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Abstract

A novel biocompatible PVA/PEI-CO (polyvinyl alcohol/carbon dioxide
modifiedpolyethyleneimine) composite nanofiber asricated by a green and facile
protocol, which reduces the cytotoxicity of PEldhgh the surface modificationof the
PEI with CQ. The'*C NMR spectrum, elemental analysis and TGA show @@
has been incorporated in the PEI surface resulirgrelatively stable structure. The
resulting PVA/PEI-C@composite nanofibers have been characterizefiTiR/FTIR,
contact angle and Scanning Electron Microscopy (FEMhe results show that the
average diameters of the nanofibers range from+#63 nm to 423 + 80 nm. The
cytotoxicity of PVA/PEI-CQ composite nanofibers was assessed by cytotoxicity
evaluation using the growth and cell proliferatiohnormal mice Schwann cells.
SEM and the MTT assay demonstrated that the promotf cell growth and
proliferation on the PVA/PEI-C&composite scaffold. It suggests that PEI,C@n

have tremendous potential applications in bioldgwaterial research.

Key words: PEI derivatives, C@ electrospinning, composite nanofibers, cell

scaffold



I ntroduction

Polyethyleneimine (PEI) is a typical water-solupl@yamine and has a large
number of amino nitrogen atoms in the moleculatrckeading to a strong affinity to
cells * and consequently has been widely used as a tismiaeering scaffolding
materiaf; a stabilizer for nanoparticle synthési§; a layer component for
polyelectrolyte multilayer constructionand a gene delivery carrief. However,
the high number of amino groups in PEI severelytéints further applications due to
their high cytotoxicity and poor biocompatibifity Thus modification of PEI in
order to decrease cytotoxicity becomes important.

Many research reports have focused on modifiedt® E#duce the cytotoxicity
of PEI9-12. For example, Gabrielson 13 used aestitydride to modify PEI 25 K,
by converting the primary and secondary aminesherPEl into amides. Also PEI,
with different molecular weights, can be grafted anrfaced-modified which reduces
the number of amino groups in the molecule, effetyi decreasing cytotoxicity and
improving biocompatibility 14-16. The cytotoxicityas shown to be related to size
and the number of grafts, but had no direct ratetiip with the length of the chain of
the PEG segment 14. Unfortunately, most chemigatheses are generally not
facile and green enough to allow PEI derivatizatiathout protection/deprotection
schemes and require complex multistep proceduresnbmve impurities, which has
further limited practical applications.

Through the modification methods, | want to getradlof green environmental
protection modification methods to improve the biopatibility of the PEI.
According to reports, using PEI to capture CO2 frerhaust gases formed from
fossil fuels has been developed 17-19, becaus¢h®d&El in agueous solution shows
high adsorption of CO2 since aqueous solutionsnahas absorb CO2 to generate
amides efficiently at ambient temperatures via amtleermic reaction 20-23.
According to the definitions of green chemistry, Z&eing part of the atmosphere
and having a wide variety of sources and a lowepdan be classified as a green

chemical24-26. Therefore, carbon dioxide can beal usemodify PEI to reduce its



amino content, in order to achieve the purposeediicing its cytotoxicity. This
reaction is very facile and is green organic chémibecause, not only does this
method reduce the number of amino groups on thiacurof the PEI, but it also
dispenses with complex chemical reaction processaspus kinds of catalyst,
expensive modified monomers and a tedious and ithe-consuming process of
impurity removal. Electrospinning is a simple neathfor fabricating fibrous
materials from a rich variety of substratés. Nanofiber mats have very high
surface areas, pore sizes ranging from severan® of micrometers and adjustable
porosities up to more than 90%. Thus, various kiofl nanofiber materials have
been used for support materidi&and PEI, in particular, has been systematically
researched and widely used as an effective elgutrosianofiber in the field of
biomaterials. The electrostatic spinning preparatf PVA/PEI nanofibers, used
for environmental remediatidh*indicates that PEI-modified electrospun nanofibers
should be a promising candidate for use in tissagineering and medical
applications.

