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ABSTRACT

Comeal abrasion i1s a common traumatic emergency. which can cause eyelid
photophobia, tearing, and obvious foreign body sensation and pain. In this study, the
3D contact lens-like chloramphenicol-loaded patches composed of well-organized
micron fibers was prepared via electrohydrodynamic (EHD) printing to treat comeal
abrasions. The main matenial of these patches was cellulose acetate (CA). and
chloramphenicol (CAM) was loaded in the patches. EHD printing could realize the
micron fibers stacked layer by layer to form a customizable shape suitable for eye wear.
Herein, the surface morphology, chemical as well as physical properties, transparency,
drug release behaviors and biocompatibility of the patches loading varnous
concentrations of CAM were studied. It was found that the CAM-loaded patches had
the 3D hemispherical shape similar to contact lens and smooth surface morphology.

Moreover, patches loaded with different concentrations of CAM all maintained good



water absorption, hydrophilicity, light transmittance. and biocompatibility. The drug
release curves of CAM-loaded patches showed that the contact lens-like patches had
high loading efficiency and could achieved sustained release of CAM, indicating the

clinical potential in the treatment of comeal abrasions.

Keywords: Patches, Contact lens-like, Comeal abrasions, EHD printing, Cellulose

acetate

1. Introduction

The comeal 1s the outermost layer of the eye, which makes it more susceptible to injury.
Nearly 13% of emergency department visits involve ophthalmological diagnosis;
among them, comeal abrasions account for nearly 45%[ 1]. Eye drops are the traditional
treatment of comeal abrasions[2]. However. the high frequency of eye drops to reach
the therapeutic concentration 1s inconvenient, costly, making patients uncomfortable
and causing toxic even adverse reactions in the eye or the whole body[3-5]. To
overcome these limitations, novel delivery systems and devices for treating corneal
abrasions have been explored[6, 7]. It has been reported that soaking contact lenses in
the drug solutions could realize controlled and sustained drug delivery[8. 9]. which 1s
more efficient than eye drops, and has larger fractional uptake and higher
bioavailability[3. 5, 10]. However, most of the drugs only exist on the surface of the
contact lens, leading to the delivery of drugs lasting only several hours[11, 12], which
1s far from clinical requirement.

Fibers with sub-micron scale are excellent candidates for drug delivery with specific
benefits relating to surface area, uniformity. porosity, mechanical strength and more
efficient dosage forming[13]. Sub-micron fibers could deliver the drug to the site of
action at a controllable rate to achieve sustainable release of the drug[14].
Electrospinning is a simple and highly versatile technique that can be used for mass
fabrication of continuous sub-micron fibers from various polymers and composites[15].
The mechanism involves ejection of an ultrafine jet from an electrically charged

polymer solution at the critical value and elongated droplet solidifies into sub-micron



filaments[16]. However. the deposition of the fibers i1s random produced by
electrospinning and this usuvally limits its use for preparing well-ordered
architectures[17]. Baker et al produced coaxial nanofibers loading moxifloxacin
hydrochloride and pirfenidone to realize antibiotic and anti-scarring[18]. But the
possibility of wearing and improving the comfort of patients were not considered. To
applied 1 ocular region for treating corneal abrasions, the comforts of the patients could
be significantly improved if the treating system can be wom 1n the eyes and had no
effect on the eyesight. For this purpose, the shape of the treating system 1s especially
important.

Electrohydrodynamic (EHD) pnnting 1s conducted in similar prnciples to
electrospinning. The working distance between nozzle and conductive collector 1s short
in EHD printing and the continuously jets could be digitally controlled deposition based
on materials to create ordered geometry, which 1s different from the random structure
obtained via electrospinning[ 19]. Thus, EHD printing could fabricate customize drug-
loaded sub-micron fibers composites which satisfied the shape of eyeball for treating
comeal abrasions with high loading efficiency and comforts. Besides, transmission of
light 1s another key factor for drug loaded system to cure the patient suffering from eye
disease. According to our previous work. cellulose acetate (CA) fibers composites
showed great light transmission[20]. Besides, CA is biocompatible, biodegradable,
nonirritating. and nontoxic[21]. Due to its excellent mechanical properties and affinity,
this polymer has been extensively studied and used in wound dressings. and drug carrier
to achieve effective wound healing[22]. In addition, there are also researches
demonstrating that CA is a promising biological substance for tissue engineering. stem
cell research, and regenerative medicine[23].

