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ief
_hm!ogy and structure of porcine oviductal epithelial cells (POEC), cumulus-oocyte complexes (COCs) and granulosa cells (GC) were
m'm vivo and in vitro conditions using scanning electron microscopy (SEM) and inverted microscopy. The POEC contained columnar

end spherical shaped non-ciliated cells. Both non- and ciliated cells appeared either in groups or distributing among each other.
ﬁhiso!mion of cells was observed after culture for 48 h. A total of 921 oocytes from 20 ovaries was isolated resulting in an average of 46
{bvary. They were round in shape, surrounded by zona pellucida with layers of cumulus cells ranging between 89.16 and 144.68 pm in

WLOCs, they were classified into 4 types; intact-, multi-, partial-camulus cell Jayers and completely denuded cocyte. Interestingly, changes

{Bevier Lid. All rights reserved.

of COCs with intact and multi-cumulus cell layers were observed in the in vitro study, The GCs in the follicular fluid were also round
wi found as clusters. After culturing in in vitre for 48 h, no change in morphalogy was observed. The GC appeared in smalier clusters or
g single cells and their sizes ranged from 6 to 8 wm. The results obtained from this study allow us to have a better understanding of the
and nature of cells under both in vive and in vitro conditions. This information is also important for the study of their secretions and
4l compositions, which is of great importance to the use of cells as feeder cells in in vitro fertilization in current studies.

§ Cumulus cell complexes: Granulosa cells: Porcine oviductal epithelial cells: Scanning electron microscopy

Adaction

puslian oviducral epithelial cells and granulosa cells
4n be isolated and cultured in culture medium,
§r cultures of these cells have been widely used for
| t-culture because they have a direct effect and
_bn which contribute to the success of fertilization
it et al, 1993, 1995; Vatzias and Hargen, 1999;
flal, 2001, 2003; Kidson et al., 2003; Lucidi et al,,
[ animals that produce several offspring at one time
ipigs or rodents, there are some secretions in the
elive tract of the animals and these secretions were
tacilitate better growth and development of embryos of
gies (Kitiyanant et al., 1993). Since the reproductive
of pigs are not used as human food, they are readily
£ and can be readily collected from slaughterhouses for

iponding author. Tel.: +66 3424 3429; fax: +66 3425 5820.
{nddress: Muijackee @yahoo.com (M. Areekijseree).

£5 — see front matter €) 2006 Elsevier Lid. All rights reserved.
|8fj.micron.2006.03.004

rescarch. Kitiyanant et al. (1993) reported on the use of porcine
oviductal epithelial cells (POEC) to support in vitro bovine
embryo development. Besides, there is also evidence that
porcine oviductal cells can support in vitro maturation in sow
oocytes and fertilization (Kidson et al., 2003).

Cumulus cells and GC are cells that are found surrounding
an oocyle and lining antral follicles. Both cells promote the
penetration of spermatozoa into the oocyte by inducing an
acrosome reaction via its expansion of the cell mass (Anderson
and Killian, 1994; Mattioli et al., 1998; Romar et al., 2001}
leading to a higher rate of in vitro fertilization (Romar et al.,
2001, 2003). In addition, these cells are very useful in the
determination of the toxic effects of the environment which
could be accumulative and lead to abnormal development of an
embryo. Moreover, it is ethically more acceptable.

To be able to make the best utilization of cumulus cells,
POEC and GC, attempts have been made have been made to
thoroughly study their characteristics. Unfortunately, basic
knowledge on the morphological aspects of these cells both in
vivo and in vitro is poorly characterized, including the

JMIC-947; No of Pages 10



s an pocyte and its cumulus complex during

cumulus maturation in vitro. Thus, the
bwoek were 1o establish the culture technique
ii5 oocyte complexes (COCs) and GC and to
ngical features of in vivo and in vitro POEC,
i scanning electron microscopy (SEM) and

ethods

padium, consisting of M 199 with Earle’s salts
¢ §t Louis MO) supplement with 10% heat-
lerum (HTFCS), 2.2 mg/ml. NaHCO, (Sigma
jis MO), | M Hepes (Sigma, St Louis MO),
e, 15 pg/ml. porcine follicle-stimulating

LH, 1 pg/mL estradiol with ethano! and
ycin sutfate. The culiure medium was
1°C, 5% CO,, 95% air atmosphere with high
h before use.

cand GC collecrion and preparation

Wil ovary collection

iels and ovaries of Large White pigs were
ocal slaughterhouses. They were removed
Uf slughter and transported to the faboratory
hermos containing a saline solution kept
°C. The saline solution consisted of 0.9%
ented with 100 IU/mL penicillin, 100 pg/

8 and 250 pg/ml. amphotericin B).

Wllection

gerimmed free from fat and connective tissues
fimes in a washing medium (TALP-HEPES
ik 10% HTFCS and 50 pg/mL gentamycin).
led into 2 groups. The first group of oviducts
ull pigces (2-3 mm) and prepared for SEM
L The second group was used for in vitro culture
), and oviducts were placed in sterile Petri
‘gently scraped with a sterile glass slide
ithmus to the ampula for extracting porcine
Belium mucosal cells from the lumen of oviduct.
ilos were iransferred to a 12 mL sterile conical
containing 10 mL of washing medium. They
1 limes and then resuspended in the culture
iitio of 1:50. Ten milliliters of the suspension
L2 6) mm Falcon culture dish and cultured at
L6, 95% air atmosphere and high humidity
ke POEC viability was determined by trypan
i v, final concentration) using an inverted

jid GC collection
iries of Large White pigs were trimmed free
e lissues and rinsed 3 times in washing
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mediom. The follicular contents of selected healthy follicles of
4-6 mm in diameter were aspiraled by a 5 ml disposable
syringe with an !8-gauge ncedle containing saline solution.
The follicular contents were poaled in stenife Petri dishes.
After sedimentation, COCs were recovered under a stereo-
microscope. They were allocated to different groups depend-
ing on the number of cumulus cells layers. The diameters of
COCs were measured. The COCs were washed 2 times with
the washing medium and separated into 2 groups. The first
group was studied under inverted microscopy and prepared for
SEM (in vivo group). The second group was cultured in small
drops 0. culture medium (100 L) at 37 °C with 5% CO,, 95%
air atmosphere and high humidity for 48 h. After incubation,
COCs were studied under inverted microscopy and prepared
for SEM (in vitro group). Meanwhile, GC in the follicular ftuid
were pooled in 12 mL conical tubes. They were washed 7
times with the washing medium and separated into 2 groups.
The first group of GC was studied under inverted microscopy
and prepared for SEM (in vivo group). The second group was
cultured in the culture medium at a ratio of 1:50. Ten milliliters
of GC suspension were placed in a 60 mm Falcen culture
dish and cultured at 37 °C with 5% CQOj;, 95% air atmaosphere
and high humidity for 48 h. Granulosa cells viability was
determined by trypan blue (0.4%, v/v, final concentration)
with an inverted microscope and GCs were prepared for SEM
(in vitro group).

