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Abstract

The fact that the potentiating effect of prolonged hypergly-
cemia on the subsequent insulin secretion is observed in vivo
but not in vitro suggests the involvement of extrapancreatic
factors in the in vivo memory of pancreatic 1 cells to glucose.
We have investigated the possible role of the autonomic
nervous system. Rats were made hyperglycemic by a 48-h
infusion with glucose (HG rats). At the end of glucose infu-
sion as well as 6 h postinfusion, both parasympathetic and
sympathetic nerve activities were profoundly altered: para-
sympathetic and sympathetic activities, assessed by the fir-
ing rate either of the thoracic vagus nerve or the superior
cervical ganglion, were dramatically increased and de-
creased, respectively. Moreover, 6 h after the end of glucose
infusion, insulin secretion in response to a glucose load was
dramatically increased in HGrats compared to controls. To
determine whether these changes could be responsible for
the increased sensitivity of the 13 cell to glucose, insulin re-
lease in response to glucose was measured in HGand control
rats, either under subdiaphragmatic vagotomy or after ad-
ministration of the ae2A-adrenergic agonist oxymetazoline.
Both treatments partially abolished the hyperresponsiveness
of the .3 cell to glucose in HGrats.

Therefore chronic hyperglycemia brings about changes
in the activity of the autonomic nervous system, which in
turn are responsible, at least in part, for the generation of
enhanced f3 cell responsiveness to glucose in vivo. (J. Clin.
Invest. 94:1456-1462.) Key words: glucose infusion * para-
sympathetic activity * sympathetic activity * insulin secretion
* oxymetazoline.

Introduction

It has long been recognized that the magnitude of the insulin
secretory response to glucose or nonglucose stimuli is influ-
enced by prior exposure to glucose. For example, a time-depen-
dent potentiation of glucose-induced insulin secretion by a pre-
vious short-term stimulation with glucose has been demon-

Address correspondence to A. Ktorza, Laboratoire de Physiopathologie
de la Nutrition, CNRSURA 307, Universite Paris 7-Denis Diderot,
Tour 23-33, 10 etage, 2 Place Jussieu, 75251 Paris Cedex 05, France.

Received for publication 2 February 1994 and in revised form 30
June 1994.

strated from studies in humans (1), and isolated rats' islets (2)
or pancreas (3). The study of the kinetic characteristics of
glucose-induced potentiation allowed a better understanding of
the biphasic pattern of insulin release (4). Moreover, hypergly-
cemia induced in nondiabetic humans during several hours by
a continuous glucose infusion resulted in an enhanced f3 cell
sensitivity to glucose as assessed by an increase in the slope of
glucose potentiation of arginine (5), or by the higher amount
of insulin secreted during intravenous glucose tolerance tests
(6). Wehave previously shown that in nondiabetic rats submit-
ted to a 48-h hyperglycemic period, in vivo insulin secretion to
intravenous glucose was dramatically increased. The potentiat-
ing effect of previous hyperglycemia on pancreatic ,3 cell re-
sponsiveness persisted for a long time after the withdrawal of
the first stimulus, since glucose-induced insulin secretion re-
mained higher than in controls until at least 5 d after the first
priming period of glucose (7).

However, when insulin secretion was studied in vitro by
the perfused pancreas technique in nondiabetic rats rendered
previously hyperglycemic, the priming effect of glucose could
never be observed as well in our study (7) as in others (8, 9).
In some studies, insulin release was even decreased (10, 11 ).

This discrepancy stresses the importance of extrapancreatic
factors in the modulation of the long-term effects of high glu-
cose levels on pancreatic islets in vivo and their possible
involvement in the memory of ,6 cells to glucose. Among these
factors, those of neural origin may play a crucial role. The
neuronal inputs of the pancreas include the parasympathetic and
sympathetic systems whose activation results in the stimulation
or the inhibition of insulin secretion, respectively ( 12). On one
hand it has been recently demonstrated that cholinergic agonists
prime the P cell to glucose stimulation (13), and on the other,
decreased sympathetic activity is involved in the high pancreatic
responsiveness to glucose in hyperinsulinemic rats (14, 15).

