
Page 1/18

Development and pharmacodynamic evaluation of
recombinant human lysozyme eye drops
Jin Shi 

Shaanxi Huikang Bio-Tech Co., Ltd
Chang Shi 

Beijing Rixin Technology Co., Ltd
Xiao-Ying Li 

Shaanxi Huikang Bio-Tech Co., Ltd
En Gao 

Shaanxi Huikang Bio-Tech Co., Ltd
Yuan Si 

Shaanxi Huikang Bio-Tech Co., Ltd
Xiao-Lin Yang 

Shaanxi Huikang Bio-Tech Co., Ltd
Jin-Li Zhao  (  zhjl999@163.com )

Shaanxi Huikang Bio-Tech Co., Ltd

Research Article

Keywords: dry eye disease (DED), arti�cial tears, recombinant human lysozyme (rhLYZ),
pharmacodynamic evaluation, anti-in�ammatory

Posted Date: March 13th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-287521/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-287521/v1
mailto:zhjl999@163.com
https://doi.org/10.21203/rs.3.rs-287521/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/18

Abstract
Dry eye disease (DED) is a multifactorial ocular surface disease. The commonest treatment is arti�cial
tears. A novel arti�cial tears is urgently required to treat DED pathophysiologically, more than symptoms
relief. In this study, a novel arti�cial tears with highly puri�ed recombinant human lysozyme (rhLYZ), high
homologous with natural tear, was obtained for DED treatment on a established rabbit DED model. 36
models were divided into 6 groups (n = 6), and treated with different concentration of novel arti�cial tears
180µl of drops daily, continuously for 4 weeks. To evaluate pathophysiologic therapeutic effect of the
novel arti�cial tears, rabbit eyes were performed to the schirmer I test, tear ferning test, and corneal
�uorescein staining test in 0, 1, 2, 3 and 4 weeks post-administration, respectively. The sacri�ced models'
corneas in 4 weeks were performed by pathological section staining. In the project, the quality of the
arti�cial tears including rhLYZ was up to the quality standards of pharmacopoeia. RhLYZ eye drops,
especially in the medium (0.15% of rhLYZ) and the high(0.30% of rhLYZ) concentration, enable to improve
dry eye symptoms effectively, bene�t to anti-in�ammatory function and promote corneal repair. The novel
arti�cial tears is a promising pathophysiological therapeutic agent in DED treatment.

Introduction
Dry eye disease (DED) is among the most common ocular surface disorders affecting the visual comfort
and function of individuals worldwide [1]. DED, caused by various factors [2–5], is a complex,
multifactorial disease and di�cult to be characterized by a simple process, sign or symptom [6], thus,
long-term treatment of DED is required [7]. Arti�cial tears are regarded as the main therapy for all severity
grades of dry eye [7, 8]. Different arti�cial tears comprise a wide variety of products, which typically target
one or more layers of the tear �lm [9–12], merely with relief of symptoms [13]. The reason may be that
the component of existing agents is simple, not targeting underlying pathophysiology of DED [8].

Among the mechanism of pathophysiology of DED involving tear �lm instability, tear hyperosmolarity
and in�ammation at the ocular surface [2, 14], ocular surface in�ammation is critical [15]. The
in�ammatory cascades lead to severe ocular surface damage, and develop a self-perpetuating
in�ammatory cycle [16]. It is detected that the expression of in�ammation-related cytokines IL-2, IL-6,
TNF-α, TGF-β are increased in tears or ocular surface of DED patients comparing with the normal ones [2,
17]. Anti-in�ammatory therapy, rather than other treatment, is considered as the effective treatment due to
its target of the underlying pathology [18]. It was documented that corticosteroids and cyclosporine A are
performed as the anti-in�ammatory therapies to moderate severe dry-eye symptoms, while, side-effects
and restricted e�cacy limit the treatment [7, 19]. In addition, multi-dose arti�cial lubricants, another
treatment of DED, typically require a preservative, whereas, preservatives is well recognized to induce
toxicity and adverse changes to the ocular surface, companying with dry eye symptoms progression [20–
25].