2.3. POEC, GC and COCs preparation for SEM

All samples were pre-fixed in 2.5% glutaraldehyde in 0.1 M
phosphate-buffer at pH 7.2 for 2 h, rinsed in phosphate buffer
and post-fixed in 1% osmium ietroxide for 24 h. They were then
dehydrated in a graded series of ethanol (30%, 50%, 70% 80%,
90% and absolute ethanol} and dried in a critical point dryer
machine. They were then mounted on stubs with conductive
carbon tape, coated with gold particle at 20 nm thickness in an
ion sputtering, observed and examined under SEM (CamScan
Analytical, Maxim 20008} operating at 10-15 kV.

2.4. Satistical analysis

Mean and standard deviation of the means of each diameter
of COCs were calculated. Statistical analysis at 95%
significance level was determined using analysis of variance
(ANOVA), and mulliple comparisons were analyzed by
Student-Newman-Keunls (SNK).

3. Results
3.1 In vivo study

3.1.1. POEC observation

From SEM observation (Fig. 1A), the surface of porcine
oviductal epithelium contained two different cell types, ciliated
cells and non-ciliated cells. The ciliated cells appeared either in
groups or were found to be distributed among the non-ciliated
cells. As could be clearly seen in the micrograph, the cilia of the



et microvilli (SMY on the apical surface.

. raph of COCs showing round shape of oecytes surrounded with
{£P) and several fayers of cumulus cells (CC).

% consistently project themselves above the apex of
ated cells. At high magnification, non-ciliated cells
Iy seen as spherical shape cells with nurmerous short

| of cumulus cells and non-ciliated cetis.
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agraph of POEC (A}, showing numerous non-ciliated cells (NC) and ciliated cells (CC). Al high magnification (BY; non-ciliated cells of spherical

3.1.2. COCs observation

A total of 921 oocytes were isolated from 20 ovaries: an
average of 46 oocytes per ovary. Fig. 2 shows observation of the
COCs collected from the follicular fluid using inverted
microscopy. The oocytes were round in shape and ranged
beiween §9.16 and 144.68 wm in size. They were surrounded
by a zona pellucida and several layers of cumulus cells.

By using SEM, the surface appearance of both ococytes and
cumulus cells from COCs was observed. As can be seen in
Fig. 3A, oocytes and cumulus cells have distingt surface
appearance. Similar to what was observed in the cocytes, the
cumulus cells were round in shape and they contained no
microvilli on the surface membrane (Fig. 3A and B).

Based on the number of cumulus cell layers surrounding the
oocyte, these COCs were classified into 4 types as follows
(Fig. 4): Type I: Intact cumulus cells Jayer. The oocytes of this
type were at an early development stage. Several compact
layers of cumulus cells were seen on the surface of these
occytes and the cytoplasm of the oocytes was homogeneous
with a dark zone around the periphery. This complex type was
found in secondary follicles (Fig. 4A). Type 11: Multi cumulus
cell layer., The oocytes contained 2-3 incomplete layers of

6 JLm

icrographs of COCs collected from the follicular fluid (A); the cumulus cetts (CC) on surface of the oocyte (0). Athigh magnification (B: showing



I bocyte.

iFig. 4B). Type II: Partial cumulus cell layer.
¢ partially covered with some cumulus cells.
lls were loosely attached to the zona pellucida.
T was faint in color (Fig. 4C). Type IV:
muded oocyte. The oocytes were completely
mlus cells. These oocyles were located in the
The cytoplasm was pale in color (Fig. 4D).

sl that 33.12% of these COCs has completely
25, 28.88% were of the partial cumulus cell layer
e of multi cumulus celt layer and intact cumulus
s were found at only 18.13% and 19.87%,
'-- ble ]).

lameters of four types of COCs were measured
wiphs (n=30). It was found that, the mean
atict cumulus cell layer from the healthy antral
pnificantly different from those of multi cumulus

OCs based on number of cumulus cell layers surrounding the

No. of COCs Percentage (%)
layer 183 19.87
wll layer 167 18.13
2ll layer 266 28.88
ded oocyte 305 3312
921 100,00
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*
3opm B 30 um
oum D 30 pm

. of COCs collected from the follicular Avid (A); intact cumulus cell tayer; {B); mulii comulus cell Jayer; (C); partial cumulus cell layer; and (D);

cell layer, partial cumulus cell layer and completely denuded
oocyte (144.68 + 8.79 wm, 122.82 £ pm, 10620 £ 8.72 pm
and 89,16 & 5.69 wm, respectively) (Fig. 5).

3.1.3. GC observation
Simtlar to the COCs, GCs were located in the follicular fluid.
These cells did not have cilia and were present as either single

Diameter {m)

180
160 1

149 1 ]

120 1 [ : [

100 1

80 1
G0
40 4

20 -

0 +—
intact cumulus
cell layer

Denuded
pocyle

Multi cwmulus
cell layer

Partial cuniulus
cell layer

Fig. 5. Mean diameters of the isolated COCs from antral follicles. Different
letters above the bar denole statistically significant differences (P < 0.05).
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uplt of GC (A); and SEM microgragh of GC (B) showing round shape of the cluster GC. Al high magnification (C); showing the round shape of the

fliout microvilli.

