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Uterine Gland Microstructure in the Pregnant and the
Non-pregnant Lesser Galago Galago senegalensis
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SUMMARY: The histology and the ultrastructure of the uterine glands of the lesser busBb¢édnyo(senegalengisvere studied in
six specimens (5 pregnant and one non pregnant) which were fixed partly with bouin’s fixative and part with 2.5% glutanal@ehitie
cacodylate buffer. An overview of the main results revealed uterine glands in the non-pregnant uterus are rudimentaey \aitlis¢hec
mucosa. In early pregnancy (first trimester) the uterine glands profiles appear in clusters. In late stage pregnanoestieirdthe uterine
gland profiles appear opposite chorionic vesicles. In the later stages of gestation maternal glandular epithelium conlsisiedimgle
columnar epithelium. The cells had abundant flattened cisternae of granular endoplasmic reticulum usually with an apraihiadisal.
Their nuclei had abundant euchromatin relative to the amount of heterochromatin. They also had a prominent Golgi appatetectpristic
of protein synthesizing cells. The basal plasmalemma was thrown into infoldings that have the effect of increasing theeauafzross
which nutrients could pass from the maternal circulation and are secreted by the cell as histiotrophe. Both physiologphynygrettr
hyperplasia of the uterine glands are observed to occur with advancement of pregnancy.
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INTRODUCTION

Gestation, in viviparous mammals, is the period ofiourishment of the fetus. Both histiotrophic and hemotrophic
embryo and fetus development from the fusion of the femahaitrition morphologically appear side by side throughout
and male gametes (conception) to birth. pregnancy. The uterine glands in the galago, open for the most

part in groups, their openings being on depressed areas of the

Histiotrophe is the nutritional material in spacesnucosa opposite chorionic vesicles which are specially
between the maternal and fetal tissues and is derived from thedified absorptive areas of the chorion termed the chorionic
maternal tubal secretions, endometrium and the uterine glandssicles. Chorionic vesicles are invaginations of the chorion
This nutritional material is absorbed by phagocytosis initiallppposite the mouths of the uterine glands (King, 1984; Njogu
by blastocyst trophectoderm (Lathanal., 1999) and then et al, 2006; Wooding & Burton, 2008).
by trophoblast of the placenta (Bevilacqetaal, 2010). In
later placental development nutrition is by the exchange of This report describes the ultrastructural detail of the
blood-borne materials between the maternal and fetafructures involved in the one type of fetal nourishment
circulations (hemotrophic nutrition) (Beck 1976). Histiotrophéhistiotrophic) seen in this species of primates i.e the uterine
represents an important source of nutrients for the developigignd epithelium.
embryo, as well as containing a variety of growth factors during
the first trimester of pregnancy in the humans (Buetbal,

2002; Hempstoclet al, 2004; Burtoret al., 2007; Jonegt MATERIAL AND METHOD
al., 2010).

In the lower primates the trophoblast of the placent&@ush babies belong to the order Primate and the sub order;
villi is engaged in both hemotrophic and histiotrophidrosimii (lower primates). A total of six female lesser bush
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babies were used in this study. Fixation of tissues was dc
both by injection and immersion to achieve good an
thorough fixation especially for the early conceptus an
placenta. Tissues from the later stage pregnancy were fix -
for transmission electron microscopy while the non-pregna:
and the early pregnancy uteri were fixed for histology:
Fixatives used were either Bouin's or glutaraldehyde fixativ;
(depending on whether the tissues were to be proces: > -7 *
further for light or electron microscopy). 2.5%z"

samples were fixed in Bouin's for routine histology.

The Bouin's solution fixed tissues were processed fi- - - ; / A
routine histological sections. This involved dehydratioffrig. 1. A photomlcrograph of a cross section Of the non- pregnaﬂt
through ascending concentrations of ethanol (50%, 709gerine wall. Note the endometrium (e) with longitudinal folds, a
90% and 100%), clearing using methyl benzoate arfgyometrium (m) and a perimetrium (arrow). X 100. H-E stain.
infiltration and embedding in molten wax. The embeddeg” =« -~ &
tissues were then mounted on wooden blocks pnutbick 4 7 g e
sections cut with a sliding microtome. The sections obtaine " 73
were subsequently stained with haematoxylin and eosin a.’i; SIFS
examined for light microscopy studies. =

