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ABSTRACT – Objective: This retrospective cohort study aims to uncover the potential clinical effectiveness of a novel 
ophthalmic solution containing cross-linked carboxymethyl cellulose (CX-CMC) and silk proteins (SP) in dry eye disease, 
evaluating its efficacy in improving Tear Breakup Time (TBUT) and Ocular Surface Disease Index (OSDI) over a 3-months 
treatment and in absorbing ultraviolet (UV) and blue light and promoting wound healing.   

Materials and Methods: Two different populations were retrieved from the database; the first group consisted of 20 
dry-eye patients who underwent a 3-month treatment with an ophthalmic solution containing CX-CMC and SP. The second 
group was composed of 10 dry-eye patients who did not want to use any eye lubricant or other treatment. The outcome 
measures, TBUT and OSDI, were analyzed before (T0) and after (T3) treatment. In addition, the ophthalmic solution was in-
vestigated for its capacity to absorb UV and blue light and to promote wound healing. Specifically, UV and blue absorbance 
were tested by means of a UV-VIS spectrophotometer, while the wound healing test was conducted using two distinct cell 
lines to assess the efficacy of the solution in facilitating cicatrization. 

Results: The ophthalmic solution effectively restored tear film stability, as evidenced by the improved TBUT values 
and reduced dry eye disease symptoms evaluated through the OSDI score. Furthermore, it demonstrated absorption ca-
pabilities within the UV and blue wavelength range. In terms of wound recovery, the ophthalmic solution supported cell 
motility compared to untreated cells.  

Conclusions: The ophthalmic solution containing CX-CMC and SP was effective in improving dry-eye signs and symp-
toms in patients and in absorbing UV and blue light. Furthermore, the ophthalmic solution promoted wound healing in 
vitro. Collectively, the results suggest that CX-CMC and SP eye drops could serve as a promising tool for treating dry eye 
disease of various origins.
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INTRODUCTION

Dry eye is a common ocular surface disorder char-
acterized by an inadequate or aberrant tear film, 
affecting both the conjunctiva and cornea1. From 
a pathophysiological standpoint, Dry Eye Disease 
(DED) can be classified into two subtypes: aque-
ous-deficient dry eye and evaporative dry eye, which 
represent 80% of DED manifestations1,2. 

The prevalence of DED ranges from 5% to 50%, 
depending on the geographic location3,4, marking it 
as a growing global medical concern. DED is asso-
ciated with several risk factors, including age, sex, 
environmental conditions, prolonged screen use, 
and diabetes. Its pathogenesis involves a vicious 
cycle of tear film instability and inflammation, pri-
marily driven by meibomian gland dysfunction, hor-
monal changes, and autoimmune disorders such 
as Sjögren’s syndrome5,6. Moreover, DED alters the 
tear film, leading to reduced tear production and, 
ultimately, damage to the corneal epithelium and 
loss of conjunctival goblet cells, caused by friction 
from eyelid movement over the ocular surface. This, 
in turn, promotes inflammation and stimulates the 
production of inflammatory cytokines. These events 
play a pivotal role in the pathogenesis of DED, result-
ing in a cascade of damage to the ocular surface2.

Diagnosis of DED relies on symptom evalua-
tion through questionnaires [e.g., Ocular Surface 
Disease Index (OSDI), Dry Eye Questionnaire-5] 
and clinical tests such as non-invasive Tear Break-

up Time (NIBUT), tear osmolarity measurements, 
and ocular surface staining with fluorescein or lis-
samine green6,7.

The main goal of DED management is to restore 
ocular surface and tear film homeostasis. The first-
line therapy for all degrees of severity is the use 
of artificial tears, which increase tear film stability, 
reduce evaporation, alleviate ocular surface stress, 
improve optical quality and contrast sensitivity, and 
ultimately enhance quality of life8-11.

Artificial tears typically contain water-soluble 
polymers that act as lubricants, reducing fric-
tion and irritation. These polymers also enhance 
viscosity and improve mucoadhesion, thereby 
increasing tear film retention on the ocular sur-
face12. Among them, carboxymethyl cellulose 
(CMC)-based artificial tears have demonstrated 
superior efficacy in controlling DED symptoms 
compared with other formulations13-15. The vis-
cosity and mucoadhesive properties of CMC are 
key to prolonging eye drop residence time16. By 
binding to matrix proteins, CMC forms a protec-
tive epithelial layer that supports physiological 
epithelial cell growth, reduces epithelial defects 
and wounds17,18, and lowers inflammatory mark-
ers14,19. Cross-linked CMC has been widely used 
in biomedical and pharmaceutical applications, 
offering technical and clinical advantages over its 
linear counterpart17,20,21. Cross-linked materials 
are, indeed, well known for their stability, since 
they are less susceptible to degradation22. 

