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Dehydration for 3, 6, and 10 days leads to morphological changes in the small intestinal and 
splenic lymphoid nodules: the number of lymphoid nodules with germinative centers reduces 
on days 6 and 10; the percentage of blasts and mitoses decreases starting from day 3; the 
distance between nodular edges and the blood and lymph vessel structures increases.
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Studies of the morphology of peripheral immune organs 
exposed to ecological and hydrological factors has at-
tracted special attention of scientists in recent years 
[5,9,10]. Among the important organs of immunogene-
sis are solitary and group lymphoid nodules in the small 
intestine and spleen. The morphology of these nodules 
has not been studied over the course of dehydration.

The food processing in the duodenum and small 
intestine is particularly intense. The digestion is over 
by the end of the fi rst meter of the small intestine, 
though its length is 3 to 5 meters. Cavitary, parietal, 
membrane digestion, hydrolysis, secretion, absorption, 
etc., take place in the small intestine [6]. The qua-
lity of water consumed is an ecological problem all 
over the world, because of its direct effect on the vital 
activity of living organisms. The inner environment 
homeostasis is supported by many systems, including 
water factors and the lymph system [2-6,8,10,13].

We studied the impact of dehydration for the 
lymph nodule morphology in the spleen and small 
intestine in albino rats.

MATERIALS AND METHODS

The study was carried out on adult male albino rats 
(n=40; 180-200 g). Four series of experiments, 10 rats 
per point of study (control, dehydration days 3, 6, and 

10) were carried out. Dehydration was induced by dry 
fodder (oats) without access to water. The animals were 
sacrifi ced by nembutal narcosis. All manipulations on 
animals were carried out in accordance with the Hel-
sinki International Declaration on Humane Attitude to 
Animals. The preparations were fi xed in 8-10% neutral 
formalin and processed in ascending alcohols.

Similar portions of the small intestine were col-
lected in albino rats for reliable comparison of local 
morphology under the effect of dehydration: the mid-
dle part of the jejunum and terminal part of the ileum. 
In the spleen, the lymphoid nodules were selected.

The material was stained with hematoxylin and 
eosin, azur-nitrofungin-fuchsin, after Romanowski
Giemsa, van Gieson and Kurnik, with silver nitrate 
after Foot; collagen fi brils were stained after Mal-
lory. The cell composition of the lymphoid structures 
in the small intestine and spleen was evaluated per 
unit of a histological section area (880 μ2) using A. 
A. Glagolev’s morphometric lattice. Microtopography 
and morphology were studied under an MBR-1 mi-
croscope with a 10x ocular, objectives 8, 40, and 90.

The data were statistically processed by common 
methods using computer analysis. The differences 
were considered signifi cant at p0.05.

RESULTS

Analysis of the data (Tables 1, 2) showed the pro-
gress of changes in the nodular sizes (shrinkage) with 
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prolongation of dehydration; cell proportions changed, 
the reticular fi bril loops in the lymphoid nodule stroma 
increased, and the percentage of lymphoblasts and cell 
mitosis decreased. The content of macrophages in the 
lymphoid nodules increased by 15-20% during the fi rst 
3 days of dehydration. Starting from day 6 the levels 
of macrophages and mast cells dropped.

The proportions of minor, medium, and large 
lymphocytes changed with prolongation of dehydra-
tion. The areas of germinative centers in the lymphoid 
nodules decreased in dehydration, the integrity of lym-
phoid cells per μ2 decreased.

Comparative study of the morphology and cyto-
logy of lymphoid nodules in the small intestine and 
spleen during dehydration showed some common 
regularities. The counts of lymphoid cells with ger-
minative centers decreased sharply on days 6 and 10 
of dehydration. The connective tissue vs. lymphoid 
tissue area in the lymphoid nodules increased. The per-
centage of blasts and mitoses decreased starting from 
dehydration day 3; on days 6-10 they disappeared. The 
content of large lymphocytes decreased 2-4-fold on 
days 6-10 of dehydration.

The percentage of destroyed cells in the small 
intestinal and splenic lymphoid nodules increased 1.4-
3 times. These cells were particularly incident in the 
germinative centers of the small intestinal and splenic 
lymphoid nodules, where their levels increased 2.4-3.5 

times. Dehydration for 6 and 10 days led to a reduc-
tion (2.4 times) of the counts of plasmoblasts, mature 
and immature plasmocytes in the spleen and their dis-
appearance on day 6 in the small intestinal lymphoid 
nodules without germinative centers, but not in the 
nodules with germinative centers.

Cell density in the nodules per unit of area de-
creased 1.2-1.5 times starting from day 3 of dehydra-
tion and later.

Dehydration involved microtopographic and mor-
phometric parameters of the lymphoid nodules in the 
small intestine and spleen. Solitary lymphoid nodules 
shrank by 11-12% on day 3 of dehydration, by 20-30% 
on day 6, and by 34-38% on day 10.

