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RINGKASAN

Pengaruh Enzim Transglutaminase Sebagai Corneal Collagen Crosslinking
Terhadap Ketebalan Kornea Sentral dan Densitas Keratosit

Puspita Hapsari Sitorasmi, Indri Wahyuni, Yulia Primitasari

Corneal collagen crosslinking merupakan suatu prosedur untuk membuat
ikatan yang menghubungkan rantai polimer satu dengan lainnya. Corneal collagen
crosslinking bertujuan memperlambat atau menghentikan progresi keratokonus
dengan menggunakan terapi fotooksidatif sehingga dapat meningkatkan rigiditas
stroma. Corneal collagen crosslinking konvensional menggunakan riboflavin dan
ultraviolet-A (UVA) akan menghasilkan ikatan silang melalui dua jaras, yatu jaras
oksidatif dan glikosilasi.

Enzim transglutaminase saat ini banyak digunakan pada industri makanan.
Studi-studi terkini menunjukkan bahwa mRNA, fibronectin, dan transglutaminase
ditemukan lebih banyak pada keratosit kornea manusia yang diterapi dengan UVA
dan riboflavin. Saat ini terdapat suatu bahan enzimatik yang dapat digunakan
sebagai salah satu pilihan untuk melakukan CXL, yaitu enzim transglutaminase.
Produk enzimatik, berupa transglutaminase dinilai dapat mengurangi rasa tidak
nyaman akibat penyinaran UVA, serta dapat menghambat kematian sel keratosit.

Penelitian ini  bertujuan untuk menganalisis pengaruh enzim
transglutaminase sebagai corneal collagen crosslinking terhadap ketebalan kornea
sentral dan densitas keratosit. Penelitian ini merupakan penelitian penelitian true
experimental dengan post-testonly design pada hewan coba kelinci untuk
membandingkan  respon  pemberian  enzim  transglutaminase  dengan
riboflavin/UV A epithelial-off dan transepithelial.

Pada penelitian ini menggukan mata kelinci putih New Zealand
(Oryctolagus cuniculus) dewasa, jenis kelamin jantan, usia 3-4 bulan dengan berat
badan 3-4 kg. Penelitian ini memerlukan masing-masing 7 mata untuk kelompok
perlakuan dan kelompok kontrol negatif, sehingga dibutuhkan total kelinci
sebanyak 28 ekor. Hasil penelitian ini menunjukkan bahwa tidak didapatkan
perbedaan signifikan pada ketebalan kornea sentral antar kelompok perlakuan
dengan kelompok kontrol (p-value 0.990). Penelitian ini juga menilai densitas
keratosit, dimana terdapat perbedaan bermakna antar kelompok dengan p-value
0.009.

Tidak didapatkan perbedaan signifikan pada ketebalan kornea sentral antar
kelompok, hal ini dapat disebabkan oleh remodeling epitel dan edema stroma
terjadi beberapa hari setelah perlakuan, maka peningkatan ketebalan kornea akan
membutuhkan waktu yang lebih lama. Penelitian ini juga didapatkan perbedaan
densitas keratosit yang signifikan pada kelompok perlakuan, hal ini dapat
disebabkan oleh UV A yang merupakan salah satu prosedur dari CXL konvensional
dapat menginduksi reaksi fotokimia yang dapat mengurangi densitas keratosit.
UVA dapat menginduksi reaktif oxygen species (ROS) yang tidak hanya
mengakibatkan terjadinya crosslinking pada kolagen, tetapi juga dapat
mengakibatkan nekrosis maupun apoptosis dari sel-sel pada bola mata, salah
satunya adalah keratosit pada stroma kornea.
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SUMMARY

Effect of Transglutaminase Enzyme as Corneal Collagen Crosslinking on
Central Corneal Thickness and Density of Keratocytes

Puspita Hapsari Sitorasmi, Indri Wahyuni, Yulia Primitasari

Corneal collagen crosslinking is a procedure for making bonds that connect
polymer chains to one another. Corneal collagen crosslinking aims to slow or stop
the progression of keratoconus by using photooxidative therapy so as to increase
stromal rigidity. Conventional corneal collagen crosslinking using riboflavin and
ultraviolet-A (UVA) will result in crosslinking through two pathways, namely
oxidative and glycosylation pathways.

