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Purpose: To validate an expedited method for the removal
of erythrocytes when preparing IVF granulosa-luteal cells
for culture.
Methods: Granulosa cells were enriched for culturing from
follicular aspirates by density gradient centrifugation and
by hypo-osmotic lysis treatments.
Results: Cells prepared by either method showed the same
cell viability and produced progesterone in similar quanti-
ties.
Conclusions: Using hypo-osmotic lysis to remove erythro-
cytes does not impair granulosa cell viability or steroido-
genesis. It avoids multiple density gradient centrifugations
and washings, and yields IVF granulosa cells ready for cul-
ture efficiently.
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INTRODUCTION

The advent of in vitro fertilization (IVF) treatment
for infertility has made human granulosa-luteal cells
increasingly available for endocrine researchers. In
IVF protocols, the developed follicles are punctured
under transvaginal ultrasound guidance and the con-
tents are aspirated. The cumulus–oocyte complexes
are then visualized and manually collected from the
aspirated fluids. After the first follicle has been punc-
tured, localized bleeding occurs, so that subsequent
follicular aspirates contain some blood. Therefore,
once follicular aspirates have been pooled, the ma-
jority of cells in these preparations are erythrocytes.
These red blood cells (RBC) make it impossible to
count the granulosa-luteal cells on a hemocytome-
ter. Furthermore, they have a greater density than
granulosa-luteal cells and settle to the bottom of

culture dishes faster. If the culture surface is com-
pletely covered with these cells, the granulosa-luteal
cells will not be able to attach. Therefore, it is nec-
essary to remove these erythrocytes to maximize
plating efficiency and obtain enriched cultures for
study.

The methods in common use today employ the
greater density of RBCs to separate them from the
granulosa-luteal cells. Some techniques use repeated
settlings under gravity of up to 20 min or longer and
manually collect the granulosa cells from the upper
layer after a portion of the erythrocytes had settled
(1–3). A variation of this approach, and one that is
more widely used, is density gradient centrifugation
with colloidal silicas such as Percoll or Ficoll. This
method varies slightly from lab to lab but in gen-
eral it involves an initial 300–500 × g centrifugation
for up to 15–20 min to concentrate the cells. The re-
suspended cell pellet is then gently layered over a
40–50% Percoll cushion (4–6) or similarly effective
concentrations of Ficoll (7–9) or in some laborato-
ries, a two-step 40 and 60% discontinuous Percoll
gradient is used (10). This is followed by centrifuga-
tion at generally around 500 × g for 20 min. The cells
then need to be carefully collected by aspiration from
the colloidal silica/media interface, diluted with me-
dia and washed by a further centrifugation to remove
the Percoll or Ficoll.

The above techniques, although efficient, are time
consuming and require dexterity, practice and extra
reagents. We sought to simplify the procedure based
on the rapid lysis of erythrocytes by hypotonic solu-
tions (11,12). Using this method, we can obtain fol-
licular granulosa-luteal cells free of RBCs and ready
for culture in less than half an hour.

MATERIALS AND METHODS

Cell Preparation

Follicular granulosa-luteal cells were obtained
after oocyte retrieval from eight patients undergoing
IVF treatment at the Hamilton Health Sciences Cen-
tre for Reproductive Care. Ovarian stimulation was
accomplished using a long luteal protocol of GnRH
agonist Lupron (Abbott Laboratories, Montreal,
Que.) at 0.5 mg per day for 10–14 days and recombi-
nant FSH, Gonal F (Serono Canada, Oakville, ON)
followed by hCG, Profasi (Serono). The follicular
aspirates from each patient were pooled in conical
bottomed 50 mL polypropylene centrifuge tubes.
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These were then centrifuged at 300 × g for 5 min.
At this speed, the resulting pellet shows no layering
(as in a hematocrit) and is not firm enough to decant
the tubes. Therefore, the supernatant was aspirated
using a Pasteur pipette connected to a vacuum line
and the remaining cell slurry was equally divided
for granulosa-luteal cell enrichment via Percoll
centrifugation and hypo-osmotic lysis.

For Percoll centrifugation, the cell slurry was di-
luted twofold with Hanks’ balanced salt solution
(HBSS) and then gently layered (via a hand held
pipette with rubber bulb) on top of 5 mL of a
60% Percoll cushion in a 15 mL polystyrene cen-
trifuge tube. The tubes were centrifuged at 500 × g
for 20 min and then the granulosa-luteal cell layer at
the interface between the Percoll and HBSS was col-
lected using a Pasteur pipette. These cells were then
washed to remove Percoll by resuspending to 10 mL
HBSS and centrifuging at 150 × g for 3 min. The re-
sulting cell pellets were resuspended in 0.5 mL of cul-
ture media and pooled for cell counting.

