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Abstract

The aim of our investigation was to evaluate the immunosuppressive effect of medroxyprogesterone
acetate (MPA) determining the volume densities of the structural components of the spleen. The
volume densities of the same structural components of spleen were determined after administration
of dexamethasone too, in order to see whether the morphological changes induced by MPA are in the
same line with the changes caused by dexamethasone.

60 female Wistar rats were divided into 5 groups. The control group of rats was administered phy-
siological solution. The remaining, 4 experimental groups were administered: dexamethasone at a
therapeutic daily dose of 0.6 mg/kg bw and maximal therapeutic dose of 3 mg/kg bw, and MPA at a
therapeutic dose of 30 mg/kg bw and maximal therapeutic dose of 150 mg/kg bw. The drugs were
applied intramuscularly for 7 days. Spleen paraffin sections were stained according to the methods:
hematoxylin-eosin, Masson and Elastica van-Gieson. Stereological measurements were performed
by using the Weibl’s multipurpose test system (M-42).

The histological analyses of the structural components of the spleen in rats treated with dexametha-
sone and MPA have shown reduction of the white pulp and the marginal zone and an apparent
decrease of the cellular density of the lymphocyte component of the pulp. The stereological analysis
of the spleen showed significant decrease of the splenic pulp volume density and significant increase
of the connective tissue volume density. Reducing the presence of splenic pulp was mainly due to the
decrease in the volume density of all structural components of the white pulp. Changes were obser-
ved in all drug treated groups of rats.

Our results have shown that the MPA provoked changes suggested atrophy of the spleen lymphoid
tissue. Although the atrophic changes of the spleen were significant after the application of both
dexamethasone and MPA, the white pulp was significantly more sensitive substrate for dexametha-
sone than for the MPA.
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Introduction

One of the important ways for regulation
of the immune response is an endocrine regula-
tion which may be aimed at the stimulation or
depression of the immune system. The central
role in the immune-endocrine correlations occu-
py glucocorticoid hormones [1-4]. Some of the

synthetic glucocorticoids express the immuno-
modulating effect, too. It is estimated that the
effect of dexamethasone is 30 times stronger than
the effect of the endogenous cortisol [2, 3].

All gestagens including medroxyproge-
sterone acetate (MPA) have structural similari-
ties with the glucocorticoid hormones and
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many studies show their glucocorticoid action
[5, 6]. MPA is metylacetoxyprogesterone and
its chemical formula is 6a-metyl-acetoxy pregn-
4-en-3, 20 dion and is derived from 17a-hydro-
xyprogesterone by addition of the 6a-acetate
group. This is of particular importance as it is
believed that the configuration of the steroid
hormones is crucial for their immunosuppres-
sive activity. The structural comparisons sug-
gest that the C-19 and C-21 steroids that exhi-
bit the most pronounced suppressive effect pos-
sess 4-en-3-one configuration in ring A, and
this suppressive activity increases with the C-
170 substitution as in 17a-hydroxiprogesterone
[7]. Also, a prerequisite for the glucocorticoid
activity of the steroid compounds is the pre-
sence of 6-alpha methyl group in its structure.
This group is also contained in the MPA.
Because of the structural similarities that exist
between glucocorticoid and progestin hormo-
nes, authors have often conducted comparative
studies comparing the two types of hormones
or have made an attempt for hierarchical orde-
ring in terms of their glucocorticoid and immu-
nosuppressive effect [8, 9].

The experimental induction of the dexa-
methasone immunosuppression in rabbits de-
monstrated lymphopenia, eosinopenia, mono-
cytopenia and basopenia in the peripheral
blood [10]. The investigations on the larger
lymphoid organs have reported that dexametha-
sone treatment causes apoptosis of thymocytes
[11-13], but the effect on the lymphocytes from
spleen, mesenteric and popliteal lymph nodes
was less pronounced [10]. Some progestins as
MPA do not cause atrophy, or other abnormali-
ties of some large lymphoid organs (spleen)
and the lymphoid tissue remains unchanged
morphologically [14]. However, other authors
observed that the therapeutic doses of MPA
cause suppressing effects expressed in the lym-
phoid tissues and the organs [15-18]. Also,
experimental studies conducted with contracep-
tive doses on mice show that the impact of the
MPA is not limited to the genital system, but
MPA has a significant impact on the immune
system in terms of its weakening by increasing
the possibility of spreading infections [19].

Despite the large number of physiologi-
cal researches, quantitative morphological stu-
dies of the effect of MPA on the immune tis-
sues and organs are missing.

Thus, the aim of our study was to deter-
mine and quantify eventual morphological chan-
ges of spleen after MPA treatment, and then to
answer whether these changes are similar to the
changes caused by dexamethasone treatment.