The distance between the lymphoid nodule edge 
and enteric epitheliocytes in the small intestine in-
creased 1.2-2.2 times with prolongation of dehydra-
tion. The same regularity was found for the splenic 
nodules and blood capillaries.

Plasma cells are essential for the morphology, 
immunology, and physiology of the small intestine. 
We studied them over the course of dehydration in 
comparison with the controls. Cell counts decreased 
1.2 times by day 3 of dehydration, 3-fold by day 6, 
and 5-fold on day 10. The counts of mature plasma 
cells decreased 1.2-2 times, that is, the synthesis of 
cells supporting the immunity was inhibited. The time 
course of plasma cells in the lymphoid structures of 

TABLE 1. Cytological Composition of Solitary Lymphoid Nodules in the Ileum of Albino Rats during Dehydration (X±Sx)

Cells

Nodules without germinative centers Nodules with germinative centers

control day 3 day 6 day 10 control day 3 day 6 day 10

Large 
ymphocytes 10.4±0.4 7.5±0.2 6.9±0.6 4.9±0.4 17.10±0.87 15.4±0.6 13.4±0.3 12.1±0.2

Medium 
lymphocytes 18.3±1.2 16.4±1.1 15.6±0.4 13.0±0.2 26.20±1.32 24.2±0.6 20.2±0.6 18.0±0.2

Minor 
lymphocytes 42.74±1.10 57.2±0.3 36.6±4.2 33.2±0.4 37.56±1.31 35.5±9.8 32.3±0.5 30±0.8

Mitoses 0.30±0.02 0.10±0.01 0.10±0.01 - 2.06±0.15 1.85±0.20 0.40±0.02 -

Immature 
plasmocytes 1.6±0.2 1.1±0.4 0.5±0.1 0.30±0.01 1.50±0.07 1.3±0.2 0.5±0.1 0.20±0.01

Mature 
plasmocytes 1.7±0.3 2.2±0.6 1.4±0.4 - 0.21±0.01 0.2±0.1 0.20±0.01 0.10±0.01

Macrophages 1.6±0.2 2.9±0.5 1.10±0.01 0.40±0.01 1.30±0.01 1.6±0.2 0.7±0.1 0.20±0.01

Mast 0.50±0.03 0.8±0.2 0.4±0.1 - 1.95±0.20 2.2±0.3 0.9±0.1 0.30±0.01

Reticular 7.4±0.4 7.2±0.3 6.5±0.2 6.1±0.3 11.92±0.55 11.2±0.3 9.80±0.04 9.6±0.2

Destructive 14.40±0.09 4.3±0.3 31.2±0.4 42.4±0.2 0.2±0.1 0.6±0.2 22.2±0.5 29.5±1.5

Cell density 
per unit of area 37.4 34.2 31.5 25.8 37.90 35.60 30.2 28.5
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intestinal walls demonstrated the most active lympho-
cyte transformation processes, presumably because of 
antigenic effects of the forming feces on the intestinal 
walls [1].

Dehydration led to a decrease in the total level of 
lymphoid cells in Peyer’s patches and solitary lym-
phoid nodules. Comparison of the morphology and 
morphometric status of solitary and group lymphoid 
nodular structures demonstrated the changes in these 
parameters. The count of lymphoid nodules with ger-
minative centers decreased, while the counts of nod-
ules without germinative centers increased on dehy-
dration days 6 and 10 in comparison with the control 
and day 3. The centers in the lymphoid nodules were 
poorly expressed and clarifi ed on dehydration days 6 
and 10. Similar changes in the splenic lymphoid nod-
ule morphology in albino rats subjected to dehydration 
on days 3, 6, and 10 were described previously [3].

Our fi ndings indicated that there were no one-
piece muscle plate and lamina propria if the lymphoid 
nodules formed groups in the ileac walls of albino 
rats. The plates were terminated by Peyer’s patches 
base. Solitary lymphoid nodules were often located in 
the thickness of the mucosa and round the intestinal 
crypts. In some preparations the nodules protruded by 
their domes into the lumen of the small intestine.

Our data confi rmed the previous descriptions of 
the nodules histotopography [14,15]. However, our 
fi ndings did not confi rm that some crypts “passed” 
through nodules and that they had epithelial tubules. 
Presumably, they were parts of the intestinal crypts.

Solitary lymphoid nodules were present in the 
small intestinal mucosa and submucous layer, but un-
like Peyer’s patches, they were not closely connected 
to the epithelium. These lymphocyte formations con-
tained T- and B-cells and macrophages. Their forms 

and functional characteristics remain little studied up 
to the present time.

