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Introduction

Stevens-Johnson syndrome, ocular cicatricial pemphigoid, and 
thermal or chemical injury are all serious disorders that are known 
to scar the ocular surface. Clinical problems that arise during the 
scarring period include visual impairment due to conjunctival 
epithelium on the cornea resulting from limbal stem-cell failure, 
severe dry eye due to destruction of  the meibomian gland struc-
ture, obstruction of  the lacrimal gland conduit, loss of  conjunc-
tival goblet cells, and problems related to grooming and function; 
e.g., skin-like keratinization of  the ocular surface, trichiasis and 

entropion due to scar formation, eye-movement disorder due to 
symblepharon, and inability to open the eyelid [1-4].

To control inflammation in the acute phase, or to control scar-
ring-associated change post surgical intervention (e.g., cultured 
epithelial transplantation [5, 6], amniotic membrane transplan-
tation [7, 8], or plastic surgery treatment in the scarring phase 
[9]) local and systematic steroid therapy is often selected [1-3]. 
However, the use of  steroids is known to produce systematic side 
effects such as diabetes or infection, as well as focal-related side 
effects (e.g., cataract or glaucoma). Thus, new medication options 

Abstract

Purpose: To investigate the suppressive effects of  a chymase inhibitor (CI) on conjunctival scarring in a canine model of  
symblepharon induced by alkali burns.
Methods: Symblepharon models were made in beagle eyes. A cotton pad soaked in 1 N sodium hydroxide (NaOH) was 
placed in the conjunctival sac of  each eye for 90 seconds, followed by washing the sac with 100 ml of  physiological saline.
Immediately post treatment, one eye drop (50 μl) including 1 mM-CI or the vehicle (CI-treated group and vehicle-treated 
group, respectively) was instilled in 5 eyes of  5 beagles once daily for 5 weeks. Fellow eyes were left untreated and served as 
the normal group. The severity of  symblepharon was graded by macroscopic observation.
After the eyes were enucleated, conjunctival and scleral tissue specimens were histologically evaluated.
Results: Macroscopic observation revealed that symblepharon was induced in all NaOH-treated eyes, while symblepharon 
scores were significantly lower in the CI group than in the vehicle-treated group. Histological observation indicated a
significant reduction in the adhered area in the CI-treated group compared to the vehicle-treated group. Immunohistochem-
ical analysis demonstrated that vimentin-, α-smooth muscle actin-, chymase-, and angiotensin II-positive cells as well as mast
cells increased in the vehicle-treated group compared to the normal group, whereas they were reduced in the CI-treated 
group.
Conclusions: Our macroscopic and histological findings indicated that a multiple application of  CI eye drops suppressed 
conjunctival scarring in a canine symblepharon model, suggesting that the topical application of  CI may be a promising 
therapy for symblepharon.
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in the clinical setting to replace the use of  steroids have been 
long-awaited [10].

In animal models of  alkali injury, a kind of  chemical injury, severe 
inflammation of  the ocular surface, including corneal edema, ero-
sion, ulcer, and conjunctival ischemia, occurs in the acute phase 
and prolongs into the chronic phase, thus resulting in conjunctival 
scarring-related change including symblepharon [11-18].

Chymase is a serine protease mostly derived from mast cells that 
are primarily present in heart and blood vessels [19]. Although 
there is some evidence that smooth muscle expresses chymase, 
only mast cells appear capable of  accumulating chymase in se-
cretory granules [20]. Chymase acts as angiotensin II production 
enzymes other than angiotensin converting enzyme (ACE) that 
are involved in tissue remodeling and production of  the extracel-
lular matrix [21]. Whether or not the ACE or chymase acts as 
an angiotensin II-producing enzyme depends on the species of  
animal, yet in humans, monkeys, dogs, and hamsters, chymase is 
known to play a significant role [22]. There have been numerous 
investigations regarding chymase and fibrosis in the heart [23, 24], 
lungs [25], liver [26], kidneys [27], and vessels [28, 29]. Moreover, 
mast cells and chymase play an important role in wound healing 
and keloid formation of  skin through the transforming growth 
factor beta 1 (TGF-β1)/SMAD signaling pathway [30, 31].