Wehypothesized that prolonged and elevated hyperglyce-
mia in rats could lead to high parasympathetic and low sympa-
thetic tone that will persist after the priming period with glucose.
Consequently, this would contribute to the high in vivo insulin
secretory response to a subsequent stimulation with glucose.

To test this hypothesis, we have infused nondiabetic rats
with glucose for 48 h and thereafter we studied the firing rate
of the vagus nerve and the superior cervical ganglion to assess
the overall parasympathetic and sympathetic activities respec-
tively, and the in vivo insulin secretory response to a glucose
load, either under subdiaphragmatic vagotomy, or after a treat-
ment with an a2A adrenoreceptor agonist, oxymetazoline.

Methods

Animals. 3-mo-old female Wistar rats (220-250 g) having free access

to water and standard laboratory chow pellets (UAR 113; Usine d'Ali-
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mentation Rationnelle, Villemoisson sur Orge, France) were used. They
were maintained at a constant temperature (230C) in animal quarters
with a fixed (12 h) artificial light cycle. The technique for long-term
infusion in unrestrained rats was used as described previously (7, 16).
The infusion period started on day 2 after surgery and lasted 2 d.
Hypertonic (30% wt/vol) glucose (Chaix & Du Marais, Paris, France)
was infused at the initial infusion rate of 50 MI/min to produce hypergly-
cemia of 20-25 mmol/liter. The initial infusion rate was slightly modu-
lated throughout the infusion period to maintain glycemia in the desired
range. When glycemia was not maintained in the limits mentioned
above, the experiment was discontinued. Control rats were infused with
a glucose-free solution.

Blood samples. Plasma glucose and insulin concentrations were
measured on arteriovenous blood collected from the tail vessels three
times daily in glucose-infused (HG)' rats. Because previous studies
have shown that in control (C) rats these parameters remained very
stable throughout the infusion period (7), these parameters were mea-
sured only once daily in this group. At the end of the infusion period,
plasma glucose and insulin concentrations were measured in both groups
of rats every hour until time 2 h postinfusion and every 2 h until time
6 h after the infusion was discontinued.

Sympathetic and parasympathetic firing rate recording. Firing rate
activities were recorded at the end of glucose infusion period and 6 h
postinfusion. Sympathetic activity was recorded at the level of the supe-
rior cervical ganglion and, for parasympathetic activity recording, the
thoracic branch of the vagus nerve, along the carotid, was used. Different
rats were used for recording either activity.

For sympathetic activity recording, the method was the following
one: briefly, rats were anesthetized (48 mg/kg of body wt i.p. with
pentobarbital sodique; Sanofi, Libourne, France) and after a latency
period of 20 min, the carotid was exposed. The sympathetic nerve
filament, which is close to the artery, was dissected free of underlying
tissues on a distance of about 1 cm until the superior cervical ganglion.
The nerve was then covered with paraffin oil to prevent dehydration
and carefully placed on a pair of recording silver wire electrodes (0.6
mmdiameter). The nerve impulse was filtered ( 1-80 kHz) and ampli-
fied (104) with an alternative current amplifier (time-constant: 0.2 s)
and then summated with an integrator (time-constant: 0.5 s). The signal
was simultaneously displayed on an oscilloscope and a pen recorder
and stored on a magnetic tape for further analysis.

A very similar experimental design was used for parasympathetic
activity recording. After exposure of the carotid, the thoracic branch of
the vagus nerve, which is very close to the artery, was carefully separated
from surrounding tissues. The follow-up of the procedure was identical
to that described for sympathetic nerve activity recording.

