Needleless electrospinning of PVP/PGS fibrous scaffolds 
for skin tissue engineering applications
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Abstract
Scaffolds and implants used for tissue engineering need to be adapted for their mechanical properties with respect to their environment within the human body. Therefore, a novel composite for skin tissue engineering is presented by use of blends of Poly(vinylpyrrolidone) (PVP) and Poly(glycerol sebacate) (PGS) were fabricated via the needleless electrospinning technique. The formed PGS/PVP blends were morphologically, thermochemically and mechanically characterized. The morphology of the developed fibers related to the concentration of PGS, with high concentrations of PGS merging the fibers together plasticizing the scaffold. The tensile modulus appeared to be affected by the concentration of PGS within the blends, with an apparent decrease in the elastic modulus of the electrospun mats and an exponential increase of the elongation at break. Ultraviolet (UV) crosslinking of PGS/PVP significantly decreased and stabilized the wettability of the formed fiber mats, as indicated by contact angle measurements. In vitro examination showed good viability and proliferation of human dermal fibroblasts over the period of a week. The present findings provide important insights for tuning the elastic properties of electrospun material by incorporating this unique elastomer, as a promising future candidate for skin substitute constructs.
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Introduction
Skin tissue engineering (TE) requires the development of biomimetic scaffolds that provide all the necessary biochemical mechanisms and topographical cues for efficient skin regeneration1,2.
Nanostructured materials are favorable towards the fabrication of porous fibrous meshes, as they permit for the development of structures that closely resemble the native extracellular matrix (ECM) where cells can adhere, proliferate, freely migrate and induce neovascularisation3,4. Presently, the majority of the skin substitute models are non-resorbable scaffolds based on allographs 3,5. Nonetheless, much focus is being directed to the development of bioresorbable scaffolds that convey all the requirements to act as short-term matrices, capable of being slowly resorbed by the newly formed tissue6.
Among the spectrum of biomaterials available, utilizing natural and synthetic polymers remain at the center of attention7. Poly(glycerol sebacate) (PGS) is a recently discovered Federal Drug Administration (FDA) approved semicrystalline thermoset, with promising applications for soft tissue engineering8,9. PGS is synthesized via the polycondensation of glycerol and sebacic acid to form a pre-polymer, which can be further covalently crosslinked10,11. Poly(polyol sebacate)-derived polymers, such as PGS, refers to a family of ester-bonded elastomers formed via the polycondensation of polyol alcohols, containing multiple hydroxyl groups (e.g. glycerol, isomalt, xylitol), and the dicarboxylic acid present in sebacic acid12,13.
PGS is a very attractive biomaterial as it exhibits tailored mechanical properties and bioresorbability pertinent to varying the polycondensation parameters and stoichiometry, which correlate to the surface degradability of its ester linkages14,15. As a result, PGS has been exponentially investigated in vitro and in vivo on studies focusing on cardiac16–18, vascular19,20, cartilage9,21, nerve guidance22,23, retina24–26, adipose27, skin28,29, as well as a potential drug carrier30,31.
Among the available fabrication techniques such as freeze-drying, solvent casting and particulate leaching, reactive injection molding, phase separation and self-assembly – electrospinning has been contemplated as an ideal candidate for fabricating, cost-effective, porous, random or aligned fibrous scaffolds32,33. Electrospun fibers facilitate an increased surface-to-volume area and porosity, which makes them appealing towards the development of biomimetic scaffolds with an ECM architecture that promotes cellular attachments34.
Electrospinning thermosets, such as PGS, can be challenging since uncured pre-polymer forms tend to be very viscous, whereas their cured counterparts are insoluble in most organic solvents, owing to a low glass transition temperature (Tg), eventually forming non-fibrous plasticized scaffolds35,36. Consequently, PGS cannot be electrospun without conjugating with polymers that can promptly form fibers35,37. Several polymers including poly(caprolactone) (PCL)9,34,38, gelatin39,40, poly(vinyl alcohol) (PVA)35,41, poly(L-lactide) (PLLA) 11 and poly(ethylene oxide) (PEO)42 have been used as carrier polymers to facilitate the development of PGS fibers. Poly(vinylpyrrolidone) (PVP) is a hydrophilic polymer used as a polar stabilizer, capable of readily forming fibers and was chosen to facilitate with the spinnability of the PGS43.
The human skin is a non-linear, anisotropic and viscoelastic organ, where distinct areas differ significantly regarding mechanical behavior44. Hence, the mechanical properties of specific sites, based on the anatomical attributes of the human body, must be taken into consideration when developing such constructs.
In this study, for the first time reported, we fabricated PGS/PVP blended fibers via the needleless electrospinning technique, which was subsequently cross-linked, using ultraviolet (UV) radiation.
The ability of the elastomer to tune the mechanical properties of two distinct molecular weight PVP polymers was investigated. The structure and morphological characteristics and the mechanical properties of the developed scaffolds were analyzed using scanning electron microscopy (SEM), Fourier-transform infrared spectroscopy (FTIR), differential scanning calorimetry (DSC), tensile testing and water contact angle measurements. The biocompatibility of the PGS/PVP scaffolds was carried out by seeding the scaffolds with immortalized human dermal fibroblasts (HDF) using Alamar blue viability assay.

