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Summary

This study was designed Lo investigate the changes
in the numbers of lymphocytes, macrophages and
plasma cells in the uterus and ileocecal lymph
nodes of rats exposed to the intrauterine
administration  of  Bacillus-Calmette  Guérin
(BCG). Thirty female Wistar Albino rats, age 6
months and wecighing between 200-250 g, were
assigned to the two experimental groups BCG
treated and controls (n=15). The intrauterine BCG
injections were made using laparalomy in the
diestrous cycle under Rompun and Ketalar
anesthesia. 0.1 ml BCG were injected for each into
cornu uteri while the control group received 0.1
ml sterile saline in the same place. Two weeks
later, the rats in both groups were anesthetized
with ether and decapitated. Uterus and ileocecal
lymph nodes were processed to determine o
naphthyl acid esterase (ANAE) - positive T
lymphocytes and macrophages. The plasma cells
were stained with the methyl green-pyronin
method. It was found that the numbers of
lymphocytes. macrophages and plasma cells on the
uterus increased (P<0.01) in BCG treated rats. In
addition, the number of these cells also increased
in the ileocecal lymph nodes indicating the
presence of an immune response (o the intrauterine
BCG administration. It is concluded that although
the rat was chosen as a model and BCG was given
by the process of laparatomy in this study,
intracervical administration of BCG in the uterus
should be studied clinically in cases of immune
deficiency disorders related to the uterus, such as
endometritis, myometritis, pyometra,
endomelriosis,  infertility and  implantation
problems of domestic animals, to see if there is an
increase in the immune response.
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Introduction

Bacillus-Calmette  Guérin  (BCG) has been
accepted as the most cffective immunostimulating
agent used against superficial bladder cancer in
immunotherapy. However, its mechanism of action
remains incomplctely understood (Morales et al.,
1976; Lamm et al., 1980; Brosmon et al., 1982;
Van Der Meijden ei al, 1988; O’Donnell et al.,
1999). The effectiveness of local administration of
BCG has been suggested to be important for the
induction of the inflammatory and immune
responses (Teppema et al., 1992).

The effects of BCG on the bladder have bcen
studied by many workers. Guinan et al. (1986)
have demonstrated that the numbers of T cells
increased in the bladder wall after repeated BCG
instillations. By using immunohistochemical
staining. De Jong et al. (1991) have showed that
the numbers of T cells increased in the bladder
wall after intra vesical BCG administration in
guinea pigs. Widely scattered B cells and
macrophages were also present, but were much
fewer in number than T cells.

BCG is also a potent and persistent inducer of
lymphocyte trapping, particularly in regional
lymph nodes, where it also markedly enhances the
trapping response to a subsequent antigenic
challenge (Zaiz, 1976). It has been suggested that
BCG activates both macrophages and T cells in
vitro (Mokyr et al., 1975), and that its effccts are
mediated in vivo by T cell systems (Ariyan and
Crershon, 1973; Mackaness et al., 1973; Lagrange
and Mackaness, 1975). It has been also reportcd
that B lymphocyles increase in lymphoid organs
following the intraperitonal administration of BCG
(Meyer et al., 1979).

Although the cffects of BCG on the bladder.



which has lumen and lymphoid organs have been
well-documented. there is not much information
about the effect of BCG on the uterus. which also
has lumen. Thus, this study was designed to
investigate the quantitative changes in the numbers
of lymphocytes, macrophages and plasma cells in
the uterus of rats exposed to the intrauterine
administration of BCG. In addition, to be able to
investigate the immune responsc to thc BCG
administration, the numbers of these cells in the
ileocecal lymph nodes were also examined.

Materials and Methods

Thirty female Wistar Albino rats, age 6 months
and weighing between 200-250 g, were used. The
rats were assigned to the two experimental groups,
BCG treated and controls (n=195), and fed with
standard feed and water ad libitum. In order to
maintain their biological rhythms stable, 12 h
artificial and 12 h dark was applicd. All rats
received humane care according to the criteria
outlined in the “Guide for the Care and Use of
Laboratory Animals™ prepared by the National
Academy of Sciences and published by the
National Institutes of Health.

