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Abstract

Preantral follicles are a major source of oocytes, and their utilization as an
important tool to store large number of female gametes for future use in
reproductive programs has been investigated. The increasing importance of
studies in this subject, together with the important role of Zebu cattle in the
economy of tropical and subtropical countries as well as their well-known
differences from European cattle, led to this research. The present study aims
to determine the best size interval for sectioning ovarian tissue to isolate
preantral follicles from Zebu cows using a tissue chopper and to evaluate the
follicular quality after isolation. Furthermore, it aims to provide information
about the Zebu cow preantral follicle population and use this data (as a
control) to evaluate the effectiveness of the tested isolation method. Testing
eight different tissue sectioning size intervals, it was possible to conclude that
the 125-um-section interval is shown to be better than the intervals of 25, 50,
175 and 200 pum to isolate preantral follicles from Zebu cow ovaries. The 125-
pm interval allowed the recovery of 26,050+1611 (mean+S.E.M.) preantral
follicles per one-half ovary, while the number of preantral follicles in situ
estimated by evaluation of histological sections was 35,288+2342 per one-half
ovary. Thus, the mean (+S.E.M.) recovery rate (=[number of preantral follicles
isolated/number of preantral follicles in situ in the same ovary] x 100) was
74.324.3%. The morphometrical analysis showed that Bos indicus preantral
follicles are similar to B. taurus preantral follicles based on previous reports. In
conclusion, this study showed that a simple, mechanical method can be used
effectively to isolate a large number of intact preantral follicles from Zebu cow
ovaries, with a high recovery rate.
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1. Introduction

In the past few decades, a great amount of research has addressed the importance
of studying ovarian preantral follicles for future utilization in reproductive programs. As
these follicles account for the vast majority of follicles (90%) in the ovary [1], they can
provide a great number of potentially viable oocytes for the in vitro reproductive
techniques, such as IVF and cloning. To reach this goal, however, it is important to
isolate these follicles from the ovary, otherwise, they will naturally and invariably die by
atresia [1].

The most important characteristic of an isolation method is to rescue a large number of
follicles without causing damage to their structure. Indeed, one of the most efficient
methods for isolating a large number of follicles consists of using a tissue chopper [2—4].
Recently, however, studies have demonstrated that the best interval for sectioning the
ovarian tissue using the tissue chopper can vary according to species [5,6]. In addition to
isolating a large number of follicles, a suitable method should preserve the normal
follicular morphology after isolation, not only on the structural level, but also on the
ultrastructural level [7]. The maintenance of follicular quality after isolation is extremely
important and should be investigated, because structural or ultrastructural damages can
significantly affect further in vitro growth and maturation of oocytes within preantral
follicles [8].

In spite of the fact that there is a lot of literature concerning European bovine preantral
follicles, almost nothing is known about this area in Zebu cattle. Actually, Zebu bovine
(Bos indicus) differ from European bovine (B. taurus) in several aspects related to
reproduction [9-14], and therefore, it is important to start studying the preantral follicle
population in this bovine genotype.

The present study aims to determine the best size interval for sectioning the ovarian
tissue to isolate preantral follicles from Zebu cows using a tissue chopper and to evaluate
the follicular quality after isolation. Furthermore, it aims to provide information about the
preantral follicle population in Zebu cows, and use this data (as a control) to evaluate the
effectiveness of the studied isolation method.

2. Materials and methods
2.1. Ovaries

A total of 12 ovaries from 12 nonpregnant adult Zebu cows (Nelore) were used in this
study, six per experiment. All the ovaries were collected at a local slaughterhouse and
transported to the laboratory within 1-3 h. During transport, the ovaries were stored in a
thermos flask filled with PBS kept at 32-34 °C.

2.2. Experiment 1: isolation of preantral follicles

Eight treatments were tested differing from each other according to the cut interval (um)
adjusted in the tissue chopper (Fig. 1; The Mickle Laboratory Engineering Co., Gomshal,
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Fig. 1. (A) The tissue chopper in a panoramic view, and (B) a close up of the cutting arm, the mobile plate and
the rotating disk. After setting the section interval parameters and turning on the equipment, the plate moves
accordingly from left to right while the cutting arm makes rapid up-and-down movements. (C) A diagram of the
longitudinal (cut 1), transverse (cut 2) and oblique (cut 3) cuts made to produce very small and relatively
uniform-sized ovarian fragments.

