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Summary. The present study describes our observations 
on optical and ultrastructural features of serotonin- 
containing cells in the rat antral and upper duodenal 
mucosa, utilizing optic morphometric measurements in a 
model of experimental chronic alcoholism of rat in 
which nutrition was well controlled. Male Wistar rats 
were given ethanol to provide 23 per cent of the total 
calories, while starch replaced ethanol isocalorically in 
controls. Twenty-five per cent of the calories were 
provided by protein in both groups. Blood levels of 
serotonin were significantly raised after chronic ethanol 
feeding (0.05910.06 vs. 0.15910.012 pglml, p<0.01). 
Decrease in the number of immunohistochemically- 
detectable serotonin-containing cells was found in the 
pyloric gland mucosal area specimens of the chronically 
ethanol-treated rats (68.915.2 vs 43.313.0; p<0.001). 
The immunohistologically-evaluated number of the 
same cells in the duodenal mucosa specimens was 
significantly decreased by alcohol feeding. Although 
total villi and crypt count per whole circular section, and 
the number of crypts per villus were not significantly 
changed either in control animals or in chronically 
ethanol-fed rats, decreased number of these cells per 
whole circular section (289121.6 vs. 183f 10.5; p<O.OOI) 
per villus (2.5210.14 vs. 1.2110.10; p<0.001) and per 
crypts (0.97kO.08 vs. 0.7910.04; p<0.05) were reported 
after alcohol consumption. In both control and 
experimental rats the cells were predominantly found in 
the basa1 half of the antropyloric mucosa. Alcohol did 
not lead to any changes in normal distribution of the 
duodenal serotonin-producing cells.  The above 
quantitative changes in serotonin-producing cells were 
not accompanied by changes in their subcellular 
appearance in stomach and duodenal mucosa of alcohol- 
treated rat. 
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lntroduction 

Acute and chronic alcohol ingestion has been shown 
to produce mucosal injury in the stomach and intestine 
in various animal species and in man (Chey, 1972; Rubin 
et al., 1972; Baraona et al., 1974; Bode, 1980; Langman 
and Bell, 1982; Draper et al., 1983; Mezey, 1985; 
Todorovid et al., 1985; Pavlovic' et  al. ,  1985a,b; 
Wienbeck and Berges, 1985, Amindzhanov, 1986). 
Some of the results indicate that chronic ethanol intake 
produces disruption of the gastric mucosal barrier and 
may lead to haemorrhagic-erosive gastritis or ulcer 
(Chey, 1972; Bode, 1980; Wienbeck and Berges, 1985; 
Amindzhanov, 1986). Ethanol stimulates (Mezey, 1985) 
or not (Pavlovic' et al., 198%; TodoroviE et al., 1985) cell 
regeneration in the upper gastrointestinal tract. Although 
the pathomechanism of the alcohol-induced lesions is 
still unclear, Bode et al.  (1988) suggest that the 
inhibition of endogenous PGE2 synthesis in the stomach 
following ingestion of appreciable quantities of alcohol 
might play a role in the pathogenesis of alcohol-induced 
injury of the gastric mucosa. Whether chronic ethanol 
ingestion significantly damages the small intestine 
remains controversial.  After chronic ethanol 
consumption the small intestinal mucosa has been 
reported histologically normal in experimental animals 
(Rubin et al., 1972; Mazzanti and Jenkins, 1987) 
although shortened villi and increased incorporation of 
3 ~ - t h y m i d i n e  into DNA in crypts have also been 
described (Baraona et al., 1974; TodoroviE et al., 1985). 
Mazzanti and Jenkins (1987) shows that chronic ethanol 
consumption in the rat is associated with a significant 
decrease in enterocyte turnover though the mucosa 
appears histologically normal. If there was no evidence 
of obvious malnutrition in the ethanol-fed rats, results 
showed only slight ultrastructural alterations of duodenal 
enterocytes (Pavlovic' et al., 1985b). Increased passive 
permeability of the small intestine has been described in 
chronic alcoholics (Bjornason et al., 1984). Chronic 
ethanol ingestion produced either a decrease or did not 
modify transport and absorption of nutrients (Krasner et 
al., 1976; Worthington et al., 1978; Carreras et al., 
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1991). 
In comparison to generally mucosal alterations of 

