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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 cyclophosphamide. 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. Cyclophosphamide 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. Changes 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.

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
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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 Ist 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
Ist group in 7 days after injection of cyclophosphamide:
1 - plasma cell, 2 - macrophage, 3 - dendritic cell. Magni-

fication x 12000
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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 GC, 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
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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

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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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 [ymphoid sheaths - in a long-term period.

3.Hypoplasia of the white pulp of the spleen of
animals of the st 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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OCOBJHABOCTI YJITPAMIKPOCKONTUYHOT
BYOBU CEJIE3IHKU 1IYPIB PI3BHUX IIEPIOAIB
IHOCTHATAJIBHOI'O OHTOI'EHE3Y B YMOBAX

EKCITEPUMEHTAJIBHOI IMYHOCYIPECIT

C.A. Kawenko, 1.B.boopuwiesa

Pesrome. MeToto 10CITiDKEHHS € BUBYEHHS 0COOJIMBOCTEH
YABTPaMiKpOCKOIIiTHOT OyJ0BH 01101 My TbNH CENe3iHKN IIypiB
Ha pi3HMX eTarnax MOCTHATaIbHOT0 OHTOTEHE3Y MiCIIs BBEICHHS
iMyHOCYNpecHBHOI npenapary ukiaodocdaminy. Marepianom
Ut gocrimkeHHs cryryBaian 180 6invx 6e3mopo HuX mypis-
CaMIIiB TPHOX BIiKOBHX MEpiofiB: cTaTeBoro no3piBanHs (1-a
rpymna), pernpoayKTUBHOTO (2-a Tpyma) i nepiogy BUpakeHHX
crapeunx 3MiH (3-14 rpyna). [l{ukiaodocdamia BBoIUIN 103010,
sKa MPU3BOJUTH A0 iMyHHOI nemnpecii (200 Mr/kr Baru Tina
TBapuHM). Marepian A1 e1eKTPOHHOMIKPOCKOMIYHOTO
JIOCTiKEHHST 00pOoOIsN 3a 3araJbHOIPHHHATOI0 METOIHUKOIO.
VieTpaToHKi 3pi3u BUTOTOBISUIN Ha ynsTpaMikpoTomi YMTII-
4 Cymcekoro BO "Enextpon", BuBuamu i gororpadysanu mix
eeKTpOHHUM MikpockorioM EM- 125. Byno BcTaHoBNIeHO, 110
BBE/IEHHS NUKI0(ochaMiLy MPU3BOIUTE 10 MOP(POIOTITHIX
3MiHOIO ceNe3iHKM OiMuX IypiB y BUITIAAI Timorutasii 6imoi
mynbnu. HaitGinbein Bucokuii piBeHb peaKTUBHOCTI CENE3iHKH Y
Bi/IMOBi/Ib Ha BBEJICHHS LINTOCTATHKA CIIOCTEPIracThCsl y TBAPHH
1-1 rpymi. 3mina MopdoIOTiTHOT XapaKTEPUCTHUKY G110 My IbIH
cenesinkm y mypiB 2 i 3 rpym BinOyBaeThcs Ha TIi
IHBOJNIOTMBHUX 3MiH opraHy. ¥ TBapwH 2 i 3 rpym micis
BBEJICHHSI IMKI0(ochaminy criocTepiracThesl BUCOKA aKTUBHICTh
aroNTO3HNX MPOIECiB y OiMil MynbMi cene3iHky, iHIyKOBaHNUX
BBEICHHSM IIUTOCTATHKA, IO BiIOYBAECTHCS Ha TJIi iHBOIOTHBHUX
3MiH Oprasy.

KnawuoBi caoBa: mypu, cenesinka, 0inma mynbnma,
kIodocdamin.

OCOBEHHOCTH YJIBbTPAMUKPOCKOIIMYECKOI'O
CTPOEHUSA CEJIE3EHKH KPbBIC PA3JIMYHBIX
HEPUOAOB NIOCTHATAJIBHOI'O OHTOI'EHE3A B
YCJOBUAX SKCMMEPUMEHTAJIBHOM
NMMYHOCYIPECCUUN

C. A. Kawenko, H. B. Boopvluesa

Pesrome. Llenpio ucciae0BanHus ABISAETCS U3YyUCHUE
0CO0EHHOCTEH YIBTPAMUKPOCKOMUYECKOTO CTPOEHHUs Oesoi
MyJBIBI CEJIE3EHKN KPBIC HA PA3HBIX 3Tarax MOCTHATAILHOIO
OHTOTreHEe3a MOCIIe BBECHHSI IMMYHOCYTIPECCUBHOTO Mpenapara
uuknogpochamuaa. Marepranom At KCCIEI0BAHUS TOCTYKUIN
180 Genpix OecOPOIHBIX KPBIC-CAMIIOB TPEX BO3PACTHBIX
MepuoJ0B: MOJOBOro co3peBaHus (1-g rpynna), penpo-
JIyKTUBHOTO (2-51 'pyIINa) U epUoa BhIPAKEHHBIX CTAPUECKUX
n3MeHeHuit (3-g rpynna). Llukiaopocdamua BBonuIM B 103€,
npuBosLIeit kK UMMYHHOU nenpeccun (200 Mr/kr Beca Tena
JKMBOTHOT0). Marepua Juist 31eKTPOHHOMHUKPOCKOIINYECKOTO
ucclleI0BaHusl 00pabaTbIBaiy M0 OOUIETIPUHATON METOAMKE.
VIbTpaToHKHE Cpe3bl U3TOTABINBAIN HA YIBTPAMUKPOTOME
VYMTII - 4 Cymckoro 1O "Dnektpon", usyyanu u ¢poro-
rpa¢gupoBai MO ANEKTPOHHBIM MUKPOCKorioM OM-125. beuio
YCTaHOBJIEHO, YTO BBeJeHHE LUKI0dochamMuia TPUBOIUT K
MOP(}OIOTMUECKIM U3MEHEHNEM CeIe3€HKH OEIbIX KPBIC B BUIE
runomiaaszuu 6enoit nynsnel. HauGonee Bricokuit ypoBeHb
PEaKTUBHOCTH CEJIE3EHKH B OTBET Ha BBEJCHUE LIUTOCTATHKA
Ha0ironaeTcs y UBOTHBIX 1-i rpynnel. U3mMeHeHune Mop-
(donoruyeckoit XxapakTepUCTUKN OE0i MyIbIIbI CENE3ECHKH Y
KpbIC 2 ¥ 3 IpyNI NPOUCXOAUT Ha (POHE MHBOJIIOTUBHBIX
U3MEHEHH opraHa. ¥ »KMBOTHBIX 2 U 3 IPYIII 110C/IE BBEACHUS
uukiopochamuaa HabIOJaETCS BbICOKAsh aKTHUBHOCTH
aroINTO3HBIX MPOIECCOB B OENON MyJblle CeNe3eHKH, HHIY-
LMPOBAHHBIX BBEJCHUEM LIMTOCTATHKA, MPOTEKAIOIIUX Ha (hoHe
WHBOJIIOTUBHBIX M3MEHEHHH OpraHa.

KuroueBble cioBa: KpBICH, CeNe3eHKa, Oenas Mmyaba,
kIodochamm.
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