\elusters. They were all round in shape and their sizes

I 6-8 um (Fig. 6).

ww studdy of wltrastructures of POEC, COCs and

verted microscopic observation of POEC and GC,
ultured in M199 with Earle’s salts supplement with
LS, 2.2 mg/ml. NaHCO,, 1M Hepes, 0.25 mM

15 pg/mL porcine follicle-stimulating hormione,
LM, 1 pg/mL estradiol with ethanol and 50 pg/mL
i, at 37 °C with 5% CO,, 95% air atmosphere and
fidity for 48 h, the viability of these cells was found to
114-95% (Table 2).

uf POEC and GC viability during culturing in the culture medium
m £ S.E. (n =3 replicates; replicates were different cell batches)

Percentage (%)

POEC GC

160.00 100.00
06.33 £ 1.25 96.33 £ 1.70
95.00 £ (.82 94.00 + 0.82

3.2.1. POEC observation
Similar to the observation in the in vivo study, after 24 h in

.culture, POEC were found in clusters (Fig. 7A) and contained

two different cells types. They were columnar ciliated cells
(Fig. 7A; arrows) and spherical non-ciliated cells (Fig. 7A; ina
circle}. Following longer in culture (48 h), the movement of
columnar ciliated cells (arrows) in isolation from each other
(Fig. 7B) and the isolated spherical non-ciliated cells were
clearly apparent (Fig. 7C).

3.2.2. COCs ohservation

Cumulus cells of COCs classified as Type I (intact cumulus
layer) and Type II {multi cumulus layer) were collected and
cultured in M 199 as described in Section 2. After culturing for
24 h, the cell complex was examined by SEM and compared
with the cells from the in vivo condition. The cumulus cells
from COCs Type I and Type II before culturing in the culture
medium appeared spherical in shape (Fig. 8A and C)
Interestingly, changes in the morphology of the complex
were observed after culturing for 24 h. In Type I COCs the
cumulus cell layer was peeling off from the cocyte (Fig. 8B},
but the cell shape was still round. Moreover, it was also found
that COCs Type II contained expanded cumulus cell shape,
while the cells remained intact on the surface of the oocytes
(Fig. 8D).
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20 pm

C \ 10 pm

Jy
is of POEC in culture medium for 24 h (A) showing colummar ciliated cells (arrow) and round shape non-ciliated cells (in circle); (B and C) POEC
for 48 h showing moving isolated columnar ciliated cells and spherical cells.

W additional 24 h culture of COCs in the culture
(I was observed that the round shape cumulus cells,
ih:d to the surface of the cocyte before (Fig. 9A),
fhemselves into a teardrop-like shape. They had a
end that clearly stuck into the oocyte (Fig. 9B).
ification, Fig. 10A and B illustrate formation of
ﬁmlls as a mesh-like structure with numerous
a8 covering the oocyte. Meanwhile, the elongated
'fliﬂl of COCs Type I were detached from the oocyle
fiz. 11A and B).

:“d:sen'a!ion

fliuring in the culture medium for 48 h, there was no
ghinge in morphology of the GC. Similar to those
fiihe tn vivo condition, the cells were still all round in
fout microvilli but the GC clusters were present as
gle cells or in smaller clustets (Fig. 12).

sion

ference in morphology and structure of POEC,
U GC under in vivo and in vitro conditions was
Wing SEM and inverted microscopy. It was found
W condition, POECs were composed of two types of
ipithelial cells, non-ciliated and ciliated cells. The
iy of the porcine epithelial cells was distinctly

different from bovine. In bovine, oviductal epithelial cells
form a “‘wormlike” structure (Xu et al,, 1992) while those in
pig were columnar ciliated cells and round the non-ciliated
cells.

Since oviduet is the site of fertilization, it is found to contain
more synthetic secretions (Murray, 1992) and a high number of
columnar ciliated cells corresponding to the transpoertation of
ovulated oocytes. Hole and Koos (1994) reported that,
numerous round non-ciliated cells with short microvilli located
in the apical surface also corresponded to the presence of
secretory substance for nutritional support of embryonic
development. A similar result was reported by Areekijseree
et al. (2005) who found that POEC underwent changes in both
the morphological features and the population of cell types
during the estrus cycle. At the follicular phase, POEC contained
a greater number of long ciliated cells than at the luteal phase.
The luteal phase, however, was filled up with numerous round
shaped non-ciliated cells having short microvilli on the apical
surface. Under in vitro condition, POEC showed moving
isolated colummnar ciliated cells and non-moving spherical cells
in the culture medium. The POEC were used in in vitro co-
culture to support cocytes maturation and to increase normal
fertilization, sperm capacitation and early embryonic devel-
opment (Kitiyanant et al., 1993; Park and Sirard, 1996; Vatzias
and Hargen, 1999, Romar et al., 2001, 2003). Nagai and Moor
(1990) also suggested that glycoproteins secreted from non-
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cropraphs of COCs showing (A and C) Type I and Fype 11 before euliire. Cumulus eells were peel off (B); or expanded (D) after culture in culture

h

wituctal epithelial cells could bind to the porcine around the cocytes; intact cumulus cell layer, multi cumulus

pe and reduce the incidence of polyspermy. cell layer, partial camulus cell layer and completely denuded

iy exhibited that antral porcine follicular aspiration oocyle at the percentage composition of 19.87%. 18.13%,
the collection of a high number of oocytes 28.88% and 33.12%, respectively. The diameiers of the 4 types

d with cumolus cells. The overall recovery rate was of COCs were 89-145 pm.

s per ovary. The COCs were characterized into 4 types Mori et al. (2000) found that COCs Type I (intact cumulus

ligir accumutation and arrangement of cumulus cells cell layer) and Type IT (multi-cumulus cell layer) had a higher

M micrographs (A: cumulius cells of COCs Type I showing round shape attached to the cocyle surfuce (cumulus cells: CC, oocyte: O). Cumulus cells of
21 after colturing for 48 h showing; (B); the conical end (arrows) pointed towards the oocyte sutface.
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angraphs uf cumulus cells (A and B) showing round shape of cumuius cells having mesh-like structure with nemerous fenestrations on the surface.