Material and methods

Experimental animals

Experimental animals are an important
tool in the evaluation of the effect of drugs. As
a laboratory model, laboratory rats have sub-
stantial equity in dimensions and genotype, and
have low incidence of spontaneous disease.
These features of the laboratory rats allow reli-
able comparisons between the experimental
groups resulting in exceptional validity of the
data obtained [20, 21]. That's why we chose the
laboratory Wistar rats and used them as a
model for assessment of the immunomodula-
tory effects of dexamethasone and MPA.

The experiment was performed with fe-
male rats, because MPA is commonly used in
women for many indications especially for
contraception and for the treatment of endo-
metrial and breast cancer [22-24].

The age of the rats was 110 to 160 days.
It is the age at which they reach sexual maturity
and have normal production of endogenous
steroid hormones from the sex glands. The age
of rats corresponds to the mature woman bet-
ween twenty to thirty years old. At that age the
enzyme systems of rats are developed enough
to be able to normally metabolize the test drugs.

The environmental factors that could inf-
luence the results of the experiment were stri-
ctly controlled. The experiment was conducted
during all seasons that allow off stress caused
by seasonal variations.

Rats were housed in a room without huge
temperature variations and normal day-night
rhythm of the natural light. They were fed with
special food for rats and it hygienic drinking
water was provided. Ammonia is the most
common toxin found in air in the premises
where rats are stored, so it was constantly dis-
posed of with adequate ventilation.

The animal protocol was approved by the
Ethical Committee for Animal Experiments of
the Faculty of Medicine, Skopje, part of the
University "Ss. Cyril and Methodius".
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Solutions and drugs used
in the experiment
The following solutions and drugs were
used in the experiment:
= Saline (infusion solution) sterile apirogen,
product of Hemofarm, Vrsac, Serbia;
= Dexamethasone, vials with concentra-
tion 4 mg/ml, manufactured by Krka,
Novo Mesto, Slovenia;
= Dugen forte, vials containing 500 mg
MPA/3.3 ml (aqueous suspension of
MPA in a concentration of 150 mg/ml)
manufactured by Hemofarm, Vrsac, Ser-
bia;
= Ether (diethyl ether), molar mass 74.12
g/mol, product of Merck, Germany.

Treatment of rats

The experiment included a total number
of 60 rats divided into 5 groups, each one con-
sisting of 12 animals.

= The control group of rats was given
physiological solution.

= The first experimental group was admi-
nistered dexamethasone at a therapeutic
dose of 0.6 mg/kg bw.

= The second experimental group was ad-
ministered dexamethasone at a maximal
therapeutic dose of 3 mg/kg bw.

= The third experimental group was ad-
ministered MPA at a therapeutic dose
of 30 mg/kg bw.

= The fourth experimental group was ad-
ministered MPA at a maximal therape-
utic dose of 150 mg/kg bw.

The therapeutic doses of dexamethasone
and MPA correspond to the doses that have
been usually applied in therapeutic purposes
and the maximal therapeutic doses are the hig-
hest doses that have been applied for treatment.

The doses of dexamethasone and MPA
which were used in our experiment were adap-
ted specifically for the rats. Also, the thera-
peutic dose dexamethasone is equivalent to the
therapeutic dose MPA, and the maximal thera-
peutic dose dexamethasone is equivalent to the
maximal therapeutic dose MPA.

The required concentrations of dexame-
thasone and MPA were obtained by diluting
the products of the drugs with saline.

The method of application of drugs in rats
was intramuscular, determined by the usual
method of application in humans. The saline

and drugs were applied with a volume of 0.1
ml every day for 7 days.

Sacrifice of rats

The animals were sacrificed 24 hours
after application of the final injection of saline
or drug after anesthesia with ether. After the
opening, the anterior abdominal wall spleens
were removed with blunt tweezers and measu-
red with precision electronic scales.

Histological methods

The removed spleens were fixed in buf-
fered 10% formalin solution for 24 hours. After
the fixation, other procedures of histological pa-
raffin technique were performed on tissue sam-
ples. The spleen paraffin sections with thickness
of 4 um were stained by routine hematoxylin-eo-
sin stain, as well as the special stains Elastica van
Gieson and Masson's trichrome stain, in order to
precisely visualize both the parenchyma and con-
nective tissue enabling qualitative histological
analysis and exact stereological measurements.

The quantitative stereological method
allows three-dimensional interpretation of the
flat surfaces (intersection points) assisted by
the criteria of geometrical probability [25, 26].

The stereological measurements were
done using light microscope (Olympus model
CX21FS1, manufactured by Olympus Corpora-
tion, Tokyo, Japan) with built-in Weibel’s mul-
tipurpose test system M-42 which has 42 test
points. The volume density of the investigated
tissue phases (V) was determined using the
following formula:

Vv = Ps/P¢

where Ps is the number of points that
coincide with the examined phase and Py is the
number of points of the test system.