In vivo insulin secretion tests in intact, untreated rats. All tests were
performed 6 h after the infusion was discontinued. Insulin secretion was
investigated in C and HGrats in the following way: rats were in the
postabsorptive state under ketamine hydrochloride anesthesia (95 mg/
kg i.p.; Imalgene, MWrieux, France). A single injection of glucose (0.5
mg/kg of body wt) was administered via the saphenous vein. Blood
samples were collected sequentially before and 5, 10, 15, 20, 30, and
60 min after the injection of glucose. They were then centrifuged and the
plasma was separated. Plasma glucose concentration was immediately
determined on a 10-,lI aliquot, and the remaining plasma was kept at
-20°C until radioimmunoassay of insulin.

Insulin secretion after suppression of vagal activity. In a series of
experiments, HGand C rats were submitted to a bilateral vagotomy 20
min before in vivo insulin secretion was investigated. Briefly, rats under
ketamine hydrochloride anesthesia (95 mg/kg i.p.) were laparotomized,

1. Abbreviations used in this paper: C, control rats; COXY, oxymetazoline-
injected control rats; C0, vagotomized control rats; HG, glucose-infused
rats; HG0ys, oxymetazoline-injected glucose-infused rats; HG0, vagoto-
mized glucose-infused rats; IRI, immunoreactive insulin.
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Figure 1. Plasma glucose and [RI concentrations in HG(-) rats during
and after the end of the infusion and in C rats (0) during the same
period. Values are means±SEMof 37 and 52 cases for C and HGrats,
respectively. *P* < 0.01, ***P < 0.001, significantly different from
C rats.

and the stomach and the spleen were lifted to the right and the left,
respectively. The subdiaphragmatic anterior and posterior trunks of the
vagus nerves were exposed approximately halfway between the dia-
phragm and the gastric cardia. With the aid of a retractor system which
maintained the patency of the midline incision gaping, the surgical
transection of the vagal trunks was carried out with curved forceps. The
stomach and the spleen were then returned to their normal position and
the abdominal wall was closed. Glucose-induced insulin secretion was
investigated under the same conditions as mentioned above.

Insulin secretion in the presence of the a2A-adrenergic agonist, oxy-
metazoline. In another series of experiments insulin secretion was stud-
ied in HGand C rats after the injection of the a2A-adrenergic agonist,
oxymetazoline. Briefly, rats were anesthetized (95 mg/kg i.p.; Imal-
gene) and a catheter was inserted into the right carotid artery which
was connected to a pressure transducer (Elecdan Epox-Alim, Lavelanet,
France) to measure arterial pressure. Arterial pressure was recorded in
the basal state and throughout the rest of the experiment. After a recov-
ery period of about 20 min, oxymetazoline hydrochloride (Sigma Chem-
ical Co., St. Louis, MO) was injected intraperitoneally at the dose of
0.3 pmol/kg body wt, 5 min before the study of glucose-induced insulin
secretion.

Analytical methods. Plasma glucose was determined by means of a
glucose analyzer (Beckman Instruments, Inc., Palo Alto, CA). Plasma
immunoreactive insulin ([RI) concentration was determined using a
radioimmunoassay kit (Commissariat a 1' Energie Atomique, Gif-sur-
Yvette, France). The lower limit of the assay was 2.5 /U/ml with a
coefficient of variation within and between assay of 6%.
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Table l. Parasympathetic and Sympathetic Activities in C and HG
Rats at the End of Glucose Infusion and 6 h after the End
of Glucose Infusion

HGrats

At the end of 6 h
C rats glucose infusion postinfusion

Parasympathetic activity 2.20±0.30 8.50±0.50* 9.80±1.30*
(spikesis) (n = 5) (n = 6) (n = 5)

Sympathetic activity 2.80±0.30 0.40±0.04* 0.48±0.08*
(spikesis) (n = 5) (n = 6) (n = 5)

Values are means±SEM. n, number of experiments. * P < 0.001, HG
vs. C rats. Parasympathetic and sympathetic activities were recorded
from vagus nerve and superior cervical ganglion, respectively.

