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Effects of Cephalic Glucopenia on Insulin and Glucagon Secretion
in Central Nervous System-Intact Pancreas Perfused Rats
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Abstract: In situ brain-pancreas perfusion was performed on male adult Sprague-Dawley rats, of
which the central nervous systems (CNS) were intact during the perfusion procedure. The modified
Krebs-Ringer buffer with 100 mg/dL of glucose and 20 mM of arginine was perfused for 30 min. In the
experimental groups, a cephalic glucopenia was induced at 0 min (GLP1 group) or at 16 min (GLP2
group). The glucopenia was not induced in the control (CONT group). Insulin and glucagon
concentrations in the effluent samples from the pancreas were measured using a RIA method. In all
three groups, the first and second phases in the dynamics of the insulin and glucagon secretion were
observed, which was a typical biphasic secretory pattern. The amount of insulin secretion tended to
decrease in the GLP1 and GLP2 groups, but there was no statistically significant difference among the
groups. However, the amount of glucagon secretion during 0~15 min of the perfusion period in the
GLP1 group was greater as compared to the CONT group (p<0.05). The amount of glucagon secretion
during 16~30 min of the perfusion period in the GLP2 group tended to be greater as compared to the
CONT group, however there was no statistical significance. These data indicate that the cephalic
glucopenia stimulates the direct secretion of glucagon from the pancreas during the early period of
perfusion in the CNS-intact pancreatic perfused rats.
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INTRODUCTION

The stimulation-secretion coupling in the pan-
creatic B-cells is affected by various metabolites.
The primary metabolic secretagogoues for the insu-
lin secretion is a glucose, a crucial source for the
energy supply in the brain. Therefore, the cephalic
glucopenia may modulate the hormonal secretion
from the pancreas®, It has been reported that glu-
cagon secretory response to the glucose deprivation
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does not appear to be critically dependent upon
the central nervous system (CNS)***", However,
the CNS is involved in the regulation of insulin
and glucagon secretion from the pancreas, as
evident by the influence of the ventromedial and
ventrolateral hypothalamic nuclei'”. Indeed, it has
been reported that the glucagon secretion is modu-
lated by the sympathetic nervous system]>>'>1%19
and parasympathetic nervous system"®. Besides,
the pancreas islet cells are highly innervated
through the autonomic nervous system, and the
nerve fibers terminate in the pericapillary space
within the capillary basement membrane, or the
nerve fibers are closely apposed to endocrine cells



in the pancreas”. Therefore, the neural inputs from
the brain to the pancreas could be important in the
regulation of insulin and glucagon secretion from
the pancreas. A demonstration of the cephalic
glucopenic influence on the insulin and glucagon
secretion via direct neural innervation of the pan-
creas in the CNS-intact rats has yet to be reported.
Therefore, this study was to investigate effects
of the cephalic glucopenia on a direct insulin and
glucagon secretion using an in situ brain-pancreas
perfusion.

MATERIALS AND METHODS
Animals

Adult male Sprague-Dawley rats (300~350 g
body wt) were fed the rodent pellet diet and water
ad libitum and maintained in a 12 hour light-12
hour dark cycle at a temperature of 23~25C.
Animals were in the fed state. For the animal
anesthesia, chloral hydrate (350 mg/kg body wt,
Sigma, USA.) was injected intraperitoneally. Chlo-
ral hydrate, CCl;CH(OH), is a sedative hypnotic
drug which is used for deep sedation. Chloral hyd-
rate is slow in crossing the blood-brain barrier'?,
and there is little or no evidence of preliminary
excitation prior to the onset of depression. In the-
rapeutic doses, it has little effect on respiration and
blood pressure'”. Animals were divided into three
groups: control group (CONT, n=12) in which
glucopenia was not induced, GLP1 group (n=6) in
which a cephalic glucopenia was induced during
the early period of perfusion (0 min), GLP2 group
(n=6) in which a cephalic glucopenia was induced
during the later period of perfusion (16 min),

Perfusate preparation

‘The components of the perfusate were as follows:
0.18% albumin, 4.00% of dextran, 100 mg/dL glu-
cose, 0.11 M of CaCl,, 0.154 M of KCl, KH,PO,,
NaHCO;, NaCl, and MgSO,. Arginine (20 mM),
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a stimulator of glucagon secretion, was added using
an infusion pump during the 0~30 min of the total
perfusion period. The perfusate was continually
oxygenated with a 95% 0,-5% CO,, and main-
tained 37°C using an external heating source. Per-
fusate inflow rate was maintained at 5 ml/min.

