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Abstract
Nanofi brous mats can be used as a substrate for eukaryotic cell growth in biotechnology, tissue engineer-

ing, etc. Several adherent cells (e.g. human fi broblasts) have been shown to grow well on fi ne fi bres. For 

most applications, it is necessary to sterilize nanofi brous mats before adding the cells. Another possibility 

would be the addition of antibiotics and antimycotics to the cell culture medium to prevent microbial in-

fection. However, antibiotics are disadvantageous since they might promote the growth of resistant bacte-

ria in possible future medical applications of nanofi brous mats. Possible sterilization techniques include auto-

claving, UV-sterilization, ozone treatment, heat sterilization and other techniques which usually necessitate 

more expensive equipment, such as gamma irradiation. Systematic examinations of the infl uence of diff er-

ent sterilization techniques on the cell growth on nanofi brous mats have not yet been reported in the lit-

erature. Here, we report on the fi rst experimental investigations of the eff ect of sterilization with diff erent 

methods on the properties of polyacrylonitrile (PAN)/gelatine nanofi brous mats, and the resulting growth 

and adhesion of Chinese hamster ovary cells. While all techniques under investigation yielded sterile nanofi -

brous mats, autoclaving and heat sterilization change the PAN/gelatine fi bre morphology. Ozone, on the 

other hand, modifi es the pH value of the culture medium and partly impedes cell adhesion. UV sterilization 

also suggests a chemical modifi cation of the nanofi brous mat. Unexpectedly, heat sterilization resulted in 

the highest amount of adherent Chinese hamster ovary cells grown on PAN/gelatine nanofi brous mats in 

spite of gelatine melting.

Keywords: polyacrylonitrile/gelatine nanofi brous mats, sterilization, autoclaving, ozone, UV sterilization, heat 

sterilization, cell growth, adherent cells, CHO cells, tissue engineering

Izvleček
Nanovlaknaste koprene se lahko uporabijo kot substrat za rast celic v biotehnologiji, tkivnem inženirstvu 

itd. Pokazalo se je, da številne celice, npr. človeški fi broblasti, pritrjene na fi nih vlaknih, dobro rastejo. Za 

večino aplikacij je treba nanovlaknaste koprene pred nanosom celic sterilizirati. Druga možnost prepre-

čevanja mikrobnih okužb bi bila dodajanje antibiotikov in antimikotikov v gojišče celične kulture. Vendar 

pa so antibiotiki manj primerni, saj lahko spodbujajo rast odpornih bakterij v morebitnih prihodnjih me-

dicinskih aplikacijah nanovlaknastih kopren. Mogoče so različne tehnike sterilizacije, vključno z avtokla-

viranjem, UV-sterilizacijo, obdelavo z ozonom, toplotno sterilizacijo in druge, ki po navadi zahtevajo draž-

jo opremo, kot je obsevanje z žarki gama. Pregleda o vplivu različnih tehnik sterilizacije na rast celic na 

nanovlaknastih koprenah v literaturi še ni. V nadaljevanju predstavljamo prve eksperimentalne raziskave 

učinka sterilizacije z različnimi metodami na lastnosti poliakrilonitrilnih (PAN)/želatinastih nanovlakna-

stih kopren in posledično na rast in adhezijo celic. Medtem ko so tehnike, ki so bile raziskane, omogočile 
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1 Introduction