Calculations. Insulin response to glucose was calculated as the insu-
linogenic index (AIRI/AG) which represented the ratio of the incre-
mental plasma insulin values integrated over a period of 60 min after the
injection of glucose (AIRI) and the corresponding increase in glucose
concentration (AG). Results are expressed as mean±SEM.

The significance of the differences between means was evaluated
by a one- or two-way ANOVA.

Results

Plasma glucose and insulin concentrations during and after
glucose infusion. Sustained and steady hyperglycemia was pro-
duced in rats throughout the period of glucose infusion (25 ±2.4
mMin HGrats, n = 52 vs. 5.6±0.1 mMin C rats, n = 37).
Hyperglycemia resulted in a dramatic hyperinsulinemia during
the infusion period in HGrats. The mean plasma insulin was
about 10-fold higher in HGthan in C rats (1.60±0.16 nM, n
= 52 vs. 0.16+0.03 nM, n = 37, P < 0.001; Fig. 1).

In HGrats, plasma glucose concentration decreased rapidly
to basal values as early as 1 h after glucose infusion was termi-

.. I.

nated. It continued to decline afterwards so that 6 h after the
end of the infusion, it was significantly lower than in C rats
(3.6+0.3 mMin HGrats, n = 52 vs. 5.7±0.2 mMin C rats, n
= 37, P < 0.01). Concomitantly, plasma insulin concentration
also decreased and was similar in HG(0.21±0.01 nM, n = 52)
and C rats (0.16±0.02 nM, n = 37) at 6 h postinfusion.

Parasympathetic and sympathetic nerve activities. At the
end of glucose infusion period as well as 6 h postinfusion, both
parasympathetic and sympathetic nerve activities were pro-
foundly altered in HGrats. The firing rate of the vagus nerve
was dramatically increased compared with C rats, as reflected
by spikes frequency (Table I) and integrated activity (Fig. 2
A). By contrast, superior cervical ganglion firing rate was
largely lower in HGthan in C rats (Table I; see also Fig. 2 B).

Insulin secretion in response to intravenous glucose in in-
tact, untreated rats. The time-course of plasma glucose concen-
tration before and after the glucose load is depicted in Fig. 3
and as the AG(Table II). In all cases, plasma glucose concen-
trations increased to a much lesser extent in HGthan in C rats
but the AGs were roughly similar in both groups (Table II).

At time 0 min (before glucose injection), plasma insulin
concentration was slightly but not significantly higher in HG
than in C rats. It increased markedly after glucose injection in
both groups. In HGrats it was much more elevated at every
point-time of the test than in C rats (Fig. 4). This situation was
reflected in the AIRI as well as in the insulinogenic index
(AIRI/AG) values which were three- and fourfold greater in
HGthan in C rats, respectively (Table II).

Effect of vagotomy on insulin secretion in response to intra-
venous glucose. The AGwas increased to the same extent in
HG(HG,) and C (C,) vagotomized rats, as compared to intact
rats (Table H). Insulin secretion in response to glucose was not
significantly modified by vagotomy in C rats (Fig. 4, and Table
H). By contrast, it was markedly reduced in HG, rats compared
to intact HGrats; plasma insulin was much lower at point-time
5, 10, and 15 min (Fig. 4) and the Al was significantly de-
creased, while no significant difference was observed between

C

.y y%,v At the end

of glucose infusion 1

6h post infusion

15 sec I

C

At the end
of glucose infusion

6h post infusion

15 sec -j

Figure 2. Fragments of illustrative recordings of
parasympathetic and sympathetic nerve activity
from C and HGrats at the end of glucose infu-
sion and 6 h postinfusion. Parasympathetic (A)
and sympathetic (B) activities are displayed as
mean voltage. Each peak represents spontaneous
spikes of parasympathetic and sympathetic dis-
charges. Each trace was obtained from different
rats.
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Table II. AG, AIRI, and AIRI/AG in Response
to Glucose Loading in C and HGRats under Vagotomy
or Oxymetazoline Injection

