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Accepted 27 May 2016

follicle development information and has not been tested for cat ovaries to date. The aim of
this study was to investigate if in vitro and CAM culture could be used as short-term systems

5?3’ g‘:ﬁ:sy to study cat ovarian tissue development. The ovaries of eight cats were dissected into 3-mm?>
Cell proliferation cubes, cultured in vitro and in CAM for up to 5 days, and stained with hematoxylin-eosin and
Development Gomori trichrome. Cell proliferation was analyzed using anti-Ki67. Possible differences
Feline among groups were investigated by analysis of variance or the Kruskal-Wallis test followed
Culture in ovo by Bonferroni correction. The T-test or Wilcoxon test was used to verify differences between
Preantral follicle the CAM and IVC. Results revealed that 87.5% of all follicles were primordial during culture.

The percentage of primordial follicles in the morphologically normal follicles (MNF) pool was
always higher than 80%, with the exception of Day 3 of CAM culture, but the number of MNF
reduced significantly from Day 0 (600 out of 777 follicles) to Day 5 in the CAM (91 out of 171)
and IVC (296 out 0f 686 ). The number of primordial follicles in 1 mm? in Days 2, 3, and 5 in the
CAM was significantly lower than that in the control (Day 0). No cellular proliferation was
observed in culture. Vascularization occurred in the CAM culture, but with no association to
follicular viability. In addition, both methods showed an increase in connective tissue during
culture. Although no significant differences were observed in the percentage of MNF, there
was areduction in the total number of follicles, both for IVC and CAM-cultured ovarian tissue.
Furthermore, anti-Ki67 did not stain any follicle after Day 0 in IVC or in CAM culture. Neither
system was capable of promoting follicle growth and/or development. The results show that
the CAM is not a suitable system for feline ovarian tissue and highlight the necessity to
improve IVC systems in cats.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction
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felids are present on the International Union for the Con-
servation of Nature (IUCN) Red list of endangered species
[3], primarily because of human impacts such as hunting,
habitat destruction, and diseases [4]. Owing to phyloge-
netic proximity between species, the domestic cat is an
excellent model for feline reproduction studies, contrib-
uting to the understanding of felid reproductive physiology
despite considerable species differences [5]. Ovarian tissue
utilization has been studied for several decades with the
expectation of improving preantral follicle use.

Despite significant efforts, IVC systems are not yet fully
developed, at least not for most animal species. There are
various difficulties in the development of an IVC system
that foster preantral follicle development, such as a natu-
rally long growth period required for such structures to
reach the antral follicle stage, a period involving several
growth factors and hormones [6-8]. Ovarian tissue trans-
plantation is probably the most effective tool to evaluate
follicle survival and development as it is the form closest to
the physiological condition. However, grafting involves the
use of immunosuppressed or immunodeficient animals
(xenografts), or the availability of the same animal from
which the tissue was removed (autograft) [9,10]. In
contrast, IVC is easily performed in the laboratory without
host animals although it does not mimic the physiological
environment of the tissue. Indeed, cells can only rely on the
nutrients and growth factors available in the culture me-
dium, with all necessary exchanges occurring by diffusion
as there are no blood vessels [11].

Culture in the chorioallantoic membrane (CAM) of chick
embryos can be considered as an intermediate method for
tissue evaluation as it allows the re-establishment of blood
supply and affords the grafted tissue access to growth
factors available for chick embryo development. Despite
being a less controlled system than IVC, it is not as invasive
as transplantation and involves simpler implementation.
Moreover, the lack of a functional immune system before
Day 17 of chick embryo development prevents graft
rejection [12].

Although there have been satisfactory results of ovarian
tissue IVC in some species [11,13-18], only a few studies in
cats have been reported [19-24| and the system is not yet
fully developed. Culture in the CAM has been performed in
mice [25], bovine [25,26], and human [11,13,27,28] ovarian
tissue. In cats, it has been used as model for studying the
growth of the feline vaccine-associated fibrosarcoma cell
line [29], but it has not been tested for ovarian tissue
development to date. Therefore, the aim of this study was
to investigate if in vitro and CAM culture could be used as
short-term systems to study cat ovarian tissue
development.

