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Disminucion de la migracion de linfocitos totales al utero
de la coneja (Oryctolagus cuniculus) en los primeros dias
de la gestacion y seudogestacion*

Reduction of total lymphocyte migration to the uterus during
the first days of pregnancy and pseudopregnancy of the rabbit
(Oryctolagus cuniculus)

Veronica X. Zamora Huerta**  Héctor Villasefior Gaona**  Santiago R. Anzaldua Arce**
Mario Pérez-Martinez**

Abstract

The initiation of pregnancy is a transitional period during which very important changes in
sexual hormone levels are registered. These changes cause multiple morphologic changes in
the endometrium that are quite necessary for implantation to occur. The objective of the pres-
ent study was to evaluate the migration activity of total lymphocytes in the endometrium of
New Zealand breed, four months old, white female rabbits maintained in individual cages in
laboratory animal conditions with cycles of 12 hours light and 12 hours darkness, with feed
and water ad libitum. With these animals three different groups were formed: a) pregnant
animals on day 1, 2, 3, 4, 5 and 8; b) animals in a pseudo-pregnant state on days 1, 2, 3, 4,
5 and 8 following the administration of 100 IU of human chorionic gonadotropin (hCG); and c)
non pregnant animals (NP). The rabbits were slaughtered at different times according to the
experimental protocol through a lethal sodium pentobarbital intracardiac injection once the
rabbit were anesthetized. After the slaughter, fragments of both uterine horns were excised,
and fragments of uterine tissue were obtained, fixed and processed by paraffin inclusion to
perform histological cuts that were stained with hematoxylin-eosin (H & E) and Giemsa. Total
lymphocytes present in the luminal epithelial layer and lamina propia of the stroma of the
endometrium were counted. The number of total lymphocytes present in the rabbit endome-
trium during days 1 to 5 and 8 of gestation and pseudo-gestation decreased (P < 0.05) with
respect to the values found in non-pregnant, control females (NG). However, in the pseudo-
pregnant animals a decrease in the number of lymphocytes found on days 1 and 2 was more
evident than what was observed for these days in the pregnant rabbits. Day 8th was character-
ized by presenting a smaller quantity of cells than the rest of the evaluated days. It is con-
cluded that during in the first 8 days of gestation the number of lymphocytes present in the
rabbit endometrium decreases and that pseudo-pregnant rabbits present a similar condition.

Key words: EARLY PREGNANCY, INDUCED PSEUDOPREGNANCY, LYMPHOCYTES,
UTERUS, RABBIT.

Resumen

El inicio de la gestacion es un periodo transicional durante el cual se registran cambios
muy importantes en la concentracion de hormonas sexuales. Estos cambios causan multiples
cambios morfoldgicos en el endometrio que son muy necesarios para que se lleve a cabo la
implantacion. El presente estudio tuvo como objetivo evaluar la actividad migratoria de los
linfocitos totales al endometrio de conejas de la raza Nueva Zelanda, blancas, de cuatro meses
de edad, mantenidas en condiciones de bioterio en jaulas individuales con ciclos de 12 h de
luz y 12 horas de oscuridad, con alimento y agua ad /libitum. Con estos animales se formaron
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tres grupos diferentes: a) animales gestantes en los dias 1, 2, 3, 4, 5 y 8; b) animales
seudogestantes en los dias 1, 2, 3, 4, 5 y 8 posteriores a la administracion de 100 UI de
gonadotropina coriénica humana (hCG); y ¢) animales no gestantes (NG). Las conejas se
sacrificaron en diferentes momentos de acuerdo con el protocolo experimental por medio de
una inyeccién intracardiaca letal de pentobarbital sodico, previa anestesia de los animales.
Posteriormente a su sacrificio se obtuvieron fragmentos de ambos cuernos uterinos que
se fijaron y procesaron por inclusion en parafina para efectuar cortes histoldgicos que
se tifileron con hematoxilina-eosina y con Giemsa para realizar el conteo de linfocitos
totales presentes en la lamina epitelial-lamina propia de tejido conjuntivo del endometrio.
Se encontré un menor nimero de linfocitos totales en el endometrio de conejas en los
dias uno al cinco y ocho de la gestacion y seudogestacion (P < 0.05) con respecto a
los valores encontrados en las hembras testigo no gestantes (NG). Sin embargo, en las
conejas seudogestantes, la disminucion de linfocitos encontrada los dias uno y dos fue mas
evidente que la observada en esos dias en las conejas gestantes. El dia ocho las conejas
seudogestantes presentaron menor nimero de células que el resto de los dias evaluados.
Se concluye que durante los ocho primeros dias de la gestacién, el nUmero de linfocitos
presentes en la mucosa uterina disminuye y que en la seudogestacion se presenta un patrén
de afluencia de linfocitos similar al observado en los animales gestantes.

