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Objective: To evaluate the effects of freezing and thawing on the histologic changes in ovarian fragments from sheep an
to determine the feasibility of ovarian autografts.

Design: Histologic evaluation of follicles that survived after freezing-at96°C for 2 weeks. Histologic evaluation of
ovarian fragments 6 months after the autografts.

Setting: Laboratoire de Zootechnie, Ecole Nationalt®iénaire, Marcy I'Etoile, France.
Animal(s): Six ewes aged 6 months to 1 year.

Intervention(s): Cortical fragments were prepared from the right ovary of 6 lambs and were grafted immediately to the
contralateral ovarian hilus or were cooled slowly-td96°C in medium containing dimethyl sulfoxide for 2 weeks. The
autografts were recovered 6 months later.

Result(s): Histologic examination of ovarian slices after freezing showed no destruction of primordial, primary, secondary,
or cavitary follicles. The ovarian autograft showed good recovery of the macroscopic and microscopic ovarian structure
After autografting, histologic examination revealed primordial to cavitary follicles.

Conclusion(s): Freezing of ovarian fragments is possible without damaging the follicles. Ovarian autografts showed good
recovery of ovarian structure. (Fertil Stéri1998;70:124—-8. ©1998 by American Society for Reproductive Medicine.)
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Many young patients undergo pelvic radio- organs for longer than several days, and the
therapy or chemotherapy for pelvic tumors or ovary is no exception to this rule. Nevertheless,
for malignant hemopathies. The trend amongfreezing of ovarian fragments is possible to
oncologists is to administer more intensive ra- recover ovarian function after autogratfting (6).
diotherapeutic and chemotherapeutic treat-
ments (1). The harmful side. effects of these autografting of ovarian fragments. We also
treatments on ovarian function are well de- studied the histologic consequences of freezing

scrib(_ed and are proportional to the dose andand thawing of the ovary.
duration of treatment (2).

We report a preliminary study of orthotopic

A growing number of these patients are
presenting with ovarian insufficiency (3). It is
impossible to predict with any accuracy when
the onset of this condition might be (4). Oo-
phorectomy with ovarian conservation during
treatment would be an ideal solution for these
patients. After remission, an autograft of ovar-
ian tissue would preserve both ovarian endo-
crine function and the patient’s fertility.

MATERIALS AND METHODS

Surgical Procedure

Six “Grivette” ewes, between the ages of 6
months and 1 year, underwent an operation at
the Lyon Veterinary School. The Zootechnic
Laboratory is approved by the French ministry
for animal experimentation. Right oophorec-
tomy was performed during a median laparot-

There are practical problems (5), however. omy. The right ovary was transferred immedi-
For example, it is impossible to conserve whole ately to BM 1 medium (Elio Bio Media, Paris,



France). The ovarian cortex was dissected down the lengtj

of one side using a scalpel to obtain pieces no thicker than _

mm. The cortex was then divided into 3 equal pieces: one foE)varian cortical slice after 2 weeks of freezing and thawing.

histologic analysis, one for freezing, and one piece for therpe tissue contains primordial follicles (arrows). Bar = 300
ovarian autograft. wm.

The ovarian autograft was performed during the same
laparotomy. The left ovary was sutured at the level of the 2
lateral pedicles using Prolene 3/0 (Ethnor, Neuilly, France),
It was then dissected 2 cm along the ovarian pedicle, and th
pedicle was clamped. The entire ovary was dissected, leay
ing only a small portion of the median hilus measuring 0.5
cm X 0.5 cm. The ovarian tissue obtained from the right
ovary was then fixed to the left hilus with 6 sutures using
Prolene 8/0 (Ethnor). The ovarian pedicle was released an
then was sutured using 2 stitches of Prolene 4/0 (Ethnor)
The laparotomy was then closed, and the lambs were re
turned to pasture fo=6 months. During a second laparot-
omy, the autograft was removed and sent for histologic
analysis.

Freezing and Thawing Procedures
The ovarian fragments were transferred within the hour to

10% dimethyl sulfoxide for 5 minutes (Sigma, St. Louis,

MO) and then were frozen with a descent curve of 2°C/minyolume was similar to that of the normal ovary. Two ovaries

to —140°C (LC 40; CFPO, Bussy Saint George, France)were covered by peritoneal adhesions but were easily iden-
The seeding was semiautomatic a7°C. The fragments tjfiable beneath the peritoneum.

were then kept for 15 days in liquid nitrogen -att96°C.

Histologic examination of the grafts showed an increased

Thawing was performed for 1 minute in a receptacle thaigensity of vessels, indicating the restoration of vasculariza-
was placed in water with a temperature of 37°C. The ovariafion. The tissue was more inflammatory and fibrosed than
fragments were then washed for 30 minutes in survivahormal. The histologic results are summarized in Table 1.
medium (BM 1) at 10°C. The fragments were then incubatedyith the exception of one graft, all contained primordial,
for 30 minutes at 37°C. primary, secondary, and cavitary follicles (Figs. 2 and 3).
Histologic Analysis The follicles were not counted because the original number