Results and discussion
Materials
PVP (Mw=360,000 and 1,300,000) was purchased from Sigma-Aldrich, UK. Glycerol (≥98%, Mw = 202.20) and glycerol (≥99%, Mw = 202.20) were purchased from Alfa-Aesar, UK. Other chemicals and solvents such as absolute ethanol (99.8%) Acros organic, dimethylformamide (DMF) (99%) Alfa Aesar and 1,1,1,3,3,3-Hexafluoro-2-propanol (HFIP) (99%) Fluorochem were utilized without further processing.
Immortalized human skin fibroblast (HDF-hTERT) were donated from the Centre for Regenerative Medicine, Edinburgh, UK. High glucose, pyruvate, Dulbecco's Modified Eagle Medium (DMEM), fetal bovine serum albumin (FBS), non-essential amino acids (NEAA), penicillin-streptomycin and Hanks' Balanced Salt Solution (HBSS) were purchased from Thermo-Fisher Scientific (UK).
PGS synthesis and polymer blending
PGS was synthesized based on the original method published by Wang et al., with selected modifications 10. Briefly, equimolar amounts of sebacic acid and glycerol were thoroughly mixed in a three-neck flask under N2 for 24 h at 120 °C, to obtain the pre-polymer, pPGS (Figure 1). The pressure was then reduced to 40 mTorr, and the reaction was continued for a further 48h in a vacuum oven at 120 °C (Figure 1).
The PGS was dissolved in HFIP to form 15% w/v polymer solution. PVP with molar masses of 360k and 1.3M g/mol were dissolved seperately in a solvent system encompassing 1:1:0.25 v/v ratio of DMF: Ethanol: distilled H2O to form 11.75% w/v polymer solution. All solutions were stirred overnight at room temperature, before blending. Afterwards, blends of 100:0, 95:5, 90:10, 80:20, 70:30, 40:60 and 50:50 w/w ratio of PVP:PGS were prepared and mixed for 12h prior to electrospinning (Table 1).


Table 1. Summary of the electrospinning solutions parameters and blending.
	Polymer blend
	Ratio (PVP:PGS) [w/w]

	I.   11.75% PVP (w/v) (Mw=1,300,000)
+
15% (w/v) PGS

&

II.   11.75% (w/v) PVP (Mw=360,000)
+
15% (w/v) PGS
	100:0

	
	95:5

	
	90:10

	
	80:20

	
	70:30

	
	60:40

	
	50:50
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Figure 1. Schematic illustration of the PGS synthesis, and solution preparation that results in flexible, stretchable skin-like nanofibrous mats

Scaffold fabrication and processing
A home-built needleless electrospinning device comprised of a rotating stainless steel cylinder electrode inside a Teflon pool, where the polymer solution blends were immersed, and a biased rotating collector electrode under constant hot air flow (working distance 15 cm, airflow 450 L min-1, temperature 150 °C). A potential difference of 60 kV DC was applied between the two rotating electrodes (+30 on the electrode inside the pool, and -30 kV on the collector electrode), resulting in the formation of multiple Taylor cones on the rotating electrode surface immersing in the solution bath, from which jets stretched to form fibers in an upwards motion. A cellulose-based paper (commercial baking paper) was used to collect the fibers. All experiments were carried out under ambient conditions at a relative humidity ranging 30-40% and room temperature of 18-22 °C. Figure 2 gives a schematic overview the fabrication process.
	UV irradiation of the PGS/PVP scaffolds was conveyed to induce crosslinking of the two distinct electrospun polymers. Solutions containing 0.2 to 1% w/w Riboflavin were also prepared, as an enzymatic photosensitizer 45,46. The membranes were irradiated in the dose range of 5 kGy for 30 and 60 min at a 15 cm distance between the exposed surface and the halogen lamp, using a 254 nm UV lamp (Novascan, USA). 
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Figure 2. Schematic figure of the needleless electrospinning procedure, and the seeding of the cellular scaffold and cell culturing 