Surrey, UK): 25 (TI), 50 (T2), 75 (T3), 100 (T4), 125 (T5), 150 (T6), 175 (T7), and 200 |un
(T8). To simultaneously test all the treatments, each ovary was divided into eight equal
parts that were randomly distributed to the eight test treatments. In all treatments, the tissue
chopper cut the ovarian tissue from the cortical to the medullar side along the longitudinal,
transverse and oblique axes, producing very small and relatively uniform-sized fragments.
The ovarian fragments obtained were placed in 50 ml of PBS plus 5% fetal calf serum
(Sigma, St. Louis, MO, USA), and then suspended 20 times with a large Pasteur pipette
(diameter 21600 pm) and 20 times with a smaller Pasteur pipette (diameter 2600 pm).
The suspensions were separately filtered through 500 and 100 pm Nylon mesh filters
(Fig. 2). Each treatment was repeated six times.

To estimate the number of isolated preantral follicles per treatment, the Pibes containing
the suspension were gently inverted several times to disperse the follicles. Then, two
samples of 1 ml each were taken from each tube and examined separately under a phase
contrast inverted microscope (Zeiss Axiovert, Jena, Germany).

The isolated preantral follicles were classified into three developmental stages by their
morphological appearance according to Hulshof et al. [15], i.e. primordial follicles are
oocytes surrounded by one layer of flattened or flattened-cubical granulosa cells; primary



Fig. 2. Experimental protocol to test different interval of serial sections in the tissue chopper to isolate preantral
follicles from Zebu cow ovaries.

follicles have a single layer of cubical granulosa cells, and secondary follicles are oocytes
surrounded by two or more layers of cubical granulosa cells.

2.3. Experiment 2: qualitative and quantitative analysis of the specific method

To evaluate quantitatively and qualitatively, the efficiency of the mechanical method
for the isolation of preantral follicles, each ovary was cut longitudinally into two halves.
One half was used to study the preantral follicle population in situ and the other was
used to isolate preantral follicles (Fig. 3). Preantral follicles were isolated from the ovarian
halves using the treatment that yielded the largest number of isolated preantral follicles,
from the eight treatments tested in Experiment 1 The diameters of freshly isolated
preantral follicles were measured under an inverted microscope using an ocular micro-
meter.

In order to estimate the preantral follicle population in Zebu cow ovaries, the ovarian
halves that were not used to isolate preantral follicles were fixed in Camoy’s fixative and
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Fig. 3. Experimental protocol to study Zebu cow ovarian preantral follicles in situ and after isolation
procedure.

processed for histological evaluation. The ovarian halves were serially sectioned at 7 pm.
Every 120th section [16] was mounted and stained with periodic acid Schiff (PAS) and
hematoxylin. The number of preantral follicles was estimated by counting the follicles in
each section using the nucleus of the oocyte as a marker and the correction factor described
by Gougeon and Chainy [17]. Preantral follicles were classified as primordial, primary and
secondary according to their developmental stages and as normal or degenerate according
to their morphological appearance. Follicles were classified as degenerated if they
presented one or more of the following aspects: condensed oocyte nucleus, shrunken
oocyte, pycnotic bodies in the granulosa cells, low cellular density or basement membrane



breakdown. For each ovary, the recovery rate (RR) of follicles isolated by the mechanical
method was calculated as follows:
number of isolated follicles

RR _ 100.
e OV = imber of in situ follicles

Sections were examined and photographed using a Zeiss Axiophot light microscope.
Using an ocular micrometer, the diameters of the follicles and the oocytes in situ were
determined and the granulosa cells were counted, both in the section where the nucleolus of
the oocyte was observed (equatorial section).

