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ABSTRACT This study was performed to identify the effect of synovium graft on
conjunctiva in rabbits after dry eye induction. Six New Zealand White rabbits were
used as dry eye models. Both eyes were divided to two groups as control and synovium
graft group. The synovium graft was performed in fourth week after dry eye modeling.
Quantitative change of tears through Schirmer tear test (STT), qualitative change of
tear film through tear film break up time (TFBUT), and damage of cornea through
fluorescein staining were observed for 10 weeks at intervals of two weeks. Histological
examination was performed to evaluate cornea and conjunctiva at tenth week. In
both groups, STT and TFBUT were significantly decreased in 4 weeks after modeling
compared to 0 weeks (p < 0.05) . After synovium graft, there were increases in STT
value at 4 weeks and TFBUT at 4 and 6 weeks in graft group (p < 0.05). Corneal
fluorescein staining showed no significant difference between the two groups. In
histopathological examination, grafted synovium was detected as round to ovoid
ingression folds, well attached to grafted regions with 0.11 ± 0.04 mm2 (range, 0.050.16 mm2). These results indicated that the synovium graft on the conjunctiva had an
effect on the qualitative and quantitative improvement of the tear film even though
there was no histological change.
Keywords: dry eye, keratoconjunctivitis sicca, rabbit, synovium graft

INTRODUCTION

result, the dehydration of tear film as well as hyperosmolarity of tear occurs. Hyperosmolarity activates inflam-

Dry eye, also known as keratoconjunctivitis sicca, is a

matory response and releasing of inflammatory mediators

common ocular surface disease in dogs showing ocu-

into the tears. This causes damage to the ocular surface

lar discomfort with hyperemia, a mucoid to mucopu-

epithelium (The definition and classification, 2007).

rulent exudate, pigmentation, corneal vascularization,

The rabbit dry eye model has been well established

and sometimes corneal ulcer (Sanchez et al., 2007). It is

and evaluated from 1987 (Gilbard et al., 1987). Because

caused by one or more of tear film layer problem. The

of the large exposed ocular surface in rabbits compared

major causes of breaking this layer are the decrease of

with mice, standard dry eye clinical tests such as tear film

tear secretion and the increase of tear evaporation. As a

break-up time (TFBUT), Schirmer tear test (STT) and fluo-
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rescein staining of the ocular surface can be much more

MATERIALS AND METHODS

easily performed in rabbits (Barabino and Dana, 2004).
In a recent study, a mild dry eye model is established by

Animals

surgically removing the lacrimal gland, harderian gland,

Six healthy male New Zealand White rabbits (age: 12

and nictitating membrane, and a moderate dry eye model

weeks) without any ophthalmic diseases were used. All

is established by chemical burning bulbar conjunctiva. By

experimental protocols were approved by the Institutional

combining above both techniques, a severe dry eye model

Animal Care and Use Committees of Kyungpook National

is established (Li et al., 2013).

University (2019-0161).

Medications are the primary therapy of dry eye. But
there are some disadvantages of the medical treatments,

Study design

including frequent application and long administration

Dry eye was induced by surgical excision of lacrimal

periods. In some cases of dry eye, surgical intervention

gland, Harderian gland and nictitating membrane. The

are indicated, including parotid duct transposition and

clinical examinations during dry eye modeling were per-

partial tarsorrhaphy (Plummer et al., 2008; Rhodes et al.,

formed every other week for 4 weeks. After that, in all of

2012). However, these surgical methods are limited in

the 6 rabbits, the right eyes and the left eyes were used

their application and have complications like dysfunction

for Group A (control) and Group B (treatment), respec-

of parotid duct or mineral precipitates on ocular surface

tively. Both eyes were dry eye-induced and then the left

(Plummer et al., 2008; Rhodes et al., 2012). Therefore,

eye received a synovium graft surgery on conjunctiva. In

other surgical methods such as transplants of labial mu-

both group, clinical examinations were performed every

cosa or nasal mucosa have been tried for the treatment of

other week for 6 weeks and histological examination was

the dry eye (Castanho et al., 2013; Wenkel et al., 2000).

performed after being euthanized at 6 week.

