
50

Êë³í³÷íà òà åêñïåðèìåíòàëüíà ïàòîëîã³ÿ Òîì XII²,  ¹1 (47), 2014

UDC 616-076.4:591.441:615.277.3

S.A. Kashchenko,

I.V. Bobrysheva

State establishment "Lugansk State
Medical University", Lugansk

FEATURES OF ULTRAMICROSCOPIC
STRUCTURE OF THE SPLEEN IN RATS
OF DIFFERENT PERIODS OF
POSTNATAL ONTOGENESIS UNDER
CONDITIONS OF EXPERIMENTAL
IMMUNOSUPRESSION

Abstract. Aim of research is to study the features of ultramicroscopic
structure of the white pulp of the spleen in the rats at the different
stages of postnatal ontogenesis after introduction of
immunosuppressive drug ñyclophosphamide. 180 white noninbred
male rats of three age periods: puberty (1st group), reproductive
(2nd group) and period of the expressed senile changes (3rd group)
served as a material for investigation. Ñyclophosphamide was
injected in a dosage resulting in immune depression (200 mg/kg of
body weight of animal). Study of ultrastructural characteristics of
white pulp of the spleen was performed on ultrathin sections with
electron microscope. It was established that introduction of
cyclophosphamide results to morphological alteration of spleen of
white rats as a hypoplasia of the white pulp. The highest level of
reactivity of the spleen in reply to introduction of cytostatic drug is
observed at the animals of the 1st group. Ñhanges of morphological
characteristics of the white pulp of the spleen in the rats of the 2nd
and the 3rd groups take place on a background of the evolutional
changes of organ. In the animals of the 2nd and the 3rd groups after
the cyclophosphamide administration high activity of apoptotic
processes in the white pulp of the spleen induced by cytostatic drug
occurring against the backdrop of involutive changes in the organ is
observed.
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Introduction

The immune system is one of the most sensitive
systems of the organism which quickly reacts to
external influences. In humans and other mammals
the spleen is the largest lymphoid organ, taking part in
the development and maintenance of the cellular and
humoral immune responses, the innate and adaptive
immunity, quantitative and qualitative content of blood
immune cells, lymph and other lymphoid organs [4, 5].
For the treatment of malignant tumors, autoimmune
diseases, in transplantology there is the need of the
immunosuppressive therapy which has a negative
effect on various organs and tissues  including the
organs of the immune system [8].

Despite the presence of the numerous researches
devoted to the structure of the spleen under the
influence of external factors [1, 2, 3, 4, 7], questions
of morphological changes in lymphoid tissue of the
spleen under the action of immunomodulative drugs
on the organism remain insufficiently studied.

The aim of research was to study the features of
ultramicroscopic structure of the white pulp of the
spleen in the rat of the different periods of postnatal

ontogenesis after administration of the immu-
nosuppressive and cytostatic drug cyclophosphamide.

Materials and Methods

180 white nonbred male rats of three age periods:
puberty (mass of 30-50 g) - the 1st group,
reproductive (130-150 g) - the 2nd group and period
of the expressed senile changes (300-330 g) - the 3rd
group obtained from a vivarium of Lugansk State
Medical University served as a material for
investigation. Cyclophosphamide was singly admi-
nistered to experimental animals intramuscularly in a
dosage of 200 mg/kg of body weight. Control animals
received 0,9% soluble sodium chloride. Animals were
killed by decapitation under ethereal anaesthesia in 1,
7, 15, 30 and 60 days after drug introduction. The
animals were cared for in accordance with the
principles of the Guide to the Care and Use of
Experimental Animals stated in the Helsinki
declaration. For electron microscopy the spleen was
removed and fixed immediately in 2,5% glu-
taraldehyde in 0,1 M phosphate buffer (pH 7,2).
Specimens were postfixed in 2% aqueous osmium
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tetraoxide, dehydrated through graded
concentrations of ethanol and embedded in Araldite.
Ultrathin sections were cut with ultramicrotome and
mounted on copper grids. Sections were examined
with electron microscope.

Results

High sensitivity of the white pulp cells of the
spleen of the experimental animals to introduction of
cyclophosphamide has been established.

So, studing of the spleen of the rats of the 1st
group the data obtained have showed that in 1 and 7
days after administration of cyclophosphamide
significant changes in all structural components of
lymph nodules of white pulp occur.