Vvt is a relative stereological value which
shows the size of the total space that belongs to
the examined phase. If the obtained value is
multiplied with 100, the result gives the percent
of the examined phase per space unit. The
number of reference fields where we performed
the stereological measurements was at least
100, which means that at least 4,200 test points
for each spleen were determined.

The quantitative data obtained with the
stereological analysis were statistically analy-
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zed with the Student’s t-test (statistical signi- has shown a thin but dense fibroelastic outer

ficance 0.05 level). capsule from which short trabeculae extend
into the parenchyma. These supporting tissues
Results (capsule and trabeculae) included a marked

The qualitative histological analysis of presence of smooth muscle cells and collagen
the spleen samples in the control group of rats fibers scantily represented (Fig. 1 a).
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b) Dexamethasone: 0.6 mg/kg bw

Fig. 1 — Presence of smooth muscle cells (SMC) and collagen fibers (CF) in the spleen capsule (C) and trabeculae (T)
a) Expressed presence of SMS and less represented CF in the spleen trabeculae; Masson, 10 x 20

b) Rarely represented SMC and excessive presence of CF; Masson, 10 x 20

c) Rarely represented SMC and excessive presence of CF; Masson, 10 x 20

d) Complete absence of SMC; Masson, 10 x 20

e) Complete absence of SMC; Masson, 10 x 20
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The splenic white pulp in the control
group of rats was characterized by clearly dif-
ferentiated T cell areas surrounding the central
arteries, forming periarteriolar lymphoid sheath
(PALS). Also, there was a clear differentiation
of the lymphoid follicles. Many of the follicles
exhibit germinal centers with present mitoses.

At the follicle periphery there was a mantle
zone beyond which there was a broader mar-
ginal zone. The marginal sinus was also clearly
differentiated. The boundary between the white
and the red pulp was well expressed. The ratio
of presence of white and red splenic pulp was
common (Fig. 2 a).

-

d) MPA: 30 mg/kg bw

Fig. 2 — Histological structure of the spleen: central arteriole (A), periarteriolar lymphoid sheath (PALS),
germinal centre (GC) and mantle zone (MnZ) of the lymph follicle, marginal zone (MgZ), red pulp (RP)
a) Normal histological structure of the spleen with clearly differentiated compartments of white and red pulp; Elastica van

Gieson, 10 x 4
b) Dominance of red pulp; Hematoxylin-eosin, 10 x 10
c) Dominance of red pulp; PAS, 10 x 4

d) Dominance of red pulp and severe venous sinuses; Elastica van Gieson, 10 x 10

e) Dominance of red pulp; Elastica van Gieson, 10 x 4
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The histological analysis in the drug treated
groups of rats showed that the application of
dexamethasone and MPA, provoked very similar
morphological changes of the spleen tissue, the-
refore qualitative histological analysis of all ex-
perimental groups will be presented together with
the emphasis on the properties specific to indi-
vidual groups.

After dexamethasone and MPA administ-
ration in therapeutic and maximal therapeutic do-
ses it was observed that the surface of the spleen
(and capsule) was picked and trabeculae had irre-
gular deployment. As for the structural compo-
nents of the capsule and trabeculae smooth mus-
cle cells reduction and collagen fibers dominance
was noticed in all experimental groups when
compared with the control group of rats (Fig. 1).

The qualitative histological analysis of the
spleen parenchyma showed irregular, chaotic
schedule and unclear differentiation of the spleen
tissue compartments. The lymph follicles were
rarely represented and had smaller dimensions.
They were in a phase of involution meaning that
they have poorly formed (inactive) germinal cen-
ters in which mitoses can be rarely seen. In the
majority of the lymph follicles the germinal cen-
ters did not exist. Complete absence of germinal

Table 1

centers in lymph follicles in all samples of spleen
tissue was observed only after the administration
of dexamethasone at a maximal therapeutic dose
of 3 mg/kg bw. As for the density of the immu-
nocompetent cells, a reduced density of the lym-
phocytes in the white pulp was observed and,
also, an appearance of lymphocyte depletion. At
some places the white pulp of the spleen was
characterized by disruption of its normal cytoar-
chitecture. A loss of the clear boundary between
the individual components that make the white
pulp was noticed. The marginal zone was redu-
ced in thickness. The red pulp was represented by
narrowed cords of cells and broad venous sinuso-
ids between them. The presence of white and red
pulp was subject to change as manifested by the
reduced presence of the white pulp in favor of the
red pulp (Fig. 2).

