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RESUMO

O objetivo deste estudo foi avaliar o potencial de anticorpos anti-zona peldcida para a
imunoesterilizacdo de cdes, através da andlise da capacidade de antisoro produzido por
imunizacdo de coelhos com zona pellcida porcina (pZP) de promover a atresia de
foliculos pré-antrais (FOPA). Para este propdsito, utilizou-se a biotécnica de
manipulacdo de odcitos inclusos em foliculos pré-antrais para se estabelecer um modelo
experimental in vitro, compreendendo métodos de preservacdo e cultivo in vitro de
FOPA caninos. Na Fase I, avaliaram-se os efeitos da temperatura (4, 20 ou 38°C), meio
(salina fisiologica ou Meio Essencial Minimo — MEM) e tempo (2, 6, 12 ou 24 h) de
armazenamento sobre a morfologia e viabilidade folicular. As técnicas de histologia
classica e microscopia eletronica de transmissdo, e a analise de viabilidade utilizando-se
Azul de Tripan e marcadores fluorescentes (calceina-AM e etidio homodimero-1) foram
utilizadas para essa finalidade. O uso de MEM a 4°C apresentou-se como 0 método
mais eficiente, possibilitando a preservacdo de percentuais de foliculos vidveis com
ultraestrutura integra similares ao controle fresco por até 12 h. Na Fase Il, avaliou-se a
eficiéncia dos crioprotetores dimetil sulfoxido, etileno glicol, glicerol e 1,3-propanodiol
para a criopreservacdo de FOPA caninos através de congelagéo lenta. Observou-se que
o dimetil sulfoxido (DMSO) na concentracdo de 1,5 M possibilitou a preservacdo dos
maiores percentuais de FOPA vidveis e com ultra-estrutura intacta apds a
descongelacdo. Na fase Ill, avaliou-se o efeito de soro anti-pZP sobre a viabilidade de
FOPA caninos cultivados in vitro durante 24 h, e também sobre a ligacdo de
espermatozdides caninos a o6ocitos homdlogos. Utilizaram-se FOPA frescos ou
criopreservados com 1,5 M DMSO, que apresentaram resultados similares. Observou-se
que a adicdo de 10% de soro anti-pZP ao meio de cultivo ndo teve efeito sobre foliculos
com didmetro inferior a 100 um em relagéo aos controles (auséncia de soro ou adi¢édo de
10% de soro pré-imune). Entretanto, o soro anti-pZP causou a atresia de FOPA com
didmetros superiores a 100 um, conforme avaliado com calceina-AM e etidio
homodimero-1. Este soro a 10% mostrou-se capaz também de inibir a ligacdo de
espermatozdides a zona pellcida canina. Desta forma, demonstrou-se in vitro o
potencial do soro anti-pZP para a imunoesterilizacédo (atraves da eliminacdo de FOPA) e
para a imunocontracepcdo (através do bloqueio da ligacdo de espermatozoides aos
odcitos) de caes.

Palavras-chave: Imunocontracepg¢éo. Zona pelucida. Foliculos pré-antrais. Cées.



ABSTRACT

The aim of this study was do evaluate the potential of anti-zona pellucida antibodies for
immunosterilization in dogs, through analyzing the capability of anti-porcine zona
pellucida (pZP) antibodies to cause atresia of preantral follicles (PF). For this purpose,
the biotechnique of manipulation of oocytes enclosed in preantral follicles was
employed to establish an in vitro experimental model, comprising preservation and in
vitro culture methods for canine PF. In Phase I, the effects of storage temperature (4, 20
ou 38°C), medium (saline solution or Minimum Essential Medium — MEM) and time (2,
6, 12 ou 24 h) on follicular morphology and viability were evaluated. Classical
Histology and transmission electron microscopy, and viability analysis using Trypan
Blue and fluorescent labels (calcein-AM and ethidium homodimer-1) were used.
Storage in MEM at 4°C was the most efficient method, which enabled preservation of
the percentages of viable follicles with intact ultrastructure similar to the fresh control
for up to 12 h. In Phase Il, the efficiency of the cryoprotectants dimethyl sulfoxide,
ethylene glycol, glycerol and 1,2-propanediol for the cryopreservation of canine PF
through slow freezing was assessed. It was observed that dimethyl sulfoxide (DMSQO) at
1.5 M provided the preservation of the highest percentages of viable PF with intact
ultrastructure after thawing. In phase Il1, the effects of anti-pZP serum on viability of
canine PF cultured in vitro for 24 h, and also on canine sperm binding to homologous
oocytes was evaluated. Fresh PF as well as PF cryopreserved in 1.5 M DMSO were
used and results between then were similar. Supplementation of culture medium with
10% anti-pZP serum had no effect on follicles smaller than 100 um as compared to
controls (absence of serum or supplementation with pre-immune serum). However, anti-
pZP serum led PF with diameter larger than 100 um to degenerate, as detected using
calcein-AM and ethidium homodimer-1. Anti-pZP serum also blocked sperm binding to
canine ZP. In conclusion, it was demonstrated in vitro the potential of anti-pZP serum
for immunosterilization (through induction of atresia to PF) and for
immunocontraception (through sperm binding blocking) in dogs.

Keywords: Immunocontraception. Zona pellucida. Preantral follicles. Dogs.



Capitulo |

LISTA DE FIGURAS

Figural. Esguema representativo do processo reprodutivo.

Capitulo 11

Figura 1.

Figura 2.

Figura 3.

Figura 4.

Figura 5.
Figura 6.

Figura 7.

Figura 8.

Figura 9.

Capitulo 111

Figura 1.

Figura 2.

Design of experiment 1.

Histological features of stored canine ovarian fragments.

Effects of medium, temperature and time of storage on the
percentages of morphologically normal canine preantral
follicles.

Electron micrographs of normal follicles from control group and
stored in MEM at 4°C for 12 h.

Ultrastructure of follicles stored in MEM at 4°C for 24 h.
Electron micrographs of follicles stored in saline solution at 4°C
for 24 h.

Viability assessment of canine preantral follicles using trypan
blue dye exclusion test.

Viability assessment of canine preantral follicles using
fluorescent probes.

Percentages of viable canine preantral follicles in fresh ovaries
and after storage in MEM at 4°C for 12 h or 24 h as assessed by
trypan blue dye exclusion test and labeling with calcein-AM and

ethidium homodimer.

Percentages of morphologically normal preantral follicles in
ovarian tissue before (control) and after exposure and freezing-
thawing tests in medium containing 1.5 M EG or GLY.

Electron micrographs of canine preantral follicles from control
and frozen-thawed using 1.5 M EG or GLY.

43

63

67

68

70
71

72

73

76

77

90

93



Capitulo 1V

Figura 1.

Figura 2.

Figura 3.

Figura 4.

Figura 5.

Capitulo V

Figura 1.

Figura 2.

Figura 3.

Figura 4.

Histological features of canine ovarian fragments before and
after freezing-thawing with 1.5 M DMSO or PROH.

Percentages of morphologically normal preantral follicles in
ovarian tissue before (fresh control) and after exposure and
freezing-thawing tests in medium containing 1.5 M DMSO or
PROH or without cryoprotectants (exposure and freezing
controls).

Electron micrographs of canine preantral follicles from control
and frozen-thawed using 1.5 M DMSO or PROH.

Viability assessment of canine preantral follicles using
fluorescent probes.

Percentages of viable canine preantral follicles in fresh ovaries
and after exposure and freezing-thawing using 1.5 M DMSO as
assessed by trypan blue dye exclusion test and labeling with

calcein-AM and ethidium homodimer.

Percentages of viable canine preantral follicles before (fresh
control time O h) and after in vitro culture for 24 h with in
medium containing no serum or 10% pre-immune serum
(control) or anti-pZP.

Viability evaluation of canine preantral follicles using
fluorescent probes.

Assessment of anti-pZP antibodies ability to inhibit canine
oocyte-sperm interaction.

Assessment of the contraceptive efficiency of anti-porcine zona
pellucida (pZP) antibodies in dogs using an in vitro test for

canine sperm binding to homologous ZP.