Palabras clave: GESTACION TEMPRANA, SEUDOGESTACION INDUCIDA,

LINFOCITOS, UTERO, CONEJA.

Introduction

he domestic rabbit (Oryctolagus cuniculus) is

a species where induced ovulation occurs. In

this species ovulation happens between 10
to 12 hours after coital stimulation. Ovulation can
be induced by vaginal stimulation, by female-female
mounting, by vasectomized male mounting, by lumbo-
sacral electrical stimulation and by the administration
of hormones such as human chorionic gonadotropin
(hCG)."*

The non-pregnant female rabbit (NP) has
alternating periods of male acceptance and rejection.
Several authors®’ have studied the populations of
follicles present in the ovaries of females that accept
mounting and females that reject mounting. The
follicles of females that are not receptive to males
are atresic and they are progressively replaced by new
small follicles, situation that is associated to a descent
in the levels of 178 - estradiol.

After ovulation the secretory activity of the corpus
lutewm is fundamental to establish and maintain
gestation.® The serum concentration of progesterone
(P4) is closely correlated with the weight of the
luteum tissue during the seventh and tenth days after
coitus,” therefore the changes in the production of
progesterone in the ovary constitute the main factor
responsible for the variations in the peripheral levels
of progesterone during gestation.

In the pseudo-pregnant rabbit the concentration
of progesterone gradually increases from day one
after ovulation until approximately day 12, when the
functional luteolysis of the corpus luteum starts. In the
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Introduccion

a coneja doméstica (Oryctolagus cuniculus) es

una especie de ovulaciéon inducida. En esta

especie la ovulacién ocurre entre diez y 12
horas después del estimulo coital. La ovulacion
puede ser inducida por estimulacion vaginal, por
la monta hembra-hembra, por monta con macho
vasectomizado, por estimulos eléctricos lumbosacros
y por la administracion de hormonas, como la
gonadotropina coriénica humana (hCG)."*

La coneja no gestante (NG) presenta periodos
alternados de aceptaciéon y no aceptaciéon del macho.
Diversos autores®” han estudiado las poblaciones de
los foliculos presentes en los ovarios de las conejas que
aceptan la monta y en las hembras que la rechazan.
Los foliculos de las hembras que no son receptivas
al macho se tornan atrésicos y progresivamente son
reemplazados por nuevos foliculos pequenos, lo que
estd asociado a un descenso en los niveles de 176 -
estradiol.

Después de la ovulaciéon la actividad secretora
de los cuerpos luteos es fundamental para el
establecimiento y mantenimiento de la gestacién.®
La concentracion sérica de progesterona (P) estd
estrechamente correlacionada con el peso del tejido
luteal durante el séptimo y décimo dias poscoito,’ por
lo que los cambios en la produccién de progesterona
ovdrica constituyen el factor principal responsable
de las variaciones en los niveles periféricos de
progesterona durante la gestacion.

En la coneja seudogestante la concentracion de
progesterona se incrementa gradualmente del dia uno



pseudo-pregnant state the plasmatic concentration of
P4 markedly increases between days 9 and 13 after the
administration of hCG.’

The endocrine changes that appear at the start
of pregnancy induce important changes in the tissue
of the reproductive tract in order to generate the
conditions necessary for the implantation of the
embryo."” It has been reported that within these
changes in the uterus of the rabbit there are variations
in the cellular proliferation and apoptosis in the
uterine and glandular covering epithelium during the
days prior to embryo implantation."

At the beginning of pregnancy a paracrine type
molecular “dialogue” is established between the
uterine tissue and the embryo; this dialogue is
carried out through the secretion of several chemical
signals that contribute to the synchronic transport
of the product towards the uterus and also favor
the initial embryonic development."” Among the
molecules that carry out this function, the embryonic
platelet activating factor (EPAF) is reported, which is
necessary to induce the early pregnancy factor (EPF)
thatitself constitutes the first proper specific maternal
response of pregnancy in species such as sheep and
rabbit."*'?

