
Introduction

Gingko Biloba tree leaf extract (EGb 761) is a plant pro-
duct with many health benefits that have been documents
for over 800 years. The antioxidative and scavenging effects
of EGb 761 are thought to be beneficial for enhancing co-
gnitive abilities in elderly people, protecting cells under UV
oxidative stress, anti-clastogenic effects, enhancing nerve
conduction velocity, erythrocyte membrane flexibility and
many others as well (5).

During cell preservation by freezing, a cryoprotective
agent is added to the freezing medium. In our study we
aimed to evaluate an agent added to the medium before
freezing, and which was removed from the medium during
freezing process, and whether EGb 761 could provide addi-
tional protective effects that would result in enhanced cell
viability upon thawing.

Material and methods

Animals

Male New Zealand white rabbits (n = 18) weighting
2.300–2760 gr with no prior medical or surgical experi-
mental history were selected. Rabbits received tap water
and standard rabbit chow ad libitum; housing in propylene
cages (55x60x35cm) was done in a 12-hour light/dark cycle
with, 20–24oC temperatures and 60±5 humidity. No more
than 3 rabbits were placed in a cage. All procedures were in
accordance with the Council Directive of the European

Communities on the Protection of Animals Used for Expe-
rimental and Other Scientific Purposes (L358/1, November
24, 1986).

Cornea Removal

Rabbits were anesthetized i.m. ketamine hydrochloride
(Ketalar; 25 mg/kg) and xylazine hydrochloride (Rhompun;
5.0 mg/kg). The eyes were anesthetized with 3–5 drops of
oxybuprocaine. Corneas were removed full thickness by
a 360o limbal incision using micro scissors. After cornea re-
moval, the rabbits were sacrificed with additional i.m. xyla-
zine hydrochloride (25.0 mg/kg).

Corneal Epithelial Cell Isolation

The isolated corneas were first washed gently for 5–7
minutes in several exchanges of fresh phosphate buffered
saline (PBS) supplemented with Penicillin G and Strep-
tomycin sulfate (Irvine Scientific, Cat.No: 9316). They were
then immediately transferred to a cell culture laboratory.
Here each cornea (18 pairs, totally 36 cornea) was incu-
bated with 15 ml, 10 % Tripsin-EDTA (Sigma T-4174) supple-
mented DMEM (Sigma, D6424) in 60 mm culture dishes
(Nunclon, 150288). During this stage the cornea epithe-
lium partially detached from the underlying stromal layer.
Next the tissue pieces were placed in 10 ml 15 % FCS
(Sigma F4135) supplemented DMEM (high FCS will help
to stop the enzymatic reaction caused by Trypsin).
Mechanical pulling with fine pens was done on partially
detached epithelium under a stereomicroscope in order to
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separate the epithelium completely from the remaining cor-
nea tissue. Large epithelial sheets were collected in medium
and centrifuged at 1200 rpm for 5 minutes. The epithelial
tissue pellet was resuspended and placed in dishes con-
taining 7–8 ml of DMEM (7.0 % FCS supplemented) where
it was finely minced with two surgical blades. Next, all
tissue parts were collected in a bottle (Nunclone 100 ml
Polystyrene bottle for Seromed Ham’s F12) containing 20
ml of DMEM supplemented with 10 % Trypsin-EDTA and
placed on a magnetic stirrer at 37oC for 25 minutes. Cells
were harvested by collecting the upper medium (super-
natant) following centrifugation. Fresh DMEM (20 ml)
supplemented with 10 % Trypsin-EDTA was added to the
pellet remaining in the bottle and again stirred for another
25 minutes, centrifuged and supernatant harvested as done
previously. All incubated pellets were pooled in one tube to
estimate total cell number.

The total cell count was estimated after homogenizing
the cell by pipetting then placing 10 microliters of the sus-
pension on a Makler (SEFI-Medical, Israel) cell chamber
and counting at 20x under a light microscope. The average
from six counts was used to determine the total cell counts,

which were 52x106 epithelial cells. This was divided equally
into two tubes.