108

109

111

113

114

128

129

130

131



Capitulo 11

Tabela 1.

Capitulo 111

Tabela 1.

Capitulo 1V

Tabela 1.

LISTA DE TABELAS

Percentages (viable/total) of viable canine preantral follicles in

control and after storage.

Degenerated preantral follicles (%) in control and after exposure

and freezing-thawing tests.

Percentages of viable follicles in the fresh control and after
exposure to cryoprotectants and slow freezing-thawing as

assessed using trypan blue.

74

91

112



LISTA DE ABREVIATURAS E SIGLAS

A Antro

ANOVA Analysis of variance (Analise de variancia)

ATP Adenosina trifosfato

bm basement membrane (membrana basal)

BrdU Bromo-deoxiuridina

BSA Bovine serum albumin (Albumina sérica bovina)

CAPES Coordenacéo de Aperfeicoamento de Pessoal de Nivel Superior
CCz Centro de Controle de Zoonoses

CG Células da granulosa

CGP Células germinativas primordiais

CNPq Conselho Nacional de Desenvolvimento Cientifico e Tecnoldgico
CT Células da teca

DMSO Dimetilsulfoxido

DNA Deoxyribonucleic acid (Acido desoxirribonucléico)

EG Etilenoglicol

er endoplasmic reticulum (reticulo endoplasmatico)

FOPA Foliculo ovariano pré-antral

FSH Follicle stimulating hormone (Horménio foliculo estimulante)
GC Granulosa cells (Células da granulosa)

GLY Glycerol (glicerol)

GnRH Gonadotrophin releasing hormone (Horménio liberador de gonadotrofinas)
h Horas

HC Histologia cléssica

HE Hematoxilina-eosina

ICC Instituto Central de Ciéncias

IVM In vitro maturation (maturagao in vitro)

IZW Institut for Zoo and Wildlife Reseach

I Lipid droplet (gota lipidica)

L Litro

LAMOFOPA Laboratorio de Manipulacdo de Oocitos e Foliculos Ovarianos Pré-
Antrais



LFCR
M
MEM
mL
mM
MNPF

MOIFOPA
MRNA
n
NUBIS
PAS
PBS
PROH
pZP
OMS
RT

sC
SEM
SNK
B
TEM

UECE
UFC
UnB

ZP
Mg
ML
pm
UM
°C

Laboratdrio de Fisiologia e Controle da Reproducao
Molar

Meio essencial minimo

Mililitro

Milimolar

Morphologically normal preantral follicles (Foliculos pré-antrais
morfologicamente normais)

Manipulacdo de odcitos inclusos em foliculos pré-antrais
Acido ribonucléico mensageiro

namero de amostras

Nucleo de Biotecnologia de Sobral

Periodic Acid Schiff (Acido periddico de Schiff)
Phosphate-buffered saline (Salina tamponada com fosfato)
1,2-Propanediol (1,2-Propanodiol)

Zona pelucida porcina

Organizacdo Mundial da Saude

Room temperature (temperatura ambiente)

stromal cells (células do estroma)

Standard error of the mean (Erro padrdo da média)
Student-Newman-Keuls

Trypan Blue (Azul de Tripan)

Transmission Electron Microscopy (Microscopia Eletronica de
Transmissao)

Universidade Estadual do Ceara

Universidade Federal do Ceara

Universidade de Brasilia

Vesicles (vesiculas)

Zona pellucida (Zona pelucida)

Micrograma

Microlitro

Micrémetro

Micromolar

Graus Celsius



SUMARIO

1. INTRODUCAO

2. REVISAO DE LITERATURA
2.1 A superpopulacéo de cdes
2.2 Contracepcdo para cadelas
2.3 Imunocontracepcao
2.4 Ovario mamifero
2.5 Oogénese e foliculogénese
2.6 Populagéo folicular ovariana
2.7 A biotécnica de MOIFOPA
2.8 Preservacdo de FOPA durante o transporte de ovarios
2.9 Criopreservagéo

2.10 Cultivo in vitro de foliculos ovarianos

3. JUSTIFICATIVA
4. HIPOTESES CIENTIFICAS
5. OBJETIVOS

6. CAPITULO I
Imunocontracep¢do em mamiferos com énfase no controle populacional de
caes

7.CAPITULO II
Preservacéo de foliculos pré-antrais caninos por periodos curtos: efeitos da
temperatura, meio e tempo

8. CAPITULO 111
Criopreservacao de foliculos pré-antrais caninos utilizando-se etilenoglicol e
glicerol

9. CAPITULO IV
Criopreservacao bem-sucedida de foliculos pré-antrais caninos utilizando-se
dimetil sulfoxido e 1,3-propanodiol

16

18

19

20

23

23

24

25

26

27

32

35

37

38

39

58

83

99



10. CAPITULO V

Potencial de anticorpos anti-zona pellcida para a imunoesteriliza¢do de cées:
efeitos sobre foliculos pré-antrais in vitro

11. CONCLUSOES

12. PERSPECTIVAS

13. REFERENCIAS BIBLIOGRAFICAS

121

138

139

140



105

wax and serially sectioned at 7 ym. Every fifth section was mounted on glass slides,
stained with periodic acid Schiff (PAS)-hematoxylin and evaluated by light microscopy
at a 400x magnification (Zeiss, Germany). Preantral follicles were defined as an oocyte
surrounded either by one layer of flattened or cuboidal granulosa cells, or several
layers of cuboidal granulosa cells with no antrum. Follicular morphology was evaluated
based on the integrity of the oocyte, granulosa cells and basement membrane.
Preantral follicles were classified and counted as (i) morphologically normal, when
containing an oocyte with regular shape and uniform cytoplasm, and organized layers
of granulosa cells, or (ii) degenerated, when the oocyte exhibited pycnotic nucleus
and/or ooplasma shrinkage, and occasionally granulosa cells layers became
disorganized, detached from the basement membrane and/or included enlarged cells.
To avoid evaluating and counting a follicle more than once, preantral follicles were

analyzed only in the sections where oocyte nucleus was observed.

Ultrastructural analysis

In order to better examine follicular morphology, TEM was performed to analyze
ultrastructure of preantral follicles from the control as well as from treatments that did
not differ statistically from control in histology. A portion with a maximum dimension of
1 mm?® was cut from each fragment of ovarian tissue and fixed in modified Karnovsky
solution (2% paraformaldeyde and 2% glutaraldeyde in 0.1 M sodium cacodylate buffer
pH 7.2) for 3 h at room temperature (RT, approximately 25°C). After three washes in
sodium cacodylate buffer, specimens were post-fixed in 1% osmium tetroxide, 0.8%
potassium ferricyanide and 5 mM calcium chloride in 0.1 M sodium cacodylate buffer
for 1 h at RT. The samples were then dehydrated through a gradient of acetone
solutions and thereafter embedded in Spurr's epoxy resin. Afterwards, semi-thin
sections (3 ym) were cut, stained with toluidine blue and analyzed by light microscopy
at a 400x magnification. Ultra-thin sections (60-70 nm) were obtained from preantral
follicles classified as morphologically normal in semi-thin sections, according to the
criteria adopted in histology. Subsequently, ultra-thin sections were contrasted with
uranyl acetate and lead citrate, and examined under a Jeol 1011 (Jeol, Tokyo)

transmission electron microscope operating at 80 kV.

Assessment of preantral follicles viability

Canine preantral follicles were isolated from ovarian fragments using the

mechanical method described by Figueiredo et al. (1993). Briefly, using a tissue
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chopper (The Mickle Laboratory Engineering Co., Gomshal, Surrey, UK) adjusted to a
sectioning interval of 87.5 ym, samples were cut into small pieces, which were placed
in MEM and suspended 40 times using a large Pasteur pipette (diameter of about 1600
pm) and subsequently 40 times with a smaller Pasteur pipette (diameter of
approximately 600 um) to dissociate preantral follicles from stroma. The obtained
material was passed through 500- and 100-um nylon mesh filters, resulting in a
suspension containing preantral follicles smaller than 100 pm in diameter. This
procedure was carried out within 10 min at RT.

