=P USSA H33FH A 135 pp. 63-67

January 2016 / 63

orean Soc. Precis. Eng., Vol. 33, No. 1, pp. 63-67
ISSN 1225-9071(Print), ISSN 2287-8769(Online)

http://dx.doi.org/10.7736/KSPE.2016.33.1.63

Aol 7|Sra8d RolZA F4AS 0|88 Chsd PLGA

M=o H=

Preparation of Porous PLGA Microfibers Using Gelatin Porogen Based on a Glass

Capillary Device
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We present a method of fabricating poly (lactic-co-glycolic acid) (PLGA) porous microfibers using
a pore template. PLGA microfibers were synthesized using a glass capillary tube in a poly-
(dimethylsiloxane) (PDMS) microfiuidic chip. Gelatin solution was used as a porous template to
prepare pores in microfibers. Two phases of PLGA solutions in different solvents-DMSQO (dimethy!
sulfoxide) and DCM (dichloromethane)-were used to control the porosity and strength of the
porous microfibers. The porosity of the PLGA microfibers differed depending on the ratio of flow
rates in the two phases. The porous structure was formed in a spiral shape on the microfiber. The
porous structure of the microfiber is expected to improve transfer of oxygen and nutrients, which
is important for cell viability in tissue engineering.
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PLGA(poly lactic-co-glide acid)”} AH&% i ioh?
PLGA+ PLA(poly lactic acid)$} PGA(poly glycolic
acid)®= TAH e T A, FAAFA
2 AT 545 Itk E' PGA B PLA
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(b) Curing in oven at 90°C
(a) Pour on PDMS for 2 hours
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(c) Separate PDMS block from petri dish
and remove excessive PDMS

%—m

(e) Assemble glass capillary tubes
and tygon tube with PDMS device

(d) Remove glass capillary
tube and punch a hole

The glass capillary device based
on PDMS

Fig. 1 Fabrication of glass capillary device using PDMS
casting

o s g3rlE ol&ste 7S wEo] HE
£ BEuz AANNkFig 1(d). f22A7e o
sto]  ®EEO)Zl FHelE wlolaE EE(P-97,
Sutter instrument, USA)E ©|&3}o] 71&%¥ + 7
9] 2] =AM F(inner tube diameter: 10-20 pm, outer
tube diameter: 40-50 pm)S AYAI7]L A ST}
(Fig. 1(c)).

22 OM|AAMNAHE 0|88

7Y A=

2] 5% (outer phase)®] &N 0.4g9] PLGAE
71€vjel  orE A ZAlo] = (dimethyl  sulfoxide,
DMSO)°l 10% =2 d2or 23 A7
o]-g3lo] 3083 SIMAIAA Az WS (inner
phase) & H& A x37] 98] WA 0.075g°] A
RS 0.925g9] 1% £ vdLdFTE (poly vinyl
alcohol) & o] Yal 40°CE 714 &le] &340
_9_—‘—]]5] _Q_OHO PLGAE %7]_9_11]]0] lﬂaiiﬂﬂ
(dichloromethane, DCM)°ll 2% F== &35 &
I} o] ¥ F EAIL}o] A (homogenizer)S ©]-&3}
o] 20000rpmol A 387+ Easte] Az 9=
A S5 898 7 e AR JAZE o)
sto] Alzbd FEBAE A FYs. AMEH
fFr71 &5 whgAel 7] wEel] uistshAd ol
BE A3t Oﬂﬁfﬂﬂ} frel i
= A AT AxE 98k
FAEgo 2 At} Fig. 25 Al&d Trﬂl?—*ﬂ
s a4 PLGA "AAFE A
geolth. YSdol= é‘

O3d oAy

PLGA+DMSO
PLGA+DCM+gelatin v

(a) Preparation of porous PLGA microfiber
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Fig. 2 Schematic images of preparation process for
porous PLGA microfiber
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Fig. 3 Optical image and FE-SEM image of non porous
PLGA microfiber prepared by glass capillary
device

PLGA

S (DCM + Porogen)
E p

PLGA (DMSO)

DNI 5.0

Fig. 4 Optical images and FE-SEM image of porous
PLGA microfiber prepared by glass capillary
device
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Fig. 5 Effect of solvent for porosity on microfibers; (a)
Normal PLGA microfiber (1ml/h/10ml/h), (b)
Qour > Qv (4:1) (8ml/h/2ml/h), (¢) Qour > Qv
(2:1) (8ml/h/4ml/h), (d) Qour = Qu (1:1) (5ml/
h/Sml/h)

e st ol mA oA 7)1 3o At
t B0l FAE me vlAadfe 3w A
Qleke Aoz gk webd Ads A%

A ) E B3 el BE F7hHe ATk Basi

BT EEA S o] &3l %*é PLGA HMW
= A% PDMS MN2ES SalA frg A
o A5 AZsiglew, Alzte %}‘1‘—2— Vﬂvxﬂ

el Slwa EAel Hael Siee

A g Z3ste Hn= Al o
243t 9540 fu1ES RGO VA
Fol A BHHEE J1FEe] WA AL FAs
gk B ATA ANR BBy 2ho] §old
AR AxE oA, ow JED 5 AU
Fopl A 83 A7e) ETRA A S AL
Ao 7]EH%E}

F 7

AT E vgZ xR Adow =
TAEe] A Y NRF-2012M3A9C6050112, NRF-2013
RIA1A2060944)S Rro} =)&) 312



ok

t2 US55 X M 33 M 135 pp.63-67

January 2016 / 67

REFERENCES

10.

