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The research purpose is to estimate the structural organization of lymph nodes of different localization at natu-
ral (physiological) and premature aging respectively at OXYS and Wistar rats. We used a morphological method of
a research. The age-induced changes of lymphoid tissue of Wistar and OXYS rats differ with type of the immune
response and morphological variant of lymph nodes structure. The immune response on humoral type is formed in
mesenteric and inguinal lymph nodes, and the immune response on cellular type is formed in a tracheobronchial
lymph node. Structural and functional zones of lymph nodes reach the biggest development in young rats of Wistar.
Genetic the defect in rats of OXYS constrains development of peripheral lymphoid organs.We noted reduction of
structures of cortical substance, especially lymphoid follicles and a paracortex, and expansion of medullary sub-
stance in a lymph node of OXYS rats. Lymph nodes are subject big morphological changes at rats of OXYS, than
at old rats of Wistar. Observed changes of structure of lymph nodes of OXYS rats re a morphological equivalent of
premature aging and confirms early decrease of a drainage and immune function of lymph nodes.
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Clarification of the reasons of aging of
lymphoid tissue has special relevance be-
cause of increase in number of old people
in the country and need of specification of
pathogenesis and search of method of preven-
tion. Aging of an organism affects in structure
and function of many organs including lymph
nodes, leading to decrease of protective func-
tion and development of immune insuffi-
ciency [1]. Lymph nodes are key elements of
different lymphatic regions, and lymph nodes
define a regional immunological homeosta-
sis [2, 3]. There is an urgent need of a morph
of functional assessment of lymph nodes de-
pending on localization taking into account an
age factor. There is no uniform theory of ag-
ing [4]. Researchers combine often the mech-
anism of aging and pathogenesis of immune
insufficiency. Considering the aging problem,
it is necessary to consider close functional
linkages between homeostatic systems from
which it is possible to distinguish peripheral
lymphoid organs [5, 6]. It is impossible to
consider separately age evolution and aging
of lymphoid tissue without structural reorgan-
ization of lymph nodes. Emergence of model
of senilism of the line of rats of OXYS [7]
is an argument for studying morphological
equivalents of aging of lymph nodes. Reac-
tive changes of structure of lymph nodes not
always find an explanation, especially in a
syndrome of the accelerated aging.

The purpose of work is a research of age
changes of lymph nodes of different localiza-
tion at OXYS rats with a syndrome of prema-
ture aging and Wistar rats with the normal rate
of aging.

Materials and research methods

Work is performed on rats males of the
OXYS and Wistar lines according to “Rules
of work with use of experimental animals”
(86/609/EEC). Rats of the Wistar and OXYS
lines are received from Center of collective use
“Gene pools of laboratory animals” of Insti-
tute of cytology and genetics of the SB RAS.
N.G. Kolosova is a holder of the license for
OXYS rats. These rats have genetically caused
defect, it is considered as an accelerated aging
syndrome [7]. OXYS rats differ in low life-
time, early involute and pathological changes
of internals, frequent developing of tumors in
comparison with Wistar rats.

The experiment was executed on young
and old white rats. The age of rats is 3 months
and 1.5 years. We investigated by a morpho-
logical method of mesenteric, inguinal and
tracheobronchial lymph nodes. Lymph nodes
fixed in 10 % neutral formalin. After fixing we
adhered to the classical scheme of washing,
dehydration, imbibition with a xylol, paraffin
and preparation histologic sections on the mi-
crotome. Histologic sections of lymph nodes
painted hematoxylin and eosine, azure-II-eo-
sine, trichromatic paint on Masson.

The morphometric analysis of structures
of a lymph node was carried out by means of
a morphometric grid and the Image-Pro Plus
4.1 program. Statistical data processing was
performed with licensed statistical software
package StatPlus Pro 2009, AnalystSoff Inc.
Data were expressed as average arithmetic
with definition of a standard (mean square) er-
ror. Belonging to normal distribution was de-
fined when calculating criterion of Kolmogo-
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rov-Smirnov and the accompanying indicators.
A P-value < 0.05 was considered statistically
significant.

