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RESUMO.- [Respostas bioquímicas, termográficas e foli-
culares de modelos murinos tratados hormonalmente 
após xenotransplante de ovário bovino sob a cápsula re-
nal.] Este estudo teve como objetivo avaliar as características 
dos dois diferentes modelos de murinas tratadas hormonal-
mente após xenotransplante de tecido ovariano bovino sob a 
cápsula renal. Dois modelos de camundongos imunodeficien-
tes (BALB/c NUDE e C57BL6 SCID) receberam fragmentos de 
ovário de novilhas e cada grupo foi submetido a dois trata-
mentos hormonais de eCG ou uma combinação de FSH+LH. 
Ovários doadores e receptores foram avaliados por histologia 

e termografia infravermelha em diferentes momentos. No 
momento da retirada do xenotranplante, os animais foram 
avaliados quanto a alterações na bioquímica hepatorrenal. 
O teste estatístico utilizado no estudo foi ANOVA, seguido do 
teste de Tukey. Entre as linhagens, 80% de C57BL6 SCID e 
77% das BALB/c NUDE mostraram desenvolvimento e vas-
cularização do tecido transplantado, que adquiriu a ciclicida-
de 19 e 9 dias após o transplante, respectivamente. Corpos 
hemorrágicos foram encontrados após o xenotransplante 
induzidos com FSH+LH na linhagem C57BL6 SCID. A termo-
grafia infravermelha foi insuficiente para distinguir o tecido 
doador do receptor. Em conclusão, a linhagem C57BL6 SCID 
demonstrou ser o melhor hospedeiro para xenotransplante 
de ovário, uma vez que os transplantes nestes camundongos 
foram viáveis e mostraram desenvolvimento folicular. Este 
trabalho ajudará futuras escolhas de linhagens imunodefi-
cientes para procedimentos de xenotranplante.
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This study aimed to evaluate the characteristics of two different murine models of hor-
mone-treated renal-encapsulated bovine ovarian tissue xenotransplantation. Two immu-
nodeficient mouse models (BALB/c Nude and C57BL6 SCID) were xenografted with ova-
rian pieces from heifers and each group was subjected to two hormonal treatments of eCG 
or a combination of FSH+LH. Donor ovaries and recipients were evaluated by histology 
and infrared thermography at different times. At the time of xenograft collection, animals 
were evaluated for alterations in hepatorenal biochemistry. The statistical test used in the 
study was ANOVA, followed by Tukey’s test. Among the strains, 80% of C57BL6 SCID and 
77% of BALB/c Nude mice showed development and vascularization of the transplanted 
tissue, which acquired cyclicity at 19 and 9 days post-transplant, respectively. Hemorrhagic 
follicles in xenografts induced with FSH+LH were found in the C57BL6 SCID strain. Infrared 
thermography was insufficient to distinguish the tissue donor recipient. In conclusion, the 
C57BL6 SCID strain appears to be the best host for ovarian xenografts, since the trans-
plants in these mice were viable and showed robust follicular development. This work will 
aid future choices of immunodeficient strains for xenografting procedures.
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TERMOS DE INDEXAÇÃO: Xenotransplante, ovário, novilhas, ca-
mundongas.

INTRODUCTION
Ovarian xenografting is a valuable technique with applica-
tions in animal breeding for the maintenance of the activity 
of fresh, cooled, or cryopreserved ovaries. Gonads can sur-
vive post-mortem for several hours if they are well maintai-
ned (Wiedemann et al. 2012). Thus, ovarian xenografting 
allows the resumption of hormonal functions in cases of 
the recent death of animals with high breeding value, or 
ecologically or scientifically important animals. The tech-
nique can also be used for the preservation of endangered 
species (Kikuchi et al. 2011).

The insertion of tissues (or fragments thereof) in a non-
-self-recipient can be performed near or away from the ori-
ginal anatomical site (Sonmezer & Oktay 2010). Although, 
there is no consensus in literature, the criteria for eligibili-
ty of site of transplantation varies according the expected 
responses, for example, the subcutaneous site is frequently 
chose due the easy for assessment of follicle development 
or oocyte retrieval. Another receptor site commonly used 
for xenotransplantation is the kidney capsule (Gosden et al. 
1994), which is chosen due to the higher vascularity of the 
kidneys compared to that of other sites such as under the 
skin or in the ovarian pouch (Yang et al. 2006). To perform 
this technique, either immunosuppressive drugs (Samanie-
go et al. 2006) or immunodeficient animals (Aubard 2003) 
should be used in order to reduce the possibility of rejec-
tion of the transplanted tissue (Bedaiwy et al. 2008, Silber 
et al. 2010, Silber 2012, Von Schonfeldt et al. 2012).