Chloramphenicol (CAM) 1s a broad-spectrum antibiotic effective against both Gram-
positive and Gram-negative bacteria[24]. which i1s widely used in anti-infection
formulations for acute bacterial conjunctivitis local treatment of eye infections in form
of eye-drops or omntments[25]. In this study, EHD printing was applied to prepare a
CAM-loaded CA patches which were composed of sub-micron fibers and could achieve
sustained release of CAM to effectively treat comeal abrasions. The CAM-loaded CA



patches produced by EHD printing had a contact-lens like shape, so that could be
customized to be wore in the eye directly. Besides, CA patches had good light
transmission, which could treat the comeal abrasions without affecting the eyesight of
the patients and improve the comfort of patients. The structures of CA patches were
observed by optical microscopy and scanning electron microscopy (SEM). The
physical properties of the patches were characterized by Fourier infrared spectroscopy
(FTIR). contact angle analysis, and tensile testing. The drug release behaviors of CAM
from the CA patches were also investigated. Results clearly indicated that this kind of
contact-lens like CAM-loaded CA patches had great potential to be applied in treating

cormeal abrasions.

2. Material and methods

2.1. Materials

Cellulose acetate (CA, Mn~30000) was purchased from Sigma-Aldrich (America).
Chloramphenicol (CAM) and phosphate buffered saline (PBS. PH=7.2~74) was
purchased from Solarbio (Beijing. China). Acetic acid was supplied by Damao (Tianjin,
China). Purified water was supplied by a Millpore Milli-Q Reference ultra-pure water
purifier (USA). All materials were used as received without further purification
treatment. All chemicals and reagents used were of analytical grade.

2.2. Solution preparation and contact-lens like CAM-loaded CA patches printing

Firstly, CA. CAM and acetic acid was put into a glass bottle and placed on the magnetic
stirrer (VELP ARE. Italy). The concentration of CA was 17% of the total solution mass
fraction, and the concentration of CAM was set at 0.5%. 1%, 1.5% of the total solution
mass fraction, respectively. Besides, the rotation speed of the magnetic stirrer was stable
at 300 rpm, and the stirring time was 5 hours to obtain a uniform and transparent mixed
solution. The entire process was carried out under ambient temperature (25°C).

The schematic diagram of production process for the contact-lens like CAM-loaded CA
patches by EHD printing system 1s shown in Fig. 1a. The EHD printing platform mainly
consisted of three components: a high-voltage supply generating = 30KV (DC,



Dongwen, Tianjin, China). a syringe pump (LSP01-3A. LongerPump. China), and a
high-resolution X-Y-Z movement stage (Hongxia automatic control equipment Co.,

Guanghou, China). CA solutions were loaded into a 5ml syringe, which were controlled
by the syringe pump. A stainless 18G nozzle was mounted on the Z-axis and linked to
the positive terminal of the high voltage supply. The conductive glass was placed on
the grounded X-Y moving stage as the collection substrate. To conduct the EHD process,
high voltage was utilized, and the syringe pump was initiated to simultaneously feed
CA solutions to the nozzle. The deposition of CA fibers can be effectively controlled to
produce contact-lens like structures by changing the movement of X-Y-Z stage
according to the specific user design. The speed of X-Y-Z stage was within the range 5

mm-s”. The applied voltage of coaxial nozzle and conductive glass was set at 3 mm.