Several studies have reported an involvement of  chymase in al-
lergic conjunctivitis. One of  those reports suggested that chymase 
was released from mast cells post antigen challenge, followed by 
the induction of  conjunctivitis symptoms through histamine re-
lease from mast cells [32]. Another in vitro study indicated that 
human mast-cell chymase caused conjunctival epithelial cell de-
tachment by degrading fibronectin, thus leading to secondary ap-
optosis as the mechanism of  conjunctival epithelial injury in ver-
nal keratoconjunctivitis [33]. A relationship between chymase and 
conjunctival fibroblasts has also been reported [34]. The findings 
of  that study indicated that chymase stimulated the proliferation 
of  Tenon's capsule fibroblasts, and that chymase inhibitor (CI) 
had a suppressive effect on subconjunctival scarring in a canine 
conjunctival flap model. Another study reported the suppressive 
effect of  the CI contained in gelatin hydrogel (GH) on the fi-
broblast proliferation in a canine filtration surgery model [35]. In 
addition, the involvement of  chymase has been suggested in the 
mechanisms of  mitomycin C action, used currently in the clinical
setting as a conjunctival adhesion inhibitor, in a monkey trab-
eculectomy model [36].

In this present study, we induced a canine model of  symblepha-
ron by alkali burn and investigated whether a CI had the suppres-
sive effects on conjunctival scarring in this model.

Methods

Animals

Twenty-six beagle dogs weighing 9-10 kg each were obtained 
from Japan SLC, Inc., Hamamatsu City, Shizuoka, Japan. Each 
day, the dogs were fed their regular diet of  chow, had free access 
to tap water, and were housed in an air-conditioned room at a 
temperature of  approximately 23ºC and 60% humidity with a 12-
hour light-dark cycle. This study was approved by the Institutional 

Animal Care and Use Committee of  Osaka Medical College, and 
the experimental procedures used for all animals were conducted 
in accordance with the ARVO Statement for Use of  Animals in 
Ophthalmic and Vision Research.

Preliminary Experiment: Induction of  a Canine Symblepha-
ron Model

Under general anesthesia using 35 mg/kg of  pentobarbital, a cot-
ton pad (Asahi Eisei Zairyo Co., Ltd., Osaka, Japan) measuring 
3 × 20 mm was soaked with 1N sodium hydroxide (NaOH) and 
then placed in the upper and lower conjunctival sacs of  1 eye 
for 15 seconds (n = 2), 60 seconds (n = 9), and 90 seconds (n 
= 5). The cotton pad was then removed (Fig. 1A) and the eye 
was washed with 100 ml of  physiological saline. Five weeks later, 
macroscopic observation of  the symblepharon of  each treated 
eye was conducted.

Experimental Protocol

A symblepharon model was induced by the same method as de-
scribed above (i.e., a 90-second exposure according to the results 
of  the preliminary experiment). A CI [Suc-Val-Pro-PheP(OPh)2, 
a gift from Prof. Józef  Oleksyszyn, Wroclaw University of  Tech-
nology, Wroclaw, Poland] was used for treatment [37]. The CI was 
adjusted as eye drops to be diluted to 1 mM with 0.01% dimethyl 
sulfoxide solution. The eyes were treated with a 1-drop (50 μl) 
instillation of  1 mM CI solution in 5 eyes of  5 dogs (CI-treated 
group) and the vehicle (0.01% dimethyl sulfoxide solution) in 5 
eyes of  5 dogs (vehicle-treated group), respectively, once daily for 
5-weeks post alkali burn. The fellow eyes without alkali burns (10 
eyes of  10 dogs) were defined as the normal group.

Five-weeks later, the severity of  symblepharon was evaluated by 
scoring as described below. The dogs were then killed by injecting 
a lethal dose of  pentobarbital sodium, followed by the removal of  
the eyeballs with palpebral conjunctiva, bulbar conjunctiva, and 
lid to loaf  for histological evaluation as described below.

Macroscopic Observation

The severity of  symblepharon was scored as follows: Score 0, no 
symblepharon; Score 1, symblepharon exists. When moving the 
eyelid, neither the eyeball nor nictitating membrane moves; Score 
2, symblepharon exists. There is strong adhesion, such that when 
moving the eyelid, the eyeball and nictitating membrane move to-
gether.

Histology and Immunohistochemistry

The eyeballs with palpebral conjunctiva, bulbar conjunctiva, and 
lid to loaf  were fixed in Carnoy's solution (Muto Pure Chemicals 
Co., Ltd., Tokyo, Japan) and embedded in paraffin. Under target-
ing of  the portion that caused the symblepharon, 5-μm-thick sec-
tions including palpebral and bulbar conjunctiva were then cut, 
mounted on silanized slides (Dako Japan Co. Ltd., Kyoto, Japan), 
and deparaffinized with xylene and a series of  graded ethanol. 
First, hematoxylin and eosin (HE) and Azan-Mallory staining was 
conducted to measure the adhered areas of  the palpebral con-
junctiva to the bulbar conjunctiva in the vehicle-treated and CI-
treated groups. The procedure for measuring the adhered areas 
was follows: 1) The depths of  the conjunctival sac were measured 
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along the parallel line to the palpebral conjunctiva in the sections 
from normal eyes (as shown in Figure 2A) and the normal-depth 
value of  the conjunctival sac was obtained by averaging them. 2) 
The adhered areas, surrounded by the eyelid, the sclera and the 
line obtained from the normal-depth value of  the conjunctival 
sac, were measured in the vehicle-treated and CI-treated groups 
using Image J software (as shown in Figures. 2B and 2C).