To evaluate their quality, freshly isolated preantral follicles were prefixed in a solution
containing 2% paraformaldehyde and 2.5% glutaraldehyde in 0.1 M sodium cacodylate
buffer, for 30 min at room temperature. Then, the follicles were embedded in drops of
200 pl of 4% agar solution (agarose, type VII, Sigma, St. Louis, MO, USA). The agar drops
were fixed in the same fixation solution described above for another 3 h at room
temperature. The drops were dehydrated, embedded in paraffin wax, serially sectioned
at a thickness of 7 um and stained with PAS and haematoxylin. Preantral follicles were
classified as morphologically normal or degenerate as described above.

To better evaluate follicular morphology, ultrastructural analysis was performed in
some isolated follicles to verify if slight damages that could not be observed at the light
microscopic level were present. Small pieces of nontreated ovaries were processed as
well and used as a control. Isolated follicles were prefixed and embedded in agar drops
as described above. The ovarian pieces and the agar drops were fixed in a solution
containing 2% paraformaldehyde and 2.5% glutaraldehyde in 0.1 M sodium cacodylate
buffer, for 3 h at room temperature or overnight at 4 °C. After fixation, the specimens
were rinsed in buffer and postfixed in a solution containing 1% osmium tetroxide, 0.8%
potassium ferricyanide and 5 mM CaCl, in 0.1 M cacodylate buffer. Subsequently,
the samples were dehydrated in acetone and embedded in Spurr. Thin sections (70 nm)
were stained with uranyl acetate and lead citrate, and examined using a Jeol JEM 100C
transmission electron microscope. All the organelles were carefully observed, and
special attention was given to the basement membrane and the contact between oocyte
and granulosa cells, where the mechanical isolation might have caused physical
damage.

2.4. Statistical analysis

Analysis of variance and Fisher’s PLSD test (StatView for Windows) were used to
compare: (1) the mean number of isolated preantral follicles among treatments, (2) the
mean number/percentages of preantral follicles in each class that were isolated and
observed in situ and (3) the recovery rate among the three follicular classes. Data were
log-transformed if Hartley’s test indicated heterogeneity of variance. The diameters of
preantral follicles in situ and isolated, as well as the diameters of the oocytes and the
number of granulosa cells at the equatorial section in situ, were compared by Scheffe’s test
(StatView for Windows). The percentages of degenerated preantral follicles isolated and in
situ were compared by Chi-square (BioEstat 2.0 for Windows). Values were considered
statistically significant when P < 0.05.



Table 1
Number of isolated preantral follicles (mean + S.E.M.) at eight different cut intervals

Treatment (cut interval (um)) Number of follicles per one-eighth ovary (n = 6)

Mean + S.EM. Range
T1 (25) 3316 £ 497 a 20794806
T2 (50) 3636 + 556 a 2133-5724
T3 (75) 4140 £+ 614 ab 621-7884
T4 (100) 5629 + 1118 ab 2403-10422
TS (125) 6408 + 1137 b 3024-11070
T6 (150) 5112 + 818 ab 2700-7479
T7 (175) 3757 £ 699 a 1593-5967
T8 (200) 3631 £ 375 a 2025-6264

Rows with different letters differ significantly (P < 0.05).

3. Results
3.1. Isolation of ovarian preantral follicles

Table 1 shows the outcome that the eight treatments had on the number of preantral
follicles isolated per one-eighth ovary. The mechanical isolation treatment of the Zebu cow
ovaries provided a large number of isolated preantral follicles, irrespective of the cut
interval used. However, a large individual variation within the treatments was observed.
The limits of this variation were 621 (T3) and 11,070 (T5) preantral follicles per one-eighth
ovary. The mean number of isolated preantral follicles increased from T1 (25 um) to TS
(125 um) and decreased afterwards in T6 (150 pm), T7 (175 pm) and T8 (200 pm).
However, T5 (125 pm) showed a significantly (P < 0.05) higher number of isolated
preantral follicles only when compared with T1 (25 pm), T2 (50 um), T7 (175 pm)
and T8 (200 um).

