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Effects of substantia nigra lesions on the volumes of A, B, and D cells
and the content of insulin and glucagon in the rat pancreas
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Summary. The effects of substantia nigra lesions on the vol-
ume densities of islet cells and on the content of insulin and
glucagon in the pancreas were examined using five groups of
age-matched, Sprague-Dawley rats. Two groups received bi-
lateral substantia nigra lesions using intrathecal injections of
either a low (6 ug/hemisphere) or a high (12 ug/hemisphere)
dose of 6-hydroxydopamine. Rats given sham lesions served
as controls for the effects of the neurotoxic drug. These three
groups, plus a fourth consisting of unoperated controls, were
provided with a high-fat diet to minimize lesion-induced alter-
ations of food intake and body weight. Eleven weeks after le-
sion placement, tissue was collected from all animals for the
assessment of islet cell volume densities and the pancreatic
content of insulin and glucagon. Plasma samples also were
obtained to determine the levels of glucose, insulin, and glu-
cagon. Data from those animals were compared with that ob-
tained from a fifth group, termed “pre-lesion controls”, sacri-
ficed at the beginning of the experiment. Linear-scan mor-

phometry documented an increase of B-cell volume density in
the pancreas of non-lesioned rats over the 11-week period
{p <0.05). However, the volume density of B cells in the pan-
creas of lesioned animals did not increase compared with that
of pre-lesion controls. In terms of A or D cells, no significant
differences of volume density were found between the five
groups. Compared with that of the pre-lesion controls, pan-
creatic insulin and glucagon content increased in the lesioned
and neurally-intact animals. However, the molar ratio of those
hormones in the pancreas of lesioned rats remained similar to
that of pre-lesion controls. The current findings suggest that
the substantia nigra is an important autonomic area involved
in controlling islet growth and development, and possibly islet
function as well.

Key words: Pancreatic islets, substantia nigra, rat, autonomic
nervous system, neural control.

Control of pancreatic islet function by the autonomic
nervous system is now amply documented [1, 2]. Stimu-
lation or sectioning of pancreatic nerves predictably al-
ters the secretion of hormones from all major islet cell
types [1, 2]. Within the central nervous system, experi-
mental manipulation of the ventromedial or ventrolat-
eral hypothalamus results in classical effects upon food
intake and body weight [3, 4], promotes significant alter-
ations of islet hormone release [5-8], and alters islet
morphology [9, 10].

In addition to the ventral hypothalamus, several
other central nervous system areas may be involved in
modulating autonomic signals reaching the islets. The
substantia nigra (SN), for example, is a mesencephalic
region that has been implicated in the regulation of
food intake and body weight [11, 12]. Recently, we re-
ported [13] that chemical lesions of the SN in rats were
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associated with reductions of both the size and volume
density of their pancreatic islets. Because the volume
density of islet tissue in SN-lesioned rats was compar-
able to that of younger control animals, damage to this
brain area appeared to have interrupted the expected
rate of pancreatic islet growth. In this study we report
additional data from those experiments concerning im-
munocytochemical identification of the islet cells con-
tributing to the SN lesion-related reduction of islet
growth, and how such lesions affected hormone levels
in the plasma and pancreas.

Materials and methods

Animals and housing

Age-matched, male Sprague-Dawley rats weighing approximately
200 g were obtained from Taconic Farms, Germantown, New York,
USA. Rats were housed individually in wire mesh cages with lights on
from 06.00 to 18.00 h. Prior to experimental use, all animals were al-
lowed access to powdered Purina Laboratory Chow (Ralston-Purina,
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St. Louis, Missouri, USA) from 09.00 to 16.00 h; water was available
ad libitum. As reported earlier [13], when the rats attained body
weights of approximately 340 g they were divided randomly into five
experimental groups:

Group 1: Pre-lesion rats (n=7) were killed by decapitation and
pancreatic tissues were collected for morphometric studies and hor-
mone assays as described below.

Group 2: Unoperated controls (n =8) did not receive lesions, but
were treated identically to groups 3-5 below.

Group 3: Sham-lesioned rats (n =7), given bilateral injections of a
0,2% NaCl-ascorbic acid vehicle solution (Sigma Chemical Co.,
St. Louis, Missouri) into the SN at a dose of 3.0 pl/hemisphere, were
treated identically to the lesioned rats (see below).

Group 4: Low-dose lesioned rats (n=10) were given bilateral in-
tranigral injections of the catecholamine neurotoxin [14], 6-hydroxy-
dopamine (6-OHDA, Sigma), at a dose of 6 (1g/hemisphere.

