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equilibration step of the vitrification process (V2 group). In the second phase, the vitrified (\
and V2 groups) and fresh ovarian tissues were autografted into the back muscles of the r
from which the ovaries were extrated. In both phases, morphological aspects and molecu
characteristics of activeapoptotic caspase3 antibody were evaluated. Results indicated tr
lower percentages of morphologically intact primordial, primary and antral follicles in the V
group (67.6, 49.5 and 17.6%, respectively) than those of contrgl97.3, 85.4 and 42.1%
respectively) and V2 (94.1, 78.8 and 40.9%, respectively) groups. In addition, the m
percentages of morphologically intact follicles in the V1 group were statistically lower #m
those in other groups, after transplantation. The rate of apoptosis in preantral follicles of the '
group was significantly higher than that in the other groups. It was concluded that exposure
mice ovaries to SMF during vitrification resulted in grater resistance to injuries.

© 2017 Urmia University. All rights reserved.

y xy®AlCOAd WAEAABGAA
AB ¢ WMECSID WER b b @& Tk #EC Hé

¢tA- °yAC~ ¢v A~ ¢zws§ ABECBwpavta0g° Cawe E%CAOYaA°E ¢
aoci-

BAU | ABCE aEw C§/aar © TAEY Y E awzwk EEROME) AQAGGEDNRES U £

wilMRI L 3OCE8 a L QAL CVB® § v E AD 3 %0 Lo B °-Ew -y YO

0! WASHES B S AZEY ¥fi C#Y° E x¥» y °u-pu GvESRODwHAMNAC (e cd @udi wizs i§uk BA wh BB R Lo Y&

A63 %u)9Y
ay v%n !

o Baaly °yAC~ a°pAa® (GRE °UwtBA! ORGP OYEE YA A By 4CUFC OaVhER UxX
GOoWAAD CHBAR] © A Ca PRy 4S8 e WIAWBYEAE W Wi onywE Gz wONAEY Cf AGka A A,

o %1 pir GRPAA@M JBCH y CEELEH A: JDIARy CEBLRn B § %AIVCE w ~ V& AW 0 Wil vy CEBLE Az

cawdun ¢ v

Yif diw 2 § BIAGEE SRR A &5 A1 APAneESyika W& (LCRIYP v VA B §4%aR 11 96VAA ©-6 AQdv

) L o4fiwn © | Az &8 Yho Az ¢ 20eBC Qb A~ POV o8 GME -l §AALLRE PCHirBAviK/zz Odheze O v

CAECOwpau GveCuAECEU ! MERIW i1 WA~ A

*Correspondence:

Hussein Eimani. PhD

Department of Embryology, ReproductiveBiomedicine Research Center, Royan Institute for Reproductive Biomedicine, ACECR, Tehran, Iran
E-mail: eimanih@royaninstitute.org


vrf.iranjournals.ir

244 VS. Kazemein Jasemi et al. Veterinary Research Forum. 2017; 8 (3) 243 - 249

Introduction

Preservation of fertility is an extensively researche
topic that is driven by the need to perpetuate life ad
preserve rare species of animalsCryopreservation is one
of the most common and frequently used methods for tt
preservation of fertility. Among the many methods c
cryopreservation studied, the vitrification method has
assumed much importance in recen years! The
advantage of vitrification is that the formation of intra anc
extracellular ice crystals is suppressed by the high rates
cooling employed. However, the downside to vitrificatiol
is the toxicity caused by the high concentrations 1
cryoprotectants used during the process.Therefore, it is
important to optimize the vitrification process to minimize
injuries, while retaining its advantages.

Many methods have been studied to minimize toxicil
effects of cryopreservation. Fast water exclusiofiom cells
could potentially reduce the toxicity effects o
cryoprotectants and there have been a number of studi
exploring the processes that can accelerate wat
exclusion from cells during vitrification.* Recently
magnetic freezing has received muchattention in this
area because magnetic fields (MF) can potentia
accelerate the release of water from cells/tissues,and
thus prevent toxicity. Lee and coworkers have suggest
that magnetic cryopreservation is an effective method fc
storage of dentd pulp tissue and requires only sma
amounts of cryoprotectant> Furthermore, published date
suggest that freezing blastocysts when subjected to
magnetic field, leads to inhibition of apoptosis afte
thawing.6 Thus, it seems that MF can be useful in aian
vitrification and warming procedures.

