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Abstract
Purpose To assess the reliability of trypan blue (TB) and
calcein AM/ethidium homodimer-1 (CaAM/EthD-1) stain-
ing to evaluate the viability of fresh and thawed human
ovarian follicles.

Methods Isolated follicles from fresh and thawed cortex
were stained using TB versus CaAM/EthD-1 methods (n=
10 patients). Measurements were performed by two
independent observers. The reliability was evaluated by
intraclass correlation coefficient (ICC) and the differences
between paired measurements were tested by the Wilcoxon
test.
Results Inter-observer reliability was excellent for each
method. Nevertheless, it was even better with the TB
method (ICC=0.83) compared with CaAM/EthD-1 (ICC=
0.75). Moreover, the ICCs for viability measurements using
the two methods were good for each observer (observer 1:
ICC=0.49; observer 2: ICC=0.40).
Conclusion Compared with CaAM/EthD-1, TB appears to
be more reliable as a staining method for follicle viability
evaluation. TB staining is a quick and useful method,
complementary to histological analysis for quality control
in ovarian tissue cryopreservation.

Keywords Human ovarian tissue . Fresh/thawed isolated
follicles . Viability staining . Reliability . Trypan blue .
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Introduction

Recent advances in cancer treatment have significantly
improved the long-term survival rate of young patients.
However many women find themselves facing the prospect
of losing their fertility after aggressive chemotherapy and/or
radiotherapy [1]. By retrieving and cryopreserving ovarian
tissue prior to the initiation of cancer treatment, it is now
possible to offer the option of restoring fertility. To date, 15
healthy babies have been born worldwide after orthotopic
transplantation of frozen/thawed ovarian tissue [2–13].

Capsule Trypan blue appears to be a more reliable staining method for
follicle viability evaluation compared with calcein AM/ethidium
homodimer-1
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Despite these encouraging results, a dramatic depletion of
ovarian follicles has been reported after transplantation and
has affected long-term graft functionality. This severe
follicular loss can be caused by direct cryoinjuries to the
follicles due to a suboptimal freezing/thawing process, but
mainly by ischemic damage during revascularization of the
graft after transplantation [14, 15]. Histological examina-
tion is an important tool to evaluate the morphology of
frozen/thawed follicles before transplantation. However, it’s
time-consuming and requires special skills and equipment.
Furthermore, histological evaluation is not instructive
regarding follicle viability. To evaluate the potential of
viable follicles before grafting, a reliable and rapid method
is essential. Previous studies reported mainly two methods
to measure the viability of these follicles: trypan blue (TB)
and calcein AM/ethidium homodimer-1 (CaAM/EthD-1)
[16–19]. TB is a vital dye which is only able to enter cells
with compromised membranes and color them blue [16,
17]. Cell-permeant CaAM is enzymatically converted into
calcein in the cytoplasm of living cells, turning these
fluorescent green. EthD-1, on the other hand, enters cells
with damaged membranes and takes on a bright red
fluorescence upon binding to nucleic acids [18, 19].
Therefore this work aimed to determine the most appropri-
ate and reliable method for measuring follicles viability (TB
versus CaAM/EthD-1) to assess the quality of ovarian
cryopreservation. For this purpose, we analyzed the inter-
observer and inter-method reliabilities of TB and CaAM/
EthD-1 staining on the one hand and the impact of the
freezing/thawing procedure on the viability of ovarian
follicles by these two staining methods on the other hand.

Materials and methods

All products were purchased from Sigma-Aldrich (France),
unless otherwise indicated.

Ovarian tissue collection and cryopreservation

The study was approved by the regional research ethics
committee (Comité Consultatif des Personnes se Prêtant à
la Recherche Biomédicale d’Auvergne). Ovarian cortical
samples from 10 patients were collected during endoscopic
surgery for benign cysts, after obtaining informed consent
to participate in the study. The mean age of the women was
29.7±7.5 years (mean ± SD). The specimens were
immediately immersed in “medium A” at 4°C and trans-
ported to the laboratory on ice. “Medium A” was composed
of: NaCl (94.7 mmol/l), KCl (4.8 mmol/l), MgSO4

(0.8 mmol/l), NaH2PO4 (1.0 mmol/l), NaHCO3

(25.0 mmol/l), CaCl2 (1.8 mmol/l), sodium lactate
(21.3 mmol/l), sodium pyruvate (0.3 mmol/l), D-glucose

(5.5 mmol/l), L-glutamine (25.0 mmol/l), taurine
(0.5 mmol/l), and 0.5% of human serum albumin (Vitrolife
Sweden AB, Sweden) [20]. Slices of about 1 cm² in area
and 1 mm in thickness each were cut. For each staining
assay, one fresh tissue piece per patient was used before
freezing for viability analysis. Other tissue pieces were
frozen.

