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Trypsin is an essential reagent for routine cell culture work. In the cultivation of 
mammalian cells, it has been extensively used for cell isolation from tissues or cell 
dislodging in subculturing. It may damage the cell membrane in contact of cells 
during long trypsinization. However, there is no specific report on time-dependent 
effect of trypsinization on cells. In the present study, we investigated the time 
dependent effects of trypsinization on equine chondrocytes. Cell viability after 
trypsinization with 0.25% trypsin-EDTA for 5 to 60 minutes was quantified by 
trypan blue exclusion assay, propidium iodide-Hoechst double staining, flow 
cytometry analysis and XTT assay. The results showed that trypsin-EDTA 
decreased the proliferation of equine chondrocytes depending on the exposure time 
of trypsinization. After 20 and 60 minutes of trypsinization, the cell membranes 
were strongly affected and the percentages of viable cells reduced to 91% and 85% 
respectively detected by trypan blue exclusion assay. Similar results were observed 
both in flow cytometric evaluation and propidium iodide-Hoechst double staining. 
The XTT assay result also showed decreased cell viability with the extended time of 
trypsinization. In order to minimize the time dependant cytotoxicity of 
trypsinization, as minimum as short time exposure is suggestive that maximizes live 
cell isolation from tissue as well as subculture of equine chondrocytes or other cells. 
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INTRODUCTION 

 
Trypsin has a wide range of industrial and scientific 

uses. In the cultivation of mammalian cells, trypsin has 
been extensively used for cell dislodging in primary cell 
culture to obtain single cells from tissues and organs 
(Stewart et al., 1995). It has also been widely used for the 
subcultivation and scale-up of several cell lines, to detach 
cells from either static or carrier surfaces (Cruz et al., 
1997). Moreover, it is used as spray or ointment in clinics 
for debridement of necrotic cells (Eneroth and van 
Houtum, 2008). However, it is well known that trypsin 
may injure the cell membrane in contact of cells (Collett 
et al., 2007) and may damage molecules involved in the 
cellular reactions (Yanase et al., 2007); although time 
dependent quantitative effect of trypsinization was not 
arranged in literature, which is very essential for usual cell 
culture.  

Trypsin is an endopeptidase produced by the gastro-
intestines of mammals has an optimal operating pH of 
about 8 (Vestling et al., 1990) and an optimal operating 
temperature of about 37°C (Brown et al., 2007). In vivo, 

trypsin is produced in the pancreas in the form of inactive 
zymogen, trypsinogen. After secretion into the duodenum, 
the enzyme enteropeptidase activates a small number of 
the enzymes into trypsin by proteolytic cleavage. Trypsin 
acts to hydrolyse pepsin-digested peptides by hydrolysis 
of peptide bonds. The aspartate residue (Asp 189) located 
in the catalytic pocket of trypsin is responsible for 
attracting and stabilizing positively-charged lysine and/or 
arginine; predominantly cleaves proteins C-terminally of 
the basic amino acids (Olsen et al., 2004). The process is 
commonly referred to as trypsin proteolysis or 
trypsinization, is a well established procedure in tissue 
culture. The trypsin effects on separation of the individual 
living cells from the tissue and thus permitting the 
preparation of suspensions of cells suitable for continued 
growth in culture (Shibeshi et al., 2008). Generally, cell 
cultures grow as a single thickness cell layer or sheet 
attached to a substrate and subculturing is a common 
method to produce a large number of cells from primary 
cells avoiding the senescence as of prolonged high cell 
density. In sub culturing of adherent cells, the intercellular 
and cell-to-substrate connections must be broken where 
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the proteolytic enzymes, such as trypsin can break these 
bonds creating a single-cell suspension.  

Usually in adherent cell culture, calcium and 
magnesium ions enhance the cell-to-cell adhesion and 
obscure the peptide bonds on which trypsin acts and 
separates the cells. So EDTA is frequently used with 
trypsin solutions as a chelating agent with gentle 
dissociative properties that acts to increase trypsin 
efficiency by neutralizing calcium and magnesium ions 
(Olsen et al., 2004). So in cell culture research and cell 
biology studies trypsin-EDTA is widely used to dissociate 
tissues and cell monolayer to maximize the yield of 
functionally viable, dissociated cells (Amano et al., 1996).  