cacodylate buffer were subsequently diced, washed in 0. 1" 2
cacodylate buffer, post fixed in 2% osmium tetroxide for
hours at room temperature, dehydrated through ascend‘&
concentrations of ethanol (50% for 15 minutes, 2 chang
of 70% for 10 minutes each, 2 changes of 80% each for /,3“ ,,4
minutes, 2 changes of 95% each for 15 minutes and flna"J ¥
2 changes of 100% each for 30 minutes) and embeddec-‘ A "m"- 3
epon resin. Semi-thin sections were cut with glass kaE’g 2 A photomlcrograph of the uterine endometnum Note the
onaSorvall MT-1Porter Blum’ microtome and stained wit Ids with a pseudostratified epithelium and a uterine gland with a
methylene blue or toluidine blue stain and examined withy|japsed lumen (arrow). X 400. H-E stain.
the light microscope for the purpose of tissue selection and
orientation. Ultra-thin sections were cut with diamond knife
(Diatomed) using an Ultra Reichert microtome. These were Histologically the uterus exhibits the typical 3 layered
subsequently mounted on copper grids and double stairg$tlicture (i.e. the endometrium, the myometrium and the
with uranyl acetate followed with lead citrate and examing@erimetrium that is characteristic of other mammals. The
with a Zeiss EM microscope. endometrium in the non-pregnant uterus has scarce and
atrophied uterine glands (Fig. 2), some of which have
collapsed lumen. The uterine gland cells in the non-pregnant
RESULTS uterus had scanty cytoplasm and there cell sizes were about
10 micrometers in size (Fig. 2).

The non-pregnant uterus is bicornuate with a small The earlier stage of development obtained is
uterine body, about 1 centimeter in length. This is unlikeepresented by figure 3. The pregnant uterine horn is
that of higher primates which have a uterus simplex. Thgcognizable by a single locular swelling. The blastocyst is
uterus is suspended on either side by an extensive asuntrally implanted and the depth of implantation is super-
transparent mesometrium. The uterine wall is composedfigial with the uterine epithelium remaining intact. The
an endometrium with numerous longitudinal folds, &ophoblasts form a simple cuboidal to columnar epithelium
myometrium and a perimetrium (Fig. 1). The folds are line(Fig. 3). The trophoblast and uterine epithelium are apposed
by a pseudo-stratified type of epithelium (Fig. 2). to each other forming an epithliochorial placenta.
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L e oo S S 7 RTINS
AN\ tior 3 ot S =777 S o~_  Fig. 5. A photomicrograph of the profiles of the uterine glands
Fig. 3. A photomicrograph showing a section of the earliest staféd). Methylene blue stain.
of development. te — trophoblast epithelium, arrows — uterine gland i DR S

profiles. X 200. H-E stain.

In the later stage pregnancy (third trimester) specime
the glands undergo hypertrophy and hyperplasia and are fou
opposite foetal membrane structures known as chorior
vesicles (Fig. 4). Tubular uterine glands appear in cross sect
on semi thin sections (Fig. 5). Uterine glandular epitheliur
consists of cuboidal or columnar epithelial cells. These ha
abundant flattened cisternae of granular endoplasm‘Q LR
reticulum. Their nuclei have abundant euchromatin relativ-*
to the amount of heterochromatin. They also have a promine
Golgi apparatus, moderate numbers of secretory granules i
multivesicular bodies. Both elongate and circula
mitochondria are observed interspersed between loi.y
;I)St_:_e}:gﬁeagifcgﬁ?;lzg;’:gzp;?;m‘g driz':gtilnutgnn(lfrlr?:r.o?;s;i &Eg). Note the abundant flattened cisternae of granular endoplasmic

: iculum (rer) and the numerous apical villi (solid arrow). Note the

tight junctions between neighboring cells (dashed arrow) X 2500.

v i T T v \/@\ g
7 e -

. 6. An electron micrograph of maternal glandular epithelial cells

Fig. 4. An illustration of the spatial organization of the uterine glandsid. 7 An electron micrograph showing the structural details
opposite the chorionic vesicles. 1. Trophoblast epithelium, 2fthe nucleus (nu) and the apical and supranuclear cytoplasm
Chorionic vesicle epithelium, 3. Contact membrane; formed by tf @ maternal glandular epithelial cell. Note the abundant
trophoblast epithelium and the Uterine epithelium (epitheliochori@iranular (rer) and agranular endoplasmic reticulum (ser) and
placenta), 4. Uterine gland epithelium, 5. Uterine epithelium. @ Well-developed Golgi complex (go). X 20.000.
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Fig. 8. An electron micrograph of a maternal glandular epithelial 4Y
cell showing the flattened and abundant granular endoplasmic A
reticulum (rer), with mitochondria interspersed in between (mtﬁj 5

The nucleus (nu) has both euchromatin and heterochromatin.,%_ 9. An electron m
20.000.

- e ' ¥} BUENS :
icrograph of the basal lamina just beneath the
uterine gland epithelium. Note the infoldings of the basement
membrane (arrow) and fusiform cells(fc) within the connective
tissue below the basal lamina. X 10.000.
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Fig. 10. Height and Width/ Diameter Averages of Uterine gland epithelial cells at different stages of pregnancy.

microvilli, tight junctions are present between the cells just Morphometric counts and measurements demonstrate an
below the surface and below the tight junctions, the lateraicrease in both sizes and numbers of the uterine gland cells
cell membranes are closely apposed (Fig. 6). from non-pregnant to early pregnancy to advanced pregnancy.
The average cell diameter does not show any change with
The epithelium rests on a basal lamina. Smooth mus@dvancement with pregnancy age. The average cell heights show
cells are also part of this wall and are found interspersed withan increase with advancement of pregnancy age (see Table | and
the connective tissue below the basal lamina. The basemEigf. 10). Average cell count numbers per profile of uterine gland
membranes of the uterine gland cells have numerous infoldirgjsow a marked increase as is seen in Table Il and Fig. 11. Lumen
that in effect increase its surface area (Fig. 9). diameters also show marked widening (Table | and Fig. 11).
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iteriic Hkertis per profile of the uterine gland.