2. Methods
2.1. Ovary collection

The ovaries of eight healthy 1- to 5-year-old adult
queens in interestrus were collected at a veterinary clinic
following elective ovariohysterectomies and transported to
the laboratory in physiological solution (0.9% saline) at
36 °C within 1 hour. Adipose tissue and ligaments were

removed. The ovaries were washed with a 70% ethanol and
saline solution. Each pair of ovaries was dissected into
3 mm? cubes with 21 fragments used.

2.2. Experimental design

If not specified, the reagents were obtained from Sigma-
Aldrich.

This study was conducted in strict accordance with the
applicable national and international guidelines. The pro-
tocol was approved by the Animal Experiments Ethics
Committee of the University of Brasilia (permit number
30115/2013).

The ovarian pieces of each animal were distributed into
the following treatment groups:

(1) Control: One piece was immediately fixed in 4% para-
formaldehyde for histologic and immunohistochemical
analyses.

(2) Invitro culture (IVC): Ten pieces were in vitro cultured in
an incubator (Te-399, Tecnal, Brazil) at 37.5 °C and 5%
CO; (in air) in a 96-well plate. Each well contained
350 pL of M-199 medium supplemented with 0.23-mM
sodium pyruvate, 2 mM of L-Glutamine, 10% fetal calf
serum (Gibco, the Netherlands), insulin-transferrin-
selenium (6.25 pg/mL, 6.25 pg/mL, and 6.25 ng/mL),
100-U/mL penicillin, 0.1-mg/mL streptomycin, and 2.3-
ug/mL FSH (Folltropin V, Vetrepharm, Canada). Every
other day, 175 uL of the medium was replaced with fresh
medium.

(3) CAM-culture: Ten pieces were cultured in the CAM of
chick embryos as described by Martinez-Madrid et al.
[27]. In summary, fertilized eggs were incubated for
3 days at 37 °C in 60% relative air humidity and rotated
hourly. On Day 3 of incubation, a rectangular window
(1 x 1.5 cm) was made in the eggshell. Two milliliters of
albumen were withdrawn using a 21-gauge needle
through the large blunt end of the egg. The window was
covered with a piece of tape to prevent dehydration,
and the eggs replaced in the incubator without rotation.
On Day 10 of incubation, a small area of the CAM was
gently traumatized by laying a 1 cm? strip of sterile silk
paper on the surface of the epithelium and removing it
immediately. The ovarian tissue graft was subsequently
placed onto the traumatized CAM with sterile forceps
and the eggshell re-covered.

For both culture systems, ovarian grafts were cultured
for up to 5 days, with two pieces removed each day and
fixed in 4% paraformaldehyde for histologic and immuno-
histochemical analyses.

2.3. Histologic processing

All fixed grafts were dehydrated in ethanol, clarified in
xylene, and embedded in Paraplast Plus, 4 pm-thick semi-
serial cuttings were performed. Every fourth section was
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fixed onto slides and stained with hematoxylin-eosin or
Gomori trichrome.

To calculate the number of follicles in 1 mm? of ovarian
tissue, we used the correction factor described by Gougeon
and Chainy [30]

No x St x Ts
So x dn

Where N1 = the total number of follicles calculated per
class; No = the number of follicles observed in the ovary;
St = the total number of sections in the ovary; Ts = the
thickness of the section (um); So = the total number of
sections observed; and dn = the mean diameter of oocyte
nucleus for each follicle class [31].

Primordial follicles (oocytes surrounded by a single
layer of flattened granulosa cells) and growing follicles
(oocytes surrounded by one or more complete layers of
cuboidal granulosa cells) were classified into morphologi-
cally normal follicles (MNF) or degenerate follicles ac-
cording to their morphologic appearance. Follicles were
considered normal when spherical and intact, with a uni-
form distribution of granulosa cells and a spherical oocyte.
Only follicles presenting a visible oocyte nucleus were
counted.