Most earlier studies on magnetic freezing have bes
performed with time-varying MFs, but there have been
few studies on the effect of static magnetic fields (SMFs)
cryopreservation of biological specimengs The SMFs ar
time-independent fields thatare generally classified on th
basis of intensity as weak (< 1 mT), moderate (1 mT to
T), strong (1 to 5 T), and ultrastrong (> 5 T)8 The SMF:
with moderate intensity have been shown to be effectiv
on biological systems andcan interact directly with
moving charges(ions, proteins, etc.)and magneticmaterials
found in tissues through several physical mechanisngs.

This study aimed at establishing the effects of the sta
magnetic field on whole ovarian tissie vitrification and the
follicular morphology of ovarian tissue after warming anc
autotransplantation.

Materials and Methods

Preparation of mouse ovary and experimental
design. Forty-five 6- to 8-week-old female NMRI mice
weighing 20 to 30 g were obtaird from the animal houst
of Royan Institute (Tehran, Iran). They were kept a

appropriate conditions (18 to 22° ,C12/12 hr light/dark
cycle) with free access to food and wateiThe study was
conducted in two phases. In the first phase, both ovari
were removed from female mice, the right ovaries wet
put in tissueculture medium 199 (SigmgMunich,Germany)
containing 10% human serum albumin. Then ovaries wet
randomly divided into three groups: 1) freshly isolatec
ovaries were fixed in Bo
control group, 2) ovaries were vitrified-warmed without
exposure to a magnetic field (V1 groupand 3) ovaries
were exposed to 1 mT SMF during the equilibration step
the vitrification process (V2 group). In the second phas
the vitrified (V1 and V2 groups) and fresh ovarian tissue
were autografted into the back muscle of the mice.

Static magnetic field production. In the present
study, an electromagnetic device (designed and
manufactured by the engineering group of Roye
institute) capable of producing a constant and unifor
magnetic field of around 1 mT was used. The magne
field was generaed using two poles of a ferrite core
wrapped with 2,000 turns of a copper wire. The inpu
power of the device was 220 v alternating curren{50 Hz)
which was converted to 4 A direct current for the wire coli
to generate a uniform magnetic flux between thpoles.

Vitrification and warming processes. The sample:
(whole ovaries) in experimental groups V1 and V2 wer
vitrified using the Behbahanianet al. vitrification method
with  minor modificationsX® Briefly, the ovaries were
transferred into anequilibrati on medium for 15 min atroom
temperature. The ovarieswere then immediately immersed
in the vitrification medium, for 30 min at 4 ° C.
dehydration, the ovarian tissues were subjected to
cryopin,!* a needle of an insulin syringe, plunged ini
liquid nitrogen. A simple warming procedure was thel
applied in just one step for 10 min at room temperature
The ovaries were transferrel into N-(2-hydroxyethyl)-
piperazine-N'-(2-ethanesulfonic acid (HEPE$ tissue
culture medium (HTCM; Sigma) containing 1 M sucro:
supplemented with 20% human serum albumin (HAS
Sigma). To recover the ovaries after rehydration, warme
ovaries were incubaed at37° C f or 30 mi
with 5% CQ. They were then fixed in Bouin's solutiol
(Sigma) for subsequent evaluation (n = 5 in each group)
thawed ovaries were orthotopically transplanted into the
backmuscleof theexperimentalmice (n = 10in eachgroup).

Transplantation. Thawed and fresh ovaries wer
immediately transplanted into the back muscle of th
same female mouse from which the left ovary we
removed. Briefly, after the mouse was anesthetized,
gap with the length of approximately 1 cm was crated
in the skin over the backbone, and the muscle benea
the skin was then exposed. The ovary was insert
within the muscle and after transplantation, the muscli
and skin were closed by suture. The mice were allowe
to live for three weeks.
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Morphological evaluations and immunohisto-
chemistry study. After casting in paraffin, the ovarie
were serially sectioned into 6 pum thick samples ar
stained with Hematoxylin and Eosin (H & E). Staine
samples were evaluated using light microscopy (400x
and the numbers of intact and dead follicles wer
counted as described by Lid2 To prevent mis
calculations or repetitive counting of the follicles, onl
those with observable nuclei of oocytesvere counted.