Although there are techniques available for evaluating 
xenografts, such as the observation of vaginal smears and 
histology, biochemical and thermographic techniques are 
useful for providing important information related to the 
recipient. For example, infrared thermography consists 
of capturing radiation emitted by animal tissues and con-
verting it into thermograms or thermographic images that 
serve as maps of surface temperature with contours that 
vary according to the anatomical location (Stewart et al. 
2005). This approach has facilitated the diagnosis of issues 
during reproduction and is less invasive and more rapid 
than other techniques; its use has therefore been widely 
adopted across the field of veterinary medicine (Ricarte et 
al. 2014). In this context, the use of infrared thermography 
in transplantation is geared towards a prior assessment of 
the surface temperature of the donor tissue at its original 
location, and then subsequently after it has been xenograf-
ted into the recipient.

In addition, the knowledge of hepatorenal biochemical 
parameters of recipient mice is very important, as they can 
reflect the functional consequences of surgical interventions 
at the organismal level. In the case of ovarian xenografts un-
der the kidney capsule, the assessment of circulating meta-
bolites that are produced by the kidney and liver will provide 
valuable information on the overall condition of the animal. 
Such indices are also useful for monitoring the receptor site, 
thus permitting researchers to determine whether xeno-
transplantation actually causes injury to the recipient.

Currently, there are two different immunodeficient mice 
models (Nude or SCID) that can be used to evaluate xeno-
grafting; Nude mice are homozygous recessive for the auto-
somal gene located on chromosome 11. This characteristic 
induces abnormal development of the thymus in animals, 
leaving them so deficient in T lymphocytes. The absence 
of hair is also characteristic of this condition, hence Nude 
name (Shultz et al. 1995). Animals SCID (Severe Combined 
Imunno Deficiency) in turn, are autosomal mutant chromo-
some 16 which induces the formation of precursor cells of 
the defective lymphoid system (Johnson, 2012). As a result, 
they have a severe combined immunodeficiency, low levels 
or absence of type immunoglobulins IgA, IgM or IgG, reduc-
tion in size of lymphoid organs up to 10 times, absence of 
T and B lymphocytes and spleen cells fail produced them; 
thus rarely transplant reject. Her mutation occurred from 
the CB-17 strain (Bosma et al. 1983, Fulop & Phillips 1990, 
Andrade et al. 2002). Selection of the most appropriate mo-
del will greatly facilitate future research and applications 
that require xenografting from bovine ovaries. Thus, this 
study was designed to evaluate the response of these two 
different strains of immunodeficient mice to bovine ovarian 
tissue that was xenografted underneath the renal capsule, 
both in the presence and absence of hormonal treatment.

MATERIALS AND METHODS
Ethics statement. The study was approved by the local ethics 

committee on animal experiments (No. 23091.002005/2013-23). 
The animals were maintained in accordance with Animal Care 
and Use Committee regulations.

Recipient animals. The recipients were female immuno-
deficient mice aged between 60 and 80 days from two different 
strains (BALB/c Nude/Nude, n = 9; C57BL6 SCID, n = 12) with 
proven cyclicity. Eight intact females from each strain were used 
to serve as the control group for vaginal washing and serum bio-
chemistry. All animals were maintained in sterile cages under po-
sitive pressure at 22°C and 14:10 h light/dark cycle, and fed ad li-
bitum. Additionally, the animals were inspected daily for possible 
alterations in their behavior or health.

Selection of ovarian donors. Seven ovaries of crossbred hei-
fers from the local slaughterhouse were used. These ovaries sho-
wed early follicular wave, presence of antral follicles, and absence 
of corpus luteum. The ovaries were collected immediately after 
slaughter and were washed briefly with saline solution (0.9%), 
placed in sterile conical tubes (50 mL), labeled, and then trans-
ported in saline solution (0.9%) with antibiotics (100 g/mL peni-
cillin). The ovaries were then maintained at 37°C during transport 
to the laboratory.