Peyer’s patches (structurally organized foci of 
lymphoid cells in the small intestinal mucosa and sub-
mucous layer) can be referred to peripheral lymphoid 
organs. The patches are surrounded by B cells without 
microvilli [13,15]. We think that these authors failed to 
present accurate description of Peyer’s patches lymph 
bed. They have mentioned the lymph ducts in the 
thickness of Peyer’s patches, but according to modern 
nomenclature, there are two lymph ducts: the thoracic 
and the right.

The functioning of lymphocytes together with 
other cells provides adequate immune response in the 
digestive system. Continuous exchange between the 
cells of lymphoid organs enables generalization of 
the immune reactions [4,5,9], particularly in the in-
testine and Peyer’s patches, where lymphoid cells are 
involved in immunoglobulin production and secretion 
of intestinal hormones [11,12,15] and suffer under 
conditions of dehydration.

In the small intestine, M-cells of Peyer’s patches 
participate in the macromolecule and microorganism 
capture, in antigen transportation to lymphocytes. The 
mantle zone above the germinative centers of lym-
phoid follicles has a chain of minor and medium-sized 
lymphocytes and solitary plasma cells. This chain runs 
from the germinative center towards the epithelial sur-
face and lumen and shows the pathways of lympho-
cyte migration for contacts with the antigen [9].

Dendritic cells with their antigen receptors pro-
viding immunological memory [5,11] are closely con-
nected to B cells.

The lymphoid cells in the digestive mucosa in-
clude minor, medium, and large lymphocytes, macro-
phages, eosinophils, mast cells, and polymorphonucle-

TABLE 2. Cytological Composition of Solitary Lymphoid Nodules in the Spleen of Albino Rats during Dehydration (X±Sx)

Cells

Nodules without germinative centers Nodules with germinative centers

control day 3 day 6 day 10 control day 3 day 6 day 10

Large 
lymphocytes 5.80±0.61 4.30±0.30 2.83±0.31 5.32±0.60 12.52±0.93 16.12±1.27 7.42±0.81 15.12±1.61

Blasts 1.38±0.20 0.57±0.06  0.94±0.37 6.44±0.51 4.78±0.36 0.44±0.05 3.81±0.40

Minor 
lymphocytes 43.82±2.93 51.19±3.33 43.41±3.03 46.48±3.01 9.95±0.71 7.66±0.53 12.66±1.31 11.31±1.37

Mitoses 0.18±0.09   0.27±0.17 0.79±0.11 0.97±0.07  1.13±0.21

Immature 
plasmocytes 0.18±0.11 0.87±0.09  0.41±0.11 1.57±0.19 2.42±0.17 0.88±0.11 1.79±0.22

Macrophages 3.08±0.36 2.18±0.26 1.92±0.20 3.42±0.41 7.76±0.51 9.80±0.76 7.52±0.81 8.79±0.97

Destructive 10.86±0.62 9.90±0.07 19.50±2.01 11.05±4.38 11.83±1.00 18.54±1.21 28.42±2.09 15.89±1.61

Bulletin of Experimental Biology and Medicine, Vol. 152, No. 2, December, 2011 MORPHOLOGY AND PATHOMORPHOLOGY



265

ar leukocytes. The maximum density of lymphoid cells 
is characteristic of the small intestine, in which 1×106 
lymphocytes and 40-60% inter-epithelial lymphocytes 
are present [9].

Comparison of experimental and control values 
showed shifts towards the increase in the distances 
between the lymphoid nodules, lymph and blood capil-
laries, and intestinal epitheliocytes as early as starting 
from day 3 of dehydration. Naturally, these morpho-
logical changes can deteriorate the absorption of the 
digestion products and the routes of lymphocyte and 
macrophage migration.

The lymphoid zones responsible for the formation 
of humoral immunity exhibited the greatest changes 
over the course of dehydration (on days 3, 6, and 10) 
[3]. The most pronounced shrinkage of plasma cells 
during dehydration was observed on days 6-10 in the 
small intestinal lymphoid tissue.

It has been reported that 70-80% plasma cells of 
the lamina propria of the intestinal mucosa contain 20-
22% IgA and 4% IgM [15], and that plasma cells of the 
mucosa synthesizing IgA could be considered as the 
“fi rst defense line”. The differences in the rich and var-
iegated microfl ora and antigens promote the develop-
ment and differentiation of lymphoid accumulations of 
the gastrointestinal tract as a result of their continuous 
antigenic stimulation from the gastrointestinal lumen.

Plasma cells are located in the villous and nodular 
stroma and in the lamina propria of the small intestine. 
The bulk of plasmocytes are located under the intes-
tinal epithelium, around the lymph and blood vessels. 
Plasmocytes are monocellular protein glands produc-
ing immunoglobulins.

Hence, the morphometric aspects of the lymphoid 
nodules cell composition, their densities per unit of 

area along the entire length of the digestive system 
under conditions of exposure to different hydrological 
factors (dehydration, rehydration, etc.) and correction 
of disorders thereof under conditions of various expo-
sures remain little studied.
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