To keep the cone-jet stable during the EHD process, the flow rate of CA solutions was
0.2 mL-h!. To obtain the 3D contact-lens like CA patches, fabrication proceeded with
precise designated fiber layers. All experiments were conducted at the ambient
temperature (25°C) and relatively humidity (40~60%).
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Fig. 1. (a) Schematic diagram of preparation of contact-lens like CAM-loaded CA



patches. (b) The surface photograph of 1% CAM-loaded CA patches. (c)Physical
images of CA patches with different concentrations of CAM (from left to right are: CA
patches; 0.5% CAM-loaded CA patches; 1% CAM-loaded CA patches; 1.5% CAM-
loaded CA patches).

2.3. Characterization of contact-lens like CAM-loaded CA patches

The light transmittance of contact lens-like CA patches loading 0.5%. 1%, and 1.5%
CAM and pure CA patches were investigated via a camera in this work. The samples
were placed on a printed paper to observe whether the sample mnfluenced visual
clanity[26].

Scanning Electron Microscope (SEM, SU8010, HITACHI Corporation, Japan) was
used to mvestigate the surface morphology of contact-lens like CAM-loaded CA
patches. All samples were placed on an aluminum stub with double-side tape and were
coated with a thin layer of gold for 60s by sputter coating at the current intensity of 10
mA. In this research. the inner structures were imaged by Optical microscopy (OM,
Phoenix BMX533-ICCF. China). Topology and roughness of contact-lens like CAM-
loaded CA patches were mnvestigated by Atomic Force Microscope (AFM, SPM-9700,
Shimadzu Corporation, Japan) with the 10 nm thin tip under the cantilever was used to
scan 3 X 3um area on the sample surface.

Composition, interactions, and material stability of the contact-lens like CAM-loaded
CA patches were mnvestigated by Founier Transform Infrared (FTIR) spectrophotometer
(Bruker Corporation, Ziirich, Switzerland). Briefly, 2 mg of the CA patches samples
were immersed in 200 mg of potassium bromide (KBr) medium by grinding and
compressed into transparent pellets (pressure~= 12 MPa for at least 1 min). The scanning
spectrums range was 4000~400 cm™, and the scanning frequency was 16Hz.

XRD analyses were carried out on an X-ray diffractometer (D8 advance, Bruker
Corporation, Ziirich, Switzerland) to measure the structure information and qualitative
analysis of the CA patches samples. All XRD curves were scanned 1in the range of 10°
~ 50°with a scan speed of 10°-min*.



The hydrophilicity of the CA patches 1s also very important for the corneal abrasions
treatment and drug release behaviors[27]. It was investigated by contact angle and
interfacial tension analysis (DAS30, KRUSS, Germany) in this study. The sitting drop
method was used to study the contact angle of a drop of pure water (5uL) on the surfaces
of CA patches loading different concentrations of CAM at the contact point. Each
experimental sample was in triplicate.

The swelling degree of contact-lens like CAM-loaded CA patches was also measured
at a fixed temperature of 25°C [28]. The samples were weighted using a high precision
electronic balance to obtain the (W) value. Then. each sample was immersed in PBS
solution with a fixed volume of 5 ml. And after 3, 6, 9, and 12 h. the samples were taken
out from PBS to be weighted followed by eliminating excess water to obtain the swollen
state weight (W). The swelling degree then was computed using the Eq. (1) as

follows[29]:
Swelling degree (%) = “";,—:"‘) x 100 % (1)

W 1s the sample's wet weight after immersed in PBS at a fixed volume of 5 mL, while

the W 1s the initial dry weight. Each experimental sample was in triplicate.
2.4. In vitro drug-release studies

In this study, drug release behaviors of CAM from contact-lens like CA patches were
measured according to a method described in the previous study[30]. The drug loading
capacity was calculated according to Eq. (2).

Le (%) = wi;xloo )
Where Lr represents the drug loading efficiency, W, 1s the amount of CAM
encapsulated in the CA patches; Wy, represents the total weight of the CA patches.
Assays comprised 10 ml release medium (PBS, pH=7.4) with 2.4g of test samples.
During whole drug release period, 3 mL of supematant was extracted for UV detection
and replenished with an equal volume of fresh medium at predesigned time intervals.
All experiments were carried out in triplicate. The concentration of CAM in supematant

was measured using UV absorption at a wavelength of ~274nm The CAM



concentrations in the release medium was calculated through the standard curve.

