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IMMUNOMORPHOLOGICAL AND MORPHOMETRIC
CHARACTERIZATION OF CENTRAL AND PERIPHERAL
ORGANS OF IMMUNOGENESIS IN MICE UNDER
PUTRESCINE ADMINISTRATION TO EXPERIMENTAL
ANIMALS

We studied the influence of exogenously administered putrescine on
morphofunctional state of the central and peripheral organs of
immunogenesis of experimental animals. White mice were exposed to
single intravascular administration of putrescine (Sigma, USA) at a
concentration of 10-° mg/mL per 100 g animal body weight. Animals were
euthanized in 2 and 8 hours after putrescine administration observing all
standards set forth by the Yerevan State Medical University (YSMU)
Committee on Bioethics for investigations involving laboratory animals.

Structural changes corresponding to the notion of ‘“accidental
involution” occurred in the cortical layer of thymus in experimental animals
8 hours after putrescine administration. Structural shifts manifested as a
targeted activation of B-dependent zones and layers were observed in
spleen and lymph nodes. The performed immunomorphological studies
revealed that activation of B-dependent zones expresses a marked increase
in number of B-lymphocytes containing 1gG, as well as an increase of IL-
la content in these cells. It is not excluded that putrescine at rather low
concentrations (similar to those determined in blood serum of intact
mammals) in spleen and lymph nodes exerts targeted immunomodulating
action and selectively activates B-lymphocytes populations, which, in turn,
are responsible for activation of humoral immunity reactions.
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IMYHOMOP®OJIOTTYHA TA MOP®OMETPHUYHA
XAPAKTEPUCTUKA HEHTPAJIBHUX I INEPUO®EPUYHUX
OPT'AHIB IMYHOT'EHE3Y MMIIEA IIPM YBEJEHHI
IIYTPECIIMHA EKCIHEPUMEHTAJIbHUM TBAPUHAM

MM [OCHiAMIM BIUTMB ©K30T€HHO BBEICHOTO MyTpeCHHAa Ha
MOpGOYHKITIOHATEHUH CTaH EHTPAIBHUX Ta MepH(pepHIHIX OpraHiB
€KCIIEPUMEHTALHUX bimum wmumam  Oymo  3poOieHO

OJTHOKpaTHE BHYTpilIHbOBeHHE BBeeHHs myrpecunHa (Cirma, CILIA)

TBapuH.

xonuentpaniero 10° mr/mn na 100 r macu Tina teapuuu. Yepes 2 Ta
8 ros micnsi BBElEHHS MYyTpPECLMHA, TBAPHHAM IPOBOJMIM E€BTaHa3il0
JOTPUMYIOUUCh YCIX TOJIOKeHb [IpOTOKONYy TpO JAOCTIIKEHHS 3
BUKOPHUCTAHHSIM
Komiterom 10 OioeTuii

eKCIIEPUMEHTAILHUX ~ TBapWH,  3aTBEPKCHUX
€peBaHCHKOTO JEPKABHOTO MEIMYHOTO

YHIBEpCHUTETY.
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CTpykTypHi 3MiHH, a00 TaK 3BaHa «aKIWACHTaIbHA (BUIAJKOBA)
IHBONIIOIIis»,  CIIOCTEpiramucs B KOPKOBOMY  Imapi  THMyca
SKCIIepIMEHTAJIBHIX TBapUH Yepe3 8 roX micis BBEACHHS IMyTPECLHHY.
Mu moMITHIN CTPYKTYPHI 3MIiHH y Cele3iHmi Ta JiM(paTHYHUX By3JlaX,
10 TPOSABIAIMCSA Yy BUDNIAAL akTHBauii B-3anexHMX 30H Ta ImIapis.
IIpoBeneHi iMyHOMOPQOIOTIUHI JOCTIHKSHHS MMOKA3alH, 110 aKTUBAIIis
B-3anexHIX 30H XapaKTepU3yeThCsl TIOMITHUM 30UIBIICHHSIM KiJbKOCTI
B-nimdoruris, ski MicTITh iMyHOrIIoOYIiH G, a TakoX 301NbIICHHIM
BMicTy iHTepineiikiny IL-lo B mmx kmituHax. He BukmodeHo, mo
MyTPECHUH y Cele3iHIl Ta TiM(paTHIHNX By3/Iax HAaBITh y TOCHTH MAaJIHIX
KOHIICHTpAIlisfX (MOIOHMX MO THX, M0 OyNMH BH3HAYCHI Y CHBOPOTII
KpPOBiI IHTaKTHHX CCaBI[iB) AaKTHBYE IMYHOMOXYJAIIIO, a TaKOX
BHOIPKOBO AaKTHBYE NOMYJAMif0 B-miMmdornwriB, sKi, BpemITi pemr,
BiJIIOBIZAIOTh 32 aKTHBAIIIO PEAKIIA TYMOPAIHHOTO IMYHITETY.

