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ABSTRACT

PURPOSE: To assess pregnancy of rabbits submitted to bilateral ovariectomy and orthotopic allogeneic or autologous intact and sliced
ovarian transplantation without a vascular pedicle and to determine the morphofunctional aspects of the transplanted ovaries.
METHODS: Fifty-six female rabbits were studied. The ovaries were removed and orthotopically transplanted or replaced without
vascular anastomoses: Group 1 (n=8), only laparotomy and laparorrhaphy, Group 2A (n=8) intact ovaries were transplanted on both
sides, Group 2B (n=8) both ovaries were sliced and orthotopically transplanted, Group 2C (n=8), an intact ovary was transplanted on one
side and a sliced ovary on the other side. In Group 3 the ovaries were reimplanted according to the procedure and subgroups described
for Group 2. Three months later, the animals were paired with males for copulation. Estradiol, progesterone, FSH and LH hormone
levels were assessed. A histologic study was carried out, and the number of pregnancies and litters were also determined. Chi-square
test compared the number of pregnancies and litters. One-way ANOVA and the Tukey-Kramer tests compared the hormonal dosages.
RESULTS: Pregnancies occurred in seven (87.5%) rabbits of Group 1, in three rabbits (37.5%) of Groups 2A and 3A, in four rabbits
(50%) of groups 2B, 3B and 3C, and in five (62.5%) of group 2C. Normal hormone serum levels and histology confirmed the vitality
of all ovaries.

CONCLUSION: Orthotopic allogeneic and autologous ovarian transplantation without a vascular pedicle is viable in rabbits, and
preserves their hormonal levels and fertile functions.
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Introduction

Most of the experimental studies conducted with
ovarian implants have the purpose of maintaining the endocrine
function'?. In special situations, when it is necessary to remove
the normal ovaries due to cancer or infectious processes of the
pelvic organs, the absence of ovarian hormones may provoke
various endocrine and functional disorders*>. Among them,
the most common are osteoporosis, reduction of libido, sexual
dysfunction, and enhancement of lipoprotein levels®. In other
cases, chemotherapeutic drugs and radiotherapy for the treatment
of leukaemias and lymphomas have detrimental effects on the
population of ovarian follicles which often result in premature
menopause'. In addition, developing strategies to manage
reproduction in women facing premature menopause would also
be useful*’.

The recovery of reproductive capacity has been long
neglected by researchers™®. Over the last few years, scientific
advances have permitted the occurrence of pregnancy in cases
of ovariectomy by means of various methods, such as ovarian
cryopreservation, ovarian follicle transplantation, ovarian implants
and others'.

There are still few reports about the restoration of ovarian
function with satisfactory reproductive rate'!?. According to
several authors, a vascular pedicle is of fundamental importance to
preserve the viability of the ovary'>'®, whereas others have shown
that avascular ovary implantation preserves the endocrine function
of the organ in rats and mice, but with a low reproductive rate'*'>.

The aim of the present study was to determine the
occurrence of natural pregnancy, as well as the morphologic
and endocrine aspects of ovaries after orthotopic allogeneic and
autologous ovarian transplantation without vascular anastomosis.
In order to define the best ovarian implantation method, intact and

sliced transplanted ovaries were compared.

Methods

This the

recommendations of the Guiding Principles in the Care and Use

study was performed according to
of Animals, and was approved by the Ethics Committee of the
Department of Surgery, Medical School, Federal University of
Minas Gerais.

Fifty-six sexually mature New Zealand White (n=28)
and California (n=28) female rabbits (Oryctogalus cuniculus)
and ten New Zealand White male rabbits with confirmed fertile

capacity were used. The animals, ranging in weight from 2450

60 - Acta Cirvrgica Brasileira - Vol. 28 (1) 2013

to 2700g, were housed in individual cages and received rabbit
food and water ad libitum. They were allowed to adapt and were
observed for health status for 20 days. Before surgery, the animals
were fasted for 12 hours.

The female rabbits were randomly divided into three
groups with half of the animals belonging to each breed:

Group 1 (n=8), submitted to median laparotomy and
laparorrhaphy;

Group 2 (n=24), submitted to ovariectomy and orthotopic
transplantation of both ovaries. These animals were divided into:

- Subgroup 2A (n=8) - transplantation of bilateral intact
ovaries;

- Subgroup 2B (n=8) - transplantation of bilateral sliced
ovaries;

- Subgroup 2C (n=8) -transplantation of an intact ovary
on one side and of a sliced ovary on the other side.