EGb 761 stock solution was adjusted to a final con-
centration of 40 mg/ml. This solution was filtered through
a 0.45-micron filter (Cameo 25ES, nitrocellulose). 150
microliters of the filtered solution EGb 761 was added to
one tube. The volume of both tubes was adjusted so that
each contained 1.4 ml suspension containing approximate-
ly 20x106 epithelial cells. The suspensions were incubated
(37oC, 99 % humidity and 6.0 % CO2) for 110 minutes.
Epithelial cells with no EGb 761 pretreatment are referred
to as Group 1 (G1); EGb 761 pretreated cells are referred
to as Group 2 (G2). After the incubation period, 5.0 ml of
DMEM was added to each tube. The tubes were then
centrifuged (240 g, 9 minutes) to remove EGb 761 from the
medium.

To estimate viability before freezing, Eosin Y (Merck
15936) testing was performed. Six separate samples from
each group were taken and 200 cells were evaluated (Fig. 1).

Freezing and Thawing

Cryoprotectant Test Yolk Buffer (TYB) (Irvine Sci., Cat
No: 9971) was added to the tubes slowly with the help of pi-
pette in 5–6 minutes (100 microliter for each tube). Finally
the cell suspension with cryoprotectant medium volume
was 200 microliter and this was loaded to prelabeled straws
by applying negative pressure at the filtered end attached to
an insulin injector body. The free end of straw was sealed
with a pens tip heated on fire. These straws were placed
over liquid nitrogen (LN) steam for 20 minutes and then
directly plunged into LN. The cells were stored in the LN
tank for two weeks.

Thawing was done by simply removing the straws from
the tank and leaving them at room temperature inside the
laminar airflow cabinet for 6–7 minutes. After centrifuga-
tion (240g, 9 minutes) 1.0 ml of DMEM was added to (re-
suspend with a pipette) the final pellet, which was then
incubated (37.0oC, 99 % humidity and 6.0 % CO2). A via-
bility test was done as previously described at 0, 1 and 2
hours after resuspension.

Antioxidant Capacity

A modification of Rice et al. method was used to deter-
mine the antioxidant capacity of DMEM, EGb 761 supple-
mented DMEM and TYB. Briefly, fresh rabbit brain tissue
was incubated and the malondialdehyde (MDA) (forming
because of auto oxidation) levels were calculated by adding
thiobarbituric acid. MDA concentration of the final medium
is calculated by its absorbance under a 532 nm spectro-
photometer. Further calculations were done to convert the
antioxidant capacity to a value given in percentage (11).

Osmolarity Determination

The osmolarity of DMEM, EGb761 supplemented
DMEM and TYB/DMEM (1/1) were determined by an
osmometer (Advanced Instruments Model 3300, USA).
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Fig. 1: Cell processing steps.



Statistics

Statistical analysis was based on independent sample
t-tests for comparing means and values, where p<0.05 were
considered to be significant.

Results

The harvested and pooled cornea epithelial cell number
from 18 rabbits is 52±4 x 106 (mean±SD). The viability cour-
se of epithelial cells in two groups is mentioned in Fig. 2.

Counts are repeated for six times for each step (n: 6).
Step 1: Before pretreatment incubation.
Step 2: 110 minutes after pretreatment incubation (with

or without EGb 761) just before freezing.
Step 3: Immediately after thawing (time 0).
Step 4: 1 hour after thawing,
Step 5: 2 hours after thawing.

Before freezing there is no difference between groups,
while after thawing comparison of means is significantly
meaningful.

Viability values for step 1 and 2 were not different, whi-
le values for steps 3,4 and 5 were significantly different for
G1 and G2 (p<0,05). EGb 761 significantly improved via-
bility values after thawing when compared with the control
group. When treatment was done with EGb 761 before
freezing, cell viability was improved almost twofold. Un-
fortunately, we couldn’t find any reports at medical search
databases to compare our freeze-thaw results with any other
researchers.

The antioxidant capacity of the three mediums was de-
termined and found to be 0 % for DMEM, 76 % for EGb
761 (10.7 % v/v) supplemented DMEM and 32 % for TYB/
DMEM (1/1;v/v). The osmolality of these mediums were
respectively, 320, 870 and 1160 mOsm.