It has been proposed that progesterone (Py)
regulates many of the immunoendocrine events that
happen in the uterine tissue. In sheep, the increase
of serum concentration of P4, which characterizes
the beginning of pregnancy, modifies substantially
the local immunological response of the uterus.'”'®
In the uterus of the ewe the molecule that mediates
some of the progesterone inhibiting effects is an
endometrial glucoprotein called the uterus milk
protein (UTMP)."”

On the other hand, in the uterus of the rabbit a
protein called uteroglobin (UTG) or blastocytokine
is synthesized, during the first days of pregnancy,
which constitutes between 40% and 60% of the total
proteins in the uterine fluid, and their synthesis is
dependant on the action of progesterone. In the
domestic rabbit the implantation of the embryo
happens approximately at day seven of pregnancy,
when there is a high concentration of UTG.""*

Due to the fact that the blastocyst expresses
paternal antigens that are strange to the maternal
organism, some researchers have proposed that the
implantation process resembles the inflammatory
process. Among the tissular events that occur during
implantation, macrophage and leukocyte infiltration,
neovascularization and the production of prosta-
glandins are reported, among others.*"**

The uterus has lymphocyte populations and
subpopulations, and it has been reported that these
cells in the endometrium are influenced by the

posterior a la ovulacién hasta aproximadamente el dia
12, cuando se inicia la luteolisis funcional del cuerpo
Iiteo. En el estado de seudogestacion la concentracion
plasmatica de P4 se incrementa marcadamente entre
los dias nueve y 13 posteriores a la administraciéon de
hCG.*?

Los cambios endocrinos que se presentan al inicio
de la gestacion inducen cambios importantes en las
caracteristicas de los tejidos del aparato reproductor
con el fin de propiciar las condiciones necesarias para
que se lleve a cabo la implantacién del embrién."
Dentro de estos cambios se ha informado que en el
utero de la coneja se presentan variaciones en los
procesos de proliferacion celular y apoptosis en el
epitelio de revestimiento uterino y glandular durante
los dias previos a la implantacién."

En el inicio de la gestacion se establece un
“dialogo” molecular de tipo paracrino entre el tejido
uterino y el embrién, este didlogo se lleva a cabo
mediante la secrecién de diversas senales quimicas
que contribuyen al transporte sincrénico del producto
hacia el utero y favorecen el desarrollo embrionario
inicial."* Entre las moléculas que cumplen esta funcién
se cita el factor activador de plaquetas, derivado del
embrion (EPAF), que es necesario para inducir el
factor de gestaciéon temprana (EPF), que constituye
la primera respuesta especifica materna propia de la
gestacion en especies como la oveja y la coneja.” "

Se ha planteado que la progesterona (P4) regula
muchos de los eventos inmunoendocrinos que ocurren
en el tejido uterino. En la oveja, el aumento en la
concentracion sérica de P4 que caracteriza el inicio
de la gestacion, modifica en forma notoria la
respuesta inmunolégica local del ttero.””"™ En el
utero de la oveja la molécula que media algunos de
los efectos inhibitorios de la progesterona es una
glucoproteina endometrial llamada proteina de leche
uterina (UTMP)."

Por otra parte, en el ttero de la coneja se sintetiza,
en los primeros dias de la gestaciéon, una proteina
llamada uteroglobina (UTG) o blastocinina, que
constituye entre 40% y 60% de las proteinas totales
del fluido uterino y su sintesis es dependiente de la
accion de la progesterona. En la coneja doméstica la
implantacién ocurre aproximadamente el dia siete de
la gestacion, cuando se registra alta concentraciéon de
UTG.lg’QO

Debido a que el blastocisto expresa antigenos
paternos que resultan extranos al organismo materno,
algunos investigadores han propuesto que el proceso
de implantacién guarda cierta similitud con el proceso
inflamatorio. Entre los eventos tisulares que tienen
lugar durante la implantacién, se citan la infiltracion
de macréfagos y leucocitos, la neovascularizacion y la
produccién de prostaglandinas, entre otros.*"**
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stage of the oestrous cycle.”?" In other studies,
it has been shown that during the oestrous cycle,
there are variations in the number of plasma cells
in the endometrium of cow, sow, goat, rat and
mare.21,27,31,33,35,36

Another factor that can modify the number of
lymphocytes in the endometrium is the presence of
spermatozoids. In a study done on rabbits, it was
observed that the destruction of spermatozoids in
the uterus happens by the action of leukocytes.”
At present the migration patterns of lymphocytes in
the endometrium of pregnant and pseudo-pregnant
rabbits are unknown, therefore their study is necessary
to evaluate the possible influence of the hormonal
environment and the embryos on the affluence of
these cells to the uterus.

