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Introduction

Out of 62 eye banks included in the Association of Eu-
ropean eye banks of 2010, 47 – have used culture media, 9 – 
have used the hypothermic method and 6 – have used both 
methods: generally, 70% of corneas were stored in culture 
media [9,13]. The most common organ culture medium is 
the Eagle Essential Medium (MEM) with 2% fetal bovine 
serum (FBS), although up to 8% FBS is used by some banks 
[14]. Most eye banks also include in their medium: peni-
cillin, streptomycin and amphotericin B, but there are al-
ternative antibiotics including biklin, amukin, tazocin and 
nystatin [12,15]. Another difference in methodology is that 
the medium is changed during storage; however, 40% of eye 
banks do not alter the medium during storage, while oth-
ers refresh the culture medium every 1-2 weeks [11]. The 
concentration of dextran, used to reverse the stromal ede-
ma, which occurs during cultivation in the medium, ranges 
from 4 to 8%. Regardless of these changes, it would seem 
that the results of the grafts are similar. Corneas are normal-
ly stored for up to 4 weeks [1], but there have been reported 
successful cornea transplants stored in organ cultures for 7 
weeks [2].

The culture medium was the method of choice in the eye 
bank in the city of Bristol, since it was established in the 
mid-1980-s, and illustrates the general technical descrip-
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Abstract
Background: The complexity of cryopreservation and its potential to damage the endothelium make it so that it is rarely used in routine eye banking, except 
for occasional, clinically urgent transplants, where the main objective is to save the eye. The culture medium was the method of choice in the Eye Bank. 
Material and methods: The study group was divided into 3 subgroups. For penetrating keratoplasty and anterior lamellar keratoplasty, corneas taken 
up to 24 hours, with a number greater than 2000 endothelial cells per mm2, are preferably used.
Results: In the first group we found: weakly edematous epithelium; thin, transparent stroma; thin Descemet’s membrane; transparent endothelial layer, 
endothelial cell density greater than 2800 cells/mm2. The corneas of the second group presented: edematous, but with uncompromised integrity epithelium; 
slightly edematous, transparent stroma; slightly folded Descemet’s membrane; intact endothelial layer and an average of 2600 cells/mm2. Corneas of the 
third group: evidently edematous epithelium, with exfoliations in some areas and Bowman’s membrane detachment; considerable edema of stroma in all 
layers; pronounced folds of Descemet’s membrane; interrupted endothelial layer along the outline of the folds.
Conclusions: The age of the donor and the preservation time are important factors that influence corneas in culture media and determine the state of 
endothelial cells. Although the number of endothelial cells usually decreases with age, there are still many corneas from donors over 80 years of age who 
meet the minimum criteria for transplantation.
Key words: minimum essential medium Eagle, fetal bovine serum.

tion [3]. Before cutting corneoscleral discs, the eyes are 
cleaned by rinsing in sterile saline and immersion in povi-
done-iodine to reduce bacterial and fungal contamination 
of the surface of the eye. Corneas are suspended in 80 ml 
of HEPES buffer MEM Eagle, 26 mmol/l NaHC03, 2% FBS, 
2 mmol/l L-glutamine, penicillin, gentamicin and ampho-
tericin B and stored at 34°C [23]. The cornea contains viable 
cells and cannot be sterilized; however, in comparison with 
hipothermic storage, culture medium increases the chance 
of detecting the bacteria and fungi that might cause a post-
operative infection, and the addition of antibiotics in the 
culture medium is more effective, allowing a higher stor-
age temperature [16,17,18]. The first sample probe is taken 
for bacteriological examination after 7 days of cultivation to 
examine bacteria and fungi, the second probe – at the end 
of storage, before the release of the cornea for transplanta-
tion [24].

There are three main approaches to preservation and 
storage of corneas containing living cells: via organ culture, 
hypothermia, and cryopreservation. Only the latter cur-
rently offers the prospect of an unlimited storage time [19]. 
Techniques for corneal cryopreservation were developed in 
the 1960s and applied clinically [20, 21]. More recently, re-
tention of endothelial function was reported after ice-free 
cryopreservation by vitrification of rabbit cornea in a high 
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concentration of propane – l2-diol [23]. But the complexi-
ty of cryopreservation and its potential to damage the en-
dothelium make it so that it is rarely used in routine eye 
banking, except for occasional, clinically urgent transplants, 
where the main objective is to save the eye [23].

