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A b s t r a c t

The structure of secretory cells and granules has been described in the mouse Fallopian tube
during sexual maturation and oestrous cycle. The oviducts of newborn mice were lined with a simple
columnar epithelium in which only tall indifferent cells of uniform appearance were present. In some
of these cells, marks of ciliogenesis were observed. The occurrence of secretory cells showing
proteosynthetic activity and formation of secretory granules was registered in the oviducts of mouse
females at the age of 14 days after birth for the first time. Secretory granules were formed but not
released from the cells during sexual maturation, which takes the first 6 to 7 postnatal weeks.
Secretory granules and vesicles of several types were found in secretory cells in the oviducts of adult
animals. The granules were released into the lumen by way of apocrine secretion. The morphological
signs of eccrine secretion of the content of vesicles were occasionally observed. 

The ratio of secretory cells in the oviduct epithelium and the production of secretory products
were increased around and after ovulation in cycling animals. The processes of secretion in the
oviduct epithelium are dependent on the level of ovarian hormones. The influence of these
hormones was studied in animals treated with exogenous hormones during their sexual maturation.
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INTRODUCTION

The mammalian oviduct and tubal fluid represent together an optimal
microenvironment and an essential medium for processes associated with
fertilisation and early embryonic development. The special composition of
oviductal fluid supports viability of the gametes, and nutrition of the cleaving
zygote and early blastocyst formation. Selective transudation from the blood
capillaries and an active proteosynthesis in the secretory cells of the oviduct
epithelium are involved in fluid production (8). Participation of components of
peritoneal and follicular fluids (at the time of ovulation) and of factors produced
by the gametes, the cells of cumulus oophorus, and by the embryo (after
ovulation) in tubal fluid composition was mentioned by Hunter 1988. The quality
and quantity of this fluid is influenced by circulating steroid hormones of the
ovary (15, 20, 31, 33, 34).
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The ultrastructure of secretory cells, the appearance of their secretory granules, the
luminal content, and the morphological manifestation of secretion have been studied.

MATERIALS AND METHODS

The oviducts of laboratory mice (C 57 BL/10 x CBA (F1)) were used as the model in the present
study. The animals were divided into groups of sexually mature and immature females. The phases of
the oestrous cycle (prooestrus, oestrus, metoestrus, and dioestrus) were determined on the basis of the
evaluation of vaginal smears, stained with Ehrlich’s hematoxylin and eosin, and of the appearance of
vaginal introitus in accordance with the experience of Champlin et al. (1973) in adult mice. Sexual
maturation from birth to the age of 49 days was followed in 7-day intervals; thus the subgroups of young
animals were marked according to age in days: 0 (newborn), 7, 14, 21, 28, 35, 42, and 49. From these
subgroups, females aged 14, 21, and 28 days were chosen for evaluation of the hormonal influence on
the secretory activity of the tubal epithelium. An overview of the groups and numbers of evaluated
animals is shown in Table 1. These mice were treated with exogenous steroid hormones of the ovary.
Microcrystalline water suspensions of steroids, Agofolin-Depot /Biotika/ (estradioli benzoas 10 mg/2
ml) and Agolutin-Depot /Biotika/ (progesteronum 50 mg/2 ml), were administered subcutaneously in
the suprascapular region of the experimental animals. Aqua pro injectione /Biotika/ served as a vehicle
for the dilution of both hormones and was used for the control animals. The hormone formulas were
applied in one daily dose for a period of 4 days. The protocol of the treatment is shown in Table 2.

The oviducts were taken in toto after decapitation of animals and processed for electron
microscopy (double fixation in 300 mmol/l glutaraldehyde and 80 mmol/l osmium tetroxide in 100
mmol/l cacodylate buffer; embedding into Durcupan ACM (Fluka) after dehydration; cutting on
Ultratome III ultramicrotome, and staining with uranyl acetate and lead citrate according to Reynolds
(1963). The ultrathin sections were viewed and photographed by a transmission electron microscope
Tesla BS 500 or Morgagni 286 D (FEI) (90 kV).
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Table 1

An overview of groups and numbers of evaluated animals

Adult animals Sexually immature animals

Oestrus cycle untreated control oestradiol +

oestradiol

phase age progesterone

prooestrus 5 0 (at birth) 4

oestrus 5 7 days 6

metoestrus 5 14 days 5 14 days 3 14 days 5 14 days 5

dioestrus 5 21 days 5 21 days 3 21 days 5 21 days 5

28 days 5 28 days 3 28 days 5 28 days 5

35 days 6

42 days 5

49 days 4



RESULTS

SECRETORY CELLS

The oviducts of newborn mouse females were lined with a simple columnar
epithelium including tall indifferent cells of uniform appearance in all tubal
segments (the preampulla, the ampulla, and the isthmus). Transformation of
indifferent cells into ciliated cells represented by ciliogenic activity was observed
in some of them. The presence of secretory cells or morphological marks of their
differentiation were not registered during the first two weeks after birth. 