Research results and discussion

The theory of lymphoid aging is connected
with an immunogenesis problem [5, 8]. It does
necessary studying morphological manifesta-
tion of the immune response from peripheral
lymphoid organs. It is known that regional
lymph nodes are organs of lymphatic system,
and lymph nodes possess transport and drain-
age function and high immune activity [1, 3, 6].
At natural (physiological) aging of involution
of lymphoid tissue the stage of the maximum
development of compartments of a lymph node
precedes that corresponds three-month-old of
young rats of Wistar [3, 6]. The indicator of a
ratio of T- and B-zones makes more than unit
at three months age of young rats, building a
progressive row of lymph nodes: tracheobron-
chial — inguinal — mesenteric (Figure). Each of
these lymph nodes differs with extent of de-
velopment of structural and functional zones.
Involution of adenoid tissue leads to structural
destabilization of regional lymph nodes at old
rats of Wistar.
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A ratio of T- and B-zones in lymph nodes of young
(3 months) and old (1.5 years) white rats of
Wistar and OXYS

The coefficient of a ratio of T- and B-zones
almost changes in an inguinal lymph node at
natural aging. The coefficient considerably

decreases in a mesenteric lymph node and
increases in a tracheobronchial lymph node
(Figure). So, immunoactive zones have the fol-
lowing changes by 1.5 years at rats of Wistar
(Tables 1-3).

The inguinal lymph node. There is an ex-
pansion of the area of the cortical plateau (in
1.2 times) a medullary sine and medullary cords
(in 1.4-1.5 times) and reduction of the area of
paracortical area (in 1.2 times), lymphoid folli-
cles (in 1.9 times) in the inguinal lymph node.

The mesenteric lymph node. There is a re-
duction of the area of the cortical plateau (in
1.9 times), a paracortex (in 1.8 times), lym-
phoid follicles with the germinative center (in
4 times), a medullary sine (in 1.5 times) and
expansion medullary cords (in 1.8 times) in the
mesenteric lymph node.

The tracheobronchial lymph node. There
is a reduction by 1.2-1.3 times of the area of
the cortical plateau (in 1.2 times), a paracortex
(in 1.3 times), lymphoid follicles (in 4.5 times),
medullary cords (in 1.2 times) with an invari-
able width of a medullary sine in the tracheo-
bronchial lymph node.

It is clear, there is a redistribution of the im-
munoactive compartments which are responsi-
ble for the immune response in lymph nodes
of different lymphatic regions with age [3, 9].
A morphdynamics of natural aging in lymph
nodes carries the region-dependent character.
The obtained data prove implementation of the
principle of a regional dominant according to
the concept of the lymphatic region [2, 3].

Other morphological picture is observed in
lymph nodes of premature aging of OXY'S rats.
Changes of lymphoid tissue are characterized
more rapidly development without achieve-
ment of the maximum development of com-
partments. We observe various ratios of the
areas of functional compartments in regional
lymph nodes in premature aging of OXY'S rats.
The greatest changes are noted from T- and
B-zones of lymph nodes. These zones are re-
sponsible for forming of the immune response
on cellular and humoral type. The coefficient
of a ratio of T- and B-zones less than unit also
demonstrates prevalence in structure of lymph
nodes a thymus-independent area at of OXYS
rats at three-months age (Figure).

Indicators of structural and functional zones
of lymph nodes are various at three-months age
of OXY'S and Wistar rats. We noted the follow-
ing changes in lymph nodes of young rats of
OXYS (Tables 1-3).

The inguinal lymph node. There is an in-
crease in the area of the cortical plateau (in
1.9 times), a medullary sine (in 1.2 times)
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and reduction of the area of a paracortex (in
1.4 times), lymphoid follicles (in 3.4 times),
medullary cords (in 1.6 times) in an inguinal
lymph node

The mesenteric lymph node. There is a re-
duction of the sizes of the cortical plateau (in
1.8 times), a paracortex (in 2.8 times), lymphoid
follicles (in 3.3 times), and increase in a medullary
sine (in 1.5 times) in a mesenteric lymph node.