Table I. Averages on Height and width/Diameter of uterine gland cells at different stages of pregnancy.

. Average cell .
Averggecell Height Width/Diameter Average_lumen Diameter
(micrometers) ) (micrometers)
(micrometers)
Uterineglandsin early preghancy uterus 125 125 42
Uterineglandsin lae pregnancy uterus 275 12.2 140

Table II. Average numbers of cells per profile of the uterine glands

Average n of cdls per
profile of the Uterine glands
Uterineglandsin early pregnancy uterus 13
Uterineglandsin late pregnancy uterus 46

DISCUSSION

The uterine glands in the non-pregnant lesser galago Infoldings of the basement membrane, of the uterine
are scarce and where present are reduced in size and haglard cell as observed in this study, has been observed in
collapsed lumen. The ultrastructural characteristics of thiee salivary gland of the mouse (Picelial., 2011). It is
uterine glands in the pregnant lesser galago suggest activferred that, coupled with the abundant mitochondria, the
synthesis, packaging and secretory activity due to tlecrease in this surface area provides for effective uptake of
presence of extensive rough endoplasmic reticular systemcessary macromolecules that go to form the secretion
and a well-developed Golgi apparatus (Okeidal, 1994). released from the apical surface.

Presence of smooth muscle cells in the wall of the glands

suggests active expulsion of secretion from the lumen of the  This study demonstrates a definite increase in the
glands. The location of the uterine glands opposite timember of cells that surround each glandular profile. This
chorionic vesicles is strategic in that the two structures comphysiologic hyperplasia is necessary as the demand for nutrients
bine to form an efficient and direct route through which thby the fetus increases. It has been demonstrated in the pig as a
developing fetus gets adequate nutrients (histiotrophe) frawsult of stimulation by the hormone progesterone (Roberts &
the mother. Provision of adequate nutrition to a fetus is tiBazer, 1988; Bailegt al, 2010). However an increase in uterine
key to a successful pregnancy. The uterine glands are giand cell numbers may also be a sign of abnormal changes, as
important source of nutrients to the human fetus duririgthe case in precancerous changes of endometrial carcinomas
organogenesis, when metabolism is essentially anaerobiovomen (Wanget al, 2005). The study also demonstrates
(Burtonet al, 2002). Histiotrophe is the nutritional mate-hypertrophy of the uterine gland cells. Even though the avera-
rial accumulated in spaces between the maternal and fegalcell diameter does not show any change with advancement
tissues, derived from the maternal endometrium and théth pregnancy age; average cell heights show an increase with
uterine glands. The uterine glands synthesize and secratieancement in pregnancy age. The net effect is such that there
substances essential for survival and development of tisea net increase in volume as volume is a function of both the
embryo or fetus (Gragt al, 2001). These include nutrientsdiameter and the cell height. It is inferred that the increase in
and growth factors that modulate the growth of the embrybe cell sizes is a result of an increase in cellular organelles that
(Hempstoclet al,, 2004). take part in the secretory functiontbese cells.
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RESUMEN: La histologia y ultraestructura de las glandulas uterinas de la galago Galego(senegalengifueron estudiadas en
seis ejemplares (5 prefiadas y 1 no prefiada). Una parte de las glandula se fij6 con Bouin y otra con glutaraldehido amp@&d en t
cacodilato 0,1 M. Una vision general de los principales resultados revelé que las glandulas uterinas en el Gtero nogadiargataoias
y escasas dentro de la mucosa. Al principio de la prefiez (primer trimestre) las glandulas uterinas aparecen en racltima.eapla de
la prefiez (tercer trimestre) las glandulas uterinas aparecen opuestas a las vesiculas corionicas. En las Ultimas etEpastepjesio
glandular materno consiste principalmente en epitelio cilindrico simple. Las células tenian abundantes cisternas aplaretagoen e
endoplasmico rugoso, por lo general con una orientacion apico-basal. Sus nucleos tenian abundante eucromatina enaelantéadon |
de heterocromatina. También tenian un aparato de Golgi prominente bastante caracteristico de células que sintetiZzEhgtastealama
basal fue rechazado en repliegues que psoeen el efecto de aumentar el area de superficie a través del cual los natripases dedde
la circulacion materna y son secretadas por las célula como histiotrofo. Hipertrofia fisiol6gica e hiperplasia de las gkniasgase
observaron con el avance de la prefiez.

PALABRAS CLAVE: Galago menor; Glandulas uterinas; Microestructura.
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