KoarouoBi cioBa: myTpecuuH, OpraHd iMyHOT€HE3y, CTPYKTYpHI
3MiHH, B-niMmdounTy, inTepneiikin 1 o, iMyHOMOTyIIsIis.

NMMYHOMOP®OJIOI'NYECKASA n
MOPO®OMETPUYECKASA XAPAKTEPUCTHUKA
OEHTPAJIBHBIX W  INEPUO®EPHYECKHUX  OPI'AHOB
NMMYHOI'EHE3A MBIIIER P BBEJIEHUHN
IYTPECIIMHA DKCIIEPUMEHTAJIBHBIM ) KNBOTHBIM

MBI u3ydadu BIHSHHE SK30T€HHO BBEICHHOIO IIyTpECIMHA Ha
MOP(QOGYHKIIMOHAILHOE COCTOSIHUE IEHTPAIBHBIX U NepUPepHIeCKUX
OpPraHOB JKCIEPUMEHTAJIBHBIX JKUBOTHBIX. benbiM MbIIaM  OBLIO
CAeTaHoO OJHOKpaTHOE BHYTPHMBEHHOE BBejaeHHe IyTpeciuHa (Curma,
CIIIA) xoHIeHTparmen 10° mr/mi Ha 100 T Macchl Tella XHBOTHOTO.
UYepes 2 u 8 9 mocie BBEACHUS ITyTPECHHHA YXHBOTHBIM IIPOBOIMIH
9BTaHA3MIO CJEqys MONoKeHusIM [IpoTokoa TpPO HCCIEAOBAHUS C
WCIIONB30BAaHUEM JKCIIEPHUMEHTABHBIX JKHBOTHBIX, YTBEPXKICHHBIM
KomuretoM  mo  Omostmke  EpeBaHckoro  rocymapcTBEHHOTO
MEIUIIMHCKOTO YHUBEPCUTETA.

CTpyKTypHBIE HW3MEHEHHUS, WIM TaK Ha3blBaeMas «aKLIHACHTHAas
(cnydaiiHasi) WMHBOJIIOLMS», HAONIOAATUCh B KOPKOBOM CJIO€ THMYcCa
OKCHEPUMEHTAIBHBIX JKUBOTHBIX dYepe3 & 4 TIocje BBEACHUSA
myTpeciuHa. MBbl TakkKe 3aMEeTWIH CTPYKTypHBIE H3MEHEHHS B
celle3eHKe M TUM(ATHYECKUX Y371aX, KOTOpBIE OBLTH IIPEICTaBICHBI
aktuBanmeld  B-3aBumcuMBIX  30H W cioeB.  [IpoBemeHHBIE
HMMYHOMOP(HOIIOTHYECKUE HCCIIECAOBAHUS IMOKAa3aId, 9TO aKTHUBanus B-
3aBHCHUMBIX 30H XapaKTepPH3HPOBaJach 3aMETHBIM YBEIHYCHHEM
KonmiecTBa B-nmuMdormroB comepkamux UMMyHOrnoOymmH G u
yBEeJIMYEHHEM cojiepkaHusi nHTepneiiknHa |L-lo B 3Tmx knerkax. He
UCKJIIOYEHO, 4YTO COJAepKaHWE MYyTpPeCcIMHa B  Celle3eHKE W
nuM(aTHIecKuX y37ax Jaxe B OYEeHb MAaJNCHBKUX KOHIIEHTPAIHSIX
(TI0X0XXHX Ha Te, 9TO OBUTH ONpPEETICHBI B CBIBOPOTKE KPOBH MHTAKTHBIX
KUBOTHBIX) aKTUBHUPYET WMMYHOMOJYIISAIMIO, a TaKke BBIOOPOYHO
AKTHBUPYET NOMYJALHI0 B-muMponuTos, KoTopsle, B KOHEYHOM CUETe,
OTBEYAIOT 32 aKTUBALMIO PEaKINil T'yMOPAJILHOTO HIMMYHHTETA.
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Introduction

It is generally recognized that biological effects
of biogenic polyamines (putrescine, spermidine and
spermine) refer exclusively to all integrative
systems of the organism, the realization of which
occurs at all levels of their structural organization
[7,11, 8].