Enzymatic disaggregation, such as using trypsin-
EDTA, is the most widely used technique in cell culture 
which allows rapid passaging for large scale cell 
expansion (Mitalipova et al., 2005). The timing of 
trypsinization may vary depending on the cell type, age of 
monolayer, cell density, serum concentration and other 
factors (Melican et al., 2005). Trypsinization for 2 hours 
at 37°C with 0.25% trypsin-EDTA is useful to collect 
equine epithelial cells from tissue sample (Shibeshi et al., 
2008). The trypsin concentrations to detach different cells 
range from 0.05% to 0.5% (Brown et al., 2007), although 
trypsinization with 0.25% trypsin-EDTA for 30-60 
minutes at 37°C is a common method for chondrocyte 
isolation used in cartilage tissue engineering (Hsieh et al., 
2009). 

Trypsinization is fast and reliable method but over-
trypsinization is a common cause of subculture problem 
can damage the cell surface by digesting exposed cell 
surface proteins (Glade et al., 1996). Prolonged exposure 
to trypsin can damage cell membranes and cause lysis 
(Melican et al., 2005). Trypsin is known to degrade 
plasma membrane glycoproteins and repeated exposure to 
trypsin is likely to contribute to accelerate aging (Ryan, 
1984).  

This study for the first time clearly stated 
significantly non-viable data based effect of trypsin-
EDTA at a commonly used dose in chondrocyte culture. 
The purpose of the present study was to investigate the 
effects of trypsin-EDTA on viability of equine 
chondrocytes, suggesting mainly on its cautious 
application in cell culture, especially in long 
trypsinization. 

 
MATERIALS AND METHODS 

 
Equine chondrocyte isolation and culture 

 Cartilage was collected from articular surfaces of the 
distal metacarpal bones of two-year old Thoroughbred 
horse. The pieces of cartilage were washed with sterile 
physiological saline and cut into small pieces which were 
digested with 1 mg/ml collagenase type-I (Sigma, St. 
Louis, MO, USA) in Dulbecco's Modified Eagle Medium 
(DMEM) (Welgene, Daegu, South Korea) that contains 
63.5 µg/ml penicillin and 100 µg/ml streptomycin, 
incubated for 18 hours at 37ºC in shaking water bath. 
Then the isolated chondrocytes were filtered with 
sterilized gauze and centrifuged at 200xg for 5 minutes 
and pellets were resuspended for culture at a density of 
1x106 cells/dish with DMEM containing 10% FBS in a 75 
cm2 cell culture flask. Cultures were carried out at 37ºC in 

a 95% air and 5% CO2 humidified atmosphere changing 
media twice a week.  
 
Treatment of the cells  

Equine chondrocytes were seeded onto six-well flat-
bottomed microculture plates (except in XTT assay) in 
DMEM medium with 10% FBS (1x105 cells/well), and 
were incubated at 37oC for six days. The number of cells 
was measured by using trypan blue-exclusion assay. 
Chondrocyte monolayer was then washed twice with 10 
mM phosphate buffered saline (PBS, pH 7.4) and treated 
with 0.25% trypsin-EDTA (Bovine Trypsin, Sigma, St. 
Louis, MO, USA; EDTA, DC Chemical Co. Ltd., Seoul, 
South Korea) for 5, 20 and 60 minutes at 37ºC in a 95% 
air and 5% CO2 humidified atmosphere. The 
trypsinization effect was neutralized with DMEM 
supplemented with 10% fetal bovine serum. The cells 
were collected after centrifugation at 1000 rpm for 5 
minutes and washed with PBS for viability assays. 
 
Trypan blue exclusion assay 

Chondrocytes were treated with PBS, DMEM, and 
trypsin-EDTA separately for 5, 20 and 60 minutes and 
collected following PBS wash. Then, cells were incubated 
with 0.4% w/v trypan blue solution (Sigma, St. Louis, 
MO, USA) for 2-3 min in room temperature. Cell viability 
was determined by using a hemocytometer. The 
percentage cell survival for each treatment group was 
determined by counting the dead cells and the live cells. 
The number of viable cells was calculated by dividing the 
number of living cells with the total number of cells in 
percentage.   
 