N1 =

2.4. Immunohistochemistry

The Ki67 proliferation marker was used to identify cell
proliferation because it is only present in active phases of
the cell cycle (G1, S, G2, and mitosis). Sections were
deparaffinized with xylol and rehydrated in decreasing
concentrations of alcohol. After blocking endogenous
peroxidase activity with 3% H;0, diluted in methanol,
sections were incubated for 30 minutes with 5% fat-free
powdered milk diluted in PBS to block nonspecific bind-
ing sites before incubation with monoclonal mouse anti-
human Ki67 antibodies (dilution 1:25, clone MIB1, ref
M7240; Dako) overnight at 4 °C. Slides were incubated for
60 minutes at room temperature with goat anti-mouse
antibodies (dilution 1:200 in BSA 1M, IgG-HRP-HRO con-
jugated, ref sc-2005; Santa Cruz Biotechnology, USA) fol-
lowed by avidin for 45 minutes at 37 °C (ImmunoCruz,
Rabbit ABC Staining System Kit, ref. sc-2018; Santa Cruz
Biotechnology, USA). Diaminobenzidine was used as a
chromogen (K3468, Dako). Slides were subsequently
counterstained with Mayer hematoxylin and mounted with
Canada Balsam (ref 1003; Dindmica, Brazil). Negative con-
trols consisted of the dilution solution only. Mouse ovary
was used as a positive control. Follicles with one or more
Ki67-marked granulosa cell(s) were considered
proliferative.

Actin-o antibody was used to identify vascularization in
the ovaries. Sections were deparaffinized with xylol and
rehydrated in decreasing alcohol concentrations. Antigen
retrieval was subsequently performed in citrate buffer
10 mM, pH 6.0, for 20 minutes at 93 °C. Endogenous
peroxidase was blocked using 10% H,0O, in methanol.
Nonspecific protein reactions were blocked using 5%
skimmed milk for 30 to 60 minutes. Samples were incu-
bated with mouse monoclonal actin-. antibody (dilution

1:100, sc-32251, Santa Cruz Biotechnology, CA, USA) over-
night at 4 °C. The slides were subsequently incubated with
EnVision TM + Dual Link System-HRP polymer (Dako,
Carpinteria, CA, USA) for 45 minutes with dia-
minobenzidine used as a chromogen (K3468, Dako). Slides
were then counterstained with Mayer hematoxylin and
mounted with Canada Balsam (ref 1003, Dindmica, Brazil).
Negative controls were obtained by omitting the incuba-
tion with primary antibody step. Mouse prostate was used
as a positive control.

2.5. Statistical analysis

Statistical analysis was performed using SPSS version
17.0. Quantitative variables were tested for normal distri-
bution using the Shapiro-Wilk test and transformed to
arcsin/% when not normally distributed. Possible differ-
ences among groups were investigated by analysis of
variance or the Kruskal-Wallis test (data not normally
distributed, even after transformation), followed by Bon-
ferroni (multiple comparisons) or Mann-Whitney U test
(2-to-2 comparisons). The T-test or Wilcoxon test (data not
normally distributed) was used to verify differences be-
tween the CAM and IVC (paired comparisons). Differences
were considered significant when P < 0.05.

3. Results

The survival rate of chick embryos was 75.58% (130 of
172) after grafting onto traumatized CAM. Chick embryo
death was frst detected by the matte appearance of the
CAM and yolk sac. All the analyzed ovarian fragments were
from viable eggs.

A total of 4599 ovarian follicles were analyzed: 4025
primordial and 574 growing follicles (primary and sec-
ondary follicles). It was observed that primordial follicles
were always in the majority (87.5%) of all follicles found.
There was a general decrease in the percentage of both
primordial and growing MNF during culture (Table 1).
However, significant differences in the percentage of MNF
were only observed for IVC compared to the control (Day 0)

Table 1

Mean percentage + standard deviation and total number of morphologi-
cally normal (MN) primordial and growing follicles in the control (Day 0)
and during 5 days of culture in vitro (IVC) and in the CAM.

Treatment Day % MN primordial % MN growing Total
follicles follicles follicles

Control 0 79 +8(600/777) 89 + 16 (35/44) 821
1 60+24(351/637) 69+32(31/43) 680
2 38+20(127/285) 59+ 39(19/43) 328
CAM 3 60+26(110/191) 65 + 5 (55/86) 277
4 60+30(165/340) 57 +37(29/43) 383
5  53+41(91/171) 44 +62(15/18) 189
1 56+20(501/864) 54 +39(39/78) 942
2 53+12%(314/581) 43 +35%(28/51) 632
Ve 3 49 +18%(379/745) 47 + 34° (58/119) 864
4 46+ 17%(222/443) 14 + 22 (4/51) 468
)

5 42+ 18(296/686) 46 +45(11/24) 710

Abbreviation: CAM, chorioallantoic membrane.
¢ Indicates significant difference from the control (Day 0) on the per-
centage of MN follicles (P < 0.05).
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from Day 2 onward for primordial follicles, and on Days 2
and 3 for growing follicles. The percentages of morpho-
logically normal growing follicles on Days 4 and 5 of IVC did
not differ from Day O (P > 0.05), probably due to the low
number of follicles and a high variation among ovarian
grafts. No difference was observed between the percent-
ages of MNF (primordial or growing) in ovarian fragments
cultured in the CAM and the control.