The proposed drug release mechanism from patches (based on the intrinsic nature of
CA) was assumed to be diffusive i nature[31]. To venify this assertion, in vitro drug
release data of CAM were fitted to Korsmeyer-Peppas and Higuchi models. The
Korsmeyer-Peppas model i1s normally applied to analyze drug release when the
mechanism 1s not clear. In contrast, the Higuchi model 1s conventionally used to
confirm diffusive drug release from a polymer matrix system. The Korsmeyer-Peppas
model 1s expressed as shown i Eq. (3):

=kt 3)
Here. M:; 1s the accumulative quantity of drug released at time t, and M.. represents the
mitial drug loading (My/M . represents the fraction drug released at time t). k 1s a
constant characteristic and n 1s the release exponent which indicates the release

mechanism[32]. The Higuchi model 1s presented as shown in Eq. (4):

1
M, = kyt= )
Here. M, is the quantity of cumulative drug release after time t and kx 1s the Higuchi

constant[33].
2.5. L929 cell culture

To apply contact-lens like CA patches for treating comeal abrasions, the patches should
be nontoxic and have good biocompatibility. The biocompatibility of the CA patches
was determined using in-vitro cell culture assessment. Murne fibroblastic cell lines
(L929, Shanghai Zhong Qiao Xin Zhou Biotechnology Co.Ltd.. China) was
maintained and cultured in Minimum Essential Medium (MEM, GENOM Biomedical
Technology Co.. Ltd. China) supplemented with 10% (v/v) fetal bovine serum (FBS.
Syiqing, China). 1% (v/v) penicillin mixed solution (Beijing Solarbio Science &
Technology Co.. Ltd, China) at 37°C in a 5% CO: atmosphere. Depending on the
experiment, cells were seeded in 96-well plates or 6-well plates. The culture medmum
needed to be changed every 48 h. All samples for cell testing were sterilized under UV
light for 24 hours and then fixed in culture medium with sterilized stainless-steel rings.



2.6. CCK-8 cell viability test

100 pL of 1929 cell suspension at the density of 1x10* cells/mL was placed into a 96-
well plate. The proliferation of 1929 cells on CA patches loading four different
concentrations of CAM was investigated by CCK-8 tests. The Samples were cut into
squares (side length=3mm) and then sterilized via UV for 24 hours. Before being added
to culture plates, the samples were cut into squares (side length=3mm) and sterilized
under UV light for 24 h. After 3 and 5 days of incubation, 10 pL of CCK-8 reagent was
added to each well and incubate for an additional 4 h, microplate reader (Nivo,
PerkinElmer, USA) was used to measure absorbance at a wavelength of 450 nm The
control group was cells cultured on plain TCP wells, and the blank group was culture
medium with CCK-8 solution. The relative cell viability (%) was counted by Eq. (5):

Ab.(sample)—Ab.(blank) (5)
Ab.(control)—Ab.(blank)

Cell viability =
Where Ab. represents the absorbance.

2.7. Cell morphology study

Fluorescent microscope (Nikon, Eclipse Ti, Japan) was used to evaluate morphology of
1929 cells seeded on CA patches. After fixation with 4% v/v paraformaldehyde for 20
min, 1929 cells cultured on CA patches were washed 3 times with PBS (pH = 7.4).
Then to increase permeability, cells were permeabilized with 0.1% Triton X-100 1n PBS
for 5 min and washed by PBS. Subsequently, the cytoskeleton of 1.929 cells was stained
with Alexar Fluor 546 phalloidin (Yeasen Biology Technology Co.. Ltd. China) (1:100
dilution) for 20 min, nuclet was stamed with 4’ 6°-diamidino-2-phenylindole
hydrochloride (DAPI, Beyjing Solarbio Science & Technology Co., Ltd. China) for 5
min. After each staining step, the samples were washed three times with PBS for 5 min
each. Finally, 1929 cells were observed using an inverted fluorescent microscope. The

entire process was carried out under ambient temperature (25°C).
2.8. Cell migration assay