Propidium iodide (PI)-Hoechst double staining 

After harvesting, the cells were washed once in PBS 
and viability was determined by PI-Hoechst double 
staining. Cells were stained with fresh Hoechst 33258 (5 
µg/ml) and incubated at 37ºC for 15 minutes. Then PI (50 
µg/ml; Sigma, St. Louis, MO, USA) was added to the 
cells and incubated at 37ºC for 5 minutes. A 20 µl volume 
of suspended cells was placed onto glass slides and 
mounted with glycerol. Nuclear morphology was then 
examined under a fluorescent microscope (S46; 
Microscopes, Inc. St. Louis, MO, USA) using blue and 
red filters for Hoechst and PI views respectively. At least 
two individuals were involved to count the PI- or Hoechst 
positive nuclei to prevent personal biasness. At least 5 
vision fields were randomly selected for each slide to 
obtain mean number of surviving or dead cells, 
respectively. Normally 100-120 Hoechst-positive nuclei 
with normal nuclear morphology were obtained from each 
vision field in the control cultures. The mean values were 
calculated from combined results of at least four 
independent cultures. The “Death Index” was defined as 
the number of PI-positive nuclei divided by that of 
Hoechst-positive nuclei in the same vision field. 

 
Flow cytometric analysis 

Chondrocytes were cultured onto six-well plates and 
treated as mentioned as above. After PBS washing 
samples were mixed gently and incubated with PI (50 
µg/ml) at room temperature in the dark for 5 minutes. Ten 
thousand cells were measured on the flow cytometer 
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equipped with an argon ion laser tuned at 488 nm 
wavelengths (Becton Dickinson FACS Scan, Heidelberg, 
Germany). Propidium iodide sensitive positive cells were 
considered as non-viable cells. Results were expressed as 
a percentage of non-viable PI+ cells in this experiment.  

 
XTT assay 

Cytotoxicity was tested by the XTT-formazan dye 
formation. Briefly, chondrocytes were seeded onto 96-
well flat-bottomed microculture plates at a density of 2 x 
104 cell/well in 200 µl of DMEM and allowed to adhere 
up to confluent within the CO2 incubator. Cells were 
treated with trypsin-EDTA for 5, 20 and 60 minutes at 
37ºC followed by PBS wash. The trypsinization effect 
was neutralized with DMEM supplemented with 10% 
fetal bovine serum. Fresh XTT and phenazine 
methosulfate were mixed together; 20 µl of the mixed 
reagent was added to 100 µl of cell suspension in each 
well of the 96-well plates. The cells and reagent mixture 
were incubated at 37oC for 2 hours, and the sample’s 
absorbance was measured with a spectrophotometer 
(Emax, Molecular Device, Sunnyvale, CA, USA) at a 
wavelength of 450 nm. 

Percentage cytotoxicity was calculated by the 
following formula: 

 
AC- AT % cytotoxicity = AC X 100 

 
Where AC is the absorbance of the control wells and AT is 
the absorbance of the test wells. 
 
Statistical analysis 

Data were presented as the mean ± standard 
deviation.  Statistical analyses were performed by one-
way analysis of variance (ANOVA) with multiple range 
tests using the SPSS 11.5 statistical software (SPSS Inc. 
Chicago, IL, USA). Significant differences between 
groups were determined at P<0.05. 

 
RESULTS 

 
The cytotoxicity of trypsin-EDTA in equine 

chondrocytes was assessed as decrease of membrane 
integrity and decrease of cell viability. Trypsin-EDTA 
time dependently induced a significant loss of both 
membrane integrity and cell viability. The chondrocytes 
showed a rapid decrease of cell viability from 20 minutes 
to 60 minutes of exposure and morphologically changed 
to blebbing and lost their membrane integrity with time of 
trypsinization.  

The cytotoxic effect of trypsin-EDTA was 
investigated by testing most commonly used 
concentration of trypsin-EDTA (0.25% trypsin with 
0.02% EDTA) on equine chondrocytes at three time 
points (5, 20 and 60 minutes) whereas the 5 minute was 
considered as a control. Viability was decreased from 20 
minutes and continued up to 60 minutes in our 
experiments. 

