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ABSTRACT

 The aim of the study was to determine the quantitative vascularity of the bovine preovula-
tory follicle using Factor VIII immunolocalization associated with the follicular health. Eight 
mature Thai native crossbred beef cows received two injections (11 day apart) of a PGF analogue 
to synchronize estrus.  The study was conducted to test the marker of endothelial cell (Factor 
VIII) and granulosa cell (Pyknotic nucleus) for follicular health evaluation. Bovine preovulatory 
follicles (n=32) were obtained on day 6 of the estrous cycle from abattoir located in Khon Kaen 
provine. Follicles were classified by size as 3-6, 7-10, and >10 mm in diameter and by morpho-
logy as healthy and unhealthy. Ovarian tissue samples were fixed and paraffin-embedded prior 
immunohistochemistry. Factor VIII (Sigma, USA) and Pyknotic nuclei were applied as marker 
of endothelial cell in the theca and granulosa cell respectively. Quantitative and qualitative 
analysis of follicular health was determined with immunohistological assay with the aid of image 
analysis (Media Cybernetics, Inc., Silver Spring, USA). Pyknotic nuclei in unhealthy follicles were  
significantly greater than that of healthy follicles (P<0.05). Average follicular capillary area density, 
and capillary number density were greater (P<0.01) in healthy follicles (4.60% and 0.0027 no./
µm2) compared with unhealthy follicles (1.76% and 0.0011 no./µm2). However, area per capillary 
was not different between healthy (17.32 µm2/no.) and unhealthy follicles (14.13 µm2/no.). These 
studies indicated that ovarian follicular health could be precisely evaluated with Factor VIII and 
Pyknotic nuclei immunohistochemistry. In addition, the study supported the relationship between 
the follicular health and vascularity during follicular development of the estrous cycle. 
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INTRODUCTION

 The ovarian preantral follicles represent 90% of the follicular population (Saumande, 1991; 
Silva et al., 2002). The mammalian ovary contains thousands of follicles at birth, but the vast  
majority (99.9%) becomes atretic during their growth and maturation (Carroll et al., 1990). Follicular 
vasculature has been found to play a key role in maintaining follicular health (Redmer et al., 1991; 
Navanukraw and Guntaporm, 2006). Maintenance of follicular health depends on the presence of 
angiogenic factors and a functional vasculature (Zeleznik, 2001). It has been demonstrated that 
angiogenesis and the development of vascularity may critical for maturation of the preovulatory 
follicle and selection of a dominant ovulatory follicle (Redmer and Reynolds, 1996). In fact, changes 
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of vascularization and expression of some regulators, including angiogenic factors, are associated 
with follicular growth and/or atresia (Fraser, 2006). In agreement with previous studies (Grazul-
Bilska et al., 2007), the expression of Factor VIII, vascular endothelial growth factor (VEGF), and 
endothelial nitric oxide synthase (eNOS) have been used as a markers of vascularization and/or 
angiogenesis. Apoptosis is a marker of atresia in ovarian follicles (Hussein, 2005; Krysko et al., 
2008). Therefore, the high rate of apoptosis and appearance of Pyknotic nuclei in follicles from 
the penultimate wave in the recent studies (Seelallu et al., 2010) indicated that atresia was initiated 
in these follicles. 
 Therefore, the objective of the present study was to determine the quantitative vascularity of 
the bovine preovulatory follicle using Factor VIII immunolocalization associated with the follicular 
health.

MATERIALS AND METHODS

 The experiment was approved by the Animal Ethics Committee of Khon Kaen University 
(No. AEKKU 34/2551; November 20th, 2008).

Animals 
 Eight reproductively mature crossbred Thai native beef cattle (60 mo of age; 461.3 kg of BW) 
were used for this study. Estrous cycles were synchronized using two injections of PGF2α analogue 
(Estrumate, Animal Health Crop., Union, NJ) given 11 day apart. All animals were observed for 
estrus twice daily within 1-4 days after the second PGF2α injection. The first day of estrus was 
designated as day 0 of the subsequent first follicular wave. Ovaries were collected on day 6 after 
onset of estrus, at the slaughter house located in Khon Kaen province.  