Graphical Abstract. A cross-linked carboxymethyl cellulose and silk protein ophthalmic solution improves tear film stability and 
dry eye symptoms after 3 months of treatment. In vitro analyses show UV/blue light absorption and enhanced cell migration, 
supporting a multifunctional role in ocular surface protection and corneal wound healing.
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In the context of water-soluble polymers, silk has 
a long history of use in medicine, specifically in oph-
thalmology, as a scaffold for the treatment of several 
eye disorders23,24. Silk is obtained from the cocoon of 
Bombyx mori, and its fibers consist of two main com-
ponents: fibroin and sericin23. Both fibroin and sericin 
have been widely studied in a plethora of diseases, 
including eye-associated ones, and have shown an ex-
cellent safety and effectiveness profile. Silk has been 
shown to stabilize the tear film, creating a favorable 
environment for ocular surface recovery. Studies25 in 
murine models of DED have highlighted its ability to 
improve corneal health and restore hydration by pro-
moting tear film stability. Similarly, silk protein-based 
bioadhesive gels offer prolonged ocular surface reten-
tion, making them particularly effective in addressing 
chronic dryness and inflammation26,27.

Considering corneal wound healing, silk-de-
rived proteins enhance epithelial cell migration, 
adhesion, and proliferation, contributing to faster 
corneal recovery. These effects have been demon-
strated in both in vitro models and animal stud-
ies27,28. Furthermore, silk-derived protein films 
with nanotopographic features have been shown 
to enhance corneal epithelial regeneration by 
mimicking extracellular matrix properties, further 
underscoring their therapeutic potential29.

To date, there is no literature to support the po-
tential use of an ophthalmic solution based on cross-
linked CMC and silk proteins for DED management. 
Here, we report our experience with a cross-linked 
CMC and silk protein-based ophthalmic formulation in 
improving Tear Breakup Time (TBUT) and Ocular Sur-
face Disease Index (OSDI) over a 3-month treatment 
period in patients with DED. In addition, we present 
in vitro data on the formulation’s ability to absorb UV 
and blue light and to promote wound healing.

 

MATERIALS AND METHODS

Study design and participants

This was an observational, retrospective, cohort 
study designed to evaluate the clinical outcomes ob-
tained on DED patients between the ages of 59 and 
93 years. All the patients included in this study were 
diagnosed with DED, and the data were collected 
from patients who were seen during routine clinical 
examinations as part of standard clinical practice. 
Data from subjects affected by pathologies such as 
diabetes, glaucoma, or subjects using lubricant eye 
drops in the last 30 days were excluded. 

Treatment

Within the study cohort, two subgroups were exam-
ined: one that agreed to use eye drops for the treat-

ment of DED symptoms, and another that chose not 
to use any lubricant eye drops or alternative treat-
ments. In the first subgroup, we identified twenty 
individual patients (40 eyes; mean age 72.04 ± 9.01, 
75% female, 25% male) who were treated with an 
iso-osmolar ophthalmic solution containing cross-
linked CMC (0.1%) and SP (0.05%) (CXC-SP) (CORD-
EV, Ophtagon Srl, Rome, Italy). Patients received two 
drops three times daily for three months, a dosage 
treatment consistent with that approved by the reg-
ulatory authorities for this product. In the second 
cohort subgroup, which served as a control group, 
10 patients were enrolled, matched for gender and 
age. Product sterility was achieved via a validated 
filtration with a 0.22 μm filter. The solution was pre-
servative-free since the device used was able to filter 
the air entering the bottle, granting sterility up to 60 
days post-opening. 

Tear film break-up time (TBUT)

To evaluate the efficacy of the CXC-SP solution, 
the TBUT was assessed before (T0) and after (T3) 
3 months of treatment. In particular, the TBUT 
test was performed using a sterile staining solu-
tion based on riboflavin 5-phosphate (SERVIMED, 
Rome, Italy). During the test, the dye is instilled 
into the tear film. The patient is asked not to blink, 
and the time between the last blink and the first 
appearance of a dry spot on the cornea is mea-
sured under cobalt blue light. A TBUT of less than 
10 seconds is generally considered abnormal, in-
dicating tear film instability and possible dry eye 
disease30.