Come mature oocytes invitro. These types of COCs
fully cultured in the culture medivm supplemented
stimulating hormone (FSH) and leutinizing
M using cell samples from rat (Magnusson, 1980),
ller and Moor, 1984), bovine and swamp buffalo
il 1989, 1995). Similarly, we cultured the COCs
pe 11 in M 199 supplemented with 109% HTFCS,
NaHCO,;, 1M Hepes (Sigma, St Louis MO),
Wiuvate, 15 pg/ml. porcine follicle-stimulating
zfmL LH, | pg/mL estradiol with ethanol and
imycin sulfate. The SEM study indicated that,
1i0f COCs Type 1 were peeled off and changed from
o a tear-drop like structure. Meanwhile, COCs
al signs of expansion such as elongation of cumulus
wlure for 24 h. It indicated that, the oocyte became
o pulturing in the culture medium. After longer
% Type T showed the elongation of cumulus cells
¢ detached from the oocyte.

y, the antral follicles have two types af follicular
icilled cumulus cells, which are adjacent to the
1hie GC lining in the antral follicles. Both cells have

wlvns. The GC were reported to secrete estradiol into
Wir fluid. Tt is known to function in transmilling tow

molecular weight substances, i.e., ion nucleotides and amino
acids to oocytes in the young non-reproductive females. These
substances are named oocyte maturation inhibitor (OMI) or
meiosis arresting factor which arrests cocyte development at the
diplotene stage of prophase I, leading to preventing the primary
oocytes from progressing to the secondary oocytes (Eppig, 1993;
Whitaker, 1996; Li et al,, 2000). The cumulus cells play an
important role in transmitting and/or modulating the inhibitory
activity of the GC on cocytes maturation (Richard and Sirard,
1996). When the COCs were isolated from the antral follicles,
ihis may separate the cumulus cells from the GC. Thus the COCs
were cultured in the absence of the GC thereby releasing the
suppression of maturation oocyles. As a result, peeling off or
expansion of the cumulus cells from the oocytes occurred to
allow oocyte maturation after culture for 24 h. Hinrichs (1997)
also reported a similar observation in equine cocytes. In vitro
maturation of horse oocytes showed a high proportion of cocytes
with COCs Type I and Type 1T in the maturation mediom. Qur
investigation demonstrated that the porcine ovary had around 40
percent of COCs Type 1 and Type 11 with the diameter ranging
from 120 to 145 pm. Consequently, the morphology and
diameters of Type I and Type II could be used as criteria for
selection of oocytes for in vitro embryo production.

1. SEM micrographs of detachable cumulus cells surface showing (A and B) elongation of the end point of cumulus cells (arrows).



ithout microvilli.

See-floating GC in the follicular fluid were round in
M were found as clusters. After culturing in in vitro
bz 48 h, no change in the morphology was observed.
ound in smaller clusters or as single cells. However,
GC clusters secreted the substance for oocyte
fato the culture medium (Richard and Sirard, 1996).
icells and GC conditioned medium could be used as
for in vitro fenilization. Their biochemical
ums and secretion are being further investigated to
Best use of them.

wlssion, SEM and inverted microscopy are excellent
¢ determination of morphological changes in the in
Lin vitro study of POEC, COCs and GC. This
i is important Lo the furture study of their secretions
smical compositions. The results could allow us more
on the use of these cells for mammalian in vitro
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Morphological Features of Porcine Oviductal Epithelial Cells
and Cumulus-Oocyte Complex

Mayuva Areekijseree! Amara Thongpan? and Renu Vejaratpimol !

ABSTRACT

Porcine oviductal epithelial cells (POEC) and cumulus-oocyte complexes (COCs) were observed
using inverted microsco'py and scanning electron microscopy. At follicular phase,. POEC contained a
greal number of long ciliated cells whereas thase at luteal phase consisted mostly of round shaped non-
ciliated cells with short microvilli on the apical surface. This change in morphelogical fedtures of POEC
seemed to serve well on their functions as ococyte transporters at follicular phase. As for COCs, théy were
morphologically classified into 4 types based on the accumulation and arrangement of cumulus cells
around the oocytes. These were intact curnulus cell kayer, single cumulus cell layer, partial curmulus cell
layer and corﬁpletely denuded oacytes at the percentages of composition of 19.87%, 18.13 %, 28.88 %
and 33.12 %, respecuvely. Cumulus cells attached on the surface of oocytes were teardrop-like shape
having the conical ends pointed towards the occytes membrane surface while free-floating cumulus cells i
in the follicular fluid and those at the outer layers were round in shape. These POEC and COCs were high
potential feeder cells and could be further cuttired for in vitro fertilization use.
Key words: cumulus-oocyte camplexes, m'brphology, porcine oviductal epithelial cells

’ " INTRODUCTION

Cellsin the mammalian female reproductive
system. i.e., oviducial epithelial cells and cumulus
cells have direct effect and interactions which
contribute to the success of fertilization. They are,
therefore. high potential cellular marterials to be
used as cultured feeder-cells for gamete
development and in vitro fertilization (White ef
al., 1989; Naga: and Moor, 1990; Kitiyanant er al..
{989, 1993, 1995; Park and Sirard, 1996, Vatzias
and Hargen, 1999; Romar er al., 2001, 2003).
Since the reproductive organs of pig are not used
as human food, they are readily available and can
be collected from the slaughter house for research

' Depantment of Binlogy. Eaculty of Science, Silpakorn University, Nukorn I |=Imn:1"71()()f! Tharilamd
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work. Kitiyanat er al. (1993} reported the use 0 i
porcine oviductal cells to support in vitro bov'_fﬁ-:
embryo development. It is also known that [hi:'iif‘
are some materials in the reproductive tracl 0
animalsthal produce several offspring at one tim:
i.e., pig, rodents, could better facilitate the gros
and development of embryo in other types:
animal in culture. These cells not only help i

sperm capacitation and acrosome reaction but alst

assist the penetration of cocytes and hence. iy
hagher percentage of in vitro Femlumlmn(Whlm :

. 1989: Anderson and Killian, 1994 Hylt
al.. 1997 Pusk and.Sirard, 1996 Romar ¢/
2003.2002). [n addition. these ceflsare VL"Y”"Ct :

in determining lhe toxic effect of uwnunmi
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| which could be accumulated and lead to the
b abnormal development of the embryo. The results
¢ lthese effects couid beclearly seen andevaluated

thanusing the esperimental animals and therelore,

* cthically acceptable.