In light of the aforementioned, this study has the
objective of evaluating the migratory pattern of total
lymphocytes towards the endometrium in three groups
of New Zealand white rabbits: @) pregnant rabbits at
days 1, 2, 3, 4, 5 and 8; b) pseudo-pregnant rabbits at
days 1, 2, 3, 4, 5 and 8 after the administration of 100
IU of human chorionic gonadotropin (hCG); and ¢)
non-pregnant rabbits (NP).

Material and methods

To carry out this study, 41 sexually mature New
Zealand white female rabbits were used (3.5-4.5 Kg
bodyweight), which were maintained under laboratory
conditions in individual cages (90 x 60 x 40 cm) with
commercial” type feed and water ad libitum. These
animals were segregated into 12 groups, six of them
(three rabbits per group) corresponding to pregnant
animals at days 1, 2, 3, 4, 5 and 8 after copulation,
and in the rabbits of the remaining six groups
(three rabbits per group) ovulation was induced by
intramuscular administration of 100 IU of human
chorionic gonadotropin (hCG),*® and tissue samples
were obtained from them at 1, 2, 3, 4, 5 and 8 days
after treatment.

In the pregnant animal group, to each rabbit that
presented acceptance behavior towards the male and
hyperaemic vulva® two mounts were given in a single
service period using two experienced sires of the same
breed. The day of breeding was considered as day
“0” of the experiment. There was also a group of
nulliparous non-pregnant adult rabbits (NP) which
were used as control (n = 5). In order to estimate
the physiological state of these animals each female
was placed into contact with an non-castrated adult
male; females that did not present sexual interest for
the male and that had a dry and pale vulva were
considered to be in diestrus according to the criteria
of Aragona et al.”
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El tdtero estd provisto de poblaciones y subpo-
blaciones linfocitarias y se ha informado que la
distribucién de estas células en el endometrio esta
influenciada por la etapa del ciclo estral.*** En
otros estudios se ha encontrado que durante el ciclo
estral se presentan variaciones en el numero de
plasmocitos del endometrio de la vaca, cerda, cabra,
rata y yegua.2l,27,3l,33,35,36

Otro factor que puede modificar el namero
de linfocitos en el endometrio es la presencia de
espermatozoides. En un estudio realizado en conejas
se observo que la destruccion de espermatozoides en
el ttero estd dada por la accién de los leucocitos.”
Hasta el momento se desconocen los patrones de
migracion de los linfocitos en el endometrio de las
conejas gestantes y seudogestantes, por lo que su
estudio es necesario para evaluar la posible influencia
del ambiente hormonal y de los embriones sobre la
afluencia de estas células al utero.

Por lo anterior, el presente estudio tuvo como
objetivo evaluar el patrén migratorio de los linfocitos
totales al endometrio en tres grupos de conejas Nueva
Zelanda blancas: a) conejas gestantes en los dias 1, 2,
3,4, 5y 8; b) conejas seudogestantes en los dias 1, 2, 3,
4, 5y 8 posteriores a la administraciéon de 100 Ul de
gonadotropina coriénica humana (hCG); y ¢) conejas
no gestantes (NG).

Material y métodos

Para la realizacion del presente estudio se utilizaron
41 conejas Nueva Zelanda blancas sexualmente
maduras (3.5-4.5 kg de peso) que se mantuvieron en
condiciones de bioterio en jaulas individuales (90 x 60
x 40 cm) con alimento concentrado comercial” y agua
ad libitum. Con estos animales se formaron 12 grupos,
seis de ellos (tres conejas/grupo) correspondientes
a animales gestantes en los dias 1, 2, 3, 4, 5y 8
poscoito y en las conejas de los seis grupos restantes
(tres conejas/grupo) se indujo la ovulaciéon mediante
la administraciéon de 100 UI de gonadotropina
cori6nica humana (hCG) por via intramuscular,” y
se obtuvieron de estos animales el muestreo de los
tejidos de los dias 1, 2, 3, 4, 5, y 8 postratamiento.
Para el grupo de animales gestantes, a cada coneja
que presentaba conducta de aceptaciéon al macho y
vulva hiperémica,™ se le dieron dos montas en un
mismo servicio, utilizando para ello dos sementales
experimentados de la misma raza. El dia de la cruza se
consider6 como el dia “0” del experimento. También
se cont6 con un grupo de conejas adultas nuliparas no
gestantes (NG), que se utilizaron como testigo (n =5).
Para estimar el estado fisiol6gico de estos animales se

*Purina.



