed with glucagon after pretreatment
with a higher dose (50 mg/kg) of either pen-
tobarbital or thiopental. It is concluded that
glucagon could produce significant reductions
in peripheral resistance if other organ sys-
tems respond in a manner which is similar
to subcutaneous tissue.

The authors are indebted to David Andersen, John
Doyle, Cary Hammond, and Lowry Pei for their ex-
cellent technical assistance,
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