ALRIIAG

AIRI pM/ Absolute Percent of intact
n AGmM/min min value or untreated rats

C 8 1.4±0.2 *129±38 t108±36
HG 8 1.1±0.19 355±75 448±145

C. 11 1.97±0.15 102±23 53±10 49

HG, 12 "11.86±0.22 "225±36 **148±31 33

COXY 8 1.61±0.15 115±24 78±20 72
HG0xy 10 1.53±0.16 §§193±19 "111133±15 30

Values are means±SEM. n, number of experiments. AGand AIRI
represent incremental plasma glucose and insulin concentration inte-
grated over a period of 60 min of test. AIRI/AG, insulinogenic index.
* P < 0.01, P < 0.001, HGrats vs. control rats. § P < 0.05, C, rats
vs. C rats. lP < 0.05, ** P < 0.001, HG, rats vs. HGrats. 0§ P
< 0.01, 111 P < 0.001, HGo0y rats vs. HGrats.

C 14

12

10

8

6

4

2

0

0 20 30 60 (min)

Time

Figure 3. Variation of plasma glucose concentrations in response to
glucose loading in C (o) and HG(.) rats, 6 h postinfusion. The tests
were performed either in intact rats (A), after subdiaphragmatic vagot-
omy (B), or under oxymetazoline treatment (C). ***P < 0.001 sig-
nificant differences between HGand C rats.

Cv and C rats. This situation was reflected in the insulinogenic
index as well: the AIRI/AG was significantly lowered in HGv
rats compared to HGrats (Table II). Consequently, the differ-
ence between control and HGrats was attenuated by vagotomy;
e.g., the AIRI/AG of HGv rats was not significantly different
from that of control intact rats (Table II).

Effect of the a2A adrenergic agonist oxymetazoline on insu-
lin secretion in response to intravenous glucose. In both groups,

the AGwas not noticeably modified by oxymetazoline treat-
ment. As indicated by the time-course of the plasma insulin
during the test, oxymetazoline treatment induced different ef-
fects on insulin secretion in HGand C rats. Insulin release was

only very slightly modified in oxymetazoline-injected C rats

(COXY) (Fig. 4 and Table II). By contrast, oxymetazoline treat-
ment largely affected insulin secretion in the HGgroup (HG."y):
at each point-time plasma IRI increased less than in untreated
HG rats (Fig. 4). Consequently, the AIRI and, to a greater
degree, the AIRI/AG were significantly decreased in HGOY
rats compared to untreated HGrats. Moreover, the difference
with untreated control rats was almost abolished (Table II).

Discussion

The dramatic increase in plasma insulin concentration consecu-

tive to a 48-h glucose infusion, followed by a return to almost
normal values 6 h after the infusion was terminated, is in accor-
dance with our previous observations (7, 17). The persistence
of high plasma insulin concentrations over 4 h after the end of
glucose infusion, despite low plasma glucose levels, is of special
interest. Provided that this situation could not be ascribed to a

decreased insulin degradation and/or an increased peripheral
insulin action, it suggests an enhanced sensitivity of pancreatic
,8 cells to glucose in vivo. This hypersensitivity is confirmed
by the subsequent high insulin response to a slight increase in
plasma glucose level after glucose loading in HGrats (Fig. 4).
Therefore the high potentiating effect of 48-h hyperglycemia
on islet activity in normal rats seems to be largely related to islet
hypersensitization. This is in agreement with previous studies
showing that long-term exposure to high glucose concentrations
lower the threshold of insulin release induced by glucose ( 17-
21). These changes may be due, at least in part, to increased
glucose transporter GLUT-2 affinity and glucokinase activity
resulting in increased glucose utilization by the cell (22).