Physicochemical characterization
The fiber morphology, mean fiber diameter and porosity of the electrospun composite membranes were determined by scanning electron microscopy, SEM (JEOL JSM 6010 PLUS). 10 nm thick gold was sputter coated on the surface of the fibrous mats.
	The chemical composition of the raw polymer material and that of the fibers were determined by attenuated total reflectance, Fourier-transform infrared spectroscopy (ATR-FTIR) (Perkin-Elmer. The wavelength ranged between 4000 and 650 cm-1 at 2 cm-1 resolution. The specimens were first vacuumed dried and mixed with KBr to form pallets under ambient conditions.
	Differential scanning calorimeter (DSC) measurements were performed at a heating rate of 10 °C min-1 (DSC9000, Perkin-Elmer) to measure the melting temperature (Tm) and crystallization point (Tc) of the composite membranes. The enthalpy of heat fusion was determined based on the first heating curve, held for 5 min at 240 °C. The samples were sealed in aluminium crucibles and were examined at a temperature ranging from -60 °C to 240 °C.
	Static water contact angle measurements were obtained to determine the wettability properties of the PVP/PGS membranes after UV treatment (DSA100, Kruss). Specimens were wetted by allowing a 5 μl dionized water droplet to settle at the center of each fiber mat.
	
Mechanical testing 
The mechanical properties of the electrospun PGS/PVP scaffolds were determined by uniaxial tensile testing (Instron universal testing machine 3367, UK).  The scaffolds were cut using a customized mold into dog-shaped specimens with an outer area (115 mm (l) x 25 mm (w)) and inner area (84 mm(I) x 6 mm (w)), based on the ISO standards on determining tensile properties of films and sheets47. The thickness of each electrospun mat was measured with a high precision digital micrometer. The specimens were tested in axial tensile loading on a 100 N cell, at a constant strain rate of 50 mm min-1 (5% of non-load value), where the fracture stress and strain curves were plotted. The Young’s modulus was calculated based on the linear section of the stress-strain curve.

Scaffold cell seeding and viability measurements
To appraise the proliferation rate of the cells on the scaffolds, Alamar blue assay, a quantitative test that measures the conversion rate of resazurin (blue) to resorufin (red) by viable cells was carried 1, 3, 5 and 7 days after seeding. 
	The scaffolds were punched in 3 mm circular pieces and treated for 24 h in 70% ethanol, 24 h in deionized water and 48 h in Dulbecco's Modified Eagle Medium (DMEM). Then, they were placed in a 96-well plate and 2.5 x 105 HDF-hTERTs were seeded per scaffold at a 20 μL suspension for 6 h prior to adding 100 μL DMEM high glucose, pyruvate, doped with 10% fetal bovine serum (FBS), 1% non-essential amino acids, 1% L-glutamine and 1% penicillin-streptomycin (v/v).
	The cell proliferation rate (CPR) was calculated based on CPR = ODE/ODc x 100% with ODE the absorbance rate of the cell-seeded serum and ODc, the absorbance density of the negative control group. Two reads quantified the fluorescence by placing the aliquots in a dark Enzyme-linked immunosorbent assay ELISA plate and reading at λ= 490 nm (excitation) and λ= 510-570 nm (emission).

