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Abstract

The objective of this study was to evaluate the effect of medroxyprogesterone acetate (MPA) on the number and tissular dis-
tribution of CD14+ macrophages and BB-2 lymphocytes. A total of 15 white New Zealand rabbits were ovariectomized and, 3
weeks after surgery, 5 groups were formed and all animals, except the control group, received 5 mg | M of medroxyprogesterone
acetate (MPA). Animals were euthanized at days 1 (early phase), 3 (medium phase) 6 and 7 (delay phase) post-treatment. The
control group was euthanized at day 1 post-treatment. Fragments of uterine tissue were obtained and processed for inclusion in
paraffin. Through immunocytochemistry CD14+ macrophages and BB-2 lymphocytes were detected. The height of the secreting
epithelium and the thickness of lamina propria were measured. Results indicate that MPA induces a decrease in the number of
BB-2 positive cells at days 1, 3, 6 and 7 post-treatment. A biphasic effect was observed at days 1, 3, and 6 in which, the number of
CD 14+ macrophages increased and finally at 7 days post-treatment the number of CD14 positive cells was similar to the control
group. The height of glandular epithelium, at days 3, 6 and 7 post-treatment, showed an increment in contrast with the control
group. Moreover, the lamina propria presented differences on its thickness only in days 1 and 7 vs control group. The results
obtained suggest that MPA negatively affects the specific local immune response in the uterus of ovariectomized rabbits.
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Resumen

El objetivo del presente trabajo fue determinar el efecto del acetato de medroxiprogesterona (MPA) en el nimero y distribucién
tisular de los macréfagos CD14+ y linfocitos BB-2. Se emplearon 15 conejas de la raza Nueva Zelanda, que fueron ovariectomiza-
das; tres semanas después de la cirugia se formaron cinco grupos y todos los animales recibieron 5 mg de MPA por via intramus-
cular, excepto el grupo testigo. Las conejas fueron sacrificadas durante los dias 1 (fase temprana), 3 (fase media) y 6, 7 (fase tardia)
postratamiento. El testigo se sacrificd el dia 1 postratamiento. Se obtuvieron fragmentos del (tero y se procesaron mediante el
método de inclusion en parafina. Con la técnica de inmunocitoquimica se detectaron los macréfagos CD14+ y los linfocitos BB-2.
Se cuantific la altura del epitelio secretor y el grosor de laldmina propia. Los resultados indican que el MPA provocé disminucién
en el nimero de células positivas a BB-2 los dias 1, 3, 6 y 7 postratamiento. Se observé un efecto bifasico los dias 1,3y 6, en que el
numero de macrofagos CD14+ se incrementd y a los siete dias postratamiento el nimero de células positivas a CD14 fue similar
al testigo. En el epitelio glandular se obtuvo incremento los dias 3, 6 y 7 postratamiento, con respecto al grupo testigo. En relacién
con lalamina propia, s6lo se incrementé el grosor los dias 1y 7, en comparacion con el grupo testigo. Los resultados indican que
el MPA afecta de manera negativa la respuesta inmunitaria especifica local del tero en conejas ovariectomizadas.

Palabras clave: ACETATO DE MEDROXIPROGESTERONA, CONEJOS, LINFOCITOS BB-2, MACROFAGOS
CD14+.
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Introduction

edroxyprogesterone acetate (MPA) is a
M derivative  of  17a-hydroxyprogesterone

with progestogen, anti-gonadotrophic and
anti-estrogen effects and can also act as a glucocor-
ticoid.* MPA is a synthetic progestin used in animal
production to synchronize the estrus cycle as well
as to control ovarian function in bovines and small
ruminants.® Furthermore, its administration in the
treatment of diseases such as breast and endometrial
cancer has been documented both in humans as well
as in dogs;* it has protecting ability against cytotoxic
drugs in myeloid line cells; therefore, myeloprotect-
ing properties have been attributed to it.>® It has also
been noted that this progestin can induce or prevent
cell death by apoptosis, as well as inhibit in vitro prolif-
eration of certain tumor cell lines.”®