The statistical analysis of the spleen weight
showed a significant reduction in rats treated with
therapeutic and maximal therapeutic dose of de-
xamethasone (p < 0.01) and the maximal thera-
peutic dose of MPA (p < 0.05) when compared
with the control group. The administration of the
therapeutic dose of MPA led to some reduction
in the spleen weight, but it was not statistically
significant (Table 1 and Table 2).

Spleen weight after dexamethasone treatment of rats at a therapeutic dose (a), and maximal therapeutic dose (b)

a)
Control group Dex (0,6 mg/kg bw)
Variable n I +SD I +SD t-value df p
Spleen weight (mg) | 12 | 393.75+96.67 263.75 + 90,73 3.40 22 | <0.01
b)
Control group Dex (3 mg/kg bw)
Variable n I +SD I +SD t-value df p
Spleen weight (mg) 12 | 393.75+96.67 273.17 +£95.85 3.07 22 | <0.01

T- Mean value of the variable; SD - standard deviation; df — degree of freedom

Table 2
Spleen weight after MPA treatment of rats at a therapeutic dose (a), and maximal therapeutic dose (b)
a)
Variable n Control group MPA (30 mg/kg bw) t-value df p
Spleen weight (mg) | 12 | 393.75+96.67 353.83 £ 132,66 0.84 22 n.s.
b)
Variable n Control group MPA (150 mg/kg bw) t-value df p
Spleen weight (mg) | 12 | 393.75 +96.67 308.33 +108.60 2.04 22 | <0.05

' — Mean value of the variable; SD — standard deviation; df — degree of freedom

The quantitative stereological analysis of
the spleen tissue showed significant decrease of
the splenic pulp volume density (p < 0.01) and

significant increase of the connective tissue
volume density (p < 0.01) in all groups of drug
treated rats when compared with the control
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group. Reducing the presence of the splenic
pulp is mainly due to the decrease in volume
density of all structural components of the whi-
te pulp (PALS, lymph follicles and its™ germi-
nal centers and mantle zones). The volume
density of the marginal zone was also reduced

Table 3

in all groups of drug treated rats (p < 0.01).
Contrary to the volume density of the white
pulp and the marginal zone, the volume density
of the red pulp was significantly increased in
all groups of drug treated rats (p < 0.01);
(Table 3 and Table 4).

Volume density (%/mm?3 tissue) of the tested structural components of the splenic tissue after dexamethasone treatment
of the rats at a therapeutic dose (a), and maximal therapeutic dose (b)

a)
Volume density Control group Dex (0,6 mg/kg bw)
(%/mm?) n I +SD I +SD t-value df p
Pulp 12 96.91 £0.93 94.20 = 0.90 7.23 22 <0.01
Connective tissue 12 3.09+0.93 5.80 = 0.90 -7.23 22 <0.01
White pulp 12 16.60 + 1.14 5.21 +1.09 24.94 22 <0.01
Red pulp 12 60.04 +2.79 82.32+£2.16 -21.83 22 <0.01
PALS 12 10.51 +1.24 4.36 +0.86 13.99 22 <0.01
Lymph follicles 12 6.09 +£0.82 0.85+0.48 18.96 22 <0.01
Germinal centers 12 1.11+£0.23 0.04 +0.06 14.86 22 <0.01
Mantle zone 12 4.98 +£0.63 0.81+£0.43 18.64 22 <0.01
Marginal zone 12 20.20+1.92 6.67+1.01 21.49 22 <0.01
b)
Volume density Control group Dex (3 mg/kg bw)
(%/mmd) n I +SD I +SD t-value df p
Pulp 12 96.91 £0.93 94.06 + 1.27 6.27 22 <0.01
Connective tissue 12 3.09+£0.93 5.94 + 1.27 -6.27 22 <0.01
White pulp 12 16.60 + 1.14 1.85+0.52 40.61 22 <0.01
Red pulp 12 60.04 +2.79 89.61 +2.55 -27.02 22 <0.01
PALS 12 10.51 +1.24 1.54 +0.43 23.47 22 <0.01
Lymph follicles 12 6.09 +£0.82 0.30£0.23 23.28 22 <0.01
Germinal centers 12 1.11+£0.23 0.00 +0.00 16.06 22 <0.01
Mantle zone 12 4,98 +0.63 0.30 £0.23 23.77 22 <0.01
Marginal zone 12 20.20 +1.92 2.61 +1.30 26.20 22 <0.01