In this study, a novel biocompatible PVA/PEI-€©@omposite nanofiber
substrate, which can decrease the cytotoxicityEiftRrough the surface modification
of the PEI with CQ, was fabricated by a green and facile protocolhe Titerature
data38, 41 show that ultrafine PEI/PVA nanofibe@n cbe formed using an
electrospinning technology; thus, the PVA is aneieat host material for PEI-CO2,
and has been widely used in different areas obibmedical field due to its excellent
chemical and physical properties, ease of procgssinl low cytotoxicity’ *> The
CO, modified PEI was prepared and the resulting elspuin PVA/PEI-CQ
composite nanofiber materials utilized as a sutestiar cell growth. Cell toxicity
experiments prove that the nanofibers can promeitegrowth and the modified PEI
can effectively reduce cytotoxicity. Also, the nesemposite nanofibers were
studied to determine the cellular biocompatibifiy their future potential biomedical

applications.

2 Materials and methods



2.1. Materials

PEI (branched, MW = 250,000) was purchased fronm&igldrich. PVA
(88% hydrolyzed, MW = 88,000) was obtained from J&Khemical.
Glutaraldehyde (25%, agqueous solution), ethyl adddMSO and paraformaldehyde
were purchased from Sinopharm Chemical Reagentl@d.(China). High purity
carbon dioxide (> 99.999%) was purchased from St@nghlorine min Gas Co. Ltd
and 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl tetcdium bromide (MTT) from
Sigma-Aldrich. Schwann cells were obtained frone timstitute of Chemistry,
Chemical Engineering and Biotechnology (Donghuaversity, Shanghai, China).
Dulbecco’s modified Eagle’s medium (DMEM; high ghse with L-glutamine and
sodium pyruvate), fetal bovine serum (FBS), 0.259pdin-EDTA, phosphate buffer
saline (PBS), penicillin (10000 U/mL) and streptammy(10 mg/mL) were purchased
from HangzhoulJinuo Biomedical Technology (Hangzh@hina). An aqueous
solution of 4% paraformaldehyde (PFA) was purchafedh Beijing Dingguo
Changsheng Biotechnology Co. Ltd. All other chensiagsed were analytical grade

and water was doubly distilled before use.
2.2. Madification of PEI with CO,

The solution was prepared by dissolving branched 38l in 15mL water with
heating and stirring. Carbon dioxide was bubbletb ithis solution at ambient
temperature and stirring was continued for 5 haursl the reaction was complete.

The contents were transferred to an EP tube amddrdried to form solid PEI-GO
which was then ground into a fine yellow powder atmted at £C in a refrigerator.

The polymer was characterized usifi NMR spectrometry and spectra were
recorded on a Jeol JNMECS 400(100 MHz f8€ with tetramethylsilane as an
internal standard). ATR-FTIR spectra were recordsthg a Nicolet 5700 FTIR
spectrometer (Thermo Nicolet Corporation, USA) ambent conditions.

Thermogravimetric analysis was conducted with an SEXRTG/DTA6200



instrument (Seiko Instruments)and elemental amnalysis performed on an Elmentar
Vario ELIII elemental analyzer, Germany.

PEIC NMR(100 MHz, BO); & (ppm) = 56.00, 53.30, 50.87, 47.53, 45.65, 39.31,
37.50(-CH2-); PEI-C@.*C NMR(100 MHz, BO); & (ppm) = 164.92, 163.6, 160.3
(C=0), 50.1, 44.5, 39.0, 37.8, 36.4 (-CH2-). Elataé compositions- PEIl. C
55.09%; H 12.30%; N 34.48% and PEI-£Q 42.92%; H 8.22%; N 21.37%.

2.3. Electrospinning

2.3.1 Fabrication of electrospun PVA/PEI-CO.and PEI/PVA nanofibers

The PVA solution (12 wt%) was prepared by diss@vitVA powder (12g) in
water (100mL) at 86C for 3 h under magnetic stirring and the soluticas cooled to
room temperature before usé*. The PEI solution (50 wt %) was prepared by
dissolving the viscous liquid PEI (10 g) in wat@0(mL) at ambient temperature.
PVA and PEI aqueous solutions were mixed togethéh va total polymer
concentration of 11 wt% according to the literattite’®®to prepare homogeneous
solutions with PVA/PEI weight ratios of 95:5, 85;1%:25 and 65:35, respectively.
PVA aqueous solutions and PEI-€@owder were mixed together with a total
polymer concentration of 11 wt% to prepare a homeges solution with
PVA/PEI-CO, weight ratios of 95:5, 85:15, 75:25 and 65:35peesively. The
appropriate solutions were then constantly and rotably injected into the
electrospin unit at a flow rate ranging from 0.1Q@ mL/h via a syringe pump
(JZB-1800, Jian Yuan MedicalTechnology Co., Ltd,ir@h. The distance of the
nozzle to collector was set at either 17 or 20 ach the voltage was either 12.5 or 13
kv 3. The high voltage supply (GBB40/2, Institute okijhg High Voltage
Technology, China) was connected to a stainlesd seedle and the collector was
earthed®. Under the applied electrospinning condition® folymer jet produced
ultrafine fibers, which were ultimately depositesit@ the collector, forming a

nanofibrous mat.

