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ABSTRACT | Purpose: To study a latex biomembrane and
conjunctival autograft with regard to the promotion of conjunctival
healing in rabbits. Methods: The study included nine male albino
rabbits. In these rabbits, a rectangular area of the conjunctiva
was surgically removed from the superonasal quadrant adjacent
to the limbus in both eyes. The bare area of the sclerotic coat of
the right eye was reconstructed with a latex biomembrane, and
the corresponding site of the left eye was reconstructed with a
conjunctival autograft. The animals were killed in groups of three
at 7, 14, and 21 days after surgery. The tissues from the surgical
site, including the cornea, were fixed in formaldehyde, and were
then processed in paraffin and stained with hematoxylin and
eosin. The nature and intensity of the inflammatory response and
the epithelial pattern at the conjunctival surface were evaluated
under optical microscopy with longitudinal histological sections
through the center of the anatomical specimens. Results: Until the
14 postoperative day, the inflammatory reaction was greater in
the biomembrane group than in the conjunctival autograft group.
In the latex biomembrane group, inflammation was less intense
and the stroma was thicker on the 14" postoperative day than
on the 7" postoperative day. After three weeks, conjunctival
healing in both groups showed similar characteristics. Conclusion:
Although healing was slower with a latex biomembrane, tissue
reconstitution was almost the same as that with a conjunctival
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autograft by three weeks. A latex biomembrane is as effective
as a conjunctival autograft for the reconstruction of the ocular
surface. Owing to the lack of toxicity and allergenicity, a latex
biomembrane appears to be a promising therapeutic option for
conjunctival reconstruction.
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RESUMO | Objetivo: Estudar o uso da biomembrana de
latex e o transplante conjuntival autélogo na cicatrizacdo
conjuntival em coelhos. Métodos: Em nove coelhos albinos,
neo-zelandeses, machos foram removidas areas retangulares
idénticas, do quadrante supero nasal, adjacente ao limbo, de
ambos os olhos. As dreas desnudas da camada esclerética nos
olhos direitos foram recobertas com biomembrana de latex e
a dos olhos esquerdos com enxerto conjuntival autélogo. Os
animais foram sacrificados em grupos de trés, aos 7, 14 e 21 dias
apos a cirurgia. Os tecidos do local cirtrgico, incluindo a cérnea,
foram fixados em formaldeido, antes de serem processados em
parafina e corados com hematoxilina e eosina. A natureza e a
intensidade da resposta inflamatéria e o padrao de epitelizagao
da superficie conjuntival foram avaliados sob microscopia éptica,
em secdes histolégicas longitudinais, passando pelo centro dos
espécimes anatomicos. Resultados: Até o décimo quarto dia
pés-operatério, o grupo que recebeu a biomembrana apresentou
reacdo inflamatéria mais intensa do que o grupo com auto
enxerto conjuntival. Aos 14 dias, os olhos com biomembrana
apresentavam-se menos inflamados e com estroma mais espesso
do que aos 7 dias. Aos 21 dias, a reparagdo conjuntival de
ambos os grupos apresentavam caracteristicas semelhantes.
Conclusao: Apesar de apresentar uma cicatrizagao mais lenta,
a biomembrana de latex se mostrou tao eficaz quanto o auto
enxerto conjuntival na reconstrucdo da superficie ocular apds
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trés semanas de cicatrizagdo pés-operatéria. Devido as suas
baixas toxicidade e alergenicidade, este material parece ser uma
opgao terapéutica promissora na reconstrucao da conjuntiva.

Descritores: Cicatrizagdo de feridas; Latex; Conjuntiva/trans-
plante; Transplante aut6logo; Histologia; Coelhos

INTRODUCTION

A latex biomembrane has been developed at the
Neurochemistry Laboratory of the Faculty of Medicine
of Ribeirdo Preto, University of Sdo Paulo, Brazil. This
membrane is prepared using latex extracted from the
rubber tree Hevea brasiliensis. The allergenicity and
toxicity of this natural latex are almost completely neu-
tralized during the preparation of the membrane. This
membrane has important biochemical properties, such
as angiogenic activity, cell adhesion promotion, and
provisional extracellular matrix formation®. In animals,
it has been shown to enhance healing of the esophagus
mucosa and abdominal wall, and it can function as
a partial substitute for the pericardium®. In humans,
it has been used successfully for reconstructing the
tympanic membrane® and healing lower limb ulcers*>.
Additionally, it has shown excellent biocompatibility®”
and low allergenicity®®, and it can be sterilized with
ethylene oxide®.