Immunohistochemical study was performed with ar
anti-active caspase3 antibody. Before incubation with
the primary antibody (ab4051; Abcam, Cambridge, Uk
tissue sections were deparaffinized and rehydrated i
xylene, followed immediately by rehydration in ethano
with serially decreasing concentration. Antigel
retrieval was performed using sodium citrate buffel
(pH = 6.0) for about 20 minat98 C. The t i
were then pretreated with 3% hydrogen peroxidase fo
30 min to inhibit internal peroxidase activity. In this
step, the tissue samples were incubated with tr
primary antibody (dil uti
The tissues were wahed using PBS (three times, on
every 5 min), and then treated using a seconda
antibody diluted 1: 200
Subsequently, the slides were exposed to a soluti
containing a chromogen (Diaminobenzidine: DAB) for
min at room temperature. The sections were then
counterstained with hematoxylin for 10 sec. Finally
after washing and dehydration of the tissues witl
ethanol solutions of increasing concentration and finall
with xylene, immunohistochemistry stained section:
were seded and evaluated using light microscopy.

In this experiment, the follicles that containec
caspase3 positive oocyte or more than 30% granulos
cells were considered to be apoptotic follicles. In orde
to quantify, ten sections of each ovary were subjectetd
immunohistochemistry studies.

Statistical Analysis. SPSSsoftware (version 18.8;
SPSS Inc., Chicago, USA) was used for statis
analysis. The numbers of morphologically intact, dee
and apoptotic follicles in all experimental groups wer:
compared by one-way analysis of variance an
Duncan’ vdue leds than®.05 was considere
to be statistically significant.

Results

Histological assessment. The mean percentages (
morphologically intact primordial, primary and antral
follicles in the V1 group (67.6, 49.5 and 17.6%
respectively) were statistically lower than those of the
control (97.3, 85.4 and 42.1%, respectively) and \
(94.1, 78.8 and 40.9%, respectivelygroups (Table 1;
p < 0.05). There were no significant differences in inta
antral follicles among all groups. There were significar
differences in morphologically intact follicles betweer
the V1 group and other groupsin tissue sections, goo
quality follicles at different growth stages were
observed in the control and V2 group (Fig. 1). The
space between neighboring granulosa cells was seen
the V1 group.

Prevalence of programmed cell death. Expression o
the caspase3 protein was not observed in the cells ¢
surface epithelium and primordial and primary follicles,
but several apoptotic caspase3 positive cells were
detected in degenerating corpus luteum (Fig. 2). Tt
percentage of apoptotic preantral and antral follicles
differed significantly in V1 (6.6 = 1.2 and 7.0 + 0.5) ar
control (2.6 +0.3and 1.3 +0.3),and V2 B+ 1.2 and 2.6 :
0.6) groups (Table 2).

Histological assessment after transplantation. The
mean percentages of morphologically intact primordia
primary, preantral and antral follicles in the V1 (35.4, 23.
16.6 and 7.6%, respectively) group were stattgally lower
than in other experimental groups (Table 3p < 0.05).

Table 2. Mean percentages of apoptotic follicles (%) at differer
developmental stagesin vitrified and non-vitrified ovaries. Data
are presented as mean + SEM.

Groups Preantral follicles Antral follicles
Control 2.6+£0.3° 13+0.3
Vi 6.6+ 1.22 7.0+ 0.52
V2 3.1+1.2b 2.6+ 0.6
p-values 0.01 0.01

Control: Fresh ovaries were immediately subjected to immunc
histochemical evaluation, V1. Ovaries were Vviiied-warmed
without exposure to the magnetic field and V2: Ovaries wer
exposed to themagnetic field in equilibrium step of vitrification
process.Values within a column with similar superscripts are not
significantly different (p < 0.05).

Table 1. Number (mean percentagespf morphologically intact follicles at different developmental stage# vitrified and non-vitrified

ovaries.
Groups Primordial follicles Primary follicles Preantral follicles Antral follicles

Total Number of follicles  Total Number of follicles  Total Number of follicles  Total Number of follicles
Control 261 254 (97.3)2 131 112 (85.4) 68 38 (55.8)2 19 8 (42.1)2
V1 232 157 (67.6) 119 59 (49.5)p 43 17 (39.5)b 17 3(17.6)
V2 256 241 (94.1) 142 112 (78.8)2 59 28 (47.4)2 22 9 (40.9)=
p-values 0.01 0.03 0.14 0.04

Control: Fresh ovaries were immediately subjected to histological evaluation, V1: Ovaries were vitrifisearmed without exposure
to the magnetic field and V2: Ovaries were exposed to magnetic field in equilibrium step of vitrification proceaalues within a
column with similar superscripts are not significantly different (p < 0.05).
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Fig. 1. Morphology of mouse ovarian cortical histological sections. A: Fresh ovaries were immediately subjected to histological evalu:
(control), B: Ovaries were vitrified-warmed without exposure to the magnetic field (V1) and C: Ovaries were exposed to the magodild
in equilibrium step of vitrification process (V2). The red arrow indicates primordial follicles. The black arrow indicates fmary follicles.