Generally, natural tear protect the ocular surface and prevent DED development physiologically, thus, the
arti�cial tears, homologous with nature tears, with fewer side-effect were targeted. Meanwhile, lysozyme
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in natural tears with the high concentration of up to 2.07 mg/mL [26, 27], is well known for the
muramidase activity [27], also possesses immunostimulating, anti-in�ammatory, regenerative, and
analgesic activity [28]. Recent decades of researches have implicated that accompanying with aqueous
de�cient, lysozyme level of natural tear is reduced in DED patients [29, 30]. Therefore, it is critical for OTC
and clinical therapy to develop the novel arti�cial tears, analogue with nature tears, with antibacterial and
anti-in�ammatory function as well as no preservative to prevent and cure the DED in long-
term,accompanying with low side effects.

Based on the reasons above, industrialized recombinant human lysozyme (rhLYZ), highly homologous
with natural human lysozyme, was fermented and puri�ed via biological genetic engineering technology.
Furthermore, novel arti�cial tears containing prepared rhLYZ were designed and developed, termed as
rhLYZ eye drops. The components and physicochemical properties of rhLYZ eyes drops were basically
analogous with natural tears. The physiological and pathological effects of rhLYZ eye drops in different
concentrations on DED symptoms was systematically evaluated via the establishment of a stable and
reliable New Zealand rabbit dry eye model. This research of the novel eye drops may be
pathophysiologically important and bene�cial in DED treatment.

Methods
RhLYZ raw material

The high purity freeze-dried rhLYZ raw materials were obtained via biogenetic engineering technology,
high density fermentation, �ne puri�cation, freeze-drying and other processes. The materials need up to
the pharmacopoeia quality standards based on quality researches. Quality researches are including purity
testing, content detection, activity assay, and western blot analysis, amino acid sequence analysis,
isoelectric point detection, host protein residue detection, exogenous DNA residue detection, methanol
residue, heavy metal residues detection, endotoxin detection, microbial limit test.
Arti�cial tears

RhLYZ eye drops were prepared and employed different concertation (0.075%-0.30%) of rhLYZ raw
material and with the supplementary including: 0.10% sodium hyaluronate (National medicine approval
word H20113379, Huaxi Furuida Biological Medicine Co., Ltd, China), 0.75% sodium chloride (National
medicine approval word H32020718, Jiangsu Qinfen Pharmaceutical Co., Ltd, China), 0.15% disodium
hydrogen phosphate (Sichuan medicine approval word F20080005, Chengdu huayi pharmaceutical
accessories manufacturing Co., Ltd, China), 0.08% sodium dihydrogen phosphate (Sichuan medicine
approval word F20080002, Chengdu huayi pharmaceutical accessories manufacturing Co., Ltd, China),
and 98.845%-98.62% water for injection (self-production).

All the raw materials above were prepared into a transparent liquid according to the speci�c formula ratio
and processes.
The prepared solution was �ltered and sterilized with 0.22µm sterilizing �lter, followed by pouring into the
disposable eye drop vials via an all-in-one blowing and sealing machine under the protection of grade A
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laminar �ow. The �lling speci�cation was 0.8mL/vial. The aseptically �lled products were stored under
the condition of 2–8°C after quality inspection, involving load capacity examination, activity and sterility
along with stability test, also the pH, content, character, visible particle, osmotic pressure detection, etc.

The four speci�cations (quantity: content: activity) of the rhLYZ eye drops applied for animal experiments
were produced according to the processes above.
The administration group was graded as 5: base solution group (0.8mL:0.0mg:0U, excluding rhLYZ), low
concentration rhLYZ group (0.8mL:0.60mg:60000U, rhLYZ 0.075%), medium concentration rhLYZ group
(0.8mL:1.20mg:120000U, rhLYZ 0.15%), high concentration rhLYZ group(0.8mL:2.40mg:240000U, rhLYZ
0.30%). HYCOSAN®-Sodium Hyaluronate Eye Drops (0.1% Sodium Hyaluronate, URSAPHARM
Arzneimittel GmbH, Germany) was treated as a positive control.
Establishment and evaluation of DED model

All animals in this study were required to be performed and managed in accordance with the Guide for
the Care and Use of Laboratory Animals. The experiment organization was accredited by the Association
for Assessment and Accreditation of Laboratory Animal Care (AAALAC) and fully complied with the
relevant regulations of the People's Republic of China on the management of experimental animal
welfare. This protocol was submitted and approved by the Institutional Animal Care and Use Committee
(IACUC). All methods described in this study were performed in accordance with ARRIVE guidelines.

