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RINGKASAN

Scaffold Nanofiber Komposit Poly-L Lactic Acid-Kitosan Bersalut Heparin
Sebagai Kandidat Biomaterial Untuk Perbaikan Dan Rekonstruksi Jaringan
Pembuluh Darah

Nur Setiawan Suroto

Stroke merupakan penyebab disabilitas dan kematian yang tinggi di dunia.
Berdasarkan diagnosis, prevalensi penderita stroke mencapai 713.783 jiwa di
Indonesia (Kementrian Kesehatan RI, 2019). Terdapat 25% kasus stroke yang
disebabkan iskemik pada arteri serebral besar akibat dari penyempitan arteri,
dimana 85% kasus stenosis terletak pada arteri karotis (Radic, 2017).

Stenosis pada percabangan pembuluh darah karotis (Carotid Stenosis)
adalah salah satu penyebab dari stroke infark. Tindakan klinis yang dilakukan untuk
menangani stenosis arteri karotis adalah tindakan endovaskular dengan Carotid
Artery Stenting (CAS) dan pembedahan dengan Carotid Endarterectomy Artery
(CEA).

Penutupan arteri secara primer pada tindakan pembedahan Carotid
Endarterectomy seringkali ditemui kendala penyempitan diameter arteri karotis
pasca pembedahan. Penutupan dengan menggunakan patch angioplasty merupakan
tindakan urgensi yang diperlukan untuk mengatasi kendala tersebut. Saat ini patch
angioplasty yang banyak tersedia di pasaran adalah produk sintetis yang dilaporkan
memiliki morbiditas pasca tindakan terkait penolakan jaringan, infeksi, maupun
kesulitan dalam penjahitan saat prosedur. Kebutuhan biomaterial alternatif yang
mampu memiliki sifat seperti matriks ekstraseluler dinilai perlu di eksplorasi untuk
mendapatkan biomaterial yang mampu menyokong perbaikan pembuluh darah
sekaligus mampu bersifat rekayasa jaringan melalui endotelialisasi.

Kombinasi material antara polimer sintetis dengan polimer natural, menjadi
suatu rancangan biomaterial yang banyak dieksplorasi saat ini. Polimer natural
bersifat meningkatkan  biokompatibilitas, sedangkan polimer sintetis
mempertahankan integritas struktur dari scaffold (Yao et al., 2014). Penelitian ini
bertujuan untuk membuat kandidat biomaterial berbahan PLLA-kitosan bersalut
heparin untuk perbaikan dan rekonstruksi jaringan pembuluh darah dengan
memodifikasi secara kimia, biofungsional dan morfologi.

Hipotesis penelitian ini adalah kandidat biomaterial dari PLLA-Chitosan-
Heparin mempunyai keunggulan dan kemampuan rekayasa jaringan untuk
perbaikan dan rekonstruksi pembuluh darah.

Hasil penelitian ini secara ringkas adalah kandidat biomaterial PLLA-
kitosan-heparin mempunyai karakteristik morfologi yang dapat memfasilitasi
perlekatan dan komunikasi antar sel, karakteristik mekanik yang mendekati arteri
karotis, hemokompatibel, non-sitotoksik, mampu menyediakan adhesi sel
progenitor endotel dan mampu memodulasi respon inflamasi. Modifikasi
biofungsional untuk meningkatkan kemampuan rekayasa jaringannya dan perlu
dilanjutkan ke tahap evaluasi biokompatibilitas yang lebih tinggi.

X

DISERTASI Scaffold Nanofiber Komposit Poly-L Lactic Acid-Kitosan Bersalut Heparin Nur Setiawan Suroto
Sebagai Kandidat Biomaterial Untuk Perbaikan Dan Rekonstruksi Jaringan Pembuluh Darah



IR - PERPUSTAKAAN UNIVERSITAS AIRALANGGA

SUMMARY

Scaffold Nanofiber Poly-L Lactic Acid-Chitosan-Heparin as Biomaterial
Candidate for Vascular Patch Angioplasty

Nur Setiawan Suroto

Stroke is the most common cause of disability and death worldwide. Stroke
sufferers account for 713,783 persons in Indonesia, according to the diagnosis
(Ministry of Health, 2019). Ischemia in major cerebral arteries due to stenosis is
responsible for 25% of stroke cases, with the carotid artery accounting for 85% of
stenosis incidences (Radic, 2017).