Processing of donor ovaries. In the laboratory, the cortex of 
the ovaries was gently fragmented under a stereomicroscope into 
small pieces of approximately 1 mm3, placed in TALP/HEPES su-
pplemented with 2% fetal bovine serum (Sigma - A9647) at the 
time of transplantation, which was always within 5 h of collec-
tion. Each ovary yielded 16 cortical pieces; one was separated for 
control histology and the remaining pieces were divided into five 
per recipient (n = 5) to be grafted without vascular anastomosis 
under the left renal capsule.

Anesthesia protocol, oophorectomy of recipients, and xe-
notransplantation. All mice were anesthetized with an intrape-
ritoneal injection of 2,2,2-tribromoethanol (Avertin 2.5%, Sigma-
-Aldrich, Sao Paulo, Brazil) at 20 mL/kg (BALB/c Nude) and 18 
mL/kg (C57BL6 SCID). In order to prevent possible interference 
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of the gonadal activity of the recipients following ovarian tissue 
transplantation, all BALB/c Nude and C57BL6 SCID mice were 
previously subjected to bilateral oophorectomy. Thereafter, the 
left kidney was located and externalized. The renal capsule was 
gently incised and five cortical pieces were grafted individually 
underneath the capsule. The animals were placed in sterile cages 
heated to 37°C until full recovery from the anesthesia and were 
sedated with ketoprofen (Laboratory Cristália, Brazil; 0.8mg/kg) 
intraperitoneally every 12 h for 2 d.

Vaginal cytology. Five days after transplantation, vaginal wa-
shing was performed (every 12 h for 55 d) to evaluate any putati-
ve estrous cycle. For this, the animals were contained, and a 20-µL 
micropipette and saline solution (0.9%) were used. Washes were 
evaluated by light microscopy (20x) and cells were evaluated in 
the absence of staining. The criteria for vaginal cytology were ba-
sed on those reported by Cooper et al. (1993).

Hormonal treatment and graft recovery. Recipient females 
were divided into three groups as follows. Control (Group 1; n = 
7), animals without hormone treatment; eCG (Novormon)-treated 
(Group 2; n=7), animals that received 10 IU e CG (Syntex Industry 
Biochemistry and Pharmaceuticals SA, Buenos Aires, Argentina); 
and FSH+LH (Group 3; n=7), animals that received 10 IU FSH + LH 
(Pluset, Laboratorios Calier SA, Barcelona, Spain). Sixty days after 
the surgery, the grafts were removed from the control group. eCG 
was administered in a single dose, whereas the FSH and LH com-
bination was administered for 2 days every 12 h. After 48 h of hor-
monal treatment, transplants were removed from the recipients 
of Group 2 and Group 3. All grafted animals were euthanized with 
an overdose of 2,2,2-tribromoethanol, followed by cervical dislo-
cation. All the removed tissues were then processed for histology.

Histological processing and xenograft evaluation. Both 
control and grafted pieces were fixed in Carnoy’s solution (60% 
ethanol, 30% chloroform, 10% acetic acid) for 8 h and subse-
quently dehydrated, diaphonized, embedded in paraffin, and cut 
into 5µm-thick serial sections. Every 20th section was mounted 
and stained with hematoxylin-eosin (HE) and Masson’s trichrome 
(MT) (Molinaro et al. 2009).

The parameters used for ovarian tissue assessment were in-
tegrity of the parenchyma, quality of ovarian follicles, and vascu-
larization. Additionally, in both control and the transplants, the 
follicles were classified according to the type and number of gra-
nulosa cell layers surrounding the oocyte following morphologic 
features (Rodgers & Irving-Rodgers 2010). Preantral follicles (PF) 
were divided as follows: primordial, with an oocyte surrounded 
by a complete layer of squamous cells of pre-granulosa; primary, 
a single layer of cuboidal granulosa cells; secondary, with two or 
more layers of cubic granulosa cells. Antral follicles were classi-
fied as antral (with one or more small areas of follicular fluid) and 
preovulatory (those with a halo or layer of cumulus cells surroun-
ding the oocyte). The atretic follicles followed the same classifi-
cation of normal follicles on the type and number of layers, but 
differed based on the presence of nuclear pyknosis, cytoplasmic 
damage, disconnects between granulosa cells and the oocyte, as 
well as irregularities in the basement membrane.