In periarterial zone there are mainly small and
medium lymphocytes having signs of destructive and
dystrophic changes of the nucleus and cytoplasm.
Cells contain irregular nuclei, rough endoplasmic
reticulum (RER) of the cytoplasm contains extended
cisterns, mitochondria have light matrix and partially
damaged cristae.

In the mantle zone of the lymphatic nodule dark,
irregular in shape lymphocytes with bulgings of
plasmolemma, containing osmiophil nucleus with
invaginations of karyolemma are observed. In the
marginal zone the number of modified plasma cells
with eccentrically located deformed nuclei increases
(fig. 1). In the cytoplasm of these cells fragmentation
and expansion of cisterns of RER, Golgi copmlex
(GC), and damage of mitochondria are revealed. In
15, 30 and 60 days after the introduction of
cyclophosphamide there is a delymphatization of the
periarterial lymphoid sheaths. Small and medium
lymphocytes with the changed nuclei and light
cytoplasm devoid of the organelles are visualized. In
some plasma cells the fragmentation of the RER
cisterns, destructive changes of the GC and the
mitochondria occurs. Dendritic cells contain small,
irregular, electron dense nuclei and damaged
organelles in their cytoplasm.

At the electron microscopic study of the spleen
of animals of the 2nd and the 3rd groups in the struc-
ture of the white pulp similar changes, which are
characterized by a considerable polymorphism, are
observed. Structural zones of lymphatic nodules
contain small and medium lymphocytes, some of
which show signs of destructive changes: irregular
nuclei, light, oedematous cytoplasm, almost devoid of
organelles (fig. 2). However, there are single lym-
phoblasts in the process of mitotic division (fig. 3).

In periarterial lymphoid sheaths the number of
small and medium lymphocytes, plasma cells
reduces. The cytoplasm of light lymphocytes are
often devoided of the organelles.

Fig. 1. Lymphatic nodule of the spleen of the rat of the

1st group in 7 days after injection of cyclophosphamide:

1 - plasma cell, 2 - macrophage, 3 - dendritic cell. Magni-

fication x 12000

Fig. 2. Lymphatic nodule of the spleen of the rat of the

2nd group in 15 days after injection of cyclophospha-

mide: 1 - lymphocytes, 2 - macrophage, 3 - plasma cell.

Magnification x 8000

Fig. 3. Lymphatic nodule of the spleen of the rat of the

2nd group in 30 days after injection of cyclophospha-

mide: 1 - lymphoblast, 2 -mitosis. Magnification x 8000

The nuclei of individual plasma cells are irregular
in shape, their cytoplasm contains fragments of
RER, destructive changes of GÑ, in the mitochondria
there is partial destruction of the cristae.
Macrophages are small, with the increased electron
density of the cytoplasm. In the cytoplasm of
dendritic cells the damaged organelles are often

Îðèã³íàëüí³ äîñë³äæåííÿ
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observed.
The typical morphological reflection of the

influence of cyclophosphamide on the white pulp of
the spleen of rats of these age periods is presence of
lymphocytes with signs of apoptosis at periarterial
and marginal zones of lymphatic nodules. Decrease
in cell volume achieved by shrinking of the cytoplasm
is observed. The cells contain dense nuclei, which
have irregular contour, aggregation of chromatin as
bodies of various shapes and sizes, knod-like
protrusions, deep invaginations and constrictions of
the karyolemma (fig. 4). In the later stages of
apoptosis the fragmentation of the nucleus occurs.

Features of the ultramicroscopic structure of
macrophages indicate their activation. Active
macrophages have a number of finger-like projec-
tions of the cytoplasm, invaginations of plasmolemma,
a large number of phagolysosomes and residual
bodies in the cytoplasm. Size and electron density of

the phagocytosed material allow considering it as the
residues of apoptotic bodies (fig. 5).

Macrophage activity may be related to their with
the data of authors who noted increased apoptosis
phenomena in the spleen of mice after exposure to
low doses of gamma radiation [3]. Furthermore,
according to the literature [9], spleen macrophages
can trigger apoptosis by activation of enzymatic
caspase cascade.

High activity of apoptosis in the white pulp of the
spleen of rats of the 2nd and the 3rd experimental
groups after cyclophosphamide injection may be the
result of a combination of the activation of apoptosis
by cytostatic drug and involutive processes of white
pulp, the main feature of which in laboratory rats of
the reproductive period, according to the literature
[6], is increased apoptosis of lymphoid cells.

Conclusions

1.The rat spleen is characterized by a high degree
of reactivity to the introduction of cyclophosphamide,
which appears in hypoplasia of T-and B-zones of
white pulp.

