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Dietary patterns influence the morphology of the 
digestive organs and the functional anatomy of the 
glandular system in the wails of internal organs, 
as has been established in animal experiments and 
discussed in the literature in the light of compara- 
tive theriological data. In carnivorous mammals the 
initial port ion of the digestive tract is abundantly 
supplied with glands located within its walls [4]. 
Herbivorous animals, on the other hand, have a 
greatly enlarged stomach and, especially, an in- 
creased size of the large bowel, which consists of 
(several divisions [6]. As the size of this part of 
the digestive tract increases, so does the number of 
mucosal glands whose endocrine activity is essen- 
tial for the digestion of carbohydrate- and fiber- 
rich foods. As has been found experimentally, 
force-feeding of rats with fiber-rich plant foods 
leads to greater numbers and size of the duodenal 
(Brurmer's) glands, expansion of the area occupied 
by them in the duodenal  walls, and enhanced 
secretory activity of these glands [9]. Experimental 
animal data are often extrapolated to modem man, 
though not always justifiably so: most mammals 
consume more specialized diets than do people 
today, who are omnivorous and whose ancestors 
were never exclusively carnivorous. Yet many of the 
structural features of the digestive tract demon-  
strated by theriologists and experimental biologists 
have been shown to be shared by man. 

The objectives of this study were to compare 
large-intestine glands of persons who had been 
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predominantly eating a vegetarian diet with the 
glands of those who had been consuming mainly 
mixed diets, and to adduce in this context pertinent 
experimental findings published in the literature. 

MATERIALS AND METHODS 

Glands of the large intestine were taken for study 
at autopsy from four adults with a proven long 
history (10 to 25 years) of eating predominantly 
vegetarian food and from 50 controls of comparable 
ages who had been mostly consuming mixed di- 
ets. The glands were examined by macroscopic/  
microscopic, macromorphological,  and biometric 
methods. 

RESULTS 

Persons who had been mainly consuming foods of 
plant origin were found to have an increased (by 
2.12% on average) total length of the cecum and 
colon and greater surface areas of the mucous 
membranes in these two parts of the large intes- 
tine as compared to individuals whose diets had 
mainly consisted of mixed foods (for convenience, 
individuals of these two groups are referred to be- 
low as vegetarians and nonvegetarians). These find- 
ings are consistent with the reported increased di- 
mensions of mainly the proximal portions of the 
large bowel in herbivorous animals [5], which is 
explained by the role this part of the digestive 
tract plays as a reservoir for bacterial (enzymatic) 
degradation of cellulose and other forms of dietary 
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fiber (fiber constitutes up to 45% of plant foods 
by weight [2]). A person who has been eating a 
vegetarian diet for a long time also has increased 
sizes of the other parts of the large intestine. Ac- 
cording to Polyantsev [3], elongation of the sig- 
moid colon in habitual vegetarians is a beneficial 
phenomenon.  Consideration of  comparative mor-  
phological data shows that the increased sizes and 
volumes of the intestines in herbivores as compared 
to carnivores are due to the need for the former 
to consume low-calorie foods during most (3/4) of 
the day in order to meet their energy requirements. 

The present study demonstrated a considerable 
development of the large-intestine glands in veg- 
etarians. The total number of these glands in such 
individuals was greater by a factor of 1.29 than in 
nonvegetarians. The number of glands per m m  2 of 
intestinal wail was also higher (by a factor of 1.23) 
in the vegetarians. This suggests that prolonged 
consumption of plant foods promotes the forma- 
tion of new glands in the large-intestine walls. The 
possibility of the formation of new intestinal glands 
during postnatal life has been shown in animal 
experiments. In rats, for example, the total num-  
ber of glands between days 7 and 21 of life was 
found to increase from 1.9• to 3.3• in the 
small-intestine walls and from 2.2• to 6.5• 
in the large-intestine walls [12]. Wistar rats were 
reported to develop new intestinal glands at the age 
of 3-5 months  [14]. In adult rats, new glands in 
the s ma l l - i n t e s t i ne  walls arise b o t h  t h r o u g h  
branching and splitting of the existing glands and 
by lateral budding off from the latter [16]. 