The tracheobronchial lymph node. There
is a reduction of the area occupied by the cor-
tical plateau (in 1.2 times), a paracortex (in
1.3 times), lymphoid follicles (in 3.4 times)
and increase in the area occupied by medullary
cords (in 1.3 times) at minor change of a med-
ullary sine in a tracheobronchial lymph node.

The coefficient of a ratio of T- and B-zones
remains low size in inguinal and mesenteric
lymph nodes and increases in a tracheobron-
chial lymph node when aging by 1.5 years (Fig-
ure). It is connected with regress of the main
structural and functional zones (a paracortex,
lymphoid follicles) at expansion of medullary
substance in lymph nodes of different lymphat-
ic regions. Nevertheless, the T-zone dominates
in a tracheobronchial lymph node that defines
the immune response of cellular type.

Lymphoid follicles and medullary cords are
a part a thymus-independent zone and differ at
rats of OXYS from those at Wistar by the end
of life. Premature aging leads to progressive
reduction of the area of lymphoid follicles with
the germinative center in an inguinal lymph
node in 7.1 times, in mesenteric in 12.3 times,
in a tracheobronchial lymph node in 16.1 times,
up to their disappearance (Tables 1-3).

Lymphoid follicles are intended for per-
formance of lymphopoietic function, filling
up with lymphoid cells a lymph node. Cells
of lymphoid follicles participate in forming of
humoral immunity. Reduction of lymphoid fol-
licles with the germinative center indicates de-
crease the immune response on humoral type.
Increase of medullary substance at reduction of
the area of a medullary sine is characteristic of
OXYS rats lymph nodes. There is a noticeable
thickening medullary cords to exposure of a
reticular skeleton and their distribution on the
most part in structure of a lymph node, turn-
ing it into a B-cellular zone. Changes of the
structural organization of lymph nodes are the
morphological sign of decrease immune pro-
tection progressing in process of aging at rats
of OXYS.

Table 1
Structural and functional zones of the inguinal lymph node of OXYS
and Wistar rats during the different age periods, %
Structures of the inguinal WISTAR (n = 40) OXYS (n=40)
lymph node 3 months 1,5 years 3 months 1,5 years
1 2 3 4
Capsule 1.46 +0.24 237 +0.18* 232+0.25 3.05 +0.26*
Subcapsular sinus 1.06 £0.22 0.62 £0.05 1.13+£0.12 143 +£0.11°
Cortical plateau 2.01+0.17 246 +0.16 3.78 £0.13% 323+0.21%°
Lymphoid follicles 2.36+0.21 1.26 +0.18* 0.70 £ 0.08* 0.33 +0.05%°*
Paracortex 7.46 £0.55 6.54 £0.51 5.20 £ 0.42%* 3.74 £ 0.38%°°
Mrdullary cords 5.21+0.29 7.64 + 0.80* 8.62 = 0.43* 9.41 + 0.59*
Medullary lymphatic sinus 2.17+0.22 3.05+0.22% 2.49+0.16 3.61 +0.30%*°
Table 2
Structural and functional zones of the mesenteric lymph node of OXYS
and Wistar rats during the different age periods, %
Structures of the mesenteric WISTAR (n = 40) OXYS (n=40)
lymph node 3 months 1,5 years 3 months 1,5 years
1 2 3 4
Capsule 5.47 +0.57 5.33+£0.62 5.54 +£0.62 547 +0.52
Subcapsular sinus 3.50 £0.30 1.38 £ 0.30%* 2.65+0.26 1.45+0.25%
Cortical plateau 7.63 +£0.45 3.97 £0.20* 4.34 +£0.36* 4.00 £0.17*
Lymphoid follicles 5.06 +0.25 1.25+0.11* 1.52 £ 0.08* 0.41 +0.06*°*
Paracortex 16.1 +1.26 9.17 £ 0.76* 5.66+0.31* 5.37+0.46*°
Mrdullary cords 10.7 £ 0.96 19.6+1.01* 15.7+0.93 21.7+0.81%*
Medullary lymphatic sinus 7.00 +0.48 4.45+0.40* 4.69 +0.88* 3.17£0,14%°°
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Table 3
Structural and functional zones of the tracheobronchial lymph node of OXY'S
and Wistar rats during the different age periods, %
Structures of the tracheobronchial WISTAR (n = 40) OXYS (n = 40)
lymph node 3 months 1,5 years 3 months 1,5 years
1 2 3 4