Primordial follicles were also present in greater
numbers for MNF (Table 2). There was no significant dif-
ference between the CAM and IVC over the days of culture
(P> 0.05). The percentage of primordial follicles in the MNF
population was always greater than 80%, except for Day 3 of
cultures in the CAM, where there was a large variation
among samples and many grafts did not present any folli-
cle. Moreover, on Day 3 of both IVC and the CAM, the per-
centage of growing follicles was higher than that in the
control although no statistical difference was observed
(P > 0.05).

The estimated number of follicles in 1 mm?> of ovarian
tissue is presented in Table 3. The number of primordial
follicles in 1 mm? in Days 2, 3, and 5 in the CAM was
significantly lower (P < 0.05) than that in the control (Day
0). No other statistical difference was observed.

The most frequently observed alterations in primordial
follicles were oocytes with a pyknotic nucleus, retracted
oocyte cytoplasm, and follicle detached from the sur-
rounding stroma. Other degeneration signs were oocytes
detached from granulosa cells, cytoplasmic vacuoles in the
oocyte, and granulosa cell disorganization/pyknosis (Fig. 1).

Figure 2 shows representative images of uncultured
(control) and cultured ovarian grafts in vitro and in the CAM
stained with hematoxylin-eosin (Fig. 2A-C), Ki67 marker
(Fig. 2D-F), and Gomori trichrome (Fig. 2G-I). Although
MNF was abundant on Day O (control-Fig. 2A), only few
follicles were found in the CAM (Fig. 2B), with numerous
degenerated follicles observed in IVC (Fig. 2C). Moreover,
an increasing vascularization of tissue cultured for 5 days in
the CAM (Fig. 2B) was observed, which was obviously not
observed in IVC (Fig. 2C). On Day O (control-Fig. 2D), it was
possible to observe proliferating granulosa cells in growing
follicles, marked by Ki67 antibody. During culture, how-
ever, no marked cells were observed whatsoever, neither in
IVC nor in CAM-cultured grafts (Fig. 2E and F). Gomori

Table 2

Mean percentage + standard deviation and total number of primordial
and growing follicles considering only morphologically normal follicles
(MNF) in Control (Day 0) and during 5 days of culture in vitro (IVC) and in
the chorioallantoic membrane (CAM).

Treatment Day % Primordial/ MNF % Growing/MNF
Control 0 94 + 4 (600/635) 6 + 4 (35/635)
1 92 + 8(351/382) 8 + 8(31/382)
2 88 + 10 (127/146) 12 + 10 (19/146)
CAM 3 66 + 29 (110/165) 34 4+ 29 (55/165)
4 81 =+ 20 (165/194) 19 + 20 (29/194)
5 91 + 16 (91/106) 9 + 16 (15/106)
1 94 + 7 (501/540) 6 + 7 (39/540)
2 90 + 14 (314/342) 10 + 14 (28/342)
I\Ye 3 86 + 23 (379/437) 14 + 23 (58/437)
4 95 + 10 (222/226) 5+ 10 (4/226)
5 97 + 5(296/307) 34+ 5(11/307)

Table 3
Number (mean =+ standard deviation) of primordial and growing follicles
in 1 mm? of ovarian tissue.

Treatment Day Total primordial Total growing
Control 0 377 £+ 305 15+ 16
1 299 + 288 15 + 20
2 101 + 132° 13 +£23
CAM 3 86 + 1497 24 + 41
4 156 + 334 11+ 16
5 68 + 857 4+11
1 379 + 331 30 + 45
2 285 + 182 21 +£22
IvC 3 360 + 145 35 +42
4 157 + 157 8+15
5 303 + 536 10 + 16

2 Indicates significant difference from the control (Day 0) on the num-
ber of follicles (P < 0.05).

trichrome staining showed that grafts presented more and
more connective tissue fibers as they remained longer in
culture, irrespective of the system (Fig. 2G-I).