The first secretory cells occurred in the epithelium of the ampulla and the
isthmus of animals aged 14 days. Differentiation of secretory cells was
characterised by an intensive proteosynthetic activity in the cytoplasm of some
indifferent cells. Proteosynthesis was ultrastructurally expressed by an increased
number of profiles of the Golgi apparatus and the rough endoplasmic reticulum,
and by a small amount of secretory granules. Compact or reticular nucleoli 
(2–4 in number) were usually found in the nuclei of such cells. According to the
fine ultrastructural differences, three types of secretory cells were distinguished
during the period of sexual maturation (i.e., days 14–35 after birth). They were
marked as 1/ immature, 2/ active mature, and 3/ inactive mature secretory cells
(resting cells). Immature cells were characterised by the presence of only a few
secretory granules of different level of their maturation. These granules were of
different electron density and size (0.15–0.30 µm). They were dispersed in the
cytoplasm and did not show cumulation in the cell apexes. A small Golgi
apparatus and short, narrow cisternae of endoplasmic reticulum occurred in the
cytoplasm. Concentric bodies (1 or 2 in number) localised below the nucleus were
observed in some of these cells. The bodies were composed of concentrically
arranged narrow, smooth cisternae. Some of them reached about 3 µm in
diameter. The luminal surface of these cells projected to numerous longer
microvilli. On the contrary, mature secretory cells were irregularly covered with
very short microvilli. The active and mature secretory cells were characterised by
the occurrence of well-developed cisternae and vesicles of the Golgi apparatus,
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Table 2

Protocol of hormone administration

1st day 2nd day 3rd day 4th day

Oestradiol 50 µg/kg.d 50 µg/kg.d 50 µg/kg.d 50 µg/kg.d

Oestradiol + progesterone (P) 50 µg/kg.d 50 µg/kg.d 25 µg/kg.d 525 µg/kg.d

0  µg/kg.d (P) 50 µg/kg.d (P)

Aqua pro inj. 1 ml 1 ml 1 ml 1 ml



sometimes forming a large Golgi field. The granular endoplasmic reticulum was
usually dilated and formed a dense network of cisternae in the supranuclear parts
of the cytoplasm. Concentric bodies were also found in some of these cells. The
inactive mature cells were fully differentiated and showed apical protrusions of
the cytoplasm filled with numerous mature secretory granules. Only a small Golgi
apparatus near the nucleus and several short, narrow cisternae of the endoplasmic
reticulum were present in the cytoplasm. Concentric bodies were not observed in
inactive cells. 

The occurrence of mature secretory cells (both active and inactive) increased
during sexual maturation so that they prevailed, while immature cells were only
occasionally found in the oviductal epithelium of animals aged 35 and more days.
The same results were observed in the oviducts of adult mouse females. 

The administration of exogenous ovarian steroids, especially of oestradiol,
showed an acceleration of differentiation and maturation of the secretory cells.
The ultrastructural characteristics of the tubal epithelium of young hormone-
treated mice (aged 14, 21, and 28 days) were the same as in the oviducts of adult
females. 

SECRETORY GRANULES

The appearance of secretory granules was also studied. The most frequent type
of granules occurring in many cells contained finely granular material of high
electron density (Fig. 1). Their diameter was maximally 0.5 µm. The other types
of granules or vesicles were occasionally observed. The small, lipid-like granules
measured 0.2–0.4 µm in diameter. The dark, electron dense centre of such
a granule was surrounded by a homogenous mass of middle electron density 
(Fig. 2). The large and very light granules of a diameter of up to 0.8 µm were
filled with coarsely granulated material (Fig. 3). Large, electron-lucent vesicles
and vacuoles of dilated rough endoplasmic reticulum measured 1.0 to 1.5 µm in
diameter and contained fine, granular material. Small vesicles (Fig. 4), which
appeared to be ”empty” and had 0.5 µm in diameter, were usually observed in
close vicinity of plasma membrane. Both large and small vesicles were
surrounded by a distinct biological membrane. Except for the above-mentioned
types of granules and vesicles with a secretory product, lamellar structures and
lipid droplets rarely occurred in some secretory cells (Figs. 7, 8) and also in the
oviduct lumen. Elimination of lamellar particles, but not of lipid droplets, by
exocytosis was monitored (Fig. 8).