The different ovarian fragments (immediately sampled Presentin the implants was unknown and was not controlled,
frozen and thawed, grafted and then sampled) were fixed fdput we believe that there were slightly fewer follicles. Nev-
2 days in 0.1:1,000 formol. Each ovarian fragment was curtheless, this reduction of primordial follicles did not unfa-
into serial 10pm sections, stained with hematoxylin and Vorably affect recovery of the maturation cycle; all of the
eosin, and embedded in paraffin. All fragments were cut int@rafts contained primary and secondary follicles as well as
sections. All sections were examined with a microscope at gavitary follicles. The distribution of primordial follicles was
magnification ofx 20. The description of Turbull et al. (7) identical in the frozen and grafted samples.

from 1997 was used to define primordial, primary, second-
ary, and cavitary follicles. DISCUSSION

RESULTS Ovarian transplantation has been performed for res_,earch
purposes for many years. In 1906, Carrel and Guthrie (8)
The animals recovered well from the operations. Freshlyftransplanted a cat ovary and pedicle to another animal. After
exised cortical fragments contained numerous primordiala second attempt at ovarian transplantation in 1906, this time
primary, and secondary follicles. Several cavitary folliclesin a woman (9), it would be another 50 years before more
were visible. Freezing and thawing caused no damage to thexperimental work was done in this field (10—-13). The aims
primordial follicles. The nuclei and cytoplasm were unal- of these early ovarian transplant procedures were not clear.
tered by freezing at-196°C. Primary and secondary folli- Some investigators used this procedure as a simple method
cles were not diminished in number after freezing and thawto measure the ovarian steroid level, whereas others thought
ing (Fig. 1). it would be beneficial to remove the ovary and pedicle from

All of the grafts were retrieved during the second lapa-th€ iradiation field in oncology.

rotomy. The autograft ovaries had an ovoid form, and their Ovarian grafting without vascular anastomosis was de-
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Follicular survival and development in grafted fresh and frozen stored ovarian slices.

Survival and development of indicated follicles

Sheep no. Biopsy type Primordial follicles Primary follicles Secondary follicles Cavitary follicles
684 Control + + + +
684 Frozen + + + +
684 Grafted + + + +

1,130 Control + + + +

1,130 Frozen + + + +

1,130 Grafted — — - -
731 Control + + + +
731 Frozen + + + +
731 Grafted + + + +

1,137 Control + + + +

1,137 Frozen + + + +

1,137 Grafted + + + +
997 Control + + + +
997 Frozen + + + +
997 Grafted + + + +
998 Control + + + +
998 Frozen + + + +
998 Grafted + + + +

veloped to avoid the complications of microsurgery (14). In the early stages of our study, we were not yet con-
The procedure of ovarian implantation is quite simple andcerned with obtaining pregnancies, but merely assessed the
well described. The ovary is cut into fragments of cortex offeasibility of the surgical procedure. An orthotopic autograft

a thickness not exceeding 1-2 mm. The fragment is themay allow spontaneous pregnancies (15). Heterotopic au-
fixed by fine sutures to a heterotopic or orthotopic site. Outtografts can restore ovarian secretion. Medical assistance
study demonstrates recovery of the implant in an orthotopievould be necessary to obtain a pregnancy (16).

site of grafting. Histologic analysis confirms the survival of
primordial follicles and the beginning growth stages of some

of these after autografting.

It has always been important to preserve the fertility of

_ Nonfrozen ovarian autograft recovered 6 months after au-

tografting shows cavitary follicle. Bar = 300 um. A = oocyte;
B = cauvity.

Nonfrozen ovarian autograft recovered 6 months after au-
tografting shows primordial follicles (arrows). Bar = 300 um.
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female patients undergoing cancer treatment. Several potefrozen sheep ovary fragments. Our results are encouraging,
tial strategies exist for helping such patients. Embryos mays are those of other investigators, but the days of an ovary
be stored frozen after IVF and oocyte recovery (17). Unfor-bank similar to the sperm bank are not yet here (28).

tunately, this procedure cannot be useq for children or for Many questions remain (29), including the best choice of
unmarried women. The urgency of anticancer therapy angyyprotectant and the reimplantation site for the grafts,
the patient's frailty also impede the success of IVF. which could be orthotopic for natural fertilization or heter-

In the case of maternal death, these embryos are “omtopic in the case of IVF. Furthermore, we cannot calculate
phans.” In France, the 1994 law on ethics requires bottthe survival time of a graft or tell how many follicles are
biologic parents to be alive for the transfer of embryos.needed for a resulting pregnancy. Will it be possible one day
Oocyte donation can be considered in the case of earl{o freeze the ovary and its pedicle in toto? It would then be
menopause, but donation raises many ethical and practicpbssible to perform termino-terminal anastomoses with the
problems because of the scarcity of donors. Another issue isear certainty of an evolutionary revival. After the freezing
the suitable treatment for women who do not have a partneand thawing process, would the products of conception be
(18). identical to those obtained by natural fertilization?

Despite recent publications on oocyte freezing, this tech- The prospects for the transplantation of ovarian fragments
nique is still hypothetical. The freezing process affects theare vast, but fundamental research on large mammals is
meiotic spindles and the zona pellucida (19). Chemical profequired before we can propose autotransplantation to
tection of the ovary by estrogen-progesterone or by hypowomen who must undergo anticancer therapy.
physeal inhibition with LH-releasing hormone analogues has
not yet been proved successful. By not stimulating the ovar-
ian parenchyma, one hopes to preserve the follicular re-
serves. The restrictions inherent in all of these methods do

not indicate that there is a place for the freezing of ovarian
tissue (20). AcknowledgmentsThe authors are grateful to Marie Tiese Poirel from
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