The influence of various concentrations of CAM-loaded CA patches on 1929 cell

migration was investigated by in vitro scratch assays, 1929 cell suspension at the



density of 1x10° cells/mL was placed into a 6-well TCP plate, then incubated at 37°C
in 5% CO: atmosphere until cells aggregated and monolayer formation was evident. A
scratch on the cell monolayer surface was made by a 200 pL sterile pipette tip. which
was then gently washed with PBS to remove free cells. Fresh culture medmum and
various patches were added to the scratched specimen well and cells were incubated at
37°C and 5% CO: in an atmosphere. An mverted fluorescent microscope (Nikon,
Eclipse Ti, Japan) was respectively used to take images after 0. 24, 48 and 72 h to

observe cell migration on the scratched surface.
2.9. Statistical Analysis

Data presented in tables and graphs represent the mean = standard deviation of at least
three independent experiments. Data were analyzed using the ANOVA test, considering
p=0.05 as statistically significant.

3. Results and discussion

3.1. Morphology of Contact lens-like drug-loaded film

The CA patches were fabricated according to the scheme illustrated in Fig. 1a. Fig. 1b
1s the optical microscopy (OM) image of CA patches loaded with 1% CAM. It can be
observed that the patches were composed of compact CA fibers and the boundary
between fibers could be observed clearly. Besides, the shape of CA patches was circular,
and the edge of the patch was an arc. Fig. 1b indicated that the CA patches were
fabricated by controllable deposition of CA fibers, the traces of EHD printing can be
clearly observed.

Light transmittance 1s especially important for the dressing treating comeal abrasions
due to the reason that 1t related to the comfort and convenience of patients. Thus, 1n this
study. the light transmittance of the CA patches loading various CAM were investigated.
The samples were placed on a printed paper to be observed whether the different
concentrations of CAM could influence the visual clanity of the contact lens-like CA
patches. As shown in Fig. 1c, compared with others. only the 1.5% CAM-loaded CAM

showed the rather inferior light transmittance. However, all the samples demonstrated



good light transmittance and the details could be seen clearly through all the samples.
The results indicate the great potential for the patches to be applied in clinical

SEM images show the morphologies of pure CA patches (Fig. 2a) and 1% CAM-loaded
CA patches (Fig. 2b). It could be seen that the patches had smooth surface. Fig.2al and
2b1 are the high magnification of Fig.2a and 2b. from which some fibers traces could
still be found. However, the traces shown 1n OM images (Fig.1b) disappeared in low
magnification SEM images might be due to fibers fused together within the residual
solvent. AFM analysis was carried out to analyze the topology and roughness of the
contact lens-like CA patches (Fig. 2c and 2d). The results show a comparnison of 3D
topology between the contact lens-like pure CA patches and 1% CAM-loaded CA
patches. It can be found that the pure CA patches had a rather smoother surface with
some humps and the surface roughness (Ra) was 58.19 nm. While the surface roughness
of the 1% CAM-loaded CA patches was 62.1 nm, demonstrating that the addition of
CAM 1n the CA patches would increase the surface roughness. The high values of Ra
demonstrated that CAM-loaded CA patches could promote the physical adhesion

towards the surrounding environment[34].

N nae . i
L0 um 0 x 100U L00 um Z0x3Cum

Fig. 2. SEM of CA patches (a) and 1% CAM-loaded CA patches (b). AFM of CA



patches (c) and 1% CAM-loaded CA patches (d).
3.2. FTIR analysis and XRD analysis of contact-lens like CA patches