The treatment of equine chondrocytes with PBS and 
DMEM showed no cytotoxic effect up to 60 minutes 
whereas trypsin-EDTA decreased the viability with the 

time of trypsinization. At 20 minute and 60 minute of 
trypsinization, the cell membranes were strongly affected 
and the percentages of viable cells were reduced to 91% 
and 85% respectively evaluated by trypan blue dye-
exclusion assay (Fig. 1). The cytotoxic effect started from 
20 minutes was statistically significant when compared 
with the control group. Extended exposure to trypsin-
EDTA showed a potent cytotoxicity on equine 
chondrocytes. Trypsinization with 0.5% trypsin-EDTA 
was more potent to induce deleterious effect on 
chondrocytes viability compared to 0.25% trypsin-EDTA 
(Data not shown). 
 

 
 
Fig. 1: Time dependent trypsin-EDTA effects on 

chondrocyte viability comparing to the PBS 
and DMEM. The chondrocytes were treated 
with PBS, DMEM and trypsin-EDTA for 5, 
20 and 60 minutes at 37ºC in a humidified 
atmosphere in CO2 incubator. Subsequently, 
cells were harvested and cytotoxic effect was 
investigated by trypan blue exclusion assay. 
The data were analyzed (*p<0.05) in one-
way ANOVA with Tukey’s test. 

 
The percentage of PI+ cells varied 3-5% in control 

groups and increased gradually when trypsinization was 
extended to 20 and 60 minutes evaluated in Hoechst-PI 
double staining under fluorescent microscope. This 
staining revealed a “Death Index” of 0.18 and 0.40, 
corresponding to the death rate of 18 and 40% for 20 and 
60 minutes, respectively. The blebbing and red fluorescent 
PI stained cells were significantly increased from 20 to 60 
minutes of trypsinization (Fig. 2). 

The results of the flow cytometric analysis of cell 
viability are shown in Fig 3. Flow cytometric analysis of 
trypsin-EDTA exposed equine chondrocytes revealed two 
subpopulations corresponding to damaged cells, i.e., cells 
that were PI stained, and to cells with an intact 
cytoplasmic membrane, which were not stained. There 
was a time-dependent decrease in cell viability, as 
revealed by a reduced percentage of cells excluding PI (20 
and 27% after 20 and 60 minutes of trypsinization, 
respectively), in all groups of treatment.  

Live cells reduce XTT to a soluble product XTT-
formazan, which can be estimated spectrophotometrically 
as a measure of cell viability. Equine chondrocytes 
showed reduced cell viability in extended trypsinization. 
Fig. 4 depicts the percentage cytotoxicity of trypsinization 
which was increased in a time dependent manner.  
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Fig. 2: Time dependent trypsin-EDTA effects on 

chondrocyte viability in PI-Hoechst double 
staining. (A) Equine chondrocytes were 
treated with trypsin-EDTA (0.25%) for 5, 20 
and 60 minutes at 37ºC in a humidified 
atmosphere containing 5% CO2 and 95% 
air. The cells were subsequently subjected to 
PI-Hoechst double staining. The arrows 
denote PI-positive nuclei indicating ruptured 
plasma membrane permeable to PI. (B) 
Quantitative results based on PI-Hoechst 
double staining. The ‘‘Death Index’’ was 
defined as the number of PI-positive nuclei 
divided by the number of Hoechst-positive 
nuclei in the same vision field. *P<0.05 
compared to control cells using one way 
ANOVA with Tukey’s test. 

 
DISCUSSION 

 
In this study, we utilized the membrane integrity 

assay, morphological assay and functional activity assay 
to determine the viability of equine chondrocytes on 
various exposures to trypsin-EDTA. It was found that 
there was a time dependent effect of trypsin-EDTA on the 

viability of equine chondrocytes as a reduced viability in 
longer trypsinization. The effect of trypsin-EDTA on 
decreased chondrocytes viability appeared to be 
permanent and was significantly started from 20 minutes 
of trypsinization among the three selected times. The 
reduction of cell viability was increased and continued up 
to 60 minutes and no significant change was observed in 
the groups treated for 5 minutes as a control. 