However, immunomodulatory effects of
polyamines in the organism of mammals [5] are
very insufficiently studied, whereas immune
homeostasis ensures normal performance of
numerous essential functions realized, particularly
affectiong nervous [10], cardiovascular [2, 6, 1] and
endocrine [4, 3, 9] systems of the organism.

Current literature lacks evidence on the
influence of dose-dependent putrescine
concentrations towards the morphofunctional state
of the central and peripheral organs of
immunogenesis. Hence, to our mind, study on the
immunomodulatory effects of putrescine appears
quite promising, especially with approbation of its
low concentrations that are similar to those
determined in blood serum of mammals.

The present investigation  studies the
morphological, morphometric and
immunomorphological shifts in thymus, spleen, and
the lymph nodes of mice under conditions of
putrescine administration to experimental animals.

Material and Methods

The study was performed on white male mice
weighing 35-40 g. The control group involved
intact animals. Animals of experimental series were
divided into 3 groups. Animals of experimental
groups 1 and 2 were withdrawn from the
experiment appropriately 2 and 8 hours (h) after a
single intravascular administration of putrescine
(Sigma, USA) given as 10° mg/ml per 100 g
animal body weight, under observance of all
generally accepted bioethical regulations. Animals
of the control group were exposed to intravascular
administration of 0.1 mL saline, i.e. such an amount
of saline that was used to dissolve putrescine for
administration to animals of experimental groups.

Animals were euthanized under the Nembutal
anesthesia.

Material under investigation (specimens of
thymus, spleen and lymph nodes after fixation in
Karnua liquid and further treatment with high
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alcohol concentrations) were embedded in paraffin
Histomix plus (Russia). Sections with thickness of
3-5 pm were stained according to generally
accepted morphological methods by hematoxylin
eosin and according to Brachet for RNA
determination.

Morphometric analysis was performed with the
help of histiostereometric network containing four
squares with evenly distributed 25 points in each.
The studied objects (lymphocytes) were counted in
case if they randomly coincided with the points.
With this aim, paraffin cross-sections were
prepared from spleen and the lymph nodes. Ten
sections were prepared from different sites of each
paraffin block (i.e. after obtaining the subsequent
section, 3—4 precedent ones were discarded). Five
nets were applied to each section, and then the
arithmetical mean value was calculated and
included in the variational series.

For immunomorphological studies frozen-tissue
cryostat sections derived from the spleen and lymph
nodes were obtained and used for morphometric
analysis, according to the principle similar to
hematoxylin eosin stained cells count.

Immunomorphological studies for determination
of B-lymphocytes populations were performed
through the direct reaction of fluorescence using
anti-mouse 1gG-FITC antibody produced in rabbit
(Sigma, USA). According to protocol, the initial
volume of serum, 2 mL, was diluted 60 times in
0.01 M phosphate buffer at pH 7.4 (0.01M
phosphate buffer saline, pH 7.4).

Determination of IL-la in immunocompetent
cells of peripheral organs of immunogenesis was
done by the indirect fluorescence reaction. For this
purpose, anti-interleukin-lo antibody produced in
goat (Sigma, USA) was applied to the cryostat-
derived sections at the first stage. According to
instructions, these antibodies selectively react only
with the immunocompetent cells of mice. One
milligram of lyophilized serum was dissolved in 10
mL 0.01 M salt phosphate buffer at pH 7.4. At the
second stage of investigation fluorescein
isothiocyanate  (FITC)-labeled anti-goat  1gG
(Sigma, USA) was applied to the cryostat sections;
at a dilution 1:200. Upon implementation of
mentioned studies we strictly adhered to all points
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set forth in the instructions enclosed to each reagent
and those of immunofluorescence investigations
protocol (Sorin, USA), including the appropriate
negative control and control excluding the
autoluminescence background.