Next, Toluidine blue staining was used to identify mast cells. In 
order to determine the distribution of  chymase, immunohisto-
chemical staining was performed using anti-dog chymase anti-
body as previously described [38]. This antibody was a gift from 
Prof. George H. Caughey (University of  California San Francisco, 
USA), raised by injection of  α-chymase purified from dog mas-
tocytoma cells into rabbits; this antibody had specificity for dog 
tissue [39]. Expression of  angiotensin II was determined by rabbit 
anti-human angiotensin II polyclonal antibody (IgG Corporation,
Nashville, TN, USA). To examine the cellular pattern of  the sub-
conjunctival tissue, monoclonal antibodies for mouse anti-human 
α-smooth muscle actin (α-SMA; M0851, Dako Denmark A/S, 
Glostrup, Denmark), a marker of  myofibroblasts, and mouse 
anti-bovine vimentin (M0725, Dako Denmark A/S), a marker of  
vascular endothelial cells and fibroblasts, were used. The sections 
were incubated overnight at 4ºC with each antibody, followed by 
reaction with appropriate reagents from a streptavidin-biotin per-
oxidase kit (Dako Denmark A/S) and 3-amino-9-ethylcarbazole 
for 5 to 10 minutes. The sections were then lightly counterstained 
with hematoxylin.

Statistical Analysis

For the statistical analysis, each measurement was expressed as 
the mean ± standard deviation (SD). Symblepharon scores were 
analyzed by use of  the Wilcoxon’s signed ranks test. Other pa-
rameters were evaluated by use of  the paired t-test or the Tukey-
Kramer test. Differences were considered statistically significant 
at a P-value of  < 0.05.

Results

Preliminary Experiment

Severe conjunctival melting was observed in all eyes immediately 
after the exposure to 1 N NaOH (Figure 1A). With the macro-
scopic observation in the late phase, shortening of  the conjuncti-
val sac, adhesion between palpebral conjunctiva and bulbar con-
junctiva, and blepharophimosis were observed. There were two 
types of  adhesion observed later as follows: 1) diffuse adhesion in 
the conjunctival sac, which caused a shortening of  the conjuncti-
val sac, and 2) focal adhesion between the palpebral conjunctiva 
and the bulbar conjunctiva, or between the palpebral conjunctiva 
and nictitating membrane, which was observed as a bundle of  
adhesions. When diffuse and/or focal adhesions were observed 
(Figs. 1B and 1C), the case was determined as acquiring sym-
blepharon.

In 5 (100%) of  5 eyes exposed for 90 seconds and in 3 (33%) of  9 
eyes exposed for 60 seconds, symblepharon was observed within 
5 weeks post treatment with NaOH (Figures. 1B and 1C). How-
ever, in both eyes treated for 15 seconds, the conjunctiva healed 
early and symblepharon did not occur (Figure 1D).

Effects of  CI in the Symblepharon Model

In all of  the CI-treated-group eyes, the severity of  symblepharon 
was scored as 1 point, while the symblepharon score was 2 points 
in 4 of  5 eyes of  the vehicle-treated eyes and 1 point in the re-
maining eye. The mean symblepharon scores were 1.8 (± 0.4) and
1.0 (± 0) in the vehicle-treated and CI-treated groups, respectively, 
thus illustrating that the score was significantly lower in the CI-
treated group than in the vehicle-treated group (P = 0.046, Wil-
coxon’s signed ranks test).

In the vehicle-treated and CI-treated groups, adhesion occurred 
between the palpebral and bulbar conjunctivas. Before measur-
ing the adhered areas, normal-depth value of  the conjunctival sac 
was determined as 8.41 mm from the data of  normal eyes. Then, 
measurement of  the adhered areas revealed significant reduction 
of  those areas in the CI-treated group compared to the vehicle-
treated group (Figure 2).

Vimentin- and α-SMA-positive cells were increased in the alkali 
burn eyes (vehicle-treated and CI-treated groups), yet were more 
suppressed in the CI-treated group than in the vehicle-treated 
group (Figure 3, Table 1).