Group 5: High-dose lesioned rats (n=7) were given bilateral in-
tranigral injections of 12 ug/hemisphere of 6-OHDA.

Lesions and post-operative care

Following an overnight fast, rats were anaesthetised with ether and
placed in a stereotaxic instrument (David Kopf Instruments, Tujunga,
California, USA). Injections of 6-OHDA or vehicle were delivered
bilaterally into the SN as described previously [13]. To block the up-
take of 6-OHDA into noradrenergic neurons, all animals were inject-
ed with 20 mg/kg des-methylimipramine (USV Pharmaceuticals, Tar-
rytown, New York) 20 min prior to surgery [15]. Because desmethyl-
imipramine apparently decreases gastric motility [16], food was with-
held from all rats for 3 days following lesion placement. Water intake
was recorded daily during the first post-operative week. Any rat not
drinking at least 5 ml/day was given 10 ml of warmed tap water intra-
gastrically. From day 4 following surgery until the conclusion of the
experiment, all rats were allowed free access to a diet consisting of a
2:1 mixture (wt/wt) of powdered Purina Laboratory Chow and veg-
etable shortening (Crisco, Procter & Gamble, Cincinnati, Ohio, USA)
from 09.00 to 16.00 h. This diet and feeding schedule was shown pre-
viously to minimise differences of body weight between the lesioned
and control groups [13]. Body weight was recorded at weekly intervals
until the conclusion of the experiment at 11 weeks following lesion
placement.

Tissue collection and processing

Rats were killed by decapitation after an overnight fast. Brains were
dissected and blocks of tissue containing the mesencephalon were
processed for lesion verification using a fluorescence histochemical
method [13]. Trunk blood was collected into chilled, heparinized cen-
trifuge tubes containing 0.05 mol/l benzamidine-HCI (Sigma) and
aprotinin (500 KIU/ml, Trasylol, Sigma) to inhibit proteolytic degre-
dation of hormones. Plasma was stored at —20°C until assayed. The
entire pancreas was dissected free from surrounding connective tissue
and weighed. Tissue blocks of approximately 4 mm® were dissected
from the gastric, splenic, and duodenal regions. One set of tissues was
weighed and homogenized in 2 ml of acidified ethanol. Following an
overnight extraction and centrifugation at 3000 g for 60 min the super-
natant was stored at — 20 °C until assayed for pancreatic hormones. A
second set of tissues was weighed, fixed in Bouin’s solution for 12 h,
then dehydrated in graded alcohols. Tissues from each animal were
embedded in a single paraffin block to eliminate variability in the
morphometric analyses due to regional differences of islet cytoarchi-
tecture [17]. Sets of serial 4 um sections were obtained at 200-um inter-
vals through the entire tissue block. Sections were mounted onto
gelatin-coated glass slides and stored until stained.

Immunocytochemistry

Serial sections of pancreas were stained for the immunocytochemical
localization of A (glucagon), B (insulin), and D (somatostatin) cells
according to previously reported techniques [13, 18]. The primary hor-
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mone antisera used were: rabbit anti-glucagon (1:500, antiserum
14D, a gift from Dr. R.C. McEvoy, Mount Sinai School of Medicine,
New York; guinea-pig anti-insulin (1:100, Cappel Laboratories, West
Chester, Pennsylvania); or rabbit anti-somatostatin (1:1000, a gift
from Dr. J. W. Ensinck, University of Washington School of Medicine,
Seattle, Washington). Control procedures included the use of sections
incubated with an antiserum previously absorbed with an excess
(1-10 ug/ml) of its appropriate antigen and normal serum used in
place of an immune serum [18].

Morphometric methods

Initially, point-counting was used to determine the volume density of
islet tissue by directly observing pancreatic sections under a micro-
scope [19]. Then a linear intercept method was employed for deter-
mining volume densities of the A, B, and D cells [20]. In this latter
method we used a Leitz Orthoplan microscope (Ernst Leitz, Wetzlar,
FRG) with optical linear-encoders (Teledyne-Gurley, Troy, New
York) attached to its stage. The linear-encoders measured distances
along the X- and Y-axes, and each was interfaced to a PDP-11/34
computer (Digital Equipment Corporation, Maynard, Massachu-
setts). Adjacent immunocytochemically-stained sections were
scanned for both hormone-positive and unstained islet cells in at least
50 islets/pancreas. At a magnification of X430, islets were scanned
along their entire X-axis at 50 um intervals of the Y-axis. By this meth-
od, the volume density (Vd) of A, B, or D cells in the pancreas (Vd
cell/pancreas) was individually quantitated based on the formula:

volume density of islets in

4 mm of scan over a given cell type
the pancreas

total mm of scan over the islets
= Vd (cell/islet) x Vd (islet/pancreas)

mm scan cell type
mm scan total islet

where Vd (cell/islety=

and
number of points islets’

