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The influence of Plaferon LB on regenerative processes in the pancreas in
an Alloxan-induced diabetes rat model

(Regeneration of B-cells during Alloxan diabetes )

Latsabidze I.' Janberidze E.?>* Kakabadze M.* Didebulidze N.* Gvamichava T.?
Machavariani T.°

Abstract

Background: The ability of dysfunctional 3-cells lesion to regulate blood glucose levels can be normalized in by increasing the
mass of existing B-cells in the pancreas. Study of regenerative processes in Diabetes Mellitus and finding new ways to activate 3
-cells precursors is of great theoretical and practical interest.

Methods: Using the methods of light, electron -microscopic, immunohistochemistry, electron-morphometric researches pan-
creas was studied in the experimental model of diabetes. In the present study, the influence of amniotic derived peptide
(Plaferon LB) on renewal processes was investigated in the pancreas of rats with Alloxan-induced diabetes. From a total of 90
Wistar laboratory rats, 30 received an Alloxan injection to induce diabetes and undergo treated one month later with Plaferon
LB for ten days (Alloxan/Plaferon LB-treated group), 30 received an Alloxan injection but no subsequent treatments (Alloxan-
treated group), and a control group of 30 rats (control group).

Results: Dystrophic and necrotic changes were detected in the pancreatic B-cells following the induction of diabetes with
Alloxan, and several alterations were observed in the vascular system of the islets. Special emphasis was made on display of
extra-islet cells during the experiment. Data obtained suggest that extra-islet cells exist in the rats pancreas with Alloxan diabe-
tes in the different degree of maturation. Immunohistochemistry researches showed, that in Alloxan/Plaferon LB-treated rats
pancreas cells adjacent to the duct epithelium and islets endothelial cells strongly expressed endothelial, hemopoetic and stem
cell marker CD34. Cytokeratin CK19 and insulin were manifested in proliferating duct and some acinar cells. Electron-
morphometric analysis of insulin granules in the extra-islet isolated B-cells showed increased proportion of light granules which
is associated with increased insulin secretion.

Results suggest that Plaferon LB: 1) promotes a decrease in the blood glucose level, 2) helps to stabilize oxidative metabolism
in the vascular system and to decrease the intensity of endotheliocyte injury, 3) encourages the maturation and differentiation
of precursor cells, and 4) induces the renewal of 3-cells in the pancreas of rats with Alloxan-induced diabetes.

Conclusions: Experimental results gave possibility to hypothesis, that the cells which can potentially differentiate into 3-cells
are extra-islet cells. Immunohistochemic and electron-morphometric investigation have shown, that damaged pancreas has
capacity of generating new {-cells from ducts, exoctine or stem cells after activation with external stimuli. Presumably Plaferon
LB takes part in the renewal processes of $-cells. However, these effects of Plaferon LB were not found to be sufficient to
compensate for insulin deficiency. (TCM-GM] October 2016; 1(2):P4-P10)

Keywords: Pancreas, B-cells, Precursor cells, Alloxan, Plaferon LB, Rats

Introduction

iabetes mellitus (DM) has long been recog-
D nized as one of the most setious medico-social
problems throughout the world!. An insuf-

ficient quantity and the slow renewal of 3-cells
during the progression of DM reduce the proliferation

of B-cells, causing subsequent problems in the
provision of insulin®>3#. The ability of dysfunctional 3-
cell lesions to regulate blood glucose levels can be
normalized by increasing the mass of existing B-cells
in the pancreas>S.

The latter approach can be achieved by the regenera-
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tion, proliferation, and replication of pre-existing B-
cells, as well as by the neogenesis of {-cells from
precursor or stem cells or by trans-differentiation from
other differen- tiated cells”8. Trans-differentiation of B-
cells were reported in various experimental conditions
associated with B-cells loss and damage®. Neogenesis
of B-cell from duct epithelium is one of the most
spread hypothe- sis'® Duct cells of the neonatal and
adult rat pancreas actively proliferate and express
high levels of specific cytokeratines (CK) proteins.
CK19 serve as immuno- histochemical marker of
epithelial duct cells't'2 and have previously been
shown to have role in the development of pancreas'3.
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Immunohistochemic research!#1> showed that subpo-
pulation of cells adjacent to the duct epithelium con-
tained endothelial and hemopoetic cell marker CD34,
which have been used as indicator of stem or precursor
cells.