To be able 1o make the best use of these

~ cells, attempls are made to thoroughly study the

:haracteristics of them. Unfortunately, basic
knowledge on their morphological aspects of these
cells are still unknown. This work was aimsed Lo
discern the morphological features of porcine
oviduetal epithelial cells during the estrous cycle
iveried microscopy and scanning electron
microscopy (SEM).

MATERIALS AND METHODS

POEC and COCs collection and preparation
Oviducts and ovaries of Large While pigs

were obtained from slaughter house at Nakom

Pathom Province. They were removed within 30

minutes afterbeing slaughtered and ransported 1o

the laboratory within | hourina thermos containing
0.9% normal saline.

< The oviduct lrom follicular phases {estrous
cycle, day 15)and luteal phases (estrous cycle, day
[-2) were trimmed free [rom fat and conneclive
tissues and rinsed 3 times in 0.1 M phosphate
buffer (pH 7.2). They were cut in small size (2-}
mim) and prepared for SEM observation.

For COCs collection, selected healthy
follicles of 2-6 mim in diameter were aspirated
using a 5 ml disposable syringe with {8-gauge
needle containing 0.9% normal saline and placed
in petri dishes. Follicular content was observed
under astereomicroscope and COCs were collected
using a pipelte of narrow pore size (200 um). After
aspiration, COCs were washed 3 times in TALP-
HEPES supplemented with 10% heat treated letal
call serum (HTFCS) and 50 mg/ml sentamycin,
then observed under an inverted microscope and

prepared for SEM observation.

Kasetsart J. (Nac, Sci) 39¢1)

of cumulus oocytes complex using .
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Preparation for scanning electron microscopy

Samples were pre-fixed in 2.5%
glutaraldehyde in 0.1 M phosphate-bulfer (pH
7.2yfor2hand posl-ﬂ;(ed 10 1 % osmium telroxide
in the same buffer for 24 h.  They werc then
dehydrated in a graded series of ethanol (30, 50,
70, 80, 90% and absolute ethanol) and dried in a
critical point dryer machine (CPD). Al samples
were mounted on stubs with conductive carbon
tape, coated with gold particle at 20 nm thick in an
ion sputtering, observed and examined under SEM
{CamScan Analytical, Maxim 20008) operating at
10 kV.

RESULTS

Ultrastructures of POEC

SEM of porcine ampullary oviduct (PAO)
showed two different celis types, ciliated and non-
ciliated cells. The porcine ampullary oviducial
epithelium at the follicular phase contained
numerous ciliated cells and some non-cilialed
cells. The cilia consistently projected themselves
above the apex of the non-ciliated cells (Figure
tA, Band C}. Athigh magniﬁcalioh. non-ciliated
cells were clearly seen as spherical shape cells
with numerous short microvilli (Figure 1D).

Atluteal phase, the number of ciliated cells
decreased while non-ciliated ceils increased (Figure
2A). At high magnification, the apical surfaces of
the non-ciliated cells were round in shape wilh
numerous small microvilli ‘(Figure 2B).

Ultrastructures of COCs

From twenty collected ovarics, 92 1 oocyles
were isolated resulting in the average of 46 pocyles
per ovary. Inverled microscopic observation of
COCs showed the oocyles from follicutar Muid
were round in shape and 1202745 pm insize. They
were surrounded with zona pelfucida and severad
layers of cumulus cells (Figure YA, C). The SEM
gave distinct surlace appearaaces ol both vocytes
and cumulus celfs (Figlre I8, D, FH) Cumulus
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Figure | Scanning electron micrographs of POEC at follicular phase. i A, B 1showing numerous ciliated

cells (CCYand non-ciliated cells (INC)Y. Athigh magnilication (C.0D) showing non-ciliated cells

(NCy ol spherical shape having short microvilli (SM) on the upical surfaces,

Figure 2 Scanning clectron microvcraphs of POLC w0 Jutcal phuse shasoe () numierous pon-cilisied
U E Liv] E
cells INC s number ot ailiated cell e CO Athigh magnihea ot B show e round shape
noa-cHated cols ENCTwith short pncres i e SN ae e apical <o lace.
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cells were aiso round in shape and contained no
microvilli on the surface membrane. Based on the
surrouncded cumulus cells of the ooeytes, COCs
were classified into 4 types as follows:-

Types I- Intact cumulus cells layer- The
oocytes were at early development stage having
several compact layers of cumuliuscell. They were
found at secondary follicle part (Figure 3 A,B).

Types [I-Singlecumulus cell layer- Oocytes
were found with one or incomplete two layers of
cumulus cell (Figure 3 C.D).

Type III- Partial cumulus cell layer-Oocytes
were partially covered with some cumulus cells,
The cumulus cells were loosely atiached to the
zonapellucida. Cytoplasm became fainted incoler
(Figure 3 E,F). .

Type [V- Completely deauded cocyte -
Oocytes were completely free from cumulus cells.
These oocyles were from follicle atresia. Cytoptasm
was pale in color (Figure 3 G, H).

[t was found that 33.12% of these COCs
was completely denuded oocyle, 28.88% was
partial cumulus cell layer type while those of
single cumulus cell fayer and intact cumulus cell
layer (ypes were found atonly- 19.87% and 18.13
%, respectively (Table 1),

Cumulus cells attached o the oocyte surface
were not round in shape like those in the follicular
fluid but conformed to a teardrop-like structure
having the conical end pointed tewards the oocfle
surface membrane (Figurc 4). The remaining
cumulus cells were all round in shape and could be
foundasasinglecell orasamonolayersurrounding

the vecyle (Fiaure 5).
" DISCUSSION

Two (ypes of mammalian oviductal
epithelial cell, i, e., non-cilialed and ciliated cell,
were present in porcine ampullary oviduct (PAO}
al both follicular and luteal phases. Ciliated cells
in ampulla, however, were found al increased