Mast cells (Toluidine blue staining), angiotensin II-positive cells, 
and chymase-positive cells were examined (Figure 4, Table 1). In 
the vehicle-treated group, mast cells, angiotensin II-positive cells, 
and chymase-positive cells were increased in comparison to the 
normal group. In the CI-treated group, the numbers of  all of  
those cells were suppressed.

Discussion

The findings of  the current study demonstrated for the first time 
that the topical application of  CI inhibited conjunctival fibrosis 
post alkali burn in a canine symblepharon model. In addition, and 
to the best of  our knowledge, this is the first report on multiple 
application of  CI as eye drops in an animal model.

Dogs were used in this present study because unlike in rats and 
rabbits, the conversion of  angiotensin I to angiotensin II in the 
vascular tissue of  humans, monkeys, dogs and hamsters is partly 
dependent on chymase [40, 41]. In addition, the similarly of  dogs 
to humans in regard to the fibrosis of  the conjunctiva, such as 
symblepharon formation post ocular alkali injury, has previously 
been reported [42].

Our results suggested that a 90-second placement of  1 N NaOH 
in the conjunctival sac creates a stable canine symblepharon mod-
el in the chronic phase. To the best of  our knowledge, although 
there have been many reports on animal models of  alkali-burned 
cornea [11-18], there have been no reports of  models of  sym-
blepharon induced by alkali injury. As NaOH is often used at 1 
N in models of  alkali-burned cornea, we opted to apply it at that 
concentration in this present study. According to the time-de-
pendent effect of  NaOH in the preliminary experiment, a 90-sec-
ond placement of  a NaOH-soaked cotton pad into the conjuncti-
val sac was performed in the main experiment.

The concentration of  the CI eye drops in the current study was 
determined based on our previous report [35]. In that study, the 
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gelatin hydrogel (a 5 × 5 × 1.5-mm block) included the CI solu-
tion at 10 μM; the total amount of  the CI in the block of  gelatin 
hydrogel was therefore 375 pmol, 80% of  which was gradually re-
leased over a 14-day period. On the other hand, 50 μl of  the CI at 
1 mM was applied once daily for 35 days in the present study. The 
total amount of  the CI was 17500 pmol, approximately 50-times 
larger than the amount applied in the previous study. We consid-

ered that the effect of  alkali burn on the ocular tissue was much 
more severe than that of  filtration surgery, and thus decided to set 
the concentration at 1 mM.

Through the macroscopic observation, shortening of  the con-
junctival sac, adhesion between the palpebral conjunctiva and 
bulbar conjunctiva, and blepharophimosis were observed in the 

Figure 1. Representative photographs of  the canine eyes immediately after (A) and 5 weeks after a 90-second (B), 60-second (C), and 
15-second (D) treatment with 1N sodium hydroxide (NaOH) applied with a cotton pad. Immediately post removal of  the cotton pad, the 
conjunctiva was highly soluble and the opacity was induced in the cornea (A). Later, focal adhesion (B, C: yellow arrow) and/or diffuse 
adhesion (B: white arrowhead) occurred via the 60- or 90-second treatments, while the 15-second treatment produced no adhesion (D).

Figure 2. Representative photographs of  the sections obtained from the normal eye (A), the vehicle-treated eye (B), and the CI-treated 
eye (C) that were stained with Azan-Mallory staining. Red lines indicate the depths of  the conjunctival sac. Adhesion developed between 

the palpebral and bulbar conjunctivas in the vehicle-treated and CI-treated eyes (B, C). The areas of  adhesion, surrounded by yellow 
lines, were smaller in the CI-treated eye (C) than in the vehicle-treated eye (B).

This result was verified by statistical analysis with the paired t-test (D: the mean ± SD for 5 dogs, *P<0.05). ★: eyelid, white arrowheads: 
sclera. Scale bars: 1 mm.
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Figure 3. Representative photographs of  the sections obtained from the normal eye (A, B), the vehicle-treated eye (C, D) and the CI-
treated eye (E, F). Images A, C, and E show vimentin staining, while images B, D, and F show α-SMA-staining.