A positive effect on the regeneration of 3-cell mass in
diabetic animals can be achieved by administration of hot-
mones and growth factors (glucagon-like peptides, gastrin,
betacellulin, activin A, exendin-4, and epidermal growth
factors) 161718192021,

Plaferon LB is a placenta-derived, biologically active sub-
stance known to have hypoglycemic, antioxidant, immuno-
modulating, anti-inflammatory, and anti-apoptotic effects

22232425 Plaferon LB has been successfully adopted in clin-
ical practice. Based on our eatlier researches??’ we used an
experimental animal model with Alloxan-induced diabetes
to examine the effects of Plaferon LB on regener- ative
processes in the pancreas and provide a more com- plete
description of the origin and functional ability of - cell
precursors.

Methods

Animal care and maintenance

All study procedures were implemented in accordance
with the Institutional Guidelines for Animal Experiments
at Bioethical Board of Al. Natishvili Institute of Morphol-
ogy. Ninety male Wistar laboratory rats (aged eight weeks,
= 200 g each) were housed 2 per cage in a room with a 12
h/12 h light/dark cycle and an ambient temperature of 22
to 25 °C. Free access to food and water was provided
throughout the duration of the study. The body weight of
each animal was measured at the beginning and at the end
of the experiment.

Alloxan and Plaferon LB treatments

Alloxan (2, 4, 5, 6-pyrimidinetetrone) is a toxic glucose
analogue, which selectively destroys insulin producing cells
in animals pancreas. It causes an insulin-dependent DM,
so called Alloxan-induced diabetes with characteristics
similar to type 1 diabetes in humans?2. Plaferon LB is
biologically active peptide which is manufactured from
amniotic membranes of human placenta. Plaferon LB was
developed in the Institute of Medical Biotechnology of the
Academy of Sciences of Georgia and licensed for clinical
use by Georgian Drug Control Agency. It was approved in
1992 by the government of the Republic of Georgia as
pharmaceutical and therapeutic drug (Republic of Georgia,
riiffistry“* o“t“Health*, Registration Number A-0001).

The animals were divided into three groups: 1. Alloxan/
Plaferon LB-treated group consisted of 30 rats; 2. Alloxan-
treated group consisted of 30 rats; and 3. Control group
was composed of 30 rats that received no treatment. Ex-
perimental diabetes was induced in 60 rats consisting of
Alloxan/Plaferon LB and Alloxan-treated groups by a sin-
gle intraperitoneal injection of Alloxan (150 mg of a 10%
solution in water). Alloxan-treated group of 30 rats was
then treated with Plaferon LB (0.25 mg/kg of body weig-
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ht) for 10 consecutive days starting one month after the
development of experimental diabetes. Blood glucose
levels were measured (Glucometer IME-DC, FIA Bio-
med GmbH, Germany) in order to assess the develop-
ment of diabetes. Blood samples were collected from the
tail vein prior to the Alloxan injection as well as 2 and 24
h. and 7, 14, 21, 27, 31, 32, 33, 35, 37, 39 and 40 days
after Alloxan administration. After the initiation of treat-
ment with Plaferon LB, a blood sample were collected at
1,2,3,5,7,9, 10 days from Plaferon LB injection and at
31, 32, 33, 35, 37, 39, 40 days after Alloxan injection. In
addition, glucose level was measured two hours before
and two hours after Plaferon LB was administered to the
animals in Alloxan-treated group. An injection of a lethal
dose of a sodium pentobarbital mixture (1 %) was used
for cessation of the experiment.