Preparations stained with hematoxylin and eosin
and for RNA determination according to Brachet
for RNA were examined with a light microscope
(Micros, Awustria). Cryostat sections treated with
appropriate antisera were examined using a
luminescent microscope (BOECO, Germany).
Microphotographs were taken using a digital
photocamera (Canon A640, Japan).

All statistical analyses were performed using
SPSS version 13.0 software package for Microsoft
Windows (SPSS, Inc., Chicago, IL). Data are
presented as mean +SEM. Comparisons between
groups were performed using Student’s t test and
ANOVA.

Results and Discussion

The results of morphological investigation
revealed that the cytoarchitectonics of thymus in
experimental animals was similar to that observed
in mice of control group in 2 hours after putrescine
administration.  Eight hours after putrescine
administration, the initial stages of “accidental
involution” processes were observed in thymus of
experimental animals. In particular, in the
superficial layers of the cortex the compact
orientation of lymphocytes was disturbed; this latter
was manifested by the presence of light optical
microfoci, in which single lymphocytes were
encountered. The content of lymphoblasts
significantly decreased in subcapsular part. In the
superficial layers of the cortex, on the background
of their decreased mitotic activity, signs of pycnosis
and rhexis of small lymphocytes were recorded
more frequently compared with the control group.

In 2 hours after putrescine administration
cytoarchitectonics of the spleen and lymph nodes
was preserved, i.e. it did not differ from that of rats
in control group. However, already 8 hours after
putrescine administration the structure was
changed, signifying the predominant activation of
B-dependent zones in  both organs of
immunogenesis. Follicles of 2 types were revealed
in the splenic white pulp. In one type of follicles
two-three layers of circularly oriented small
lymphocytes presented the periarterial zone. In the
other type of follicles, lymphocytes of marginal
zone were lacking. Optically light spaces appeared
in perivascular areas.
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The follicle centers appeared to be slightly
widened and edematous and consisted mainly of
reticular cells, among which single lymphocytes
and macrophages were revealed. The mantle and
marginal zones also appeared widened and
edematous and were presented by plasmatic cells
and small lymphocytes, amongst which single
lymphoblasts were identified (Fig. 1a). Single
hypertrophic follicles and the fused follicles were
also revealed. In the red pulp of spleen the pulpar
strands were rather contoured in relief, appeared to
be somehow thickened and were mainly presented
by small lymphocytes and plasmatic cells (Fig. 1b).

The cytoangioarchitectonics of the lymph nodes
was also preserved. In the cortical substance, there
were encountered lymphoid follicles of small and
medium dimensions, with widened center, the
cellular content of which was mainly presented by
reticulocytes, with single macrophages and
lymphocytes among them. The border of
paracortical zone was contoured not distinctly. This
zone consisted of loosely oriented small
lymphocytes, single reticulocytes, macrophages,
and lymphocytes. The medullary layer of lymph
nodes appeared widened as well and was presented
by strands, compactly and/or loosely oriented
towards each other. Medullary strands consisted of
plasmatic cells, small and medium lymphocytes
(Fig. 1c). Sinuses appeared to be widened;
lymphocyte line cells, among which there were
recorded single monocytes and neutrophilic
leukocytes, were encountered in lumen of sinuses.

Thus, in  B-dependent  zones, upon
morphological analysis, structural changes were
revealed indicating the increase of small
lymphocytes and plasmatic cells in the mentioned
zones.

In order to identify B-lymphocytes we
performed immunological studies for the B-
population of lymphocytes in their representative
structures and zones of the spleen and lymph nodes.

As it was shown in the results of
immunofluorescent investigation the number of B-
lymphocytes populations, including plasmatic cells
as well, markedly increased in all studied structures
and zones of peripheral organs of immunity 8 hours
after the putrescine administration.

B-lymphocytes populations and plasma cells
were characterized by a specific fluorescence when
FITC-labelled serum anti-mouse 1gG was applied to
slides of spleen and lymph nodes.