Treatment for diseases of the bulbar conjunctiva,
such as symblepharon, frequently requires removal of
large areas of adherent tissue, and this generates large
areas of bare sclera. Similar outcomes are noted in the
treatment of extensive conjunctival tumors. In both
cases, it is often required to surgically reconstruct the
conjunctiva. Conjunctival autograft or amniotic mem-
brane implantation is currently used for this procedure.
The use of a conjunctival autograft is very efficient, but
it is limited by the difficulty of harvesting tissue without
causing functional impairment at the donor site®. A
natural amniotic membrane has numerous properties
that promote healing. However, it is unclear whether
these properties are retained after preparation of the
membrane for surgical use. Moreover, as it is a human
material, there is a risk of disease transmission%'",
Numerous other conjunctival substitutes have been
proposed, including oral mucosa and nasal mucosa,
and a recent study has assessed the use of extracellular
matrix by tissue engineering for conjunctiva transplan-
tation in rabbits"?.

In a previous study, we found that a latex biomem-
brane was not only well tolerated but also capable of ac-
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celerating the growth of epithelial cells along the ocular
surface. When compared with conjunctival healing by
secondary intention, it provided better results in a shor-
ter time"*"¥. This finding presented the possibility of a
new form of conjunctival reconstruction, without the limi-
tations associated with existing methods. Considering
that a latex biomembrane has already been compared
with secondary intention conjunctival healing, the next
logical step before proposing its use in human eyes is to
compare its use with conjunctival autograft use, which
is the gold standard method of conjunctival reconstruc-
tion. Therefore, the aim of this study was to assess the
effects of a latex biomembrane and conjunctival auto-
graft on wound healing of the rabbit conjunctiva, and to
compare the use of a latex biomembrane with the use of
a conjunctival autograft.

METHODS

The study included nine male albino rabbits (Oryc-
tolagus cuniculus). These rabbits were three months old
and weighed from 2.5 to 2.9 kg. They were anesthetized
by intravenous injection of sodium thiopental. In these
rabbits, a rectangular area of the conjunctiva (1.5 cm
wide and 1.0 cm long) was surgically removed from the
superonasal quadrant adjacent to the limbus in both
eyes (Figure 1). The bare area of the sclerotic coat of the
right eye was then reconstructed with a latex biomem-
brane (80-um thick) having dimensions identical to the
dimensions of the original wound. The corresponding
area of the left eye was reconstructed with conjuncti-
val flaps obtained from the inferior conjunctiva of the
same eye. In both cases, the grafts were sutured to the
edges of the conjunctival lesion with mononylon 10-0
(Ethicon, 7718, Johnson & Johnson, Sdo Paulo, Brazil).
Postoperatively, all animals were treated with neomycin
and dexamethasone eye drops (Maxitrol®, Alcon, Sao
Paulo, Brazil), thrice daily, until sacrifice. The rabbits
were killed in groups of three at 7, 14, and 21 days af-
ter surgery. A lethal dose of anesthetic was used before
decapitation. The biomembranes were kept in place in
all animals until the 14" postoperative day. At that time,
the three animals that had been kept alive for the next
seven days were also anesthetized to remove the latex
biomembranes and the sutures from both eyes (Figure 1).
The tissues from the surgical sites, including those from
the adjacent corneas, were fixed in formaldehyde and
were then processed in paraffin and stained with he-
matoxylin and eosin. Longitudinal histological sections
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Figure 1. A latex biomembrane and conjunctival autograft at 14 days postoperatively. A) Latex biomembrane before
removal. B) Surgical site after biomembrane removal. C) Conjunctival autograft with 10-O mononylon sutures. D) Con-
junctival autograft after suture removal.

were made through the center of the anatomical speci-
mens. The rabbits were handled according to the ARVO
Statement for the Use of Animals in Ophthalmic and
Vision Research, and the experiment was approved by
the ethics research committee of our institution.

The latex was obtained from the rubber tree Hevea
brasiliensis (clone RRhim 600). The crude material was
obtained from Globbor Inc. Corp. Rubbers LTD (Gua-
piacu, Séo Paulo, Brazil). The biomembrane was prepared
at the Neurochemistry Laboratory of the Faculty of Medi-
cine of Ribeirdo Preto, University of Sao Paulo, Brazil, as
described by Mrué. During preparation, the latex takes
the shape of the mold, and it has a controlled thickness,
a smooth surface, and an elastic consistency”.

The essential features with regard to the analysis of
tissue repair in this study have been described elsewhe-
re™9. Accordingly, the following six items were used
to assess tissue repair under light microscopy (ECCMP
and FC): (1) inflammatory infiltrate: mild, moderate, or
severe; (2) nature of the inflammatory infiltrate: acute
(neutrophils and eosinophils), chronic (lymphocytes,
plasma cell, and macrophage), or mixed (combination of
both); (3) degree of wound epithelization: partial or full;

(4) number of epithelial layers; (5) presence of goblet
cells: present or absent; and (6) thickness of the con-
junctival stroma: partial or full.