Transglutaminase enzymes are currently widely used in the food industry.
Recent studies have shown that mRNA, fibronectin, and transglutaminase were
found to be more abundant in human corneal keratocytes treated with UVA and
riboflavin. Currently, there is an enzymatic material that can be used as an option
to perform CXL, namely the transglutaminase enzyme. The enzymatic product, in
the form of transglutaminase, is considered to reduce discomfort caused by UVA
irradiation, and can inhibit keratocyte cell death.

This study aims to analyze the effect of transglutaminase enzyme as corneal
collagen crosslinking on central corneal thickness and keratocyte density. This
study is a true experimental study with a post-test-only design in rabbits to compare
the response of transglutaminase to riboflavin/UVA epithelial-off and
transepithelial.

In this study, the eyes of an adult New Zealand white rabbit (Oryctolagus
cuniculus) were used, male sex, 3-4 months old and weighing 3-4 kg. This study
required 7 eyes each for the treatment group and the negative control group, so a
total of 28 rabbits were needed. The results of this study showed that there was no
significant difference in central corneal thickness between the treatment group and
the control group (p-value 0.990). This study also assessed the density of
keratocytes, where there was a significant difference between groups with a p-value
of 0.009.

There was no significant difference in central corneal thickness between
groups, this could be due to epithelial remodeling and stromal edema occurring
several days after treatment, so the increase in corneal thickness would take a longer
time. This study also found significant differences in the density of keratocytes in
the treatment group, this could be caused by UV A which is one of the conventional
CXL procedures that can induce photochemical reactions that can reduce the
density of keratocytes. UVA can induce reactive oxygen species (ROS) which not
only results in crosslinking of collagen, but can also cause necrosis and apoptosis
of cells in the eyeball, one of which is keratocytes in the corneal stroma.

X1
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ABSTRACT

Effect of Transglutaminase Enzyme as Corneal Collagen Crosslinking on
Central Corneal Thickness and Density of Keratocytes

Puspita Hapsari Sitorasmi, Indri Wahyuni, Yulia Primitasari

Department of Ophthalmology, Faculty of Medicine Universitas Airlangga/ Dr.
Soetomo General Hospital, Surabaya, Indonesia

Background: Corneal collagen crosslinking is a procedure for making bonds that
connect polymer chains to one another. Corneal collagen crosslinking aims to slow
or stop the progression of keratoconus by using photooxidative therapy so as to
increase stromal rigidity. Transglutaminase enzymes are currently widely used in
the food industry. Recent studies have shown that mRNA, fibronectin, and
transglutaminase were found to be more abundant in human corneal keratocytes
treated with UVA and riboflavin. Currently, there is an enzymatic material that can
be used as an option to perform CXL, namely the transglutaminase enzyme. The
enzymatic product, in the form of transglutaminase, is considered to reduce
discomfort caused by UVA irradiation, and can inhibit keratocyte cell death.

Methods: This study is a true experimental study with a post-test-only design in
rabbits to compare the response of transglutaminase to riboflavin/UVA epithelial-
off and transepithelial. New Zealand white rabbit (Oryctolagus cuniculus) were
used, male sex, 3-4 months old and weighing 3-4 kg. This study required 7 eyes
each for the treatment group and the negative control group.

Results: The results of this study showed that there was no significant difference
in central corneal thickness between the treatment group and the control group (p-
value 0.990). This study also assessed the density of keratocytes, where there was
a significant difference between groups with a p-value of 0.009.

Conclusion: There was no significant difference in central corneal thickness
between groups, this could be due to epithelial remodeling and stromal edema
occurring several days after treatment, so the increase in corneal thickness would
take a longer time. This study also found significant differences in the density of
keratocytes in the treatment group, this could be caused by UVA which is one of
the conventional CXL procedures that can induce photochemical reactions that can
reduce the density of keratocytes.

Keyword: Transglutaminase, Corneal Collagen Crosslinking, Central Corneal
Thickness, Keratocytes Density
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