Nanofi brous mats with the fi bre diameters in the 
range of some ten to several hundred nanometres 
can be prepared with electrospinning from diverse 
polymer solutions or melts. While the easiest tech-
nology uses a syringe to extrude the polymer solu-
tion through a fi ne needle into a high electric fi eld 
[1, 2], needleless technologies allow for higher pro-
duction output and can oft en be upscaled from lab 
to industrial scale [3–5].
Electrospinning from a solution necessitates fi nding 
an adequate solvent to dissolve the desired polymer 
or polymer blend, besides several other prerequi-
sites, such as large enough molecular weight of the 
polymer to form fi bres at all. Several solvents which 
are oft en used in electrospinning, however, are toxic 
or corrosive. While a large number of biopolymers 
can be electrospun from water [6, 7], only few water-
resistant polymers can be spun from low-toxic sol-
vents such as dimethyl sulfoxide (DMSO) [8]. Th is is 
one of the reasons why polyacrylonitrile (PAN) is of 
large interest in electrospinning, apart from its usa-
bility as a precursor for carbon nanofi bres [9–11].
Preliminary tests in our group showed that animal 
cells do not grow well on pure PAN nanofi brous 
mats although serum was added to the culture me-
dium. It is well-known that certain proteins present 
in the serum promote cell adhesion (e.g. fi bronectin 
[12]). Another possibility to enable cell adhesion is 
coating the cell culture fl asks with collagen, which 
is an established method to enable cell adhesion 
[13]. Th us, the eff ect of adding gelatine to the PAN 
solution was tested. Commercially available gelatine 
is derived mostly from porcine skin. It is water-sol-
uble, and consists mainly of a mixture of diff erent 
denatured and partly hydrolysed collagens. PAN/
gelatine nanofi bres display slightly increased fi bre 
diameters compared to pure PAN nanofi bres [14]. 
Since the exact distribution of both components in 
fi bres has not been investigated yet, the infl uence of 

the fl uid culture medium on fi bre integrity has to be 
examined.
Generally, nanofi brous mats prepared from biopoly-
mers, such as gelatine or alginate, are known to sup-
port cell growth for wound healing, tissue engineer-
ing or biotechnological purposes [15–19]. Especially 
for elongated cells, such as neurites or fi broblasts, 
nanofi bres have been shown to support cell growth 
[20–24].
Unexpectedly, possibilities to sterilize nanofi brous 
mats before the addition of cells and their potential 
infl uences on cell growth are only scarcely men-
tioned in the scientifi c literature. Castagna et al per-
formed autoclaving and UV irradiation to sterilize 
polyaniline nanofi brous mats [25]. Arnal-Pastor et 
al used immersion in 70% ethanol for 3 hours, which 
necessitated careful rinsing with sterile phosphate-
buff ered saline to remove ethanol residues, making 
this method very time-consuming [26]. Ethanol was 
also suggested by Fan et al to sterilize regenerated 
silk fi broin nanofi bres [27]. However, absolute etha-
nol (99.46%) is usually non-sterile since it is known 
to preserve microbial spores [13]. Th erefore, sterili-
zation with ethanol is not a reliable procedure.
In this paper, we report on a comparison of four dif-
ferent sterilization techniques applied for PAN/gela-
tine nanofi brous mats, and their infl uence on the 
growth of adherent CHO cells in the absence of an-
tibiotics and antimycotics. Th e CHO cells are oft en 
used in the production of therapeutic proteins and 
in diverse biotechnological examinations [28–31]. 
Hence, they are ideal model cells for preliminary 
sterility tests.

2 Materials and methods

2.1 Electrospinning
Nanofi brous mats were produced with the wire-
based electrospinning machine “Nanospider Lab” 
(Elmarco, Liberec, Czech Republic). Th e spinning 

izdelavo sterilnih nanovlaknastih kopren, pa sta avtoklaviranje in toplotna sterilizacija spremenila morfo-

logijo PAN/želatinastih vlaken. Po drugi strani pa je ozon spremenil vrednost pH-gojišča in delno oviral 

celično adhezijo. UV-sterilizacija je vodila tudi v kemično modifi kacijo nanovlaknaste koprene. Nepriča-

kovano je bilo, da je toplotna sterilizacija vodila v nastanek največje količine celic jajčnikov kitajskega hrč-

ka (celice CHO), ki kljub taljenju želatine rastejo na PAN/želatinastih nanovlaknih.