Leukocytes, especially macrophages and lympho-
cytes, constitute a variable population of the uterus
in several species. Macrophage and lymphocyte pop-
ulations are increased when estrus approaches and
during diestrus their presence decreases. This indi-
cates that estrogen and progesterone levels during the
estrus cycle modulate the recruitment of leukocytes in
the uterus.®*

BB-2 lymphocytes participate in the immune
response, and they are most abundant in adult age;
B-cells have a CD5- phenotype and are characterized
by a low expression of IgM and an increased expres-
sion of IgD.*

Macrophages are phagocytic cells that have a mem-
brane receptor known as CD14, which is specific to the
lypopolysaccharides present in gram-negative bacte-
ria. When this receptor is activated, the destruction
of these microorganisms is promoted. It has been sug-
gested that this receptor participates in the activation
of T-cells.’**

Progesterone can increase susceptibility to several
sexually transmitted diseases, which has been studied
in animal models.*®**® The study of the cells that are
located in the mucosa of the reproductive tract is of
major interest as they constitute a study area essential
to the understanding of the pathogenesis of sexually
transmitted diseases in humans and domestic ani-
malS.16'17

Progesterone and some of its analogues have been
attributed with anti-inflammatory properties; charac-
teristic that makes MPA the therapeutic candidate for
diseases that involve autoimmune and chronic inflam-
mation processes.”® Nevertheless, up to this time,
the in vivo effects of MPA have not been fully under-
stood. Furthermore, the effects that can be induced
in animal models by the administration of MPA to B-
lymphocytes and macrophages within the uterus have
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tuye un derivado de la 17a- hydroxyprogesterona

con efecto progestageno, antigonadotrépico,
antiestrogénico y que puede actuar como glucocorti-
coide.* EI MPA es una progestina sintética usada en
la produccion animal para la sincronizacion del ciclo
estral y el control de la funcion ovarica en bovinos y
pequefios rumiantes.® Asimismo, su administracion
en el tratamiento de padecimientos como el cancer
de mamay endometrio hasido documentada tanto en
humanos como en perras;* su capacidad protectora en
contra de farmacos citotoxicos para células de estirpe
mieloide, le han atribuido propiedades mieloprotec-
toras.>® Asimismo, se ha referido que esta progestina
puede inducir o prevenir muerte celular por apopto-
sis, asi como inhibir la proliferacion in vitro de ciertas
lineas celulares tumorales.”®

Los leucocitos, en especial los macroéfagos y linfo-
citos, constituyen una poblacion variable en el Utero
de diversas especies. La poblacion de macréfagos y
linfocitos se incrementa cuando el estro se aproxima
y en la etapa del diestro disminuyen, ello indica que
los niveles de estrégenos y progesterona en el ciclo
estral modulan el reclutamiento de leucocitos a nivel
uterino.®*

Los linfocitos BB-2 participan en la respuesta
inmunitaria, éstos son los més abundantes en la edad
adulta; las células B poseen un fenotipo CD5- y se
caracterizan por baja expresion de IgM y elevada
expresion de IgD.*

Los macrofagos son células con actividad fago-
citica que poseen un receptor de membrana que se
denomina CD14, que es especifico para los lipopoli-
sacaridos de bacterias gramnegativas; cuando este
receptor es activado, se promueve la destrucciéon de
estos microorganismos. Se ha propuesto que dicho
receptor participa en la activacion de células T.*3*

La progesterona puede incrementar la susceptibili-
dad a diferentes enfermedades de transmision sexual,
lo cual ha sido estudiado en modelos animales.’>* El
estudio de las células que se localizan en la mucosa
del aparato reproductor es de interés, pues constituye
un area de estudio esencial para comprender la pato-
génesis de las enfermedades de transmision sexual en
humanos y especies domésticas.’®*’

A la progesterona y algunos de sus analogos se les
han atribuido propiedades antiinflamatorias, esta
caracteristica convierte al MPA en candidato terapéu-
tico para enfermedades que involucran procesos de
autoimnunidad e inflamacion crénica.’® Sin embargo,
a la fecha, los efectos del MPA in vivo no se han com-
prendido completamente. Asimismo, los efectos que
pueden ser inducidos en modelos animales con la
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not been assessed yet. Therefore, the objective of this
study was to asses the effect of a single MPA dose on
the number and tissue distribution of BB-2 lympho-
cytes and CD14+ macrophages within the uterus of
ovariectomized rabbits.