Compared to the normal eye, vimentin-stained cells and α-SMA-stained cells were increased in the vehicle-treated eye. An increase was 
seen even in the CI-treated eye, yet that increase seemed to be suppressed in comparison to the 

vehicle-treated-group eye. Scale bars: 50 μm.
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current symblepharon model. Whereas, the adhesion changes, 
as evaluated by the symblepharon score, were significantly sup-
pressed in the CI-treated group compared with the vehicle-treated 
group. In other words, the strong adhesion which restricted ocular 
movement was not observed in the CI-treated group. The degrees 
of  adhesion are presumably affected by the contraction of  the tis-
sue and the range of  adhesion. Histological analysis also revealed 
that the adhered areas were significantly reduced in the CI-treated 
group. Previous studies have reported the preventive effect of  
the same CI as in the present study in animal models of  adhesion
formation [34, 35, 43, 44]. In addition, another CI was reported 
to attenuate extracellular matrix loss and tissue remodeling in a 
canine model of  cardiovascular fibrosis [45].

In this present study, immunohistochemical analysis revealed that 
fibroblasts (vimentin-positive cells) were increased in the alkali in-
jured eyes in both the vehicle-treated group and CI-treated group 
compared to the normal group, yet the increase was significantly 

suppressed in the CI-treated group. Myofibroblasts (α-SMA-
positive cells) were also increased in the alkali injured eyes, specifi-
cally in the vehicle-treated group, although no significant increase 
was observed in the CI-treated group. It has been reported that 
the proliferation of  fibroblasts promotes fibrosis and adhesion 
change between palpebral conjunctiva and bulbar conjunctiva and 
results in symblepharon formation [46]. However, the results of  
another study showed that the proliferation of  myofibroblasts 
which produce actin filaments promotes shrinking of  the tissue, 
thus resulting in a stronger adhesion [47]. The findings in this cur-
rent study suggest that CI suppresses symblepharon formation 
through the inhibition of  fibroblasts as well as myofibroblasts.

In this present study, mast cells, chymase-positive cells, and angio-
tensin II-positive cells were increased in the vehicle-treated group 
in comparison to the normal group. To date, there are few reports 
on mast cells and chymase in alkali-burn models, however, there 
have been many reports on their involvement in post-surgical ad-

Figure 4. Representative photographs of  the sections obtained from the normal eye (A-C), the vehicle-treated eye (D-F), 
and the CI-treated eye (G-I). The numbers of  mast cells (Toluidine blue staining; A, D, G), angiotensin II-positive cells 

(B, E, H), and chymase-positive cells (C, F, I) were examined. Black arrows indicate positive cells. All 3 types of  cells were 
found to be increased in the vehicle-treated eye compared to the normal eye. In the CI-treated eye, the increase of  those 

cells was suppressed in comparison to the vehicle-treated-group eye. Scale bars: 50 μm.
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Table 1. Comparison of  densities (per mm2) of  vimentin-positive and α-SMA-positive cells, mast cells, chymase-positive 
cells, and angiotensin II-positive cells in the normal-, vehicle-treated-, and CI-treated-group eyes.

Normal Vehicle-treated CI-treated
Vimentin-positive cells 814.5 ± 99.8 5073.6 ± 1025.4 * 2842.9 ± 793.7*,†
α-SMA-positive cells 1.0 ± 0.2 4032.5 ± 2347.8* 168.5± 297.4†

Mast cells 10.7 ± 3.6 38.4 ± 5.7* 5.2 ± 7.9†
Chymase-positive cells 11.0 ± 3.7 37.8 ± 4.2* 5.3 ± 6.6†

Angiotensin II -positive cells 15.5 ± 9.7 40.6 ± 4.8* 6.1 ± 3.2†

Data are represented as the mean ± SD for 10, 5, and 5 dogs, respectively. *P<0.05 vs.  Normal group, †P<0.05 vs. Vehicle-treated 
group, Tukey-Kramer test.
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hesion as well as uveitis or allergic conjunctivitis [32-35, 44, 45, 
48, 49]. In this current study, those cells were found to be rather 
reduced in the CI-treated group, probably due to the inhibitory 
effects of  CI on the accumulation of  mast cells.

It should be noted that this present study did include several 
limitations. First, the most suitable CI dosage (i.e., the eye-drop 
concentration and the number of  instillations per day) is a ques-
tion that requires further investigation. In addition, the effect of  
the CI should be compared with other conventional or probable 
drugs for the treatment of  symblepharon, such as steroids. Fur-
thermore, other pathogenic factors, except for chymase, might 
also be involved in the symblepharon model we used in the cur-
rent study; tumor necrosis factor α, TGF-β1, Interleukin 1 and 
Interleukin-6 and so on. These other factors should also be stud-
ied in the future.

Conclusion

Our results, via both macroscopic and histological observation, 
suggest that CI eye drops suppress conjunctival scarring in a ca-
nine symblepharon model. The topical application of  CI for the 
treatment of  symblepharon is a therapy that appears to be worthy 
of  further investigation.
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