Ključne besede: PAN/želatinska nanovlakna, sterilizacija, avtoklaviranje, ozon, UV-sterilizacija, toplotna sterilizaci-

ja, rast celic, adherentne celice, celice CHO, tkivni inženiring 
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parameters were: voltage 70 kV, nozzle diameter 
1.5 mm, carriage speed 100 mm/s, static substrate, 
ground-substrate distance 240 mm, electrode-sub-
strate distance 50 mm, relative humidity 33%, spin-
ning duration 50 min.
Th e PAN solutions were prepared with a PAN (pur-
chased from Woolworth, Unna, Germany) concen-
tration of 16% in DMSO (min. 99.9%, purchased 
from S3 Chemicals, Bad Oeynhausen, Germany) by 
two-hour stirring at room temperature. Gelatine 
(purchased from Abtei, Marienmünster, Germany) 
was added in the concentrations of 5% and 10%; 
higher concentrations were not spinnable.

2.2 Sterilization
Sterilization was performed with the following 
methods:
A closed box with an ozone generator (CHM 
GmbH, Amberg, Germany), working according to 
ISO 105-G03, was used for 15 min, 30 min, 45 min 
and 60 min. Aft erwards, the petri dishes were closed 
inside the box to avoid contaminations aft er the 
sterilization process.
Th e heat sterilization was performed with an oven 
UN75 (Memmert, Schwabach, Germany) at the 
temperatures of 60 °C, 100 °C, 140 °C and 180 °C 
for 30 min each.
For the UV sterilization, a UV lamp UV-spot 25W/
E27 (Eurolite, Waldbüttelbrunn, Germany) was used. 
Since this lamp was not specifi ed for sterilization, rel-
atively long irradiation times of 1 h, 1.5 h, 2 h, 2.5 h 
and 4 h were tested. Th e heat development during 
the sterilization was monitored with a thermal cam-
era (FLIR E8, FLIR Systems, Wilsonville, OR, USA).
Th e autoclaving was performed for 20 min at 121 °C 
with a VX-75 autoclave obtained from Systec 
(Linden, Germany).
Before the sterilization tests, the nanofi brous mat 
samples were washed three times with highly puri-
fi ed water. Aft er the sterilization, the samples were 
placed in the wells of a 24-well cell culture plate 
(Cellstar®, Greiner, Kremsmünster, Austria) inside a 
biological safety cabinet Safe 2020 (Th ermo Elec-
tron LED GmbH, Langenselbold, Germany). Prior 
to that, 5 ml of mediums was pipetted into the well, 
using fi ve specimens per experiment. One well was 
used as a sterility test. Th e incubation was per-
formed for 4 days (96 h) in a HERAcell 240i incuba-
tor (Th ermoFisher Scientifi c, Waltham, MA, USA) 
at 37 °C and 7.5% CO2.

