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™ Transforming Growth Factor (TGF)

™ Vascular Endothelial Growth Factor (VEGF)
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2 Adult
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** Dominant Follicle
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* Complex of Differentiation (CD)
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""* Transmission Electron Microscopy (TEM)
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""" LEICAEMUCH (US)

" Trim

""" Uranyl Acetate
"7 Lead Citrate

""* San Raffaele (Milan, Italy)
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Nucleo Spin, RNA Il (Machery-Nagel, Germany)
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'™ Membrane Desalting Buffer (MDB) (Machery-Nagel, Germany)
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Reverse Transcriptase Polymerase Chain Reaction
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Ll 8590 lo Sala (alesd (o 5l (ol Jie Salar po (190 4 3k 285 L oad S aiged |

'™ Thermal cycler (Eppendorf, Germany)
""" Housekeeping
""" Tris Acetic Acid EDTA
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30 a4 wlegp pgaasst Jalowe 4y 551 J5 PCR Jsama slasily (s5eel Ky jobiato 4355 o0 1,8
Jj 4= 142( yudiol , 8 o0 s Gel Duc oKws Alwg 4 sl L5,-)'L.A;)l.i:;’f| T WEORER Ve aiél aads
(2-2 J.i..;) Al dgd uSe olSiws (9,0 40 48530 5 L.,LQH 9 005blb 5,51

BT J5 85 2 yeal i s SuSE 4y obais] (il pguai 2-2 S

Real-time PCR >l .6-6-3-2

oolinl 550 005,55 ol b 5 olge (2iSTy o oI5l 4 .0 sl “**Biosystem Real-Time PCR

RETKS
dg, S 10 Power syBR Green PCR master mix (2x)
Sdg S 1 Forward primer (5 Pmol/uL)
Sdg S 1 Reverse primer (5 Pmol/uL)
g ,Se 2 cDNA
FRPRONG Distilled water
dg S 20 Total

""" Ultraviolet (UV)
"*" Applied Biosystem Real-Time PCR (Model: ve. ., UK)
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4l 15 o Sl a>,0 95 (sloo o oISy i yuly g -
a>,060 los 1o (JSmw ;o L 40 00 sawli i jold ailes Annealing Al> o Cyx -

203,85 1S5 )L 50 slaws a4 5 o IS asls 60 of sl

Real-time PCR g s Julxi .8-6-3-2

553 5 ptalejl o9, o (sl g eadiplmil (ligs Spgar (2iSTy 0 el (gm0 B0 (talil Cax
90 5 (INTC) asigas g (ST S 3 59 13l @0 1333 SlaiSTy s ogdle v 433, L o
10125 125 135 1 Jlgse slacd, ags s RNA 5 onsaisly CONA S sslinal L ppoizmes 0 5
by a5l Al el o 80 g ol Caway MOCH g, 5145w aloul e 2iSTy S sz 4 1:625
335 31 ool Ly ol shimools Jolo 5 45 g s 05 o (il "0 2) s
05 o2 6l ,,S5 sla 08l ailis o Lyles g dugs ai50d o b ,bLize Ct M’Applied Biosystem
0055 duglie alie slo 05,5 (e a2 ye 5 L wiged

1 0ol (g ybol Judoxs g 4y jox5 4-2

Ul Bl 4y Cgi pea] g5 50ds5 y903] as oyl cisy 5 slail dxlllae i 0,2 40 b ool olod
O35l Ay 4« Sigal g 0050 olls sl JsJgb (S)lad 4y bgrye (gl 0010 s 0 ()2 1092
Lo 05 Cbgiy) 5 5 o 500 i prlans gy 4 bgiye sl ools 5 LD il 15051 s ANOVA
oizh 5 )5 oyl Jados 5 455 0,50 SPSS 19 1531 5 o s MaNN-WhItney y5e;1 dlews 4

038wy 3 POMS ol ixo e b 5 481 (SEM™®) 5 Jsslias] cllas 1sSilo ol yai 43 Lo 0ol

"** None Template Control (NTC)
"** Cycles of Thershold
""" Slope

AEAY

Applied Biosystem [StepOne Software vv.\]
VEA

Package for the Social Sciences (IBM SPSS software, version 14)
'** Standard Error Mean (SEM)
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Cor: Cortex

BM: Basement Membrane
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*: Blood vessels

Large White Arrow: Small Follicles

Large Black Arrow: Surface Epithelium

Small White Arrow: Oolema

Small Black Arrow: Proliferative Granulosa Cells

Arrow Head: Corticomedullary Junction
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Oo: Oocyte

GCs: Granulosa Cells
SC: Stroma Cell

TC: Theca Cell

TA: Tunica Albuginea
LLC: Large Luteal Cell
SLC: Small Luteal Cell

Ant: Antrum

ZP: Zona Pellucida

*: Blood vessels

Large White Arrow: Small Follicles
Small White Arrow: Bamentse Membrane
Large Black Arrow: Surface Epithelium
Small Black Arrow: Oolema

Arrow Head: Germ Cells
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Oo: Oocyte