The animals of each group were sacrificed using an
overdose (90 mg/kg) of sodium pentobarbital applied
through intracardiac injection; they were previously
anesthetized.*"*!

In order to verify the existence of pregnancy a
wash of the oviduct was carried out as well as of
the uterine horns with isotonic physiologic saline
solution through a sterile catheter connected to a
syringe; afterwards, with a stereoscopic microscope,
the presence of embryos was determined in the fluid
recovered in a Petri dish. Next, fragments of the
mid third of both uterine horns were obtained of
each animal, these where fixed in a picric acid (15%)
and paraformaldehyde (4%) solution in a phosphate
buffering solution (PBS) at pH 7.4 during eight
hours.

After the fixation period, the tissue fragments
were maintained during 24 hours in a PBS solution
and processed according to the paraffin inclusion
technique for microtome. Then 6 um semi-serial
cuts were done in a microtome, some of these cuts
were stained using hematoxylin and eosin for the
observation of the general histological structure of
the uterus, and others were stained with Giemsa in
order to make lymphocytes evident.

In order to count the lymphocytes, an ocular
piece with micrometric* grid was used and a light
microscope; cells from 25 microscopic fields were
counted with the 40 X objective. For this the epithelial
layer and the lamina propia of the lax connective
tissue were taken into consideration. Cell count was
done independently by two observers who did not
have prior information about the characteristics of
the experimental protocol.

The data obtained from the cell count was analyzed
through a Tuckey non-parametric statistical test in
order to compare between the different groups.**

Results

Lymphocytes were located between the cells of the
uterine luminal epithelium, in the sub-epithelial
region of the lamina propia of the connective tissue
and between the epithelial cells of the endometrial
glands in pregnant and pseudo-pregnant animals
(Figures 1 and 2).

The number of total lymphocytes present in the
endometrium of rabbits during days 1 to 5 and 8 of
pregnancy was less (P < 0.05) in relation to the values
found in the control non-pregnant female group. The
number of lymphocytes observed at days 1 and 2 after
pregnancy was higHer than at days 3, 4, 5 and 8. From
day 3 the affluence of lymphocytes towards the endo-
metrium was reduced and there were no significant
differences among them (Figure 3).

puso en contacto a cada hembra con un macho adulto
entero; las conejas que no presentaron interés sexual
por el macho y que presentaban una vulva seca y con
tonalidad palida, se consideraron en etapa de diestro,
de acuerdo con el criterio de Aragona et al.*

Los animales de cada grupo se sacrificaron
mediante una sobredosis (90 mg/kg) con pentobar-
bital sédico aplicado por via intracardiaca, previa
anestesia.*"*!

Para verificar la existencia de gestacion se efectud
un lavado del oviducto y cuernos uterinos con solucion
salina fisiol6gica isoténica mediante un catéter estéril
conectado a una jeringa; posteriormente, con un
microscopio estereoscopico se busco la presencia de
embriones en el fluido recuperado en una caja de
Petri. A continuacién se obtuvieron fragmentos del
tercio medio de ambos cuernos uterinos, de cada
uno de los animales, y se fijaron en una solucién de
acido picrico (15%) y paraformaldehido (4%) en un
amortiguador de fosfatos (PBS), pH 7.4, durante ocho
horas.

Transcurrido el periodo de fijacion, los fragmentos
de tejido se mantuvieron durante 24 horas en una
solucion de PBS y se procesaron conforme a la
técnica de inclusiéon en parafina en un histoquinete
automatico. A continuaciéon se efectuaron cortes
semiseriados de 6 m de grosor en un microtomo,
algunos de estos cortes se tineron con la tincién
de hematoxilina y eosina para la observacion de la
estructura histolégica general del atero y otros con la
tincion de Giemsa para evidenciar a los linfocitos.

Para efectuar el conteo de linfocitos se utiliz6 un
ocular con reticula micrométrica” y un microscopio
foténico” y se contaron las células presentes en 25
campos microscopicos con el objetivo 40 X. Para este
fin se consideré lalamina epitelial yla ldmina propia de
tejido conjuntivo laxo. El conteo celular fue realizado
de manera independiente por dos observadores,
quienes al efectuarlo no tuvieron informacién sobre
las caracteristicas del protocolo experimental.