SECRETION

No marks of secretion from the cytoplasm of mature secretory cells were
found in the epithelium of sexually immature mouse females during the whole
period of their physiological sexual maturation. The secretory product was stored

206



207

Fig. 1
Isthmus; oestrus: The most frequent type of granules containing finely granular material of high 

electron density. (Barr = 1 µm)

Fig. 2
Isthmus, prooestrus: Lipid-like granules with electron-dense spot surrounded by a homogenous

mass of middle electron density. (Barr = 1 µm)

Fig. 3
Preampulla; age 28 days, oestradiol: Large and light granules filled with coarsely granulated

material. (Barr = 1 µm)

Fig. 4
Preampulla; age 28 days, oestradiol + progesterone: Light vesicles appearing as "empty", in

constricted protrusion of cell apex. (Barr = 1 µm)
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Fig. 5
Ampulla, oestrus: Constricted apical protrusion (→) containing secretory granules. 

(Barr = 2.5 µm)

Fig. 6
Ampulla, metoestrus: Cell apexes showing signs of eccrine secretion of the content of light

vesicles (→). (Barr = 2.5 µm)

Fig. 7
Isthmus, age 42 days, untreated: Lamellar structures (→) eliminated by exocytosis. (Barr = 1 µm)

Fig. 8
Isthmus, oestrus: Aggregates of lipid droplets (→) in basal portions of the cytoplasm of secretory 

cells. (Barr = 2 µm)



in protruding cell apexes, but was not released into the lumen of the oviduct. In
the oviducts of all pubertal animals treated with oestradiol together with
progesterone, signs of constriction and separation of apical cytoplasmic
protrusions containing secretory granules were manifested. Cytoplasmic
fragments of secretory cells were regularly present in the tubal lumen. 

Similar morphological signs of releasing the secretory material were
monitored in the epithelium of adult females after ovulation in metoestrus (i.e. at
the time of progesterone production by the corpus luteum in the ovary). These
signs corresponded to apocrine secretion. Cumulation of granules or vesicles in
the apical cytoplasmic protrusions and their strangulation were observed on the
luminal surface of the epithelium (Fig. 5). Free cell fragments containing granules
and/or vesicles were found in the lumen of the oviduct. Marks similar to eccrine
secretion, but not direct releasing of the product, were monitored in some
secretory cells with vesicles (Fig. 6). 

DISCUSSION

The mammalian oviduct is not only a conducting tube for the passage of
gametes and embryos, but it is also a sophisticated secretory organ that maintains
and modulates the dynamic fluid-filled environment, which is necessary for
fertilisation and early embryonic development (19). 

The oviductal fluid is transparent, colourless, and lightly alkaline (pH 7.7–8.2
depends on concentration of bicarbonate). Specific gravity is less than 1.0 and
osmolality is 310 mOsm (14). From the point of view of chemical composition,
tubal fluid contains ions, amino acids and proteins, growth factors, enzymes and
hormones (2, 8, 9, 10), the source of energy – lactate, pyruvate and glucose (30),
the gamete- and embryo-protective and immunosuppressive components – taurine
and hypotaurine (2, 11, 12, 26). The tubal epithelium also produces a lubricating
substance which facilitates the passage of the oocyte and blastocyst in the narrow
isthmus (5). Most of the above-mentioned components of tubal fluid originate
from blood plasma and pass into the lumen via transudation from the blood
vessels. Participation of secretory cells in the production of special proteins and
amino acids was studied and described by some authors (21,9,30). The best-
known proteins are oestrogen-dependent oviduct-specific glycoproteins (2, 33, 34),
placental protein PP14 (26), or avidin in birds. 

Secretory cells are tall columnar cells containing secretory granules in their
cytoplasm. The marks of proteosynthetic activity are represented by numerous,
well-developed profiles of the Golgi apparatus and granular endoplasmic
reticulum. This simple morphological characteristic was given by many authors
mentioned above in the text. The first secretory cells appeared in the mouse
oviduct epithelium of the ampulla and the isthmus on day 14 after birth (17). Three
types of secretory cells, named as 1/ immature, 2/ active mature, and 3/ inactive
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mature cells, were described during the period of sexual maturation. Concentric
bodies were observed in some of the immature and active mature cells. The same
bodies were observed by some authors in different cell types (3, 23, 25, 27, 28, 29, 32).
Most of these authors considered the bodies as a specialised form of smooth
endoplasmic reticulum. Their function is not clear and the hypotheses about it are
not unified. Participation in steroidogenesis and/or glycogenogenesis is assumed
by some of the authors. The occurrence of immature and mature secretory cells
(both active and inactive) changed during sexual maturation and was different in
adult mouse females. Steroid hormone dependence was observed after hormonal
treatment in groups of young animals (18).