Thereafter, viability of preantral follicles was assessed through trypan blue dye
exclusion test (Jewgenow et al., 1998). Briefly, 10 pl of 0.4% trypan blue (Sigma,
Deisenhofen, Germany) were added to 90 ul of the suspension of isolated preantral
follicles, which were examined using an inverted microscope after incubation for 5 min
at RT. Follicles were classified as viable if the oocyte and <10% granulosa cells
remained unstained, or as non-viable if uptake of the dye by the oocyte and/or 210%
granulosa cells occurred.

Preantral follicles were also analyzed using a two-color fluorescence cell
viability assay based on the simultaneous determination of live and dead cells by
calcein-AM and ethidium homodimer-1, respectively. Whilst the first probe detected
intracellular esterase activity of viable cells, the later labeled nucleic acids of non-viable
cells with plasma membrane disruption. The test was performed by adding 4 uM
calcein-AM and 2 pM ethidium homodimer-1 (Molecular Probes, Invitrogen, Karlsruhe,
Germany) to the suspension of isolated follicles, followed by incubation at 37°C for 10
min. After being labeled, follicles were washed three times in MEM and mounted on a
glass microscope slide in 5 pl antifading medium (DABCO, Sigma, Deisenhofen,
Germany) to prevent photobleaching, and finally examined using an a DMLB
fluorescence microscope (Leica, Germany). The emitted fluorescent signals of calcein-
AM and ethidium homodimer were collected at 488 and 568 nm respectively. Oocytes
and granulosa cells were considered live if the cytoplasm was stained positively with

calcein-AM (green) and chromatin was not labelled with ethidium homodimer (red).

Statistical analysis

All experiments were replicated five times. Kolmogorov-Smirnov and Bartlett's
tests were applied to verify normal distribution of data and homogeneity of variances
respectively. Afterwards, analysis of variance (ANOVA) was performed using the GLM
procedure of the software SAS (SAS Institute Inc., Cary, NC, USA). Differences of

percentages of morphologically normal preantral follicles (MNPF) and viable follicles
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between control and treatments were determined by Dunnett’s test. Student Newman
Keuls’ (SNK) test was used to compare results among testing groups. Data were
expressed as means + standard error of means (SEM). Differences were considered

statistically significant when P <0.05.

Results

Experiment 1: Morphological evaluation of follicles after exposure to cryoprotectants

and freezing-thawing

A total of 1079 preantral follicles were examined in histology, with a range of
145 to 171 in each treatment. Morphologically normal preantral follicles (MNPF) in
control as well as after exposure to cryoprotectants and freezing-thawing exhibited a
spherical or elliptical oocyte with a large central or eccentric nucleus and uniform
cytoplasm. Granulosa cells without pycnotic nuclei were well-organized in layers
surrounding the oocyte and a distinguishable intact basement membrane could be
observed (Fig. 1a-c). Degenerated follicles showed a retraced oocyte with or without a
pycnotic nucleus, and occasionally a strongly eosinophilic cytoplasm (Fig. 1d). Layers
of granulosa cells remained unaltered or became disorganized into a low density mass
of cells which were many times swollen and/or detached from basement membrane.
Occurrence of pycnotic bodies in granulosa cells or rupture of the basement membrane
was not observed.

The percentages of MNPF observed in the control and after the exposure and
freezing-thawing tests are shown in figure 2. Immersion of ovarian fragments into the
cryopreservation medium, which contained either DMSO or PROH at 1.5 M had no
effect on the percentages of normal follicles as compared with the fresh control
(P>0.05). Similarly, freezing-thawing with either cryoprotectant maintained the
percentages of MNPF (P >0.05). Nevertheless, the absence of cryoprotectants in the
freezing medium (freezing control) led to a severe decrease of the percentages of
normal follicles (22%) as compared with the fresh control (90%) and freezing with
DMSO (84%) or PROH (80%) (P <0.05). For both cryoprotectants, it was observed that
percentages of MNPF after freezing-thawing were similar to the values obtained after
the exposure test (P <0.05).
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Fig. 1. Histological features of canine ovarian fragments before (a) and after freezing-
thawing with 1.5 M DMSO (b) or PROH (c, d). Morphologically normal preantral follicles
comprised an oocyte displaying a large nucleus (nu) and homogenous cytoplasm
surrounded by one or more layers of flattened or cuboidal granulosa cells (gc) and
without antrum (a, b and c). Degenerated preantral follicles often displayed oocyte
retraction (d, arrow) and disorganization of granulosa cell layers. Scale bars represent
10 um (a, b and ¢) or 20 pym (d). PAS-hematoxilin.
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Fig. 2. Percentages of morphologically normal preantral follicles in ovarian tissue
before (fresh control) and after exposure and freezing-thawing tests in medium
containing 1.5 M DMSO or PROH or without cryoprotectants (exposure and freezing
controls). (*) Differs significantly from the control (P <0.05); (a, b) different letters for the
same test denote significant differences between media (P <0.05); (A, B) different
letters for a given medium indicates significant differences among exposure and post-

thawing values (P <0.05).

Ultrastructural analysis

TEM of frozen-thawed preantral follicles was performed in order to assess the
ultrastructure of follicles classified as normal at the histological level. At least five
follicles per group were analyzed. Normal follicles contained an oocyte displaying a
very homogenous cytoplasm plenty of round shaped mitochondria with continuous
membranes, few peripheral cristae and electron-dense granules. Some elongated
forms with parallel cristae could also be seen. Small Golgi apparatus cisternae were
rarely observed. Smooth and rough endoplasmic reticulum were present, either as
isolated aggregations or as complex associations with mitochondria. The nuclei of
oocytes were large and usually round, well delimited by the nuclear envelope. The
chromatin was uncondensed and a nucleolus could often be identified. A few vacuoles
were also observed. Granulosa cells were small and presented a high nucleus-to-
cytoplasm ratio. Their irregularly shaped nuclei contained loose chromatin in the inner
part and small peripheral aggregates of condensed chromatin. The cytoplasm exhibited

a great number of mitochondria and well-developed smooth and rough endoplasmic
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reticulum. The cellular membranes of oocyte and surrounding granulosa cells were
closely juxtaposed, and sometimes few short microvilli could be observed. A distinct
continuous basement membrane surrounded follicles and was tightly attached to
ovarian stroma (Fig. 3a-c).

The ultrastructural pattern described above was observed in normal follicles
from control, after exposure to either cryoprotectants and freezing-thawing with DMSO.
When PROH was used for freezing, despite some follicles displayed normal
morphology, changes could be detected in follicles evaluated as normal in semi-thin
sections by light microscopy. The ooplasm presented a reduced electron density and
lower numbers of organelles, heterogeneously distributed in small clusters. Some large
vacuoles could also be seen. In granulosa cells, loss of cytoplasm content was noticed,

leading to the existence of very large empty spaces in some cases (Fig 3c).

Experiment IlI: Viability assessment of follicles exposed to cryoprotectants and frozen-

thawed

Preantral follicles from ovarian fragments of the control and testing groups were
mechanically isolated and viability was assessed by trypan blue dye exclusion test. A
total of 1,289 follicles were examined, with a range of 152 to 200 in each treatment.

The percentages of viable follicles observed in each treatment are presented in table 1.



111

Fig. 3. Electron micrographs of canine preantral follicles from control (a) and frozen-
thawed using 1.5 M DMSO (b, d) or PROH (c). In Fig. 3a (2500x%, scale bar= 10 um)
and 3b (6000x, scale bar= 5 pm), normal follicles containing an oocyte with
homogenous cytoplasm and a large nucleus well delimited by the nuclear envelope are
displayed. A nucleolus could often be identified (nu), as well as a continuous basement
membrane (bm). In Fig. 3c (2500x, scale bar= 10 um), observe the large vacuoles
(arrowheads) and a large empty space (asterisk) after freezing-thawing with PROH. In
Fig. 3d (6000x, scale bar= 5 ym), note the great number of intact mitochondria (m) and
smooth endoplasmic reticulum (ser) in the cytoplasm of an oocyte and surrounding
granulosa cells cryopreserved using DMSO. O, oocyte; GC, granulosa cells; v,

vacuole.
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Table 1. Percentages of viable follicles in the fresh control and after exposure to

cryoprotectants and slow freezing-thawing as assessed using trypan blue.