Thermographic assessment. For thermographic evaluation, 
we used an infrared thermographic camera (FLIR b60, Flir Sys-
tems Brasil Comércio de Câmeras Infravermelhas Ltda, Soroca-
ba, Brazil). The images were taken 20 cm away from the studied 
tissues at three different times: T1, immediately after ovarian 
exposure at the slaughterhouse; T2, immediately after the xeno-
grafting procedure; T3, on the day of xenograft recovery when the 
animals were subjected to laparotomy for thermographic asses-
sment. Image acquisition and analysis was performed using the 
Flir Software, and temperature gradients were then assessed.

Renal and hepatic biochemistry. The blood collection proce-
dure was performed in the mornings in order to avoid variations 
in the biochemical parameters. Initially, the animal was anesthe-
tized with intraperitoneal 2,2,2-tribromoethanol in the lateral lo-
wer right quadrant. After general anesthesia, the depth of which 
was assessed by the absence of foot reflex, 1 mL of blood was col-
lected via cardiac puncture according to the procedure described 
by Hoff (2000). After this procedure, the animals were euthani-
zed. The determination of death of the animals was performed by 
the lack of vital signs such as heart rate and breathing movements.

Blood from each animal was placed in pre-labeled 1.5-mL mi-
crofuge tubes, and centrifuged at 4000 rpm for 10 min at room 
temperature to separate serum. All biochemical analyzes were 
validated and performed through spectrophotometry, using the 
semi-automatic biochemical analyzer Bioplus-200. Evaluation of 
renal function was determined by measuring blood urea nitro-
gen, creatinine, alanine aminotransferase (ALT), aspartate amino-
transferase (AST), and alkaline phosphatase (ALP). Commercial 
kits were used for these measurements (Biotechnology Life, Belo 
Horizonte, Brazil).

Statistics. Data regarding kidney and ovarian tissue morpho-
logy were expressed descriptively. Mean duration of the phases of 
the estrous cycle, thermal evaluation, and biochemical data were 
compared by ANOVA followed by Tukey’s test (p < 0.05). Percen-
tage data was compared by chi-square (p < 0.05). All comparisons 
were carried out according to the experimental groups with a pro-
bability level of 5%. BioEstat 5.0 and Microsoft Office Excel 14.0 
software were used for these calculations.

RESULTS AND DISCUSSION
The entire xenograft procedure consisted of bilateral oo-
phorectomy, graft of fragments under the renal capsule, 
dieresis, and suture of the surgical wound. The average 
time for the procedure (18 min) was not significantly di-
fferent between the two strains. While the average time in 
the present study is lower than that observed by Liu et al. 
(2002), we did observe morphological differences between 
the two strains. The BALB/c Nude mice had a thick layer 
of peri-abdominal and visceral fat, probably to compensate 
for the loss of body temperature due to the lack of hair; in 
part, this hindered access to the organs of interest. In addi-
tion, in this strain, the kidneys were proportionately larger 
than those of the C57BL6 SCID mice. While this could be 
considered an advantage for transplantation studies, we 
also found that the renal capsule in BALB/c Nude was more 
fragile, making the grafting procedure more difficult in the-
se mice. Thus, although anatomically smaller, C57BL6 SCID 
mice kidneys were superior to those of BALB/c Nude mice. 
All animals showed complete healing of the skin and mus-
cles about 5 days after the surgery.

Another factor that might affect tissue revasculariza-
tion and follicular activation after grafting is the choice of 
transplantation site. For this reason, we transplanted the 
ovarian fragments under the renal capsule in mice, because 
this area is extensively vascularized increasing the chances 
of survival of xenografted tissue (Kaneko, et al., 2013). Her-
nandez-Fonseca et al. (2004) demonstrated that bovine ova-
rian transplants under the renal capsule of male SCID mice 
produced significantly more follicles in growth than those 
transplanted subcutaneously. Yang et al. (2006) also obser-
ved that the recovery achieved in subcutaneous graft (56–
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58%) was lower than that in the ovarian bursa (98–100%) 
or under the kidney capsule (93–95%), thus confirming the 
validity of our choice of the transplantation site. During the 
retrieval of the grafted tissues, we observed vascularization 
at the transplantation site, and 80% (n = 12) of the trans-
plants in C57BL6 SCID and 77% (n = 7) of the transplants in 
BALB/c Nude mice showed successful development.