36 New Zealand rabbit's (n = 18 male, n = 18 female, 3–4 month, Beijing xinglong laboratory animal
breeding factory) were performed and suffered from the complete excision of lacrimal gland, harderian
gland and the third eyelid in left eyes, following cauterized with 30% trichloroacetic acid to left
conjunctivas. The right eye of each rabbit was served as blank control. Both eyes of 36 rabbits were
respectively subjected to the schirmer I test [6, 31], tear ferning test [6, 32, 33], and the corneal �uorescein
staining test [6, 34, 35] pre-surgery and 1,2 weeks post-surgery to determine the model establishment.
Pharmacodynamic evaluation

The established 36 DED models were randomly divided into 6 groups (n = 6, 3male and 3 female): sham
group, base solution group, low concentration group, medium concentration group, high concentration
group, positive control. The right eye of each group serves as blank control. The left conjunctival sac was
treated with eye drops of 60µl, 3 times per day continuously for 4 weeks. The schirmer I test, the tear
ferning test, and the corneal �uorescein staining test were conducted to the 36 models pre-treatment and
1, 2, 3, 4 weeks post-treatment. After 4 weeks, all the models were sacri�ced and the corneas were
depara�nizated for H&E stain as well as immunohistochemical (IHC) to evaluate the therapeutic impact
of rhLYZ eye drops and locate the expression of in�ammation-related cytokines. IHC reaction was
quantitatively assessed via computer-assisted microscopic image analysis.
Statistic analysis

The mean value and standard deviation of measurement data were calculated according to the group.
The analysis of variance was carried out, and the t-test was conducted. p < 0.05 indicated the statistical
signi�cance, while, p < 0.01 was as extremely signi�cant difference.
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Results
Quality test of rhLYZ

The rhLYZ raw materials were determined by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and
reversed-phase high performance liquid chromatography (RP-HPLC) C18 column detection, following
analysis of gray scan and area normalization, the purity of rhLYZ was greater than 98% (Fig. 1, a-b). The
highly consistent expression of rhLYZ was detected by western blotting (anti-lysozyme antibody, Abcam
ab91653) (Fig. 1, c). Then the molecular weight of 14697.56Da were identi�ed by MALDI-TOF-MS (Fig. 1,
d), which was identical with the theoretical molecular weight [36]. The amino acid composition of rhLYZ
was precisely quanti�ed via phenyl isothiocyanate (PITC) derivative method, and it was coincident with
that of human lysozyme (Fig. 1, e) [36]. In addition, the isoelectric point of 9.24 was detected via capillary
isoelectric focusing electrophoresis (CIFE) (Fig. 1f). Furthermore, the N-terminal and C-terminal amino
acid sequence of rhLYZ were determined and the results were analogous with the theoretical amino acid
sequences. The others quality inspection of rhLYZ was performed, according to the Pharmacopoeia of
the People's Republic of China (2015). The acquired rhLYZ was white dry powder-like substances with the
antibacterial activity of 100,000U/mg and the characteristic ultraviolet absorption wavelength of 280nm.
Besides, host protein residues were less than 0.1% and the exogenous DNA remains were less than
0.01%. Furthermore, methanol residue was less than 0.002% and heavy metal residues were less than
0.1mg/kg. The endotoxin content was less than 10EU/mg.

Quality test of rhLYZ eye drops
According to the Pharmacopoeia of the People's Republic of China (2015), the produced rhLYZ eye drops
was colorless transparent liquid. No visible foreign body was detected. The quantity of each unit was
0.8mL with pH value of 6.5. The osmotic pressure of eye drops measured by the freezing point osmotic
device was 285–310 mOsmol/kg. The eye drops contained 0.1% sodium hyaluronate. All the rhLYZ eye
drops were quali�ed via sterility test. The e�ciency of rhLYZ eye drops stored at 2–8℃ were stable
within 24 months.