Treatments Exposure Freezing-thawing
Fresh control 77.68+2.89
No cryoprotectant 75.821+2.62aA 5.94+2.82*cB
1.5 M PROH 73.2443.35aA 48.74+4.55*bB
1.5 M DMSO 73.76+2.63aA 65.68+1.66*aB

(*) Differs significantly from control (P <0.05); (a, b, c) different letters denotes
significant difference between values within a column (P <0.05); (A, B) different letters

indicate significant difference between values of a row (P <0,05).

Immersion of ovarian fragments into 1.5 M DMSO or 1.5 M PROH had no effect
on the percentages of viable follicles as compared with the fresh and test control
(medium without cryoprotectant) (P >0.05). Nevertheless, freezing in either 1.5 M
DMSO or 1.5 M PROH and rapid thawing resulted in a significant reduction of the
percentages of viable follicles in relation to the fresh control (P <0.05), which were
higher on the use of DMSO than when PROH was employed (P <0.05). The absence
of cryoprotectants in the freezing medium (cryopreservation control) led to a severe
and significant decrease of the percentages of viable follicles in comparison with the
fresh control and with freezing with DMSO or PROH. For both cryoprotectants, it was
observed that percentages of viable follicles after freezing-thawing were significantly
decreased as compared with the values obtained after the exposure test.

Based on the results of morphological evaluation (experiment 1) and viability
assessment with trypan blue, which evidenced that freezing-thawing using 1.5 M
DMSO provides preservation of ultrastructure and higher percentages of viable follicles
than PROH, a second viability trial using the former cryoprotectant was performed. In
addition to trypan blue testing, a fluorescence cell viability assay based on labelling of
live and dead cells by calcein-AM and ethidium homodimer-1, respectively, was

employed (Fig. 4).
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(a)

Fig. 4. Viability assessment of canine preantral follicles using fluorescent probes. (a)
An isolated preantral follicle classified as viable after slow freezing- rapid thawing with
1.5M DMSO, since cells were labeled by calcein-AM (b) (green fluorescence). (c)
Another follicle from the same treatment considered non-viable as cells were marked

with ethidium homodimer-1 (d) (red fluorescence). Scale bars represent 10 pm.

Percentages of viable follicles remained unaltered after exposure of ovarian
cortex fragments to 1.5 M DMSO in comparison to the control (P >0.05) as assessed
by trypan blue and calcein-AM/ethidium homodimer assays, whose values did not differ
from each other (P >0.05). However, a significant reduction in the percentages of
viable follicles relative to the fresh control and exposed fragments was observed after
freezing-thawing according to the two viability tests, which once more retrieved similar

results (Fig.5).
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Fig. 5. Percentages of viable canine preantral follicles in fresh ovaries and after
exposure and freezing-thawing using 1.5 M DMSO as assessed by trypan blue dye
exclusion test and labeling with calcein-AM and ethidium homodimer. (*) Differs
significantly from control (P <0.05); (a, b) different letters within the same test
(exposure or freezing-thawing) denote significant differences between values of the
viability assays (P <0.05); (A, B) different letters for a same viability assay indicates

significant differences between tests (P <0.05).

Discussion

The present study evaluated for the first time the cryopreservation of canine
preantral follicles through slow freezing, employing DMSO and PROH as
cryoprotectants. It was demonstrated that viability and ultrastructural integrity of such
follicles can be successfully maintained with the use of 1.5 M DMSO.

Exposure of ovarian fragments to either DMSO or PROH at 1.5 M did not cause
reduction of the percentages of MNPF follicles as evaluated in histology, and
ultrastructural analysis through TEM confirmed the integrity of such follicles.
Accordingly, Lucci et al. (2004) also observed no effect of such cryoprotectants at the
same concentrations on bovine preantral follicles. On other hand, caprine (Rodrigues
et al., 2004) and ovine (Santos et al., 2006) ovarian tissue exposed to 1.5 M DMSO or
PROH at similar conditions (temperature and time) showed a significant reduction of
the percentage of normal preantral follicles. Indeed, an osmotic stress due to the

presence of cryoprotectants in the freezing medium is one of the primary theories of
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injury during cryopreservation, whilst the inherent toxicity of these compounds is also
an important consideration (Mullen et al., 2008). We hypothesize that these differences
reflect a species-specific resistance of preantral follicles enclosed in ovarian cortex to
exposure to DMSO and PROH at 1.5 M.

After freezing and thawing with either cryoprotectants, percentages of MNPF
also remained unchanged as evaluated by histology. However, TEM revealed
alterations in the ultrastructure of follicles frozen with PROH which were previously
evaluated as normal in histology. Therefore, TEM proved to be an essential tool to
detect damage due to the freezing-thawing process which can be observed only at the
ultrastructural level but not through light microscopy. The most severe damage
observed was made up of large empty spaces not surrounded by membranes. This
feature suggests the occurence of crystallization, and was also observed in glycerol-
frozen ovine embryos (Cocero et al., 2002). This relative inefficiency of PROH to
protect canine preantral follicles during freezing-thawing may be due to the fact that its
ability to prevent ice-crystal formation is limited at 1.5 M (Jain and Paulson, 2006).
Similarly, integrity of caprine (Rodrigues et al., 2004) and bovine (Lucci et al., 2004)
preantral follicles cryopreserved in 1.5 M DMSO was confirmed, whilst similar
modifications were found in follicles frozen-thawed with 1.5 M PROH.

Notwithstanding previous studies on cryopreservation of preantral follicles
provided important knowledge on this issue, most approaches were limited to analysis
of morphology, which is not always correlated with the viability of follicles (Santos et al.,
2007). Therefore, in the present work, we further analyzed the quality of follicles
through assessment of viability using the trypan blue dye exclusion test. After exposure
to either DMSO or PROH at 1.5 M, percentages of viable follicles remained similar to
those of the controls. Accordingly, Jewgenow et al. (1998) demonstrated that adding
these cryoprotectants at the same concentrations to isolated feline small preantral
follicles did not result in decrease of viability after in vitro culture in comparison to the
control. Amorim et al. (2004) observed that only exposure to DMSO or PROH at
concentrations higher than 2 M and 1.5 M respectively reduced the numbers of viable
preantral follicles isolated from ovine ovaries. Thus, our results show that addition of
DMSO or PROH at up to 1.5 M to canine ovarian tissue affects neither the integrity nor
the viability of preantral follicles as a consequence of osmotic and toxic effects of the
freezing solution.

When post-thaw viability of follicles was examined, a significant decrease was
found with the use of both cryoprotectants in comparison to the fresh control. However,
a high percentage (65%) of viable follicles was maintained through the employment of
1.5 M DMSO, whilst PROH did not show a comparable efficiency for follicular
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preservation, which might be due to the ultrastructural damages detected in the
morphological analysis. In accordance, Jewgenow et al. (1998) showed that viability of
isolated feline preantral follicles was also reduced after freezing-thawing with either 1.5
M DMSO or PROH. Conversely, Rodrigues et al. (2005) observed that
cryopreservation using 1.5 M DMSO or PROH had no effect on viable caprine preantral
follicles, and this outcome was also achieved with ovine follicles after using 1.5 M
DMSO (Amorim et al., 2007). Hence, we suggest that carnivore preantral follicles are
less resistant to freezing-thawing with these cryoprotectants at 1.5 M than their
counterparts from small ruminants.