Tissue morphological analysis

Pancreas samples from all three groups of animals were
obtained at the moment of completion of the Plaferon
LB treatment course for Alloxan/Plaferon LB-treated
group. To prepare samples for the morphological studies,
each pancreas was fixed in a Carnua mixture and a Buen
solution. Paraffin sections (5 mc) were stained with he-
matoxylin and eosin.

Immunohistochemistry

Neutral-buffer 10% of pancreatic sections (3 cm) which
were formaline-fixed and paraffin-embedded was im-
munostained. The following primary antibodies: Mouse
Monoclonal CK19 (clone RCK108, 1:50 dilution
DAKO), Mouse Monoclonal Endothelial Cell Marker
CD34 (clone QBEnd/10, 1:100 dilution, DAKO), and
guinea pig anti-swine insulin antibody (N1542, 1:100 dilu-
tion, DAKO, Carpinteria, CA, USA) were used. Im-
munohistochemic research was performed according to
manufacturer’s protocol using Novolink-Polimer detec-
tion system. Sections were incubated with biotinylated
secondary antibody, washed in PBS and incubated with
horseradish peroxidise-conjugated streptavidine. Visuali-
sation was made by DAB chromogen (Novocastra,
UK).The sections were counterstained with Harris hae-
matoxylin to facilitate nuclear identification. The reliabil-
ity of obtained results was defined using both positive
and negative control. Immunohistochemic reaction was
based on visual evaluation taking into account the intensi-
ty of colour.

Electron- microscopic research

The pancreas samples were fixed in 2.5% glutaralde-
hyde followed by a fresh 1 % solution of osmium tetra-
oxide in a colloidal buffer (pH 7.2 - 7.4) for 2 h. at + 4
°C. The samples were dehydrated in increasing concentra-
tions of alcohol, poured over an araldite mixture, and
polymerized for 24 h at +58 °C. A Reichert-42 Ultrami-
crotom (Vienna, Austria) was used to prepare sections of
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the samples, and the Reynolds method was used for Uranil
Acetate contrasting. The sections were covered with a silver
-containing emulsion and observed under a microscope
(Tesla-BS 500, Praha, Czech Republic, magnification of
3000-22000). The negative images were magnified 3-5 times
when printed.

Electron-morphometric research

For measurement of the insulin granules Adobe Pho-
toshop CC was used. Overall number of insulin granules,
number and percentage parity, mean diameter of light and
dark insulin granules were measured in isolated extra-islet 3
-cells from Alloxan/Plaferon LB-treated group, in B-cells
from Alloxan and control groups. Insulin granules in all
groups were measured in the same area of the cells. All the
measurements from pixel were transferred to micrometers
(41 pixel was 1 mc).

Statistical Analysis

Student t-test was used to check the reliability of the dif-
ferences between blood mean of the three groups. The
same test was used for two independent variables and for
one independent variable to compare data in control and
experimental groups followed by comparison of data before
and after Plaferon LB injection, respectively. All results are
given as means TSE. Measurement of the insulin granules
were statistically calculated in all three groups. All statistical
procedures were conducted with IBM SPSS Statistics 20.0
for Windows (IBM Corporation, Armonk, NY, USA).

Results and discussion

One month after the administration of Alloxan, the glu-
cose blood level in Alloxan-treated group was 222,29 *
22,67 mg/dL. The body weight had dectreased by 50-70 g
and was 150-170 g compared to control group. After two
hours from Plaferon LB injection glucose content in the
rat’s blood was shown to decrease by 40 - 50 mg% in
Alloxan/Plaferon LB-treated group compared to Alloxan-
treated group. Blood glucose level in Alloxan/Plaferonl.B-
treated group is lower than in Alloxan treated group
(P<0.000) and higher than in control group (P<0.000). Sta-
tistical analysis of changes in blood glucose levels of con-
trol and experimental groups are presented in table 1 and
figure 1.