Vd (islet/pancreas) = et -
number of points islets plus exocrine

The linear scan method also was used to verify our previous data
on islet volume of the pancreas obtained via point-counting [13]. Both
methods gave comparable results: by point-counting mean islet
Vd=0.88%, and by linear scan mean islet Vd=0.87% (n =8, r=0.93,
p<0.001). As stated previously [13] at least 30000 points (187.5 mm?
tissue section) was analyzed per pancreas. This corresponds to ap-
proximately 1.5 m of linear scan per pancreas to give an estimated er-
ror [19] of 4%.

The relative percentages of A, B, and D cells within individual is-
lets were determined by counting the number of hormone-positive
and non-positive cells with visible nuclei on adjacent immunostained
sections of at least 50 islets per pancreas.

Chemical determinations

Plasma glucose was measured using a glucose analyzer (Beckman In-
struments, Fullerton, California); data were expressed as mmol/L
The concentration of insulin or glucagon in plasma and pancreatic ex-
tracts was determined by radioimmunoassay. Insulin [21] and gluca-
gon [22] were determined in tissue extracts using polyethylene glycol
(Fisher Scientific, Pittsburg, Pennsylvania) to precipitate antigen-
antibody complexes. The concentrations of insulin [23] and glucagon
[24] in plasma samples were determined using double antibody meth-
ods. Insulin assays were performed using monoiodinated insulin
(New England Nuclear, North Billerica, Massachusetts), crystalline
rat insulin standards (24 U/ml, Novo, Bagsvaerd, Denmark), and gui-
nea-pig anti-insulin (final dilution 1:200000, a gift from Dr. D. Porte,

! Data from [13]
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Table 1. Changes in weekly body weights during the experimental period

Week 0 12 2° 3 4

5 6 7 8 9 10

Group

1(n=7) 3Bl 7 — - - -
2(n=8) 342+14 34116 354415 38017 39220
3(n=T) 338+ 6 313+7 329+ 8 354+12  368+16
4(n—=10) 348+ 4 300£5 328410 353+ 5 379+ 7
5(n=T) 349+ 6 280+6 310+ 9 338+ 9 35614
P NS <001 <005 NS NS

40619 408+21 421+£20 430+£22 447+21 442+8
38712 396+13 407+ 9 408+ 9 403+ 6 41519
399+ 9 415 7  413+12  429+12  433+13 4347
372+12 38013  382+14  393+11 399+10 39438
NS NS NS NS NS NS

Data are mean SEM. 22>3>4>5 p<0.01; 2° 3 and 4> 5, p <0.05

Jr., University of Washington, Seattle, Washington). Glucagon assays
were performed using monoiodintaed glucagon (New England Nu-
clear), crystalline porcine glucagon standards (50 ng/ml, Novo), and
the highly specific [18, 22] anti-pancreatic glucagon 14D (final dilu-
tion 1:5000). Sensitivities of the insulin and glucagon radioimmu-
noassays were 2 uU/ml and 25 pg/ml, respectively. Interassay varia-
bility was 2% for the insulin assay and 10% for the glucagon assay. All
assays were performed at 4 °C with appropriate aliquots of extracts or
plasma diluted using 0.04 mol/1 phosphate-buffered saline (pH 7.6)
containing 0.05% bovine serum albumin, 0.01 mol/1 benzamidine-
HCl and 0.05mol/1 EDTA (all from Sigma). Duplicate samples
(0.5 ml} of appropriate dilutions were incubated with 0.3 ml of the pri-
mary antibody and 0.3 ml of the iodinated antigen. At the conclusion
of the incubation times, second antibody (Antibodies Incorporated,

Fig.1. Immunostained serial sections of a representative pan-
creatic islet from a rat in the pre-lesion group. a Central core of
B cells stained black following incubation with anti-insulin. b A
cells (black) at islet periphery stained by anti-glucagon. ¢ D cells
stained (black) following incubation with anti-somatostatin

(> 300)

Davis, California) or polyethylene glycol was added to the assay
tubes. Following centrifugation (1500 g for 60 min at 4 °C), the super-
natant was decanted and the ratio of bound/total counts was deter-
mined using an autogamma counter (Beckman). Values obtained
from the standard curves were multiplied by appropriate dilution fac-
tors and by pancreatic wet weight to calculate values for pancreatic
hormone contents. The insulin: glucagon molar ratios were deter-
mined according to Unger [25].