Ocular surface disease index

Similar to TBUT, the OSDI was assessed before (T0) 
and after (T3) 3 months of treatment. In particular, 
OSDI was scored on a scale of 0 to 100, with higher 
scores indicating more severe disease and a negative 
change from baseline indicating improvement31. 

The OSDI score, which consists of 12 questions 
assessing symptoms related to ocular discom-
fort, visual function, and environmental triggers, 
was administered with an inclusion threshold of 
≥13, indicating the presence of clinically relevant 
symptoms. Any adverse events or complications 
that occurred during the study were recorded to 
evaluate the safety of the treatment.

Spectrophotometric measurements

The analysis of the absorbance as a function of 
wavelength was measured using a spectropho-
tometer model UVmini-1280 (Shimadzu, Kyoto, 
Japan) in the wavelength range of 200-500 nm. 
Samples were placed in disposable UV-VIS 1 cm 



65	 CX-CMC AND SILK PROTEINS IN DRY EYE AND CORNEAL HEALING

cuvettes. To remain in the working range of the 
spectrophotometer, the ophthalmic solution had 
to be diluted 10-fold. Therefore, two solutions 
containing CXC-SP were analyzed:
 •	Solution A: CXC-SP diluted 1:50 (used as blank)
 •	Solution B: CXC-SP diluted 1:10

The spectra were analyzed using the blank cor-
rection function, which eliminates background 
peaks due to water absorbance and thus provides 
a better baseline.

Cell lines and culture conditions

To evaluate the efficacy of CXC-SP in promot-
ing wound healing, we selected two distinct cell 
lines: the A549 (lung carcinoma epithelial cells; 
ATCC accession number CCL-185) cell line was 
obtained from the American Type Culture Collec-
tion  (Manassas, VA, USA) whereas the MRC-5 (fe-
tal lung fibroblast cells immortalized with SV-40; 
ATCC accession number CCL-171 ) cell line was ob-
tained from the Coriell Institute (Coriell Institute, 
Camden, NJ, USA). Both cell lines were cultured in 
Dulbecco’s Modified Eagle Medium (D6429, Corn-
ing, NY, USA) supplemented with 10% fetal bovine 
serum (35-079-CV, Corning, NY, USA), 100 μg/mL 
penicillin and streptomycin (30-002-CI, Corning, 
NY, USA), and 2.0×10-3 M L-glutamine (25-005-CI, 
Corning, NY, USA). A549 and MRC-5 were incubat-
ed at 37°C in 5% CO2.

The two cell lines for the wound healing exper-
iments were selected based on lineages present 
in the eye (i.e., epithelial cells and fibroblasts), 
which are capable of proliferating without the ad-
dition of growth factors, and for which a well-es-
tablished and extensive literature on prolifera-
tion and migration kinetics was available. These 
characteristics will ensure reproducibility; indeed, 
A549 and MRC-5, unlike primary cell lines, do not 
rely on hormones and growth factors to replicate.

Wound healing assay

The wound healing assay was performed using the 
Ibidi Culture-Inserts 2 Well (81176, Ibidi cell focus, 
Fitchburg, WI, USA). These inserts are characterized 
by 2 silicon wells separated by a 500 µm gap, creating 
a cell-free region. After placing the insert in the cen-
ter of a 24-multiwell plate, 70 µL of complete medi-
um containing 4.5 × 105 cells (either A549 or MRC-5) 
was added to each of the two silicon wells. After 24 
hours, the Culture-Insert 2 Well was gently removed 
using sterile tweezers. Cells were then treated with 
1.0 mL of CXC-SP solution; cells treated with 1.0 mL 
of complete medium supplemented with 5% fetal bo-
vine serum were used as a control group. The imaging 

acquisition started immediately after wounding appli-
cation and continued for 30 hours, or at least until the 
cells reached full confluence. Experiments were per-
formed in triplicate for each cell line and treatment.

Image acquisition

Image acquisition was performed at 10/0.22× mag-
nification using a Leica DM IL LED microscope (Leica, 
Wetzlar, Germany) paired with a Samsung camera. 
The illumination was adjusted before the plate was 
placed on the microscope stage, and the acquisition 
positions were configured under the control of the 
camera immediately after the scratch was made. 
The resulting images were then processed in Adobe 
Photoshop (San Jose, CA, USA) to derive area values 
for the analysis of wound closure dynamics.