Minimal standard deviation after the injection of Pla-
feron LB points to the homogeneous effect. Positive corre-
lation suggests the presence of the positive effect of Pla-
feron LB in all cases.

Using the histological research method pancreas islets
had various size, some of the islets were atrophied, other
hypertrophied and hyperemic in Alloxan-treated group.
The islets structure was disorganized. Necrobiotic changes
of 3-cells were observed in the central part of the islets (e.g.
destruction, degranulation, and vacuolization) (Figure 2)
compared with the intact control group. There was reduc-
tion of B-cells in the islet. Necrotized cell regions were sur-
rounded by connective tissue. Fibrous inclusions were de-
tected in the islet. The ultrastructure of the pancreatic islets
of the rats from Alloxan-treated group was found to be
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markedly changed in comparison to those from control
group. After one month from the beginning of Alloxan
diabetes amount of apoptotic cells increased, compared
to intact group.

Along necrotic changes in the B-cells were observed
cells with highly condensed or fragmented nuclei, and
cells without nuclei. Typel DM is characterized by a sig-
nificant deficit in pancreatic B-cell mass presumably
caused by B-cell necrosis and apoptosis®3!.  According to
researchers?233 Alloxan-induced diabetes in pancreatic -
cells manifests by alkylation of DNA and formation of
toxic compounds such as superoxide anion peroxinitrite,
and nitric oxide. Damage to DNA and in- tracellular
structures causes necrosis and activates apop- tosis of
pancreatic  B-cells. In Alloxan/Plaferon LB- treated
group single hypertrophied islets (Figure 3), mito- sis in
some cells and decrease of apoptotic bodies were
observed compared to Alloxan-treated group. We sup-
pose that Plaferon LB acts as a protector of insulin-
producing B-cells, reduces intensity of apoptosis, restores
potential of mitochondria and stimulates B-cell prolifera-
tion, by increasing its mitogenic activity.

Changes such as dystrophy and necrosis were apparent
not only in the B-cells but also in the vascular system of
the pancreatic islets. Pancreatic islets endothelial cells
play an important role in the early phase of type 1 DM. It
is well known that the endothelial layer represents a barri-
er to blood cells; B-cells and the islet micro-vascular sys-
tem cooperate in the maintenance of glucose
homeostasis3+3536:37. During the development of Alloxan-
induced dia- betes, the endothelium underwent alterations
(dystrophy and desquamation of the endothelium)
followed by the tran- sendothelial migration of immune
and inflammatory cells into the pericapillary space and
the endocrine tissues, with consequent progressive injury
of the B-cells. Fibrous inclusions were revealed in
pericapillary space.

The endothelial lining of capillaries adjacent to cells in
the islet of Alloxan/Plaferon LB-treated group were thin
and well fenestrated. Within islets newly arisen capillaries
were observed. Pericapillary space was found widened and
without fibrous inclusions, collagen fibres in pancreatic
islets become thin compared to the morphological chang-
es which developed in sinusoidal network in Alloxan-
treated group. Based on our findings, we suggest that
Plaferon LB exerts antioxidant and anti-inflammatory
effect, stabilizing oxidative metabolism in the vascular
system and decreasing the intensity of injury in the endo-
thelium of sinusoidal capillaries.

Based on immunohistochemical analysis, in Alloxan/
Plaferon LB-treated group strong expression of CD34
was observed in the endothelial cells cytoplasm of islet
capillaries (Figure 4). Immunoreactivity of CD34 in the
cells adjacent to ducts and islets were high. CD34 posi-
tive cells scattered throughout the pancreas (Figure 5),
whereas expression of CD34 in Alloxan-treated and con-
trol group were limited (Figure 6). According to this
finding we hypothesized that Plaferon LB activates pro-
cesses of endothelial proliferation and initiates formation
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of new capillaries. Immunohistochemic researches showed
that subpopulations of cells adjacent to the ductal epitheli-
um contained CD34-positive precursor cells and perhaps
giving rise to B-cells. Therefore Plaferon LB might activate
angiogenic processes and mobilizes bone marrow derived
cells in pancreas of the diabetic rats.