Material and methods

Ovariectomy was carried out in the Faculty of Veteri-
nary Medicine and Animal Husbandry of the National
Autonomous University of Mexico, on 15 New Zealand
breed rabbits, that weighed between 2.5 and 3.5 kg,
and were kept under conventional conditions in sepa-
rate cages with ad libitum food and water. The animals
were anesthetized by IM injection of xylazine* (5 mg/
kg) and ketamine** (35 mg/kg). The ovariectomy
was carried out through a mid-line incision, ovaries
were located and the vascular package was ligated.
The ovaries were then removed and the incision was
sutured with 3-0 polyglycolic acid.*** The animals
were medicated with analgesics and wide spectrum
antibiotics during 72 h.

At 21 days post-ovariectomy, the animals were
placed into 5 groups of 3 rabbits each. Twelve rabbits
were treated IM with a single 5 mg MPA dose,t while
the remaining three were used as control group and
1 mL of saline solution was applied IM at the onset of
the experiment. The rabbits were euthanized at days
1, 3, 6 and 7 after injection of MPA; the control group
was euthanized at day 1 post-treatment, with an over-
dose of sodium pentobarbital (100 mg/kg) applied
via intracardiac injection.

Tissue samples were obtained from the medial
third of the uterine horns of each group and were
immediately fixed for 72 h in 4% paraformaldehyde,
pH 7.4. After fixing, the tissues were processed in a
microtome and semiserial histological cuts of 6-7
pm were obtained. These were stained with Methyl
Green-Pyronin (MGP) in order to observe the gen-
eral histological structure and quantify the height of
the secretory epithelium as well as the thickness of the
lamina propria.

Tissue sections were obtained and placed in glass
slides previously treated with poly-l-lysine; paraffin
was removed with xylol and hydrated with alcohols of
different concentrations. They were made permeable
with 0.1% triton X-100 in sodium citrate for 20 min-
utes, afterwards endogenous peroxidase activity was
inhibited by incubating the tissue for 25 minutes in
a 0.3% H:20:2 solution at ambient temperature. The
preparations were washed with a phosphate buffer
solution (PBS1X) and marked with a hydrophobic
pencil around the tissue.

Tissues were incubated with horse serum in order
to inhibit non-specificity for 30 minutes. Immunode-

administracion de MPA en linfocitos B y macroéfa-
gos en el Utero no han sido valorados aun; por ello,
el objetivo de este trabajo fue evaluar el efecto de
una dosis Unica de MPA en el namero y la distribu-
cion tisular de los linfocitos BB-2 y de los macréfagos
CD14+ en el Utero de conejas ovariectomizadas

Material y métodos

La ovariectomia se efectué en 15 conejas de la raza
Nueva Zelanda, de la Facultad de Medicina Veterina-
riay Zootecnia de la Universidad Nacional Autbnoma
de México, con pesos entre 2.5-3.5 kg, que fueron
mantenidas en condiciones convencionales en jaulas
separadas, con agua y alimento ad libitum. Los anima-
les fueron anestesiados VI con xilazina* (5 mg/kg) y
ketamina** (35 mg/kg). La ovariectomia se realizé
mediante incision por linea media, se localizaron los
ovarios y se practicd ligadura del paquete vascular,
luego se realiz6 reseccidn de ovarios, y la incision se
suturé con acido poliglicélico 3-0.*** Los animales
fueron medicados con analgésicos y antibiéticos de
amplio espectro durante 72 h.