Ovary collection 
 Reproductive tracts with ovaries were collected at slaughter, placed on ice, and immediately 
transported to the laboratory. Surface diameter of all visible follicles was determined in two axes 
by using a ruler; diameter of all follicles ≥3 mm was recorded. The location of all follicles within 
an ovary was diagrammed. 

Ovary preparation and classification of follicles 
 Ovaries were cut cross sectionally into several pieces (1-2 mm/piece) and were fixed in  
Carnoy’s solution (ethanol:chloroform:acetic acid, 6:3:1) for 2 h at room temperature. Ovarian pieces 
were then stored in 70% ethanol until further processing. Fixed ovarian pieces were dehydrated by 
using a graded series of ethanol, cleared with a histological clearing agent (Histo-Clear, National 
Diagnostics, Atlanta, GA), paraffin embedded, sectioned at 6 µm, and mounted onto glass slides 
as previously described (Grazul-Bilska et al., 2007).
 Follicles were histologically classified into two groups: healthy and unhealthy follicle. Healthy 
follicles had an intact granulosa layer with a compact and well organized arrangement. On the other 
hand, unhealthy follicles had granulosa layer with incompact and had numbers of Pyknotic cells 
along the antral border of the granulosa layer (Feranil et al., 2004). 

Histological evaluation of Pyknotic nuclei 
 Tissue ovarian were dehydrated, embedded in paraffin, sectioned serially at a thickness of 6 
µm and stained with haematoxylin-eosin. Tissue sections were positioned under the 40X objective 
lens so that either the granulosa layer was brought into view. For one section from each of the 
paraffin-embedded ovarian the following characteristic were evaluated the for Pyknotic index, defined 
as the percentage of Pyknotic granulosa cell nuclei per total number of granulosa cells (Jablonka-
Shariff et al., 1996). Tissue sections of follicles were categorized into two groups, healthy and 
atretic, following the established morphological criteria. All follicles with more than 5% Pyknotic 
granulosa cell nuclei and loosely attached granulosa cells were classified as atretic. Alternatively, 
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healthy follicles were those with intact membrane granulosa cells and few Pyknotic nuclei (<5% 
Pyknotic granulosa cell nuclei) (Bedaiwy and Hussein, 2004)

Quantification of vascularity
 To evaluate the expression of Factor VIII, a marker of endothelial cells and thus vascular-
ization, ovarian tissue sections were deparaffinized, rehydrated, and incubated with 3% H2O2 in 
methanol to eliminate endogenous peroxidase activity. The sections were then rinsed several times 
in PBS containing Triton X-100 (0.3%, v/v) for 10 min. To block non-specific binding of antibod-
ies, the sections were treated for 20 min with PBS containing normal goat serum (2%, v/v; Vector 
Laboratories, Burlingame, CA, USA). The sections were incubated with a primary antibody against 
Factor VIII (1:100; rabbit polyclonal; Sigma) in PBS containing 2% goat serum for 1 h at room 
temperature. At the end of incubation, the sections were washed two times with 10 mM PBS (each 
for 5 minutes) and incubated in a secondary antibody (goat anti-rabbit IgG with Alexa Fluor Green 
488; Invitrogen Molecular Probes, Eugene, OR, USA) diluted in PBS containing 2% goat serum 
(diluted 1:250) for 45 min at room temperature. For controls, the primary antibody was replaced 
with normal rabbit IgG (diluted 1:100). After immunofluorestaining of Factor VIII, the tissue  
sections were coverslip with mounting medium (Vectashield Hard Set with DAPI; Vector Labora-
tories, Burlingame, CA, USA).