nuither ab the Fellivelar phuse thas we the luteal

I'39

phase. This finding agreed with thal ol bovine
oviductal epithelial cells as reporied by
Songthaveesin (1998). Although the aliernation of
popuiation of two types of cell in both phases were
similar in these two differenl species, the
morphology of the epithelial cells were distinctly
different. [n bovine, oviductal epithelial cells form
a “wormlike™ structure (Xu ef al., 1992) while
those in porcine were small and round ja shape.
Since ampullary oviduct was the site of
fertilization, it was found to contain more synthetic
secrétion than the whele oviduct (Murray, 1992).
In the ampullary oviduct at follicular phase. the
high number of ciliated cells corresponded (o the
transporting of ovulated oocytes. Atluteal phase.
nurnerous non-ciliated cells with short microvilli
at the apical surface also corresponded 1o the
secretory substance for nutritional supporl of
embryonicdevelopment(Hole and Koos, 1994}, [1
has been suggested that the cycle of long ciliated
and non-cibiated cells population as seen in the
mammalian oviduct depends on the levels of
circulating estrogen and progesterone {Verhanyy
and Jaffe, 1986). Futhermore, POEC are used as
co-culture in vitre 10 SUPPOrt COCYLes maluration
and increase normal fertitization, sperm

capacitation and early embryonic development

{White er al, 1989, Nagai and Moor. 1990;
Kitiyanant er al., 1993; Park and Sirard, 1994:
Vatzias and Hargen, 1999, Romar er of., 2001,

2003). Nagat and Moor {1990) also suggesied that

glycoproteins secreled from non-ciliated ovidueial

“epithelial cetls could bind to the porcine

spermalozoa and reduce the incidence ol
polyspermy. Further studies should be carried out
welucidate the characterization of prowin synthesis
from non-ciliated POEC during luieal phasc.
COCs were collcclliycly characterizued into
4 Lypes based on their accumulation und
arrangement ol cumulus cells around the oocyies
The co-existences ol these 4 1ypes of COC were
found in alf follicular fTaid samples coflectud . even

from the similar Follicle sizes, Howesor, these 4
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Table I Classification of COC« baxed on the types of cumulus cells surrounding vocyle.

Types

No. of COCs i

Intact cumulus cell layer
Single cumulus cell layer
Partial cumulus cell layer
Completely denuded cocyte

Total

183 Y87
i67 %13
266 I8N
305 EAR
921 : 10000

Figure 4 Scanningelectron micrographs of COCs, {A) teardrop-like structure of cumulus cells anached

1o the cocytes surface (cumuius cells: C. zona pellucida: Z, oacytes -O). (B) ~howing the

conical end {arrow) pointed towards the cocyle membrane.

typesof COC could be selectivelyused for different
experimental purposes. The partial cuimulus cell
luyer type and the completely denuded cocyte are
considered more mature in their nateral stage of
development and ready for sperm penetration. As
for culturing voucyte cells to reach the maturagon,
Maort er af. (20003 found that intact cumulus cell
layer type and single cumulus cell layer Lype had
higherpotential o become matured cocytes, Theve
types ol COC were successlully cultured in the
artificial mediuny supplemented with folheular
stimulating honnone (FSH)Y and lentnizing
hormune (LH) asing cell sanples Trom ral
(Magnusson, T9ROY shicep { Staigmiller and Moo,
1984). bovine and swamp bullalo (Kinyanant e
af.. 1989, 1995).

Cumulus cells are known to runsmit fow
molecular weight substances. i.e.. ion nucleotides
and amino acids 1o vocytes In lhe younyg non-
reproduective females {Dekel and Beers. 1980)
These substances are collectively called oneytes
maturation inhibiting lacior tor meiosis areesling
fuctor) which arrest the oocy e developaient al The
diplotens stage of prophase | therchy preventing
the primary cocyles from progressing o serondiary
vocytes (Eppia. 19930 Purther study an these
malecular seoretion rom cuimadus cells and the
oviduactal epithelial cellstn calture coudd render us

muore information on the use ol these celis Toe

Ferithization control,
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Figure 5 Micrographs (A.C) and scanning electron micrographs (B.D) showing the round shape
cumulus cells in follicular fluid {free-floating cumulus). :

CONCLUSION

These findings indicated that POEC
changed both the morphological features and the
population of ceil types during the estrus cycle. At
follicular phase. POEC contained the greater
number of tong ciliated cells than at luteal phase.
The luteal phase. however, was filled up with
numerous round shaped non-ciliated cells having
short microvilii on the apical suiface.

COCs could be collected from the untral
fallicle of porcine. They were classified uccording
tothe surrounding cumulus cells into 4 types. e .
intact cumulus cell layer, single cumulus cell
layer, partial cumuius cell layer, und completely
denuded oocytes at the pereentage compusition of
1987 1813, 28 88and 33.12% respectively, The
st two types of COC cauld be further develuped

tvto matured eges in culture while the st twe

types were 100 advarited in their developmenial
stages and became deteriorated in culture. The
first layer of cumulus cells artached to the oocyte
membrane were teardrop-like in shape having the
conical ends pointed towards the surface membrane
while free-floating cumulus cells in the follicular
fluid were round in shape and were found both as
singlecellor forming amonolayer. These cumulus
cells could be used as feeder cells for in vizie
fertilication. Their biechemical compesitions iind
secretion are being further investigated for the best

use of them.
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Porcine oviductal epithelial cells and cumulus-oocyte
complex observance
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Abstract-Porcine oviductal epithelial cells (POEC) and cumulus-oocyte complexes
(COCs) were observed using light microscopy and scanning electron microscopy. At
follicular phase, POEC contained a great number of high ciliated cells whereas those at luteal
phase consisted mostly of round shaped non-ciliated cells with short microvilli on the apical
surface. This change in morphological features of POEC seemed to serve well on their
functions as oocyte transporters at follicular phase. As for COCs, they were morphologically
classified into four types based on the accumulation and arrangement of cumulus cells around
the oocytes. These were intact cumulus cell layer, single cumulus cell layer, partial cumulus
cell layer and completely denuded oocytes at the percentage composition of 19.87%, 18.13%,
28.88%: and 33.12%, respectively. Cumulus cells attached on the surface of oocytes were
teardrop-like shape having the conical ends pointed towards the oocytes membrane surface
while free-floating cumulus in the follicular fluid and those at the outer layers were round in
shape. These POEC and COCs are high potential feeder cells and could be further cultured for
in vitro fertilization use.