In situ Brain-Pancreas Perfusion Procedure

In situ brain-pancreas perfusion method was
used since it allows the brain, heart, and lung to
remain functionally intact, thus retaining the abi-
lity of the brain to modulate endocrine secretion
via the direct CNS innervation to the pancreas. In
the perfusion preparation, a midline laparotomy
extending from the symphysis pubica to the xiph-
oid process was performed. The pancreatic vascu-
lature was separated by ligating the aorta proximal
and distal to the origin of the celiac artery, pre-
hepatic vena cava, posthepatic vena cava, portal
vein, and hepatic artery. The perfusate inflow
began via the heparinized celiac arterial cannula.
Total outflow was collected via a heparinized
portal vein cannula, and its volume was measured.
Viability of the CNS component of the prepara-
tion was determined by monitoring the vasocon-
strictional changes. The total venous effluent was
collected for 30 min with 1~5 min time intervals.
The effluent samples were placed in tubes contain-
ing aprotinine (protease inhibitor), and all samples
were kept on ice until centrifuged (10 min at 4 C,
3000 rpm). The supernatant was decanted and fro-
zenat-20°C until assayed,

Insulin and glucagon radioimmunoassay

Insulin levels in the perfusion effluents samples
were determined by using a Desbuquois and
Aurbach technique”, Purified rat insulin (Novo,
Copenhagen, Denmark) was used as the reference
standard and human "I insulin (Amersham Co.
USA) was used as a tracer. Glucagon levels in the
effluents samples were determined by a method of



Table 1. Amount of insulin secretion (ng/300 g body
wt) during the perfusion period

Table 2. Amount of glucagon secretion (ng/300 g body
wt) during the perfusion period

Time

Time

Group 0~15 min 16~30 min Group 0~15 min 16~30 min
CONT? 9.70£1.55 7.76£1.71 CONT? 354714.18  28.13+3.83
GLP1? 6.54£0.71 5.94+1.10 GLP1® 67.34%£15.397  35.8217.67
GLP2? 8.10+1.71 7.05+0.81 GLP2% 3791+3.63  39.8614.48

Values are means+SE. Values are meanstSE.

Values in the same row are not significantly different
at p<0.05.

® CONT: a control group without glucopenia

Y GLP1: a group with glucopenia at 0 min

9 GLP2: a group with glucopenia at 16 min

Unger et al. ™ using antibody 04A antiserum (Sou-
thwestern Medical School, University of Texax,
USA.). Radioisotope detection was carried out
using a Cobra auto gamma counting system (Hew-
lett Packard Instrument Co, USA). The cpms were
counted from triplicated standard tubes and dupli-
cated sample tubes, and count of the non specific
bounding was subtracted. The bound/free tripli-
cates for each point on the standard curve were

averaged and plotted vs insulin or glucagon amount.

For each sample duplicate, the bound/free was
read off as insulin or glucagon amount (ng/ml).
Insulin and glucagon secretion rates (ng/min) were
calculated by using the measured perfusate effluent
flow rate (ml/min) and the assayed insulin and
glucagon concentrations (ng/ml).

Statistical analysis

All data were expressed as means=SE. The
ANOVA and Scheffe F-test were used to deter-
mine a statistical significance between mean values
in each group at p<0.05.

RESULTS

Amount of insulin secretion during the 30 min
of perfusion period was shown in Table 1. During
the first 15 min of perfusion period, the amount of
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1. value of 0~15 min in the GLPI is significantly
different from those in the CONT and GLP2 (p<0.05).
® CONT: a control group without glucopenia

Y GLP1: a group with glucopenia at 0 min

9 GLP2: a group with glucopenia at 16 min

insulin secretion in the CONT and GLP1 groups
were 9.70+1.55 ug/300 g body wt, 6.54%0.71
ug/300 g body wt, respectively, and there was no
statistical significance between the two groups.
During the next 16~30 min of perfusion period,
amount of the insulin secretion in the GLP2 group
was 7.0510.81 pg/300 g body wt and there was
no statistical significance as compared to the other
two groups (7.76+1.71 pg/300 g body wt in the
CONT, 5.94%1.10 pg/300 g body wt in the GLP1).
These data show that the cephalic glucopenia does
not affect the insulin secretion from the pancreas
in the CNS-intact rats significantly.