Group 3 (n=24), submitted to ovariectomy and orthotopic
reimplantation of both ovaries. These animals were divided into:

- Subgroup 3A (n=8) - reimplantation of bilateral intact
ovaries;

- Subgroup 3B (n=8) - reimplantation of bilateral sliced
ovaries;

- Subgroup 3C (n=8) - reimplantation of an intact ovary
on one side and of a sliced ovary on the other;

All procedures were carried out under aseptic conditions
in the Laboratory of Experimental Surgery of the Department of
Surgery of the Medical School of the Federal University of Minas
Gerais.

One hour before surgery, all animals received 50 mg/kg
of cefadroxil (Cefamox; Bristol-Myers-Squibb, Sao Paulo, Brazil)
dissolved in 10 ml of milk and administered through a 12-French
orogastric tube. The animals undergoing transplantation also
received 50.0 mg/kg of cyclosporine (Sigmasporin; Nature Plus-
Sigma Pharma, Sao Paulo, Brazil). Anesthesia was obtained with
an intramuscular injection of 50 mg/kg ketamine hydrochloride
(Ketalar, Pfizer, Sao Paulo, Brazil). After shaving the abdomen,
antisepsis was obtained with a PVPI solution followed by a 2%
alcoholic solution of iodine.

The animals of group 1 were submitted to infraumbilical
median laparotomy, identification of the uterus, tubes and ovaries,
followed by laparorrhaphy in two continuous layers using 2-0
polyglactine (Vicryl) and 3-0 nylon sutures.

Each animal submitted to transplantation was weighed
weekly to adjust the cyclosporine dose. Immunosuppression with
a daily cyclosporine solution was obtained during the nine-month

research period (50.0 mg/kg of body weight). During the first



three days after surgery, all rabbits received the cefadroxil solution
through the orogastric tube.

In the group 2, a pair of female rabbits — a White New
Zealand and a California - were operated simultaneously. The
animals were submitted to bilateral ovariectomy with special care
not to damage the integrity of the Fallopian tubes. Both ovaries
were orthotopically changed between the two breeds of rabbits so
that each animal was donor and at the same time receiver, according
to the subgroup and sutured with 5-0 nylon. The ovaries were
sutured close to the Fallopian fimbriae without touching the tubes.
Subgroup 2A (n=8) was submitted to bilateral transplantation of
intact ovaries and sutured with 5-0 nylon. In subgroup 2B (n=8)
both ovaries were longitudinally cut into three 2 mm-thick slices
and orthotopically sutured with 5-0 nylon. In subgroup 2C (n=8),
after removal, one ovary was cut in three slices, the other was
left intact and both were transplanted. The whole surgical time
ranged between 12 and 16 minutes. All ovarian transplants were
done without vascular rebuilding. The whole surgical time ranged
between 12 and 16 minutes.

The rabbits of group 3 had their ovaries reimplanted
according to the subgroups using the same procedure described
for Group2 with the only difference of not changing the ovaries
between the two breeds.

After the surgical procedure and during the follow-up
period, the female rabbits received food and filtered water ad
libitum in separate containers and were maintained in individual
cages.

After a three-month-period after the surgical procedures,
the females of the transplanted, reimplanted and control groups
were daily paired with a fertile males from a different breed of
the females ones. The males were randomly changed among the
cages with the female rabbits of all groups. After getting pregnant
the females were maintained isolated in their cages until the end
of the pregnancy and they were not paired again. The number of
successful pregnancies and litters born of each rabbit, and the
gestational complications were registered.

Nine month after the surgical procedure, serum levels
of estradiol, progesterone, follicle stimulating hormone, and
luteining hormone were assessed. The reference values of these
hormones were based on the results obtained from animals of
Group 1, known to be fertile, healthy and of a similar age to that of
the rabbits submitted to allogeneic and autologous transplantation.
The hormones were quantified by radioimmunoassay and
immunofluorimetry.

At the end of the nine-month-follow-up period, all female

rabbits were killed by anesthesia with ketamine (50 mg/kg) and
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excess ether inhalation The uterus, both ovaries and the Fallopian
tubes were removed for morphologic study. The samples were
fixed in Bouin’s solution and prepared as paraffin-embedded wax
blocks. Serial sections were cut at a thickness of 5 um and stained
with hematoxylin and eosin for routine histologic examination.
The chi-square test with Yates correction was used to
compare the number of successful pregnancies in each group, one-
way ANOVA and the Tukey-Kramer tests were used to compare
the number of litters for each rabbit and the hormone levels of the

groups. The differences were considered significant for p<0.05.