The intrauterine BCG injections were made with
the process of laparatomy in the diestrous cycle.
The diestrous cycle was preferred for BCG
injection because the numbers of T lymphocytes.
macrophages and plasma cells are fewer in this
cvcle than in other cycles of estrous (Yalgin and
Kanter, 2000). The Vaginal smear method was
uscd to determine the diestrous cycle (Mallenby et
al, 1993; Kanter et al., 1996). The rats were
premedicated with 11.66 mg/kg Rompun
intramuscularly  (i.m.) (Xylazin hydrochloride
23.32 mg/ml. Bayer). and 5 minute later Ketalar
(1.5 ml/kg) was applied im. (Ketamin
hydrochloride 50 mg/ml. Eczacibasi) for general
anesthesia. The abdomen was entered through a
midline caudal abdominal laparotomy. 0.1 ml
BCG were injected for each into cornu uteri and
control group received 0.1 ml sterile saline in the
same place.

Two weeks after injections. rats in both groups
were anesthetized with a high dose of ether and
decapitated. Uterus and ileocecal lymph nodes
were processed to determine o naphthyl acid
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eslerase (ANAE) - positive T lymphocytes and
macrophages. Briefly, the uterus and ileocecal
lymph nodes werec removed and fixed in
previously cooled formalin-sucrose solution at + 4
%C for 22 h and then kept at + 4 °C in Holt
solution for 22 h (Mueller et al., 1975). Ten pm
thin slides obtained using a cryostat (Microm,
Germany) were transferred into the formalin-
gelatin covered glass. The materials were left to
dry at room tempcrature in order to determine
ANAE positive lymphocytes (Mueller et al., 1975)
and macrophages (Zicca et al.,, 1981). The slides
were stained in an incubation solution described
by Mueller et al (1975) at pH 7.2 for 5 min. After
ANAE staining, the slides were washed and
processed for nucleus staining for five minutes
with 1 % methyl-green dissolved in acetate buffer
(pH 4.2). Water was removed by standard
processing techniques. The tissue samples were
fixed in formalin-alcohol fixation solution for 24
h. The routine histological tissue processing
protocol was applied to the tissue samples.
Methyl-green pyronine staining was applied to 6
pm-thick slides (Bancrofi and Cook, 1984)
obtained using rotary microtome (Leica 2135,
Germany). Samples were examined through a
research microscope (Nikon Optiphot 2, Japan).

In order to determine the numerical distribution of
cells in the tissue samples, 20 arcas in the
endometrium and myometrium of the uterus and
the medulla of the lymph nodes were chosen
randomly and the cells were counted in each arca.
The cell (100 square mm) densities in each area
were calculated and recorded as cell number/mm?.
The data were expressed as means with standard
deviations (SD). Student’s f-test was used to
compare BCG treated vs. control rats.

Results

T lymphocytes in the endometrium were identified
by ANAE enzyme staining with the numerous
specific brown granules around large nuclei.
Although the numbers of T lymphocytes of both
groups were almost the same in the endometrium
close to the epithelium, they were higher (P<0.01)
in BCG treated rats than in controls in the
endometrium close to the myometrium (Table 1
and Fig. 1). In addition, the T lymphocyte number
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in the myometriumn was also increased (P<0.01) by
BCG treatment (Table | and Fig. 1).

Macrophages could not be scen  in the
endometrium. These cells, however, were easily
identified by their diffuse browner coloration in
the myometrium. The macrophage number in the
myometrium was increased (P<0.01) by BCG
treatment (Table 1 and Fig. 2).

Similarly the number of plasma cells stained with
the methyl green-pyronin in the endometrium was
higher (P<0.01) in BCG treated rats than controls

(Table 1 and Fig. 3). In the myometrium, their
numbers were few and not different between
cxperimental groups (Table 1).