Material and methods

The study is based on dystrophic changes of endothe-
lial cells in culture medium at different periods of time 
till sampling and evaluation of cellular conditions during 
60 days storage in culture medium “Tissue C”, containing 
Eagle MEM with fetal bovine serum, 2% (FBS), a mix of an-
tibiotic/antimycotic which guarantees effective protection 
against bacteria and fungi, phenol red indicator which al-
lows a quick view of the changes in pH. During the corneal 
cultivation, the medium remains unaltered. 

250 corneas were collected from 126 donors who died 
of cardiac arrest. The sampling was performed by the team 
of the Human Tissue Bank from the Republic of Moldova, 
Chisinau. All sampling stages have been completed in ac-
cordance with the regulations of standard operation pro-
tocol (SOP) [4]. The criteria of donor selection [5], the 
screening of the corneal morphological defects, congenital 
abnormalities, postoperative scars, post-mortem structural 
changes were observed. The study group was subdivided 
into 3 groups, group I – corneas collected up to 20 hours, 
160 donors – the stroma is completely transparent, thin, the 
contours of the boundaries between the iris and pupil are 
visible; group II – corneas collected from 20 to 24 hours, 
60 donors – the surface epithelium is swollen, turbid, its in-
tegrity is dubious, the borders of the iris look good; group 
III – corneas collected after 24 hours, 30 donors – the con-
tour of the iris is poorly distinguished with the presence of 
an opalescent ring. The thickness of the cornea is propor-
tional to the time the organ is retrieved. Sampling of eye 
tissue is preferably to be carried out up to 24 hours after 
cardiac arrest. Corneas were morphologically assessed on 
transparency. The vast majority of the corneas were excised 
with surgical instruments specific to ophthalmic interven-
tions (fig 1) [6].
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Fig. 1.  Device for cutting cornea consists of two tubes, external 
and internal, made of inoxidable steel, external (1), with 

the sharp edge (2), the distal end being straight (13), which 
assembles the blade (5), internal diameter of 18 mm (9), internal 

tube (6) with distal external thread (8), at the far end of the 
threaded handle (3), internal diameter of 17 mm (4), proximal 

external edge (12) and internal (11).

Sampling methods: after aseptic processing of the eye, 
the eyelids were fixed with blepharostat. The sectional area 

was set in a ring-shaped manner, afterwards, using a scalpel, 
a small incision was made in the eye and one of the scissors 
blade was inserted into the eye section, and the tissue was 
incised along the line. 

Using the ophthalmic tweezers, the edge of the cornea-
sclera complex disk was fixed, and the irido-crystalline dia-
phragm was limited. Using the device for cutting the cor-
nea, the cornea is incised in the center, allowing to make 
an incision of 2 mm from the edge of the limb, and rotat-
ing it clockwise until the conjunctiva and the cornea are 
completely separated. Subsequently, the device is removed 
and the cornea is fixed with tweezers, and then the irido-
crystalline complex is separated. The corneas obtained were 
washed with a sterile isotonic solution at a temperature of 
20-25 °C in a sterile plastic container with a screw cap. Sub-
sequently, the transport medium, Eussol C", was changed 
by immersing the tissue in a sterile 50 ml tube with a screw 
cap containing MEM medium, antibiotics and antifungal 
agents. Then it is placed in a specialized container for the 
transportation to the tissue bank.

 After receiving the results of the serological test, was as-
sessed the state of the endothelial cells on an inverted con-
trast microscope with a blunt trepan, in which cells with 
a uniform redistribution are determined, preferably at the 
edge of the cornea and in the middle region. In the extra-
cellular space, dead cells are visualized (necrosis/apoptosis) 
and the state of the Descemet’s membrane is observed. 

