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A stereological study was carried out to analyse pancreatic
endocrine A-, B-, and D-cells (immunostained by the PAP procedure)
in 10 rats chronically consuming ethanol and 10 rats fed an isoener-
getic standard dietfor 4 months. The entire area of parenchymal tissue,
including islets, was measured using a point-counting procedure. All
islet profiles within the section were courted; their profile area, volume
and numerical density, and the total volume were determined by
point-counting, and their major and minor axes were measured. Mor-
phometric measurement of the total number of A-, B-, and D-cells per
islet and per pm? of islet, as well as volume and surface density of cell
and nucleus were made. A standard stereological equation were used
10 calculate the above parameters. The mean diameter of the biood
vessels was calculated from the formula D= 8W/Sv, and their mean
length from the formula L = 4W/ xD. The results obtained showed that
chronic alcohol feeding significantly decreased the total volume of
islets; the surface area, diameter and total volume of A-cells; all
parameters investigated for B-celfs, and surface area of D-cells. The
volume fraction of islet blood vessels was significantly increased, as
well as the diameter and length of islet biood vessels.
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INTRODUCTION

Although controversy regarding the definition and different histological
types of alcoholic chronic pancreatitis in human and animal models prevails in
the literature (Sarles, 1975; Singh 1987; Singer et al., 1990; De Angelis et al,
1992). the association between ethanol and chronic pancreatitis is well estab-
lished. Functional studies showed that exocrine deficiency has a significant effect
on islet cell function, and' there are exocrine pancreas- insulin, glucagon,

pancreatic polypeptide and somatostatin interactions, as well as
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enteropancreatic interaction in chronic pancreatitis (Klpel et al., 1978; Go, 1990;
reviewed by Owiang et ., 1991},

Because little is known about the effect of alcohol on islet endocrine cells,
the purpose of this study was to determine the special attention to A-, B- and
D-calls,

MATERIAL AND METHODS

Twenty male Wistar rats 2 months old, and weighing approximately 240 g,
were randomiy allocated into contro} (C) and ethanol (E} groups. Control rats
were fed a commercial stock cereal based pelleted diet (25% protein}. The
ethanol group was given free accessto a hyperprotein cereal based pelleted diet
(34% protein) and an aqueous solution of 25% sucrose-32% athanol as recom-
mended by Hartroft (1971). The amount of food fed to the control animals was

fasted overnight and the abdomen opened under light ether anaesthesia,

The pancreas was quickly removed and weighed in air. The total volume of
the pancreas was determined using an immersion method (Scherie, 1970). Each
pancreas was cut into 5 approximately equal parts and fixed in Bouin solution,
embedded in paraffin, sectioned (Sem) and stained with Victoria trichrome stain
(Kikui et al., 1976) and by immunohistochemical procedures. For analysis, 10
sections from the middle area of the tissue- (2 per slide) were chosen from each
region, tatalling 20 sections per animal. Staining was performed in the following
manner: the first slide was stained by the trichrome Victoria method, the second
for neuron specific enolease (NSE); the third, fourth and fifth for insulin, glucagon
and somatostatin, respectively, Immunohistochemistry was performed using a
prediluted polycional antibody against neuron specific enolase (NSE; Zymed,
San Francisco, CA) and polyclonal antibodies against insulin, glucagon (DAKO
Corp., CA} and somatostatin {by courtesy of br J. Rehfield, Univ. Aarhus, Den-
mark). For NSE determination, sections were immunostained by the streptavidin
biotin technique and for insuli , glucagon and somatostatin by the unlabelled
peroxidase-antiperoxidase complex (PAP) technique.

Weibel's multipurpose test grid (M4z) was used to estimate volume (V) and
surface (Sv) density of isiet cells and jslet blood vessels (Weibel et al., 19686).
Numerical density of the islets was calculated from the formuia Nv=Na/p, where
Na was estimated from N/As. The mean islet diameter was determined directly on
the microscope with the eyepiece micrometer. The mean surface area of islets
and celis was obtained by point-counting using the equation A= ptx Va/2x d2.
The volume of the average A-, B- and D-cell was estimated using the number of
A-, B- and D- cell nuclej perxm3 of A-, B- and D-cell mass {L.oud, 1968). The mean
diameter of the blood vessels was calculated from the formula D= BVv/Sv
(Kali$nik, 1985), and their mean lengthfromthe formula L = 4V/z D, (Aherne and
Dunnil, 1982).