Statistical analyses

All data are presented as mean = SEM. Comparisons were made us-
ing analysis of variance (ANOVA) followed by Newman-Keuls tests
[26]; p<0.05 was considered significant.
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Results

As reported in detail previously [13], fluorescence histo-
chemical analyses revealed marked reductions in the
number of dopamine-containing cells in the SN of rats
given 6-OHDA lesions. When compared with unoperat-
ed controls (group 2) and sham-lesioned (group 3) ani-
mals, the low-dose (group 4) rats lost 65-80% and the
high-dose (group 5) rats lost 80-95% of their respective
nigral dopamine cells. The effects of SN lesions on
body weight are presented in Table 1. The mean body
weights of all groups were comparable at the start of the
experiment (week 0). At the end of the first week follow-
ing surgery (week1), the sham-operated (group 3),
low-dose lesioned (group4) and high-dose lesioned
(group 5) rats showed significant reductions of body
weight with respect to unoperated controls (group 2).
By the end of the second week following surgery only
the high-dose lesioned rats weighed significantly less
than the other groups. There were no overall group dif-
ferences of body weight from the third to the tenth week
following surgery. Also, compared with pre-lesion
(group 1) rats, there was a increase (p<0.01) of body
weight in groups2-5 over the 11-week experimental
interval.
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Fig.2. Serial sections of an islet from a rat in the unoperated
control group. a B cells stained black by anti-insulin. b Periph-
eral A cells immunostained with anti-glucagon. ¢ D cells at islet
periphery (black) stained by anti-somatostatin. In both qualita-
tive and quantitative [13] terms, islet of rats in the sham-lesioned
group were similar to those shown here ( x 300)

By examining adjacent immunostained sections
(Figs.1 and 2), islet morphology and cytoarchitecture
appeared qualitatively normal [18] in the pancreas of
neurally intact rats (groups 1-3). Although many islets
in the lesioned rats (groups 4 and 5) also appeared nor-
mal (13), those animals had a higher incidence of islets
exhibiting degenerative changes, including degranula-
tion, vacuolization, and connective tissue infiltration
271

The quantitative effects of SN lesions on the volume
densities of A, B, and D cells are summarized in Table 2.
There were significant overall group differences of B-
cell volume density (Fy,5 =4.64, p <0.01). Comparisons
among group means revealed that B-cell volume den-
sity was less (p <0.05) in the pancreas of pre-lesion,
low-dose or high-dose lesioned rats when compared to
that of animals in the unoperated control and sham-le-
sioned groups. More importantly, when the data from
pre-lesioned rats were compared with that of the unop-
erated control and sham-lesioned animals, it was seen
that an increase of B-cell volume density (approximate-
ly 60%) occurred in the neurally-intact rats over the
11-week experimental period. There were, however, no
comparable increases of B-cell volume density in the
pancreas of lesioned rats during this interval. There
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Table2. Volume density of specific types of islet cells in the pancreas

Experimental group A-cells B-cells D-cells

1(n=7) 0.19+0.03 0.65+0.1% 0.04 +£0.01
2(n=38) 0.25+0.04 1.18£0.2 0.04+0.01
3(n=7) 0.26+0.04 11 +0.2 0.04+0.01
4 (n=10) 0.19+0.04 0.61+0.12 0.04£0.01
5(n=T) 0.25+0.06 0.59+0.12 0.05£0.02

Data are mean+ SEM. 2 p <0.05 different from groups 2 and 3. Val-
ues are expressed as a percentage of total pancreatic tissue

Table 3. Relative percentages of A, B and D cells within the islets

Group A cells B cells D cells
1(n=6) 3343 50+3¢ 1712
2(n="7) 2742 59+3 14+1

3(n=06) 251 61+2 141

4(n=9) 36£20 48422 17412
5(mn=T) 43422 37+32 2012
P <0.01 <0.01 <0.01

Data are mean+SEM. Values are based on at least 50 islets per pan-
creas. ¢ p <0.05 different from groups 2 and 3