The establishment of DED model

Based on the previous publication [37], the multiple severe dry eye model with insu�cient tear secretion
were produced. The 36 rabbits’ eyes were subjected to the schirmer I test (Fig. 2, a1-a2). No signi�cant
difference was observed between the operation eye (the left eye) and the normal eye (the right eye) prior
to operation. After 1 and 2 weeks post-op, the volume of the tear of operation eyes was signi�cantly less
comparing with the normal eyes (Fig. 2, a3). According to Rolando's classi�cation method, tear ferning
patterns were graded four levels ( - ). The eyes pre-op and the normal eyes were identi�ed as level  with
even and dense ferning dentate branch of crystallization, as well as the small spaces (Fig. 2, b1). The tear
ferming level of 1 or 2 weeks post-op was markedly increased and classi�ed as level - (Fig. 2, b2-b4),
appearing less crystallization and larger spaces (Fig. 2, b5). Referring to the grading criteria, no
signi�cant difference in the corneal �uorescein staining test was discovered between the operation eyes
and the normal eyes prior to surgery (Fig. 2, c1). However, after 1 and 2 weeks post-operation, the corneal
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�uorescein staining score of the operation eye was remarkably raised (Fig. 2, c2-c4). There was a high
discrimination in the score between the operation eyes and the normal eyes (Fig. 2, c5). Referring to the
DED-related test, more notable deterioration of DED was presented on the dry eye model in 2 weeks post-
op, comparing with 1week post-op. It indicated that the novel dry eye model of New Zealand rabbits with
insu�cient tear secretion in 2 weeks post operation was successfully established.

Evaluation of rhLYZ eye drops

According to the data of schirmer I test, tear ferning test, and corneal �uorescein staining test with
treatment of novel rhLYZ eye drops on produced dry eye model within 4 weeks, there was no markedly
difference among the low concentration group, medium concentration group, high concentration group
and positive control. The difference between the four groups and the base solution group as well as the
sham group was statistically remarkably (Fig. 3, a-c). During the 2–4 weeks of treatment, the four groups
highly increased tear secretion on dry eye model. And after 4 weeks of treatment, the amount of tear
secretion in the operation eye was basically recovered as the normal eye (Fig. 3, a). During the 3–4 weeks
of treatment, tear composition and quality were signi�cantly improved in the four groups (Fig. 3, b).
Besides, the staining score of corneal �uorescein sodium decreased markedly after 2 weeks of
administration (Fig. 3, c). Although treatment ones were not restored as normal level, the dramatically
repair effect of agents on the damaged eyes was obvious.

The corneas of 4 weeks models were performed H&E staining, the hyperplasia and disorder of corneal
epithelial cells was observed in the sham group and the base solution group. Moreover, the matrix layer
was shriveled and the regular elastic �ber structure was disorder comparing with the blank group (Fig. 4,
a1-a3). A large number of in�ammatory cells were detected in the sham group (Fig. 4, a2), similarly, in the
base solution group (Fig. 4, a3). In the low concentration group, corneal epithelial cells exhibited modest
hyperplasia and the cell arrangement was virtually normal, meanwhile, the in�ammatory cells were hardly
found (Fig. 4, a4). The morphology of corneal cells in the medium concentration group, high
concentration group and positive control was similar with that in the blank control (Fig. 4, a1, a5-a7). The
results suggested that the eye drop performed a notable recovery impacts on the damaged corneal
epithelial cells.