Results

All the animals recovered spontaneously from surgery,
had an uneventful follow-up and survived during the nine months
of this experiment period. The weight of the rabbits increased
uniformly and no overweight animal was registered.

Table 1 shows the hormone levels of all groups. Ovarian
hormones were detected in all the rabbits with allogeneic and
autologous transplanted ovaries, even in the animals that not
became pregnant. No difference was observed in the hormone
levels between the groups and subgroups of rabbits in comparison
to the control-group, except for subgroup 2C who presented higher
level of estradiol (p<0.05).

TABLE 1 - Hormone levels (mean and standard
deviation) and successful pregnancies in control rabbits and in the

rabbits submitted to allogeneic and autologous orthotopic ovarian

transplantation.
ESTRADIOL  PROGESTERONE FSH LH
GROUPS
(pg/ml) (pg/ml) ") )

1 2.801 = 762 104.200 = 2.348 0.13+0.05 0.16 +0.07
2A 4.063 + 927 102.906 + 962 0.13+0.04 0.18 +0.07
2B 3.844 + 821 103.172 £ 1.938 0.14+0.07 0.18 £0.07
2C 4510 £ 1.246*% 103.713+2.413 0.13+0.04 0.16 £0.07
3A 2.500 =950 109.300 = 5500 0.30 =£0.20 0.30 =0.20
3B 2.850 = 700 105.400 = 3500 0.20=0.10 0.20 =0.10
3C 2.950 = 850 106.100 = 3300 0.30 =0.20 0.20 =0.10

One way _ _ B B
ANOVA p =0.0084 p=09056  p=0.6455 p=0.7363
Tukey-Kr.
HREY-RIamEr < 0.05 p>0.05 p>005  p>0.05

test

*Difference between subgroup 2C and the other subgroups, significant for
p<0.05 (Tukey-Kramer test)

G1 — Control group - G2A — Transplantation of intact ovaries - G2B
— Transplantation of sliced ovaries - G2C — Transplantation of intact
and sliced ovaries - G3A — Reimplantation of intact ovaries - G3B —
Reimplantation of sliced ovaries - G3C — Reimplantation of intact and
sliced ovaries - FSH — Follicle stimulating hormone - LH — Luteinizing
hormone
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At the second laparotomy, the abdominal cavity of the
rabbits of group 1 was normal. The macroscopic aspect of the
reproductive organs of the animals was well preserved without
inflammatory signs. There were adhesions between the tubes and
ovaries in two rabbits. The uterus and tubes did not show anatomic
abnormalities.

At the time of second laparotomy, the macroscopic
aspect of the reproductive organs of the animals of groups 2 and 3
was close to normal with little fibrosis and abdominal adhesions.
The uterus and tubes did not show anatomic abnormalities and
angiogenesis were observed on several ovaries surface. In three
rabbits of group 2 and in two animals of group 3 with no pregnancy,
adhesions were observed between the tubes and ovaries. In these
cases, the ovaries were surrounded by the omentum, the small and
large bowel.

Histologic examination confirmed the preservation of
ovarian structure. No differences were found between intact and
sliced allogeneic and autologous transplanted ovaries. A well-
developed vascular net formed by angiogenesis surrounded
all transplanted ovaries. Many follicles in different phases of

maturation and pregnancies indicated the recovery of reproductive

function of the ovaries in all groups (Figure 1).

FIGURE 1 - Histological findings on autologous and allogeneic
transplanted ovarium without a vascular pedicle. No sign of ischaemia
or necrosis is present. Observe follicle of Graaf (F), angiogenesis (A) and
corpus luteum (L). Haematoxylin and eosin stain. A - Intact reimplanted
ovarium (100x), B - Sliced reimplanted ovarium (100x), C - Intact
transplanted ovarium (100x) and D - Sliced transplanted ovarium (400x).

The Fallopian tubes of the rabbits that became pregnant
presented a normal aspect, with well-developed microvilli and
lack of inflammatory or degenerative signs. In contrast, among the
infertile rabbits, two animals of group 2 and other two of group 3
showed salpingitis and two rabbits of Group 2 showed multiple

local adhesions among ovaries, tubes and small bowel. The uterus
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of all animals presented a normal aspect. The rest of the abdominal
cavity remained normal, without gross alterations of the other
abdominal organs.

The uterine histoarchitecture of all rabbits was preserved.
The endometrium showed various proliferation phases compatible
with the phases of the estrous cycle, indicating an appropriate
hormone production.