TheStudent t-testwas usedto determine statistically significant differences.
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RESULTS

Table 1 summarizes some stereological parameters obtained for the islets
of Langerhans in the control and experiment algroups of rats. It was found that
all parameters investigated were slightly decreased insthanol treated rats, except
for the mean islet diameter. However, there were no statistically significant
differences between the two groups of rats except that ethanol treated rats were
foundtohavea significantly reduced total pancreatic isiet yolume. This reduction
accounted for about 34% of the total islet yolume in comparison with controls

(2p<0.05).

Table 1. Stereologlcal results for the islets of Langerhans in sontrol {C) and experimental {E) rats

c E 5
{n=10) n=10} P
Volume density (mm) 0.006:+0.012% 0.005:+0.006 n.s.
Absolute volume (emS) 0.009::0.0010 0.006+0.008 005
Mumerical density (em) . 080441414 840311456 n.s.
Absolute number 1237841959 106402117 n.s.
Diameter {xm) 95.31+716 98.84-8.26 ns.

gurface area {pm’) 53601923 51394739 n.s.

*Mean SEM

The total number of endocrine cells both per istet profile and per« m? of islet
(Table 2) was somewhat increased in alcoholic rats. This increase was probably
due to an increase in the number of A- and D-cells. The number of B-cells, both
per islet and per pm? of islet was decreased. Statistically significant differences

were not found.

Table 2. Number of A, B and D-cells per islet profile and per ¢t m? of islet

[« E 2
{n=10) {n=10) P
Number/islet profile
Total 55.842.82* 60.3£5.56 ns.
A-cell 21.2+1.95 27.6:+3.54 n.s.
B-cell 30.841.49 28.4-+3.88 n.s
D-cell 3.6+40.38 4,34+0.59 .S,
Numberfum2 of Islet
Total 0.01259+0.00167 0.013684£0.00193 n.5.
A-cell 0.00480-£0,00087 0,006004:0.00103 n.s.
B-cell 0£.00700-40.00086 0.006800,00113 n.s.
D-cell 0.00076--0.00010 0.000924£00013 n.s.
*Mean SEM '

Morphometric results of A-, B- and D-cells are presented in Table 3.
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As shownin Table 3, all endocrine oolls in the rat jslots of Langsrans were
reduced in size, which indicated that ethanol had a strong effect on the cytoplas-
mic component of the cells. Besides that, the B-cell nuclej were found to be
decreased in all the parameters investigated,

Table 3. Summary of morphometric results for the A, B and D-cells

c E
(n=10) (n=10) 2p
A-cell
DIAMETER
Coli 11.404+0,0.191* 10.164+0.315 0.01
Nuclei 8.654:0.11 6.524-0.06 n.s.
SURFACE AREA (rm?)
Cell 102.404+3.42 82,0045.17 0.01
Nuclef 34.8241.21 33.40+0.60 n.s.
VOLUME DENSITY (mm% :
Cell 0.24:+0.026 0.27+0.022 n.s.
VOLUME (m®)
Cell 777.25+38,76 563.46:+53.77 0.01
Nuglei 154.244-8.03 144.51+-3.87 n.s.
B-cell
DIAMETER («m)
Cell 12,160,176 11.2440.192 0.01
Nuclei 7.29+0,12 8.50:+0.19 0.0
SURFACE AREA (¢m?)
Cell 116.404:3.41 90.50-+3.41 0.01
Nuclei 42.28+1.55 33.5641.71 0.01
VOLUME DENSITY (xm°)
Cell 0.70+0.028 0.66::0.024 n.s.
VOLUME (xm®)
Call 940,31441.89 745.07-1-38.39 0.01
Nuclei 203,36+9.74 147.18+9.88 0.01
D-cell
DIAMETER {um),
Cell 12.54-+024 11.974+0.20 n.s.
Nuclei 7.024+0.10 6.92-+0,08 n.s.
SURFAGE AREA {xm?)
Cell 70.32+1.76 61.82+1.06 0.01
Nuclei 33.464£0.74 31.84+0.51 n.s.
VOLUME (em?)
Cell 972,80+102.0 842,70::71.59 ns.
Nuclei 170.70+125 172.70+7.6 n.s.