2.3.3 Crosslinking of PVA/PEI-CO,and PVA/PEI nanofibers



A Petri dish containing glutaraldehyde (GA) soluati(25% aqueous solution,
20 mL) was placed at the bottom of a desiccatorthactlectrospun PVA/PEI-GOr
PVA/PEI nanofibers were put onto the top ceramatebf the desiccator. Vacuum
was applied for 24 h and then the nanofibrous maig;h were treated using both the
GA solution and GA vapor, were rinsed with watém3es to remove the excess GA.
All the treated mats were cut into 15 mm diametenies, placed into 24-well plates
and washed three times with PBS solution to sireuflaé environment found in the

body.
2.3.4 Characterization

Morphologies of the electrospun PVA/PEI-&&hd PEI/PVA nanofibrous mats
were determined using SEM (JSM-5600LV, JEOL Ltdpaig with an operating
voltage of 10 kV or 15 kV. Prior to measuremeritee nanofibrous mats were
sputter coated with a 10 nm-thick gold film. Thean diameter of the nanofibers
was measured using ImageJ 1.40G software(httpififstmih.gov/ij/download.html)
with at least 200 different fibers in SEM imagesnbeselected for the analysis.
ATR-FTIR spectra of the composite fiber membranesewecorded before and after
crosslinking. The contact angle values of thetedspun nanofibers were measured
with an optical contact angle goniometer (CAM 1R8V Instruments Ltd., Helsinki,
Finland). This compact video-based instrument nregsaontact angles between 1°
and 180° with an accuracy of £1° and also allowbhdtpgraphs to be taken of the

measured contact angle values on the surfaceg ofatofibers.
2.5 Investigation of cytotoxicity

Cytotoxicity was evaluated by using a MTT assayirsgjarat Schwann Cells
(RSC96). The cells were maintained in high glucb$¢eEM (4.5 g/L glucose
supplemented with 10% FBS and penicillin (100 U/nmdrd streptomycin (100
png/mL) at 37°C in a 5% CQ humidified atmosphere. For cytotoxicity analysis,
cells were seeded on the sterilized surface of PEAMCQO, or PVA/PEI nanofiber

matrixes in 24-well plates at a density ofx®@* cells per well. The cells were



washed with phosphate-buffered saline (PBS) on tlags5 and 7. Aliquots of 400
uL of MTT solution in DMEM (2 mg/mL) were added taeh well. Plates were
incubated for an additional 2 h at 37 °C. The Mdhtaining medium was removed
and 40QL of DMSO was added to dissolve the formazan clydtarmed by living
cells’. This solution was then transferred to 96 weditg$ and the optical density
(OD) was measured at a wavelength of 570 nm usm@rezyme-linked immune
adsorbent assay plate reader (MK3, Thermo, Theented (Shanghai) Instrument
Co., Ltd.). On day 5, two specimens of each s@hff@re characterized using SEM.
Every specimen was rinsed with PBS, fixed with ajuemus solution of 4%
paraformaldehyde (400L) and incubated at 4C in a refrigerator for 2 h. The
specimens with fixed cells were dehydrated usimggaaled ethanol series and critical
point dried. All specimens were then sputter cbatéh gold-palladium and the cell
morphology on different substrates was observetiguSEM at an acceleration

voltage of 2 keV.

3. Results and discussion

3.1 The modification of PEI

After carbon dioxide was bubbled into the aqueokktRe color changed from
clear to light yellow, due to adsorption of the {6y PEI (Fig. 1A). The reaction is
an exothermic process and the mechanism has beeribéel previousfj. The®*C
NMR spectrum of the BD solution showed the peaks at lower chemical $bdk
significantly different before and after GOubbling. According to the literature on
the peaks should be the carbamoyl carbon Htomhich also supports the formation
of the carbamic acid group in PEI (Fig. 1B, | atid | This demonstrates that the
capture of CQ@ by PEI in solution forms new chemical bonds. Huodd yellow
PEI-CQ,compound was then produced through freeze drying.