2.3 Cell cultivation
For the cell cultivation, Dulbecco’s Modifi ed Ea-
gle’s medium (DMEM) / Ham’s Nutrient Mixture 
F12 (1 : 1 DMEM/F12) (purchased from SAFC Bio-
sciences, Irvine, UK) was used as a base. Th e medium 
was prepared according to the instructions for use. It 
was supplemented with glucose (Roth, Karlsruhe, 
Germany) and L-glutamine (Applichem, Darm-
stadt, Germany) to the fi nal concentration of 4 g/l 
and 4 mM, respectively. It also contained phenyl red. 
Th e pH value was set to 7.4 before the medium was 
sterile fi ltered (Sartolab P, 0.45 μm / 0.22 μm, Sarto-
rius, Göttingen, Germany). Finally, 10% sterile donor 
horse serum (biowest, Nuaillé, France) was added.
Th e CHO DP-12 cells used in this study were ob-
tained from LGC Standards GmbH, Wesel, Germa-
ny (ATCC no. CRL-12445). Th ese Chinese hamster 
ovary cells grow in vitro to form a monolayer if us-
ing a serum containing medium.
For the cell cultivation, nanofi brous mat samples of 
2 cm × 2 cm were glued with Elastosil E41 RTV-1 
silicone rubber (Wacker, Burghausen, Germany) on 
cover slips (21 mm × 26 mm) (Carl Roth, Karlsruhe, 
Germany) to keep them inside the medium. Aft er 
the sterilization, the mats were placed in 6-well 
plates (Labsolute, Th . Geyer, Renningen, Germany) 
inside a safety cabinet (HERA Safe 2020, Th er-
moFisher Scientifi c, Waltham, MA, USA). 200,000 
cells were seeded into each well. In one well, only 
cells without a nanofi brous mat were cultivated as a 
control. Th e cultivation was again performed for 4 
days in an incubator at 37 °C and 7.5% CO2.
Aft erwards, the medium was pipetted out of the wells. 
Th e cells were dyed with 1 ml methylene blue (eu-
romex, Arnheim, Netherlands; 1 : 16 dilution in PBS). 
Th e pretests showed that neither PAN nor gelatine 
were dyed by it, confi rming that all blue objects on 
nanofi brous mats must belong to cells (not shown).
Aft er PBS was again pipetted out of the wells, 1.5 ml 
glyoxal solution was added to fi x the cells [32]. For 
this, a 3 vol% glyoxal solution, containing 34.02 ml 
highly purifi ed water, 9.468 ml ethanol (abs., VWR 
BDH Prolabo, Langenfeld, Germany), 3.756 ml 40% 
glyoxal (Roth, Karlsruhe, Germany) and 0.36 ml ace-
tic acid p.a. (VWR BDH Prolabo, Langenfeld, Germa-
ny), with the pH value between 4 and 5 was used. Th e 
well plate was cooled on ice for 30 min and incubated 
for another 30 min at room temperature before the 
glyoxal solution was pipetted out of the wells, and the 
nanofi brous mats were taken out and dried in the air.
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2.4 Investigations
An optical examination during cultivation was 
achieved with an Axiovert 40 CFL microscope 
(Zeiss, Oberkochen, Germany). Aft er the fi xation, 
confocal laser scanning microscopes (CLSM) VK-
9000 and VK-100 (Keyence, Osaka, Japan) were 
used with the nominal resolution of 2000×.
Th e number of attached cells on nanofi brous mats 
was counted with a Neubauer chamber (Hecht As-
sistent, Sondheim, Germany). Th e nanofi brous mats 
were carefully washed with PBS and then treated 
with a sterile trypsin/EDTA (ethylenediamine 
tetraacetic acid) solution (biowest, Nuallié, France), 
digesting the cell-matrix interaction, which results 
in cell detachment. Aft er 5 min incubation at 37 °C, 
the trypsinization was stopped by diluting the fl uid 
with a culture medium. A 50 μl cell suspension was 
mixed with 50 μl trypan blue (a vital stain used to 
colour the dead cells blue) and the cells were count-
ed with a Neubauer chamber.

3 Results and discussion

Th e sterilization test (Figure 1) revealed a colour 
change of the medium in the wells in which the 
ozone-sterilized specimens were placed. Th e medi-
um contained phenyl red, a pH indicator. At neutral 
pH, phenyl red displays a pink colour. When the pH 
is lowered, the colour of the indicator changes to 
yellow. In the cell culture technology, this is useful 
since the change in colour indicates that the nutri-
ents are used up by the cells. Here, no cells were 
added to nanofi brous mats. Nevertheless, the colour 
change was observed. Th is can be attributed to the 