3.2. Number of preantral follicles in situ and after isolation

Since TS (125 pum) allowed the highest number of isolated preantral follicles and was the
only treatment that showed any statistical difference when compared to the others, this
treatment was chosen to proceed with follicular isolation in the second experiment. Using
the 125-um interval, the number (mean &+ S.E.M.) of isolated preantral follicles per one-
half ovary was 26,050 + 1611 (range 23,900-30,800). The number (mean + S.E.M.) of
preantral follicles in situ, estimated by evaluation of histological sections was
35,288 + 2342 (range 29,899-39,410) per one-half ovary. Thus, the mean (£S.E.M.)
recovery rate (=[number of preantral follicles isolated/number of preantral follicles in situ
in the same ovary] x 100) was 74.3 £ 4.3% (range 61.4-79.9%). Overall, the number of
preantral follicles in situ was significantly higher than the number of isolated preantral
follicles in one-half ovary (P < 0.05).

The mean number of primordial, primary and secondary follicles in situ and after
isolation and their corresponding proportions are shown in Table 2. Both the number and



Table 2
Mean number and percentage of primordial, primary and secondary follicles in situ and isolated per one-half
ovary of Zebu cows (mean + S.E.M.)

Follicle class ~ Number and percentage of preantral follicles per one-half ovary Recovery rate
(mean £+ S.E.M.)

In situ Isolated
Primordial 32266 + 1846 aA (91.4% * 1.5) aD 25500 +1602 bA (98.0% + 0.9) bD 79.2 + 3.2G
Primary 2404 + 652 aB (6.5% + 2.4) aE 400 + 35bB (1.6% + 0.9) bE 205 + 5.2H
Secondary 590 + 196 aC (2.1% * 1.6) aF 150 + 20 bC (0.4% * 0.2) bF 37.6 + 16.5H
Total 35288 + 2342 a (100%) 26050 + 1612 b (100%) 743 + 43

Columns with different letters (a, b) differ P < 0.05. Rows with different letters (A, B, C) differ P < 0.05
(concerning number of follicles). Rows with different letters (D, E, F) differ P < 0.05 (concerning percentage of
follicles). Rows with different letters (G, H) differ (concerning recovery rate) significantly (P < 0.05).

the proportions of preantral follicle classes obtained after mechanical isolation were
significantly different than those observed in situ (P < 0.05). The mean recovery rates of
primordial, primary and secondary follicles were 79.2, 20.5 and 37.6%, respectively
(Table 2), showing that the mechanical method isolated mainly primordial follicles
(P < 0.05). "

3.3. Morphometric analysis of preantral follicles in situ and after isolation

Histological analysis in situ showed that primordial follicles have an oocyte surrounded
by one layer of squamous or squamous-cuboidal granulosa cells; primary follicles have a
single layer of cuboidal granulosa cells, and secondary follicles have an oocyte surrounded
by two or more layers of cuboidal granulosa cells (Fig. 4). All the preantral follicles
presented a strongly PAS positive basement membrane surrounding them. Freshly isolated

Fig. 4. Histological section of a Zebu cow ovary, showing primordial (Pr), primary (P) and secondary (S)
follicles. PAS-hematoxilin stained (255x).



Fig. 5. Fresh mechanically isolated Zebu preantral follicles (175x). Pr: primordial follicles; P: primary follicles;
and S: secondary follicles.

primordial, primary, and secondary follicles in the suspension were spherical with one or
more layers of granulosa cells around the oocyte, surrounded by a basement membrane
(Fig. 5). After isolation, the oocytes of primary and secondary follicles were not always
clearly visible because granulosa cells covered them.

Primordial, primary and secondary follicles in situ measured 36.0 + 0.9, 48.5 £1.4 and
88.4 + 2.9 pm in diameter, respectively, whereas after isolation they measured 22.1 + 0.5,
455 +1.4 and 73.6 £1.7 pm, respectively. The follicular diameters differed significantly
among the three follicular classes, both in siPi and after isolation (P < 0.05). Also, the
diameters of primordial and secondary follicles were significantly lower after isolation
than in situ (P < 0.05). As expected, the oocyte diameter in situ and the number of
granulosa cells at the equatorial section differed significantly (P < 0.05) among follicular
classes (Table 3).

Table 3
Morphometrical parameters of primordial, primary and secondary follicles after isolation and in situ
(mean + S.E.M.)