Seven (87.5%) rabbits of Group 1 maintained pregnancy
until the end. Parturitions occurred during the fourth month after
operation in four rabbits, and during the sixth month after operation
in the other three animals. The numbers of animals varied between
six to ten litters.

Three of the rabbits of subgroup 2A (37.5%) maintained
pregnancy until the end. Parturitions occurred during the fourth
month after operation in one rabbit with the birth of two litters,
in the fifth month in another with the birth of three litters, and in
another during the sixth month after operation with the birth of
one litter.

Of the eight rabbits of subgroup 2B, four (50%)
maintained pregnancy until the end. Birth occurred during the fifth
postoperative month in one rabbit, with the birth of three litters;
during the sixth month with the birth of two litters; and during the
seventh postoperative month in the last two, with one litters in one
and two in the other.

Of the eight rabbits of subgroup 2C, five (62.5%)
maintained pregnancy until the end. Parturition occurred during
the fifth postoperative month in two rabbits, two months after the
beginning of copulation, with the birth of one litter; during the sixth
postoperative month in another, with the birth of three litters; and
during the eighth postoperative month in the other two, one with
one litter and the other with two litters. There were no difference
in the time between the beginning of the sexual intercourse and the
birth of the nestlings in relation to the two studied female breeds.

Three of the rabbits of subgroup 3A (37.5%) maintained
pregnancy until the end. Parturitions occurred during the fifth
month after operation in two rabbits, with the birth of two and three
litters, respectively, and during the sixth month after operation
with the birth of one litter in another.

Of the eight rabbits of subgroup 3B, four (50%)
maintained pregnancy until the end. Birth occurred during the fifth
postoperative month in one rabbit, with the birth of four litters;
during the sixth month with the birth of one litter in another; and
during the seventh postoperative month in the last two, with two
litters in one and three in the other.

Of the eight rabbits of subgroup 3C, four (50%)
maintained pregnancy until the end. Parturition occurred during



the fifth postoperative month in one rabbit, two months after the
beginning of copulation, with the birth of one litter; during the sixth
postoperative month in another, with the birth of three litters; and
during the eighth postoperative month in the other two, one with
one litter and the other with two litters. There were not differences
among the control-group and the other groups in relation to the

number of gestations (Table 2).

TABLE 2 — Number of successful pregnancies and the
number of litters (mean and standard deviation) for each rabbit for

all groups.
GROUPS PREGNANT RABBITS NIIJJ(I)\/I[{BIEEC?{F ﬁg’gﬁs
(N=8) Number chi-square (mean + SD)
and % (p value) *

1 7 (87.5) - 6.7 £2.5 **
2A 3(37.5) 0.121 20+1.0
2B 4 (50.0) 0.280 2.0+0.8
2C 5(62.5) 0.563 1.6 +0.9
3A 3(37.5) 0.121 20+1.0
3B 4 (50.0) 0.280 25+13
3C 4 (50.0) 0.280 1.7+0.9

*Comparison between G1 and the others groups

**Difference between Group 1 and the other subgroups, significant for p
<0.001 (Tukey-Kramer test)

G1 — Control group - G2A — Transplantation of intact ovaries - G2B
— Transplantation of sliced ovaries - G2C — Transplantation of intact
and sliced ovaries - G3A — Reimplantation of intact ovaries - G3B —
Reimplantation of sliced ovaries - G3C — Reimplantation of intact and
sliced ovaries

Discussion

The aim of autologous and allogeneic ovarian
transplantation is not only to preserve the hormonal function of
the organs and to prevent the adverse effects of perimenopausal
period®, but also to restore reproductive capacity®!2.

Experimental studies on ovarian autoimplants have been
performed since the XVIII century, but this procedure became
relevant only in recent years''. The multiplicity of animal species
and methods of investigating the ovarian function is responsible for
the controversial informations of the literature*'*'>. The choice for
rabbit was due to its intense reproductive capacity and feasibility

of the surgical procedure without special instruments'®!7.
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The ketamine was used by its characteristics of inducing
mitigation state, immobility and accentuated analgesia with wide
margin of safety and easy control of the anesthetic level.

The cyclosporine (CyA) was given only to females of
Group 2 (A, B and C). The animals of Group 1 (control) were
not immune suppressed because they have not been submitted to
transplant. It was previously demonstrated that CyA interferes with
the endocrine system by enhancing the serum level of estradiol.
In this regard, alterations of gonadal function was verified in rats
and in humans. Interaction between CyA and prolactin on the
same lymphocyte receptor has been reported as a mechanism
of action of CyA?'. Thus, the use of cyclosporine might be of
influence on the number of litters by a possible adverse role of
this drug, reducing the female fertility or the number of viable
litters. Based on this theory, the number of litters obtained after
the ovarian transplantation in the present study was lower than is
usually verified in normal animals. However, the small amount of
rabbits used in each group was probably responsible for the non
significant difference between Groups 1 and 2.