A los 21 dias después de la ovariectomia, los ani-
males fueron distribuidos en cinco grupos de tres
conejos cada uno. Doce conejos fueron tratados con
una dosis tinica IM de 5 mg de MPA 1 los tres restantes
se utilizaron como grupo testigo, y sélo se les aplicé 1
mL de solucién salina via intramuscular al inicio del
experimento. A las conejas se les aplicd la eutanasia
durante los dias 1, 3, 6 y 7 posinyeccién con MPA; el
grupo testigo se sacrificd al dia 1 posterior al trata-
miento con sobredosis de pentobarbital sédico (100
mg/kg) aplicada via intracardiaca.

Se obtuvieron fragmentos de tejido del tercio
medio de los cuernos uterinos de cada grupo e inme-
diatamente se fijaron durante 72 h en paraformalde-
hido al 4%, pH 7.4. Después del periodo de fijacion,
los tejidos se procesaron con un “histoquinete”, y se
obtuvieron cortes histolégicos semiseriados de un
grosor de 6 a 7 um con un microtomo, se tifieron con
verde metilpironina para observar la estructura his-
toldgica general y cuantificar la altura del epitelio
secretor y el grosor de la ldmina propia.

Se obtuvieron secciones de tejido y se colocaron en
portaobjetos tratados previamente con poli-I-lisina, se
desparafinaron con xilol y se hidrataron con alcoho-
les de diferentes concentraciones. Se permeabilizaron
con triton X-100 al 0.1% en solucidn de citrato de sodio
durante 20 minutos, luego se inhibid la actividad de
peroxidasas enddgenas incubando los tejidos por 25

*Pisa Agropecuaria, S.A., México.
**Revetmex, S.A., México.
***Artamat, Mexico.

tVetoquinol, México.
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tection of BB-2 and CD14 antigens was carried out with
commercial monoclonal antibodies that are specific
to the antigens as well as to the species.* Both antigens
were diluted 1:20, and the primary antibodies were
incubated during 12 h at 4°C. Later the tissues were
incubated with secondary antibody during 45 minutes
and with conjugated antibody for the same length of
time. Finally, chromogen was added to develop the
signal. Hematoxylin was used as a counter-stain and
the reaction was seen under a microscope. The speci-
ficity of the immune marking was demonstrated by
including a negative control that was not incubated
with the primary antibody.

Cells positive to BB-2 and CD14+ were counted
with the help of an image analyzer coupled to a com-
puter. Cells located in the luminal epithelial layer,
lamina propria and endometrium were considered. A
total of 10 microscope fields with the 40X objective
were assessed in the semiserial cuts obtained from
each uterus.

The number of cells obtained in the counts that
were positive to BB-2 and CD14+ were compared to
the control group through a Kruskal-Wallis test; later,
an analysis was performed utilizing Dunn’s test.” In
order to analyze the values obtained from the glandu-
lar epithelium height measurement and the thickness
of the lamina propria, a one-tailed analysis of variance
was used with Tukey’s test to compare means.*

Results

Both BB-2 lymphocytes and CD14+ macrophages were
present in the endometrium (Figures 1 and 2). They
were also observed in the lamina propria adjacent to
epithelium of endometrial folds and among cells of
the luminal epithelium. These cells were also present
near blood vessels of the lamina propria and among
epithelial cells of the endometrial glands.

In the endometrium, BB-2 lymphocyte counts had
a reduced number of cells observed at days three and
six post-treatment (P < 0.001), when compared to the
control group (Figure 3). Nevertheless, during day 1
MPA demonstrated a diminished capacity to reduce
the number of BB-2 lymphocytes (P < 0.05).

CD14+ macrophages localized in the endometrium
showed a significant increase in numbers at days 1, 3
and 6 post-treatment when compared to the control
group (P < 0.001). At day 7, the quantity of CD14+
macrophages was similar to that of the control group
(P <0.05) (Figure 4).