highly reactive ozone molecules that produced radi-
cals which were able to react with the fi bres to 
change the pH value of the surrounding medium.
Th is eff ect was only visible directly aft er the addition 
of medium; however, on the following day, all wells 
displayed the same colour as shown here for the not 
ozone-treated nanofi brous mats, without changing 
the medium. Th e medium contained a carbonate buff -
er system. Since the incubation took place in a CO2 
atmosphere (7.5%), all pH values changed to the same 
level. It should be mentioned that in the following test 
series in which all nanofi brous mats were washed with 
high-purity water before the sterilization, this fi nding 
was only slightly visible, indicating that either DMSO 
or pure gelatine, which could be washed off , was re-
sponsible for the eff ect. Shorter ozone treatment dura-
tions also reduced this eff ect signifi cantly.
Next, the infl uence of the sterilization processes and 
the culture medium on the nanofi brous mat morphol-
ogies was tested by CLSM imaging. Figure 2 shows a 
PAN/gelatine nanofi brous mat before the sterilization, 
with typical fi bre diameters in the range 400–800 nm 
for both gelatine concentrations, with several thicker 
fi bres on the surface, which were dissolved at higher 
temperatures, indicating that they mostly consisted of 
gelatine, while former stabilization test series indicat-
ed that most fi bres contained a blend of PAN and gel-
atine, which was water-stable [10]. Figure 3 depicts 
the results aft er the sterilization with diff erent meth-
ods and immersion in a culture medium.

Figure 2: CLSM image of PAN/gelatine nanofi brous 
mat with 10% gelatine aft er electrospinning; scale bar 
indicates 20 μm

Firstly, it was clearly visible that the hot air treat-
ment and autoclaving changed the morphology of 

Figure 1: Sterilization test, photograph taken on day 
0; four wells were incubated without fi bre mats as 
control (“no fi bres”)
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Hot air (180 °C, 30 min)
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Sterili-
zation 

technique
Aft er sterilization Aft er culture medium

Ozone 
(60 min)

Hot air 
(180 °C, 
30 min)

UV (4 h)

Autoclave 
(121 °C, 
20 min)

Figure 3: CLSM images of nanofi brous mats taken aft er sterilization and aft er following immersion in culture 
medium; scale bars indicate 10 μm
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fi bres. In both cases, gelatine was molten and aft er-
wards solidifi ed again, as described above. A higher 
temperature used for autoclaving seemed to slightly 
reduce the viscosity of the molten gelatine and cor-
respondingly increased its spreading over the near 
environment before the re-solidifi cation.
Th is could be expected since gelatine was shown to 
start melting at the temperatures around 32–40 °C 
[33], the temperature range which was exceeded in 
both processes. It should be mentioned that during 
the cell cultivation at 37 °C, gelatine could also be as-
sumed to be molten. In addition, similar changes 
were visible in parts with UV-sterilized nanofi brous 
mats, which could be attributed to the hot UV lamp 
positioned very close to the samples, resulting in the 
temperature on the sample surface of about 32–36 °C, 
as measured with a thermal camera.
Aft er the ozone treatment, the relatively thick, long 
gelatine fi bres could clearly be distinguished from 
the PAN or PAN/gelatine fi bres. Previous research 
revealed that in most fi bres, PAN and gelatine were 
mixed [14]; however, in all cases, pure gelatine fi bres 
were also found in PAN/gelatine nanofi brous mats 
as visible in the confocal laser scanning microscope 
images aft er the stabilization of fi bre blends. In these 
former test series, PAN/gelatine nanofi bre mats were 
stabilized at diff erent temperatures and heating rates, 
resulting in a clear colour diff erentiation between the 
aft erwards brown PAN and the silvery gelatine. Th is 
enabled distinguishing between both materials opti-
cally, instead of using chemical microscopic meth-
ods. Th e morphology of these nanofi brous mats was 
not diff erent from the one of the original mat.
Aft er the incubation of the ozone treated nanofi -
brous mat in a culture medium, the thickest fi bres 