It was reported that synovial fluid, tear, and saliva have
similar functions (Jay and Hong, 1992). Synovial fluid

Dry eye modeling

contains lubricants such as hyaluronic acid synthesized

Each rabbit was anesthetized and positioned in lateral

by the synovial membrane and lubricin secreted by syno-

recumbency. For aseptic surgery, all surgical procedures

vial fibroblast (Jay et al., 2000). Numerous studies dem-

were performed in positive pressure operating room.

onstrated that hyaluronic acid accelerates corneal wound

Then the periocular surface and left stifle were prepared

healing both in vitro and in vivo (Yang et al., 2010; Wu et

by shaving and sterilizing with alcohol and chlorhexidine.

al., 2013). Recent studies showed that lubricin is secreted

The globe was flushed with 0.2% povidone iodine solu-

by meibomian gland in rabbits and ocular surface epithe-

tion. Before surgery, local anesthesia was performed with

lia in human (Cheriyan et al., 2011; Schmidt et al., 2013).

AlcaineⓇ eye drop (0.5% proparacaine hydrochloride oph-

In human, lubricin had effective improvement in clini-

thalmic solution, Alcon Laboratories, Belgium).

cal symptoms of dry eye compared with hyaluronic acid

Temporal lobes of the lacrimal gland were removed by

(Lambiase et al., 2017). In synovial fluid and synovium,

blunt dissection of lateral canthal region. After blunt dis-

it is also detected bone morphogenetic protein that is

section of intraorbital tissues, infraorbital lobes of the

important for the development and restore of lacrimal

lacrimal gland were gently drawn with adson-brown for-

glands and has functions for corneal tissue repair (Saika

ceps. The Harderian glands were separated by blunt and

et al., 2005; Zoukhri et al., 2008).

sharp dissection. Then, both of nictitating membranes

There has not been reported the effect of synovium
graft on conjunctiva in dry eye. The purpose of this study

and Harderian glands were removed in their entirety, together with the complete capsule (Fig. 1).

is to evaluate the effect of synovium graft on conjunctiva
to treat experimentally induced dry eye in rabbits.

Synovium graft on conjunctiva
After anesthesia, surgical site was aseptically prepared
and the synovium graft was taken from the stifle joint by
craniolateral approach. Using 8 mm biopsy punch (Miltex,
Inc., York, PA, USA), a graft was obtained from the inner
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A

B

C

D

E

Fig. 1. Surgical steps of inducing dry eye. (A) Resecting infraorbital lobe of lacrimal gland, (B) Resecting temporal lobe of lacrimal gland, (C)
Removing nictitating membrane and Harderian gland at the medial canthus region, (D) Surgically resected infraorbital lobe (left) and temporal lobe (right) of lacrimal glands, (E) Resected nictitating membrane (left) and Harderian gland (right).

A

B

Fig. 2. Synovium graft on conjunctiva.

C

D

(A) Excision of synovium from stifle
joint, (B) Excised synovium graft, (C)
Preparing the recipient site in the palpebral conjunctiva, (D) Suture of synovium
graft on conjunctiva.

part of joint capsule, and the incision is closed in layers.

suture, KRUUSEⓇ, Denmark) (Fig. 2). Intramuscular tram-

The globe and conjunctiva were flushed with 0.2% povi-

adol (2 mg/kg, MaritrolⓇ; Je Il Pharm. Co. Ltd., Korea) and

Ⓡ

done iodine solution. Before surgery, Alcaine eye drop

cefazolin (25 mg/kg, CefazolⓇ, Hangook Chorus Pharm,

was administrated for local anesthesia. The palpebral

Korea) were given twice a day for 5 days after surgery.

conjunctiva was everted using a chalazion clamps. Then
using same biopsy punch and metzenbaum scissors, pal-