The physiological status of the recipient may also in-
fluence the success of the grafting process and/or follicular 
survival. In some studies of ovarian transplantation, female 
mice are bilaterally oophorectomized, since this engenders 
high concentrations of gonadotropins, which are thought to 
be beneficial for graft survival and follicular development 
(Gosden et al. 1994, Candy et al. 1995, Wolvekamp et al. 
2001). However, the hormonal response of the recipients 
may depend on the donor species and their age (Paris et 
al. 2004), in this last case it is widely known that oldest 
animals possess elevated concentrations of gonadotropins 
and reduced concentrations of steroid hormones in syste-
mic circulation (Malhi et al. 2005). In the present study, we 
chose ovaries from heifers instead of cows, since we reaso-
ned they would respond better to the transplant process 

and subsequent engraftment. Indeed, using this approach, 
over 75% of the fragments developed upon transplanta-
tion, which indicates a good rate of success.

Vaginal washing was performed in the control and graf-
ted animals. Six of nine and 9/12 BALB/c Nude and C57BL6 
SCID mice developed an estrous cycle, respectively. However, 
the cycles were longer in these animals than in the control 
group. Kaneko et al. (2003), Kaneko et al. (2006) used vagi-
nal smears as an auxiliary method for the detection of cor-
nified cells in the recipients, and this allowed them to deter-
mine the optimal time for hormonal stimulation and for the 
retrieval of oocytes that were suitably sized for in vitro ferti-
lization. Considering proestrus as the first sign of the estrous 
cycle, the rate of return to cyclicity was 67% (BALB/c Nude) 
and 75% (C57BL6 SCID); this occurred on average 9 ± 3 days 
in BALB/C Nude females and 19 ± 9 days in C57BL6 SCID 
females, although with a degree of irregularity. The grafted 
females had increased estrous cycle length. It is known that 
a female that has no contact with males tends to exhibit a 
prolonged anestrus (Santos 2002). In addition, a possible 
explanation for this increase is that animals require a longer 
time after ovarian xenografting for rehabilitation and revas-

Fig.1. Ovarian cortex from heifer xenografted under the kidney capsule of BALB/c Nude mice (A,C) and C57Bl6 SCID (B,D). (A) Primary 
follicle (*), note integration of ovarian cortical tissue and renal parenchyma of operated recipient (R). HE, 40x. (B) Secondary (*) and 
tertiary follicles, renal parenchyma (R) of recipient Balb-c nude mouse, the region of the kidney capsule of the recipient (CSR) contai-
ning connective tissue. HE,10x. (C) Blood vessels observed in bovine ovarian tissue after xenotransplantation (dotted circle and ar-
row), secondary follicles (arrow head), connective tissue (CT), renal parenchyma of the recipient (R) MT 10x. (D) Hemorrhagic body 
(CH), renal parenchyma of the recipient (R), secondary follicles (*); Note the vascularization surrounding CH (arrowheads) TM, 10x.
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cularization of the transplanted tissue. Thus, we think there 
is a temporal delay before signals from the hypothalamic-
-pituitary-gonadal axis reach the new grafted tissue.

Furthermore, a low number of preantral and tertiary 
follicles were observed in grafted cortical pieces. Howe-
ver, follicular activation was observed in xenografts from 
both strains. These findings are similar to those observed 
in other species including wallabies (Mattiske et al. 2002), 
cats (Bosch et al. 2004), and bovine fetuses (Bezerra 2010). 
The vascular supply of grafted tissues to the kidneys was 
morphologically similar to that found in the normal tis-
sue of the ovarian donor, and neovascularization occurred 
in 77% and 80% of BALB/c Nude and C57BL6 SCID reci-
pients, respectively (Fig.1). These observations coincided 
with cyclical return in the xenografts of these animals. Hy-
poxia and ischemic reperfusion plays an important role in 
the depletion of follicles from the first day after transplan-
tation, and continues to do so for up to 1 week thereafter 
(Yang et al. 2006, Soleimani et al. 2011). During this phase, 
oxygen and nutrients diffuse into the surrounding tissue 
toward the graft, rescuing it from the ischemia and hypo-
xia that manifests in the presence of new (and immature) 
blood vessels; this process continues until revasculariza-
tion is fully completed (Van Eyck et al. 2009).