2.The lymphatic nodules are exposed to
immunosuppressive influence of cyclophosphamide
in the early periods after its injection, while
periarterial lymphoid sheaths - in a long-term period.

3.Hypoplasia of the white pulp of the spleen of
animals of the 1st group is associated with a
reduction in the number of lymphocytes in lymphoid
periarterial sheaths, and of the older age group - with
increasing of apoptosis of lymphocytes in the
lymphatic nodules.

4.The animals of the 1st group have a higher level
of reactivity of white pulp of the spleen in response
to the cytostatic drug than the rats of other age
periods, which is manifested in the development of
expressed destructive and dystrophic processes of
lymphoid and stromal elements, which can be
explained by certain morpho-functional immaturity of
the spleen.

5.In the animals of the 2nd and 3rd groups after
the administration of cyclophosphamide high activity
of apoptotic processes in the white pulp of the spleen
induced by cytostatic drug occurring against the
backdrop of involutive changes in the organ is
observed.
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Fig. 4. Lymphatic nodule of the spleen of the rat of the

3rd group in 30 days after injection of cyclophospha-

mide: 1 - lymphocytes with signs of apoptosis, 2 -

dendritic cell, 3 - macrophage. Magnification x 8000

Fig. 5. Lymphatic nodule of the spleen of the rat of 3rd

group in 30 days after injection of cyclophosphamide: 1 -

macrophage, 2 - phagolysosomes, 3 - residues of

apoptotic bodies, 4 - erythrocytes.  Magnification x 8000
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Ðåçþìå. Ìåòîþ äîñë³äæåííÿ º âèâ÷åííÿ îñîáëèâîñòåé
óëüòðàì³êðîñêîï³÷íî¿ áóäîâè á³ëî¿ ïóëüïè ñåëåç³íêè ùóð³â
íà ð³çíèõ åòàïàõ ïîñòíàòàëüíîãî îíòîãåíåçó ï³ñëÿ ââåäåííÿ
³ìóíîñóïðåñèâíî¿ ïðåïàðàòó öèêëîôîñôàì³äó. Ìàòåð³àëîì
äëÿ äîñë³äæåííÿ ñëóãóâàëè 180 á³ëèõ áåçïîðîäíèõ ùóð³â-
ñàìö³â òðüîõ â³êîâèõ ïåð³îä³â: ñòàòåâîãî äîçð³âàííÿ (1-à
ãðóïà), ðåïðîäóêòèâíîãî (2-à ãðóïà) ³ ïåð³îäó âèðàæåíèõ
ñòàðå÷èõ çì³í (3-òÿ ãðóïà). Öèêëîôîñôàì³ä ââîäèëè äîçîþ,
ÿêà ïðèçâîäèòü äî ³ìóííî¿ äåïðåñ³¿ (200 ìã/êã âàãè ò³ëà
òâàðèíè). Ìàòåð³àë äëÿ åëåêòðîííîì³êðîñêîï³÷íîãî
äîñë³äæåííÿ îáðîáëÿëè çà çàãàëüíîïðèéíÿòîþ ìåòîäèêîþ.
Óëüòðàòîíê³ çð³çè âèãîòîâëÿëè íà óëüòðàì³êðîòîì³ ÓÌÒÏ-
4 Ñóìñüêîãî ÂÎ "Åëåêòðîí", âèâ÷àëè ³ ôîòîãðàôóâàëè ï³ä
åëåêòðîííèì ì³êðîñêîïîì ÅÌ- 125. Áóëî âñòàíîâëåíî, ùî
ââåäåííÿ öèêëîôîñôàì³äó ïðèçâîäèòü äî ìîðôîëîã³÷íèõ
çì³íîþ ñåëåç³íêè á³ëèõ ùóð³â ó âèãëÿä³ ã³ïîïëàç³¿ á³ëî¿
ïóëüïè. Íàéá³ëüø âèñîêèé ð³âåíü ðåàêòèâíîñò³ ñåëåç³íêè ó
â³äïîâ³äü íà ââåäåííÿ öèòîñòàòèêà ñïîñòåð³ãàºòüñÿ ó òâàðèí
1-¿ ãðóïè. Çì³íà ìîðôîëîã³÷íî¿ õàðàêòåðèñòèêè á³ëî¿ ïóëüïè
ñåëåç³íêè ó ùóð³â 2 ³ 3 ãðóï â³äáóâàºòüñÿ íà òë³
³íâîëþòèâíèõ çì³í îðãàíó. Ó òâàðèí 2 ³ 3 ãðóï ï³ñëÿ
ââåäåííÿ öèêëîôîñôàì³äó ñïîñòåð³ãàºòüñÿ âèñîêà àêòèâí³ñòü
àïîïòîçíèõ ïðîöåñ³â ó á³ë³é ïóëüï³ ñåëåç³íêè, ³íäóêîâàíèõ
ââåäåííÿì öèòîñòàòèêà, ùî â³äáóâàºòüñÿ íà òë³ ³íâîëþòèâíèõ
çì³í îðãàíó.