The yellow arrow indicates preantral follicles(H & E, Bar =10 pm).

There were no statistically significant differences il
intact follicles at different developmental stages betwee
the control and V2 groups.A weak sign of inflammatior
was observed in all the experimental groupgFig. 3).

Prevalence of programmed cell death after
transplantation. Evaluation of apoptotic incidence
after transplantation of mouse ovaries did not show an
caspase3 positive follicles in the primordial and
primary stages. The mean percentage of preantr
apoptotic follicles in the V1 group (11.3% + 2.1) wa
significantly higher than that in the other groups. Thi
mean percentages of apoptotic antral follicles were n
statistically significant different among the groups
(Table 4 and Fig. 4).
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Table 4. Mean percentages of apoptotic follicles (%) at differer
developmental stages in transplanted mouse ovaries into bau
muscle.Data are presented as mean percent + SEM.

Groups Preantral follicles Antral follicles
Control 4.8+ 1.2b 4112
V1 11.3+2.1a 6.1+ 1.62
V2 54+ 1.1 4.5+1.3a
p-values 0.04 0.24

Control: Fresh ovaries were immediately transplanted to bac
muscle, V1: Ovaries were vitrifiedarmed without exposure to
the magnetic field then transplanted and V2: Ovaries wel
exposed to the magnetic field just in equilibrium step ther
vitrified and warmed, after that transplanted to back muscle
Values within a column with similar superscripts are nof
significantly different (p < 0.05).
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Fig. 2. Caspase 3 immunohistochersiry test. A: Fresh ovaries were immediately subjected to immunohi
B: Ovaries were vitrifiedwarmed without exposure to the magnetic field (V1) and C: Ovaries were exposed to the magnetic fiel
equilibrium step of vitrif ication process (V2). Positive staining is shown as brown coloration of the cytoplasm of the céBsir =10 um).

Table 3. Number (mean percentages) of morphologically intact follicles at different developmental stag2 days after transplantation.

Groups Primordial follicles Primary follicles Preantral follicles Antral follicles

Total Number of follicles Total Number of follicles Total Number of follicles  Total Number of follicles
Control 103 75 (72.8)2 74 36 (48.6)2 26 7 (28.9)2 12 2 (16.6)2
Vi 93 33 (35.4)p 59 14 (23.7)° 18 3 (16.6)° 13 1(7.6)°
V2 122 90 (73.7)2 81 39 (48.1)2 29 9 (31.0)2 15 2 (13.3)
p-values 0.02 0.01 0.03 0.03

Control: Fresh ovaries were immediately transplanted to back muscle, V1: Ovaries were vitrifi@ghrmed without exposure to the
magnetic field then transplanted and V2: Ovaries were exposed to the magnetic field just in equilibrium step then vitrifieddawarmed,
after that transplanted to back musclezt Values within a column with similar superscrpts are not significantly different(p < 0.05).
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Fig. 3. Morphology of mouse ovarian cortical histological sections after transplantation. A: Fresh ovaries were immedial
transplanted to back muscle (control), B: Ovaries were vitrifiedvarmed without exposure to the magnetic field then transplanted (V1
and C: Ovaries were exposed to the magnetic field just in equilibrium step then vitrified and warmed, after that transplant@®). The
red arrow indicates primordial follicles. The black arrow indicates primary folicles. The yellow arrow indicates preantral follicles

(H&E,B

S T O W TR ) 18"

Fig. 4. Casp

ase 3 immunohistochemistry test. A: Fresh ovaries were immediately tral

s
.4

nsplanted into the back muscle (control), B: Oe

were vitrified -warmed without exposure tothe magnetic field then transplanted (V1) and C: Ovaries were exposed to the magnetic
just in equilibrium step then vitrified and warmed, after that transplanted into the back muscle (V2). Positive staining ifiswn as browr

coloration of the cytoplasm of the cell{Bar =10 pm).