Fig. 1.
The structure of the modified PEI was further exgtb by determining the

elemental composition. However, since only carlttydrogen, and nitrogen can be



determined directly using elemental analysis thes@nce of oxygen can only be
found by subtraction. Elemental analysis of PEl,Gicated that it contained
about 27.56% of oxygen but due to the possiblegmes of water in the compound
the percentage of nitrogen atoms which capturedocadioxide was based on the
amount of nitrogen and carbon present. Conseqgueittiwas estimated that
approximately 23% of the nitrogen atoms of PEI medcted with C@ It was

calculated using the following equation:
[C-(Nx24+14)[x44
12

where C is the carbon atoms in the PEI -,&0ntent, N is the nitrogen atoms in the
PEI - CQ content.

In order to further verify the composition of theodified PEI, TGA was used

CO,% = 100

to characterize the loading capacity of f@mobilized into the PEI (Fig. 2). Ata
temperature of 408C and a heating rate of £&/min under nitrogen, the polymer
components were completely decomposed. The initggrease of both PEI and
PEI-CQis probably due to the loss of water in the polynvdrnile the weight loss in
the region of 82 ~ 187 is attributed to the decomposition of the PEl,@@ymer
and release of COwhich equates to about 31%. Finally, the majoigiveloss
within the region of 270 ~ 40%C is attributed to the decomposition of the PEI
polymers. This result is similar to the conclusioinom elemental analysis and
proves that the modified PEI has considerable l#akind is suitable for biological
applications.

Fig.2.
3.2 Morphology and structure of composite nanofibers

It is well known that PVA is viscous and the adufitiinto other polymer
solutions can significantly improve the spinnapilitf the polymer& *  Therefore,
in this study, PVA/PEI-C@and PVA/PEI fibrous membranes were selected to obtain
uniform electrospun polymer nanofibers to studydimmtoxicity of the modified PEI
and PVA composite nanofiber scaffold. There areynfactors which can affect

themorphology of the electrospun nanofibers incigdcollection distance, voltage,



flow rate, and polymer concentration. In order dbtain PVA/PEI-CQ and
PVA/PEI nanofibers with a smooth and uniform morply, the most crucial
processing parameter, polymer concentration, wis@ged. Fig. 3 shows the SEM
micrographs, diameter distribution histograms anange in average diameters of the
different w/w ratios of PVA/PEI-C®and PVA/PEI of electrospun nanofibrous mats
fabricated under fixed conditions (flow rate of ®.thL/h, polymer concentration of
11 wt%, applied voltage of 12.5 kV, and collectaiatance of 17 cm).

From Fig. 3 and table 1 it can be seen that ther filtameter distribution of the
PVA/PEI-CG, nanofibers is more uniform than the PEI/PVA naneféband, with the
increase of the content of PEI-gCQthe average diameter of the PVA/PEILCO
decreases initially and then increases. This &tduthe fact that PEI-C{ontains
carboxyl and amino groups which can be ionizedmfog an ionic polymer to
increase the conductivity of the solution. Theralleeffect is equivalent to adding
inorganic salts to the spinning solution. Whenmreak amount of PEI-C@or PEI is
added the conductivity of the solution will be ghgamproved though the solution
viscosity and surface tension will remain basicaihchanged. At the same time, the
fiber diameter is reduced and the diameter distioburange changes and becomes
narrower. However, with a further increase in ptdgtrolyte (PEI-CQ content,
the viscosity of the solution increases while theace tension decreases, so that the
viscosity of the solution is dominant resultingtive increase of fiber diameter. A
similar observation can be seen in the diametd?\OA/PEI nanofibers, but is not so
obvious, because the fiber diameter distributioneis/ uneven and fiber morphology

is irregular compared to PVA/PEI-G@anofibers.

Fig.3.
Table 1.