Êëþ÷îâ³ ñëîâà: ùóðè, ñåëåç³íêà, á³ëà ïóëüïà,
öèêëîôîñôàì³ä.
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Ðåçþìå. Öåëüþ èññëåäîâàíèÿ ÿâëÿåòñÿ èçó÷åíèå
îñîáåííîñòåé óëüòðàìèêðîñêîïè÷åñêîãî ñòðîåíèÿ áåëîé
ïóëüïû ñåëåçåíêè êðûñ íà ðàçíûõ ýòàïàõ ïîñòíàòàëüíîãî
îíòîãåíåçà ïîñëå ââåäåíèÿ èììóíîñóïðåññèâíîãî ïðåïàðàòà
öèêëîôîñôàìèäà. Ìàòåðèàëîì äëÿ èññëåäîâàíèÿ ïîñëóæèëè
180 áåëûõ áåñïîðîäíûõ êðûñ-ñàìöîâ òðåõ âîçðàñòíûõ
ïåðèîäîâ: ïîëîâîãî ñîçðåâàíèÿ (1-ÿ ãðóïïà), ðåïðî-
äóêòèâíîãî (2-ÿ ãðóïïà) è ïåðèîäà âûðàæåííûõ ñòàð÷åñêèõ
èçìåíåíèé (3-ÿ ãðóïïà). Öèêëîôîñôàìèä ââîäèëè â äîçå,
ïðèâîäÿùåé ê èììóííîé äåïðåññèè (200 ìã/êã âåñà òåëà
æèâîòíîãî). Ìàòåðèàë äëÿ ýëåêòðîííîìèêðîñêîïè÷åñêîãî
èññëåäîâàíèÿ îáðàáàòûâàëè ïî îáùåïðèíÿòîé ìåòîäèêå.
Óëüòðàòîíêèå ñðåçû èçãîòàâëèâàëè íà óëüòðàìèêðîòîìå
ÓÌÒÏ - 4 Ñóìñêîãî ÏÎ "Ýëåêòðîí", èçó÷àëè è ôîòî-
ãðàôèðîâàëè ïîä ýëåêòðîííûì ìèêðîñêîïîì ÝÌ-125. Áûëî
óñòàíîâëåíî, ÷òî ââåäåíèå öèêëîôîñôàìèäà ïðèâîäèò ê
ìîðôîëîãè÷åñêèì èçìåíåíèåì ñåëåçåíêè áåëûõ êðûñ â âèäå
ãèïîïëàçèè áåëîé ïóëüïû. Íàèáîëåå âûñîêèé óðîâåíü
ðåàêòèâíîñòè ñåëåçåíêè â îòâåò íà ââåäåíèå öèòîñòàòèêà
íàáëþäàåòñÿ ó æèâîòíûõ 1-é ãðóïïû. Èçìåíåíèå ìîð-
ôîëîãè÷åñêîé õàðàêòåðèñòèêè áåëîé ïóëüïû ñåëåçåíêè ó
êðûñ 2 è 3 ãðóïï ïðîèñõîäèò íà ôîíå èíâîëþòèâíûõ
èçìåíåíèé îðãàíà. Ó æèâîòíûõ 2 è 3 ãðóïï ïîñëå ââåäåíèÿ
öèêëîôîñôàìèäà íàáëþäàåòñÿ âûñîêàÿ àêòèâíîñòü
àïîïòîçíûõ ïðîöåññîâ â áåëîé ïóëüïå ñåëåçåíêè, èíäó-
öèðîâàííûõ ââåäåíèåì öèòîñòàòèêà, ïðîòåêàþùèõ íà ôîíå
èíâîëþòèâíûõ èçìåíåíèé îðãàíà.

Êëþ÷åâûå ñëîâà: êðûñû, ñåëåçåíêà, áåëàÿ ïóëüïà,
öèêëîôîñôàìèä.
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