T- Mean value of variables; SD — standard deviation; df — degree of freedom

Table 4
Volume density (%/mm? tissue) of the tested structural components of the splenic tissue after MPA treatment
) of the rats at a therapeutic dose (a), and maximal therapeutic dose (b)
a
Volume density Control group MPA (30 mg/kg bw)
(%/mm?d) n I +SD I +SD t-value df p
Pulp 12 96.91 £0.93 93.92 +1.00 7.54 22 <0.01
Connective tissue 12 3.09 +0.93 6.07 +=1.01 -7.55 22 <0.01
White pulp 12 16.60 + 1.14 6.55+1.24 20.61 22 <0.01
Red pulp 12 60.04 £2.79 79.69 +2.43 -18.34 22 <0.01
PALS 12 10.51 +1.24 438 £0.77 14.44 22 <0.01
Lymph follicles 12 6.09 +0.82 2.18+0.63 13.01 22 <0.01
Germinal centers 12 1.11+0.23 0.19£0.12 11.88 22 <0.01
Mantle zone 12 4.98 +£0.63 1.99 +0.53 12.39 22 <0.01
Marginal zone 12 20.20+1.92 7.66 +£1.51 17.74 22 <0.01
b)
Volume density Control group MPA (150 mg/kg bw)
(%/mmd) n & +SD I +SD t-value df p
Pulp 12 96.91 +0.93 93.85+1.21 6.92 22 <0.01
Connective tissue 12 3.09 £0.93 6.15+1.22 -6.92 22 <0.01
White pulp 12 16.60 +1.14 6.04 +1.31 21.01 22 <0.01
Red pulp 12 60.04 +2.79 80.08 +3.29 -16.06 22 <0.01
PALS 12 10.51 +1.24 3.93+0.70 15.86 22 <0.01
Lymph follicles 12 6.09 =0.82 2.11 £0.65 13.03 22 <0.01
Germinal centers 12 1.11+£0.23 0.14£0.13 12.14 22 <0.01
Mantle zone 12 4.98 £ 0.63 1.97 +£0.54 12.38 22 <0.01
Marginal zone 12 20.20 +1.92 7.69+1.27 18.76 22 <0.01

' — Mean value of variables; SD — standard deviation; df — degree of freedom



20

Elida Mitevska, et al.

By comparing the reactive changes of the
structural components of the spleen after the ap-
plication of the therapeutic equivalent doses of
dexamethasone and MPA, the stereological ana-
lysis showed that the two drugs did not cause
significant mutual difference in the volume den-
sity of the total parenchyma (pulp), connective
tissue, PALO and marginal zone. However, when
comparing the volume density of the remaining

structural components of the splenic tissue, a sig-
nificant difference of the reactive changes was re-
gistered. This comparison showed that the thera-
peutic dose of dexamethasone caused more pro-
nounced reduction of the volume density of the
lymph follicles (germinal centers and mantle zo-
ne) and a significant increase in the red pulp
(Table 5).

Table 5
Comparison of the effects of therapeutic doses of dexamethasone and MPA
Volume density n | Dex (0.6 mg/kg bw) &' | MPA (30 mg/kg bw) t-value | df p
(%/mm3) +SD I +SD
Pulp 12 94.20 + 0.90 93.93+1.00 0.70 22 n.s.
Connective tissue 12 5.80 +0.90 6.07 + 1.00 -0.70 22 n.s.
White pulp 12 5.21+1.09 6.55+1.24 -2.81 22 0.01
Red pulp 12 82.32+2.16 79.69 +2.43 2.80 22 0.01
PALS 12 4.36 + 0.86 4.38 +£0.77 -0.05 22 n.s.
Lymph follicles 12 0.85+0.48 2.18+0.63 -5.78 22 | <0.01
Germinal centers 12 0.04 + 0.06 0.19+0.12 -3.62 22 | <0.01
Mantle zone 12 0.81+£0.43 1.99+0.53 -5.88 22 | <0.01
Marginal zone 12 6.67 + 1.01 7.66 +1.51 -1.88 22 n.s.

' — Mean value of variables; SD — standard deviation; df — degree of freedom

A comparison of the effects of the maxi-
mal therapeutic dose of dexamethasone and the
maximal therapeutic dose of MPA showed that
the two drugs did not cause significant mutual
difference in the volume density of the total
parenchyma (pulp) and the connective tissue.
However, the maximal therapeutic dose of de-

xamethasone provoked significantly stronger
suppressive effect on all structural components
of the white pulp and the marginal zone. Sig-
nificant reduction in these two cell compart-
ments resulted in an increased volume density
of the spleen red pulp (Table 6).