Significant differences were observed in the endo-
metrial glands in terms of the height of the secretory
epithelium in the animals at days 3 (33.3 £ 6.4 um) (P
<0.001),6 (19.8 +3.1 um) (P <0.001) and 7 (15.2+ 4.7
pm) (P < 0.01) post-treatment when compared to the
control group (10.0 £ 2.8 um) (Figure 5).
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minutos con solucién de 0.3% H:20:2 a temperatura
ambiente. Las preparaciones se lavaron con solucion
amortiguadora de fosfatos (PBS1X) y se marcaron
con un lapiz hidrofébico alrededor de los tejidos.

Los tejidos fueron incubados con suero de caballo
para inhibir la inespecificidad durante 30 minutos.
La inmunodeteccion de los antigenos BB-2 y CD14 se
llevé a cabo con anticuerpos monoclonales comercia-
les que son especificos tanto para los antigenos como
para la especie.* La dilucion para ambos fue de 1:20,
se incubd con los anticuerpos primarios durante 12
h a 4°C, luego se incubd con el anticuerpo secunda-
rio durante 45 minutos y con el anticuerpo conjugado
durante un periodo similar; finalmente se afiadi6 el
cromoégeno para revelar la sefial. Se contratifid con
hematoxilina y la reaccion se observd al microsco-
pio. La especificidad del inmunomarcaje se demostro
al incluir un grupo testigo negativo al que no se le
incubd con el anticuerpo primario.

Las células positivas a BB-2 y CD14+ se contaron
empleando un analizador de imagenes, acoplado a
una computadora. Se consideraron las células loca-
lizadas en la capa epitelial luminal, ldmina propia y
endometrio. Se evaluaron diez campos microscépicos
con el objetivo de 40X en los cortes semiseriados obte-
nidos de cada Utero.

El ndmero de células obtenidas de los conteos,
positivas a BB-2 y a CD14+ se compararon con el grupo
testigo mediante la prueba de Kruskal-Wallis, luego se
realizé un anélisis donde se usé la prueba de Dunn.*
Con el fin de analizar los valores obtenidos de la altura
del epitelio glandular y el grosor de la lamina propia,
se empled una prueba de andlisis de varianza de una
sola cola y posteriormente una prueba de Tukey en la
comparacion de medias.’

Resultados

Los linfocitos BB-2 y los macrofagos CD14+ estaban
presentes en el endometrio (Figuras 1y 2). También
se observaron en la lamina propia adyacente al epi-
telio de los pliegues endometriales y entre las células
del epitelio luminal. Estas células también estuvieron
presentes cerca de los vasos sanguineos de la ldmina
propia y entre las células epiteliales de las glandulas
endometriales.

En el conteo de los linfocitos BB-2 en el endome-
trio se observd un namero reducido de células los
dias tresy seis postratamiento (P < 0.001), en relacion
con el grupo testigo (Figura 3). Sin embargo, durante
el dia 1 el MPA mostr6 tener menor capacidad para
reducir el nimero de linfocitos BB-2 (P < 0.05).

Los macréfagos CD14+ localizados en el endome-

*BAQ44A y CAM36A, Laboratorios VMRD, Estados Unidos
de América.



Figura 1: Inmunodeteccién de linfocitos BB-2 en el endometrio de conejas,
mediante la técnica de inmunoperoxidasa (flechas) 40X. Barra: 10 um.

Figure 1: Immunodetection of BB-2 lymphocytes in the endometrium of rabbits,
through the immunoperoxidase technique (arrows) 40X. Bar: 10 pum.
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Differences in thickness of the lamina propria
were found at days 1 (324.4 + 98.5 um) (P < 0.001)
and 7 (316.8 + 45.6 pm) (P < 0.001) post-treatment
when compared to the control group (203.2 + 70.2
pm) (Figure 6).

Discussion

The significant reductions in the number of BB-2
positive cells when compared to the control group at
days 1, 3, 6 and 7 days post-treatment coincide with
the property of the MPA to reduce in vitro cell prolif-
eration of lymphocytes.®% It is important to mention

Figura 2: Fotomicrografia de inmunodeteccién de macréfagos CD 14+ en el
endometrio de una coneja; las células positivas se detectaron con la técnica de
inmunoperoxidasa (flecha) 40X. Barra: 10 pum.