Los datos obtenidos del conteo celular se analizaron
mediante la prueba estadistica no paramétrica de
Tuckey para efectuar la comparaciéon entre los
diferentes grupos.*

Resultados

Los linfocitos se localizaron entre las células del
epitelio luminal uterino, en la regién subepitelial
de la lamina propia de tejido conjuntivo y entre las
células epiteliales de las glandulas endometriales en
los animales gestantes y seudogestantes (Figuras 1y

2).

*Carl Zeiss.
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Figura 1. Micrografia de ttero de coneja al dia dos
de gestacion. Se observan linfocitos intraepiteliales
y subepiteliales (puntas de flecha) en el endometrio.
Tincion H & E. Barra = 20 um.

Micrograph of the uterus of a rabbit at day two
of pregnancy. Intraepithelial and subepithelial lym-
phocytes are observed (arrows) in the endometrium.
Stain: H & E. Bar = 20 um.

In the pseudo-pregnant group, similarly to what
was observed in the pregnant rabbits, there was a
reduction in the number of total lymphocytes in rela-
tion to the non-pregnant females. Nevertheless, this
reduction observed at days 1 and 2 in the pseudo-preg-
nant animals was greater than that observed for these
days in the pregnant rabbits. It is interesting that day
eight was characterized by the least number of lym-
phocytes present in relation to the rest of the days
evaluated (Figure 4).

When comparing the result of the cell countamong
the groups of pregnant and pseudo-pregnant rabbits
differences were only found between day two of preg-
nancy and days one (P <0.05), five (P <0.01) and eight
(P <0.001) of the pseudo-pregnant rabbits.

Discussion

The results that were obtained indicate that the migra-
tion of lymphocytes towards the endometrium of rab-
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Figura 2. Micrografia de utero de coneja al dia dos
de seudogestacion. Se observan mitosis en las glan-
dulas endometriales (flechas pequenas) y linfocitos
intraepiteliales y subepiteliales (puntas de flecha) en
el endometrio. Tincion: Giemsa. Barra = 20 um.

Micrograph of a rabbit uterus at day two of pseupreg-
nant. Mitosis in the endometrial glands is observed
(small arrows) as well as intraepithelial and subep-
ithelial lymphocytes (arrows) in the endometrium.
Stain: Giemsa. Bar= 20 um.

El numero de linfocitos totales presentes en el
endometrio de las conejas durante los dias 1 al 5y 8
de la gestacion fue menor (P <0.05) con respecto a los
valores encontrados en el grupo de hembras testigo
no gestantes. El ndmero de linfocitos observado los
dias 1 y 2 posteriores a la gestacion fue mayor los
dias 3, 4, 5 y 8. A partir del dia 3, la afluencia de
linfocitos al endometrio se mantuvo disminuida y no
hubo diferencias significativas entre ellos (Figura 3).

En el grupo de animales seudogestantes, de manera
similar a lo observado en las conejas gestantes, se
encontré una disminucion en el nimero de linfocitos
totales con respecto a las conejas no gestantes.
Sin embargo, esta disminucién observada los dias
1 y 2 en los animales seudogestantes fue mayor
que la observada para estos mismos dias en las
conejas gestantes. Resulta interesante que el dia ocho
se caracteriz6 por presentar el menor nimero de

linfocitos que el resto de los dias evaluados (Figura
4).



Number of total

lymphocytes
404
T [1Pregnancy
30 *k
520-

Number of
Lymphocytes / 10,000
>
1

1L

NP D1 D2 D3 D4 D5 D8
Days of pregnancy

Figura 3. Linfocitos totales en el endometrio de conejas
gestantes (D-1 a D-8) y no gestantes (NP). Los valores son
expresados como promedios * error estandar *P < 0.05 vs
todos los demas grupos. **P < 0.05 vs D-3, D-5, D-8.

Total lymphocytes in the endometrium of pregnant (D-1
to D-8) and non-pregnant (NP) rabbits. The values are
expressed as average + standard error. *P< 0.05 vs. the rest
of the groups. **P < 0.05 vs D-3, D-5, D-8.

bits at days 1 to 5 and 8 of pregnancy decreases
significantly (P < 0.05) in relation to the number of
lymphocytes present in the uterus of non-pregnant
rabbits. From day three of pregnancy the decrease
in the number of endometrial lymphocytes was more
noticeably appreciated, precisely when the embryo
enters the uterus; this migratory pattern of lympho-
cytes was maintained at days 3, 4, 5 and 8.