Follicular Isolated In situ
classes
N Follicular 0 N Follicular O Oocyte 0 Number of
(range) (range) (range) granulosa cells
Primordial 108 22.1 + 05 Aa 80 36.0+ 0.9bA 281+ 06 A 73+ 04A
(15-33) (25-50) (20-35) (1-13)
Primary 60 455 + 14 aB 66 485+ 14aB 317+ 07B 146+ 078B
(35-59) (35-70) (2545) (10-29)
Secondary 26 736 + 17 aC 33 884+ 29bC 438+ 14C 620+ 46C
(69-79) (70-120) (35-56) (35-111)

0 : diameter (pm). Columns with different letters in loercase (a, b) differ P < 0.05. Rows with different letters in
uppercase (A, B, C) differ P <0.05.



Among the thousands of preantral follicles encountered in the ovarian cortex, in 83%
(hvelsix) of the ovaries some polyovular preantral follicles (primordial and primary) could
be seen. The number of oocytes within the same follicle varied between two and three. The
number of polyovular preantral follicles was not expressed due to lack of parameters of
calculation. In isolated follicles, it was possible to identify only two cases of polyovular
follicle.

3.4. Qualitative analysis of preantral follicles in situ and after mechanical isolation

Freshly isolated preantral follicles appeared healthy under the inverted microscope and
no denuded oocytes were observed in this study. Histological evaluation showed that, after
mechanical isolation, 93.5% of preantral follicles were morphologically normal, with a
healthy oocyte surrounded by one or more well-organized layers of granulosa cells without
pycnotic nuclei (Fig. 6A). Histochemistry also revealed that the mechanically isolated
follicles were surrounded by an intact basement membrane. The percentages of degen-
erated follicles in situ and after isolation were 3.9 and 6.5%, respectively. In spite of the

(B)

Fig. 6. Histological sections of (A) a morphologically normal follicle, and (B) a degenerated follicle, after
isolation. O: normal oocyte; Nu: nucleus of a normal oocyte, GC: granulosa cells; dO: degenerating oocyte (*
marks condensed nucleus). The basement membrane surrounding the follicles is marked by arrow. PAS-
hematoxilin stained (1100Xx).



Fig. 7. Electron micrographs of preantral follicles (A) after mechanical isolation (5200x), and (B) in situ
(4200x). O: oocyte; NO: nucleus of oocyte; NG: nucleus of granulosa cells; m: mitochondria; ser: smooth
endoplasmic reticulum; arrow marks the basement membrane.



numerical difference, the statistical analysis of the number of degenerated follicles after
isolation and in situ showed that there was no significant difference (P = 0.2843).
Retraction of the oocyte or condensation of its nucleus (Fig. 6B) characterized the
follicular degeneration most frequently observed, both in situ and after isolation. Granulosa
cells were apparently unaffected. These degenerative signals were detected only histolo-
gically and not under the inverted microscope.

The transmission electron microscopy analysis of isolated follicles (Fig. 7A) showed
that they were ultrastructurally similar to those in situ (Fig. 7B), indicating that they were
not affected by the isolation procedure. The oocytes presented a large and well-demarcated
nucleus, numerous round mitochondria, a few cisternae of smooth endoplasmic reticulum
and Golgi apparatus, and a few vesicles within their cytoplasm. Granulosa cells presented
many elongated mitochondria and abundant smooth and rough endoplasmic reticulum and
Golgi apparatus. No alterations were observed in the contact between oocyte and granulosa
cells in isolated follicles. Granulosa cells and oocyte were close together and the basement
membrane was always present surrounding the follicles, both in nontreated ovarian tissue
and after mechanical isolation. The ultrastructural analysis revealed that the basement
membrane is composed of a compact basal lamina surrounded by a thick layer of collagen
fibers.