GCs: Granulosa Cells

SC: Stroma Cell

TC: Theca Cell

LLC: Large Luteal Cell

SLC: Small Luteal Cell

Ant: Antrum

ZP: Zona Pellucida

*: Blood vessels

Large White Arrow: Small Follicles
Small White Arrow: Bamentse Membrane
Small Black Arrow: Oolema
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Oo: Oocyte, GC: Granulosa Cell, GCN: Granulosa Cell Nucleus, N: Nucleus, Ns: Nucleolus, M: Mitochondria, IM: Immature Mitochondria, EM: Empty Mitochondria, MVB: Multi Vesicular Body, GCo: Golgi Complex, BL: Basal
Lamina, TC: Theca Cell, St: Stroma, Large White Arrow: B E, F) Oolema, C) Nuclear Pores D, H) Gap Junction between Granulosa cells, G) Nuclear Transponatlon Small White Arrow: B) Cortical Granule F) Gap Junction
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Oo: Oocyte, GC: Granulosa Cell, GCN: Granulosa Cell Nucleus, N: Nucleus, Ns: Nucleolus, M: Mitochondria, IM: Immature Mitochondria, MVB: Multi Vesicular Body, GCo: Golgi Complex, BL: Basal Lamina, TC: Theca Cell, St: Stroma, Large
White Arrow: B) Oolema, C) Nuclear Pores, D) Gap Junction between Granulosa cells, D, G) Gap Junction between Oocyte and Granulosa Cell, Small White Arrow: A, B, E, G) Cortical Granule, Large Black Arrow: F) Oocyte Microvilli, F)

Vacuole, G) Oolema, Small Black Arrow: B, C) Nuclear Envelop, D) Rough Endoplasmic Reticulum
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Oo: Oocyte, GC: Granulosa Cell, GCN: Granulosa Cell Nucleus, N: Nucleus, Ns: Nucleolus, M: Mitochondria, IM: Immature Mitochondria, MVB: Multi Vesicular Body, GCo: Golgi Complex, BL: Basal Lamina, TC: Theca Cell, St: Stroma, Large
White Arrow: A) Pyknotic Granulosa Cells, B) Nuclear Pores, D) Gap Junction between Granulosa cells, Small White Arrow: C, H) Cortical Granule, E) Gap Junction between Oocyte and Granulosa Cell, Large Black Arrow: C) Secretory Materials
fram Galni Camnley N F o HY Dnevite Micravilli Small Rlark Arrawr RY Raininh Fndnnlacmie Ratictiliim HY Nnlama
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Oo: Oocyte, GC: Granulosa Cell, GCN: Granulosa Cell Nucleus, N: Nucleus, Ns: Nucleolus, M: Mitochondria, EM: Empty Mitochondria, MVB: Multi Vesicular Body, GCo: Golgi Complex, BL: Basal Lamina, TC: Theca Cell, St: Stroma, Large
White Arrow: A, E) Oolema, B) Nuclear Pores, G) Gap Junction between Granulosa cells, Small White Arrow: A) Cortical Granule, F) Gap Junction between Oocyte and Granulosa Cell, D, G) Degenerated Mitochondria, Large Black Arrow: F)

Nncvta Micravilli Qmall Rlack Arrowr M Raninh Endnnlacmic Raticiiliim
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Abstract

The aim of this study was to determine a suitable cryoprotectant combination for whole rat ovarian
vitrification and evaluate hormonal changes, the ultrastructure of the initial follicle, and follicle
maturational, angiogenic and apoptotic gene expression of vitrified ovary following
autotransplantation.

In the first part of this study we sought to determine the suitable cryoprotectant combination. Wistar
rat ovaries were randomly divided into 13 groups as follows: control (nonvitrified); VI and Tl (EG

+ DMSO); VII and TIlI (EG + PROH); VIII and TIII (DMSO + PROH); VIV and TIV (EG +
DMSO + 0.25 mol/l sucrose); VV and TV (EG + PROH + 0.25 mol/l sucrose); and VVI and TVI

(EG + PROH + 0.25 mol/l sucrose). Groups were evaluated by standard histology techniques, EM

and immunohistochemistry.

In the second part of this study we investigated the effects of ovarian autotransplantation by using
the appropriate previously determined cryoprotectant combination. The six groups of rat ovaries
were divided as follows: control (nonvitrified nontransplanted); nVTnG (nonvitrified transplanted
nongonadectomized); VTnG (vitrified transplanted nongonadectomized); nVTG (nonvitrified
transplanted gonadectomized); VTG (vitrified transplanted gonadectomized); and BLG (bilateral
gonadectomized). These groups were evaluated by standard histology techniques, EM and
immunohistochemistery. Expressions of follicle maturational, angiogenic and apoptotic genes were
studied by Real-time PCR. The levels of gonadotropins (LH, FSH) and steroid hormones (estradiol,
progesterone and testosterone) in blood serum were compared to the control and BLG groups.

The results showed that vitrified groups had lower numbers of intact follicles and higher numbers of
apoptotic follicles compared to the control group. Between vitrified groups, the VIV group had the
best survival rate, particularly for initial follicles. This group had a lower incidence of apoptosis.
Ultrastructural changes of the last group were considerable compared to the control but this result
did not differ compared to the sucrose-free (V1) group.

Vitrified and nonvitrified ovarian autotransplantation caused restoration of the hormone cycle and
ovarian function; these results approximated the controls in both of the nVTG and VTG groups. In
the recent groups, the percentage of follicular maturation and ultrastructure of transplanted ovaries
were in better condition. In these groups, however, the incidence of apoptosis in primordial and
antral follicles was higher, whereas the incidence of apoptosis in primary and preantral follicles was
lower than the VTnG and nVTnG groups. Also the rate of expressions of angiogenic factors (CD31

and CD34) in all of the transplanted groups, particularly in the nVTG and VTG groups, were

comparable with the control.

The results of this study showed that a combination of EG + DMSO and sucrose was more suited
for follicular preservation, particularly at the initial stage could relatively restore ovarian function
after vitrification and autotransplantation.

Keywords: Vitrification, Ovarian tissue, Cryoprotectant combinations, Autotransplantation,
Ultrastructure of initial follicle, Gonadectomy.
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