Substantial changes were detected in the extra-islet cells
in Alloxan/Plaferon LB-treated group. In Alloxan/
Plaferon LB-treated group expression of CK19 of the area
around the islet, and throughout the pancreas was detected
(Figure 7). In the islets expression of CK19 was weak.
CK19 mainly expressed in the pancreatic ducts, with slight
expression in acinar cells. Weak and negative expression of
CK19 has been observed in cells near the pancreas islets in
Alloxan-treated and control groups. In addition, in Allox-
an/Plaferon LB-treated group some ducts and single acinar
cells were including insulin granules. The intensity of stain-
ing on anti-insulin varied and usually is stronger in ducts
nearby islets (Figure 8).

The origin and nature of B-cell precursors are controver-
sial. One of the potential reasons could be the regeneration
and replication of pre-existing cells, de-differentiation, pro-
liferation, and re-differentiation of facultative precursor
cells residing within the islet3#34041 In Alloxan/Plaferon
LB-treated group immunohistochemistry analysis revealed
strong expression of CK19 in the duct cells nearby pancre-
as islets. We support the idea that B-cell progenitors go
through a ductal phase from an immature to an adult B-cell
4243444 Plaferon LB appeared to activate neogenesis of -
cells from duct cells. However, new finding suggest!246:47
that B-cell precursors are not restricted to only pancre- atic
ducts, and generate through acino-insular trans-
differentiation. In the present study by electro-microscopic
research single acinar cells including insulin granules were
manifested. We agree with opinion above mentioned au-
thors specifying on a possibility of acino-insular transdif-

ferentiation from exocrine tissue.
Extra-islet cells of various origins and with varying de-

grees of maturation were revealed. Some extra-islet cells,
which displayed features of B-cells, were isolated and not
organized into islets. We considered endocrine cells as ex-
tra-insular component, when appeared isolated. For defini-
tion of functional ability of isolated extra-islet B-cells with
mature insulin granules has been lead electron microscopic
morphometry. Insulin granules were counted only in extra-
islet cells where nucleus was visible. Light and dark insulin
granules were observed in such cells: light granules with
electron lucent core and white halo, while dark granules
were with an electron-dense core and a broad white halo.
Most of insulin granules were observed in the perinuclear
space. Large nuclei with a prevailing content of euchroma-
tin were detected in several of the extra-islet cells. Only
extra-islet cells with mature insulin granules and visible
nucleus in Alloxan/Plaferon LB-treated group (Figure 9),
and insulin granules in 3-cells of Alloxan-treated and con-
trol group were examined by electro- morphometric meth-
od. The number of insulin granules in extra-islet $-cells in
Alloxan/Plaferon LB treated-group were lower than the
number of insulin granules in B-cells of pancreas islets

Latsabidze et al

(P<0.000) in Alloxan-treated and control group. Percent
age of light insulin granules in extra-islet B-cells of rats
pancreas in Alloxan/Plaferon LB treated group wete
higher than percentage of dark insulin granules
(p<0.000) in Alloxan-treated and control group. The
percentage of dark insulin granules in $-cells in Alloxan-
treated and control group were higher (p<<0.000) whereas
the percentage of dark insulin granules in extra-islet cells
were lower (P<0.000) in Alloxan/Plaferon-treated group.
The area of dark insulin granules was smaller, than area
of light insulin granules in all groups. No significant dif-
ference could be found between mean diameter of light
and dark insulin granules in three distinct groups (Table
2).

Knowledge of these measurements is important for
understanding functional capacity of these cells#6:49:50.51,
Analysis showed differences in number, percentage pari-
ty, mean diameter between insulin granules in extra-islet
isolated B-cells in Alloxan/Plaferon-treated group and B-
cells in islet of Alloxan-treated and control group. Re-
search showed that extra-islet cells in Alloxan/Plaferon
LB-treated group were included mature and functionally
active insulin granules. An increased proportion of light
granules in the extra islet $-cells in Alloxan/Plaferon LB
-treated group might be associated with increased insulin
secretion. We share the opinion by Ogneva et al.®?
that light granules might be responsible for immediate
insulin secretion whereas the dark granules restore the
insulin secret for a longer period.