4. Discussion

The results of this study have shown that a large number of Zebu preantral follicles can
be isolated using a simple mechanical procedure and that the number obtained is affected
by the cut interval chosen for sectioning the ovarian tissue. This effect has already been
demonstrated in other species, like caprine [6] and ovine [5]. In the present work, the
greatest number of isolated Zebu cow preantral follicles was obtained using the 125 pm
interval. In goats and sheep, the best results were obtained with the intervals of 75 um [6],
and 87.5 pm [5], respectively. These results suggest, again, that the most suitable interval
for sectioning the ovarian tissue using a tissue chopper varies among species. In the present
study, it seems that the use of cut intervals smaller than 125 um may destroy preantral
follicles, while the larger intervals may reduce the efficiency of mechanical dissociation of
the ovarian fragments with Pasteur pipettes and thus prevent preantral follicle release from
the ovarian tissue. Species-specific differences regarding the most suitable cut interval to
isolate preantral follicles can be explained by differences in ovarian composition, which
can interfere in the cutting process. For example, follicles embedded in a more fibrous
stroma can be more difficult to isolated and smaller cut intervals would be necessary.

The present study not only identified the most suitable cut interval to isolate preantral
follicles from Zebu ovaries, but also evaluated the quantitative and qualitative effectiveness
of this isolation method. To evaluate the quantitative effectiveness of the method, an
estimation of the preantral follicle population in Zebu ovaries in situ was performed. The
results showed that Zebu ovaries have on average 70,576 preantral follicles (35,288 per
one-half ovary). A similar number of in situ preantral follicles was reported for European
cattle [18] and sheep [19]. Other studies, however, reported lower numbers of preantral
follicles in goat [4] and sheep [20] ovaries. It is well-known that besides the species



differences, preantral follicle populations may be affected by factors such as breed [16],
age [18,21], hormone levels and reproductive stage [22], and nutrition [23].

The number of preantral follicles recovered from Zebu ovaries using the 125 pum interval
was 52,100 (26,050 per one-half ovary). Other researchers isolated a large number of
ovarian preantral follicles from European cows [3,15,24], goats [4,6], ewes [2,5], pigs [25],
domestic cats [26,27] and nondomestic felids [28,29], rabbits [30], rats [31], mice [32], and
humans [33], using mechanical [2-4,15,24,26-29] or enzymatic [25,30-33] procedures.
Comparisons between our results and those of other studies are difficult to perform due to
species differences, variation in follicle classification, and types of follicles included in the
final count. On the other hand, the follicular recovery rate is a good parameter to compare
the effectiveness of different isolation methods. In the present study, the recovery rate of
preantral follicles was 74%, and is higher than those described for goats (36%, 4) and sheep
(27%, 2). It is important to note that the recovery rate should only be applied using half of
the same ovary or at least the contralateral ovary as a control, since the population of the
preantral follicle may be affected by other factors, as mentioned above.

Concerning the distribution of the isolated follicles into follicular classes, in the present
work, 98.0, 1.6 and 0.4% of the total isolated follicles were primordial, primary and
secondary, respectively. Other studies showed similar results in the isolation of preantral
follicles using a tissue chopper [2,4,34]. In contrast, Hulshof et al. [15], using watch-
maker’s forceps to isolate preantral follicles, observed a lower percentage of isolated
primordial follicles (12.5%) when compared to primary (57.2%) and secondary (20.7%)
follicles. These authors suggest that it may be due to primordial follicles being tightly
embedded in the tunica albuginea [15], and a mild mechanical treatment is not sufficient to
isolate these follicles. A large number of primordial follicles was easily isolated from pig
ovaries using a combined mechanical and enzymatic method [35], suggesting that an
enzymatic treatment of the ovaries may be necessary to isolate this class of preantral
follicles. Based on the present work, the use of the tissue chopper proves to be a more
powerful method to isolate a great number of primordial follicles without additional
enzymatic treatment. Overall, this mechanical method isolated about 79.2, 20.5 and 37.6%,
respectively, of the total primordial, primary and secondary follicles present in Zebu cow
ovaries.