Freezing/thawing procedure

The freezing medium, “medium B”, consisted of “medium
A” without CaCl2 and supplemented with HEPES
(21.8 mmol/l), glycine (50.0 mmol/l), propanediol
(3.0 mol/l) and raffinose (0.05 mol/l) [20]. The “medium
B” was added in 3 steps to “medium A” which contained
ovarian slices, to a final dilution of 1:1 (v/v) under gentle
agitation. After 15 min of equilibration at 4°C, each slice
immersed in the cryoprotective solution was transferred to
a 1.8 ml cryovial (Nunc, Fisher Bioblock Scientific,
France) and loaded in a programmable freezer (Minicool
40 PC, Air liquide, France). The cooling rate was 2°C/min
from 4°C to −11°C, temperature at which nucleation was
induced by semi-automatic seeding. Then, the temperature
was lowered to −40°C at a rate of 2°C/min and to −150°C
at a rate of 10°C/min. Finally the cryovials were plunged
into liquid nitrogen for storage.

For the thawing process, cryovials were rapidly im-
mersed in a 37°C water bath for 5 min and the
cryoprotective solution containing the specimens was
diluted in 2 steps of 5 min by “medium A” under gentle
agitation. The tissue slices were washed twice with
“medium A” before proceeding with the quality analysis.
For each staining assay, one thawed tissue piece per patient
was used for viability analysis.

Follicle isolation and viability assessment

For each patient (n=10), fresh and thawed ovarian slices
were sectioned into uniform-sized pieces of 2×2 mm
(length x width) and 1 mm thickness, placed in “medium
A” supplemented with 200 UI/ml type Ia collagenase and
incubated at 37°C for 1 h with gentle agitation. Enzyme
activity was inhibited by the addition of an equal volume of
cold phosphate buffered saline medium supplemented with
0.3% of Bovine Serum Albumin. The suspension was
filtered using a 70 μm nylon filter (BD Falcon™, BD,
USA) and centrifuged at 100 g for 5 min at 4°C. The pellet
was further processed as described below. We performed
our analysis on “small” isolated follicles (primordial and
primary) as they constitute the main source of follicles in
the ovary and are a major factor in human fertility potential.

For TB staining, recovered follicles were incubated for
10 min at room temperature with 0.4% final trypan blue.
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Dead cells were stained blue, and live ones were unstained
(Fig. 1A, B). CaAM/EthD-1 staining was performed by
incubating isolated follicles with 2 μmol/L calcein AM and
5 μmol/L ethidium homodimer (Live/Dead® Viability/
Cytotoxicity kit; Invitrogen, France) for 45 min at 37°C in
the dark [21]. Nonfluorescent cell-permeant calcein-AM
enters the cell and is cleaved by ubiquitous esterases in
living cells, producing calcein which is well retained within
live cells and gives an intense uniform green fluorescence
(excitation/emission ~495/515 nm). Ethidium homodimer-I
enters cells with damaged membranes and then binds to
nucleic acids, resulting in a 40-fold enhancement of
fluorescence and producing a bright red fluorescence in
dead cells (excitation/emission ~495/635 nm). A conven-
tional fluorescein longpass filter, by which calcein AM and
ethidium homodimer could be viewed simultaneously, was
used (Fig. 1C, D). The viability of each sample was
simultaneously assessed by two independent observers (an
experienced laboratory technician and a PhD student) using
light microscopes for TB staining or epifluorescence
microscopes for CaAM/EthD-1 staining. For each staining
method, a follicle was classified as dead if the oocyte and/
or >50% of granulosa cells were dead (Fig. 1). Partially or
completely denuded oocytes were excluded. In order to
avoid a potential inter- and intra-patient bias due to a
variable number of analyzed follicles, for each patient we
assessed the viability of a fixed amount of follicles: 100

follicles before and after freezing/thawing, both after TB
and CaAM/EthD-1 staining.