Keywords-Cumulus-oocyte complexes, Morphology, Porcine oviductal epithelial cells
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Abstract

Porcine oviductal epithelial cells (POEC) and cumulus-oocyte complexes (COCs)
were observed using light microscopy and scanning electron microscopy. At follicular
phase, POEC contained a great number of high ciliated cells whereas those at luteal
phase consisted mostly of round shaped non-ciliated cells with short microvilli on the -
apical surface. This change in morphological features of POEC seemed to serve well
on their functions as oocyte transporters at follicular phase. As for COCs, they were
morphologically classified into four types based on the accumulation and arrangement
of cumulus cells around the oocytes. These were intact cumulus cell layer, single
cumulus cell layer, partial cumulus cell layer and completely denuded oocytes at the
percentage composition of 19.87%, 18.13%, 28.88% and 33.12%, respectively.
Cumulus cells attached on the surface of oocytes were teardrop-like shape having the
conical ends pointed towards the oocytes membrane surface while free-floating
cumulus in the follicular fluid and those at the outer layers were round in shape. These
POEC and COCs are high potential feeder cells and could be further cultured for in
vitro fertilization use.

Key words
Cumulus-oocyte complexes, Light microscopy, Morphological, Porcine oviductal

epithelial cells, Scanning electron microscopy

Background

Cells in the mammalian female reproductive system, i.e., oviductal epithelial cells and
cumulus cells have direct effect and interactions which contribute to the success of
fertilization. They are, therefore, high potential cellular matérials to be used as
cultured feeder-cells for gamete development and in vitro fertilization [1-9]. Since the
reproductive organs of pig are not used as human food, they are readily available and
can be collected from the slaughter house for research work. Kitiyanat et af. [4]
reported on the use of porcine oviductal cells to support in vitro bovine embryo
development. It is also known that there are some materials in the reproductive tract
of animals that produce several offspring at one time, i.e., pig, rodents, could better
facilitate the growth and development of embryo in other types of animal in culture.
These cells not only help the sperm capacitation and acrosome reaction but also assist
the penetration of oocytes and hence, gave higher percentage of in vitro fertilization
[I, 6, 8-11}. In addition, these cells are very useful in determining the toxic effect of
environment which could be accumulated and lead to the abnormal development of
the embryo. The resulits of these effects could be clearly seen and evaluated than using
the experimental animals and therefore, ethically acceptable.
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To be able to make the best use of these cells, attempts are made to thoroughly study
the characteristics of them. Unfortunately, basic knowledge on their morphological
aspects of these cells are still unknown in pigs. This work aims to discern the
morphological features of porcine oviductal epithelial cells (POEC) during the estrous
cycle and those of cumulus-oocyte complexes (COCs) using light microscopy (LM)
and scanning electron microscopy (SEM).

Materials and Methods

POEC and COCs collection and preparation

Twenty oviducts and twenty ovaries of Large white pigs were obtained from
slaughterhouse at Nakorn Pathom Province. They were removed within 30 min after
being slaughtered and transported to the laboratory within 1 h in a thermos containing
0.9% normal saline.

The ampullar part of oviduct from follicular phases (estrous cycle, day 15) and luteal
phases (estrous cycle, day 1-2) were trimmed free from fat and connective tissues and
rinsed 3 times in 0.1 M phosphate buffer (pH 7.2). They were cut in small size (2-3
mm) and prepared for SEM observation.

For COCs collection, selected healthy follicles of 2-6 mm in diameter were aspirated
using a 5 mi disposable syringe with 18-gauge needle containing 0.9% normal saline
and placed in petri dishes. Follicular content was observed under a stereomicroscope
and COCs were collected using a pipette of narrow pore size (200 pm). After
aspiration, COCs were washed 3 times in TALP-HEPES supplemented with 10% heat
treated fetal calf serum and 50 mg/ml gentamycin, then observed under an inverted
microscope and prepared for SEM observation.

Preparation for scanning electron microscopy

Samples were pre-fixed in 2.5% glutaraldehyde in 0.1 M phosphate buffer for 2 h and
post-fixed in 1% osmium tetroxide in the same buffer for 24 h. They were then
dehydrated in a graded series of ethanol (30%, 50%, 70% 80%, 90% and absolute
ethanol) and dried in a critical point dryer machine. All samples were mounted on
stubs with conductive carbon tape, coated with gold particles at 20 nm thick in an ion
sputtering and examined under SEM (CamScan Analytical, Maxim 2000S) operating
at 10 kV.

Results

Ultrastructures of POEC

SEM observation of the porcine ampullary oviduct showed two different cells types,
ciliated and non-ciliated cells. The porcine ampullary oviductal epithelium at the
follicular phase contained numerous ciliated cells. The cilia consistently projected
themselves above the apex of the non-ciliated cells (Figure 1A-C). At high
magnification, non-ciliated cells were clearly seen as spherical shape cells with
numerous short microvilli (Figure 1C and D},

At luteal phase, the number of ciliated cells were decreased while non-ciliated cells

were increased (Figure 2A). At high magnification, the apical surfaces of the non-
ciliated cells were round in shape with numerous small microvilli (Figure 2B).
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Figure 1. SEM micrographs of the POEC at follicular phase showed (A-B) numerous
ciliated cells (CC). An enlargement of (C-D) non-ciliated cells (NC} of
spherical shape having short microvilli (SM) on the apical surfaces.

Figure 2. SEM micrographs of the POEC at luteal phase showed (A) numerous non-
ciliated cells (NC) and small number of ciliated cells (CC). An enlargement
of round shape showed (B) non-ciliated cells (NC) with short microvilli
(SM) at the apical surfaces.
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Ultrastructures of COCs

From twenty collected ovaries, 921 oocytes were isolated resulting in the average of
46 oocytes per ovary. LM observation of COCs showed the oocytes from follicular
fluid were round in shape and 120-130 um in size. They were surrounded with zona
pelucida and several layers of cumulus cells (Figure 3A, C). SEM demonstrated
distinct surface appearances of both oocytes and cumulus cells (Figure 3B, D, F, H).
Cumulus cells were also round in shape and contained no microvilli on the surface
membrane. Based on the surrounded cumulus cells of the oocytes, COCs were

classified into four types as follows:-

Type I- Intact cumulus cell layer. The oocytes were at early development stage having
several compact layers of cumulus cells. They were found at secondary follicle part

. (Figure 3A-B).