Table 6
Comparison of the effects of maximal therapeutic doses of dexamethasone and MPA
Volume density n Dex (3 mg/kg bw) MPA (150 mg/kg bw) | t-value | df p
(%/mm?3) I +SD I +SD
Pulp 12 94.06 + 1.27 93.85+1.21 0.41 22 n.s.
Connective tissue 12 5.94 +1.27 6.15+1.21 -0.41 22 n.s.
White pulp 12 1.85+0.52 6.04 +1.31 -10.3 22 | <0.01
Red pulp 12 89.61 + 2.55 80.08 + 3.29 7.91 22 | <0.01
PALS 12 1.54+0.43 3.93+£0.70 -9.94 22 | <0.01
Lymph follicles 12 0.30+0.23 2.11+0.65 -8.98 22 | <0.01
Germinal centers 12 0.00 +0.00 0.14 £0.13 -3.48 22 | <0.01
Mantle zone 12 0.30+0.23 1.97+0.54 -9.72 22 | <0.01
Marginal zone 12 2.61+1.30 7.69+1.27 -9.68 22 | <0.01

&' — Mean value of variables; SD — standard deviation; df — degree of freedom

Discussion

The histological analysis of the spleen is
particularly important because it gives insight
to the presence of the spleen structural compo-

nents that make the cell potential on which
depends its defensive function. The normal sple-
en structure and the normal presence of the dif-
ferent tissue spleen compartments indicate nor-
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mal functional condition of this immune organ.
The proliferative processes and the increase of
the lymphocytes cell potential, with the emer-
gence of active lymph follicles that possess
germinal centers, correlated with the increase
in the defense capabilities and suggest stimula-
tion of the immune system. Conversely, the atro-
phic spleen processes suggest reducing its cel-
lular defense potential, which means the occur-
rence of condition of immunosuppression.

The results of our study showed that a
crucial change in the spleen structure after the
administration of dexamethasone is an outstan-
ding reduction of the functional lymphocyte
cell potential, that is, in terms of immunosup-
pression. These present findings are consistent
with numerous studies that confirm the immu-
nosuppressive activity of dexamethasone [2, 4,
10-13, 27].

The histological analysis of the spleen in
the groups of rats treated with MPA showed
that the structural changes in the spleen tissue
caused by MPA were almost identical to those
caused by the administration of dexamethaso-
ne. The only difference was that dexamethasone
caused a more pronounced structural changes in
the spleen tissue. This fact was particularly evi-
dent comparing the presence of germinal cen-
ters in the lymphoid follicles which showed
that only dexamethasone administered at maxi-
mal therapeutic dose completely suppress the
appearance of the germinal centers. However,
the dominant change in the spleen morphology
caused by MPA was aimed at reducing the
lymphocyte cell potential or immunomodula-
tion in terms of immunosuppression.

Very similar to our findings were publi-
shed after the MPA administration in rabbits.
The results demonstrated that MPA caused
depletion of the lymphoid splenic tissue. This
phenomenon, induced by corticoid action, sup-
ported the immunosuppressive properties of the
drug, which prolonged the survival of some
allografts and lowered the antibody response to
different antigens [28].

Reducing the lymphocyte density and the
reduction in the white pulp volume density
may be due to the lymphocyte arrest, because
one of the main features of the steroid hor-
mones is their ability to inhibit the proliferative

response of lymphocytes after exposure to mi-
togenic substances [8, 27, 29].

The first data about the effect of MPA on
the lymphocyte proliferative response to mito-
genic substances showed that MPA has a sig-
nificant inhibitory effect only when used in a
proper concentration [30].

The quantification of the inhibitory effects
was performed by determining the percentage
of reduction of the thymidine incorporation
into DNA in the peripheral blood lymphocytes
of the rams. Comparing the effects of proges-
tins shows that the greatest reduction causes
17- hydroxyprogesterone (-59%, i.e. reduced
by 59% compared with the vehicle control,
100%), while MPA reduces thymidine incorpo-
ration into DNA approximately -24% [31]. Ho-
wever, some studies suggest that MPA severely
reduces the proliferative response of the peri-
pheral blood lymphocytes depending on the
amount of the dose [11, 32-34].

The MPA ability to inhibit the prolifera-
tive activity of the immunocompetent cells sug-
gests that MPA can interfere with normal mi-
totic cell division. It is thought that the inhibi-
tion of cell growth caused by MPA may be due
to its power to prolong the G-2 phase of the
mitotic cell cycle [35]. Also, the antimitotic
activity was accompanied via significant inhi-
bition of the occurrence of giant cell formation
when incubating peripheral blood monocytes
from the patients with breast cancer [36].

Apart from the fact that the reason for the
reduced white pulp volume density and the re-
duced lymphocyte density can be lymphocyte
arrest, this phenomenon could also be due to
the activation and acceleration of apoptosis of
the immunocompetent cells [37-39].

Glucocorticosteroids (including dexame-
thasone) as inducers of apoptosis have been
published in numerous scientific studies that
have studied the mechanisms by which gluco-
corticoids can induce programmed cell death.
These mechanisms are analyzed in proliferating
and non-proliferating thymocytes. Common to
the different pathways of the apoptotic process
is the binding of the glucocorticoid receptor and
the corresponding modification of the expres-
sion of specific genes [3, 10-13, 38]. However,
it is important that all steroids having gluco-
corticoid properties do not have the ability to
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perform the induction of the DNA fragmenta-
tion in apoptosis characteristic way [40].