Percentages of viable follicles were much lower than those of morphologically
normal follicles in every treatment. This proves that a more precise determination of the
proportions of follicles with adequate quality for subsequent applications such as in
vitro culture may rely on viability assessment. In this context, we have further analyzed
follicles cryopreserved in DMSO using a more accurate method. For this purpose,
labeling of non-viable cells with disruption of plasma membrane was performed again
by using ethidium homodimer-1, which enabled a better visualization of dead cells
through fluorescent staining of nuclei. Concomitantly, identification of viable cells was
performed through detection of esterase activity with calcein-AM. These fluorescent
probes have been successfully used to assess viability of bovine early-staged follicles
(Schotanus et al.,1997; Van den Hurk et al., 1998) and after cryopreservation of
caprine preantral follicles (Santos et al., 2006, 2007). In the present study, results of
this assay were similar to values observed with trypan blue testing, which thus proved
to be a reliable, practical and quick method for preliminary viability assessment of
preantral follicles. Accordingly, Poeschmann et al. (2008) observed a significant
correlation between both methods while analyzing viability of feline preantral follicles.

Despite a significant decrease of viable follicles was observed after freezing-
thawing in the present study, we consider that preservation rates with the use of DMSO
to freeze canine preantral follicles are by this time high and can be further improved.
Since these follicles proved to not be affected by exposure to DMSO at 1.5 M at the
described conditions, concentration of this cryoprotectant could be increased up to a
threshold on which cytotoxic and/or osmotic effects are still inexistent and protection
against cryoinjuries is maximum. It must also be considered for such adjustment that
during cell dehydration, a delicate balance must be maintained between the removal of
free water that can form ice crystals and the removal of bound water, because
excessive loss of the latter results in loss of structural support to proteins and lipids

(Wright et al., 2004). The use of isolated follicles could also enhance results, since
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mammalian cells frozen in situ are more susceptible to damage caused by this process
than cells in suspension (Armitage et al., 1995; Armitage and Juss, 1996).

Once established, knowledge on cryopreservation of canine preantral follicles
could be applied to endangered canids in order to lengthen the genetic lifespan of each
rare female. To this end, development of in vitro culture systems capable to promote
growth and maturation of this vast pool of oocytes has to be accomplished. However,
at present, such systems still do not lead to normal full follicle development in non-
rodent species, for which oocyte growth is a long-term, coordinated and complex
process, and the time required to reach the mature stage is thought to be up to several
months. Currently, xenotransplantation into immunodeficient recipients seems to be
one the most promising ways for obtaining oocytes from ovaries for further exploration
of assisted reproduction techniques (Jewgenow and Paris, 2006). Ishijima et al. (2006)
transplanted canine ovarian tissue into non-obese diabetic severe combined
immunodeficient mice and observed a significant shift from primordial to primary
follicles, in which the proliferating cell nuclear antigen could be detected. In addition,
Fassbender et al. (2007) demonstrated the survival of cat ovarian cortex tissue
transplanted under the kidney capsule of athymic nude rats. Follicular development
was monitored through high-resolution ultrasonography, and cumulus oocytes
complexes could be collected and in vitro matured.

In conclusion, cryopreservation of canine preantral follicles can be
accomplished through slow freezing and rapid thawing using 1.5 M DMSO or PROH.
However, only DMSO provided maintenance of high percentages of viable follicles with
intact ultrastructure. Further studies are necessary to evaluate developmental capacity
of such follicles, which demands the establishment of in vitro culture systems or use of

transplantation approaches.
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Resumo

A superpopulacao de caes constitui um grave problema em diversas cidades do
mundo, que tem sido controlado através da eliminagdo sistematica de animais sem
responsaveis, que podem atuar como reservatérios de zoonoses. A esterilizacdo de cadelas
através de imunizagao contra as proteinas da zona pelucida (ZP), estrutura que reveste os
odcitos, € uma alternativa promissora para o controle reprodutivo desta espécie. O objetivo
deste estudo foi avaliar in vitro o potencial de um antisoro contra ZP suina (pZP) de induzir
degeneracao de foliculos pré-antrais caninos e/ou de bloquear a ligagao espermatica a ZP.
Foliculos pré-antrais foram isolados de ovarios caninos e cultivados in vitro com soro anti-
pZP. Odcitos obtidos de foliculos antrais foram tratados com o mesmo soro e co-incubados
com sémen canino de modo a se analisar a ligagao espermatica. A avaliacdo da viabilidade
apos o cultivo revelou que o soro anti-pZP foi efetivo para induzir degeneragao de foliculos
pré-antrais maiores que 100 ym, conforme comparagdo com o controle (soro pré-imune),
mas nao teve efeito sobre foliculos menores. Este processo parece envolver a ativagao do
sistema complemento sérico. Anticorpos anti-pZP também se mostraram capazes de
bloquear a ligacdo espermatica. Diante do exposto, concluimos que anticorpos anti-pZP
podem promover a eliminagao de foliculos pré-antrais caninos e inibir a ligagao espermatica,
constituindo-se, assim, uma importante perspectiva para o controle efetivo da reproducao

em caes.

Palavras-chave: Imunocontracepc¢ao, anticorpos, canino, zona pellcida, foliculos pré-antrais.
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Abstract

Overpopulation of dogs in urban areas is a critical issue worldwide, which has been
controlled by means of systematic euthanasia of unowned animals that can act as zoonoses
reservoirs. Sterilization of bitches through immunization against proteins of the zona
pellucida (ZP), the egg coat, is a promising alternative for the reproduction control in this
species. The aim of this work was to evaluate in vitro the potential of an antiserum against
porcine ZP (pZP) to cause degeneration of canine preantral follicles and/or blocking of sperm
binding. Preantral follicles were isolated from bitch ovaries and in vitro cultured with anti-pZP
serum. Oocytes from antral follicles were also obtained, treated with the same serum and co-
incubated with dog semen in order to analyze sperm binding. Viability assessment after
culture showed that anti-pZP serum was effective to induce degeneration of preantral follicles
larger than 100 ym as compared to the control (pre-immune serum), but had no effect on
smaller follicles. This process might involve activation of the serum complement system.
Anti-pZP antibodies also proved capable of blocking sperm binding. In conclusion, anti-pZP
antibodies can promote the elimination of canine preantral follicle and inhibit sperm binding,

which is an important prospect for effective control of reproduction in dogs.

Keywords: Immunocontraception, antibodies, canine, zona pellucida, preantral follicles.

Introduction

Overpopulation of dogs is a critical problem is many cities around the world, which is
characterized by the occurrence of large groups of surplus animals without a responsible
owner. Since these individuals can act as zoonoses reservoirs, health authorities perform
systematic euthanasia in order to control this subpopulation. Each year, this situation results
in millions of deaths at shelters and spending in the billions of dollars (Frank e Carlisle-Frank,
2007).

Despite efforts in recent years to identify reliable methods of pharmacologic and
chemical sterilization for dogs, surgical methods have remained the mainstay. Although
these procedures are often viewed as ‘“routine” surgeries, complications may result from
inappropriate techniques, and efforts should be made to follow good surgical and aseptic
standards (Howe, 2006). In addition, such methods can be too time consuming and
expensive to be performed on a large-scale (Kutzler e Wood, 2006), and hence are not
logistically and economically feasible to be applied to large canine populations, as is the case

in metropolis.
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In this context, immunocontraception arises as a promising perspective for the control
of reproduction in dogs. This approach consists of directing the body’s immune response
towards functionally and structurally important molecules that are involved in mammalian
reproduction. Sperm surface antigens, the zona pellucida (ZP), gonadotropins (LH and FSH)
or their receptors, and the gonadotropin releasing hormone (GnRH) have been identified and
are used as targets for immunocontraceptive vaccines in carnivores. At present, the best
contraceptive vaccines are zona pellucida based, which has been shown to cause long-

lasting contraception in several wildlife species (Jewgenow et al., 2006).