The secretory products were kept in granules or vesicles of several types. The
most frequent granules with finely granular material and high electron density
were also described in different species by many authors (6, 16, 30, 31). The other
types of granules were occasionally found in the mouse oviduct epithelium.
Small, lipid-like granules of moderate density contained an electron-dense spot
and were mentioned in golden hamster by Abe and Oikawa (1989). Large and
very light granules with coarsely granulated material occurred in several secretory
cells. Very large, electron-lucent vesicles or vacuoles containing fine, granular
material occurred in the dilated cisternae of the rough endoplasmic reticulum and
were observed in primates (16, 22) and in cow (7). Small, seemingly ”empty”
vesicles were rarely found in the mouse oviduct. They were not mentioned by any
of the authors whose works we have read. 

Lamellar structures were found in some secretory cells and in the oviduct
lumen. Lamellar particles were similar to myelin figures composed of
phospholipid membranes and were not identical or similar to the lamellar
secretory granules described in primates by Odor et al. (1983) or in cow by Uhrín
(1992) and Eriksen et al. (1994). These particles were released by exocytosis into
the oviductal lumen. Subnuclear aggregates of lipid droplets were a typical
cytoplasmic compartment of some non-ciliated cells in the isthmus and free lipid
droplets were found in the lumen of the oviduct. Their release via the secretory
pathway was never seen in the mouse oviduct. Neutral lipids and phospholipids
of tubal epithelium origin were detected by Henault and Killian (1993) in the
bovine oviductal lumen. The importance of lamellar particles and lipid droplets
for oviduct fluid composition is not clear.

In the mouse oviduct we have also studied how the secretory product is
released from the cells into the lumen. Apical protrusions of secretory cells
cumulating secretory granules or vesicles and their constriction and detaching
from the cell surfaces were the most frequent signs of this process. In the lumen
of the tube, free cell fragments of an ultrastructure identical to the cell protrusions
were observed. In the view of these findings, the apocrine secretion seems to be
the main way by which secretions are released from the cells. According to the
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papers of the above-mentioned authors, the hypothesis about the type of secretion
is not unified and they take a different view of it. Some of them incline to the
opinion that the secretory product is released by apocrine secretion only, others
describe only exocytosis. However, most of them permit of both these ways of
secretion. In our material, we have observed broken surface on some secretory
cells with irregular cytoplasmic processes and deeper invaginations of
plasmalemma. This picture resembled the cell surface after exocytosis, but no
released material was detected in any case. Although immediate marks of eccrine
secretion were never seen in the mouse epithelium, we can neither exclude nor
confirm it. 

The results of this work will be used in a detailed histochemical study of the
secretion and analysis of secretory granules and vesicles.

Lauschová I. 

SEKREâNÍ BU≈KY A MORFOLOGICKÉ PROJEVY SEKRECE VE VEJCOVODU MY·I

S o u h r n  

Ve vejcovodu laboratorní my‰i byla popsána ultrastruktura sekreãních bunûk a jejich granul, a to
jak u pohlavnû nezral˘ch samiãek v prÛbûhu dospívání, tak u dospûl˘ch jedincÛ v prÛbûhu
pohlavního cyklu. Vejcovody novorozen˘ch my‰í jsou vystlány jednovrstevn˘m cylindrick˘m
epitelem s vysok˘mi indiferentními buÀkami uniformního vzhledu. V nûkter˘ch buÀkách byly
pozorovány morfologické známky ciliogeneze. V˘skyt sekreãních bunûk vykazujících
proteosyntetickou aktivitu a tvorbu sekreãních granul byl poprvé zaznamenán ve vejcovodech zvífiat
star˘ch 14 dní. V období pohlavního zrání, které trvá 6–7 t˘dnÛ po narození, jsme pozorovali tvorbu
sekreãních granul, nikoliv v‰ak známky jejich uvolnûní do lumina. V sekreãních buÀkách dospûl˘ch
jedincÛ jsme pozorovali nûkolik typÛ sekreãních granul nebo váãkÛ. V nich obsaÏen˘ sekreãní
produkt byl uvolÀován z cytoplazmy bunûk do lumina vejcovodu apokrinním zpÛsobem. Ojedinûle
jsme zaznamenali známky pfiipomínající ekrinní sekreci. 

Podíl sekreãních bunûk v tubárním epitelu se zvût‰oval a produkce sekreãních granul byla
rovnûÏ intenzivnûj‰í v periovulaãním a postovulaãním období pohlavního cyklu dospûl˘ch samiãek.
Proces tvorby a uvolnûní sekretu je regulován hladinou ovariálních steroidÛ. Vliv hormonÛ byl
sledován u pohlavnû nezral˘ch zvífiat po podání exogenních hormonÛ ze skupiny estrogenÛ
(estradiol) a gestagenÛ (progesteron). Zjistili jsme tak, Ïe estrogeny navozují cytodiferenciaci
tubárního epitelu a syntézu proteinÛ v sekreãních buÀkách a progesteron, po pfiedcházejícím
ovlivnûní epitelu estrogeny, podporuje uvolnûní sekreãních produktÛ do lumina vejcovodu. 
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