Statistical analysis

Differences between paired measurements were tested by
the Wilcoxon signed-rank test [22]. This test was performed
on the viability measurements made by the two different
observers for each staining method (inter-observer reliabil-
ity) in the same sample; on the viability measurements
made by each observer for each staining method: TB versus
CaAM/EthD-1 (inter-method reliability) in the same sam-
ple; and on average viability measurements made by the
two observers respectively for fresh and thawed follicles
from the same patient for each staining method (for the
assessment of the impact of the freezing/thawing procedure
on the viability of ovarian follicles). A 0.05 type I error was
set as the significant level. After the above-mentioned
discordance test, intraclass correlation coefficients (ICC)
were computed according to Shrout and Fleiss [23] to
assess the reliability of the different observers using
measurements from the same sample. The formula used is
as follows: ICC ¼ bms� emsð Þ= bmsþ k� 1ð Þ»emsð Þð Þ,
where bms (between mean squares) and ems (error mean
squares) are obtained from an ANOVA table, k being the
number of observations per subject (k=2). These coeffi-
cients were based on the usual values to characterize poor
(ICC<0.4), good (0.4≤ICC<0.75) and excellent reliability
(0.75≤ICC<1) [24–26]. As recommended by the standard
method reference of Bland and Altman [27, 28], the results
of the inter-observer and method reliability analysis are
respectively shown in Figs. 2 and 3 by drawing up the plots
of difference (ordinate) against the mean of the measure-
ments (abscissa). The presentation of the 95% limits of
agreement is to allow visual judgment of how well two
methods of measurement agree. All statistical analyses were
performed using SAS for Windows® v9.2 (SAS institute
inc., Cary, NC, USA).

Results

Inter-observer reliability for TB and CaAM/EthD-1 staining
of follicles

Viability analysis with the TB test, performed on fresh and
thawed follicles, showed an average of 35.1%±14.7% and
36.0%±17.6% viable follicles respectively for observer 1 and
2 (n=10 patients). For CaAM/EthD-1, average percentages
of viable follicles were 36.2%±10.4% for observer 1 and
36.0%±9.3% for observer 2 (n=10). A comparative study
showed there was no significant difference between viability
measurements made by each observer either for TB (p=0.78)

A B 

DC

10µm

Fig. 1 Viability assessment of small isolated human ovarian follicles
using trypan blue (TB) (A,B) and calcein AM/ethidium homodimer-1
(CaAM/EthD-1) (C,D) staining. Live follicle (1A): unstained, and
dead follicle (1B): blue stained with TB dye exclusion test (light
microscope; original magnification × 400). Live follicle (1C): green
fluorescent, and dead follicle (1D): red fluorescence with the test using
two fluorescent probes: CaAM/EthD-1 (epifluorescence microscope;
original magnification × 400)
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or for CaAM/EthD-1 (p=0.97) staining performed on fresh
and thawed follicles. The Bland and Altman plot for inter-
observer reliability is presented in Fig. 2. Inter-observer
reliability was excellent for each staining method. Neverthe-
less, it was even better with the TB method (ICC=0.83) in
comparison with CaAM/EthD-1 (ICC=0.75).

Inter-method reliability for follicle viability measurement
between TB and CaAM/EthD-1 staining

For each observer, no statistically significant difference
appeared between viability measurements with TB versus

CaAM/EthD-1 staining performed on fresh and thawed
follicles (observer 1: p=0.79; observer 2: p=0.99) (n=10).
The ICCs for viability measurements by the two methods
were good for each observer (observer 1: ICC=0.49;
observer 2: ICC=0.40). Figure 3 shows Bland and Altman
plots regarding inter-method reliability for the two observers.

Impact of the freezing/thawing procedure on the viability
of ovarian follicles

For the 10 patients studied, a significantly lower percentage
of live follicles was observed from thawed ovarian tissue

Observer 1 Observer 2

Fresh follicles Frozen/thawed follicles

A. B.

Fig. 3 Inter-method reliability TB and CaAM/EthD-1: Bland and
Altman plot of each measurement performed by observer 1 (A) and
observer 2 (B). Staining with TB and CaAM/EthD-1 was performed

on fresh and thawed isolated follicles (n=10 patients). The solid line
locates the mean and the dashed lines the upper and lower limits of the
95% fluctuation interval of the difference between the two observers

gniniats1-DhtE/MAaCgniniatsBT

Fresh follicles Frozen/thawed follicles

A. B.

Fig. 2 Inter-observer reliability for TB (A) and CaAM/EthD-1
staining (B) (Bland and Altman method). Viability measurement was
performed by two observers (observer 1 and observer 2) on fresh and

thawed isolated follicles (n=10 patients). The solid line locates the
mean and the dashed lines the upper and lower limits of the 95%
fluctuation interval of the difference between the two observers
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compared with those from fresh tissue, after CaAM/EthD-1
(32.6%±9.6% versus 39.7%±10.4%, p=0.02) staining,
while no significant difference appeared after TB staining
(34.8%±15.2% versus 36.2%±16.3%).