Discussion

Ovarian tissue cryopreservation has been found to be
useful process to preserve primordi&follicles. Vitrification
is considered as a promising cryopreservation technigt
for such ovarian tissue preservation One of the
disadvantages of vitrification method is the use of hig
concentrations of toxic cryoprotectants that can b
harmful to the cells and tissue$. Therefore, increasing the
rate of replacement of water with cryoprotectants it
necessary, especially for the prevention of damage due
osmotic pressurell In the current study, SMFwas usec
during ovarian tissue vitrification.

Studies on the interaction of SMFs with biologic:
specimens have been gaining increasing attention
recent years® Kawata and colleques have studied tt
effect of applying MF during cryopreservation c
periodontal ligament teeth banking!® Lee andcoworkers
suggested that MF applied during cryopreservation ¢
biomaterials, may improve the penetration of crye
protectants> However, there have been few reports on tr
application of the magnetic field for cryopreservation a
ovarian tissuel415

The results of H& E staining showed that vitrified
ovaries maintained their natural appearance. Follicle

contained oocytes at the stage of the germinal vesic
with uniform cytoplasm and the central nucleus. It
some vitrified ovaries, injuries resulting from
vitrification were observed, and such injuries includec
disorganization between oocytes and inner granulos
cells, pyknotic nucleus, shrinkage of the cytoplasm ai
necrosis in a number of follicles. Nuclear staining w
slightly high in some of the vitrified groups. Thes
changes in the V1 group were more specific. We fou
that the V2 group best retained the morphologice
integrity of the follicles. In general, the maximum an
minimum injuries to primordial follicles were seen in
the V1 and V2 groups, respectively

Previous studies have reported that moderate MF
sufficient to change the plasma membrane permeability
cells and alter ion movement across the membrane. The
studies also reported that an increase in calcium ic
uptake is occurred due to channel activation by M7
Teodori and coworkers showed that SMF increases the ¢
survival againsr damaging agents via increased €anflux
in U937 cells’® In the present study, the bette
preservation of follicles in the V2 grop might be
attributed to the increased membrane permeability
induced by SMF and as a result caused an increase¢
intracellular calcium ions.
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In the present study, we used caspasg as ar
apoptosis marker, which, in its active form is used as
marker for apoptotic death in the early stages ¢
apoptosis. The incidence of programmed cell death
the preantral follicles in the control and V2 groups wer
significantly less than the vitrified group without
exposure to SMF. Results pointed to improved follidar
survival when ovarian tissues were exposed to Sh
during the equilibrium step of the vitrification process.
Indeed, in an earlier study it has been suggested tt
SMFs of moderate intensities decrease cell death
apoptosis induced by several agentén various human
cell types?®

To understand ovarian function after vitrification
and warming, we transplanted the ovaries of groups «
the control, V1 and V2 groups into the back muscle
mice from which the ovaries were extracted. Healthie
primordial follicles were seen in the group ¢
transplanted vitrified -warmed ovaries that were
exposed to SMF during the first step of vitrificatiol
process than in the group that was not subjected to SN
during vitrification process.

The mechanisms by which SMFs infénce the
vitrification process are not completely clear. One
explanation that has previously been proposed by Rosen
that the application of SMFs may induce magnetic +
orientation of membrane phospholipids (specifically the
acyl chains of the moleculésvia diamagnetic anisotropy
effects19.20 which affects membrane permeability. It ha
also been reported that magnetic fields could accelere
the release of water from cells/tissues, and thus prevei
the toxicity effects of cryoprotectantst Our results have
also confirmed that the SMFexposed follicles of the V
group exhibited greater resistance to vitrification anc
warming. Thus, it is reasonable to suggest that the 1 r
SMF exposure decreases damage to ovarian tissues dui
vitrification process and is helpful in ovarian cryo
preservation. However, the exact mechanism of the effe
of SMF on ovarian vitrification is not clear.

In conclusion, SMF was shown to be an effecti
method for ovarian tissue banking. SMF coupled wit
the vitrification procedure increased survival rates c
vitrified -warmed ovarian follicles. This study showe:
that the effects of SMF cryoprotective action arose fro
its influence on water removal from the cell during the
vitrification procedure. Further studies are necessary ti
determine the exact mechanism of SMF effects
ovarian vitrification.
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