Under physiological conditions, there is negative feed-
back between the pituitary and ovary; this regulates gona-
dotropin secretion and, thus, the development of the folli-
cle. To stimulate the maturation of follicles in the growing 
xenografted tissue, recipients are often treated with exo-
genous gonadotropins. Here, we tested two hormonal pro-
tocols, and found that transplanted tissue developed in all 
females treated with FSH + LH and in 80% of those treated 
with eCG. Furthermore, the C57BL6 SCID animals showed 

hemorrhagic bodies in 48% (n=7) of transplants; of these, 
71% were induced by FSH+LH and 29% by eCG. No hemor-
rhagic bodies were detected in BALB/c Nude females. With 
regard to follicular development, the FSH and LH hormone 
combination was more effective than treatment with eCG. 
In a murine model of human ovarian xenografts, Oktay et 
al. (1998) injected small doses of FSH in SCID mice for an 
extended period and observed the development of antral 
follicles. Similarly, Senbon et al. (2005) administered eCG 
48 h prior to euthanizing a group of SCID mice xenografted 
with female secondary bovine follicles, and these follicles 
developed into oocytes of a suitable size for maturation. 
Several other studies have also confirmed that hormonal 
induction stimulates a more robust tissue response (Cleary 
et al. 2003, Kaneko et al. 2003, Bosch et al. 2004, Kaneko 
et al. 2006, Kaneko et al. 2013). However, it is still unclear 
whether the efficacy of the hormonal protocol is due to the 
effects on the donor tissue or on the hypothalamic-pituita-
ry axis of recipient mice.

The hormonal status of the recipients can influence the 
result of the transplantation. Specifically, a higher concen-
tration of gonadotropins from either endogenous or exoge-
nous sources is desirable in order to obtain antral follicles 
capable of yielding oocytes that can be used for in vitro 
production. If the primary interest is in starting the growth 
of the primordial follicle, and thus maintaining the survival 
of a large number of follicles, then basal levels of FSH and 
LH are needed. Thus, more efficient hormonal treatments, 
tailored to the C57BL6 SCID strain, are required. This is 
because prevention of hemorrhagic body formation will 
facilitate the production of viable oocytes for use in other 
reproductive biotechnologies, and in particular for in vitro 
embryo production.

In this study, we used the infrared thermography tech-
nique because this facilitates the measurement of tempe-
rature distribution and the tracking of local temperature 
flux (Ring et al. 1985). Internal organs are not surrounded 
by a heat insulator, and their temperature is thus determi-
ned primarily by the flow of blood that perfuses the organ 
(Brioschi et al. 2000). When an artery serving an organ is 
supplied with blood, a “warm” anatomical pattern is clear-
ly seen in whole-body thermal images (Suma et al. 2000). 
Although the donor ovarian tissue is maintained at the phy-
siological temperature during collection, fragmentation, 

Table 1. Surface temperature of the entire ovary and 
transplanted ovarian tissue at different experimental times

 Time point BALB/C/Nude C57BL6 SCID

 T1 35.77 ± 1.54aA 35.97 ± 1.50aA

 T2 29.09 ± 2.92bA 27.95 ± 2.04cA

 T3 30.78 ± 1.66bB 32.79 ± 1.58bA

Lowercase letters indicate comparison within the strain. Capital letters 
indicate comparison between the models. T1, immediately after ovary 
exposure at the slaughterhouse; T2, immediately after the xenografting 
procedure; T3, on the day of xenograft recovery.

Table 2. Plasma levels of renal and hepatic function of transplanted and intact 
immunodeficient mice models

 Strain Group Parameters
   Urea (mg/dL) *Creatinine (mg/dL) *ALT (u/L) *AST (u/L) *ALP (u/L)