were still visible, underlining that they contained 
PAN as well, since pure gelatine fi bres would be ex-
pected to dissolve in an aqueous culture medium.
Aft er the general proof that these sterilization meth-
ods were applicable to PAN/gelatine nanofi brous mats, 
shorter treatment times (in the case of ozone and UV 
sterilization) or lower temperatures (in the case of hot 
air sterilization) were investigated. In the following 
cases, contaminations occurred, namely at 15 min of 
ozone treatment (1 of 5 samples was contaminated), 
60 °C heat treatment (6 of 10 samples), 2.5 h of UV 
treatment (2 of 10 samples), 2.0 h of UV treatment (1 
of 10 samples), 1.5 h of UV treatment (1 of 10 sam-
ples) and 1 h of UV treatment (2 of 10 samples).
Th ese numbers of contaminated samples exhibited that 
only for the heat treatment at 60 °C, the sterilization 
did not work for most samples. In other cases, nanofi -
brous mats were sterilized at high percentage. While 
this clearly shows that autoclaving – as the standard 
method – is still preferable in terms of sterility, the 
ozone and UV treatments resulted in signifi cantly bet-
ter maintaining of the nanofi bre structure and they can 
thus be assumed to be more eligible with respect to cell 
growth. While the sterility in the range of 90% is inac-
ceptable for medical purposes, it may be tolerable for 
basic research on cell cultures. For the special applica-
tion of nanofi brous mats for cell growth and cell adhe-
sion, the statistical sterilization success and the dimen-
sional stability of nanofi brous mats have to be balanced. 
Future investigations will examine the statistical sterili-
zation success of these milder treatments in detail.
For the fi nal cell culturing experiments, the original 
sterilization temperatures and durations, respec-
tively (cf. Figure 3), were adopted. Figure 4 depicts 
exemplarily one experiment in which CHO DP-12 

Figure 4: 6-well plate with ozone-sterilized nanofi brous mats (10% gelatine) in culture medium (only medium 
in lower right well as reference) with CHO DP-12 cells, (a) start of cultivation, (b) end of cultivation at day 5

a) b)
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cells were cultivated on ozone-sterilized nanofi -
brous mats containing 10% gelatine. Similar results 

were gained with 5% gelatine content; a quantitative 
comparison is given later on.

Figure 5: CLSM images of CHO DP-12 cells on diff erent areas of ozone-sterilized PAN/gelatine nanofi brous 
mats; scale bars indicate 20 μm

Ozone Ozone

Autoclave

Hot air

Autoclave

UV

Figure 6: CLSM images of CHO DP-12 cells on diff erent areas of PAN/gelatine nanofi brous mats sterilized with 
diff erent methods; scale bars indicate 20 μm

20 μm 20 μm

20 μm

20 μm

20 μm

20 μm
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Firstly, diff erent colours at the end of cultivation in-
dicate that the cell growth occurred unequally in 
diff erent wells. Th e colour change is based on the 
change in the pH value, as discussed before in the 
case of ozone-treated samples. Here, however, the 
nutrient consumption of cells resulted in this pH 
change, indicating that the wells where the colour of 
the medium changed to yellow will show the high-
est cell concentration. Comparing the reference well 
(lower right) with the others, the cell growth seems 
to be reduced on ozone-sterilized nanofi brous mats.
Figure 5 depicts the CLSM images of CHO DP-12 
cells on ozone-sterilized nanofi brous mats with 10% 
gelatine. Th e small, round cells seem to be only 
punctually adhered, while the larger bluish zones 
show fl attened adherent cells where the cytoplasm 
spread over a larger area. Non-adherent and punc-
tually adhered CHO DP-12 cells have dimensions of 
approximately 12–17 μm, while the adhered cells in 
the control wells were measured to have the lengths 
of approx. 65 μm due to their fi broblast-like mor-
phology (not shown).
In the same way, the other three sterilization meth-
ods were examined. Figure 6 shows the CHO DP-12 
cells on some of these sterilized nanofi brous mats. 
While the hot air treatment mostly showed small 
and thus poorly adhered cells, good cell attachment 
was achieved by autoclaving.
Interestingly, in the case of UV sterilization, partly 
only a very fi ne blue layer was visible which may be 
the cell residues or cell products which are embed-
ded in the nanofi brous mat and fi xed by the glyoxal 
solution.
Th ese CLSM images suggest that autoclaving is the 
best sterilization technology for the growth of CHO 
DP-12 cells on PAN/gelatine nanofi brous mats.
To quantitatively examine this question, adherent 
cells on PAN/gelatine nanofi brous mats with 5% 
and 10% gelatine were detached by trypsin and sub-
sequently counted using a Neubauer chamber. Th e 
results are depicted in Figure 7. It should be men-
tioned that the cell counting with a Neubauer cham-
ber is usually assumed to have the statistical uncer-
tainty of 20%; this value was used for the error bars.
Firstly, on the nanofi brous mats with 10% gelatine, 
slightly higher cell concentrations were found. How-
ever, as the error bars indicate, this tendency is not 
signifi cant.
For both gelatine concentrations, ozone gave the 
worst results, which might be related to the observed 