In a vegetarian, about 150 g of dietary fiber 
is taken in every day [11], which is far more than 
in a person consuming a traditional mixed diet. 
The intestinal mucosa in vegetarians must there- 
fore be protected by a powerful layer of mucus to 
prevent the intestinal wall from being damaged by 
roughage. Our study identified a morphological  
equivalent responsible for abundant mucus secretion 
by the large-intestine glands of vegetarians. Thus, 
the vegetarians' glands were, on average, inscreased 
1.74 times in length (p<0.001) and t.34 times in 
surface area (p<0.001) than the glands of nonve- 
getarians. Moreover, the number of epithelial cells 
forming a large-intestine gland in vegetarians was 
1.11 times greater while the lumens of the excre- 
tory ducts of their glands were 1.34 times larger 
in area (p<0.001). The widening of the excretory 
gland lumens in vegetarians appears to be an adap- 
tive response designed to facilitate the release of 
secretion onto the surface of the intestinal epithe- 
lial lining. In a broader biological context, such a 
modification of glandular ducts allows for the ac- 
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cumulation and concentration of the secreted prod- 
uct, this being a characteristic feature of exocrine 
glands in general [ 1]. 

Our data on the greater development of  the 
large-intestinal glandular system in individuals eat- 
ing predominantly plant foods are in agreement 
with experimental fmdings [9]. Animals consum- 
ing considerable amounts  of fiber show increased 
proliferat ion of glandulocytes  in the duodena l  
glands and intensified secretion of mucous products 
by these glands. In our study, longitudinal sections 
of intestinal glands from vegetarians each con- 
tained, on average, 4.3% more goblet cells, which 
are known to be active mucus secretors, than did 
sections of such glands from nonvegetarians. Ex- 
amination of biopsy specimens taken in pigs from 
an area proximal to the ileocecal transition re- 
vealed sharply reduced secretion by small-bowel 
glands in animals that had not been receiving fi- 
ber in their diets [15]. In rats fed fiber-deficient 
diets, the proliferation of epithelial cells in the 
jejunal glands was greatly reduced and the transit 
time of contents via the jejunal lumen was in- 
creased as compared with the case in rats mare- 
tamed on diets with adequate fiber [15]. 

The addition of foods high in fiber to the diet 
of persons suffering f rom chronic colitis or other 
disease and receiving adequate medical care has 
been shown to result in a rapid improvement  of 
morphological and histochemical characteristics of 
the intestinal wall [10]. In the tropical and south- 
ern parts of Africa, where the population consumes 
foods high in fiber (cereals, root crops, legumes, 
etc.), the incidence of diseases affecting the large 
intestine, such as cancer, polyps, and hemorrhoids, 
is extremely low [11]. 

In considering the possible mechanisms through 
which the glandular system of the large intestine 
undergoes structural modification (resulting, for ex- 
ample, in increased sizes of the glands and in the 
number of cells in their walls), the contribution 
made to such modification by the intestinal mi- 
croflora, in particular its secretory role, should also 
be appreciated [11]. Among the specific factors that 
presumably stimulate formative processes in the 
glandular apparatus, ment ion may be made of two 
enzymes stimulating tissue growth, namely orni- 
thine decarboxylase and diamine oxidase [7]. 
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Russian industry has no experience in manufactur- 
ing special optic microscopes for in vivo studies on 
the laboratory animals. We modified an ML-2 
microscope in order to solve some problems aris- 
ing during studies of the peripheral circulation. 
The basic scheme of technical modification is pre- 
sented in Fig. 1. 

The microscope  body is raised few cent ime-  
ters with the aid of a meta l  plug (1). Taking 
into account  peculiarities of  i l lumination of the 
bioptate  (the skeletal  muscles or the intestinal  
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mesentery) ,  a condense r  (2) is made  of  two 
hollow meta l  cylinders.  Dur ing  focusing,  the 
inner cylinder can be manual ly  moved up and 
down by rotation-translation movement  along the 
helical slot in the outer cylinder and fixed in a 
definite posit ion with the stop screw (3). A de- 
mountable metal housing (4) with the condenser  
optic unit  is placed in the inner  cylinder. The 
outer cylinder is inser ted in the metal  flange 
(5), fitted with three centered  screws and fas- 
tened firmly to the microscope base. A meta l  
housing with collector lens is stationary mounted  
on the flange. For light flux dosage an iris (6) 
with graduated aperture-set t ing limb is a t tached 
to the i l luminator  taken f rom an MBI-15 mi- 
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