Results and Discussion

Fiber morphology assessment
As PGS is intrinsically difficult to electrospin, PVP was used as a carrier polymer. Figure 3 shows the SEM micrographs of 1.3M and 360k g/mol PVP for the various (w/w) blends of PVP/PGS that were electrospun. For all of the blends the concentration of PGS is 15% (w/v), whereas the PVP 11.75% (w/v). Morphologically the fiber network appear to carry a random ECM-like architecture. The cotton candy-like morphology of the PVP mats transformed into paraffin-like scaffolds as the concentration of PGS gradually increased within the blends. A more gelatinized morphology with less homogenous fiber appearance is apparent for the blends with increased PGS concentration, where the scaffolds appear to form porous gel-like mats, under which PGS seems to coat the PVP fibers during the electrospinning process. The mean fiber diameter of the PVP was 0.97 ± 0.65 and 0.85 ± 0.58 for 1.3M and 360k g/mol, respectively (Figure 4). The mean fiber diameter between the blends did not appear to be significantly affected by increasing the PGS concentration, with the 50:50 PVP:PGS blend ratio the fibers appearing to have completely merged together forming a gel, as shown in Figure 5. The average porosity of the scaffolds ranged between 40-60% regardless of the blend ratio or the Mw of the PVP. Nonetheless, the mean pore area appeared to gradually decrease from 8.52 ± 0.65 μm2 for the PVP scaffolds to 0.70 ± 0.18 μm2 for the 50:50 PVP:PGS blend.
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Figure 3. SEM micrographs of 1.3M g.mol-1. PVP:PGS blends, (A) pure PVP, (B) 90:10, (C) 80:20, (D) 70:30, (E) 60:40 and (F) 50:50.
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Figure 4. SEM micrographs of 360k g mol-1 PVP. PGS/PVP blends, (A) pure PVP, (B) 90:10, (C) 80:20, (D) 70:30, (E) 60:40 and (F) 50:50.
MERGED FIBERS

Figure 5. Mean fiber diameter of the various PVP:PGS blends with two different molecular weight carrier PVP, 1.3M and 360k.

Chemical characterization
ATR-FTIR was conducted to verify the synthesis of PGS. The single signal immense loop at the 1740 cm-1 region suggests a very saturated (double bonded) molecule of strong ester linkages (C=O). At approximately 3050 cm-1 a stretch is apparent between the hydrogen (X-H) region and the broad loop forming out of a single peak at 3460 cm-1, which indicates the presence of –OH groups. Two peaks are also present at approximately 2930 cm-1 and 2860 cm-1, characteristic of C-H sp2 and sp3 hybridizations, respectively. The results confirm the successful synthesis of PGS and come into agreement with a previously published works 31,48.
	The intense band present at 1650 cm-1 can be attributed to dipole (C=O) groups. Stretches at 2850 cm-1 can be assigned to a C-H stretch, 1420 cm-1 to –CH3 group sp3 hybridizations and the vibration at 1280 cm-1 to cyanide (CN) stretching of the PVP lactam ring 49–51. In the composite PGS/PVP electrospun mat, the peaks from both polymers are present at different intensities, with no significant shifts or new peaks present, indicative of successful blending of the two components in the fibrous mesh. The spectra of the polymers, the composite blend, glycerol and sebacic acid are presented in Figure 6.
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Figure 6. ATR-FTIR spectra of (a) sebacic acid, (b) glycerol, (c) PGS gel, (d) PVP powder and (e) PGS:PVP 60:40 fibers.

Thermal analysis
The stability and crystallinity of the PGS/PVP composite membranes were examined by DSC. The corresponding thermograms of the neat polymers, as well as the composite fibers are illustrated in Figure 7. The PGS thermogram indicates that the elastomer is semicrystalline below the melting temperature (Tm) and amorphous at 37 oC. The synthesized PGS exhibits two melting temperatures,  Tm1 at 9.1 oC and a broader Tm2 at 37.8 oC, a cystallinity point (Tc) at -58 oC and a glass transition temperature (Tg) at -38.6 oC while the melting enthalpy (ΔH) was found to be 11.9 J/g for Tm1 and 4.3 J/g for Tm2. The thermal behavior of the PVP powder followed the outline of a hygroscopic amorphous material with a broad endothermal effect present between 85 to 120 oC. Interestingly the electrospun composite PGS/PVP mats appear to alternate the thermal properties of the materials with no apparent melting points present within the examined temperature range, suggesting chemical interactions between the PGS and PVP polymer chains. Even so, a small incline in the heat flow is apparent at the PVP endothermal effect area, which gradually deccreases as the concentration of PGS increases in the composite fibers. A similar pattern has been observed from Unnisa et al, The were no distinct differences among the thermal behavior of the diverse blends of the electrospun mats 52. Nontheless, the Tc appeared to be present at 54.2 oC, 52.8 oC, 53.8 oC and 54.6 oC for PGS:PVP 50:50, 60:40, 70:30 and 80:20 respectively, with an intensity analogous to that of the raw PGS.
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Figure 7. Differential scanning calorimetry, first heating curves of PGS gel, PVP fibers and PVP:PGS 50:50, 60:40, 70:30 and 80:20 fiber mats.