* Mean SEM
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Histological examination revealed that islet blood vessels were dilated in
alcoholic rats. This was provad by stareological analysis (Table 4). In ethancl-
treated rats the volume density, diameter and total length of islet blood vessels
were increased. A statistically significant difference was found for volume density
{2p<0.001) and for total [ength of blood vesssls (2p<0.001).

Table 4, Stereclogical results for blood vessels in the islets of Langerhans in the control {C) and
experimental (E) rats

] E
(h=10) (n=10) 2p
Volume density (cm®) 0,02541-0,003*% 0.0744-0.007 0.001
Diameter {um) 9.73+1.23 12.62::1.05 n.s.
Total length {cm/islet) 0.003+0.0001 0.008-+0.0001 0.001

* Mean SEM

Our results obtained forthe rat pancreas after 4 months of aleohol ingestion
revealed that there was no severe morphological injury of either the exocrine or
endocrine pancreas. Kloppel et al,(1978) observed that a gross alteration of the
endocrine pancreas existed if gross morphological disturbances of exocrine
pancreatic tissue persisted, and viceversa. However, using stereological
analysis, the main alteration in the endocrine pancreas was found to concern the
total islet volume, size of endocrine cells and islet blood vessels.

Reduction of the total volume of the endocrine pancreas could be the result
of a reduction in size of all endocrine cells, especially of the B-cslls, indicating
that ethanol somehow inhibits the function of the endocrine cells which causes
their diminished size. An earlier report (Hellman and Hellestrém, 1959) on the
B-cell clearly suggested that the size of the B-cell was well correlated with their
activity and function. Our results confirm earlier literature data that B-cells are
mare sensitive than the other islet endocrine cells to various experimental
conditions or diseases (Koko et al., 1292).

Considering the anatomical position and angioarchitecture of islet cells and
vessels (Bonner-Weir and Orci, 1982) it is possible that peptidergic activity in the
pancreas caused that alteration. Recent studies on alcoholic chronic pancreatitis
revealed gross disturbances to the peptidergic nerves in the pancreas. Their
interactive effect probably resulted in inhibition of islet endocrine cells, especially
B-cells (Buchler et al., 1992; Weihe et al., 1992).

The resuits obtained for the islet blood vessels (dilatation and changes in
length) could be explained by the direct effect of ethanol on small blood arterioes.
It has been reported that ethanol caused vasodilatation of small gastric arteriolar
vesstriction of venules (Oates and Hakkinen, 1988) and this is in accordance with
our results because most islets of Langerhans possessed small arterial blood
vessels (Weaver and Sorenson, 1989),
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STEREOLOSKA ANALIZA ENDOKRINOG PANKREASA PACOVA NAKON HRONIENOG
UNOSA ETANOLA

VESNA KOKO, VERA TODOROVIC, MAJA CAKIC, RADMILA GLISIC, ALEKSANDRA NESIS,
JASMINA VARAGIC, M. BAJCETIC i JELENA RADOVANOVIC

SADRZAJ

U deset pacova na cetvoromese&nom alkoholnom tretmanu i 10 kontrolnih
pacova sprovedena je stereoloSka analiza endokrinih éelija pankreasa-A, B i D.
Citohemijska identifikacija endokrinih éelija izvi$ena je primenom imunohis-
tohemijske PAP tehnike uz upotrebu poliklonskih antitela za insulin, glukagon i
somatostatin. PovrSina parenhimskog tkiva, ukljucujudi ostrvca, merena je point-
kaunting tehnikom. Odredivani su slededéi stereoloski parametri za Langerhan-
sova ostrvca: povré§ina profila, volumenska i numeri¢ka gustina, ukupni volumen
i maksimalni i minimalni dijametar. Morforetrijska analiza endokrinih éelija
podrazumevala je odredivanje ukupnog broja A, B i D éelija ostrveetu i mm?2
povrsine ostrvceta, kao i volumensku i povrsinsku gustinu ¢elija i nukleusa,
Takode su odredivani i proseéna duZina i dijametar krvnih sudova ostrvaca.
Rezultati pokazuju da hroniéno konzumiranje alkohola smanjuje ukupni volumen
ostrvaca, povrsinu profila, dijametar i ukupni volumen A éelija, kao i povr$inu
profila D éelija. Svi ispitivani parametri bili su redukovani u B éelijama pacova na
hroni¢nom alkoholnom tretmanu, Kod eksperimentalnih Zivotinja registrovano je
znaéajno poveéanje volumenske frakcije, duZine i dijametra krvnih sudova,