Image analysis 
The tissue sections immunofluorestaining of Factor VIII were visualized using a Zeiss Axiovert 200 
fluorescent microscope (Zeiss, Thornwood, NY) equipped with fluorescent filters for fluorescein 
isothiocyanate and DAPI visualization under the 20x objective lens. Images for the two fluorescent 
channels were collected separately and combined using the Axiovision version 4.8.1 software package 
as described by Gumienny et al. (1999).
 For all the follicles, images of the sections (0.025 mm2 per field) were taken from individual 
follicles for each size of follicles. The digital images were then used for quantitative image analysis 
using Image-Pro Plus, version 4.5.1 software (Media Cybernetics, Inc., Silver Spring, MD, USA). 
Then, we determined the area that exhibited positive staining for Factor VIII (occupied by endothelial 
cells) in the theca layer. Total theca layer area (µm2) was determined, and each theca layer capillary 
was individually traced to quantify the total vessel area (µm2), number (no.), and perimeter (µm) 
per each tissue area. Based on these measurements, capillary area density (%; capillary area/tissue 
area), capillary number density (number of capillaries per µm2; capillary number/tissue area), and 
area per capillary (µm2; capillary area/capillary number) were calculated for each follicle image 
(Redmer et al., 2009). 

Statistical analyses 
 Data are presented as mean±SEM. Follicles were classified into two groups (healthy and  
unhealthy follicle), vascularity in the theca layer, and Pyknotic index were analyzed using a one-way 
analysis of variance with the general linear model procedure of SAS. Differences between means 
were evaluated by a Student t-test (SAS, 2001). Means were considered significantly different if 
P<0.05.

RESULTS

 In total 23 and 9 healthy and unhealthy follicles were examined, respectively. The occurrence 
and distribution of Pyknotic granulosa cell nuclei index was 4.39 and 12.86%, respectively (Table 1). 
This study demonstrates the occurrence of Pyknotic nuclei in unhealthy follicles were significantly 
greater than that of healthy follicles (P<0.05). 
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Table 1. Number of follicle and Pyknotic granulosa cell nuclei index between healthy and unhealthy 
follicle.
Follicular type Number of follicle Pyknotic index (%)

Healthy follicle 23   4.39±0.37a

Unhealthy follicle 9  12.86±1.05b

a,bWithin a column, means with different superscripts differ (P<0.05).

 Granulosa cells with the histological features of Pyknotic nuclei were observed in atretic  
follicles either within the central region of the membrane granulosa layer (Figure 1, arrow heads) 
or loosely attached to the membrane granulosa near its antral surface or in the antral follicular 
fluid (Figure 1, circle).

Figure 1. Histological section staining of unhealthy follicle with haematoxylin-eosin. The large 
white area is the follicular antrum. Small arrows identify the basement membrane. Arrow 
heads and circle identify Pyknotic nuclei (darkred) in the granulosa layer of unhealthy 
follicle. G, granulosa cell layer; TI, theca interna; TE, theca externa. Size of bar = 100 
µm.

 Follicular capillary area density, capillary number density, and capillary surface density were 
greater (P<0.01) in healthy follicles compared with unhealthy. However, area per capillary was not 
different between healthy and unhealthy follicles (P>0.05, Table 2). 

Table 2.  Follicular vascularity of healthy and unhealthy follicle.
Follicular type Capillary area density

(%)1
Capillary number density 

(no./µm2)2
Area per capillary

(µm2/no.)3

Healthy follicle 4.60±0.45a 0.0027±0.0002a 17.32±1.93
Unhealthy follicle 1.76±0.42b 0.0011±0.0002b 14.13±2.98

a,bWithin a column, means with different superscripts differ (P<0.01)
1Capillary area density = capillary area/tissue area
2Capillary number density = capillary number/ tissue area
3Area per capillary = capillary area/capillary number

 Figure 2 shows fluorescent micrographs of positive staining for Factor VIII in follicles. Factor 
VIII was predominantly detected in the theca layer of healthy follicles but was negligible in  
unhealthy follicles (Figure 2C and D) and in blood vessels of ovarian stromal tissues. In theca layer 
of healthy follicles, Factor VIII immunostaining were strong and restricted to blood vessels (Figure 
2C) but were weak in unhealthy follicle and in some sections were not detectable (Figure 2D). 
However, Factor VIII was not detected in granulosa cells of all follicles. This study demonstrated 
that vascularity differed between healthy and unhealthy follicles.
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Figure 2. Representatives fluorescent micrographs of staining for Factor VIII (arrow heads) in a 
section of the positive staining of follicle (A), in a section of the negative control (B), 
healthy follicle (C), and unhealthy follicle (D). G, granulosa cell layer; T, theca cell layer. 
Arrows identify the basement membrane. Size of bar = 50 µm.