Tabled4. Concentrations of insulin and glucagon extractable from the
pancreas

Experimental Insulin Glucagon Insulin: glucagon
group (mU/gland) (ng/gland) molar ratio
1(n=7) 342005  17.0+23 4.8+0.9?
2(n=8) 6.1+£0.05 19.9+45 9.2+1.6
3(n=7) 54+04 174+33 108+1.2

4 (n=10) 51+05 248+3.5 59+1.0°
5(n="7) 44+04 274+3.0 3.5+£03

Data are mean = SEM. 2 p <0.05 different from groups 2 and 3

Table 5. Plasma levels of glucose, insulin, and glucagon

Experi- Glucose Insulin  Glucagon Insulin:glucagon
mental (mM/1)  @U/ml) (pg/ml) molar ratio
group

1(n=7) 5+02 54+7 645+175 13+02
2(n=8) 6+03 54+£7 1165+£254 1404
3(n=7) 5x03 466 1116+420 1.4+0.5
4(n=10) 506 62+5 1175+£310 1.8+0.5
S5n=T7) 6+02 48+6 1441+£342 12103

Data are mean £ SEM

were no significant alterations of A- or D-cell volume
density between these groups during the experimental
time period or following SN-lesioning.

The effects of SN lesions on the relative percentages
of A, B and D cells within the islets are presented in
Table 3. There were significant overall group differ-
ences in the percentages of all three islet cell types.
Compared with the pre-lesion rats, (group 1), islets from
older neurally intact rats (groups 2 and 3) showed an in-
crease in the percentage of B cells and a corresponding
decrease in the percentage of A and D cells within the
islets during the experimental period. However, islets
from lesioned rats (groups 4 and 5) failed to show the
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increase in B cells and decreases in A and D cells during
the experimental period.

The effects of SN lesions on the hormonal content
of the pancreas are summarized in Table 4. There were
significant overall group differences of pancreatic insu-
lin content (F;3,=4.52, p <0.01). Compared with that
of pre-lesion rats (group 1), the content of insulin in the
pancreas of unoperated control (group 2) and sham-le-
sioned animals (group 3) increased approximately 70%
over the 11-week period (p <0.05). In contrast to the un-
operated control and sham lesioned groups, pancreatic
insulin content in the lesioned groups (groups 4 and 5)
was not significantly elevated above that of the pre-
lesioned group. In terms of pancreatic content of gluca-
gon, the lesioned animals tended to have higher levels
than the other groups; however, those differences did
not reach statistical significance. Nevertheless, the trend
toward lower insulin and higher glucagon contents in
the pancreas of SN-lesioned rats was reflected by signif-
icant overall group differences of insulin: glucagon mo-
lar ratios (F434=3.07, p <0.05). When compared to the
pre-lesion group, the older controls (groups2 and 3)
showed an age-related increase in the molar ratio of
these two hormones. In conirast, the lesioned animals
did not display an age-related increase in the molar ra-
tio of insulin and glucagon. There were no significant
differences between the five groups in terms of basal
plasma levels of glucose, insulin, or glucagon, or the
molar ratios of the circulating hormones (Table 5).

Discussion

Recently, we reported that SN lesions in rats were asso-
ciated with reductions of both islet size and the percent-
age of pancreas occupied by islet tissue [13]. However,
in our earlier study, we had not considered how poten-
tial alterations in the volume of specific endocrine cell
populations might affect islet mass. In this study quanti-
tative analyses, which assessed A, B, and D cells in SN-
lesioned rats, revealed that changes of islet volume den-
sity were primarily due to a reduction in B-cell volume
density with respect to age-matched neurally intact rats.
This phenomenon was interpreted as a decrease in the
expected growth of B-cell mass rather than a dispropor-
tionate increase of exocrine tissue mass, because pan-
creatic weight was not changed as a result of SN lesions
[13]. The lesion-associated decrease in B-cell growth
was accompanied by alterations in local islet cytoarchi-
tecture. Thus, the relative percentage of the different
cell types within the islets changed from approximately
60% B cells, 26% A cells and 14% D cells in older, neu-
rally intact rats to 42% B cells, 40% A cells and 18% D
cells in lesioned rats. The significance of these local
changes is not known, but they might be expected to re-
sult in changes in paracrine interactions within the is-
lets.
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Although SN lesions apparently had no adverse ef-
fects upon basal hormone levels over the course of these
experiments, an overview of the current data suggests a
potential for longer-term metabolic consequences. In-
sulin content in the pancreas of lesioned rats was not
markedly reduced despite decreased B-cell mass. This
apparent paradox was not so surprising in view of
studies showing that, in the pancreatectomized dog, sys-
temic insulin levels were conserved despite an 80% re-
duction in pancreatic mass [28]. Moreover, in the rat,
over 90% of the pancreas must be removed before overt
signs of diabetes develop [29]. Thus, a 60% reduction in
the total mass of B cells in the pancreas, as reported
here, would not be expected to result in impaired func-
tion of the endocrine pancreas. Apparently, rats com-
pensate for partial loss of B-cells via increased produc-
tion and secretion of insulin by their remaining cells.
But increased and continual requirement for insulin, in
such cases, often promotes exhaustion and subsequent
degeneration of the remaining B-cells [28]. Indeed, the
classical signs of islet degeneration [27] we observed in
SN-lesioned rats seemed consistent with alterations
caused by increased functional demands on the re-
duced B-cell population. The somewhat elevated levels
of pancreatic and plasma glucagon (Tables 4 and 5) as
well as the increase in the relative percentage of A-cells
within the islets (Table 2) in lesioned animals also could
be interpreted as a compensatory mechanism for the
maintenance of B-cell function. That is, through well
known paracrine interactions [30], an elevation of intra-
islet glucagon might have favoured an increase in the
production and secretion of insulin. While the molar ra-
tio of insulin : glucagon in plasma was comparable in all
five groups, differences in the ratio of these hormones
extractable from the pancreas of SN-lesioned rats might
have led eventually to abnormalities of metabolic
homeostasis.