Mechanical properties
PGS has been extensively studied due to its appealing mechanical properties for soft material tissue engineering and its great biocompatibility. The effects on mechanical properties in function of the incremental increase in the concentration of PGS in the electrospun scaffolds is illustrated in Figure 8. The young modulus (E), ultimate tensile strength (UTS) and elongation at break (ɛ) were obtained for the 80:20, 70:30, 60:40 and 50:50 blend ratios of PVP:PGS for the two distinct Mw of PVP examined on this study.
	For the high concentration PVP (80:20) the tensile behavior of the electrospun fibers, as expected, resembles that of neat PVP fibers with an UTS of 3.45 ± 0.3 MPa and 3.2 ± 0.3 MPa for 1.3M and 360k Da PVP, respectively53. The stiffness of the scaffolds with low [PGS] is also apparent with ɛ being 14.5 ± 2.8 % and 3.1 ± 0.7 % for 1.3M and 350k g/mol PVP, respectively. Although the capacity of the material to persevere the UTS gradually decreased for increased   PGS concentrations, the ɛ gradually increased from 106 ± 5 % and 29 ± 0.7 % for the 70:30 blend ratios of to 220 ± 19 % and 328 ± 38 % for 360k and 1.3M g/mol PVP, respectively. This pattern relates not only to the PGS but also to the Mw of the PVP. Nonetheless, the ability of the electrospun fibers to withstand linear deformation decreased by increasing the PGS concentration. 
	The incorporation of PGS within composite fibers has been shown to sharply decrease the E and UTS of fibers formed by stiff polymers, such as collagen where the E decreased from 30.11 MPa to 4.24 MPa after incorporating the elastomer54. 

Table 2. Mechanical properties of the fiber blends.
	Blend ratio
	Ultimate tensile stress (MPa)
	Tensile strain to failure (%)
	Modulus (MPa)

	PVP (Da)
	1.3M 
	360k
	1.3M
	360k
	1.3M
	360k

	80:20
	3.5 ± 0.3
	3.2 ± 0.3
	14.5 ± 2.8
	3.1 ± 0.7
	169 ± 30
	170 ± 38

	70:30
	1.6 ± 0.1
	2.1 ± 0.2
	106 ± 5
	29 ± 7.9
	40 ± 8.4
	38 ± 10

	60:40
	1.9 ± 0.3
	1.7 ± 0.3
	225 ± 15
	176 ± 23
	1.3 ± 0.2
	2.2 ± 0.5

	50:50
	1.1 ± 0.1
	1.7 ± 0.6
	328 ± 38
	220 ± 19
	1.4 ± 0.6
	1.4 ± 0.7



       
Figure 8. Stress-strain curves of the various PVP:PGS fibrous membranes. Red: PVP 360k g.mol-1, Blue: PVP 1.3M g.mol-1.

Contact angle measurements
Water contact angle (CA) measurements were obtained for the PGS/PVP electrospun mats prior and after being irradiated with UV light for 30 and 60 min. As shown in figure 7, an apparent increase in the static CA is apparent for the electrospun mats that were irradiated, which correlates to the exposure time. The CA of the PVP fibers was 20.2o, while that of PVP/PGS was 30.4 ± 1.73o for the untreated fibers, 35.4 ± 1.06o for 30 min of UV treatment and 51.9 ± 1.98o for 60 min. PVP electrospun fibers in literature appear to have similar values55.  Contrarily, PGS gels CA ranges from 53 to 70o, thus PVP considerably influences the wettability of the electrospun mats, making the composite fibers hydrophilic 55–57. In the majority of studies, UV treatment of electrospun fibers has been shown to reduce the hydrophobicity of materials, such as Poly(caprolactone) (PCL)58 and Poly(lactic acid)59. However, here we observed the contrary. Poly(vinyl alcohol) UV irradiation has been shown previously to both increase and decrease the hydrophobicity of hydrogels relating to the baking temperature that is applied during the UV treatment60. In this study, heat was not applied to the scaffolds during the process, as initially it appeared to burn the scaffolds, which can be explained due to the low melting point of PGS. Based on these observations, in conjecture, possible crosslinking between the PVP and PGS side chains that correlates to the time of exposure to UV light can be considered. This indicates that the wettability of the PGS/PVP fibers can be manipulated to an extent via UV irradiation. UV photocrosslinking of PVP via the conjugation of the molecule’s monomers in an aqueous solution, has been previously proven feasible for hydrogels45. A parametric study of the UV intensity and exposure time on the composite fibers could divulge the mechanism behind this phenomenon.
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Figure 7. Contact angle measurements in deionized water of PVP:PGS 60:40 fibers irradiated with ultraviolet light for 0, 30 and 60 min.