Amount of glucagon was shown in Table 2.
During the first 0~15 min of period, the amount
of glucagon secretion in the GLP1 group was the
greatest as 67.34115.39 ng/300 g body wt and
was significantly greater than those in the CONT
group (35.47+4.18 ng/300 g body wt) (p<0.05).
In the GLP2 group, the 0~15 min was a period
before induction of the glucopenia, and the amount
of glucagon secretion during this period was 37.91
+3.63 ng/300 g body wt. This amount was similar,
as expected, to the amount during the 0~15 min
in the CONT group (35.47+4.18 ng/300 g body
wt). During next 16~30 min of period, the amount
of glucagon secretion in the GLP2 group seems to
be the greatest as 39.861:4.48 ng/300 g body wt,
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Fig. 1. Dynamics of the insulin secretion from pan-
creata of the CNS-intact rats. CONT: a control group
without glucopenia, GLP1: a group with glucopenia at 0
min, GLP2: a group with glucopenia at 16 min.

and it was greater than those in the CONT group
(28.1343.83 ng/300 g body wt). However, there
was no significant difference in the amounts of
glucagon secreted during this later phase among
three groups.

Fig. 1 shows a dynamics of insulin secretion
from the pancreata of CNS-intact rats. In all three
groups, the first and second phases of insulin secre-
tion were observed, which is a typical biphasic
secretory pattern. A peak of insulin secretion dur-
ing the first secretory phase was seen at around 3
min or 4 min in both of the CONT and GLP2
groups. Insulin secretion rate of the GLP1 was the
lowest although there was no statistically signify-
cant difference among groups, and a peak around
4 min was a little bit blunted.

Fig. 2 shows a dynamics of glucagon secretion
from the pancreata of CNS-intact rats. In the GLP1
group, a transient spike of glucagon appeared
almost immediately, and was followed by the
second spike which was characterized by a steep
decline. The maximal glucagon secretory rate of
the second spike (at 8~9 min) in the GLP1 group
was about 2.50 times greater than that in the
CONT group. In the GLP2 group, the pancreas
seems to secrete about 1.42 times more glucagon

o]
)

- CONT
-+~GLP 1
-o~GLP 2

D
1

Glucagon Secretion Rate(ng/min)
(N 5N
1 L

o

L] T T ¥ 1

5 10 15 20 25 30
Time(min)

o

Fig. 2. Dynamics of the glucagon secretion from pan-
creata of the CNS-intact rats. CONT: a control group
without glucopenia, GLP1: a group with glucopenia at 0
min, GLP2: a group with glucopenia at 16 min.

than that in the CONT (Table 2), although there
was no significant difference between these two

groups.

DISCUSSIONS

Insulin and glucagon secretion in this study
showes a biphasic pattern, which is similar to that
observed in other study reported by Curry et al.”),
The glucopenic stimulatory effect on glucagon se-
cretion was evident around the second spike of the
secretory profile (Fig. 2). The glucagon secretory
profiles in both CONT and GLP1 groups show
a monotonic decline after 15 min. However, the
GLP2 group shows a relatively flat profile bet-
ween 15 min and 30 min. This behavior may be
attributed to the stimulatory effect of glucopenia
on the glucagon secretion. In a study with pigs,
Karlsson et al.'® reported that the peripheral glu-
copenia elevated the plasma glucagon, but exo-
crine pancreatic secretion level remained the same.
Their preparation differs from ours and the plasma
glucagon level could be influenced by a release of
glucoregulatory factors in response to glucopenia
such as epinephrine and norepinephrine”. Thus,
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their results'® may not reflect the direct effect of
glucopenia on glucagon secretion from the pan-
creas.

In situ brain-pancreas perfusion used in this
study allows that a direct influence of the cephalic
glucopenia on islet cell insulin and glucagon secre-
tion since the CNS-innervation of the pancreas is
intact, but the pancreatic vasculature is isolated
and thus devoid of any secondary humoral and
hormonal regulation. A glucagon response to the
glucopenia seems to be mediated by neuro-stimu-
lation since a study has reported that a response to
glucopenia is abolished by either ganglionic, nico-
tinic, or muscarinic antagonists and is partially
inhibited by adrenergic antagonists'?. It was sug-
gested a possible mechanism that is largely cho-
linergic in its efferent pathway". Neuroglucopenia
is considered as a physiological stress that may
causes metabolic alterations, such as hyperglyce-
mia®®. Recently, Molina et al.'® has reported that
the hyperglycemia by the neuroglucopenic stress
may be caused by the enhanced rate of hepatic
glucose production and increased hepatic uptake
of gluconeogenic precursors. On the other hand, it
has been reported that an glucopenic in peripheral
tissues in dogs also increased glucagon level',
which agrees to our results.

In conclusion, the method used in this study
was able to determine the direct effect of cephalic
glucopenia on insulin and glucagon secretion from
the pancreas without any humoral influences on
secretory process. Our results show that the ceph-
alic glucopenia stimulates the glucagon secretion,
especially during the early period of perfusion.
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