Capsule 1.93+0.22 3.51 £0.50* 2.52+0.24 3.68 + 0.35%e
Subcapsular sinus 1.68 £0.14 1.68 £0.14 1.58 £0.16 1.32 £0.16*
Cortical plateau 5.07+0.36 426 £0.29 4.06 £ 0.27 5.23+0.38¢
Lymphoid follicles 3.86+0.19 0.86 +0.10* 1.14+£0.14* | 0.24 +£0.03*°.
Paracortex 9.22 +£0.82 6.82 £ 0.29* 6.89 £ 0.42% 5.67+0.51%
Mrdullary cords 8.17 +0.36 6.54 £0.31* 10.8 £0.71% 7.78 £0.27¢
Medullary lymphatic sinus 1.77+£0.17 1.79+£0.21 1.81£0.10 1.96 £0.16

Note: in tables1-3*P
differences between rats of different age.

Lymphatic regions is a part of the gener-
al protective system of an organism. Lymph
nodes are the leading element of the region [3,
9]. Aging affects structure and functions of
lymph nodes. The morphological option of the
structure of a lymph node depends on localiza-
tion and an originality of contact with external
environment. A certain influence on structure
and function of lymph nodes renders age of
animals. Age changes of lymphoid tissue were
various at Wistar and OXYS rats at natural and
premature aging respectively.

The greatest changes underwent lymph
nodes at rats of OXYS. It is known that a
cornerstone of aging is decrease in protective
function of lymphatic system including lymph
nodes [1, 3, 6]. It is possible to assume that
decrease in drainage and immune function of
lymph nodes in the lymphatic region is the re-
sult of early involution of lymphoid tissue with
disorganization of lymph nodes structure at
OXYS rats. This creates conditions for devel-
opment various age-associated diseases [4].

Structural and functional zones of lymph
nodes reach the biggest development in young
rats of Wistar. Genetic the defect in rats of OXYS
constrains development of peripheral lymphoid
organs. It leads to reduction of structures of
cortical substance and expansion of medullary
substance. Reduction of a paracortical zone can
be an example of a morphological equivalent of
decrease of the activity of the T-cellular immune
system. First of all it is connected with early in-
volution of a thymus gland [10].

Lymphoid follicles are other indicator of
immune solvency of lymph nodes [9]. Lym-
phoid follicles are responsible for lymphopoi-
etic function and form the immune response on
humoral type. Lymphoid follicles are exposed
to regress that demonstrates suppression of

<0,05; °P,,<0,05; *P,, < 0,05 — the level of statistical significance of

their function when aging. Other compartments
of lymph nodes also change the sizes that forms
a certain morphological option of the structure
of a lymph node with low functionality. The
variant of structure of a lymph node depends
on features of the lymphatic region.

The structure of lymph nodes of OXYS old
rats does not provide a drainage and the im-
mune status of the lymphatic region. It increas-
es risk of developing pathology. It should be
considered by search of means of correction of
senile changes of lymphoid tissue for increase
of nonspecific resistance.

Conclusion

Morphodynamics of compartments of lymph
nodes of different localization has distinctions at
natural and premature aging. The imbalance of a
ratio of T- and B-zones characterizes depression
of function of lymph nodes depending on lo-
calization and age. The general is minimization
of structures of cortical substance and increase
medullary substance of lymph nodes. Changes
of compartments sizes lead to forming of the im-
mune response of humoral type for mesenteric
and inguinal lymph nodes and the immune re-
sponse of cellular type for the tracheobronchial
lymph node. At the same time at rats of OXYS
the aging happens the accelerated rates and re-
gressive changes of lymphoid tissue are avail-
able already for young animals. The age-caused
imbalance of compartments of a lymph node can
be considered as a predictor of premature aging
and as risk of developing pathology. Features of
morphology of lymph nodes give the grounds
to consider of OXY'S rats as universal model of
immune insufficiency for studying pathogenesis
and development of correction methods.

The state task to research work Ne 0324-
2019-0045-C-02,AAAA-A19-119031590017-7.
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