RESULTS

The animals were healthy until the end of the experi-
ment, and they showed no local or systemic adverse
reactions. The results of histological analyses in both
groups are presented in table 1.

On the 7" postoperative day, the inflammatory reac-
tion was greater and level of tissue repair was lower in
the latex biomembrane group than in the conjunctival
autograft group. Throughout the 2" and 3™ weeks after
surgery, the inflammation intensity decreased and the
cellularity of the process gradually changed from an
acute pattern to a chronic pattern, with a slower rate of
change in the biomembrane group. For example, on the
14" postoperative day, only eyes that had been treated
with autografts showed goblet cells and an abundant
connective tissue layer at the healing site (Figure 2).

In the latex biomembrane group, inflammation was
less intense and the stroma was thicker on the 14" pos-
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Table 1. Results of the histological analysis of the eyes treated with a conjunctival autograft (Autograft) and a latex biomembrane (Biomemb).

Intensity of inflammatory response 1 Mild

2 Severe

3 Mild
Nature of inflammatory response 1 Acute

2 Acute

3 Acute
Degree of wound epithelialization 1 Full

2 Partial

3 Full
Number of epithelial layers 1 3

2 3

3 3
Goblet cellshowing 1 Present

2 Absent

3 Present
Thickness of the conjunctival stroma 1 Full

2 Full

3 Full

Moderate Moderate Moderate Mild Mild
Severe Moderate Moderate Mild Mild
Severe Mild Mild Moderate Moderate
Acute Mixed Acute Chronic Chronic
Acute Acute Acute Chronic Acute
Acute Acute Acute Acute Mixed
Partial Partial Full Full Full
Partial Full Partial Full Full
Partial Full Full Full Full

2 3 2 3 4
0 3 3 3 2
2 3 3 2 3
Absent Present Absent Present Present
Absent Present Absent Present Absent
Absent Present Absent Present Present
Partial Full Partial Full Full
Full Full Partial Full Partial
Partial Full Partial Full Partial

Figure 2. Histological sections of the conjunctiva of rabbits at 14 days postoperatively. A) Treatment with a biomembrane. B)
Treatment with a conjunctival autograft. There is a marked difference between the two groups with regard to the goblet
cell content. Stain: hematoxylin-eosin. Magnification: 10x.

toperative day than on the 7 postoperative day. Epithe-
lialization was not complete in all cases, but the number
of epithelial layers in the areas that were already covered
approached normal. From the 21 day, the distinction
between the groups with regard to the stage of the healing
process became irrelevant.
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DISCUSSION

The presence of goblet cells in the conjunctival au-
tograft group in the first postoperative week suggested
that this approach tends to resist the temporary depri-
vation of tissue irrigation and innervation (Figure 2).
Goblet cells are important markers of the functionality
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of the conjunctiva owing to their vulnerability to infection,
denervation, and hypoxia. Previous studies have shown
that these cells reappear only when the epithelial layer
is fully reconstructed with little inflammatory reac-
tion"®'”. The maintenance of stromal thickness during
the healing process also supports the conjecture that
the graft is resistant to issues with the surgical procedu-
re. These data confirm the belief that the conjunctival
autograft approach is an effective procedure for filling
the discontinuous areas in the conjunctival coating of
the eye.

In the latex biomembrane group, the observation of
the greatest inflammatory reaction on the 7" postope-
rative day was not surprising considering the phlogistic
properties of the latex biomembrane, manifested by an-
giogenesis, increased cell adhesion, and provisional ex-
tracellular matrix production”, which are essential steps
in the tissue remodeling process. The amplified level of
inflammation observed in the first phase of tissue repair
can have a positive effect on the subsequent stages of
tissue healing""?.

The absence of goblet cells in the biomembrane group
on the 14" postoperative day indicates that the con-
junctiva was not fully reconstructed at that time. The
biomembrane group required one more week to show
goblet cells, and at this point, the findings were similar
between the biomembrane and autograft groups. The
complexity of these observations could not be assessed
with only fluorescein clinical evaluation of the rabbit
ocular surface. This study could proportionate more
details about Goblet cells return however it would be
necessary more animals with daily sacrifices.

In summary, a latex biomembrane requires a mini-
mum of three weeks for reconstruction and complete
epithelization of discontinuous areas in the conjunctiva
in contrast to two weeks required by a conjunctival au-
tograft. Considering the results of this study and evidence
that a latex biomembrane can promote tissue regene-
ration® without toxic and allergic effects??, a latex
biomembrane appears to be a promising therapeutic
option for conjunctival reconstruction in humans, par-
ticularly in cases with shortage of healthy conjunctiva
for autotransplantation.
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