Table 1. Glucose level in the blood of control, Alloxan-treated
and Alloxan/Plaferon LB-treated group.

Groups Mean | SD* i prE*

Control group | 80.86 8.51

Alloxan- 15.483 0.000
22229 | 22.62

treated group

Control group 80.86 8.51

Alloxan/

Plaferon LB- 172.29 | 6.16 23.024 0.000

treated group

*SD = Standard Deviation

*t = Student t-test

Ep = p-value

Difference is statistically reliable (t=15.483; p<0.000)
Difference is statistically reliable (t=23.0224; p<<0.000)
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Table 2. Insulin granules in isolated extra islet B-cells in Alloxan/Plaferon-treated group, in B-cells of pancreas islet in Alloxan-
treated and control group

Group Area Number | Number Number | Percent Percent | Diameter | Area of Diameter Area of
of gran- of dark of light of dark of light | of dark dark of light light
ules granules granules | granules | gran- granules | granules | granules granules

ules | (um) @m?) | (um) (um?)

I - Extra- 42.74 115 40 75 33.92 66.07 0.404 0.143 0.447 0.165
islet isolated | * * * * * * * s s *
B-cells in 0.57* 9.55*% 5.05*% 5.09* 1.90* 1.90* 0.007* 0.009* 0.01* 0.007*
Alloxan/

Plaferon LB

treated

group

II - B-cells in | 42.65 136 95 41 69.86 30.14 0.304 0.076 0.334 0.095

Alloxan + + + + + + + + + +

treated 0.61% | 4.74* 3.86* 2.51% 1.55% 1.55% 0.006* 0.03* 0.007+ 0.04+

group

III - B-cells 42.45 344 276 68 80.22 19.78 0.391 0.06 0.397 0.124
incontrol | * + + + + + + + + +
group 0.48* 0.51* 0.35* 0.71* 1.25% 1.25% 0.63* 0.05 0.68* 0.008

Values are means * SE within an observation ~ *(p<0.000)

Distribution of mean (N=10)

—+Control group

-=-Alloxan induced diabete

—+Alloxan induced diabete before Plaferon LB injecton
—=Alloxan induced diabetes after Plaferon LB injection

300
254.5
250 - 8
200 226.2 ' 2206 198y.
212 So7's - 217.1 = —
150 179.1 182.3 8
167.8 165.2 165_4—1_7‘2_7—T. . 70
100 2
- . i - : 78.2
50
0

31stday 32ndday 33rdday 35thday 37thday 39thday 40th day

VI L] < . £ . Al A' e
Fig3.Alloxan/Plaferon LB-treated group. Rats’ pancreas. Hy-
pertrophic islet. Mitosis in 3-cells in the islet. Shown magnifi-

groups cation 10x20 (H&E)

Figl.Distribution of blood glucose mean in all experimental

| y ; o : E ’ f :a "
Fig2.Alloxan-treated group. Rats” pancreas. Necrgbi(?ﬁc changes  Fig4. AlloxanPlaferon LB-treated group. Rats’ pancreas. CD34
in the central part of islet. Degranulation. Vacuolization of {- positive cells scattered throughout the pancreas and in the cells

cells. Shown magnification 10x40 (H&E) adjacent to ducts. Shown magnification 10x40.
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Fig5.Alloxan/Plaferon LB-treated group. Rats’ pancreas. Im- Fig8.Alloxan/Plaferon LB-treated group. Rats’ pancreas. Sin-
munoreactivity of CD34 in the islets were observed. Alloxan- gle acinar cells in the islet peripheral part and near the islet
treated group. Shown magnification 10x40. stain with anti-insulin. Shown magnification 10x40

i 2

Fig6.Alloxan-treated group. Rats’ pancreas. Weak expression Fig9.Alloxan/Plaferon LB-treated group. Rats’ pancreas. Frag-
of CD34 in the pancreas. Shown magnification 10x40. ment of extra-islet isolated $-cell. Shown magnification x6000
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AXDQWLWDWLYH SHEXOLDULWLHV RI ,PPXQRF
RUJDQV Rl ROG *QRWRELRQWYV