pH change in the culture medium, suggesting chem-
ical changes in the nanofi brous mat, which appar-
ently suppressed the cell growth. Th is fi nding fi ts 
well with the observation in Figure 5, showing only 
few cells on ozone-treated nanofi brous mats. While 
Figure 6 suggested that autoclaving would be the 
ideal sterilization method, the cell counting revealed 
that the hot air sterilization worked even better. 
Comparing the respective images in Figure 6, one 
possible explanation is that during the cell counting 
with a Neubauer chamber, larger and smaller cells 
are counted in the same way, while the adherent cells 
cover larger areas on nanofi brous mats and thus give 
the impression that more cells are grown on auto-
claved nanofi brous mats. Another explanation could 
be that the cells were not fully detached by trypsini-
zation on autoclaved nanofi brous mats due to tighter 
binding.

Figure 7: Cell numbers aft er 4 days of cultivation on 
diff erently sterilized nanofi brous mats, counted with 
Neubauer chamber trypsinization (N = 2)

Combining all fi ndings presented in this study, it 
can be concluded that the heat treatment methods, 
i.e. hot air and autoclaving, are preferable to chemi-
cal methods, i.e. ozone treatment, or physical meth-
ods, i.e. UV irradiation. One possible explanation 
for this fi nding is the partial melting of gelatine dur-
ing the heat treatment that creates larger areas in 
which more gelatine is exposed on the surface of 
nanofi bres, making it accessible to cells for attach-
ment; an eff ect which would even be visible to a cer-
tain extent in UV-treated nanofi brous mats due to 
the heat development of the UV source, as de-
scribed above. Th is idea corresponds to the tenden-
cy towards slightly larger cell concentrations on na-
nofi brous mats with higher gelatine content and 
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previous fi ndings of a student project (unpublished) 
that the CHO DP-12 cells do not grow at all on pure 
PAN nanofi brous mats.

4 Conclusions and outlook

PAN/gelatine nanofi brous mats were prepared by 
needleless electrospinning and sterilized using 
ozone, hot air, UV irradiation and autoclaving. 
While the hot air treatment, even at only 60 °C, and 
autoclaving melted gelatine and thus changed the 
morphology of nanofi brous mats, the ozone sterili-
zation suggested a change in the nanofi brous mat 
chemistry. Unexpectedly, the degree of gelatine 
melting at high temperatures seemed to correlate 
with the cell attachment, resulting in the hot air 
treatment showing the best cell growth, while the 
ozone sterilization (the only method without a ther-
mal component) resulted in the poorest cell growth. 
For all sterilization methods, the cell growth and at-
tachment on PAN/gelatine blends is possible, oppo-
site to pure PAN nanofi brous mats, as shown by 
previous experiments.
Th ese fi ndings suggest further chemical examina-
tions, especially of the ozone treated samples, as 
well as an optimization of the electrospinning proc-
ess to include more gelatine in nanofi brous mats. 
Finally, diff erent temperature treatments in a broad-
er temperature range will be investigated to opti-
mize the cell growth conditions.
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