 BALB/C/Nude Control 76 ± 4.43b 0.30 ± 0.08 113 ± 6.50a 165 ± 44.80a 183 ± 45.14a

  Grafted control 57 ± 1.53a 0.26 ± 0.06a 116 ± 24.57a 159 ± 27.56a 187 ± 11.34a

  FSH+LH 67 ± 0.58a 0.30 ± 0.00a 110 ± 27.15a 166 ± 62.45a 189 ± 41.79a

  eCG 62 ± 2.52a 0.30 ± 0.10a 117 ± 44.82a 157 ± 55.12a 185 ± 29.69a

 C57BL6 SCID Control 63 ± 5.12a 0.35 ± 0.06 79 ± 9.54a 175 ± 36.27a 186 ± 8.42a

  Grafted Control 59 ± 3.813b 0.32 ± 0.08a 83 ± 12.53a 159 ± 1.15a 177 ± 12.34a

  FSH+LH 57 ± 7.40b 0.32 ± 0.04a 82 ± 4.16a 166 ± 29.67a 178 ± 25.42a

  eCG 54 ± 5.81b 0.32 ± 0.11a 79 ± 10.00a 160 ± 27.68a 181 ± 22.19a

Lowercase letters indicate comparison of lines with the same treatment. * No significant difference was observed 
in either strain (where significance was defined as p<0.05). ALT = alanine aminotransferase, AST = aspartate 
aminotransferase, ALP = alkaline phosphatase.
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and transplantation, we observed a significant difference in 
the degree of tissue ischemia between T1 and T2, and T1 
and T3 in the BALB/c Nude and C57BL6 SCID procedures, 
respectively (Table 1). However, due to the reduced size of 
the fragment and the high level of reperfusion of the renal 
capsule, there was no statistical difference between T2 and 
T3 during BALB/c Nude procedures. There was a statistical 
difference between T2 and T3 during C57BL6 SCID proce-
dures, suggesting that this strain, as expected, has advan-
tages in thermoregulation due to the presence of hair. Our 
results indicate that infrared thermography cannot distin-
guish between the donor and recipient tissues, possibly 
due to the small size of the fragments we transplanted. Ho-
wever, this technique proved effective for monitoring the 
temperature of the recipient and transplant sites, and re-
vealed that tissue engraftment was successful in animals of 
both strains, despite their significantly different body tem-
peratures (Table 1).

Association of biochemical tests that report hepatic and 
renal function with behavioral data facilitates the evalua-
tion of an animal’s clinical condition, and can help deter-
mine whether xenotransplantation engendered pathology 
in the recipient. Our integration of these parameters reve-
aled no significant difference between treatments for both 
strains studied, with the exception of urea (Table 2). Levels 
of this metabolite were lower in the BALB/c Nude mice 
than in control animals, but remained within the range of 
normal urea levels found in this strain.

As the serum creatinine excretion rate is relatively cons-
tant and is not influenced by protein metabolism or other 
external factors, creatinine concentration is an excellent pa-
rameter that can be used to evaluate renal function. Serum 
creatinine concentrations provide a more specific and sen-
sitive alternative to plasma urea concentrations, particular-
ly when the speed and level of glomerular filtration must be 
determined. However, creatinine concentrations very rarely 
exceed the reference limits until kidney function is compro-
mised by 50–70%. Therefore, a result in which creatinine 
levels are within the reference range does not necessarily 
imply normal renal function; thus, urea levels must also be 
evaluated in parallel (Emanuelli et al. 2008). We suggest that 
liver function should be monitored alongside the other para-
meters that we describe here, as the combination of results 
provides a strong indication of whether ovarian xenografts 
under the kidney capsule alter the physiology of the recipient.

CONCLUSIONS
Considering that ovarian transplants constitute an al-

ternative source of donor genetic material, it is critical that 
methods for establishing xenotransplant viability, revascu-
larization, and recovery of hormonal activity are optimized.

Infrared thermography does not enable the observer to 
individuate the donor tissue, likely due to the size of the 
fragments and the possible influence of heat emission from 
the kidneys.

The method was useful for observation the physiolo-
gical status of the recipient and recipient tissue. Histology 
facilitated monitoring of blood reperfusion and follicular 
development after transplantation.

It was also an effective method for assessing the ova-
rian xenografts via vaginal cytology, as it could identify the 
return of cyclicity in the animals, and provide an index of 
recipient kidney and liver functions.

Our data demonstrate that transplantation under the 
kidney capsule provides an optimal physiological niche for 
ovarian xenografts, with relatively little negative impact on 
the recipient.

Although the C57BL6 SCID strain proved to be the best 
host for ovarian xenografts, supplementation with hormo-
nes was still required in order to provide oocytes that are 
suitable for in vitro production.
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