Necrosis occurs after sudden severe injuries or 
noxious compound treatment and accounts for many 
destructive effects that represent only a passive 
consequence of pathologic damages. Morphologically, 
dramatic alterations of plasma membrane permeability 
occur. These events lead to cellular swelling and 
disintegration followed by mitochondrial disruption, 
cellular content release and chromatin flocculation. The 
partial analogy between apoptosis (especially in its late 
phase) and necrosis contributes to complicate the 
ascription of structurally altered cells to one or the other 
phenomenon (Foglieni et al., 2001). In our study, we 
assessed the necrosis including late apoptosis of equine 
chondrocytes following trypsinization with 0.25% trypsin-
EDTA. 

Microscopy cell viability assessment has been widely 
described (Foglieni et al., 2001). Previous studies have 
reported that detachment of cells with trypsin-EDTA may 
alter or even damage the cell population (Collett et al., 
2007). Light and fluorescent microscopy revealed as the 
damaged plasma membranes with stained cells were 
increased from 20 minutes of trypsinization in our 
experiment. The horse shoe shaped cells were changed to 
rounded and enlarged under microscope which were 
possibly attributed primarily to the changes in the level of 
cytoskeleton proteins involved in regulating the stability 
and elasticity of the cell membrane (Mohanty et al., 
2010). The findings suggest that a short trypsinization 
should be used in cell culture area to maintain membrane 
integrity of the cells. Some other studies also reported the 
trypsin-induced changes in cultured keratinocytes 
(Umegaki et al., 2004) and endothelial cells (Lopes et al., 
2001) which support our results. Although mild 
trypsinization of rat thymocytes in cell suspension did not 
cause appreciable nonspecific damage to the cells, since it 
did not change the ability of the cells to exclude dye in 
trypan blue assay (Segal and Ingbar, 1986).  

For the detection of cell viability, Hoechst and PI are 
the most commonly used fluorescent dye in cell culture 
area (Foglieni et al., 2001). Both Hoechst and PI 
intercalate to DNA, but only Hoechst can permeate the 
active cell membrane (Nakajima et al., 1998). Therefore 
we used these dyes jointly to differentiate the viable and 
nonviable cells. Our results showed that the trypsin-
EDTA strongly reduced the viability of equine 
chondrocytes at extended time of trypsinization by 
inducing necrosis. The appearance of necrotic 
chondrocytes were swollen and lost their plasma 
membrane integrities demonstrated by PI-Hoechst double 
staining (Fig. 2). PI can enter only in late apoptotic and 
necrotic cultured cells, intercalating nucleic acids every 
4–5 bp without sequence preference (Ertel et al., 1998).  
Swelling of cellular organelles and loss of plasma 
membrane integrity are the best way to describe necrotic 
cells under light or electron microscopes (Hotchkiss et al.,  

(A) 

(B) 
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Fig. 3: Influence of trypsin-EDTA on chondrocyte necrosis. Equine chondrocytes were treated with trypsin-EDTA 

(0.25%) for 5 minutes (A), 20 minutes (B) and 60 minutes (C) at 37ºC in a humidified atmosphere 
containing 5% CO2 and 95% air. Subsequently, cells were harvested, and cytotoxic effect was investigated 
by flow cytometric analysis after PI staining (M1). Average peak values for the PI staining (D) were from 
at least three independent assays, showing a time-dependant increased cytotoxicity compared to the 
untreated cells. Asterisks indicate P<0.05 in one-way ANOVA with Tukey’s test. 

 

 
Fig. 4: Cytotoxic effects of trypsin-EDTA on equine 

chondrocytes. Equine chondrocytes were 
treated with trypsin-EDTA (0.25%) for 5, 20 
and 60 minutes at 37ºC in a humidified 
atmosphere containing 5% CO2 and 95% air. 
Cell viability assay used a colorimetric method 
with a 2,3-bis {2-Methoxy-4-nitro-5-sulfo- 
phenyl}-2H-tetrazolium -5 carboxyanilide inner 
salt (XTT) assay.  Vertical bars indicate the 
mean ± standard deviation (N=6). *p<0.05 was 
considered significant in one-way ANOVA 
with Tukey’s test. 

2009). Our study revealed that the red fluorescence after 
PI staining (distinctive for necrotic nuclei) was increased 
with prolonged trypsinization (Fig. 2). 