The ZP consists of an extracellular glycoprotein matrix which surrounds the
mammalian oocytes and plays fundamental roles in the fertilization process through the
regulation of sperm binding, induction of the acrossome reaction and of the block to
polyspermy (Wassarman, 2008). Active immunization against ZP proteins inhibits fertility in
many species by interfering with sperm—egg interaction during fertilization, and affecting the
growing pool of ovarian follicles. The synthesis of ZP takes place during oocyte growth.
Therefore, a immune reaction against ZP can induce destruction of early ovarian oocytes,
leading sometimes to irreversible infertility (Ringleb et al., 2004). Loss of primordial follicles is
a common outcome of the immunization against one ZP glycoprotein (ZP3), which might
occur due to the elimination of growing follicles by anti-ZP antibodies followed by accelerated

recruitment of the quiescent follicles (Aitken, 2002).

The aim of the present study was to evaluate in vitro the potential of serum containing
anti-pZP antibodies to cause degeneration of canine preantral follicles. It was also tested the

capacity of these antibodies to block canine sperm binding to homologous ZP.

Material e Methods

All chemicals were obtained from Sigma-Aldrich (Sigma Chemie GmbH, Deisenhofen,

Germany) unless stated otherwise and were of the highest purity available.

Animals and gonad collection

Ovaries and testes were obtained from dogs at the veterinary clinic of the animal
shelter of the City of Berlin (Tierheim Berlin - Tierschutzverein fur Berlin und Umgebung
Corporation e.V.). Following excision, ovaries were placed into 15 mL of HEPES-buffered

Minimum Essential Medium (MEM, osmolarity 280 mOsmol/l) at 4°C. Testes were stored at
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the same temperature without any medium. Gonads were transported to the laboratory in

thermoflasks within 4 h and then immediately processed.

Collection of oocytes, preantral follicles and spermatozoa

Ovaries were dissected in M199 containing Earle’s salts, supplemented with 3 mg/ml
BSA, 0.6 mg/ml sodium lactate, 1.4 mg/ml Hepes, 0.25 mg/ml sodium pyruvate, 0.1 mg/mi
cysteine and 0.055 mg/ml gentamicin. Grade 1 oocytes displaying an even dark ooplasm
surrounded by a multilayered cumulus cell mass were selected, vortexed for 3 min to detach

cumulus cells and then washed three times.

Canine preantral follicles were isolated using the mechanical method described by
Figueiredo et al. (1993). Briefly, using a tissue chopper (The Mickle Laboratory Engineering
Co., Gomshal, Surrey, UK) adjusted to a sectioning interval of 100 ym, ovarian cortex was
cut into small pieces, which were placed in MEM and suspended 40 times using a large
Pasteur pipette (diameter of about 1600 um) and subsequently 40 times with a smaller
Pasteur pipette (diameter of approximately 600 um) to dissociate preantral follicles from the
stroma. The obtained material was passed through 500- and 100-um nylon mesh filters,
resulting in a suspension containing preantral follicles smaller than 100 ym in diameter. This

procedure was carried out within 10 min at room temperature (RT, approximately 25°C).

Preantral follicles with a diameter of 100 to 200 um were isolated from canine ovaries
as described by Mao et al. (2004). Briefly, ovarian cortical tissue (<1 mm thickness) was
sliced from the ovarian surface, placed in HEPES-buffered a-MEM and visualized under a
dissecting microscope (SMZ 645 Nikon, Tokyo, Japan) equipped with an ocular micrometer.
Follicles were then manually isolated with a 28-gauge needle and surgical blade. Those
displaying normal morphology, no sign of oocyte retraction and well-organized layers

granulosa cells adhered to an intact basement membrane were selected.

Canine spermatozoa were obtained from caudae epididymides by mincing them in
1ml TALP medium (Tyrode’s salt solution containing 6 mg/ml BSA, 1.2 mg/ml Hepes, 1.1
mg/ml sodium lactate, 0.11 mg/ml sodium pyruvate). Sperm cells were centrifuged at 500 g
for 7 min and resuspended in 100-200ml TALP medium. After estimation of sperm
concentration and motility, a final concentration of 1 x 10° motile sperm cells/ml was
established by addition of TALP medium.
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In vitro culture of canine preantral follicles with anti-pZP serum

Serum containing anti-pZP polyclonal antibodies was produced through immunization
of rabbits as previously described by (Jewgenow et al. 2000). Canine preantral follicles
(n=2,560) were isolated as described previously and divided into two groups according to the
diameter (<100 pym or 2100 ym) and in vitro cultured with 10% pre-immune serum (control)
or anti-pZP serum. The used medium consisted of a-MEM (osmolarity: 300 mOsm/L, pH:
7.2) supplemented with 1% ITS (6.25 pg/ml insulin, 6.25 pg/ml transferrin and 6.25 ng/ml
selenium), glutamine (2 mM), hypoxanthine (2 mM) and bovine serum albumin (BSA,1.25

mg/ml).

Assessment of preantral follicles viability

Viability of canine preantral follicles was assessed before and after in vitro cultured
through a test based on the simultaneous determination of live and dead cells by calcein-AM
and ethidium homodimer-1, respectively. Whilst the former compound detected intracellular
esterase activity of viable cells, the latter marked nucleic acids in non-viable cells with
damaged plasma membrane. The test was performed by adding by adding 4 uM calcein-AM
and 2 pM ethidium homodimer-1 (Molecular Probes, Invitrogen, Karlsruhe, Germany) to
isolated follicles, followed by incubation at 37°C for 10 min. After being labeled, follicles were
washed three times in MEM, mounted on a glass microscope slide in 5 pl antifading medium
(DABCO, Sigma, Deisenhofen, Germany) to prevent photobleaching, and finally examined
using an a DMLB fluorescence microscope (Leica, Germany). The emitted fluorescent
signals calcein-AM, and ethidium homodimer were collected at 488 and 568 nm,
respectively. Oocytes and granulosa cells were considered live if the cytoplasm was stained
positively with calcein-AM (green) and chromatin was not labelled with ethidium homodimer
(red).

In vitro test for sperm binding test

Denuded oocytes were incubated for 1 h at 37.5°C with pre-immune serum (control),
anti-pZP serum (undiluted or diluted 1:10 or 1:20) or in HEPES-buffered MEM (positive
control). Afterwards, oocytes were transferred to separate insemination drops containing 400
ml of IVF medium (TALP solution containing 10mg/ml heparin) and 1 x 10° motile
spermatozoa/ml. After 18-20 h of co-incubation at 39°C in an atmosphere of 5% CO,,

oocytes were washed three times in DPBS with 3 mg/ml BSA to remove loosely attached
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spermatozoa and finally placed into DPBS supplemented with 4% (w/v) paraformaldehyde
and 0.02% (v/v) Triton-X100 for 45-60 min at 39 8C. After washing twice again, oocytes
were stained with 10mg/ml Hoechst 33258 for 45 min, mounted on slides and the number of
attached sperm heads was counted under fluorescence excitation using a DMLB Leica

Microscope (Wetzlar, Germany).

Statistical analysis

All experiments were replicated five times. Kolmogorov-Smirnov and Bartlett's tests
were applied to verify normal distribution of data and homogeneity of variances respectively.
Afterwards, analysis of variance (ANOVA) was performed using the GLM procedure of the
software SAS (SAS Institute Inc., Cary, NC, USA). Differences of percentages of viable
preantral follicles between treatments were determined by Student Newman Keuls' (SNK)
test. For the sperm binding experiments, differences between groups were assessed by the
non-parametric Mann—Whitney test. Data were expressed as means + standard error of the

mean (SEM) and differences were considered statistically significant when P <0.05.

Results
Effect of anti-pZP serum on viability of canine preantral follicles

Viability of canine preantral follicles was assessed before and after in vitro culture
through a test based on the simultaneous determination of live and dead cells by calcein-AM
and ethidium homodimer-1, respectively. Percentages of viable follicles observed in each

treatment are showed in Figure 1.
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Figure 1. Percentages of viable canine preantral follicles before (fresh control time 0 h) and
after in vitro culture for 24 h with in medium containing no serum or 10% pre-immune serum
(control) or anti-pZP. (a, b) different letters indicate significant differences (P <0.05) between

values within a follicular category (<100 ym or 2100 pm).