As indicated by the firing rates from the superior cervical
ganglion and from the thoracic vagus nerve recorded at the end
of the glucose infusion period, both sympathetic and parasympa-
thetic activities were greatly altered by glucose infusion.

Previous studies demonstrated that acute changes in blood
glucose concentration may modify parasympathetic nerve activ-
ity in several species. Niijima especially reported that intrave-
nous administration of glucose increased the discharge rate in
the hepatic branch of the vagus nerve in rabbits (23) and guinea
pigs (24), and in both the hepatic and pancreatic branches of
the vagus nerves in rats (25). In the latter experiments, the
firing rate was closely related to blood glucose over a wide
range of concentrations, between 0.6 and 4.5 g/liter (25). Our
findings match these observations. Because the alterations re-

ported in the present study are more pronounced than in studies
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where plasma glucose concentration was acutely and transiently
increased, it can be postulated that the increase in parasympa-
thetic nerve activity may be strengthened by the duration and
intensity of the glucose stimulus.

The relationships between glucose and insulin concentra-
tions and sympathetic nervous system activity are rather com-
plex. Sympathetic activity is stimulated by carbohydrate feed-
ing, especially glucose and fructose in humans (26) and rats
(27). This effect is specific for carbohydrates, because it can
be observed in the absence of increase in total caloric intake and
cannot be reproduced by artificial sweeteners (28). Conversely,
fasting (29) and/or hypoglycemia (30, 31) suppress sympa-
thetic activity. However, recent evidence indicates that this rela-
tionship is mediated by diet-induced variations in plasma insulin
rather than glucose. In rats made diabetic by streptozotocin,
which are hyperglycemic and hypoinsulinemic, sympathetic
nervous system activity is considerably reduced (32), whereas
insulin injection into rats, along with the administration of glu-
cose to maintain euglycemia, stimulates sympathetic nerve ac-
tivity (32). The same conclusions can be drawn from observa-
tions made in humans. Hyperinsulinemia associated either with
hypoglycemia (33) or with euglycemia (34) increased skin
nerve and muscle nerve sympathetic activities, respectively.
Furthermore, Vollenweider et al. (35), performing simultane-
ous microneurographic recordings and caloric determinations
of carbohydrate oxidation rate, showed that hyperinsulinemia
per se, and not insulin-induced stimulation of carbohydrate me-
tabolism, was responsible for enhanced sympathetic activity in
subjects submitted to insulin/glucose infusions. In fact, ac-
cording to the experiments performed by Niijima in the rabbit,
glucose itself suppresses sympathetic activity. Injection of a
10% glucose solution, but not of mannose or of 0.9% NaCl,
into the carotid artery or the general circulation decreases the
discharge rate of the splanchnic nerve, while hypoglycemia in-
creases it (23, 36, 37). Our finding of a sharp decrease in the
firing rates from the superior cervical ganglion in rats previously
submitted to elevated and prolonged hyperglycemia are consis-
tent with these data and support the view of a suppressive effect
of a long-term elevation of blood glucose concentration on sym-
pathetic nervous system activity. Our data can also be connected
with the recent demonstration of a decreased catecholamine
secretion from the adrenals of BB rats which are chronically
and severely hyperglycemic (38).

The significant alteration in both sympathetic and parasym-
pathetic nerve activities, consecutive to hyperglycemia, that we
observe may be of clinical relevance. Autonomic neuropathy,
one of the main complications of diabetes, is involved, at least
for a large part, in defective counterregulation and unawareness
of hypoglycemia, two interdependent major problems for pa-
tients with insulin-dependent diabetes (39, 40). Our experimen-
tal model seems to be suitable for studying the possible deleteri-
ous effects of isolated hyperglycemia on autonomic nervous
system activity.