Vessels were observed in the CAM from Day 1 of culture,
but the CAM only adhered to the ovarian tissue on Day 2 of
culture. Chicken blood vessels permeating cat ovarian tis-
sue cultured in CAM were visualized on Days 4 and 5, as
confirmed by actin-o antibody, containing nucleated red
blood cells (Fig. 3).

4. Discussion

This represents the first study of the comparison of cat
ovarian tissue in IVC and in the CAM. Culture in the CAM
has been performed in mice, bovine [25,26], and humans
[11,27,28], reporting that primordial follicles survive for up
to 5 days in ovo. In the present study, primordial follicles
represented 80% to 95% of all the morphologically normal
follicles on each day of culture. However, there was a sig-
nificant reduction in the estimated number of follicles
counted on Days 2, 3, and 5 of the CAM culture compared to
Day 0 (control), showing that although the proportion of
normal primordial follicles remained constant numerous
follicles did not survive culture in ovo. This was also
observed by Gigli et al. [25], who reported a significant
decrease in the number of follicles (primordial, primary,
and secondary) both in ovarian tissue after 2 days cultured
in ovo and when cultured 2 days in ovo followed by 8 days
in vitro. Conversely, Cushman et al. [26] reported that the
number of follicles did not change during culture of bovine
ovarian tissue in the CAM. Martinez-Madrid et al. [27] re-
ported that human ovarian tissue presented an increase in
the percentage of intermediate and primary follicles after
5 days of culture in the CAM. However, their study did not
report the total number of follicles counted.

In the present study, individual variation in each graft
response was noted, especially on Days 3 and 5 of culture in
the CAM when the total number of follicles was dramati-
cally reduced in comparison to the control (Day 0) (Table 1).
Furthermore, many grafts did not present any follicles. Day
3 of CAM culture also exhibited an increase in the number
of morphologically normal (MN) growing follicles together
with a decrease in the percentage of MN primordial folli-
cles, suggesting follicle activation and development.
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Fig. 1. More frequently observed alterations in ovarian follicles in IVC and CAM culture. Dark arrows indicate the oocyte nucleus; white arrowheads indicate
nucleolus. (A) Morphologically normal primordial follicles. (B) Primordial follicle with oocyte pyknotic nucleus (dark arrowhead). (C) Primordial follicle with
retracted ooplasm. (D) Primordial follicle with ooplasm detached from granulosa cells. (E) Growing follicle detached from the surrounding stroma. (F) Primordial
follicle presenting cytoplasm vacuoles in the oocyte and detached from surrounding stroma. Bar = 10 um. CAM, chorioallantoic membrane.

However, statistical analyses did not show any significant
differences, and these results were not maintained on Days
4 and 5 of culture in the CAM.

We expected that culturing in the CAM would be more
effective because of the possibility of physiological blood
vessel growth and the possible presence of natural nutrient
factors. In fact, we observed new vascularization within the
ovarian tissue on Days 4 and 5 of culture in the CAM,
confirmed by immunohistochemistry and the presence of
avian (nucleated) red blood cells. Vascularization was
probably induced by the initial wound-healing process
caused by traumatizing the CAM before grafting [27]. This
is in accordance with the literature for human ovarian tis-
sue cultured in the CAM for the same duration [11,27].
However, the reduced number of follicles, absence of
granulosa cell proliferation, and increased connective tis-
sue fibers observed in our study suggest that this system
was not efficient to maintain or promote the development
of cat ovarian follicles.

There are several studies on angiogenesis factors pre-
sent in the CAM (reviewed by Ribatti et al. [32]), some of
which are important for follicle development, such as basic
fibroblast growth factor (bFGF) and transforming growth
factor B. Although the physiological relevance of bFGF to
ovarian function remains under investigation several lines
of evidence suggest that bFGF may play a central role in
supporting growth and development of the granulosa-
luteal cell [33]. Many growth factors from the trans-
forming growth factor B superfamily are known to play
important roles in ovarian folliculogenesis. However, little
is known about their role in cat ovaries. Transforming
growth factor B together with activin and several bone
morphogenetic proteins are involved in paracrine actions

on theca cells to attenuate LH-dependent androgen pro-
duction in small- to medium-sized antral follicles [34]. In
cats, this growth factor may act on intermediate and antral
follicle populations, by activating the Smad signaling
pathway [35]. Another growth factor present in the CAM is
insulin-like growth factor I (IGF-I) [36], which is known to
increase the sensitivity of granulosa cells to gonadotro-
phins in the mammalian ovary [37], but there are no spe-
cific studies on this growth factor for cats. It is unknown if
these growth factors present in the CAM share the same
amino acid composition as those needed for cat follicular
growth and development. Species differences may also
impact the results found in the present study. Gigli et al.
[25] suggested that the anti-Miillerian hormone present in
the chick embryonic gonads inhibits follicle activation in
mice and bovine ovarian tissue. It is possible that the same
factor is affecting the development of cat follicles in the
CAM culture, but further studies are necessary to under-
stand which other factors may influence the development
of cat ovarian tissue in the CAM.