Methods for quantifying migration

Quantification of cell migration in the wound heal-
ing assay was performed using the area method32. 
The migration rate is indirectly evaluated as the 
percentage of wound area at a specific time point 
according to the equation:

At = ×100

Where At is the wound area at time t and A0 is 
its initial area

Wound healing: velocity calculation

To determine the average velocity of the wound 
edges, we first calculated the displacement be-
tween consecutive data points and divided it by 
the length of the wound. Next, we divided this 
result by 2 to find the average velocity of cells on 
each side of the wound.

Data analysis

Population data, TBUT, and OSDI results are present-
ed as mean ± standard deviation (SD). Wound heal-
ing results are also expressed as mean ± SD, based 
on four independent experiments each performed 
in triplicate. The Kolmogorov-Smirnov statistical test 
was used to evaluate the goodness-of-fit of the data-
sets. Statistical significance between means was eval-
uated using either a t-test or a Wilcoxon test as appro-
priate (GraphPad InStat 3.1 Software Inc., San Diego, 
CA, USA), with significance considered at a p-value 
of ≤ 0.05. In particular, for both TBUT and OSDI, a 
non-Gaussian distribution was assumed; therefore, a 
non-parametric test has been used. 
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RESULTS

Cohort results

CXC-SP improves TBUT and OSDI

The age range of the analyzed subjects was 59 to 
93, resulting in a mean age of 72.04 ± 9.01 (mean 
± SD) years (95% CI 68-76). DED was mainly due 
to reduced tear production because of age. In the 
first subgroup, at the end of the 3-month treat-
ment period (T3), both TBUT and OSDI parame-
ters showed a significant improvement compared 
to T0. At T3, the TBUT score increased by approx-
imately 40.7%, showing an improvement in the 
tear film stability (Figure 1a). Similarly, the mean 
OSDI score improved at T3, decreasing by approx-
imately 52.9% (Figure 1b). At the same time, the 
second subgroup (20 eyes) that refused to use an 
eye drop had a TBUT of 3.95 ± 2.2 and an OSDI 
of 30.5 ± 2.9 at the baseline, with no significant 
change at follow-up.

In vitro results

CXC-SP absorbs UV and blue light

A spectrophotometric measurement was per-
formed to evaluate the ability of the ophthalmic 
solution to absorb UV and blue light. Two solutions 
were compared: Solution A -CXC-SP diluted 1:50, 
used as a blank, and Solution B -CXC-SP diluted 
1:10. Two absorbance peaks at 365.6 and 464 nm 
were found in Solution B compared to Solution 

A (Table I). This result confirms the characteristic 
broad absorption of SP below 450 nm, indicating 
that the ophthalmic solution can absorb UV and 
blue light.

CXC-SP supports wound healing

CXC-SP was able to support wound healing in the 
tested cell lines. In both A549 and MRC5 cell lines, 
a nearly constant rate of wound closure was ob-
served from the first hours after scratching. Spe-
cifically, in the presence of CXC-SP, both A549 and 
MRC5 cells showed a significant increase in wound 
closure compared to the control group (Figure 2). 
In addition, the average speed of cell edge ad-
vancement during the time interval from 1 to 30 
hours after scratching was compared. A549 cells 
treated with the CXC-SP showed a higher edge ad-
vancement speed (16.82 ± 0.26 µm/h) compared 
to the control group (14.8 ± 0.32 µm/h). Similar-
ly, treatment of MRC5 cells with the ophthalmic 
solution resulted in an increased edge advance-
ment speed (16.6 ± 0.23 µm/h) when compared 
to the control group (15.84 ± 0.41 µm/h).
 

DISCUSSION

As DED is a disease with an increasing prevalence 
worldwide, there is a growing need for the devel-
opment of novel therapies for its treatment. The 
present study demonstrated that an innovative 

Figure 1. Subgroup one, Tear Breakup Time (TBUT) 
and Ocular Surface Disease Index (OSDI) score mea-
sured before (T0) and after the 3-month (T3) treat-
ment. A, The tear film stability, measured as the time 
in seconds (sec) taken for the first dry spot to appear 
on the cornea after a complete blink at T0 and T3. 
B, OSDI score at T0 and T3. ****p-value ≤ 0.0001 
(Wilcoxon test). Both values clearly demonstrate that 
there is an improvement in both objective and sub-
jective dry eye disease-related symptoms.