Endothelial cell density should be higher than 2000 
cells/mm2.  Moderate or severe symptoms, such as cell pleo-

Fig. 2.  Patient B, 64 years old. Histological examination of 
cornea preserved by Tissue C, after 4 days. Anterior epithelium. 

Layered non-keratinized with planocellular 5-7 cell lines (a), 
continued with the conjunctival epithelium covering  

the corneal limbus – injury to stem cells induces fibrosis  
of the cornea. H-E, x 90.
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morphism, significant cell loss during long-term storage, or 
the presence of dead cells, are considered contraindications 
to transplantation. The number of cells is calculated in 10 
(ten) of 100 squares, diagonally, the average number of en-
dothelial cells is indicated in the calculation. 

In the first group, microscopic examination most com-
monly reveals edematous epithelium, absolutely transparent 
stroma, rare short membrane folds, thin Descemet’s layer; 
endothelium is completely transparent, intact throughout 
the area (fig. 2). Areas with a uniform redistribution of cells, 
mainly on the edge of the cornea and the middle region, 
the intercellular space and dead cells (necrosis/apoptosis), 
which occupy small spaces, are identified. The density of en-
dothelial cells is greater than 2800 cells/mm2 with moderate 
cell pleomorphism, which is considered as indications for 
penetrating keratoplasty.

Corneas from group II show: the surface of the epithe-
lium is slightly edematous (Fig. 4), its integrity is not com-
promised (the exception may be a slight mechanical separa-

tion). The stroma is thin, transparent with initial signs of 
edema in the lower layers. The Descemet’s membrane has a 
single flat shell located centrally and radially; the endotheli-
al layer is intact, and usually, over the folds of the Descemet’s 
membrane, a subtle swelling in the form of an opaque opal-
escence is allowed. Endothelial layer is arranged evenly, 
with persistent tesserae (fig. 5), which includes 26 cells per 
square, giving on average 2600 cells/mm2.

 

a 

Fig. 5.  Patient D, 70 years old. Morphological examination of 
cornea by electron microscopy with inverted phase contrast. 

Endothelial cells arranged in mosaic form (a), including 26 cells 
in a square, totalling 2600 cells/mm2.

Multi-layered squamous epithelium is isolated from the 
anterior layer (Fig. 6), highlighting the blast cells at differ-
ent phases of division along with stem cells, the sources of 
regeneration of the anterior epithelium.

 

a 

b 

Fig. 6.  C. 53-year-old patient. Across the cornea – Tissue “C” 
preserved on the 5th day. Surface epithelium is edematous (a), 

its integrity is not compromised (exception can be a minor 
mechanical exfoliation). Stroma (b) with the initial signs of 

edema in the lower layers, thickened, transparent.  
Picrofuxin, x 140.

Corneas of the group III – anterior epithelium edema-
tion in some areas with Bowman’s membrane exfoliation 
(fig. 7). Stroma is edematous in the whole layer and matte 
colored. Descemet’s membrane has pronounced folds, 

 

a 

Fig. 3.  Patient, 71 years old. Morphological examination of 
cornea with electron microscopy with inverted phase contrast. 
Endothelial cells arranged in mosaic form (a), including 26 in a 

square, constituting 2800 cells/mm2.

 

a 

b 

c 

Fig. 4.  Patient C, 67-years old. Histological examination of the 
cornea in the second group, preserved in the culture medium 
Tissue C, after the 4th day, stroma with initial signs of edema 

in the lower layers, a thickened, transparent (c) posterior 
membrane (a) has one central-radial flat shell; endothelial layer 

is intact (b), usually, along the membrane folds. H-E, x 90.
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creases pointing in different directions, giving the aspect of 
”parquet floor” or “chessboard”. Endothelial layer is matte, 
discontinued along the outline of the folds (fig. 8).

 

a b 

c d 

e 

Fig. 7.  Patient E, 54 years old. Corneas in the group III. Anterior 
layer consisting of weakly contoured epithelium (a), enhanced 
color (+++) with AE1 / AE2 (b), detachment in some areas of 

the anterior layer (c), the stroma has a frameless thickened 
fibrillated structure (d), weak fibroblasts (e) AE1/AE2, x 140.