After in vitro culture for 24 h in medium without serum, with 10% pre-immune serum
(control) or anti-pZP serum, it was observed a significant reduction (P <0,05) of the
percentages of viable follicles with diameter smaller than 100 pm in comparison to the fresh
control (time Oh). No significant difference (P >0,05) was found among the different culture
groups (P >0,05).

With respect to the group of follicles with diameter of 100-200 ym, a significant
decrease (P <0,05) of the percentages of viable follicles was also seen after in vitro culture in
medium without serum or with either sera in comparison to the fresh control. Moreover, it
was noticed that the presence of anti-pZP serum led to a massive reduction of the
percentages of viable follicles, which were significantly lower (P <0,05) than those obtained
with the addition of pre-immune serum (control) or with culture medium alone. It is
noteworthy that along with the oocyte, no single follicular cell could survive, which is an
important outcome considering the potential of remaining granulosa cells to develop cysts
(Mahi-Brown et al., 1998). In figure 2, viable and non-viable follicles analyzed using

fluorescent labels are presented.
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Fig. 2. Viability evaluation of canine preantral follicles using fluorescent probes. (A) A follicle
in vitro cultured for 24 h with pre-immune serum (control) and classified as viable since cells
were labeled by calcein-AM (green fluorescence). The arrow indicates a thick zona pellucida
surrounding the oocyte. (B) A follicle cultured with anti-pZP serum and considered non-viable
as cells were marked with ethidium homodimer-1 (red fluorescence). Scale bars represent 20

pm.

Effect of anti-pZP antibodies on canine sperm binding to homologous oocytes

The capacity of anti-pZP antibodies to block binding of dog spermatozoa to bitch
oocytes was assessed through an in vitro test which consisted of co-incubation of oocytes
treated with pre-immune (control) or hyperimmune serum with sperm followed by counting of
Hoechst 33258 stained sperm heads bound to oocytes under a fluorescence microscope (fig.
3).
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Fig. 3. Assessment of anti-pZP antibodies ability to inhibit canine oocyte-sperm interaction.
(A) Oocyte incubated in MEM (positive control) displaying several bound spermatozoa; (B)
oocyte treated with pre-immune serum (control); (C) oocyte treated with anti-pZP serum

showing no bound spermatozoon; (D) oocyte treated with anti-pZP diluted 1:10. ZP: zona

pellucida.
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The mean numbers of bound spermatozoa bound per oocyte for each treatment are
presented in figure 4. Incubation of oocytes with pre-immune serum led to a significant
decrease (P <0,05) of the sperm binding as compared to the positive control (incubation in
MEM). Treatment of oocytes with anti-pZP serum reduced significantly the numbers of bound
sperm (P <0,05) in comparison to the test control (pre-immune serum) and to the positive
control. Conversely, anti-pZP serum diluted at 1:10 lowered (P <0,05) sperm binding in
relation to the positive control, but no significant difference (P >0,05) was found in relation to
treatment with pre-immune serum. Dilution of anti-pZP at 1:20 had no effect on numbers of

bound sperm as compared to the controls.

20 -

a
ab
15 - b
b
10 -
C
5 | i
0 [ [ [ [

Control+ Pre-immune Anti-pZP Anti-pZP Anti-pZP
serum 1:10 1:20

Number of bound spermatozoa

Fig. 4. Assessment of the contraceptive efficiency of anti-porcine zona pellucida (pZP)
antibodies in dogs using an in vitro test for canine sperm binding to homologous ZP. Bitch
oocytes were incubated with pre-immune serum (control), anti-pZP serum (undiluted or
diluted 1:10 or 1:20) or in HEPES-buffered MEM (positive control). Subsequently, oocytes
were transferred to IVF drops and co-incubated with 1 x 10° motile spermatozoa/ml for 18-20
h. After staining with Hoechst 33258, the number of attached sperm heads on each oocyte
was counted under a fluorescence microscope. (a, b, c) Different letters indicate significant
differences (P <0.05).
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Discussion

The present study demonstrates the ability of anti-ZP antibodies to cause atresia of
ovarian preantral follicles, and thus their potential to be used for the immunosterilization of
dogs. In most of the works on immunological contraception targeting ZP, including this one,
pZP glycoproteins have been used due to its high availability in abattoirs and the high degree
of homology with the ZP proteins of many mammalian species, which ensures the cross-
reactivity of produced antibodies to native zonae (Niu et al., 2006). We have used a serum
produced against purified pZP, which contained antibodies with high specificity for native
zona proteins as shown by ELISA, immunoelectrophoresis and immunohistology (Jewgenow
et al., 2000).

In order to analyze the effects of anti-pZP serum on viability of canine preantral
follicles, we used as experimental model an efficient in vitro culture system which has been
developed by our group to promote growth of preantral follicles from some mammalian
species, but it had not been employed hitherto in canine. The maintenance of high
percentages of viable follicles after culture observed in this study indicates that this system is
also suitable for canine preantral follicles. Moreover, since it enabled observations on
isolated follicles, it was possible to assess directly and exclusively the action of anti-ZP
antibodies on these structures, contributing for the elucidation of the pathogenesis of follicle
damage showed previously in studies in vivo. It has been postulated by many authors that
cytotoxic T-cell responses due to ZP immunization would be a major mechanism (Millar et
al., 1989; Rhim et al.,1992; Lou and Tung, 1993; Jackson et al., 1998; Lou et al. 2000). The
absence of immunological cells in our system indicates that antibodies can act solely for
follicle elimination. Another important aspect of the model used in this work is the possibility

of experimentation without use of animals.

Addition of anti-pZP serum to the culture medium had no effect on viability of follicles
with diameter smaller than 100 ym as compared to the use of medium alone or with 10%
pre-immune serum. However, pZP antiserum caused extensive atresia of preantral follicles
measuring 100-200 um. Since such effect was not observed when follicles of this category
were cultured in medium containing pre-immune serum (control), polyclonal anti-ZP
antibodies previously confirmed in the hyperimmune serum, and not other components, may
have accounted for this outcome. We suggest that massive binding of antibodies to the ZP
led to the activation of the cascade of serum complement proteins, which in turn resulted in
the formation of the membrane-attack complexes (Janeway et al., 2001) and subsequent
degeneration of follicular cells. This hypothesis is supported by the study of Gwatkin et al.

(1977), who localized antibodies and complement in the zonae of oocytes from infertile mice
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immunized with hamster zonae. Jackson et al. (1998) postulated that in mice, antibodies
binding to the developing ZP of growing eggs may kill oocytes via antibody-dependent cell-
mediated cytotoxicity or complement lysis. Another possible mechanism for this effect could
be the interruption of communication between oocytes and granulosa via gap junctions by
large amounts of bound antibodies as postulated by Mahi-Brown et al. (1988). However,
despite these authors observed deposit of electron-dense material at the surface of the ZP in

bitches immunized with pZP, no alterations of cell junctions were found.

The absence of effect of the anti-pZP serum on follicles smaller than 100 um might be
explained by a lower frequency of antibody binding due to lesser amounts of ZP
glycoproteins within these follicles. The zona proteins are the products of three gene families,
named ZPA, ZPB, and ZPC (Harris et al., 1994). A vast majority of follicles in this size
category comprised primordial follicles (data not presented), for which only expression of
ZPA could be detected in the cytoplasm of oocytes (Blackmore et al., 2004). Furthermore,
Barber et al. (2001) showed through ultrastructural immunohistochemistry that anti-pZP
antibodies react with zona proteins present in the golgi apparatus of canine of oocytes within
developing follicles but not when they are at the primordial stage. Conversely, follicles of the
other group (100-200 um) corresponded to mid and late secondary follicles, which present
peak mRNA transcription for ZPC, in addition to ZPA and ZPB expression (Blackmore et al.,
2004). A comparable sequential ZP expression pattern was also described by Jewgenow
and Fickel (1999) in cats, for which ZPB gene transcripts were firstly present in primary
follicles, whilst ZPA and ZPC were detectable only from transition to secondary stage

onwards.