Cells in native tissues adhere to the surrounding 
extracellular matrix (ECM) via cell membrane receptors 
(e.g. integrins) (Hynes, 1992) that specifically bind to 
ECM adhesion proteins such as fibronectin, vitronectin 
and laminin. But trypsin treated primary and passage 1 
chondrocytes were reported as decreased in cell adhesivity 
(Tsai and Wang, 2005). Integrins link ECM ligands to the 
cytoskeleton which provide strong attachment to enable 
cell-shape change and tissue integrity (Delon and Brown, 
2009). But trypsin can destroy the membrane proteins of 
the cells (Cruz et al., 1997) and reduce the cell’s ability to 
form adhesive bonds with adsorbed cell adhesion proteins 
by decreasing the number of functional integrins of the 
cell membrane (Brown et al., 2007). Hence we designed 
to study on membrane integrity of equine chondrocytes at 
various time points of trypsinization. 

In cell culture, trypsin-EDTA solutions are widely 
used without determination of whether their application 
could have any deleterious effects.  On the other hand, 
many authors refuse to use trypsin just before labeling 
experiments because of the degradable property of plasma 
membrane glycoproteins which may alter antigenic 
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expression (Hughes and August, 1981). Prolonging 
exposure of human umbilical vein endothelial cells to 
trypsin decreased antibody binding to their respective cell-
surface antigens (Mutin et al., 1996).  

Flow cytometry (FCM) is a well-proven technique 
that allows cells, spores, and other particles to be 
individually analyzed. In addition, FCM can analyze large 
samples, thus enabling the collection of a set of 
statistically reliable results. FCM combined with a 
fluorescent technique can differentiate between biotic 
particles and abiotic particles (Chen and Li, 2005). 
Viability studies consist of nucleic acid dyes, such as 
propidium iodide (PI), which are excluded by viable cells 
with intact membranes. The fluorescence conferred by 
these probes indicates the degree of cell damage, cell 
permeability, and ultimately cell death (Amor et al., 
2002).  In this study, it was authenticated by flow 
cytometry that trypsinization with 0.25% trypsin-EDTA 
for 5 minutes at 37°C was the best method for detachment 
of intact chondrocytes from monolayer culture. Although 
from 20 minutes of trypsinization viability of equine 
chondrocytes were significantly decreased as like as the 
results of other assays. 

Previous data suggest that prolonged exposure of 
cells to active trypsin might damage cell viability (Tsai et 
al., 2005). It can trigger the metabolic changes by 
interaction with the cellular membrane which induces 
cellular death (Lepsch et al., 2009). Our XTT results also 
confirmed the gradual decrease in chondrocyte viability 
with the time of trypsinization. In another study it has 
been reported that some epitopes of the cell membrane 
were particularly sensitive to trypsin and were lost after 
trypsinization (Bolwell, 1986). Therefore the effect of 
trypsin is very important for starting a new experiment 
including its exposure which may differ with 
manufacturers and which is usually not mentioned 
throughout scientific literature. In this study, we found 
that trypsinization for 5 minutes with 0.25% trypsin-
EDTA did not have any significant detrimental effect on 
the cell membrane and cell viability, although from 20 
minutes of trypsinization, there was a potent deleterious 
effect on both cell membranes and viability of equine 
chondrocytes. Consequently prolonged incubation with 
trypsin-EDTA and more concentrated solutions decreased 
the number of viable cells significantly in our results.  

In conclusion, our results showed that trypsin-EDTA 
had the cytotoxic effect on equine chondrocytes in 
monolayer culture. We confirmed that trypsin-EDTA 
affect the cell membrane integrity, cell viability and 
finally induce necrosis of the chondrocytes with extended 
exposure time. Concentration of trypsin-EDTA had also 
played an important role on cytotoxicity of the cells. 
However, additional molecular studies are needed to 
explain the specific genetic change of the cell on response 
to trypsin-EDTA. However, to our knowledge, time 
dependent effect of trypsinization on chondrocytes 
viability has not been demonstrated before. In order to 
minimize the time dependant cytotoxicity associated with 
trypsinization, as minimum as short time exposure may be 
useful to maximize live cell isolation from tissue or 
subculture of equine chondrocytes or from other cells. The 
use of trypsin-EDTA in cell culture should occur with 
awareness of the risk, especially in prolonged 
trypsinization. 
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