Before the qualitative evaluation of the isolated follicles could be done, a characteriza-
tion of the preantral follicles in situ had to be performed. The results showed that the mean
diameter of Zebu oocytes and follicles and the mean number of granulosa cells at the
equatorial section were similar to those observed in European cows [36-38] in all three
developmental stages (i.e. primordial, primary and secondary). Also, our results were
similar to those described for humans [39], but different from those described for ewes [40]
and goats [41]. In addition, some polyovular follicles could be observed in Zebu cow
ovaries. The occurrence of polyovular follicles has been reported in other mammals
[4,35,42,43]. Although this kind of follicles appears to be normal in different mammalian
species, in which they are seen with a variable frequency, their role remains unknown.

In this study, the diameters of the primordial and secondary freshly isolated follicles
were lower than those measured in histological sections. For secondary follicles, it was
surely due to filtration, which allowed only follicles smaller than 100 pm to pass through.
For primordial follicles, this difference may be due to the release of the follicles from the



ovarian stroma. According to Van Wezel and Rodgers [38], primordial follicles show an
oblate shape in three dimensions. Once in suspension these follicles probably assume a
vertical position, with the poles up and down, making it possible to measure only the
smallest diameter. In contrast, in histological sections, we could see the follicles in many
positions, and therefore, take the smallest or the largest diameter depending on the follicles
orientation.

In reference to the quality of the isolated preantral follicles, in this study, no denuded
oocytes were observed, likely given the fact that the basement membrane offers mechan-
ical resistance and protects the follicles from physical damage during isolation, as
suggested by Figueiredo et al. [44]. Histochemical and ultrastructural analysis demon-
strated that mechanically isolated follicles were surrounded by an intact basement
membrane. Similar results were obtained by Figueiredo et al. [44,45] and Lucci et al.
[4] using a tissue chopper to isolate bovine and caprine preantral follicles, respectively. In
contrast, some studies have described that proteolytic enzymes commonly used for
isolating follicles are detrimental to cell membranes [30,46—49]. In vitro culture of
enzymatically isolated preantral follicles, which are not surrounded by a basement
membrane, shows a spreading of granulosa cells from the oocytes [8,50]. In contrast,
this latter occurrence was not observed when mechanically isolated preantral follicles were
cultured in vitro [45]. The culture of preantral follicles surrounded by a natural basement
membrane has many advantages including preservation of follicular morphology and
maintenance of follicular adhesion to extracellular compounds [45]. Thus, the presence of
a basement membrane around the isolated follicles is important for further studies of in
vitro culture of Zebu preantral follicles.

Furthermore, this study showed that only a few follicles were degenerated in situ (3.9%),
as well as after isolation (6.5%). The low percentage of degenerated follicles observed in
this study coincides with other studies [16,51]. The histological analysis of preantral
follicles, in situ and isolated, showed that the degeneration is characterized by oocyte
alterations while pycnotic bodies were not observed in granulosa cells. Jorio et al. [51]
described that degeneration of oocytes is the mode of atresia most frequently observed in
preantral follicles. Although pycnosis of granulosa cells frequently occurs in antral
follicles, it is almost absent in preantral follicles. Moreover, in an in vitro study by
Braw-Tal and Yossefi [36] it was found that in some preantral follicles the oocyte
degenerated or completely disappeared while granulosa cells looked healthy and continued
to proliferate, showing that the oocyte is much more sensitive than the granulosa cells.

In this study, the electron microscopy revealed that isolated follicles were ultrastructu-
rally similar to those present in situ. Follicular damage possibly caused by the isolation
method was not observed in the present study, contrary to Van Den Hurk et al. [7], who
described a poor ultrastructure of the small preantral follicles isolated using a tissue
chopper. Small preantral follicles are very sensitive to osmolarity changes and centrifuga-
tion (Lucci et al., unpublished data). Therefore, this difference between studies may be due
to different methods used to process the isolated follicles for ultrastructural analysis, since
the same isolation method was used by both.

In conclusion, this study demonstrated that a large number of preantral follicles can be
successfully isolated from Zebu cow ovaries, with a high recovery rate and a low rate of
follicular degeneration, using the described mechanical method. Also, this study shows for



the first time an estimation of the preantral follicle population in Zebu cow ovaries. The
obtained data revealed that, despite the differences between B. taurus and B. indicus, Zebu
preantral follicles seemed to be very similar to European cow follicles in number and
measurement characteristics.
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