We also suggest as a reason for the inability of anti-pZP serum to cause
degeneration to smaller follicles that the affinity of the present antibodies may be higher or
even specific to the ZP glycoproteins synthesized by late secondary follicles. Blackmore et
al. (2004) showed through probing canine ovarian tissue with a panel of lectins that patterns
of glycosylation of zona proteins occurs in a developmentally specific manner. Residues of a-
mannose were weakly labeled in granulosa cells of primary follicles and strongly labeled in
the ZP and in surrounding granulosa cells of secondary follicles. On other hand, using the
lectin obtained from Erythrina cristagalli (ECL), which binds D-galactose and N-acetyl
glucosamine, labeling was identified in the ZP and adjacent granulosa cells of secondary
follicles only. Therefore, in order to achieve immunosterilization targeting directly the pool of
oocytes within the quiescent follicles, a promising strategy could be the characterization of
the ZPA proteins already expressed in canine primordial follicles to be subsequently used in
immunogens. Grootenhuis et al. (1996) observed the binding of anti-ZP antibodies to oocytes

and granulosa cells of primordial follicles in several species, suggesting that complement
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fixation following antibody binding may be the mechanism of depletion of these follicles

observed in studies in vivo.

Despite primordial follicles were not affected by anti-pZP serum in the present study,
the observed degeneration of late secondary follicles is also an important prospect for the
immunosterilization of bitches. Skinner et al. (1984) demonstrated that immunization of
rabbits with pZP resulted in a complete disappearance of growing follicles within 30 weeks
with associated reduction of the number of primordial follicles. These authors postulated that
developing follicles provide some signal that prevents the activation of primordial follicles,
and since the former are destroyed by anti-ZP antibodies, the latter start a suicidal growth
until ZP proteins are secreted. These progressive changes persist whilst ovaries are under
influence of such antibodies. Thus, the anti-ZP antibodies studied here could promote a

similar process in vivo leading to an immunological castration.

Mahi-Brown et al. (1988) observed that immunization of bitches with pZP caused
extensive oocyte destruction. These authors suggested that this consequence could
probably lead to permanent sterility. In some animals, follicles failed to survive beyond the
primordial stage. However, it was also noticed the occurrence of follicular cysts and
abnormal estrous cycles in which prolonged elevated 17 B-estradiol was recorded in most of
the treated females. Despite bitches were rendered infertile, this side effect is undesirable,
since some sequela such as bone marrow hypoplasia and/or pyometra can develop (Meyers-
Wallen, 2007). In the present study, complete follicular degeneration was achieved, i.e. no
single granulosa cell could survive along with the dead oocyte. Therefore, potential of cyst
formation would be unlikely if in vitro conditions can be established in vivo. We hypothesize
that levels of antibodies that could interact with follicles in our work were higher than those
attained within ovaries in the study of Mahi-Brown et al. (1988). Anti-pZP titres of the sera
used in the current study ranged from 1:100 000 to 1:160 000, whilst in active immunized
animals in the mentioned previous work, titers ranged from 1:1000 to 1:20 000. Hence, levels
of anti-pZP antibodies in the former study could possibly had not reached a threshold to
cause massive follicle degeneration, and remaining live granulosa cells may have developed
to the observed cysts. In accordance to this theory, Srivastava et al. (2002) reported an
increase in the number of atretic follicles associated with the antibody titres in bitches

immunized with recombinant canine ZP3.

Capacity of the used anti-ZP antibodies to block binding of spermatozoa to the canine
ZP was also evaluated in this study. We could observe a significant inhibition of sperm
binding when oocytes were incubated for 1 h with undiluted serum, but dilution (1:10 and

1:20) suppressed this effect. Nevertheless, bitches do not need to have extremely high anti-
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ZP titers in order for their eggs to be impenetrable. Since oocytes in vivo are exposed
continuously to circulating immunoglobulins, there may be more thorough coating of their
zonae pellucidae than after in vitro incubation (Mahi-Brown et al., 1985). Oocytes recovered
from the ovary of one bitch immunized with pZP were not penetrable by spermatozoa,
whereas antiserum from this same bitch did not prevent sperm penetration (Mahi-Brown et
al., 1982). Hence, the anti-ZP antibodies tested in the present work have also potential to be
used for the immunocontraception of dogs through fertilization blocking.

In conclusion, anti-pZP antibodies are capable to cause atresia of canine preantral
follicles as the secondary stage of development is reached. This process might involve the
serum complement system. Therefore, immunosterilization of bitches can be potentially
accomplished through vaccination against pZP proteins or passive immunization with anti-
pZP antibodies. Contraception through blocking of sperm binding can possibly be achieved
by using these antibodies as well. Once established, such techniques could enable an

effective control of dog populations in many urban areas.
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11 CONCLUSOES

A preservacao de foliculos pré-antrais caninos durante o armazenamento é realizada
com maior eficiéncia através de hipotermia em um meio nutritivo. A manutencdo da
viabilidade e integridade ultra-estrutural pode ser obtida a 4°C e 20°C em solucdo salina por 6
h ou em MEM por 12 h, sendo esta Ultima solucdo também adequada a 38°C por 6 h. Sugere-
se 0 uso de MEM a 4°C por até 12 horas para a preservacao 6tima da qualidade de foliculos

pré-antrais caninos destinados a aplica¢cbes como o cultivo in vitro.

A criopreservacdo de foliculos pré-antrais caninos pode ser realizada através de
congelacdo lenta e descongelacdo rapida utilizando-se DMSO a 1,5 M. Este crioprotetor
proporciona a manutencdo de altas percentagens de foliculos vidveis com ultra-estrutura
intacta. Indices elevados de preservacdo da ultra-estrutura folicular podem também ser
obtidos com EG a 1,5 M. Entretanto, faz-se necessario avaliar a viabilidade dos foliculos

criopreservados utilizando-se este composto.

Foliculos pré-antrais caninos frescos ou criopreservados podem ser cultivados in vitro
mantendo sua viabilidade. Assim, pode-se utilizar este sistema como modelo experimental

para o teste de agentes esterilizantes.

Anticorpos anti-ZP sdo capazes de se ligar a ZP de odcitos caninos, causando bloqueio
da ligacdo de espermatozéides ou atresia de foliculos pré-antrais.
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12 PERSPECTIVAS

Os conhecimentos acerca da preservacgéo de foliculos pré-antrais caninos obtidos neste
estudo poderdo servir como base para o desenvolvimento pleno desta técnica, que, uma vez
estabelecida, poderd ser aplicada a canideos em risco de extingdo de forma a se preservar o
patriménio genético de cada fémea rara. Ainda, 0 uso do método de congelagdo lenta e
descongelacéo rapida utilizando-se DMSO a 1,5 M ja possibilita a manutencao de elevados
percentuais de foliculos viaveis com ultra-estrutura intacta. Entretanto, é preciso avaliar a
capacidade de desenvolvimento de tais foliculos, sendo necessario o estabelecimento de
sistemas de cultivo in vitro ou in vivo, sendo as técnicas de xenotransplante ou alotransplantes
recursos promissores. O método de cultivo in vitro utilizado neste trabalho também
demonstrou potencial para este proposito.

A alta eficiéncia da congelacéo utilizando-se EG a 1,5 M para a manutencdo da ultra-
estrutura folicular indica o potencial deste composto para a criopreservacao de foliculos pré-
antrais caninos. No entanto, a viabilidade, bem como a capacidade de desenvolvimento
folicular, devem ser avaliados, sendo importante também a comparacao direta da eficiéncia

deste crioprotetor aquela observada para 0 DMSO, que proporcionou 0s melhores resultados.

A demonstracdo da capacidade de anticorpos anti-ZP de causar atresia em foliculos
pré-antrais caninos consolida a importante perspectiva do desenvolvimento de um método de
imunoesterilizacdo de cées, que podera se estabelecer atraveés da composi¢do de uma vacina
ou de um soro hiperimune. Isto poderd permitir o controle reprodutivo de cdes nas cidades e
estabelecer uma abordagem racional, efetiva e humanitaria para o controle populacional

destes animais.
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