In addition, previous studies had shown that substance interactions had great effect on
drug release patterns[35, 36]. Therefore, the interaction between CA and CAM during
EHD printing was explored via XRD patterns and FTIR spectroscopy as shown in Fig.
3. XRD patterns of pure CAM, pure CA and various concentrations of CAM-loaded
CA patches are shown in Fig_ 3a. CA has a broad absorption peak at 21°, indicating that
the crystal structure i1s amorphous. The diffraction patterns corresponding to CAM
indicated 1t 1s a crystalline matenial. as characterized by many sharp diffraction peaks.
The crystalline peaks of CAM at 13.1°, 19.03°, 20.8°, and 25.96°mostly appeared, but
those peaks were invisible for the fibers prepared using lower CAM content[37]. For
the CAM-loaded CA patches, an amorphous halo was observed, suggesting that the
CAM was in an amorphous state. The amorphous CAM i1s conductive to a drug delivery
application especially because of the hydrophobicity of CAM[38]. However. the
amorphous state in the patches 1s advantageous for a drug delivery system because it
promotes drug release and bioavailability[20]. The amorphous drug results in a higher
dissolution rate and thereby may lead to a higher bioavailability for poorly soluble drugs.
The FTIR spectrums of contact lens-like CA patches were showed in Fig. 3b. For pure
CA powder . the characteristic bands at 3471 cm™, 1753 cm™, 1632 cm™, 1246 cm’!
and 1049 cm™! are due to the production of the O-H group, the stretching of C-O group,
the stretching of C-O-C group. and the stretching of ether group. respectively[2]. The
peak at 3471 cm™ can be clearly observed in the various concentrations of CAM-loaded
contact lens-like CA patches. While for pure CAM, the characteristic peaks belongs to
the amide or nitro group at 1683 cm™ and 1344 cm™ respectively[39]. which could be
observed in the CA patches loading various concentrations of CAM. Hence, CAM
maintained the stability in the contact lens-like drug-loaded CA patches during the EHD

printing, and there were no physical incompatibilities between the components.
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Fig. 3. (a) XRD patterns of CAM; CA; Loaded 0-1.5% CAM CA patches ;(b) FTIR
spectroscopy of CAM; CA; Loaded 0-1.5% CAM CA patches.

3.3. Hydrophilicity and swelling degree of contact-lens like CA patches

Water contact angle was used to mvestigate the hydrophilicity of CAM-loaded contact-
lens like CA patches[40]. Favorable hydrophilicity 1s beneficial to wound recovery[41].
Fig. 4a shows the water contact angle of CA patches loading different concentration of
CAM. The contact angle of pure CA patches, CA patches loading with 0.5% CAM, 1%
CAM, and 1.5% CAM were 57.3%1.5°, 57.9£2 3°, 63.2+1.7°, and 65.6%1.3°, separately.



It could be observed that improving the concentration of CAM would slightly increase
the value of water contact angle for CA patches due to the reason that the addition of
CAM for CA patches caused the high roughness which was corresponding to the AFM
results (Fig. 2c and 2d). However, all the contact-lens like CA patches loading with
various CAM maintained the water contact angle at 60°, indicating that the CA patches
had good hydrophilicity, which 1s beneficial to treat corneal abrasions.

The swelling degree 1s also a crucial factor in determining the potency of fibrous
scaffolds for wound healing utilizations. The swelling ratio could influence the loading
and release behavior, as well as induce a moist micro-environment that provokes the
wound healing process[28] . As shown in Fig. 4b, the CA patches loading with different
concentrations of CAM all showed good swelling rates. After three hours. the swelling
rate of pure CA patches was the highest reaching at 157.1 £ 7.3%, followed by thel.5%
CAM-loaded CA patches of which the swelling rate was 156.1 = 8.0%. While the
swelling rate of 0.5% CAM-loaded CA patches was 155.3 + 5.8%. and CA patches
loading with 1% CAM owned the lowest swelling rate, which was 153.5.1 £ 6.5%.
However, after 12 hours, there was no significant difference for the swelling rate of
different samples. The swelling rare kept stable duning the following 9 hours. The
results demonstrate that contact-lens like CA patches with different concentrations of
CAM had good water absorption for a long time. The higher swelling ratio of the
patches are due to higher surface area of the micron fibers. And an important feature
governing the functionality of patches 1s the ability to undergo adequately controlled
swelling and maintain structural integrity for the desired time as per biological
requirements[42].
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Fig. 4. (a) Water contact angle of CA patches loading different concentrations of CAM
(b) Degree of swelling (%) for CA patches loading different concentrations of CAM.