The percentage of normal follicles in IVC reduced in
relation to the control. On Day 3 of IVC, as well as in CAM
culture, there was an increase in the percentage of growing
follicles, with a concomitant decrease in primordial folli-
cles, although it was not statistically significant. Numerous
other studies reported follicular growth in vitro in other
species. However, most of them tested different hormones/
growth factors, such as growth hormone [24,38], insulin-
like growth factor I, epidermal growth factor, bFGF
[20,22,39-41], and activin-A [24,38,42]. In cats, after a long
period without publications on this line of research, new
studies are emerging, but there is no consensus about the
best method for culturing cat preantral follicles. A recent



J.M.V. Vilela et al. / Theriogenology 86 (2016) 1774-1781 1779

Fig. 2. Vascularization, Ki67, and Gomori trichrome in IVC and CAM culture of cat ovarian tissue. (A), (B), and (C): Vascularization of ovarian tissue on Day
0 (control-A) and Day 5 in CAM-culture (B) and IVC (C). Ovarian follicles were rarely observed after 5 days of culture in CAM; (D), (E), and (F): Cellular pro-
liferation marked with Ki67 antibodies on Day 0 (control-D) and Day 4 of CAM-culture (E) and IVC (F). Proliferating granulosa cells stained in brown; (G), (H), and
(I): Gomori trichrome staining. Control (G-Day 0) and Day 4 of CAM culture (H) and IVC (I). Cell nuclei stained in purple; blood vessels stained in red, and
connective tissue fibers stained in blue. Bars = scale in pm. CAM, chorioallantoic membrane. (For interpretation of the references to color in this figure legend, the

reader is referred to the Web version of this article.)

study reported that 85% of preantral follicles included in
the ovarian tissue of domestic cats, Northern Chinese
leopards and African lions were shrunken after 14 days of
IVC [23]. The aforementioned study also reported a

significant reduction in the number of counted follicles
during culture. The culture medium used by the authors
was the same as described by Telfer et al. [42], who re-
ported that more than 90% of the follicles presented signs

Fig. 3. Vessels marked by actin-o. permeating the ovarian tissue. (A) Chicken blood vessels (black arrows) permeating primordial follicles (white arrowheads) in
cat ovarian tissue on Day 4 of culture in the CAM. (B) Nucleated blood cells inside the vessel (black arrow) next to a secondary follicle (white arrowhead) on Day 4

of culture in the CAM. CAM, chorioallantoic membrane.
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of oocyte degeneration in human ovarian tissue cultured
without activin for 4 days. Thus, it is possible that the
media used in our experiments and in the literature [23]
were not adequate to support the development of cat fol-
licles. Because information on early folliculogenesis in cats
is scarce [35,43], it is difficult to develop an adequate
culture medium.

Although results of the CAM culture and IVC did not
differ statistically, the CAM culture showed a much lower
number of follicles than IVC in the present study. Moreover,
the variation and the number of grafts that did not present
any follicles were also higher in CAM culture. These results
suggest that IVC is a better option to assess follicle survival
and early development than CAM. When Isachenko et al.
[28] compared CAM-culture and autografting of human
ovarian tissue after freezing, they observed that 88% of the
primordial follicles degenerated after 5 days of CAM cul-
ture, whereas autografted ovarian tissue re-established
spontaneous menstrual cycle and raised serum 17-8
estradiol from 19 to 330 pg/mL within 5 months. Auto-
grafting and xenografting of ovarian tissue have also shown
promising results in other studies [44-46].

In conclusion, neither of the systems was capable of
promoting follicle growth and development. The results of
this study show that the CAM is not a suitable system for
culturing feline ovarian tissue and highlight the necessity
to improve IVC systems in cats.
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