To reveal the eye drops mechanism, the results of immunohistochemical analysis of cornea were
analyzed. TNF-α and TGF-β1 were signi�cantly increased in the base solution group and sham group
compared to the blank control physiologically (Fig. 4, b1-b3; c1-c3; Fig. 5). The appearance of TNF-α in
the low concentration group, medium concentration group, high concentration group and positive control
was decreased in comparison with that in the sham group and base solution group (Fig. 4, b2-b7; Fig. 5).
Especially, TNF-α expression in high concentration group was lower in comparison to that in positive
control (Fig. 4, b6-b7; Fig. 5). Higher TGF-β1 expression was obtained in the low concentration group,
medium concentration group, high concentration group, and positive control relative to the sham group
and the base solution group (Fig. 4, c2-c7; Fig. 5). Even, the expression of TGF-β1 in the medium and high
concentration groups was up-regulated than that in the positive control (Fig. 4, c5-c7; Fig. 5). It was
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implied that the novel rhLYZ eye drop could inhibit the expression of TNF-α, on the contrary, activate the
expression of TGF-β1 in the tissues.

All in all, the novel rhLYZ eye drops, especially in the medium (0.15%) and high concentration (0.30%)
enable to improve dry eye symptoms effectively, increase tear secretion, promote tear ingredients, recover
corneas injury, bene�t to anti-in�ammatory function and promote corneal repair. The overall therapeutic
was more effective than that in the positive control group.

Discussion
DED animal models

DED is a complex disease with multiple and variable symptoms. Despite more advances were discovered
in understanding of DED, signi�cant knowledge gaps remained. The limitation is due to the lack of typical
and informative animal models [38]. A variety of dry eye models was produced [38–40], but it is di�cult
to obtain a stable dry eye animal model. In some models suffered with simple operations, such as
atropine eye drop method and low-vitamin A diet administration, dry eye symptoms were not visible and
signi�cant individual differences were indicated. Furthermore, a new dry eye model was acquired by
�xing upper and lower eyelids to reduce blink times with obvious dry eye symptoms, but it remained only
for a few hours and unable to satisfy long-term research.

Theoretically, tears are mainly secreted by lacrimal gland [41]. Harderian gland is a peripheral immune
organ, and also secretes tear �uid to lubricate the transient membrane, playing a mechanical protective
role on eyes. Transient membrane, as the "third eyelid", enables to cover the cornea and moist the eyeball
consequently. Meanwhile, it was documented that burning the conjunctiva of rabbit bulb with 50%
trichloroacetic acid contributed to the angular conjunctiva injury, a common syndrome in dry eye [37].
Collectively, in this study, an improved and stable dry eye model with severe dry eye symptoms were
established successfully via excision of the lacrimal gland, harderian gland and the third eyelid
completely, in addition to searing with 30% trichloroacetic acid in conjunctiva. During research period, no
adverse reactions and well-tolerated were detected. Actually, it was observed that the slight existence of
tears via schirmer tear test probably due to the compensatory pathway in organism, such as the
accessory lacrimal glands as well as the plasma leakage from conjunctival vessels [42–44]. It was likely
to be positive impact to partly maintain the physiological function of ocular surface, as complete dry eye
symptom model with full injury of cornea was not a desired DED model [38]. Summarily, the established
stable severe DED model caused by water de�ciency in this project may bring a promising support for the
further research on DED and pharmaceutical development.

Anti-in�ammatory treatment

To date, the anti-in�ammatory agents for DED, including topical Corticosteroid, Cyclosporine, and
Tacrolimus, were common clinical medication to modulate anterior segment in�ammation, referring to
the ocular surface in�ammation plays a critical role in the pathophysiology of DED [15]. Multiple studies
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have documented the clinical value of the agents was in short-term treatment of DED [8]. It appeared that
topical corticosteroids accompanying with the potential complications may be not an ideal
administration in the long-term management of DED, even in the short term, as it may induce ocular
hypertension, cataracts and opportunistic infections [45]. Cyclosporine, an immunomodulators, was
understood to be as an immunomodulatory treatment with anti-in�ammatory properties to relieve DED.
The mechanism is to inhibit T-cell activation and stimulate in�ammatory cytokines. It has been available
as eye drops in concentrations of 0.05% and 0.1% [46–48], whereas, some patients suffered
discomfortable in long-term administration, due to the overdose may cause immune imbalance [49].
Tacrolimus, a macrolide produced by streptomyces tsukubaensis, signi�cantly improved dry eye
symptoms and signs with administration of 0.03% [50]. In addition, lymphocyte function-associated
antigen 1 (LFA-1) antagonist, tetracycline, macrolide were also performed as the DED agents, but the
exogenous agents may lead to more or less adverse effects with long-term treatment [8]. Therefore, an
endogenous anti-in�ammatory agent for DED treatment was urgently required.