Fluorescence was revealed in both cytoplasm of
plasmatic cells and on the surface of small and
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average lymphocytes as a circularly oriented
limbus; in small lumps and grains along the entire
perimeter of lymphocytes localized at the site of
spleen strands; in reactive centers of the spleen and
lymph nodes; in the mantle and the marginal zones
of spleen follicles (Fig. 2a), and marginal parts of
lymph node follicles. We also registered the
specific (homogenous and small-grain)
fluorescence in cytoplasm of plasmatic cells
predominantly localized in the medullary strands of
lymph nodes and pulpar strands of spleen.

As indicated by results of the quantitative
fluorescent microscopy analysis, the content of B-
lymphocytes populations in all studied layers and
zones of spleen and lymph nodes did not actually
differ from the controls in 2 hours after the
putrescine administration (Table 1).

Eight hours after the putrescine administration,
the content of B-lymphocytes populations increased
in studied structures of spleen. In particular, the
number of B-lymphocytes in strands of the spleen,
reactive centers of follicles, mantle and marginal
zones (the summary index) was higher than in
controls by 2.0, 2.2 and 1.95 times, respectively.

Similar picture was observed in the lymph
nodes. The number of B-lymphocytes increased 2.6
times in the reactive centers of follicles in cortical
layer compared with that in animals of control
group, in marginal parts of follicles the increase
was 1.7-fold, likewise the pulpar strands of the
medullary layer increased 1.7-fold.

The next stage of our investigation was
immunomorphological study for determination of
specific cell populations responsible for IL-la
synthesis in spleen and lymph nodes.

According to our research findings, in the
peripheral organs of immunogenesis of animals in
the control group single lymphocytes and
macrophages were identified; the specific
fluorescence was recorded on the surface and in
cytoplasm. Such cells (mainly small lymphocytes
and single macrophages) were characterized by
predominant localization in the lymphoid follicles
of spleen and, to a lesser extent, in the strands of
spleen. Thus, these cells predominantly localized in
the mantle and marginal zones of lymphoid follicles
in mice of the control group.

In reactive centers of spleen follicles no
presence of lymphocytar and macrophageal line
cells containing IL-loa was revealed. The
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availability of immunocompetent cells
(lymphocytes and macrophages) in lymph nodes
and spleen with a specific fluorescence in their
cytoplasm was recorded, and observed mainly in
the marginal parts of small and average lymphoid
follicles. It should be emphasized that only single
lymphocytes, in cytoplasm of which a specific
fluorescence was observed, were revealed in
medullary strands of lymph nodes in animals of the
control group. The character and topical
peculiarities of the immunocompetent cell
distribution in peripheral organs of immunity were
similar to those determined in the spleen and lymph
nodes of the controls in 2 hours after the putrescine
administration to experimental animals, in an
indirect immunofluorescence reaction.

Eight hours after the putrescine administration,
the content of immunocompetent cells with a
specific fluorescence in cytoplasm significantly
increased. Thus, the presence of IL-lo was
recorded in a group of lymphocytar line cells
participating in formation of splenetic pulpar
strands and medullar strands of lymph nodes
(Fig. 2b,c).

As is obvious from Table 2, the number of IL-
la containing lymphocytes in the red pulp of spleen
was increased 2.5-fold 8 hours later after the
putrescine administration as compared with the
control group. The number of small lymphocytes in
mantle and marginal zones of spleen follicles (the
summary index), in cytoplasm of which a specific
fluorescence was recorded, significantly increased
as well. In particular, in the mentioned zones the
number of small lymphocytes containing IL-1a
increased 1.9-fold, as compared with the content of
similar immunocompetent cells in animals of the
control group. Similar pattern was observed in the
lymphoid follicles of lymph nodes as well, namely:
the number of IL-la. containing lymphocytes
increased 2.6-fold in marginal parts compared with
the similar index in the control group animals. In
the medullary strands of lymph nodes the content of

similar  lymphocytes, though insignificantly,
increased as well. It should be particularly
mentioned that we did not register

immunocompetent cells (macrophages and B-
lymphocytes) containing IL-1c in the reaction of
indirect immunofluorescence in the reactive centers
of lymphoid follicles of spleen and lymph nodes of
animals in both control and experimental groups.
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Table 1
The content of B-lymphocytes populations in the spleen and lymph nodes of experimental animals in 2 and 8 hours after
putrescine administration