The embryo implantation in the rabbit is carried
out at day seven of pregnancy,” this event is charac-
terized by an increase in tissue interaction between
trophoblast and endometrium. From the days prior
to implantation on, a local immunological condition
is required which is favorable to the embryo which is
accompanied by an hormonal environment with high
concentrations of progesterone.'”** The reduction of
lymphocytes that was observed in the endometrium
of the rabbit from day one and that was more notori-
ous from day three constitutes evidence of the need
for an immunotolerant local environment.

Itis very interesting that the group of pseudo-preg-
nant rabbits treated with hCG also showed a reduc-
tion in the number of endometrial lymphocytes from
day one of pseudopregnancy in relation to the values
present in non-pregnant rabbits. Based on the exper-
imental protocol of this study, this finding suggests
that the environment induced by progesterone pres-
ent in pregnant and pseudo-pregnant rabbits is the
condition that caused the decrease in the migration
of lymphocytes towards the uterus, and not only the
presence of the embryo. Nevertheless, in order to con-
firm this approach more studies that evaluate the spe-
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Figura 4. Linfocitos totales en el endometrio de conejas
seudogestantes (PS-1 a PS-8) y no gestantes (NP). Los
valores son expresados como promedios * error estandar *P
< 0.05 vs todos los demas grupos.

Total lymphocytes in the endometrium of pseudo-pregnant
(PS-1 to PS-8) and non-pregnant (NP) rabbits. The values
are expressed as average * standard error *P < 0.05 vs. the
rest of the groups.

Al comparar el resultado del conteo de células
entre los grupos de conejas gestantes y seudogestantes,
se encontraron diferencias unicamente entre el dia
dos de la gestacion con los dias uno (P <0.05), cinco (P
< 0.01) y ocho (P < 0.001) de conejas seudogestantes.

Discusion

Los resultados obtenidos indican que la migracién de
linfocitos al endometrio de la coneja, en los dias 1 al
5y 8 de la gestacion disminuye significativamente (P
< 0.05) con respecto al nimero de linfocitos presentes
en el Utero de conejas no gestantes. A partir del dia
tres de gestacion se apreci6é, mds notoriamente, la
disminucion en el nimero de linfocitos endometriales,
cuando precisamente ocurre el ingreso del embrién
al ttero; este patrén migratorio de los linfocitos se
mantuvo disminuido los dias tres, cuatro, cinco y
ocho.

La implantacién embrionaria en la coneja se lleva
a cabo en el dia siete de la gestacion,” este evento
se caracteriza por un aumento en la interacciéon
tisular, trofoblasto-endometrio. Desde los dias previos
a la implantaciéon se requiere de una condicién
inmunolégica local que sea favorable al embrion,
situacion que esta acompanada de un ambiente
hormonal con concentraciones elevadas de proges-
terona;'"**la disminucién de linfocitos que se observo
en el endometrio de la coneja desde el dia uno y se
torn6 mds notoria a partir del dia tres constituye una
evidencia de la necesidad de un ambiente local de
inmunotolerancia.
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cific role of the embryo in this physiological state are
required.

There is experimental evidence that supports the
concept that progesterone is an immunomodulating
molecule.” To this extend it has been reported that
an elevated concentration of progesterone prolongs
the survival of xenogeneic tumoral cells implanted in
the uterus of the hamster. *

Also, the existence of RNAm has been shown for
the progesterone receptor in lymphocytes of differ-
ent species;*™*® although this has not been shown in
the rabbit. The results obtained in this study suggest
the existence of a functional interaction between the
progestational environment and the immunological
behavior of the uterus during the first days of preg-
nancy and pseudpregnancy of the rabbit.

A functional interaction has been suggested in the
expression of the progesterone receptor in lympho-
cytes of pregnant women.*"”’ Furthermore it is impor-
tant to point out that besides what is know in classical
endocrine tissues, in human lymphocytes, estrogens
do not induce the expression of progesterone recep-
tors. **" Therefore it is necessary to carry out more
studies that clear up this characteristic in species such
as the rabbit in order to know if progesterone partici-
pates as a modulating molecule in the function of lym-
phoid tissue associated to the endometrium during
pregnancy and pseudopregnancy.