Clinical examination

pebral conjunctiva was detached and the synovium graft

STT was used for checking the amount of tear. Without

was sutured on that site using simple interrupted suture

any eye drops, one Schirmer strips (Schirmer Mark Blu,

methods with absorbable suture size 8-0 (KRUUSE Sacryl

Optitech Eye careⓇ, India) was inserted into the middle
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of lower eyelid and eyes were closed. After one min, the

solution. Each upper palpebral conjunctiva was crossly

measured values were recorded. TFBUT was performed

trimmed as one part based on the center located graft

for examination the tear film stability. After applying

sites, and the sample of each cornea was separated from

fluorescein to the ocular surface by a wetted fluorescein

individual globes and crossly trimmed also as one part.

strip, the time from opening the eyes to the appearance

After that, they were embedded in paraffin and sectioned

of the first spot in the corneal surface was measured in
seconds. Interval over 4 hr was given between STT and

(3-4 μm) as one section in cornea and as two serial sections in upper eyelid, respectively. Representative sec-

TFBUT. Fluorescein staining was checked after TFBUT ex-

tions were stained with hematoxylin and eosin staining

amination. Using slit-lamp microscope with a cobalt blue

(HE) for general histology, and periodic acid Schiff (PAS)

filter, the cornea of all rabbits was taken a photograph

for detecting mucosubstances. The histological profiles

at a magnification of 10. The National Eye Institute/In-

were interpreted under a light microscope (Model Eclipse

dustry grading scale (NEI) was used for scoring of corneal

80i, NikonⓇ, Japan) as blinds to group distribution when

staining. The cornea was divided into five zone (center,

this analysis was made.

superior, temporal, nasal and inferior zones), and scored
from 0 to 3 (Grade 0: normal; Grade 1: mild, superficial

Histomorphometrical analysis

stippling; Grade 2: moderate, punctate staining includ-

To observe more detail histopathological changes, rem-

ing superficial abrasion of the cornea; Grade 3: severe,

nant grafted synovium area (mm2) and mean epithelial

corneal erosion or deep corneal abrasion). The maximum

thickness (μm) and mean numbers of PAS positive cells

possible clinical score was 15 (Ward, 2008).

(numbers/mm2) around graft and peri-graft regions of
upper palpebral conjunctiva were calculated using a com-

Histological process

puter-based automated image analyzer (iSolution FL ver

Under the sedation with intramuscular injection of xyla-

9.1, IMT i-solution Inc., Canada) according to the previ-

zine (3 mg/kg, RompunⓇ; Bayer Korea, Korea), euthanasia

ous report with some modifications (Kim et al., 2015a). In

was performed with intravenous injection of T-61 eu-

addition, mean thicknesses (μm) of total cornea, epithelial

thanasia solution (American Hoechst, USA). To eliminate

and stroma were also calculated by an automated image

the pain of the experimental animal, the whole globe was

analyzer, according to previous reports with some modifi-

enucleated from all rabbits after euthanasia, using the

cations (Kim et al., 2015b).

lateral subconjunctival enucleation technique. Palpebral
conjunctiva of the upper eyelid, where synovium was

Statistical analysis
All data were recorded as mean ± standard deviation

tion, all samples were fixed in 10% neutral formaldehyde

(SD). To compare between groups and times, non-para-
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Fig. 3. The Schirmer tear test (STT) value during inducing dry eye.
Data were expressed as mean ± SD. *Significant differences compared with 0 week (p < 0.05).
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grafted, was excised widely. For histological examina-
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Fig. 4. The tear film break-up time (TFBUT) during inducing dry eye.
Data were expressed as mean ± SD. *Significant differences compared with 0 week (p < 0.05).
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metric Mann-Whitney U test was performed using Sigma-

week (p < 0.05) (Fig. 5).

Plot (Version 14.0, Systat Software Inc, UK). p values less
than 0.05 were considered statistically significant.