gastrointestinal tract, relatively little is known about the 
effect of alcohol on enteroendocrine cells and their 
hormonal response. Plasma levels of gastrin and peptide 
YY were not significantly changed under chronic and/ or 
acute alcohol,  while enteroglucagon levels were 
significantly raised after chronic ethanol feeding and 
even further elevated if an acute dose of alcohol was 
given to chronically ethanol-fed rats (Simanowski et al., 
1989). In the same manuscript, the immunologically- 
evaluated numbers of the respective hormone-producing 
cells were not significantly changed by alcohol feeding. 
Amindzhanov et al. (1986) reported that circulating 
gastrin, neurotensin, substance P and somatostatin were 
markedly raised in human chronic alcoholics. The same 
results indicate that leuenkephalin level does not 
significantly affect alcoholic subjects. Gastrin level was 
also significantly raised after an acute dose of alcohol in 
dogs and chronically ethanol-fed rats (Amindzhanov et 
al., 1986). G and ECL endocrine cells were decreased in 
stomach of alcoholic subjects and total enteroendocrine 
cell count in the rat gastric and duodenal mucosa was 
also decreased under conditions of chronic ethanol 
intake (PavloviC et al., 1985a; Amindzhanov et al., 
1986). The acute peroral administration of alcohol did 
not lead to any changes in the ultrastructural appearance 
of the rat gastric enteroglucagon- and gastrin-producing 
cells (ZaviaC'iC' et al., 1976). 

The cerebral neurotransmitter serotonin (5-HT) may 
play a role in the mechanism underlying physiological 
and behavioural effects of ethanol (Davydova and 
Fomina, 1987; Khatib et al., 1988; Ulrichsen, 1991; 
Yushimoto et al., 1991). A significant increase in blood 
serotonin content was observed both in chronically 
ethanol-fed rats and human alcoholics (Andreanova et 
al., 1985; Amindzhanov et al., 1986). The number of 
enterochromaffin (EC) cells visualized with Masson- 
Fontana techniques was decreased in stomach and 
duodenal mucosa of chronic alcoholics (Amindzhanov et 
al., 1986). 

Since serotonin is involved in the regulation of many 
physiologically important actions of gastrointestinal 
tract, the aim of our work was to investigate possible 
morphological alterations of serotonin-containing 
endocrine cells of upper gastrointestinal tract. To the best 
of our  knowledge, the morphometric analysis of 
immunohistochemically detected serotonin-containing 
endocrine cells of stomach and duodenum, and their 
ultrastructural properties, has not yet been studied in 
chronic experimental alcoholics. 

Materials and methods 

Experimental design 

Thirty 60-day-old male rats of the Wistar strain were 
maintained in single cages at a constant temperature 
(22 "C) on an alternate 12:12 h light-dark cycle (lights 

on at 7 a.m.). The animals were divided into 2 groups of 
15 rats, which initially weighed between 223 and 251 g. 
Control (C) rats were fed a commercial stock cereal- 
based pelleted diet (25% of protein) as defined by Bieri 
et al. (1977). The ethanol group (E) was given free 
access to a hyperprotein (34% of protein) cereal-based 
pelleted diet and an aqueous solution of 25% sucrose 
(w/w)- 31% ethanol (vlv) as recommended by Hartroft 
(1971). The amount of tap water given to the control 
group was adjusted so tbat the rats in both groups 
received the same amount (approximately 40 rnl) of 
liquid per day. The amount of food fed to control 
animals was adjusted daily to the energy intake of the 
animals receiving alcohol (pair-fed controls). The 
content of fat and vitamin-mineral mixture in each diet 
was similar. Ethanol was replaced by starch in the 
control diet. The feeding bottles were renewed daily. The 
average intake of ethanol, food, water and the body 
weight were controlled on day 7 and again on day 14, 
and so every week until the end of the experiment. The 
experiment lasted for 4 months. After being starved 
overnight, but with water available ad libitum, the 
animals were killed between 9 a.m. and 1 p.m. by a blow 
on the neck. 

Blood ethanol determination 

Samples for blood ethanol determination were 
obtained from the tail ven and blood ethanol levels 
determined using the Sigma diagnostic alcohol 
procedure (No. 322-UV, Sigma Chemical Co., St. Louis, 
MO). The mean blood ethanol level was determined for 
al1 ethanol-treated rats studied based upon multiple 
blood ethanol determinations (at 10 a.m. on day 1, 15, 
30, 45, 60, 75, 90, 105 and 120) performed throughout 
the 120-day exposure period. 