3.4. Influence of CAM concentration on drug release rate and drug loading rate

The drug release behaviors of various concentrations of CAM-loaded contact-lens like
CA patches were mvestigated in this study. Drug loading capacity (LE) and
encapsulation efficiency (EE) data are shown in Table 1. The drug loading efficiency
0f0.5%, 1%, and 1.5% CAM-loaded CA patches were 5.9+ 0.3%, 6.9+ 0.6%, and 10.2
+ 0.7%. separately. Increasing the concentration of CAM could enhance the drug
loading efficiency remarkably. And the drug release curves are shown in Fig. 5. It 1s
shown that the trends of the three curves are same. Within the first 1 hour, CAM was



released rapidly from the CA patches, and reached 40.2 = 9.3%, 38.9 +2.5%, 27.8 =
5.5% for 0.5%, 1% and 1.5% CAM-loaded CA patches, respectively. In the following
time until 100 hours, the CAM release were slow and sustainable. At 96 h, the
cumulative release amount of CAM for CA patches loading 0.5%, 1% and 1.5% CAM
were 91.7£5.2%, 92.2 £ 1.0%. and 89.0 = 7.5%, separately. It could be found that 0.5%
CAM-loaded CA patches had the highest release rate and the CAM almost totally
release after 20 hours because of the reason that it had the smallest drug loading. The
results show that CAM-loaded CA patches had a high drug loading capacity and could
release the CAM continuously and effectively until seven days. so that had an enormous

potential for treating comeal abrasions efficiently.
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Fig. 5. Drug release rate of films loaded with different concentrations of CAM.
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Table. 1
Drug loading of films loaded with different concentrations of CAM.

SAMPLE DRUG LOADING (%)
0.5%CAM-LOADED CA PATCHES 5.90+0.34
1%CAM-LOADED CA PATCHES 6.92+0.56
1.5%CAM-LOADED CA PATCHES 10.20%0.73

Drug release data for CAM-loaded CA patches were fitted to Korsmeyer-Peppas and
Higuchi models. The results were shown in Table 2. For, Regression coefficients and n



values of Korsmeyer-Peppas model were calculated. For CA patches loading 0.5%, 1%
and 1.5% CAM, n values were 0.0043. 0.0039, and 0.0036. respectively. It has been
reported that n< 045, Fickian diffusion 1s most likely[43]. While, n<0.45 was
established for all samples, Fickian diffusion dominates the drug release process. For
Higuchi model, if the cumulative drug release content 1s linearly dependent on square
root of time, drug release is likely to be diffusion-controlled[44]. The high R? values of
the samples suggests that drug release from all complicated constructs 1s via diffusion
mechanism[44].
Table. 2
Application of Korsmeyer-Peppas and Higuchi models to drug released from CA
patches loading 0.5%. 1%, 1.5% CAM.

Samples Model Eguation n R

0.5%CAM | Korsmeyer-Pappas log (Mt/M.. x 100)=0.5976 +0.0043x log (f)  0.0043 0.9342
Higuchi Mt/M= x 100 =2.7841 + 1.4364x t 12 — 0.935

1%CAM | Korsmeyer-Pappas  log (M¢M-x 100)=0.66.3 +0.0039x log (f)  0.0039 0.9623
Higuchi MM x 100=0.9414 +0.3353 x t 12 - 0.9646
1.5%CAM | Korsmeyer-Pappas  log (MvM-x 100)=0.6912+0.0036x log ()  0.0036 0.9534