Ophthalmic examinations after treatment

RESULTS

line then every other week. Preoperatively, no significant

All ophthalmic examinations were performed at basedifference in ophthalmic examinations were identified

Ophthalmic examinations during inducing dry eye

between the groups. In group B, the STT value was gradu-

Preoperative STT value and TFBUT made no difference

ally increased during 0 to 4 weeks, but had no significant

between both eyes. At 4 weeks after induction of dry

differences among the weeks. In 4 weeks, the STT value

eye, the STT value was significantly lower compared with

of group B was significantly higher than that of the group

preoperative value (p < 0.05) (Fig. 3). In addition, TFBUT

A (p < 0.05) (Fig. 6). The TFBUT of group B were signifi-

was significantly shorten in 2 and 4 weeks than 0 week (p

cantly higher than that of the group A at 4 and 6 weeks (p

< 0.05) (Fig. 4). Post-operative corneal fluorescein stain-

< 0.05) (Fig. 7). In comparison between both groups, there

ing score at 2 and 4 weeks was significantly higher than 0

was no significant difference of the corneal fluorescein
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Fig. 5. The corneal fluorescein staining score during inducing dry
eye. Data were expressed as mean ± SD. *Significant differences
compared with 0 week (p < 0.05).
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Fig. 7. The tear film break-up time (TFBUT) after synovium graft.
Data were expressed as mean ± SD. Group A: control group,
Group B: treatment group. *Significant differences compared with
Group A in same weeks (p < 0.05).
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Fig. 6. The Schirmer tear test (STT) value after synovium graft.
Data were expressed as mean ± SD. Group A: control group,
Group B: treatment group. *Significant differences compared with
Group A in same weeks (p < 0.05).
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Fig. 8. The corneal fluorescein staining score after synovium graft.

Data were expressed as mean ± SD. Group A: control group,
Group B: treatment group.
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staining score. Although, the corneal staining scores in

in group B as compared to group A, respectively (Table

both group A and B were gradually decreased, there was

1, Fig. 9). In addition, there were no significant changes

an increase in group B at 2 weeks but without any signifi-

in the mean thicknesses of total cornea, epithelium and

cant differences (Fig. 8).

stroma in group B when compared to group A (Table 2,
Fig. 10).

Histopathological analysis
At histopathological observation, grafted synovium was

DISCUSSION

detected as round to ovoid ingression folds, well attached
to grafted regions, with 0.11 ± 0.04 mm2 (range, 0.05-0.16
2

The rabbit dry eye model used in this study was induced

mm ) of mean remnant grafted synovium area. However,

by surgical removal of all of the nictitating membrane,

no significant changes on the mean epithelial thick-

lacrimal glands, and Harderian glands, which resulted in

nesses and PAS positive cell numbers were demonstrated

the decrease of aqueous and lipid layers of tear film. In

Table 1. The histomorphometrical analysis on the conjunctiva
Index (unit)

Group B: regions

Group A

2

Graft
†

Remnant synovium graft areas (mm )

Peri-graft
0.00 ± 0.00†

0.00 ± 0.00

0.11 ± 0.04

Mean epithelial thicknesses (μm)

22.72 ± 2.37

21.95 ± 1.95

22.69 ± 2.21

Mean PAS positive cell numbers (cells/mm2)

77.33 ± 15.16

66.67 ± 17.00

77.00 ± 10.49

†

Group A: control group, Group B: treatment group. Values are expressed as mean ± SD of 6 histological fields. Not detected.

HE

PAS

EP

A

CT

EP

B

CT

EP

C

CT

Fig. 9. The representative histopathological profiles of the upper eyelid conjunctiva tissues. Histopathological examination was conducted

on sixth week after graft. (A) Group A: control group, (B) Group B: Graft site of treatment group, (C) Group B: Peri-graft site of treatment
group. All HE stains, scale bars = 80 μm. CT: Conjunctiva, EP: Epithelium, Black arrowhead: PAS positive.
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previous studies, significant decrease in tears, elevation

ing. Increasing of STT value means that it is due to the

of tear osmolarity, mild damage in cornea, and relatively

increase of tear production or improvement of the storing

small decrease of goblet cell density were shown within

ability (Yokoi et al., 2004). TFBUT is to measure the time

four weeks in this model (Gilbard et al., 1987; Li et al.,

when a tear film begins to break after it is distributed on

2013). In this study, significantly decreased STT and TF-

the surface of cornea. The decrease in this value is caused

BUT values, and increased corneal staining scores were

by the instability of tear film. In this study, the TFBUT in

noted at four weeks for dry eye modeling, which was re-

treatment group increased significantly compared to con-

garded that the mild dry eye was induced.