For the hypo-osmotic lysis technique, 0.5 mL of
the cell slurry was pipetted into a 15 mL conical
bottomed polystyrene centrifuge tube. To this was
added 9.0 mL of sterile distilled water and the tube
was capped and mixed. After 20 s, 1.0 mL of 10 ×
concentrated PBS, pH 7.4 was added and the tube
was capped and mixed. The tubes were then cen-
trifuged at 150 × g for 3 min and then decanted by in-
verting the tubes. The cell pellet was resuspended in
0.5 mL of culture media. Aliquots from both prepa-
ration methods were counted for cell number and vi-
ability in 0.2% trypan blue on a hemocytometer.

Cell Culture and Assays

The cells from each protocol were plated in tripli-
cate at 100,000 viable cells per well in 24-well Falcon
culture dishes (n = 8). Culture medium consisted of
Eagle’s minimum essential medium with Earle’s salts
and was buffered with 2.5 g/L NaHCO3 and 1.5 mM
HEPES. The medium was further supplemented with
10% calf serum, 100 U/mL penicillin, 100 µg/mL
streptomycin, 50 µg/mL Gentamicin and 1.25 µg/mL
Fungizone (Gibco, Grand Island, NY). Cells were al-
lowed to attach overnight and were then washed with
two changes of HBSS to remove unattached cells and
debris. Serum-free medium was then added. This was
collected at 48 h and stored at − 20◦C until assayed
for progesterone. After media collection, the wells
were rinsed twice with HBSS and stored dry for the
subsequent determination of protein content. The ra-

dioimmunoassay and protein determinations were as
described previously (13).

RESULTS

Cell viability was assessed by trypan blue dye
exclusion and was similar for granulosa-luteal cells
prepared by either Percoll density gradient cen-
trifugation or by the hypo-osmotic lysis tech-
nique (64.0 ± 6.4% SD and 67.6 ± 7.1%, respectively,
p = 0.37). Likewise, there was no difference in pro-
gesterone production by cell cultures prepared by
either method (12.9 ± 6.7 ng/µg protein SD and
14.0 ± 5.9 for Percoll and lysis, respectively, p = 0.65).
This indicates to us that the simplified hypotonic lysis
technique does not compromise the granulosa-luteal
cells any more than does centrifugation on colloidal
silica. If indeed the cells are comprised by these tech-
niques, then they recover to the same extent after
overnight plating and in vitro culture.

DISCUSSION

The first follicle that is aspirated in IVF proce-
dures generally yields clear follicular fluid and is a
rich source of luteinizing granulosa cells. To obtain
more of these cells one needs to collect from the rest
of the aspirated follicles, however due to the neces-
sity of follicular puncture, these subsequent aspirates
are mixed with blood, therefore necessitating the re-
moval of RBCs. We have now adapted an uncom-
plicated lab technique, hypotonic lysis of erythro-
cytes, and shown that it is equally as effective as the
currently used procedures for generating granulosa-
luteal cell cultures.

The main advantages of our technique is that it
is simple and can be done quickly and at a reduced
cost. Furthermore, because there are fewer steps and
manipulations involved, the lysis technique consis-
tently results in a higher cell yield, usually close to
40% more cells. Additionally, the lysis technique
yields a final preparation consisting mostly of single
granulosa-luteal cells, whereas the Percoll technique
contains many cell clusters. Having cells in associa-
tion with adjoining cells makes it more difficult for
counting and plating and has lead some (3,4) to add
trypsinization and filtering steps to enrich for single
granulosa-luteal cells.

Regardless of technique, one needs to remove any
large (i.e. visible) blood clots from the follicular as-
pirates or the yield and purity will be compromised.
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With our technique it is also important not to exceed
the volume of 0.5 mL of cell slurry at the start of the
lysis step. If one does this, not all of the RBCs will be
removed and the resulting cultures will require more
media changes to wash away this debris.

In working with granulosa-luteal cell cultures, one
must contend with a modest amount of cell contam-
ination, as absolutely pure preparations are unob-
tainable (9). Granulosa-luteal cell cultures prepared
by either of the methods discussed contain a small
percentage of other nucleated cells such as leuko-
cytes and resident ovarian macrophages. Although
density gradient centrifugation with Percoll or
Ficoll does not remove leukocytes from the follicu-
lar cells (4,9) it has however become the accepted
norm or the standard preparation in this area of re-
search. Loukides et al. (14) have shown that resi-
dent macrophages and monocytes comprise 5–15%
of follicular tissue cells. This proportion remains
constant in the corpus luteum, so that maintaining
some of these cells in the cultures would actually
be more reflective of the luteal environment. Sim-
ilarly, Beckmann et al. (9) have shown that adding
back extra lymphocytes to granulosa-luteal cell cul-
tures does not alter progesterone production by the
cells.

Another cell type in the preparations prior to plat-
ing are squamous epithelial cells arising from the
transvaginal aspiration. These cells do not attach
in culture and are removed when the cultures are
washed.

In conclusion, our hypo-osmotic lysis technique ex-
pedites the removal of RBCs from follicular aspirates
and yields granulosa-luteal cell preparations of equal
quality to that of centrifugation over colloidal silica
but with a reduction in time and cost.
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