Discussion

Transplantation of frozen/thawed ovarian tissue is a
promising strategy to restore fertility in cancer patients
[1]. However, the freezing/thawing procedure and neo-
vascularization of the graft can lead to significant follicular
loss limiting the longevity of transplants [29]. An unequiv-
ocal evaluation of viable follicles in thawed ovarian cortical
slices is therefore required prior to transplantation. This
experiment was designed to assess the reliability of trypan
blue (TB) and calcein AM/ethidium homodimer-1 (CaAM/
EthD-1) staining to evaluate the viability of fresh and
frozen/thawed follicles. To our knowledge, this is the first
study which analyses the inter-observer and inter-method
reliability of these two staining on a human ovarian model.
This work aimed to determine the most appropriate and
reliable method for measuring follicle viability and the most
suitable method for routine clinical application.

In our study we collected ovarian samples surrounding
benign cysts. This type of biopsy is a promising source of
ovarian tissue for research purposes since morphological
and functional patterns are similar to those of the normal
ovarian cortex [20, 30]. Follicle isolation was performed by
the collagenase IA enzyme method because it provides a
suitable and non-deleterious means of recovering large
numbers of small follicles from the human ovarian cortex
[31]. In comparison with mechanical methods, the use of
enzymes is less time-consuming since follicle isolation can
be achieved within 1 h and no special training is required.
Collagenase IA enzymatic digestion was preferred to
Liberase treatment in order to optimize the number of fully
isolated follicles [16]. However, recent studies showed that
this purified enzyme blend allowed a reproducible isolation
of small good quality follicles from human ovarian tissue
[16, 32]. It could be interesting in the future to carry out a
comparative study between the two staining methods, TB
versus CaAM/EthD-1, on follicles isolated using the
Liberase enzymatic treatment.

Assessment of vital staining using microscopy is a
subjective method and no gold standard method exists for
measuring follicle viability. Therefore we evaluated the
reproducibility of the two staining methods used most often
(TB and CaAM/EthD-1) [16–19], by an inter-observer
reliability study. Our data showed excellent agreement
between the two observers’ results for each staining
method. However, a higher ICC was observed for TB
compared with CaAM/EthD-1. Therefore TB seems to be

the most reliable method. Concerning the inter-method
analysis, our results are consistent with previous findings
reported in animal studies showing a good reliability
between the two staining methods [33–35].

TB staining is used to assess the percentage of viable
follicles based on the principle that live cells possess
intact cell membranes that exclude TB. The cell-
impermeant viability indicator ethidium homodimer-1 is
a high affinity nucleic acid stain that is weakly
fluorescent until bound to DNA when it emits red
fluorescence. Non-fluorescent calcein-AM is converted
into intensely fluorescent calcein by cellular esterase,
staining live follicles green when the calcein-AM passes
through the cell membrane. Therefore, the TB test
evaluates one recognized parameter of cell viability: the
plasma membrane integrity, while two parameters are
assessed with CaAM/EthD-1: integrity of the plasma and
nuclear membranes (ethidium homodimer-1) and intra-
cellular esterase activity (calcein-AM). This difference in
staining specificities between the two methods could
explain why inter-method reliability was not excellent
and why the statistical significance was different when
analyzing viability of fresh versus thawed follicles.

The percentage of viable follicles reported in our
findings appeared lower compared to a previous report by
Fauque et al. [17] using TB to assess the viability of
follicles enzymatically isolated from human cortex. How-
ever, the ovarian samples were obtained from two different
clinical contexts: women with polycystic ovary syndrome
(PCOS) versus women with benign ovarian cysts and the
strategies used to evaluate follicle viability between the two
studies were different. These elements could explain the
difference in term of follicles viability recovered from fresh
tissues between the two studies.

Technically TB staining is very simple to perform.
Compared with CaAM/EthD-1, the TB method is less
time-consuming and no specialized laboratory equipment is
required, while CaAM/EthD-1 requires the use of fluores-
cence microscopy. These important features encourage the
use of the former technique for further optimization of
clinical cryopreservation protocols. However, an apparently
viable follicle does not necessarily reflect a healthy,
functional follicle. It would be prudent to complete this
test with morphological analysis of follicles and possibly
functional analysis.

In conclusion, we showed by this study that TB and
CaAM/EthD-1 staining may be considered as applicable for
viability assessment of small isolated human ovarian
follicles. Compared with CaAM/EthD-1, TB appears to be
a highly reliable method. Moreover it is a quick and useful
technique which seems more appropriate for routine
analysis as a quality control in ovarian tissue cryopreser-
vation procedures.
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