T lymphocytes n lymph nodes were recognized
with one or two specific brown granules by ANAE
cnzyme staining. Macrophages, on the other hand,
were easily identifiable by their darker coloration.
The lymph nodes of rats treated with BCG had a
much higher (P<0.01) number of T lymphocyte,
macrophage and plasma cells than thosc of
controls (Table 2).

Table 1. The numbers (cell number/mm?) of T cells, macrophages and plasma cells in the endometrium
and myometrium of control and BCG treated rats. The data is expressed as mean + standard deviation

(n=15).
Cells Control BCG treated
) Endometrium Myometrium Endometrium Myometrium
T cells 16.26 £2.01 3.54£0.78 62.13 £ 2.23% 15.87 £2.63*
Macrophages - 3253 % 1.59 = 87.06 £2.12%
Plasma cclls 11.73+£1.79 1.34+£0.27 43.06 + 1.75* 1.42 + 0.31
*: P<0.01 compared to control
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Fig. 1. The distribution of T cells in the endometrium and myometrium of the control (a) and the BCG
treated (b) rats. E: Endometrium, M: Myometrium. *: Uterine gland. —: T cells. ANAE, Bar = 28 um.
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Fig. 2. The distribution of macrophages in the myometrium of the control (a) and the BCG treated (b)
rats. M: Myometrium, BV: Blood vessels, —: macrophages. ANAE. Bar =28 um.
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Fig. 3. The distribution of plasma cells in the endometrium of the control (a) and the BCG treated (h) rats.
E: Endometrium, L: Lumen, *: Uterine gland, —: plasma cells, P : uterine epithelium. Methyl green-

pyronin. Bar =28 pun
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Table 2. The numbers (cell number/mm®) of T cells, macrophages and plasma cells in the medulla of
lymph nodes of control and BCG treated rats. The data is expressed as mean + standard deviation (n=15).

Cells Control BCG treated
T cells 59.11+534 180.24 £ 21.33*
Macrophages 26.16 £ 1.54 69.44 + 5.62*

Plasma cells 48.35:+ 573

534.09 + 49.80*

*: P<0.01 compared to control

Discussion

It is generally assumed that BCG operates by
activating the immune system (Leong ef al., 1991)).
The humoral and cellular immunity of BCG on the
bladder has been demonstrated by many workers.
Immunohistochemical and flow-cytofluorometric
studies have shown that T lymphocytes,
monocytes/macrophages and polymorphonuclear
leukocyte increased in the bladder wall in response
to intravesical BCG trcatment (De Boer et al,
1991). 1t has been also demonstrated that afler
intravesical BCG treatment, the bladder mucosa
was prone to inflammatory changes showing
granulomatous lesions  with  lymphocyte,
macrophage. and plasma cell infiltrations together
with urothelial dysplasia (Morales et al, 1976;
Morales, 1980).

Yakhnitsa et al. (1988) have studied the reaction
of lymphocytes in the endometrium to the
intrautcrine  administration of antigens, and
showed an increase in immune activity in the
endometrium of rats. [However, the present study is
the first one that demonstrated the quantitative
changes in the numbers of Iymphocytes,
macrophages and plasma cells on the endometrium
and also myometrium of BCG treated rats, In
addition. increased numbers of lymphocytes,
macrophages and plasma cells in the ileocecal
lymph nodes indicated the presence of an immune
response to the BCG administration. Our result is
consistent with the results of Meyer (1979) and
Mokyr et al., (1975) who showed an increasc in
the numbers of B lymphocytes, macrophages and
T cells in lymphoid organs following BCG
administration.

In the present study. the rat has been chosen as a
model. and it has been demonstrated that BCG
increased the humoral and cellular immunity in the
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uterus. Although BCG was given by the process of
laparatomy in  this  study, intracervical
administration of BCG in the uterus should now
be studied clinically in cases of immune deficiency

disorders related to the uterus, such as
endometritis, myometritis, pyometra,
endometriosis, infertility —and  implantation

problems of domestic animals, to see whether it
increases the immune response.
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