The change of composite nanofibers before and aftesslinking, which is essential
for producing high-quality and stable nanofiberaswnvestigated through ATR-FTIR
analysis (Fig. 4). The PEI (I) and PEI-€Qll), the PVA/PEI (lll) and
PVA/PEI-CG, (IV) nanofibers and the crosslinking of PVA/PEI )(Vand



PVA/PEI-CG, (V1) nanofibers were confirmed using ATR-FTIR spac  The
well-defined doublet at 3373 ¢hrand 3276 crif are —NH of antisymmetric and
symmetric stretching vibration absorption peak il Bnd the peaks become a broad
—OH band which could be overlapping with the —JNidaks in PEI-CO2 (Fig. 41 and
Fig. 411 ), because the carbon dioxide decoratd$i-and —NH- into —-COOf. A
broad peak at 3300 ~ 3350 cm-1 is the -OH of hygretretching vibration in PVA
(Fig. 4 1I~VI). The —CH and —CH- of stretching vibration absorption peek 2040
cm-1 and 2810 cm-1(Fig. 4l). It is generally knothiat due to the lone electron pair
on nitrogen atom and carbonyl formrpzonjugate in the acid amides, the frequency
of C=0 stretching vibration reduces. The carbastygtching vibration absorption
peak of a secondary amide is 1680 cm-1 and 1653 ¢the amide | peak), the
bending vibration of C-N-H is 1600 cm-1 and 1530-tnithe amide Il peak) and
there is also a characteristic peak around 130 (Ehe amide Il peak). Tertiary
amides have no N-H bending vibration absorptionuadohigh frequency and its
carbonyl stretching vibration absorption peak i@6m-1 and 1630 cm-1 (the amide
| peak), because there is no N-H bond in tertiarydas. There is a peak (1669
cm-1) in the PEI-C@ which were not evident in the PEI and the strieiglvibration
absorption peak of C=0 is the “the amide | peak§(Bll); The peak at 1570 cm-1 is
the “the amide Il peak” (The bending vibration of)\G-H; Fig. 4ll); there is also a
peak (1300 cm-1) is characteristic absorption pd#adecondary amide (the amide Il
peak). A peak at 1655 ¢massigned to N-H bending of the primary amineB®Bf or
PEI-CQO, still existed after crosslinking with GA vaporuggesting that the PEI
primary amine groups are available for cell somptibig. 411I-VI). A weak band at
1564 cni, representing the formation of an aldimine linkader crosslinking is in
agreement with the literature (Fig. #/§> The C=N- bond is formed by the
reaction of amine with GR. It leads to that lone electron pair of amincagisears,
p-t conjugate is replaced by C=N-C=0 conjugate anddansiretching vibration
peak is around 1720 ¢in Therefore, the C=0 stretching vibrations at 1&g is
more pronounced after crosslinking by GA vaporHartdemonstrated the successful

crosslinking reaction (Fig. 4 VI,V) and the wealakat 1021 cill indicates an ether



linkage (-O-) formation between the PVA hydroxybgps (Fig. 4 V~VI) and the GA

aldehyde groups which is also in agreement witHiteeature dat&”.

Fig.4.

Hydrophilicity, which may be demonstrated using te@h angle measurements,
plays a vital role among factors influencing effeehess of biocomposites in the
growth of cells. It can be seen in Fig. 5 thatfallr samples showed a decrease in
the average of contact angle from 59° to 30° aftesslinking of the PVA/PEI-CO
nanofibers when PEI-CQOconcentration was increased, which indicates that t

surfaces of the nanofiber became more hydrophiletd decrease in PVA content.

Fig.5.

3.3Invitro cell growth and cytotoxicity assay

The morphology of cells attaching to the surfacebmimaterials reveals the
cytocompatibility of thescaffold. When cells contact with biomaterialsgyh
undergo morphological changes to adapt to the noaterial surfac® *° SEM
images of Schwann cells after 5 days culturinghlengrepared electrospun scaffolds
showed that the cells spread well and attachedyfionto the scaffold surface (Fig.
6).

For different cells, scaffolds of optimum apertuseuncertain, but dozens to
hundreds of microns diameter for cell migration amernal stent ingrowth is for the
most part considered necessaty Proper pore size and high porosity (> 90%) and
connected to the hole shape, for a large numbeelbtultivation, the growth of cells
and tissues, the formation of extracellular matard the transport of oxygen and
nutrients, metabolite excretion and the blood sesaad nerves within the growth
plays a decisive rol&. Image Al and B1 (Fig. 6) shows cells growth ittigg better
and better with the increase of the PEI-CO2 conitetthe scaffolds. Image A2 and

B2 (Fig. 6) shows cells that were grown on nanafibbgroduced using a high PEI



content and the complete absence of cell sanduhmber of cells was less due to the
cytotoxicity of PEl. Comparing Fig.6 B1 and B2malst all cells get into scaffolds
in B1, but B2 is not. Appear this kind of phenormerihe reason is that because the
PEI-CO2 has good biocompatibility, and PEI hasmjroytotoxicity. On the other

hand the PEI-CO2 fiber scaffold fiber structur@eést, being helpful for cell growth.