The major question raised by this investigation re-
lates to the mechanism through which SN lesions lead
to a lack of growth of B cells. Because islet mass corre-
lates with body weight [31], a decrease of B-cell volume
density could have occurred as a result of weight loss, a
factor commonly associated with SN lesions [11, 12]. In
this study, however, body weights of control and le-
sioned animals were comparable throughout most of
the experiment because we utilized diet and feeding
conditions that effectively prevent such differences [13].
It seems more likely that the failure of B-cell mass to in-
crease in lesioned animals relates to a neurally regu-
lated alteration of islet growth. It is amply documented
that islet growth in rats continues throughout life, with
B-cells making the major contribution [33]. Although
our morphometric data in general compare favorably
with those of previous studies concerning age-related
changes in the rat endocrine pancreas, the increase of B-
cell mass in neurally intact rats in the present study
seems somewhat accelerated with respect to that report-
ed by McEvoy [34]. This apparent discrepancy may be
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related to the diet and feeding schedules used in our
experiments, since it is known that such a fasting-re-
feeding regimen stimulates B-cell secretion [35] and
possibly B-cell growth was well. Because we established
baseline conditions for islet mass through use of an age-
matched pre-lesion group (group 1), it was possible to
determine that an increase of islet and B-cell mass oc-
curred in neurally-intact animals (groups 2 and 3), but
not in those given SN lesions (groups 4 and 5). The lat-
ter groups, in fact, were comparable to the much youn-
ger pre-lesion animals in terms of islet size and the vol-
ume density of individual endocrine cell types. Thus, it
seems reasonable to conclude that islet growth is some-
what dependent upon the outflow of central autonomic
signals.

The precise role of autonomic signals in regulating
pancreatic islet morphology and growth has not been
firmly established. Nevertheless, an intact nerve supply
is vital for growth and development of other tissues,
such as the parotid gland [36] or muscle [37]. Because is-
lets are richly supplied with autonomic nerves [1, 2], it
seems reasonable to speculate that innervation also
plays an important role in promoting and/or maintain-
ing their morphology. Support for this hypothesis can
be found in reports showing that lesioning of the ven-
tromedial hypothalamus not only increases islet func-
tion [7], but also stimulates islet growth [2, 9]. Moreover,
these phenomena seem dependent upon an intact nerve
supply to the endocrine pancreas, since vagotomy [10]
or islet transplantation [38] prevents both the morpho-
logical and functional sequelae of ventromedial hypo-
thalamic lesioning.

Although certain regions of the central autonomic
system have an impact upon islet structure and function
[1, 2, 10, 31}, the importance of the SN and many other
central nervous system areas remain to be defined in
this regard. Recent studies have suggested the existence
of pathways between the SN and intermediolateral cells
of the spinal cord [39], and between the SN and hypo-
thalamic paraventricular nucleus [40]. Interestingly, the
paraventricular nucleus has direct connections with the
dorsal vagal complex [41]. Thus, the SN might play a
role in modulating the outflow of both sympathetic and
parasympathetic signals which ultimately reach the is-
lets.
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