In vitro biocompatibility
The UV treated PGS/PVP fiber mats were seeded with HDF to examine the cytocompatibility and attachment properties. As no differences were present in the expansion of the cells between PVP 360k and 1.3M Da the data was merged together as one group. Figure 8 shows the fluorescence intensity that corresponds to the exponential proliferation of the cells within the span of a week. A significant steady increase (p<0.05) in the cell number of HDF culturing for 1 d, 3 h, 5 d and 7 d on the PVP/PGS mats, at a viability rate of above 93% for all the counted time increments. Overall, the PGS/PVP fibers with the highest concentration of PGS (60:40) appear to have the best proliferation rate. This could be possibly explained due to the fact that moderately hydrophobic polymers, such as PGS, have been shown to support greater attachment properties compared to hydrophilic polymers, as protein absorption is favored by hydrophobic surfaces 61. Furthermore, the adhesion ability of the cells on a biomaterial's surface arbitrates via strong interactions between ECM proteins, such as collagen or fibrin, secreted by the cells and the chemical composition of the biomaterial's matrix 62. Based on these preliminary results the scaffolds do not appear to induce any apparent cytotoxic effects on HDF, and show good biocompatibility. Thus, PGS/PVP fibers is worth considering as a possible wound dressing for skin regeneration. Further work needs to be performed to examine the cellular attachment mechanism, as well as possible inflammation.
Figure 8.  Alamar blue cell viability assay of the PVP:PGS scaffolds (n=6).

Conclusions

In this study, for the first time, PVP/PGS fibers were fabricated via electrospinning, as promising candidates for mechanically tunable and biocompatible skin tissue constructs. The morphology, physiochemical properties, mechanics, wettability and biocompatibility were examined. 
As the PGS to PVP ratio increased, so did the elongation at break of the corresponding scaffolds, while the elastic modulus and ultimate tensile strength gradually decreased. The mechanical properties of the fiber mats improved significantly with the addition of PGS, however, fiber uniformity was not preserved at greater proportions. This study is not coming without its limitations; further work needs to be conducted in order to understand the surface chemistry of the developed constructs, the mechanisms behind the effect that UV carries to the wettability and degradability of the PVP/PGS scaffolds preventing rapid degradation. 
The present study provides valuable input in the ability of PGS fibers to tune the behavior of PVP just by increasing its concentration within the blend. This new composite system, focusing on potential skin regeneration, shows a good potential for further investigations focusing on soft tissue engineering applications.
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Stress (MPa)


PVP:PGS 70:30
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Stress (MPa)


PVP:PGS 60:40
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Stress (MPa)


PVP:PGS 50:50
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Stress (MPa)


1.7349351572897462	1.0692676621563655	1.9857828011475334	1.7349351572897462	1.0692676621563655	1.9857828011475334	PVP	0 min	30 min	60 min	20.2	29.3	36.700000000000003	50.4	UV irradiation period of PGS:PVP fibers


Watrer contact angle (o)



60:40	372.94344060889426	520.98913049291775	757.95249130060949	930.74241628729067	372.94344060889426	520.98913049291775	757.95249130060949	930.74241628729067	Day 1	Day 3	Day 5	Day 7	8772.2869999999984	19406.698833333332	26306.804	31724.800599999999	70:30	461.71482662902071	444.67132881680192	942.85354334348563	863.33447735502102	461.71482662902071	444.67132881680192	942.85354334348563	863.33447735502102	Day 1	Day 3	Day 5	Day 7	7698.9716666666673	20742.070800000001	24078.203166666663	28815.372666666666	80:20	593.56891037182868	558.83544954682338	1701.1813889406872	949.43678047722892	593.56891037182868	558.83544954682338	1701.1813889406872	949.43678047722892	Day 1	Day 3	Day 5	Day 7	7848.1429999999991	20053.318200000002	22303.441166666667	30525.109166666665	Incubation period


Mean fluorescence intensity [a.u.]
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