Higuchi MtM-. x 100=3.4733 +0.6408 x t 12 - 0.9744

3.5. CCK-8 cell viability test and L929 cell morphology study

An 1deal environment for cell attachment and proliferation is critical for materials used
in comeal restoration. The results of CCK-8 testing indicated that CAM-loaded CA
patches show good biocompatibility. The CCK-8 assay data of 1929 cells (Fig. 6)
shows that the cell viability of pure CA patches and 0.5%, 1%, and 1.5% CAM-loaded
CA patches in 3 days were 101.9 £3.2%, 101.4 *+ 0.6%. 105.2 £ 4.9%. and 100.6 =
0.3%. While after 5 days, the cell viability of CA patches and 0.5%, 1%. and 1.5%
CAM-loaded CA patches were 100.60.4, 102.4+2.5, 102.8+2.6, and 101.8+3.6. The
cell viability of each group 1s not much different between 5 and 3 days. The same result
was also shown in the OD value, indicating that the cells have good viability, and the

well have been completely covered in three days.



A principal factor to investigate material biocompatibility is cell morphology.
Fluorescent images of 1.929 cells cultured on various CAM-loaded CA patches for 3
and 5 days are presented in Fig. 7. 1.929 cells cultured for 3 days showed a less sparse
distribution of cells than 5 days. After 3 days of culture, 1t can be observed that the cells
in the CAM-added sample group exhibited spindle morphology and cell density similar
to those in the control group (Fig. 7a-e). When cultivated for 5 days, the cell density of
each group increased significantly (Fig. 7al-el). In addition, as the concentration of
CAM increases, the cells showed a more average distribution, and the cell morphology
were 3D in CA patches rather than 2D 1n TCPs, which indicated that CAM has a certain

role in promoting cell migration[45].
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Fig. 6. (a) L929 cell viability of patches with different concentrations of CAM
(b) L929 cell OD value of patches with different concentrations of CAM.

3.6. L929 cell migration assay

The effect of CAM concentration on 1929 cell migration was investigated. Figure 8
respectively shows cell migration in 1.929 cell monolayers in control groups, CA
patches, 0.5% CAM-loaded CA patches, 1% CAM-loaded CA patches, 1.5% CAM-
loaded CA patches after 0, 24, 48, and 72 hours of incubation. Migration rate was
measured by ImageJ software as shown in Figure 9. After the initial 24 h incubation,
the monolayers were distributed regularly (Fig. 8al-el). This result suggests that cells
migration 1s not evident within the first 24 hours. At 48 hours, except for the control
group, each group’s monolayer appeared irregular (Fig. 8a2-e2). It indicated that
patches had promoted cell to migrate. The blank area of the sample-added group i1s



significantly reduced (Fig. 8a3-e3) after 72 h of incubation, where 1% CAM-loaded CA
patches showed the most obvious cell migration (Fig. 9), suggesting that a moderate
quantity of CAM 1n CA patches 1s sufficient to enhance cell migration. Cell migration
tests show that CAM-loaded CA patches have enormous potential to promote comeal

restoration.

3 Days S Days
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0.5%
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Fig. 7. Fluorescence micrographs of 1.929 cells grown on (a) the absence (control), (b)
CA patches, and (c) 0.5% CAM-loaded CA patches, (d) 1% CAM-loaded CA patches,

(e) 1.5% CAM-loaded CA patches.
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Fig. 8. Micrographs of 1.929 cells migrating into a scratch area over a 72h period 1 (a)
the absence (control), (b) CA patches, and (c) 0.5% CAM-loaded CA patches. (d) 1%
CAM-loaded CA patches, (e) 1.5% CAM-loaded CA patches.
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Fig. 9. 1929 cell migration rate of patches with different concentrations of CAM.



4 Conclusion

In this study, the contact lens-like CAM-loaded patches were prepared via EHD printing
technology. The patches had a shape like contact lens as well as good light transmittance
and was suitable to be wore in eyes for comeal abrasions treatment. The results showed
that the patches had the advantages of a controllable drug delivery rate and high loading
efficiency. 1929 cells still have high cell wiability after being cultured on patches
loading different concentrations of CAM, and the patches can enhance the cell
migration rate, indicating that 1t had good biocompatibility and could promote comeal
trauma repair. Compared with traditional treatment methods, the film could provide
sustained and stable release of drugs and had great potential to be applied in the clinic

treatment for patients suffering from corneal abrasions.
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