 

a 

b 
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Fig. 8.  Patient D, 69 years old. Morphological examination of 
cornea by electron microscopy with inverted phase contrast. 
Endothelial cells are sectorally stable with the disappearance 

of the mosaic (a), which contains 20 cells per square (c), 
constituting 2000 cells per square millimeter,  

and detachment of the epidermis (b).

Results and discussion

Corneas are stored for up to 4 weeks, and their suitability 
for transplantation shall be based on the examination of the 
corneal endothelium through luminescent microscopy. This 
allows assessment of endothelial cells (ETC). In Bristol, a 
minimum of 2200 ETC cells/mm2 is considered acceptable 
for transplants, which require a viable endothelium. Other 
abnormalities and endothelial damage may be also identified 
and taken into account [25]. Corneas stored in the culture 
medium for up to 4 weeks have been shown to preserve the 
integrity of both endothelial and epithelial layers. Although 

corneal cells may be lost through apoptosis, this seems to 
affect the epithelial layer more than endothelial cells [7]. Im-
portant factors influencing corneas from culture media and 
determining the condition of the endothelial cells are the 
age of the donor and, to a lesser extent, the storage duration 
[3]. Although ETC typically declines with age, there are still 
many corneas from donors of over 80 years of age who meet 
the minimum criteria for transplantation.

When the culture medium was introduced in the United 
Kingdom in the mid-1980s, it has had a major impact on 
supply of corneas to the hospitals across the country [26]. 
There were two opportunities in the first place, a national 
distribution service of the cornea similar to an existing one 
for organs, established within a few years; and, secondly, the 
culture medium of extended storage time from 2 (whole 
eyes or corneas in M-K medium) to 4 weeks [8]. This gave 
time for medical testing and evaluation of donors, as well 
as for surgical demand. Application of medium culture in 
the United Kingdom has prompted the storage of corneas in 
the Bank of eye and they have been made available for elec-
tive surgery and for urgent transplants [27]. These benefits 
of the culture medium have improved the quality, safety and 
availability of the corneas in the UK and other European 
countries. 

A different technique from corneal organ culture is 
used for ex-vivo expansion of corneal epithelial stem cells. 
These cells are extracted from the limbal region between the 
cornea and the sclera, and they are used in the treatment 
of ocular surface diseases where the corneal epithelium is 
defective. This is a painful and sight-threatening condition 
that is difficult to treat. The most successful application of 
this technique has been for unilateral ocular diseases where 
sheets of stem cells can be established from a small limbal 
biopsy taken from the healthy fellow eye [32]. As with organ 
culture of corneas, the development of culture media free of 
bovine serum for limbal stem cell expansion is considered 
desirable [32,  33]. These tissue constructs echo the trend 
in corneal transplant surgery for replacing only the defec-
tive parts of a cornea rather than relying on full-thickness 
grafts as the treatment of choice for all corneal deficiencies 
[34, 35].

The potential for modification of corneas during stor-
age is being investigated. Since allograft rejection is a major 
cause of corneal graft failure, immunomodulation to reduce 
the immunogenicity of corneas is being attempted by trans-
fection of endothelial cells to over-express down-regulatory 
cytokines, such as IL-10 and IL-12 [28]. Another approach 
is to encourage endothelial cells to divide during corneal 
storage by transfection with transcription factors such as 
E2F2, which has been reported to stimulate cell-cycle pro-
gression and endothelial replication [30]. There is also the 
prospect of a tissue-engineered corneal construct [31].

Conclusions

1. The most preferred cornea for penetrating keratoplas-
ty and anterior lamellar keratoplasty is the cornea taken up 
to 24 hours, with more than 2000 endothelial cells per mm2.
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2. The most effective preservative medium remains the 
culture medium with the addition of growth factors and an-
tibiotics.

3. Corneas with a low content of endothelial cells of up 
to 2.000 per mm2 are used for tectonic anterior keratoplasty.

4. Endothelial cells are thin-walled and require a proper 
diet with permanent nutrients and oxygen, with more fre-
quent change of media preservation, which gives the pos-
sibility to prolong their viability.
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