DISCUSSION AND CONCLUSION

 In the present study, we demonstrate that the Pyknotic nuclei index in unhealthy follicles were 
significantly greater than that of healthy follicles. Similarly with Braw and Tsafriri (1980) reported 
that Pyknotic index of preantral and antral atretic follicle (unhealthy follicles) was 11.2 and 10.8%, 
respectively. Using light microscopy, structure that stained with hematoxyline-eosin, Pyknotic nuclei 
were also present in the antrum, often loosely associated with the antral layer of granulosa cells. 
Similar to the report of Bedaiwy and Hussein (2004), the positively stained Pyknotic nuclei were 
observed either in the central layers of the membrane granulosa, at the antral part or floating in the 
follicular antrum. In the atretic follicles Van Wezel et al. (1999) and Silva et al. (2002) observed 
globules of DNA and Pyknotic nuclei, frequently in membrane-bound bodies. They were originally 
described as arising from the swelling of cells at the surface of the membrane granulosa, followed 
by the dissolution of the cell membrane and later the nuclear membrane (Marion et al., 1968). It 
is likely that the DNA globules, as they have called them, are derived from aggregates of variable 
numbers of Pyknotic nuclei after dissolution of the cell membrane. The apoptotic response in the 
atretic follicles may be due to the activation of endonucleases that cleave genomic DNA into oligo-
nucleosomal fragment (Wyllie, 1980). Of note, follicular atresia plays a critical role in recruitment 
of follicles for ovulation as well as in their depletion during menopause and premature ovarian 
failure (Gilbert et al., 1983). 
 The study supported the relationship between the follicular health and vascularity during 
follicular development of the estrous cycle. Specific changes in vascularity of theca cells layer as 
indicated by Factor VIII associated with follicular growth, development, and atresia are described 
in this our research. In the previous studies (Redmer et al., 2001; Grazul-Bilska et al., 2007) dem-
onstrated that follicular growth is influenced by vascularization and angiogenic factors. Several 
angiogenic factors, including VEGF and eNOS, are expressed in ovarian follicles of several species 
(Grazul-Bilska et al., 2006). In sheep and cattle, it has been shown that the expression of angiogenic 
factors such as VEGF and eNOS is associated with enhanced vascularization of large ovarian antral 
follicles, which likely contributes to maintaining these follicles in a nonatretic state (Redmer and 
Reynolds, 1996). Both VEGF and eNOS are major regulators of follicular development in sheep 
(Fraser, 2006). The high expression of angiogenic factors and increased vascular surface area, as 
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indicated by Factor VIII expression, likely resulted in an enhanced vascular supply and hence 
enhanced exchange of nutrients, gonadotropins, and growth factors in follicles from the final wave 
compared with the follicles from the penultimate wave of the cycle (Grazul-Bilska et al., 2006, 
2007). In fact, it has been demonstrated that vascularity in the theca layer may serve as an indicator 
of follicle health in several species. Increased vascularity in healthy follicles, as observed in our 
study, results in a greater capillary area density, capillary number density, and area per capillary for 
exchange of transcapillary nutrients, gonadotropins, growth factors, and other factors. In a monkey 
model, Zeleznik et al. (1981) demonstrated that the density of capillaries surrounding a healthy 
maturing follicle was greater than that of other smaller follicles, and that this density of capillaries 
was associated with increased delivery of gonadotropins to the maturing follicle, suggesting that 
angiogenesis may play a role in the development of the growth follicle. 
 In conclusion, one major area of importance in the female bovine reproductive cycles is 
initiation of ovarian follicular growth that results in a fertile ovulation. These results indicated 
that ovarian follicular health could be precisely evaluated with Factor VIII and Pyknotic nuclei 
immunohistochemistry as markers of endothelial and granulosa cells, respectively. In addition, the 
knowledge of quality of follicles in each class is importance to understand follicular atresia at the 
antral stage as well as to provide healthy oocytes for in vitro studies.
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