Kochlamazashvili X

Abstract

The immunomorphological analysis of cell subpopulations has been conducted in the primary (thymus, bone marrow) and
ondary (spleen, visceral and somatic lymph nodes) immune organs of gnotobiotic and conventional rats in the ade aspect. A«
ly, as it has been shown, theratgted changes in quantitative ratio (at intergroup comparison) of immunocompetehecells in t
immune organs of conventional and gnotobiotic rats are unidirectional in the force of common, genetically detesmined fact
(regardless of environmental antigen exposure). However, it should be also noted a miscellaneous type of agimg correlatior
intergroup comparison) of-salled "naive" cells, i.elyiphocytes for thymus aneyBnphocytes for bone marrow. For exam-

ple, on the background of a sharpratgted reduction in maturation of "naive" T cells in thymus of gnotobionts, an enhance-
ment of proliferative activity of "naive" B cells in bone marrow of gnotobionts was observed. Thergiooeel seems to

be necessary to maintain the desired level of B cells in spleen and visceral lymph nodegefitheattibionts, therebyeo

tributing to the maintenance of a relatively high immunopoetic potential of the name(T@ga®@&J October 2016; 1
(2):P11P14)

Keywords Aging, Gnotobiotic rats, Inmunocompetent cells, Imnmunomorphology

Introduction _ :
According to some authgramong the population of

immunocompetent cells the following groups of cells
Investigation of the aging processes of immunghould be studied:
competent cells is of important theoretical and. Population of young, just emerged from the primary
practical significance. In addition, in the numerous organs of the cell have not yet been exposed to anti-
works the cells of young and old organisms have been gen ("naive" cells);
morphofunctionally compared, not taking into accoun2. Population of not active, (dormant) "naive" cells
the fact, that aging process not only affects individual not stimulated by antigen, but existing for a certain
features of lymphoid cells, but also the ratio of cells in period of time ("aged naive" cells);
different subpopulations. 3. Proliferating cells exposed to antigen;
For example, it was revealed that thealed 4. 3RSXODWLRQ RI "GRUPDQWu FHO
"naive" (without contact with antigen) lymphocytes pre- antigens ("memory" cells)
dominated in young organisms while "memory" lympho-The ageelated changes in primary and secondary lym-
cytes-in older ones, respectively. phoid organs responsible for the formation and differen-
Consequently, a simple quantitative or qualitative cotiation of immunocompetent cells have been determined
parison of the peculiarities of immunocompetent cells sy using immunomorphological investigations.
adult and old organisms is not possible, since, the dthe consequence is not only quantitative changes in the
served changes may not be caused by aging of cellsydmis of different subpopulations (having different -CD
be a consequence of different features and lymphoid ceisrkers) but agelated changes in functional features
differentiated in different ways and included in certaof the cells of the same subpopulation. Thus, when ana-
subpopulations. Some authors showed, that aging islyging the changes in morphological and functional pecu-
sociated with a decline inlyBnphopoiesis in the bone liarities of immunocompetent cells associated with aging,
marrow and accumulation of ldhged B cells in the it is necessary to take into account that the cells of adult
periphery. Also was shown that-ej@ted changes in and oldaged individuals may differ substantially accord-
the B lineage are mediated by the accumulatingvithg ing to population composition.
B cell$23 Consequently, in the basic mass of such investiga-
tions studying quantitative and qualitative parameters at
aging, the "naive" cells of adult organisms were com-
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