Fig.6.

To further study the cytotoxicity of modified congite nanofibers in aell
scaffold, experiments were conducted with differerdss ratios of PVA/PEI-CO
Fig. 7 presents the proliferation results measuisadg the MTT assay after culturing
for 1, 3, 5, and 7 days on the different mass satd PVA/PEI-CQ nanofiber
matrices. Over the incubation time of 1 ~ 7 ddls, cell growth on the pure PVA
scaffold and the control were very similar with théer actually showing a decrease
in growth after day 1. When the PVA/PEI-@@tio in the scaffold was increased
from 95:5 to 85:15 to 75:25 there was very littléfedence in cell proliferation
although all three matrices were better than pwé Rnd the control. However
when the 65:35 composite fiber was used there wesnerkable increase in the
proliferation of the Schwann cells over the timeigez  On the seventh day, the OD
value reached 0.47 which is more than double thahe other matrices containing
PEI-CO, (OD values were 0.2, 0.17, 0.23) and 5-fold comgharéth the control
sample and PVA alone. As discussed above, theC@kEontent in the scaffold is

not cytotoxic to cells but, rather, enhances tgeowth.

Fig.7.

Fig. 8 shows the data for the growth of cells alnel telative toxicity of the
surfaces for PVA, PVA/PEI-CH PVA/PEI and a control with no matrix present.
There are two factors occurring: adsorption andtoyicity where the former is

conducive to cell growth, but the latter acts ia tpposite way and there is a balance



between them. With low amounts of PEI in the fjbde adsorption of the cells
plays a leading role, cytotoxicity is very smahdaso this is conducive to cell growth.
Also if the number of free amino groups in the PREI scaffold is low, then the cells
grow better. However, when the PEI content reac3&%, the presence of the
amino groups is more detrimental leading to anease in cell toxicity. In the
modified PVA/PEI-CQ scaffold, the number of surface amino groups msatly
decreased so cell toxicity is reduced whilst ad$onpis maintained so this scaffold
promotes cell growth significantly but the PVA/PEtaffold shows the opposite
effect” *®  Since both nanofibers contain PVA, it is onlye tREI and PEI-C®
content which differs, thus proving cytotoxicity @bmposite nanofibers can be
effectively reduced by the PEI modified with €8 The current research shows
that an increase in PEI-G@ontent in the fiber, not only reduces the cytatibx but
also promotes cell growttf *° This study has also demonstrated the cytotoxisfty
PEI is effectively reduced by the PEI modified bgrlion dioxide suggesting that

PEI-CO nanofibers may have enhanced applications in dicé materials.

Fig.8.

4. Conclusions

The study provides a detailed description of a lA&dification methodin order
to decrease the cytotoxicity of a PVA/PEI nanofitssaffold. NMR and TGA
verified that CQ and PEI react together to form a relatively stabtalified polymer
containing amide and carbamic acid groups. Higlage electrospinning using PEI
modified with CQ and PVA as the fiber scaffold was used to pregam@posite
nanofibers that could provide cellular scaffold eratl. A comparison of PEI/PVA
nanofiber, without modification, with the modifidiber showed that the latter was
smoother and had a more uniform diameter. ATR-F3pRctra demonstrated that,
owing to the presence of the carbonyl bond, thepmsite nanofibers before and after

crosslinking contain the PEI-GOfunctionality. In vitro tests showed that the



growth of cells on the cellular scaffold of PVA/RED, composite nanofibers is
much more successful than those on the scaffoldA/PEI composite nanofibers.
SEM and the MTT assay demonstrated that cells dagrow well on fibers which

contain increasing amounts of PEI but the modifibdr is much more effective and
allows enhanced proliferation of cells. The presstidy describes a simple and
useful approach for the systematic design anddaban via electrospinning of novel

biomaterials which may support and enhance celgdawthin vivo.
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