Also, itis important to evaluate the influence of the
uteroglobin (UTG) in lymphocyte migration towards
the uterus in pregnant animals because it is a protein
whose synthesis is dependant on progesterone. The
secretion of UTG begins its increase at day two of
pregnancy and reaches a maximum concentration
at day five; in pseudo-pregnancy the increase in the
expression of RNAm of the UTG and the time at
which it is detected is similar to what is observed in
pregnancy,” therefore the secretion pattern of this
protein and its role as an immunosuppressant mole-
cule in the uterus® could partially explain the similar
lymphocyte migration pattern observed in pregnant
and pseudo-pregnant rabbits in this study. Together
with this it is also known that the UTG has a powerful
anti-inflammatory effect, which is preserved in com-
pounds derived from the UTG such as the antiflam-
min that has, among other properties, the capacity to
avoid the movement of leukocytes towards the site of a
lesion.”>**

It is important to mention that notwithstanding
the sample size used in this study (n=3), based on a
previous study done on this species by us,” relevant
information was obtained on the migratory pattern
of lymphocytes towards the uterus in consecutive days
during the initial pregnancy and pseudo-pregnancy
period.
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Resulta muy interesante que en el grupo de
conejas seudogestantes tratadas con hCG también se
presenté una reduccion en el numero de linfocitos
endometriales desde el primer dia de seudogestacion,
en relacion con los valores existentes en las conejas no
gestantes. Con base en el planteamiento experimental
de este estudio, este hallazgo sugiere que fue el
ambiente progestacional presente en las conejas
gestantes y seudogestantes la condicion que propicié
la disminucién en la migracién de linfocitos al utero,
y no sélo la presencia del embrién; sin embargo,
para confirmar este planteamiento se requieren mas
estudios que evalien el papel especifico del embrién
es este estado fisioloégico.

Existen evidencias experimentales que apoyan
el concepto que la progesterona es una molécula
inmunomoduladora,® al respecto se ha informado que
la concentracion elevada de progesterona prolonga
la sobrevivencia de células tumorales xenogeneicas
implantadas en el titero de hamster.*’

Asimismo, se ha demostrado la existencia de
RNAm para el receptor de progesterona en linfocitos
de diferentes especies,”*® a pesar de que esto no se
ha demostrado en la coneja, los resultados obtenidos
en el presente estudio sugieren la existencia de una
interaccion funcional entre el ambiente progestacional
y el comportamiento inmunolégico del utero durante
los primeros dias de la gestacion y seudogestacion en
la coneja.

Se ha sugerido una interaccién funcional en la
expresion del receptor a progesterona en linfocitos
de mujeres gestantes.”” Asimismo, es de llamar la
atencion que a diferencia de lo conocido en los tejidos
endocrinos clasicos, en los linfocitos de humano, los
estrogenos no inducen la expresion de receptores a
progesterona.*” Por ello es necesario llevar a cabo
mas estudios que aclaren esta caracteristica en especies
como el conejo, para saber si la progesterona participa
como molécula moduladora del funcionamiento del
tejido linfoide asociado al endometrio durante la
gestacion y seudogestacion.

Asimismo, es importante evaluar la influencia de
la uteroglobina (UTG) en la migracién de linfocitos
al utero de animales gestantes, debido a que es una
proteina cuya sintesis es dependiente de progesterona.
La secreciéon de la UTG inicia su incremento en
el dia dos de la gestacion y registra una maxima
concentracion el dia cinco; en la seudogestacion
el incremento en la expresion del RNAm de la
UTG vy el tiempo al que se detecta es similar al
observado en la gestacion,” por lo que el patrén de
secrecion de esta proteina y su papel como molécula
inmunosupresora en el tutero™ podria explicar en
parte el comportamiento migratorio similar de los
linfocitos en las conejas gestantes y seudogestantes



Based on the results obtained in this study, we
conclude that during the first eight days of pregnancy
the number of lymphocytes in the uterine mucosa
of the rabbit (Oryctolagus cuniculus) decreases signifi-
cantly. Nevertheless, the most important decrease is
observed from day 3 on, when the product enters
the uterus. In pseudo-pregnant animals a pattern of
affluence of lymphocytes appeared that is similar to
what is observed in pregnant animals. These results,
as a group, indicate the importance of continuing the
study of the effect on the uterine lymphoid tissue that
some synthetic progesterone type drugs have that are
widely used in animal production for ovarian func-
tion synchronization.
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