Lysozyme, a component in tissues and secretions, are focused. Lysozyme was widely distributed in
plants and animals, even in human natural tears with the concentration of 2.07 mg/mL [26, 27]. Besides
the well-known antibacterial function, lysozyme served anti-in�ammatory and antiviral function were
revealed, rather than suppression of innate immune response of macrophages [28, 51]. Lysozyme
signi�cantly repressed the expression of IL-6 and TNF-α in�ammatory cytokines via depression of the
phosphorylation of JNK in a dose-dependent manner [51]. Meanwhile, lysozyme was not cytotoxic to
peritoneal macrophages or RAW264.7 cells even at the concertation of 1,000 µg/mL [51]. Although, in this
project, a signi�cant difference was implied between the basic solution group with sodium hyaluronate
and the positive control, the overall therapeutic rhLYZ in the medium and high concentration groups was
more effective than that in the positive control group. RhLYZ exerted compensatory impact to cover the
de�ciency of self-produced base solution. It indicated that lysozyme perform an important potential in
anti-in�ammatory effect and promotion of damaged cornea repair, even in the treatment of DED. The
mechanism of rhLYZ eye drops is related to the regulation of in�ammatory responses. Therefore, we
applied lysozyme as a bene�cial candidate for DED treatment has been supported by solid theoretical
and experimental data.

The formulation of supplementary

On the other side, the component of eye drops of arti�cial tears used in the treatment of DED should be
extremely close to natural tears, since natural human tears, containing a variety of proteins, small
molecule metabolites, electrolytes, gel-forming mucin, protect ocular surface and maintain the eye
function naturally [26]. Hyaluronic acid, an endogenous substance in natural tears, is highly contained in
the lens of the eye, which is capable of maintain the moisture and lubrication of eye surface, also be
metabolized via itself [52]. Meanwhile, hyaluronic acid enables to be assembled and cover on corneal
epithelial surface in order to maintain the content of rhLYZ on eye surface for anti-in�ammation, reduce
the microbial invasion, and promote the cell regeneration. Therefore, in this project hyaluronic acid is
regarded as the mainstream of moisturizing materials in eye drops.
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Also, concentration of sodium chloride was closely relative to the solubility and stability of rhLYZ in eye
drops. During the preparation and experiment processes, in lower 0.6% of sodium chloride of regent, the
solubility, stability, content and activity of rhLYZ was reduced accompanying with the decreasing
concentration of sodium chloride. While, the solubility and stability of rhLYZ were maintained stable
within the sodium chloride concentration of 0.6%-6%. Therefore, the 0.75% sodium chloride was
performed in the novel eye drops, to sustain the characteristic of rhLYZ and osmolality of 300–310
mOsmol/kg, as the increasing tear osmolality is considered as the hallmark of DED pathophysiologically
[18].

PH value is also a critical control index in arti�cial tears, related with the stability, effectivity and ocular
irritation of ophthalmic preparation. The PI of rhLYZ is 9.24 and activity pH range is 5.0–8.0, with the
optimum pH of 6.5. The pH of arti�cial eye drops was adjusted at 6.5 ± 0.1 by disodium hydrogen
phosphate (0.15%) - sodium dihydrogen phosphate (0.08%) to maintains the activity of rhLYZ, even, the
stability, effectiveness and eye nonirritant of eye drops preparation.

With the aging, high pressure, and the development of electronics, the risk of dry eye and dry eye
syndrome is increasing. A potential pharmacological strategy to develop of arti�cial tears, especially high
quality arti�cial tears, may prevent and treat DED effectively and bring a great social signi�cance. In the
future, based on the novel rhLYZ eye drops, more components included in natural tears will be added to
improve our arti�cial tears on e�ciency and function for various grades of DED patients. Development of
novel arti�cial tears, highly homologous with natural tears is our target.