Type II- Single cumulus cell layer. The oocytes were found with one or incomplete
two layers of cumulus celis (Figure 3C-D).

Type III- Partial cumulus cell layer. The oocytes were partially covered with some
cumulus cells. The cumulus cells were loosly attached to the zona pelucida. The
cytoplasmic appearance of these cells was faint (Figure 3E-F).

Type IV- Completely denuded oocyte. The oocytes were completely free from
cumulus cells. These oocytes were from follicle atresia. The cytoplasmic appearance
of these cells was pale (Figure 3 G-H). '

It was found that 33.12% of these COCs was completely denuded oocyte, 28.88% was
partial cumulus cell layer type while those of intact cumulus cell layer types and
single cumulus cell layer were found at only 19.87% and 18.13%, respectively (Table

).

Table 1. Classification of COCs based on the types of cumulus cells surrounding

oocyte.
Types No. of COCs (%)
Intact cumulus cell layer 183 19.87
Single cumulus cell layer 167 18.13
Partial cumulus cell layer 266 28.88
Completely denuded oocyte 305 33.12
Total 921 100.00

Cumulus cells attached to the oocyte surface were not round in shape like those in the
follicular fluid but conformed to a teardrop-like structure having the conical end
pointed towards the oocyte surface membrane (Figure 4). The remaining cumulus
cells were all round in shape and could be found as a single cell or as a monolayer
surrounding the oocyte (Figure 5).
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Figure 3. LM and SEM micrographs of COCs showed (A-B) mtact cumulus cell
layer, (C-D) single cumulus celi layer, (E-F) partial cumulus cell layer,
(G-H) completely denuded oocyte.
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, Figure 4. SEM micrographs of COCs showed (A) teardrop-like structure of cumulus

cells attached to the oocytes surface (cumulus cells: C, zona pellucida: Z,

oocytes :0), (B) the conical end (arrows) pointed towards the oocyte
membrane.

Figure 5. LM (A-C) and SEM micrographs (B-D)) showed the round shape cumulus
cells in follicular fluid (free-floating cumulus).
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Discussion

Two types of mammalian oviductal epithelial cells, i. e., ciliated cell and non-ciliated,
were present in porcine ampullary oviduct at both follicular and luteal phases. Ciliated
cells in ampulla, however, were found at increased number at the follicular phase than
at the luteal phase. This finding agreed with that of bovine oviductal epithelial cells as
reported by Songthaveesin [12]. Although the alternation of population of two cell
types in both phases were similar in these two different species, the morphology of
the epithelial cells were distinctly different. In bovine, oviductal epithelial cells form a
“wormlike” structure [13] while those in pig were small and round in shape.

Since ampullary oviduct is the fertilizdtion area, it was found to contain more
synthetic secretion than the whole oviduct [14]. In the ampu]]ary oviduct at follicular
phase, the high number of ciliated cells c'orresponded to the transporting of ovulated
oocytes. At luteal phase, numerous non-ciliated cells in the small spheres with short
microvilli at the apical surfaces correspoﬁdcd to the secretory substance for nutritional
support of embryonic development as also seen by Hole and Koos [15] It has been
suggested that the cycle of high ciliated and non-ciliated cells population as seen in
the mammalian oviduct depends on the levels of c1rculat1ng estrogen and
progesterone [16]. Furthermore, POEC were used as co-culture in vitro to support
oocytes maturation and increase normal fertilization, sperm preparatlon and early
embryonic development [1-9]. Nagai and Moor [2] also suggested that glycoproteins
secreted from non-ciliated oviductal epithelial cells could bind to the porcine
spermatozoa and reduce the incidence of polyspermy. Further studies should be
carried out to elucidate the characterization of protein synthesis from non-ciliated
POEC during luteal phase.

COCs were collectively characterized intb four types base on their accumulation and
arrangement of cumulus cells around the pocytes. The consistent mixing of these four
types of COCs were found in all follicle fluid samples collected, even from the similar
follicle sizes. However, these four types of COCs could be selectively used for
different experimental purposes. The partlal cumulus cell layer type and the
completely denuded oocyte are considered more mature in their natural stage of
development and ready for sperm penetrétlon As for culturing oocyte cells to reach
the maturation, Moni et al. [17] found that intact cumulus cel] layer type and single
cumulus cell layer type had higher potf‘;_ﬁtial to become matured oocytes. These types
of COCs were successfully cultured ii} the artificial medium supplemented with
follicular stimulating hormone and leutinizing hormone using cell samples from rat
[18], sheep [19], bovine and swamp buffalo [3,5].

Cumullus cells are known to transmit ]ow molecular weight substances, i.e., ion
nucleotides and amino acids to oocytes m the young non-reproductive females [19]
These substances are called oocyte maturation inhibiting factor (or meiosis arresting
factor) which arrest the oocyte development at the diplotene stage of prophase I,
thereby preventing the primary oocytes from progressing to secondary oocytes [20].
Further study on these molecular secretlons from cumulus cells and the oviductal
epithelial cells in culture could render us more information on the use of these cells
for fertilization control.
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Conclusions
Our findings indicated that POEC changed both the morphological features and the
population of cell types during the estrous cycle. At follicular phase, POEC contained
the greater number of high ciliated cells than at luteal phase. The luteal phase,
however, was filled up with numerous round shaped non-ciliated cells having short
microvilli on the apical surfaces. COCs could be collected from the antral follicle of
pig. They were classified according to the surrounding cumulus cells into four types,
i.e., intact cumulus cell layer, single cumulus cell layer, partial cumulus cell layer, and
completely denuded oocytes at the percentage composition of 19.87%, 18.13%,
28.88%, and 33.12%, respectively. The first two types of COCs could be further
developed into mature eggs in culture while the last two types were too advanced in
their developmental stages and became deteriorated in culture. The first layer of
. cumulus cells attached to the oocyte membrane were teardrop-like in shape having the
conical ends pointed towards the surface membrane while free-floating cumulus cells
in the follicular fluid were round in shape and were found both as single cell or
forming a monolayer. These cumulus cells could be used as feeder cells for in vitro

fertilization.
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