One of the leading causes of infarct stroke is carotid stenosis. Endovascular
surgery with Carotid Artery Stenting (CAS) and surgery with Carotid
Endarterectomy Artery (CEA) are two of the clinical methods used to treat carotid
artery stenosis.

Postoperative narrowing of the carotid artery diameter is a common
complication after primary arterial closure in Carotid Endarterectomy surgery. As
a result, patch angioplasty is a standard treatment for these issues. However, most
angioplasty patches now on the market are synthetic materials that might cause
postoperative morbidity due to tissue rejection, infection, or suturing difficulties
during the surgery. As a result, a material with extracellular matrix-like
characteristics that can promote blood vessel repair while also allowing for tissue
engineering via endothelialisation is desired.

A biomaterial design that combines synthetic and natural polymers is
currently being investigated. Synthetic polymers retain the scaffold's structural
integrity while natural polymers promote biocompatibility (Yao et al., 2014). By
changing chemically, biofunctionally, and morphologically, this research hopes to
develop a potential biomaterial constructed from heparin-coated PLLA-chitosan for
vascular tissue repair and reconstruction.

This study's hypothesis is that the proposed biomaterial derived from PLLA-
Chitosan-Heparin has better tissue engineering and repair capabilities for blood
vessel repair and rebuilding.

In summary, the results of this work show that the proposed biomaterial
PLLA Chitosan Heparin has strong physical properties and can modify the
inflammatory response, however it requires additional biofunctional alterations to
optimize its tissue engineering capabilities.
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ABSTRACT

Scaffold Nanofiber Poly-L Lactic Acid-Chitosan-Heparin as Biomaterial
Candidate for Tissue Engineering Vascular Patch

Background.

Stroke is the most common cause of disability and death worldwide. One of the
leading causes of infarct stroke is carotid stenosis. Postoperative narrowing of the
carotid artery diameter is a common complication after primary arterial closure in
Carotid Endarterectomy surgery. A biomaterial design that combines synthetic and
natural polymers is a promising strategy to patch the arterial closure. Synthetic
polymers retain the scaffold's structural integrity while natural polymers promote
biocompatibility.

Methods

Biomaterial was designed as a scaffold using Poly-L Lactic Acid (PLLA) as a base
material with electrospinning process. Chitosan and heparin were added to increase
the biocompatibility of the biomaterial. Characteristics of chemical, morphological,
mechanical tensile strength, haemolysis, cytotoxicity, biofunctional in vitro and in
vivo host tissue response were examined to study the biocompatibility of the
proposed biomaterial.

Results

The electrospun PLLA-Chitosan immobilized with heparin has better
characteristics compared with electrospun PLLA only. The fiber diameter decreases
to a nanometer scale and the pore size decreases to become narrower resulting in a
smoother surface, thereby might reduce the activation of blood coagulation and
inflammation. The mechanical tensile strength characteristics match human carotid
artery and have the potential for patch angioplasty application. The electrospun
PLLA-Chitosan immobilized with Heparin was declared as non-haemolytic and
non-cytotoxic. In vivo host tissue response has been shown to decrease pro-
inflammatory cytokine expression. However, its response to endothelial progenitor
cells still induces necrosis and cell adhesion is not better than electrospun composite
without heparin immobilization.

Conclusions

This research showed that the proposed biomaterial PLLA Chitosan Heparin has
strong physical properties and can modify the inflammatory response, however it
requires additional biofunctional alterations to optimize its tissue engineering

capabilities.
Keywords
Poly-L-lactic acid; Chitosan; Heparin; Electrospinning; Tissue engineering patch;
vascular patch.
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