Study Content of B-lymphocytes populations
groups,
n=16 Spleen Lymph nodes
Red pulp Reactive center Mantle and | Cellular strands Reactive center Marginal parts
strands of of follicles marginal of medullary  of follicles of follicles
spleen zones of | layer
follicles
Control 24.6 £6.7 9.1+2.3 28.7+5.1 35.8+6.1 7.4+23 23.8+4.1
Experimental 29.3+5.4 11.3+3.8 242 +3.9 40.2+6.9 8.8+2.1 26.1+3.3
group 1 04>P>025 04>P>025 025>P>01 |04>P>0.25 04>P>0.25 04>P>0.25
(in 2 hours)
Experimental 50.1 +8.2 19.7+3.4 562+7.8 61.4+8.0 19.6+3.5 39.7+54
group 2 0.025>P>0.01 0.025>P>0.01 0.01>P>0.005 | 0.005>P>0.0005 0.01>P>0.005 0.01 > P >0.005
(in 8 hours)

Table 2
The number of lymphocytes in which the presence of IL-1a was recorded in structural components of spleen and lymph
nodes of experimental animals under the conditions of putrescine administration

Study groups Number of IL-1a-containing lymphocytes
n=16
Spleen Lymph nodes
Splenetic strands of red  Mantle and marginal | Marginal parts of Medullary strands
pulp zones of follicles follicles
Control 64+19 3.7£1.2 43+1.6 3.8=+1.1
Experimental group 1 82+27 32+£07 30+£18 52+0.8
(in 2 hours) 04>P>0.25 04>P>0.25 04>P>0.25 0.25>P>0.1
Experiment group 2 16.1+3.5 95+21 87+16 74+16
(in 8 hours) 0.025>P >0.01 0.025>P >0.01 0.05>P >0.025 0.05>P >0.025

»!

ﬁ%‘; ¥R

Fig 1. Structural shifts in the peripheral organs of immunogenesis in experimental mice 8 hours after the putrescine
administration. a — Mantle zone of spleen follicle appears unevenly widened and is presented by cells of lymphocytar line.
Hematoxylin and eosin. Obj. 20; oc. 7; b — Pulpar strands of spleen are widened and characterized by compact localization in
reticular stroma of lymphocytes and plasmatic cells. Brachet reaction for RNA. Obj. 20; oc. 10; ¢ — Medullar layer of the
lymph node is presented by compactly and loosely oriented “hypertrophied” medullar” strands mainly presented by
lymphocytes and plasma cells. Brachet reaction for RNA. Obj. 10; oc. 7
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Fig. 2. Immunomorphological shifts in the peripheral organs of immunogenesis of experimental mice 8 hours after the
putrescine administration. a — Presence of B-lymphocytes populations in the reactive center and marginal zone of follicle of
spleen. Direct fluorescence reaction for revealing IgG in cells of lymphocytar and plasmacytar line. Obj. 40; oc. 7; b —
Presence of IL-1a in lymphocytes of pulpar strands of spleen. Indirect immunofluorescence reaction for revealing IL-1a in
cells of the lymphocytes and macraphageal line. Obj. 40; oc. 7; ¢ — Presence of IL-1a in the lymphocytes of medullary
strands of a lymph node. Indirect immunofluorescence reaction for revealing IL-1a in lymphocytes and macrophages.

Obj. 40; oc. 7

Conclusion

Single intravascular administration of putrescine
to experimental animals was followed by
differently directed shifts in the central and
peripheral organs of immunogenesis. Eight hours
after the putrescine administration, the initial stages
of “accidental involution” process of the cortical
layer were recorded in the thymus of mice.

Eight hours after the putrescine administration a
structural rearrangement of lymphoid tissue
occurred in the spleen and lymph nodes of
experimental animals; this latter was manifested by
the signs of B-dependent zones activation with the
subsequent increase of B-lymphocytes populations,
which served as a source of IL-la enhanced
synthesis.

On the basis of performed morphological,
morphometric and immunomorphological studies a
supposition might be made: a rather low (similar to
those in blood serum of mammals) concentrations
of putrescine administered experimentally produce
a direct stimulating influence on the intercellular
cooperation formation processes, which are
engaged in activation of humoral immunity in
immunocompetent cells of the spleen and lymph
nodes.
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