Blood serotonin determination 

Serotonin was determined in the blood by the 
spectrofluorometric technique introduced by Das (1 972) 
in al1 the examined animals at the end of the experiment. 

lmmunohistochemistry 

Tissue preparation. Small tissue specimens were taken 
from the pyloric gland area (antrum) and from the upper 
duodenum of treated rats (n=30 for each specimen). 
Each specimen was immediately fixed in Bouin's 
solution for 24 h, dehydrated in xylene and embedded in 
paraffin wax. During the paraffin-embedding process we 
tried to orientate the specimen with the mucosal surface 
perpendicular to the cutting surface. Only «ideal» (with 
intact stroma from the base of the mucosa to the top of 
the villi) or «satisfactory» (including the whole mucosa 
but with the villi or glandular lumen interrupted) 4 pm 
thick sections were made. 

Anticerum. The polyclonal antiserum against serotonin 
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(Euro Diagnostics, BV Holland, Code No. LOT 006), 
working dilution 1: 100, used in the present study has 
been characterized and employed in previous 
investigations. 

containing endocrine cells in the duodenal mucosa was 
estimated separately in each whole circular section, al1 
the villi and the crypts. 

Results 
lmmunohistochemical protocol. After removal of the 
paraffin wax, the sections were immunostained by the 
unlabelled peroxidase-antiperoxidase complex (PAP) 
technique (Sternberger, 1986). Briefly, sections were 
incubated with antisera against serotonin in appropriate 
working dilution for 45 min at 22 "C. Then, the sections 
were incubated with swine anti-rabbit IgG (DAKO 
Corp., CA) at 1:300 for 45 min and finally with soluble 
PAP complex (DAKO Corp., CA) at 1 5 0  for 45 min. 
Visualization of immunoreactive sites was performed in 
DAB-HCLIH O2 (0.7 mM diamino-benzidine 
HC110.002% I-f O in TRIS-HCI, pH 7.6, for 5 min. 
Phosphate-buffere 2' saline (PBS, 0. lM, pH 7.4) served as 
diluent of al1 antisera (first, second and third layers) and 
as rinsing solution between the various steps of the 
protocol. The nuclei were counterstained with Mayer's 
haematoxylin. The specificity of the antiserum was 
examined by immunohistochemistry in sections 
of the normal human gastric antral and duodenal 
mucosa. No positive stainings were observed in control 
sections incubated with either absorbed anti-serotonin 
serum or normal rabbit serum instead of the 1st layer 
antiserum. 

Nutrition, blood, ethanol and serotonin levels 

The average daily amounts of energy consumed from 
food and separately from ethanol, protein, fat and 
carbohydrate intakes are shown in Figure 1. The daily 
intake of food, alcohol, main nutrients, and the growth 
profile of rats fed the examined diets are summarized in 
Table 1. The data in Figure 1 and Table 1 show that there 
was no significant difference between the ethanol-treated 
rats and controls with regard to daily energy intake, and 
energy from protein and fat. The ethanol-fed rats 
consumed 8.42I0.36 g ethanoilkg body weightlday, but 
gained weight similarly to the pairlfed controls which 
received an isocaloric diet. 

The blood ethanol level was 110f14 mg% 
(meanfSEM) and ranged from 95 mg% to 130 mg%. 

Blood levels of serotonin were significantly raised 

Table 1. Daily nutrient intake and body weight (meaniSEM) of the 
treated animals. 

- - 

PARAMETER GROUP C GROUP E 

Food (dday) 23.9210.02 16.08M.13 Routine electron microscopy 

The specimens were immediately placed in a mixture 
of 2% glutaraldehyde and 2% paraformaldehyde in 0.2M 
sodium cacodylate buffer, pH 7.4, minced into very 
small pieces and fixed in the same fixative for 20 h at 
4 "C. After postfixation for 1 h in 1% osmium tetroxide 
in cacodylate buffer, the specimens were dehydrated in 
graded ethanol and embedded in AralditeB, under a 
magnifying glass, with the mucosa surface perpendicular 
to the cutting surface. The blocks were sectioned with an 
LKB ultratome 11. Ultrathin sections were doublestained 
with uranyl acetate and lead citrate before examination 
in an Opton 109 electron microscope. 

Protein /$?Jay) 

Carbohydrate gída ) 
tsn<!J"ay, 

Vitarnin-mineral mixture gída ) 
\sn<Jday) 

Body weight (g) 60 days 
180 days 

Morphometric analysis of serotonin-containing endocrine 
cells detected by PAP procedure 

Conventional morphometry analyses the number of 
specifically stained cells per measured field. In each 
examined part of the gastrointestinal tract, three sections 
at intervals of 50 pm were estimated. In al1 sections the 
serotonin-producing enterochromaffin cells were 
counted at a total magnification of x 400. Only cells with 
nuclei were counted. 