Figure 2: Photomicrography of CD14+ macrophages immunodetection in the
endometrium of a rabbit. Positive cells were detected with the immunoperoxi-
dase technique (arrows) 40X. Bar: 10 um.
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Figura 3: NUmero de células positivas a BB-2 en el
endometrio de las conejas. Los valores se expresan
como media + EE (n = 3). Dia 1% P < 0.05, dias 3, 6 y 7°
P < 0.001. Dias 1, 3, 6 y 7 vs testigo. Ovariectomizadas
(OVX), ovariectomizadas y tratadas con 5 mg (OVX
+ MPA).

Figure 3: Number of cells positive to BB-2 in the endo-
metrium of rabbits. The values are expressed as mean
+SE (n = 3). Day 1* P < 0.05, days 3, 6 and 7° P <0.001.
Days 1, 3, 6 and 7 vs control. Ovariectomized (OVX),
ovariectomized and treated with 5 mg (OVX + MPA).

trio presentaron incremento significativo los dias 1,
3 y 6 postratamiento, en comparacion con el grupo
testigo (P < 0.001). El dia 7 la cantidad de macrofagos
CD14+ fue similar a la del grupo testigo (P < 0.05)
(Figura 4).

En las glandulas endometriales se observaron dife-
rencias significativas en la altura del epitelio secretor
de los animales durante los dias 3 (33.3+ 6.4 um) (P
<0.001), 6 (19.8 £3.1 um) (P<0.001) y 7 (15.2 4.7
pm) (P <0.01) postratamiento, en comparacion con el
grupo testigo (10.0 + 2.8 um) (Figura 5).

En la ldmina propia se encontraron diferencias
en el grosor unicamente los dias 1 (324.4 + 98.5 um)
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that the effect induced by MPA can be seen from 24 h
post-treatment.

The negative effect of MPA on cell proliferation
has been made evident both in vitro as well as in vivo in
studies of tumor cell lines and the reproductive tract
of the macaque, respectively.”# In bone marrow, MPA
inhibits mitosis and cell differentiation of stem cells,
which causes these cells to enter into a senescence
state known as GO, which reduces the damage done
by cytotoxic agents. Similar effects have been docu-
mented within in vitro studies of human breast cancer
cell lines.”?* Furthermore, MPA has the capacity to
affect negatively the proliferation in the glandular
portion of the endometrium in women that are in pre-
menopause.?

(P <0.001) y 7 (316.8 = 45.6 um) (P < 0.001) postra-
tamiento con respecto al grupo testigo (203.2 + 70.2
pm) (Figura 6).

Discusion

Las disminuciones significativas observadas en el
numero de células BB-2 positivas en comparacion con
el grupo testigo los dias 1, 3, 6 y 7 postratatmiento,
coinciden con la propiedad que posee el MPA de dis-
minuir la proliferacién celular en linfocitos in vitro.®%
Es relevante mencionar que el efecto inducido por
el MPA puede ser evidente desde las 24 h postrata-
miento.

El efecto negativo del MPA en la proliferacion celu-
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It has been reported that MPA may induce prolif-
eration in the case of BB-2 lymphocyte sub-popula-
tions.? Nevertheless, MPA has been used as part of
hormonal therapy in combination with estrogens,
with a dose different to the one used in this study.
Therefore, authors are, in reality, describing a syner-
gic effect of both hormonal agents.?

With the MPA dose used in this study, the number of
CD14+ macrophages increased at days 1, 3 and 6 post-
treatment, and at day 7 the amount of macrophages
was similar to the control group. These results could
be due to the biphasic effect that has been described
for MPA in vitro, which consists on initially promoting
proliferation of breast cancer tumor cell lines (T47d),
24 hours post-administration and at 48 hours inhibi-
tion of proliferation was observed.?®

Synthetic progestins affect the immunological
capacity of the female reproductive tract to protect
against viral infections. In mice the susceptibility to
infection with genital herpes type 2 isincreased almost
100 times when treated with medroxyprogesterone.*
These experimental results support the proposal that
synthetic progestins have a more prolonged effect
than the existing hormones at physiological concen-
tration; therefore, factors such as dose and application
times have to be considered. In ovariectomized ewes
treated with progesterone during days 10, 30 and 60
a decrease of CD45r+ lymphocytes was observed in
the luminal epithelium of the endometrium.® In the
present study, results obtained at seven days post-treat-
ment can be due to the decrease in concentrations of
MPA within the uterus because of metabolism and
excretion.