Discussion

Cryopreservation of whole cornea tissue is under the
scope of current science (12) because of its potential for cli-
nical applications (4). Our results may help for at least one
cornea cell type (epithelia) during a freeze-thaw situation.
Also, clinically, cornea freezing may occur during un-
protected exposure to cold temperatures and severe winds
during unprotected expouse in arctic region locations. In this
situation the first layer to freeze. With the help of proper cryo-
preservation procedures we can perform further research
for cornea epithelial cell biology, culture properties, and
secretion of various autocrine and paracrine growth factors.

Freezing and thawing procedures cause chemical and
physical stress to the cell membrane. Cell cryostorage tech-
nology strives to discover protective factors for the cell
membrane, which is under stress of mechanical disruption
caused by ice crystals and harmful effects of cryoprotectant
agents during the freezing process. Crystallization of cyto-
plasm liquid components causes membrane rupture during
freezing, while the osmotic pressure of cryoprotectants can
dehydrate and be harmful to the cell, so a proper cooling
speed/rate must be achieved. Also, there are reports that
free radical levels may also play a role in freeze-thaw damage
(6,7). Also, these free radicals can potentially cause damage
to the cell membrane during freeze-thaw procedures (13).
Care must taken for a lot of parameters to achieve the opti-
mal freeze-thaw application.

Our results show a beneficial effect of EGb 761 for cryo-
storage of rabbit corneal epithelial cell suspension. Although
EGb 761 has a very wide spectrum of effects on biological
tissues, the most well known and studied effect are their
antioxidant effects. The success of EGb 761 extract in our
study may be explained by these antioxidant properties.
Based on our results one can postulate that adding an EGb
761 agent before freezing may also help the cells to recover
from the destructive enzymatic and centrifugation based
detrimental effects on at least membrane site. Other posi-
tive effects of EGb 761 may be due to the mechanism of
protection against hypoxia (9) or protection of cell mem-
brane components (3) shown on rat skeletal muscle and rat
peripheral nervous cells, respectively.
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Fig. 2: The viability percent of corneal epithelial cells at
each step.

Black colored boxes for G1
Gray colored boxes for G2

Step 1 2 3 4 5
G1 viability (Blue) 51,3±3,4 45,2±5,1 20,3±5,4 17,8±3,8 18,5±5,7
G2 viability (Orange) 48,5±3,8 42,8±5,0 37,1±4,4 36,3±4,2 33,1±4,1
p value 0,2 0,43 0,000 0,000 0,001
Mean of difference 2,8 2,4 -16,8 -18,5 -14,5

Tab. 1: Viability percent mean values ± standard deviations, p value and mean of difference for each step.



To clarify the specific component of EGb761 res-
ponsible for the results obtained in this study is beyond our
aim. Iinstead we accept our results as the effect of com-
bined activity (aditive, antagonistic and synergistic) (5).
One component in EGb 761 is that the flavonoids have pro-
tective effects on cell membranes against destructive effects
of free radicals and lipid peroxidation (2). Another im-
portant group found in EGb 761, the terpenoids, exhibit
significant antioxidant activity (8) and regulate some mito-
chondria enzyme properties (1). The number of compo-
nents in EGb 761 is over 60. Therefore it is very hard to
conclude that a specific component is responsible for the
protective effects in the current study. It is likely several
components acting together to provide the protection. One
concern is that during filtering with 0.45μm pore nitrocel-
lulose is perhaps a loss of extract components.

There is only one published paper on the use of EGb
761 while cooling entire rat bodies (10) for low temperature
related studies. Our work is the first report using EGb 761
during the freezing-thawing of cells.

Direct transfer into the -80 degrees C freezer resulted in
better post-cryopreservation growth in the culture.

Considering that all cell types and species may have
unique properties, the results obtained in our study can be
concluded for only New Zealand rabbit cornea cells. One
must be aware that all other cells need their own specific
evaluation. Our preliminary work was made on rat corneas
and the results were in concordance with the current study.
Controversially, deleterious results were obtained with hu-

man spermatozoa freeze- thaw experimentation with EGb
761 pre-freezing treatment (unpublished data).
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