The number of serotonin-producing endocrine cells in 
the pyloric gland area was estimated in 5 Weibel's 
multipurpose grid areas with a base of grids on the 
muscularis mucosa, and the number of cells per unit area 
(mm2) was calculated. The number of serotonin- Fig. 1. Daily amount of energy consumed by Me treated animals. 
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Fig. 2. Pyloric gland area of control (a) and ethanol-treated (b) rat. Serotonin immunoperoxidase (PAP) staining. A smaller number of serotonin- 
containing cells occur in the alcohol-fed rats. x 900 
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after chronic ethanol feeding (0.059k0.006 vs 
0.159M.012 pglml; p<0.01). 

Morphometric analysis of immunostained serotonin- 
producing endocrine cells 

A summary of the quantitative analysis of 
immunohistochemically-detected serotonin-containing 
endocrine cells of the pyloric gland area and duodenal 
mucosa is shown in Table 2. 

Decrease in the number of immunohistochemically- 
detectable serotonin-producing cells was found in the 
pyloric gland mucosa1 area specimens of the chronically 
ethanol-treated rats (Fig. 2). In both control and 
experimental rats the respective cells were found 

Table 2. Summary of quantitative data of immunohistochemically 
detected serotonin-containing endocrine cells of the pyloric gland area 
and duodenal mucosa. 
PARAMETER C (n=15) E (n=15) Pc 
Number of cells 
Pyloric gland area 
(per mm2 mucosa) 88.9I5.2* 42.3I3.0 0.001 
Dudodenum 

Whole circular section 289.8-1.6 183.2k10.5 0.001 
Per villus 2.52I0.24 1.21M.10 0.001 
Per crypt 0.97M.08 0.7939.04 0.05 

Number of duodenal villli per whole circular section 
47.9I1.6 42.M1.2 n.s. 

Number of duodenal crypts per whole circular section 
175.5I4.6 168.434.1 n.s. 

Number of crypt per villus 
3.72tO.15 4.05M.13 n.s. 

*: X+SEM. 

Fig. 3. Immufiostained EC cells in perpendicular sections obtained from rat duodenal mucosa d control fp) md aiahkkdm @s. si- 
of cells between groups from top of villi to base 6f ciypts. x 450 
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Fig. 4. Ctypts of rat duodenal mucosa; w%on atained with the serotanin immunoperoxidase technique. Note decreased number of cells per ciypt alter 
elcohd consumption @) Hi compaiison to m d  rat (a) x 900 
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predominantly in the basa1 half of the antropyloric 
mucosa. 

Although total villi and crypt count per whole 
circular section, and the number of crypts per villus, 
were not significantly changed in control animals nor in 
chronically ethanol-fed rats, decreased number of these 
cells per whole circular section, per villus and per crypt 
were reported after alcohol consumption (Figs. 3, 4). 
Alcohol did not lead to any changes in normal 
distribution of the duodenal serotonin-producing cells 
(Fig. 5). 

Ultrastructural studies 

Enterochromaffin endocrine cells of stomach and 
duodenal mucosa, identified in the above described 
manner, were photographied and classified according to 
the 1977 Lausanne nomenclature and data of Larsson 
and Jgrgensen (1978), Sinyavska and Vinogradova 
(1981), Dey and Hoffpauir (1984) and Portela-Gomes et 
al. (1984a,b). 

Electron microscopic examination showed that the 
argentaffin cells contained secretory granules in al1 the 
cytoplasmic area (Figs. 6, 7), but in some argentaffin 
cells of alcohol-treated rats secretory granules were 
observed in a more luminal position. Essentially two 
different profiles of membrane-bound secretory granules 
could be distinguished, one round and the other (more 
numerical) pleomorphic (oval, biconcave, kidney- 
shaped, rod-like) (Fig. 8). The majority of the secretory 

granules were electron-dense. The size of the secretory 
granules in the different zones of the individual cells of 
the stomach and duodenal mucosa did not differ 
significantly after alcohol consumption. The cells 
contained only a small amount of rough endoplasmic 
reticulum, mainly parallel to the nuclear surface. Smooth 
endoplasmic reticulum was very rare and mitochondria 
were few. The nucleus was often oval with scanty 
chromatin which was mainly concentrated in the 
periphery. A large nucleolus was often seen centrally. 
These properties support the view that chronic 
administration of alcohol does not lead to any changes in 
the ultrastructural appearance of argentaffin cells of 
pyloric and duodenal mucosa. 