It is noteworthy that parasympathetic and sympathetic nerve
activities remained very high and very low, respectively, for
several hours after the end of the exposure to glucose, even
though plasma glucose level was clearly lower than normal and
insulin concentration was not significantly different from that
of controls. To our knowledge, this is the first demonstration
of a persisting effect of previous hyperglycemia on autonomic
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Figure 4. Variation of IRI concentrations in response to glucose loading
in C (o) and HG(-) rats, 6 h postinfusion. The tests were performed
either in intact rats (A), after subdiaphragmatic vagotomy (B), or under
oxymetazoline treatment (C). *P < 0.05, **P < 0.01, ***P < 0.001
significant differences between HGand C rats.

nervous system activity in nondiabetic rats even after the with-
drawal of the stimulus.

It is also significant that rats submitted to glucose infusion
were not only hyperglycemic but also highly hyperinsulinemic.
The decrease in sympathetic and the increase in parasympathetic
activities are, as discussed above, a consequence of hyperglyce-
mia and not of hyperinsulinemia, which has opposite effects on
these activities. This suggests that, when hyperglycemia and
hyperinsulinemia are present concomitantly, the effects of glu-
cose on the autonomic nervous system activity prevail over
those of insulin.

The insulin secretory response to glucose in C and HGrats
submitted either to vagotomy or to oxymetazoline treatment,
strongly suggests that the overall high parasympathetic and low
sympathetic tones that we observed in HGrats contribute to the
oversecretion of insulin. The decrease in insulin release in HG
rats, under both conditions is actually due to the treatments
themselves and not to alterations in the glycemic profiles after
glucose loading, which were very similar in intact and HGv or
HGo0y rats (Fig. 3).

The involvement of the parasympathetic nervous system in
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the pancreatic /3 cell hyperresponsiveness to glucose is evi-
denced by a greater suppressing effect of vagotomy on insulin
secretion in HGthan in C rats. The stimulatory effect of the
parasympathetic nerve on insulin release is mediated by acetyl-
choline. It is now recognized that neural signals from the vagus
to the /3 cell participate in the cephalic phase of insulin secretion
( 14). Interestingly, several lines of evidence suggest that acetyl-
choline contributes to the pancreatic /3 cell sensitization to glu-
cose. Zawalich et al. (13) showed that when pancreatic islets
were previously exposed to cholinergic agonists such as carba-
chol, the subsequent insulin secretory response to a submaximal
glucose concentration (7.5 mM) was significantly increased.
Moreover, acetylcholine stimulates phosphoinositide turnover
(41). An important role in the induction of glucose memory in
pancreatic islets has been ascribed to phosphoinositide metabo-
lism (42), especially via the generation of diacylglycerol as
well as the activation of the Ca2+-dependent protein kinase
(43). Our findings match these data and support the concept of
a crucial contribution of vagal stimulation to the control of
insulin secretion, at least in part, by means of the sensitization
of islets to glucose.

Sympathetic stimulation suppresses insulin secretion mainly
through the release of norepinephrine by postsynaptic fibers
(12). The inhibitory effect of norepinephrine is exerted by the
activation of postsynaptic a2 adrenoreceptors (44). Recently it
has been proposed that in the pancreatic /3 cell the a2A subtype
rather than the a2B subtype is specifically involved in the inhibi-
tion of insulin release (45). Therefore, to verify whether the
decreased sympathetic activity consecutive to hyperglycemia
could influence insulin secretion, we used an adrenoreceptor
agonist specific for the a2A subtype, oxymetazoline (45).
Clearly, the inhibitory effect of oxymetazoline in HGrats, which
was much more marked than in controls, argues for the involve-
ment of low sympathetic tone in the high ,8 cell responsiveness
to glucose in these rats.

In conclusion, prolonged hyperglycemia in rats results in an
overall increase of parasympathetic and a decrease in sympa-
thetic activities. As a consequence, these alterations contribute
to the sensitization of pancreatic islets to glucose. Taken to-
gether, these data support the view of participation of the auto-
nomic nervous system in the in vivo ,/ cell memory to glucose
and suggest that a loop links plasma glucose concentration,
autonomic nervous system activity, and insulin secretion.
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