Progestins are widely used to synchronize ovarian
function in some domestic species; nevertheless, there
are no in vivo studies that integrally asses the possi-
ble collateral effects of these hormones on the local
immune response of the female reproductive tract.

Even though in vitro studies have been carried out
in cell lines and have provided relevant information
on the biological effects of MPA, it is important to
consider that it is difficult to extrapolate this informa-
tion to in vivo models,* as the experimental condition
such as dose, biological systems and assessment time
are variable.

In endometrial glands coming from rabbits that
were treated with MPA, an increase in the height of
the epithelium was observed at days 3, 6 and 7 post-
treatment when compared to the control group. With
the MPA dose used in this study, the height of the
epithelium increased and in some cases it remained
stable, this could be a compensation mechanism. In
this sense, it has been noted that ovarian steroids defi-
ciency that is associated with ovariectomy within three
weeks after surgery, causes important histological
changes in the uterus mucosa of the rabbit.?’

lar se ha hecho evidente tanto in vitro como in vivo,
en estudios en lineas celulares tumorales y en el apa-
rato reproductor del macaco, respectivamente.”? En
la médula 6sea, el MPA inhibe la mitosis y la diferen-
ciacién celular de las células tronco, ello provoca que
estas células entren en un estado de senescencia que
se conoce como GO, que reduce el dafio producido
por agentes citotoxicos, efectos similares se han docu-
mentado en estudios in vitro en lineas tumorales de
cancer de glandula mamaria en humanos.”?* Ademas,
el MPA puede afectar negativamente la proliferacion
en la porcion glandular de endometrio, en mujeres
que se encuentran en premenopausia.?®

Para el caso de las subpoblaciones de linfocitos
BB-2, se ha referido que el MPA puede inducir pro-
liferacion.?® Sin embargo, el MPA se empledé como
parte de una terapia hormonal en combinaciéon con
estrégenos, y la dosis utilizada fue distinta a la de este
estudio, por ello los autores, en realidad, describen
un efecto sinérgico de ambos agentes hormonales.

Con la dosis de MPA utilizada en el presente tra-
bajo, el nUmero de macréfagos CD14+ se incrementé
los dias 1, 3y 6 postratamiento y en el dia 7 la canti-
dad de macrofagos fue similar al grupo testigo. Estos
resultados pudieron deberse al efecto bifasico que ha
sido descrito para el MPA in vitro, que consiste en pro-
mover inicialmente la proliferacion en lineas tumora-
les de cancer mamario (T47d), 24 horas después de su
administracion; a las 48 horas se observé inhibicién
en la proliferacion. 2

Las progestinas sintéticas afectan la capacidad
inmunologica del tracto reproductor femenino en
contra de infecciones virales. En el ratén la suscep-
tibilidad a la infeccién con el herpes genital tipo 2
se incrementa casi 100 veces cuando es tratado con
medroxiprogesterona.’® Estos resultados experimen-
tales apoyan la propuesta de que las progestinas
sintéticas poseen un efecto mas prolongado que las
hormonas existentes en concentraciones fisioldgicas,
por lo que se deben tomar en cuenta factores como la
dosis y tiempos de aplicacién. En borregas ovariecto-
mizadas tratadas con progesterona durante los dias
diez, 30 y 60 se observé disminucion de linfocitos
CD45r+ en el epitelio luminar del endometrio.?® En
el presente trabajo los resultados obtenidos a los siete
dias postratamiento, pueden deberse a la disminu-
cion de concentraciones a nivel uterino de MPA por el
metabolismo y excrecion.