Discussion 

Alcohol, direct and indirect, alters the function of the 
endocrine system in clinically relevant ways. Alcohol 
use and abuse causes clinical abnormalities of the 
following endocrine functions: the hypothalamic- 
pituitary-gonadae axis; the hypothalamic-pituitary- 
adrenal axis; thyroid gland; and secretion of atrial 
natriuretic peptide (Noth and Walter, 1984; Adler, 1992; 
Leppaluoto et al., 1992). Despite much new data, 
concepts remain difficult to formulate, because of 
differences in dosage and route of administration of 
alcohol, in hormone assays, in factors such as nutritional 
state and liver disease in patient populations, and even in 
interpretation of the same data by different researchers. 
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Neuroendocrine system of gastro-entero-pancreatic 
(CEP) axis in acute and chronic alcohol ingestion 
remains controversia1 and an unexplored area. 

Enterochromaffin (EC) cells, comprising a major 
population of the gut endocrine cells, have been 
identified by conventional and immunohistochemical 
techniques, and their rnorphology, functional and 
metabolic activity are vey well known (Larsson and 
Jergensen, 1978; Sinyavskaya and Vinogradova, 198 1 ; 
Dey and Hoffpauir, 1984; Solovyova et al., 1984; Jaffe 
and Broaklyn, 1984; Portela-Comes et al., 1984a,b). The 
contribution to the central, as well as peripheral 
regulation of gastrointestinal activity by 5-HT, is well 

documented. Serotonin, as a product of gut entero- 
chrornaffin cell, myenteric plexus and serotoninergic 
nerves, effects acid secretion, mucus output, motility, 
mesenteric blood flow, duodenal mucosa1 blood flow 
(Ormsbee 111 and Fondacoro, 1985; Baez et al., 1990; 
Tsukamoto et al., 1991; Lee and Fanburg, 1992). 5-HT is 
also directly or indirectly involved in the regulation of 
food ingestion (Lyons and Truswell, 1988; Bubenik et 
al., 1992; Curzon, 1992). 

In our study, we use a model of experimental chronic 
alcoholism of rat in which nutrition was well controlled, 
and alcohol intake was high (8.4210.36 glkg body 
weightlday). 

Fig. 5. lmmunostained serotonin-containing cells 
showing normal their distribution in crypts (a) and villi 
(b) of duodenal mucosa after alcohol consumption. 
x 1,800 
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There is very little data about the effect of acute or 
chronic administration of alcohol on blood serotonin 
levels and quantitative analysis of gut enterochromaffin 
serotonin-producing cells.  Our analysis showed 
that blood levels of serotonin were significantly 
raised after chronic ethanol feeding, and this data agrees 
with results of Andreanova et al.  (1985) and 
Amindzhanov (1986). Although total villi and crypt 
count per whole circular section, and the number of 
crypts per villus were not significantly changed in 
control animals nor in chronically ethanol-fed rats, 
decreased number of these cells per whole circular 
section, per villus and per crypts were reported after 
alcohol consumption. Decrease in the number of 
immunohistochemically-detected serotonin-containing 
cells was found in the pyloric gland area mucosa1 
specimens of the chronically ethanol-treated rats. These 
results agree with data of Arnindzhanov (1986) who was 
found decreased number of silver-stained entero- 

chromaffin cells of antral and duodenal mucosa in 
chronic alcoholics. However, it is very difficult to 
compare these data because our study is the first of 
quantitative analysis of immunohistochemically-detected 
EC cells in upper gastrointestinal tract of chronically 
ethanol-treated rats. 

Evaluation of subcellular structure of these cells in 
chronic alcoholic man and animals has not yet been 
investigated. Alcohol did not lead to any changes in the 
ultrastructural appearance of these cells. These data 
agree with similar data from ZaviaEZ et al. (1976) who 
reported that after fasting, peroral administration of 
alcohol was not accompanied by changes in EC cell 
subcellular appearance. 

We hypothesized that enterochromaffin cells 
may play a role in the pathogenesis of the disturbed 
function of upper gastrointestinal tract after chronic 
alcohol feeding, but these findings need further 
investigation. 

Fig. 6. Electron micrograph of entero- 
chromaffin cell fmm the pyloric gland area of 
alcohol-fed rat. This normal ultrastructure was 
characterised by the presence of pleomorphic 
dense core granules. x 8,800 
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Flg. 7. Part of lhe 
enterochromafíin 
cell from the 
duadenum of 
alcohol-fed rat (a), 
showing normal 
mkmhondria, 
ribosomes and 
sparse secretory 
granules in the 
cytoplasmic zone 
towards the basal 
lamina. x l4,000. 
High power 
electron 
micrograph of the 
duodenal 
enterochromaffín 
oell of alcohol-fed 
rat (b). Of 
distinguished two 
subgroups of 
profiles 3 4  were 
pleomorphic. 
x 40,000 
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