Conclusions
In conclusion, the novel arti�cial tears is developed with the characteristics of sterile, preservative-free,
daily dose packaging, pH value of 6.5 ± 0.1, osmotic molality range of 285–310 mOsmol/kg, sodium
hyaluronate content of 0.1%, rhLYZ content of 0.075%-0.30%. The signi�cantly effective concentration of
rhLYZ were performed with 0.15% and 0.30% on dry eye model pathologically, resulting in relief of DED
symptoms, repair of corneas, and anti-in�ammation. In detail, during the administration with rhLYZ eye
drops, it was observed of the increased tear secretion via schirmer I test, promoted tear ingredients based
on the results of tear ferning test, recovered corneas injury according to �uorescein staining test and H&E
staining, meanwhile, in�ammation-related factor TNF-α expression was down-regulated while TGF-β1
expression was up-regulated in the corneal epithelium. In a word, the novel arti�cial tears containing
rhLYZ is a promising pathophysiological therapeutic agent in DED treatment. Furthermore, to develop the
rhLYZ eye drops as a novel biological angent, subsequent studies should be required on tissue
distribution, pharmacokinetics, toxicology, clinical safety as well as clinical pharmacology.
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Figure 1

Quality test of raw rhLYZ. (a) Purity test of rhLYZ via SDS-PAGE (M:Marker; 1-10: rhLYZ). (b) Purity test of
RhLYZ by RP-HPLC. (c) Speci�c expression analysis of rhLYZ via western blot (M1: marker 1; M2: marker
2; 1-10: rhLYZ). (d) Molecular weight identi�cation of rhLYZ by MALDI-TOF-MS detection. (e) Amino acid
composition analysis of rhLYZ by PITC. (f) Isoelectric point detection of rhLYZ via CIFE.
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Figure 2

The establishment of dry eye model. (a1) The schirmer I test. (a2) The length of the schirmer tear test
strips soaked by tears. (a3) The schirmer I test result in pre-op and 1, 2 weeks post-op (mm/5min). (b1-
b4) The four levels of tear ferning test (scale bar: 200µm). (b1) Level . (b2) Level . (b3) Level . (b4)
Level . (b5) The tear ferning level in pre-op and 1, 2 weeks post-op. (c1-c4) The corneal �uorescein
staining test. (c1) Normal corneal with no staining each quadrant. (c2) Corneal of 1~30 spot staining
each quadrant. (c3) Corneal of >30 spot staining but no staining fusion each quadrant. (c4) Corneal of
spot staining fusion �laments and ulcers each quadrant. (c5) The score of corneal �uorescein staining in
pre-op and 1, 2 weeks post-op . *p <0.05, **p <0.01.



Page 16/18

Figure 3

The results of eye drops potency test. (a) The results of schirmer I test. (b) The data of tear ferning level.
(c) The corneal �uorescein staining score. Compared with the sham group, *p <0.05, **p <0.01; Compared
with the base solution group, p <0.05, p <0.01.
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Figure 4

The histopathological evaluation of corneal epithelial. (a) H&E staining of corneal epithelial. Scale bar:
50µm. (b) Immunohistochemical detection of TNF-α in cornea. Scale bar: 100µm. (c)
Immunohistochemical detection of TGF-β1in cornea. Scale bar: 100µm. (a1,b1,c1) Blank control.
(a2,b2,c2) Sham group. (a3,b3,c3) Base solution group. (a4,b4,c4) Low concentration group. (a5,b5,c5)
Medium concentration group. (a6,b6,c6) High concentration group. (a7,b7,c7) Positive control.
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Figure 5

The quantitative assessment of the expression of TNF-α and TGF-β1 via immunohistochemical detection
of cornea. Compared with the sham group, *p <0.05, **p <0.01; Compared with the base solution group,
p <0.05, p <0.01; Compared with the positive control, #p <0.05, ##p <0.01; Compared with the blank

control, ▲p <0.05, ▲▲p <0.01.