Table I. UV-VIS wavelength and absorbance of CXC-SP solution. CXC-SP showed an absorbance peak at 365.6 and 464 nm,
which was absent in solution A used as a blank. This provides clear evidence of the potential photoprotective
properties of CXC-SP at the ocular level. 

Sample	 Wave length (nm)	 Absorbance
	

CXC-SP 1:10
	 365.6	 0.045

	 464.0	 0.039

CXC-SP: cross-linked carboxymethyl cellulose and Silk Proteins ophthalmic solution.
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ophthalmic solution containing cross-linked CMC 
and silk protein was able to improve both the ob-
jective and subjective symptoms of DED after 3 
months of treatment. Furthermore, this solution 
exhibited the capacity to absorb UV and blue light, 
and the preliminary wound healing data collect-
ed suggested that the solution is able to facilitate 
physiological corneal healing processes. 

While the use of linear CMC is well-established 
in several clinical settings, including the treatment 
of DED19,31,33, in this research, CMC has been cross-
linked to create a three-dimensional polymeric 
hydrophilic network capable of absorbing higher 
amounts of water compared to its linear version. 
Indeed, cross-linked CMC can reach an equilibri-
um between the thermodynamic swelling forces 
and cross-linking elastic retraction forces, thus 
forming a hydrogel22. The advantage of cross-
linked CMC lies in its stability obtained through 
the cross-linking process and the lack of specific 
enzymes in the body that can degrade the mol-
ecule, making it extremely resistant. Additionally, 
cross-linked CMC is a hydrogel with unique prop-
erties for visco-supplementation, hydration, and 
drug delivery in its natural state34.

In contrast to linear CMC, which is typically 
used in concentrations ranging from 0.5 to 1% in 
artificial tears19,31,33, the results collected indicat-
ed that cross-linked CMC can alleviate DED symp-
toms even at a concentration as low as 0.1%.

In a recent systematic review14, evidence about 
CMC efficacy was inferred from 64 different clini-
cal trials. The study supports the effectiveness of 
CMC in improving the signs and symptoms of dry 
eyes, pointing to CMC as an adjuvant treatment 
for various conditions, including anterior eye trau-
ma, infection, inflammation, and discomfort as-

sociated with contact lens use. Additionally, the 
study emphasized that artificial tears containing 
CMC can enhance epithelial healing; this is at-
tributed to the presence of hydrogel-like compo-
nents, which are known to activate the epidermal 
growth factor receptor. This activation promotes 
the healing of corneal epithelial wounds35.

Silk fibers consist of two main components: fi-
broin and sericin23,36. Silk fibroin has a complex mo-
lecular structure, including a heavy and a light chain, 
which gives silk better mechanical properties than 
other natural and synthetic materials37. Fibroin is bio-
compatible, biodegradable, non-toxic, non-immuno-
genic, and has hemostatic properties25,37,38. Indeed, 
silk fibroin is used as a scaffold for the transplantation 
of tissue constructs, as a surgical reabsorbable suture 
material, as well as a wound dressing, and ophthal-
mic devices39-41. Moreover, the use of fibroin in DED 
restores tear volume, improves corneal smoothness, 
and results in the recovery of the corneal epithelial 
cells and conjunctival goblet cells25.

Sericin is a globular protein consisting of ran-
dom coil and β-sheets. Its biochemical features 
give sericin important biological properties such 
as biocompatibility, antioxidant, and moisturiz-
ing properties42. The amino acid composition of 
sericin is identical to the human Natural Moistur-
izing Factor, a natural component of the human 
skin structure43. The human Natural Moisturizing 
Factor is a mixture of various water-soluble and 
hygroscopic substances capable of absorbing and 
retaining water. This factor is important for main-
taining the hydration of the outermost layer of 
the epidermis44. Due to its high serine content 
(30-33% of the total amino acids) and its amino 
acid composition very similar to human Natural 
Moisturizing Factor, sericin has moisturizing and 