Las progestinas son ampliamente utilizadas para
sincronizar la funciéon ovérica en algunas especies
domeésticas; no obstante, se carece de estudios in vivo
gue evallen de manera integral los posibles efectos
colaterales de estas hormonas en la respuesta inmuni-
taria local del tracto reproductor femenino.

A pesar de que los estudios in vitro se han llevado
a cabo en lineas celulares y han aportado informa-
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It is known that MPA requires a progesterone
receptor in order to induce its effects. Nevertheless,
in an expression study carried out on human lympho-
cytes it was found that these do not have a progester-
one receptor, but present a glucocorticoid receptor
through which MPA can produce its effects.’® It is
important to note that this characteristic indicates
that MPA could be a therapeutic substitute for gluco-
corticoids that are used in anti-inflammatory thera-
pies, with the advantage that the MPA does not have
adverse effects such as induction of osteoporosis in
the pacient.*®

In conclusion, MPA administered at a dose of 5
mg is capable of reducing the number of BB-2 posi-
tive cells during days 1, 3 and 6 post-treatment, which
affects the capacity of producing specific antibodies
in the uterus; therefore, the specific local immunity
is negatively affected. Furthermore, by increasing the
number of CD14+ macrophages at days 1, 3 and 6
post-treatment with MPA, unspecific cellular immu-
nity is increased.

Itis important to mention that this work, using the
domestic rabbit as a model, is the first study where the
effects of MPA on BB-2 lymphocytes and CD14+ mac-
rophages are described. Furthermore, the changes in
morphological parameters, such as the height of the
secretory epithelium and the lamina propria, that are
induced by MPA, have not been described before.
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cion relevante sobre los efectos biologicos del MPA,
es importante considerar que es dificil extrapolar esta
informacion a modelos in vivo,' ya que las condicio-
nes experimentales como dosis, sistemas biolégicos y
tiempo de evaluacién, son variables.

En las glandulas endometriales provenientes de
conejas que fueron tratadas con MPA se observé
incremento en la altura del epitelio los dias 3, 6y 7
postratamiento, al ser comparadas con el grupo tes-
tigo. Con la dosis empleada de MPA en este estudio
la altura del epitelio se incrementd y en algunos casos
se mantuvo, ello podria ser un mecanismo compensa-
torio. Al respecto, se ha referido que la deficiencia de
esteroides ovaricos que se asocia con la ovariectomia,
en un lapso de tres semanas posterior a la cirugia, pro-
voca importantes cambios histologicos en la mucosa
uterina del conejo.?”

Se sabe que el MPA requiere de un receptor a pro-
gesterona con la finalidad de inducir sus efectos; sin
embargo, en un estudio de expresion llevado a cabo
en linfocitos humanos se encontré que éstos carecen
del receptor a progesterona, pero si presentan un
receptor a glucocorticoides por medio del cual el MPA
puede inducir sus efectos.’® Es importante destacar
que esta caracteristica indica que el MPA podria ser
un sustituto terapéutico para los glucocorticoides que
son empleados en terapias antiinflamatorias, con las
ventajas de que el MPA no presenta efectos adversos
como la induccién de osteoporosis en el paciente.'®

En conclusién, el MPA administrado a dosis de 5
mg es capaz de reducir el nimero de células BB-2
positivas, durante los dias 1, 3y 6 postratamiento, ello
afecta la capacidad de producir anticuerpos especi-
ficos a nivel uterino, por lo que la inmunidad local
especifica se ve afectada de manera negativay al incre-
mentar el nimero de macréfagos CD14+ en los dias 1,
3y 6 postratamiento con MPA se favorece la inmuni-
dad celular de caracter inespecifico.

Es importante destacar que este trabajo constituye
el primer estudio en el que se describen los efectos del
MPA en el nimero de linfocitos BB-2 y macréfagos
CD14+, utilizando como modelo al conejo doméstico.
Asimismo, los cambios en pardmetros morfolégicos,
como la altura del epitelio secretor y la ldAmina propia,
inducidos por el MPA, no han sido referidos previa-
mente.
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