Our results showed that the morphologi-
cal features of the lymphoid tissue after appli-
cation of MPA are almost identical to those
after the application of dexamethasone. In both
cases, a decrease in the density of lymphocytes
and a lymphocyte depletion phenomenon were
registered, without the presence of ambient
inflammatory response that is characteristic for
cells dying by apoptosis [41-43]. Therefore, this
finding suggests that MPA may conduct remo-
deling of the lymphoid organs by apoptosis.

Most physiological and histological stu-
dies confirmed glucocorticoid activity of the
MPA, that is, the MPA treatment resulted in
increased plasma FSH concentration, increased
IGF-1 secretion, and suppressed hypothalamic-
pituitary-adrenal axis and reduction of the thi-
ckness of the zona fasciculata and reticularis of
the adrenal cortex [5, 6, 14, 44].

Previous morphological studies perfor-
med on Wistar rats showed that the intramus-
cularly dexamethasone treatment caused a
significant decrease in the volume density of
the thymic parenchyma, and especially sensi-
tive substrate for the action of dexamethasone
was the cortex of the thymus [4]. The structural
changes observed in the thymus after the
intramuscularly administration of MPA showed
almost identical histological changes observed
after the dexamethasone treatment [4, 18].

Also, it was recognized that the contra-
ceptive depot MPA causes selective glucocor-
ticoid activity and can alter the expression of
the glucocorticoid receptor regulated genes.
The investigation of the contraceptive doses of
the depot MPA in two different murine Myco-
bacterium tuberculosis models altered the serum
cytokine levels of the tumor necrosis factor-a,
granulocyte colony-stimulating factor and in-
terleukin 10. Also, the depot MPA altered gra-
nulocyte-macrophage colony-stimulating factor
and the monocyte chemotactic protein 1. All
the above alterations in mice led to higher
bacterial load in their lungs [19].

Studies on the effects of MPA in humans
infected with Mycobacterium tuberculosis sho-
wed that MPA exhibits glucocorticoid action
and the ability to suppress the immune res-
ponse [45]. Therefore, it was assumed that

pharmacological doses of MPA, used for endo-
crine therapy could have significant immuno-
modulatory effects.

The experimental studies conducted on
rabbits showed that in the thymus, dexametha-
sone led to marked reduction of the relative and
absolute numbers of CD4(+)CD8(+) thymocy-
tes [10]. To identify which cell types MPA
might act on in order to modulate the autoim-
mune responses, the activation of spleen leu-
kocytes was examined. Although the results of
these trials showed a tendency to decreased
numbers of spleen myeloid dendritic cells,
plasmocytoid dendritic cells, T cells and B
cells, the changes were not statistically signi-
ficant. However, B cells showed significantly
higher expression of CD40, a molecule impor-
tant for B cell isotype class switching and ger-
minal center formation. Unlike the finding with
dendritic cells, there was no difference between
the treatment groups in B cell expression of
CD86. The final conclusion was that there were
no differences in the expression of the activa-
tion marker CD69 on either CD4+ or CD8+
spleen T cells. These data tend toward the MPA
ability to modulate the autoimmune responses
in part through its effects on dendritic cells and
suggest that high doses of depot-MPA have
immunosuppressive effects [46].

Our results tend towards all previously
discussed findings, because they clearly indi-
cate that MPA exhibits immunosuppressive
effect on the spleen tissue.

Contrary to all previously mentioned facts,
there are still scientific papers that are contra-
dictory to the previously described findings and
views. However, it should be noted that most
authors are convinced of the glucocorticoids
and the immunosuppressive activity of MPA
[5-7, 14, 28, 31, 47-49] against those who sup-
port the opposing option [50-52].

Conclusion

The results obtained in this investigation
have shown that 7-day administration of med-
roxyprogesterone acetate (at a therapeutic dose
of 30 mg/kg bw or maximal therapeutic dose of
150 mg/kg bw) provoked significant reduction
of the volume density of all structural compo-
nents of the white pulp and the marginal zone.
These changes suggested atrophy of the spleen
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lymphoid tissue. Although the atrophic changes
of the spleen were significant after application
of both dexamethasone and medroxyprogeste-
rone acetate the white pulp was significantly
more sensitive substrate for dexamethasone
than for MPA.
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Pesume