trol group in 4 weeks and 6 weeks of graft. Increasing of

It was hypothesized that the components of the synovial

this value means that the instability of the tear film has

fluid from the grafted synovium would replenish the in-

been alleviated by supplement of mucin layer (Davidson

sufficiency of aqueous layer and reinforce mucin layer in

and Kuonen, 2004). The increases in both STT and TF-

this rabbit model. As a result of this, it was expected that

BUT may be due to the effect of components secreted

the quantity and quality of tear would be improved. In

from grafted synovium in this study. The increase of tear

this study, the STT values of control group were remained

quantity may be due to reflex tears, which were produced

constantly lower than pre-operative values, but a gradual

by exposure of the eye to external factors, as irritation of

increases of the STT value were observed as time passed

the graft suture material in this study (Gelatt et al., 2013).

in treatment group. When compared with the control

However, a correlation between eye irritation and TBUT

group, it was found that the STT value in the treatment

reduction has been reported, and in addition, an increase

group increased significantly in the four weeks after graft-

in STT values and a decrease in TFBUT were observed in
eyes exposed to chronic irritation (Satici et al., 2003).
The accurate assessment of the status of ocular sur-

Table 2. The histomorphometrical analysis on the cornea
Index (unit)

Group A

face is important to clinician, and fluorescein staining is

Group B

useful for detecting various corneal abnormalities such

Thicknesses (μm)
Total
Epithelial
Stroma

as corneal wound, fistula and ulcer (Ward, 2008). In this

353.50 ± 22.86

355.50 ± 23.46

29.24 ± 2.29

28.33 ± 2.06

study, corneal fluorescein staining scores showed statisti-

314.12 ± 25.81

316.35 ± 24.80

cally significant increases after dry eye modeling. After

Group A: control group, Group B: treatment group. Values are expressed
as mean ± SD of 6 histological fields.

Total

of treatment group was less than 3 and have no signifi-

Epithelium

Epithelium
A

synovium graft, the highest score shown at second week

Stroma

Epithelium

Stroma

Endothelium

Epithelium
B

Epithelium

Stroma

Endothelium
Fig. 10. The representative histopathological profiles of the cornea tissues. Histopathological examination was conducted on sixth week af-

ter graft. (A) Group A: control group, (B) Group B: treatment group. All HE stains, scale bars = 80 μm.
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cant difference between groups. Considering that the

CONCLUSION

total clinical score is 15, corneal damage was mild. The
location of the corneal staining was limited to counterpart

In conclusion, the present study suggests that the

region of synovium graft, and the staining was observed

quantity and quality of tear are significantly improved

until second week after graft. Accordingly, it is thought

by synovium graft on the conjunctiva. However, more

to be a minor postoperative complication. To reduce this

advanced surgical techniques and post-operative medica-

complication, like other studies, it could be considered

tions to increase survival rate of grafted synovium seemed

that changing the location of the graft into a conjunctival

to be required. The evaluations of tear components

fornix or using of therapeutic contact lens (Kuckelkorn et

are also needed for understanding the precise effect of

al., 1996; Sant’ Anna et al., 2012).

synovium graft.

In this study, grafted synovium region was detected
with 0.11 ± 0.04 mm2 (range, 0.05-0.16 mm2). Because

CONFLICTS OF INTEREST

the remnant synovium was shrunk, it is necessary to precede advanced graft techniques to improve the survival
rate of graft tissue through preventing graft shrinkage
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by applying a larger tissue or scaffold when performing synovium graft on the conjunctiva. The synoviocytes
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