Figure 2. Effect of the ophthalmic solution on wound closure (% of covered area) in A549 and MRC5 cell lines. Mean values of 
wound closure were calculated from at least four repeated experiments and are presented as the mean ± SD. Student’s t-test: 
*p-value ≤ 0.05, **p-value ≤ 0.01, and ***p-value ≤ 0.001, when CXC-SP treatment was compared to the control group. CXC-SP: 
cross-linked carboxymethyl cellulose and Silk Proteins ophthalmic solution.
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anti-ageing effects on the skin45. An in vivo study 
on the moisturizing effect of sericin on human 
skin highlighted its action in increasing the level 
of hydroxyproline and the hydration of epidermal 
cells, due to its occlusive effect, which prevented 
transepidermal water loss, a factor responsible 
for skin dryness43. In an animal model46 of type 
2 diabetes mellitus, corneal lesions healed faster 
when treated with sericin diluted in saline, and 
when added to the medium of a corneal cell line, 
sericin induced increased adhesion. Moreover, 
sericin possesses photoprotective properties, ab-
sorbing UV rays in the range of 223-300, inhibiting 
tyrosinase, reducing oxidative stress, COX-2, and 
cell proliferation, and retaining water36,45,47.

In vitro and in vivo data on the efficacy of silk 
protein on corneal epithelium wound healing, UV 
light absorption, and DED treatment were already 
documented25,27,28,45,47-49. In particular, in the man-
uscript of Abdel-Naby et al28, the authors used 
an alkaline burn animal model of corneal wound 
healing to test the ability of SP to promote re-epi-
thelialization. It is worth mentioning that, for both 
concentrations used in their study, a significant 
improvement in the percentage of wound closure 
occurred after 6 h. Similarly, both cell lines used in 
the present study showed similar wound closure 
kinetics when treated with CXC-SP.

In line with this scenario, our results show that 
the inclusion of silk protein in an ophthalmic for-
mulation containing cross-linked CMC was effective 
in improving tear film stability (TBUT value), con-
firming what was previously observed in a mouse 
model of dry eye25. In addition to the objective 
measurement of DED symptoms, patients also re-
ported a subjective improvement of their symp-
toms as assessed by the OSDI score. The observed 
clinical efficacy of the ophthalmic solution could be 
related to the synergic action of both molecules. 

CXC-SP was successful in the UV and blue light 
absorption test in vitro, and this result was consis-
tent with previous work demonstrating the ability 
of SP to absorb UV light wavelengths45,47,49. To fur-
ther evaluate the potential use of the ophthalmic 
solution in supporting corneal wound healing, two 
different cell lines were tested: an epithelial-de-
rived (i.e., A549, resembling corneal epithelium) 
and a fibroblastic-derived (i.e., MRC5). As observed 
in other studies46,50-53 for corneal epithelial cells 
treated with silk protein, the cell lines used showed 
a better wound healing property compared to un-
treated cells, both in terms of wound closure rate 
and speed of cell edge progression. These results 
confirm that CXC-SP, with its composition compris-
ing cross-linked CMC and silk proteins in a single 
formulation, can reproduce the well-known prop-
erties of its individual components, including re-
storing the tear film stability and DED symptoms, 

UV and blue light absorption, enhanced wound 
healing capacity, and thus becomes a promising 
tool in the treatment of DED symptoms. 

Recently, a clinical trial54 on about 500 subjects 
investigating the clinically beneficial effects of silk 
proteins in dry eye has been published. In partic-
ular, researchers have been able to demonstrate 
that silk-proteins can significantly increase TBUT 
vs. control at days 28 and 56, and patient symp-
tomatology measured via “Symptom Assessment 
in Dry Eye” score from baseline. Our findings are 
well in line with these results and further expand 
them by highlighting the ability of CXC-SP to pro-
mote wound healing and absorb UV and blue light.

Based on the reported results, we hypothe-
size that the mechanism of action through which 
CXC-SP achieves its therapeutic effect is linked to 
a silk-enhanced scaffold as previously described55. 
While the results presented in this manuscript are 
intriguing, there are limitations to the study, in-
cluding a small participant pool, which highlights 
an opportunity for further exploration of the top-
ic. In particular, a powered enough randomized 
controlled trial, eventually with multiple control 
groups (i.e., CMC alone, silk protein alone), is aus-
picious to fully elucidate and define the potential 
superiority of the CXC-SP treatment compared to 
routinely used lubricant eye drops or some other 
pharmacological or non-pharmacological thera-
peutic options. At the same time, a corneal re-ep-
ithelization study in an animal model is recom-
mended to further support the in vitro evidence 
on the re-epithelization properties of the CXC-SP 
ophthalmic solution.

 

CONCLUSIONS

In conclusion, the present study provides valuable 
insights into the potential efficacy of a novel oph-
thalmic solution containing cross-linked CMC and 
silk protein in improving the objective and subjec-
tive symptoms of DED disease by absorbing UV and 
blue light to support epithelial wound healing.
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