INPOMEHU HA CJIE3UHATA

KAJ CTAOPLIX BUCTAP TPETUPAHU
CO AEKCAMETA30H

N MEJJPOKCUITPOTECTEPOH ALHETAT
EBAJIYUPAHMU CO CTEPEOQJIOIIIKHN
IHAPAMETPU

Eaunga MuteBcka,
Hpena Kocragunosa-Ilerposa,
HeBena KocToBcka

WHCTUTYT 3a MEIUIIMHCKA, CKCTIEPUMEHTATHA

Y TIpUMEHETa XUCTOJIOTHja U eMOPHOJIOTH)a,
MenunuHckH (hakynteT, YHUBEp3uTeT ,,CB. Kupun
u Meroanj*, Ckomje, P. Makenonuja

IlenTa Ha HameTo MCTpaKyBame Oelle Aa ce
MIPOLIEHH MMYHOCYTIPECHBHUOT €(PEKT Ha MEIPOKCH-
nporectepoH arerarot (MIIA) mpeky oapenyBame Ha
BOJTyMEHCKaTa TYCTHHA HAa CTPYKTYPHHUTE KOMIIO-
HEeHTH Ha clie3nHaTa. VIcTo Taka, BOIIyMEHCKHTE TyC-
TUHU Ha UCTUTE CTPYKTYPHHU KOMITOHEHTH Ha CIIE3H-
Hara Oea oJ]pe/iIecH! U M0 aJMUHUCTpAIYja Ha JIeKca-
METa30H, CO IIeJT JIa CE TIPOIIEHH AT MOP(OIIOIIKHTE
npoMeHn npean3Brukann ox MIIA ce Bo ncTa Hacoka
CO TIPOMEHUTE TPEM3BUKAHU O] JeKCaMETa30HOT.

Bo mer rpynm 6ea monxenenn 60 jxeHCKH cTa-
opuu BHUcTap. KoHTponHara rpyma craopuu mnpu-
Maire (U3NONOIKN pacTBop. OcTaHATUTE YETHPH
eKCIepUMEHTAIHH TPYIU TMPHMaa: JeKcameTa3oH
BO TepareBTCKa mHeBHa mo3a ox 0.6 mg/kg TT u
MaKCHMaJHa TepareBTcKa mo3a ox 3 mg/kg 11, u
MIIA Bo Tepaneptcka go3a oa 30 mg/kg TT u Mak-
cUMajHa TepaneBTcka go3a o 150 mg/kg TT. Me-
JUKaMEHTHUTE Oea amIuuupaHd UHTPAaMYCKYJIHO BO
TeK Ha ceayMm AeHa. CrepeosomknTe Mepema Oea
U3BpILIEHH co ynotpeda Ha Weibl-oB MynTuHameH-
cku Tect-cucteM (M-42).

XUCTOJIOIIKATa aHalIW3a Ha CTPYKTYPHHUTE
KOMIIOHEHTH Ha CJIe3MHaTa Kaj CTAOpLUUTE TPETH-
panu co aekcamera3oH u MITA nokaxaa peaykuuja
Ha Oenara myjmna ¥ MapruHajgHaTa 30Ha W BHIUIMB
IajJ Ha KJIETOYHATA T'YCTUHA Ha JIMM(OLUTHATA KOM-
NoHeHTa Ha myimara. CTepeoolikara aHajan3a Ha
Clle3WHAaTa MOKaKa 3Ha4ajHO HaAMAITyBame Ha BOJY-
MEHCKaTa r'yCTHHA Ha Hej3uHaTa IMyJjrna W 3Ha4ajHO
3rojieMyBamb€ Ha BOJyMEHCKaTa I'yCTHHA Ha CBP3-
HOTO TKMBO. HamManeHaTa 3acTarieHOCT Ha ITyJmnaTa
Ha ClIe3WHaTa ce JOJDKelle, IIaBHO, Ha HamaiyBa-
ETO Ha BOJIYMEHCKaTa I'yCTUHA HA CUTE CTPYKTYPHH
KOMITOHEHTH 0J1 Oenara mynma. [Ipomenure Oea pe-
THUCTPUPAaHU Kaj CUTEe MEAMKAMEHTO3HO TPETUPaHH
IpyIHU CTAOPIIH.

Hamurte pesynratu nokaxaa paexka MIIA
MPEeIU3BUKYBa IIPOMEHH LITO Cyrepupaar arpoduja
Ha JTUM(POUTHOTO TKMBO Ha cie3nHata. Mako atpo-
(¢uYHUTE MPOMEHH Ha clle3uHara Oea 3Ha4YajHH MO
aruIMKaInuja u Ha JiekcameTa3oH u Ha MIIA, Genata
myJmna Oelle 3Ha4ajHO MOCEH3UTUBEH CYIICTpaT 3a
JIeKCaMeTa30H OTKOJIKY 3a MITA.

Knyunu 360poBu: ciie3uHa, CTaOpIM BHCTAp, CTEpeo-
JIOIIKA aHalIM3a, AEKCaMEeTa30H, MEAPOKCHIIPOIeCTEPOH
arerar.