The number of litters obtained after the allogeneic and
autologous ovarian transplantation in the present study was lower
than usually verified in normal animals. However, due to the
little amount of animals in each group, this difference was not
significant.

The microscopic study did not show evidences to suggest
a hyper or hypo-hormonal function, as for instance, endometrial
hypotrophy or hyperplasia. This fact was also proved by the
estradiol and progesterone dosages that were normal. There was
no difference between the time to become pregnant of the studied
groups and normal rabbits in captivity.

The orthotopic ovarian transplanted without surgical
revascularization recovered the hormonal and reproductive
function. Thus the absence of vascular anastomosis does not seem
to interfere with the viability and function of the ovaries, which
developed sufficient vascular neoformation. Transplanted ovaries
without a vascular anastomosis in rabbits are viable and preserve
their endocrine function without detectable adverse effects.
These findings have been verified previously in mice ", and
differ from those published by authors who consider the surgical
revascularization fundamental to maintain ovarian function'*".
Avascular ovarian transplantation avoids the microsurgery that is
required to perform difficult arterial and venous anastomoses in
small animals. This procedure would also increase the operation
time with more risks for the animal. However it is important to
acknowledge that long-term survival of ovaries transplanted with

and without a vascular pedicle needs to be determined.
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The neovascularization developed around the ovaries is
sufficient to preserve their vitality's. According to literature, the
ovarian tissue is a rich source of angiogenic factors that stimulate
a rapid migration of endothelial cells in cases of transplantations,
leading to the reestablishment of the blood flow'*!*. This
phenomenon occurs even when the ovaries are implanted in
other sites'>!”. Dissen et al.'® implanted ovarian cortex near the
jugular vein, and verified the revascularization of the graft after
48 hours, with an increasing expression of specific angiogenic
factors, mainly the endothelial growth factor. According to these
authors, the gonadotropin secretion plays a pivotal role in the
angiogenesis. Among the gonadotropins, FSH seems to be the
most important, due to the stimulation of cellular mitosis and
inhibition of apoptosis of the granular layer. The treatment of antral
mice follicles with growing doses of FSH causes a suppression of
DNA fragmentation, reaching the maximum suppression of 60%".
Probably, due to the privation of mitogenic and trophic factors, as
the gonadotropins and the ovarian steroids, apoptosis is observed
in ovarian cells'®. The concentration of FSH was maintained inside
the normality limits in the studied groups.

All animals recovered their ovarian cyclicity indicating
both procedures lead to a vital implant. Thus the endocrine
recoverance is complete enough to establish normal estral cycles,
resulting in pregnancy. The absence of surgical reestablishment of
vascularization did not interfere with normal ovarian function in
both sliced or integer ovaries.

Two different methods of ovarian transplantation (intact
or sliced) were compared in order to assess the influence of the
contact surface on the restoration of the ovarian function. Previous
studies'*'” have shown that sliced transplanted ovaries are more
effective in promoting normal estrous cycles than intact ones,
due to a greater contact surface with the blood supply. However,
in the present investigation no difference was observed in the
histoarchitecture of the ovaries.

Although the fertility rate of subgroups 2A and 3A was
lower than subgroups 2B, 2C, 3B and 3C, these results were not
significantly different, probably due to the little amount of animals
in each group. It is worth to emphasize that the percentage of
litters obtained in the present study was higher than the data of the
literature'>'3.

The absence of pregnancy in half of the rabbits of
groups 2 and 3 may have been due, at least in part, to adhesions
surrounding the tubes, and probably preventing fertilization.
We could not find the factors related to those adhesions other
than natural inflammatory reaction of organism to trauma. The

possibility of post-transplant hypoxia in the ovaries because of

64 - Acta Cirvrgica Brasileira - Vol. 28 (1) 2013

a lack of vascular pedicle should be considered. However, the
adhesions were not exclusively found around the ovaries, but
throughout the abdomen. Although pregnancy was not detected,
the endocrine function of these rabbits was preserved. Undetected
pregnancies may have occurred in both groups, since abortions or

other abnormalities of pregnancy could not be assessed.

Conclusion

Intact or sliced orthotopic allogeneic and autologous
ovarian transplantation without a vascular pedicle is viable in

rabbits and these animals may conceive and deliver litters naturally.
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