Khademhosseini, A., Langer, R., Borenstein, J., and
Vacanti, J. P., “Microscale Technologies for Tissue
Engineering and Biology,” Proc. of the National
Academy of Sciences of the United States of
America,Vol. 103, No. 8, pp. 2480-2487, 2006.
Mooney, D. J. and Vandenburgh, H., “Cell Delivery
Mechanisms for Tissue Repair,” Cell Stem Cell, Vol.
2, No. 3, pp. 205-213, 2008.

Patrick Jr, C. W., Chauvin, P. B., Hobley, J., and
Reece, G. P., “Preadipocyte Seeded PLGA Scaftfolds
for Adipose Tissue Engineering,” Tissue Engineering,
Vol. 5, No. 2, pp. 139-151, 1999.

Holy, C. E., Cheng, C., Davies, J. E., and Shoichet, M.
S., “Optimizing the Sterilization of PLGA Scaffolds
for Use in Tissue Engineering,” Biomaterials, Vol. 22,
No. 1, pp. 25-31, 2000.

Astete, C. E. and Sabliov, C. M., “Synthesis and
Characterization of PLGA Nanoparticles,” Journal of
Biomaterials Science, Vol. 17, No. 3, pp. 247-289, 2006.
Kim, H. G, Kim, K. M., Kim, Y. H., Lee, S. H., and
Kim, G. M., “Preparation of Monodisperse ENX-
Loaded PLGA Microspheres Using a Microfluidic
Flow-Focusing Device,” Journal of Biobased Materials
and Bioenergy, Vol. 7, No. 1, pp. 108-114, 2013.

Ryu, T.-K., Oh, M.-J., Moon, S.-K., Paik, D.-H., Kim,
S.-E., et al.,, “Uniform Tricalcium Phosphate Beads
with an Open Porous Structure for Tissue Engineering,”
Colloid Surface B: Biointerfaces, Vol. 112, No. 12, pp.
368-373, 2013.

Hwang, C. M., Khadembhosseini, A., Park, Y., Sun, K.,
and Lee, S.-H., “Microfluidic Chip-Based Fabrication
of PLGA Microfiber Scaffolds for Tissue Engineering,”
Langmuir, Vol. 24, No. 13, pp. 6845-6851, 2008.
Astaneh, R., Erfan, M., Moghimi, H., and Mobedi, H.,
“Changes in Morphology of in Situ Forming PLGA
Implant Prepared by Different Polymer Molecular
Weight and Its Effect on Release Behavior,” Journal of
Pharmaceutical Sciences, Vol. 98, No. 1, pp. 135-145,
2009.

Qutachi, O., Vetsch, J. R., Gill, D., Cox, H., Scurr, D. J.,
et al., “Injectable and Porous PLGA Microspheres That
Form Highly Porous Scaffolds at Body Temperature,”
Acta Biomaterialia, Vol. 10, No. 12, pp. 5090-5098, 2014.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Kang, S.-W., La, W.-G, and Kim, B.-S.,, “Open
Macroporous Poly (lactic-co-glycolic acid) Microspheres
as an Injectable Scaffold for Cartilage Tissue
Engineering,” Journal of Biomaterials Science, Polymer
Ed., Vol. 20, No. 3, pp. 399-409, 2009.

Onoe, H., Okitsu, T., Itou, A., Kato-Negishi, M., Gojo,
R., et al, “Metre-Long Cell-Laden Microfibres
Exhibit Tissue Morphologies and Functions,” Nature
Materials, Vol. 12, No. 6, pp. 584-590, 2013.

Choi, S.-W., Zhang, Y., Yeh, Y.-C., Wooten, A. L.,
and Xia, Y., “Biodegradable Porous Beads and Their
Potential Applications in Regenerative Medicine,”
Journal of Materials Chemistry, Vol. 22, No. 23, pp.
11442-11451, 2012.

Huang, C.-C., Wei, H.-J., Yeh, Y.-C., Wang, J.-J., Lin,
W.-W,, et al., “Injectable PLGA Porous Beads Cellularized
by Hafscs for Cellular Cardiomyoplasty,” Biomaterials,
Vol. 33, No. 16, pp. 4069-4077, 2012.

Kim, C. M. Ullah, A., and Kim, G. M. “Preparation of
Highly Porous PLGA Microparticles Using Droplet
Fission and Gelatin Porogen,” Proc. of 41* Micro and
Nano Engineering, 2015.

Kim, T. K., Yoon, J. J., Lee, D. S., and Park, T. G, “Gas
Foamed Open Porous Biodegradable Polymeric Micro-
spheres,” Biomaterials, Vol. 27, No. 2, pp. 152-159, 2006.
Kim, C. M., Park, S. J., and Kim, G. M., “Applications
of PLGA Microcarriers Prepared Using Geometrically
Passive Breakup on Microfluidic Chip,” Int. J. Precis.
Eng. Manuf., Vol. 16, No. 11, 2015.

Zhang, Q., Tan, K., Ye, Z., Zhang, Y., Tan, W., et al.,
“Preparation of Open Porous Polycaprolactone
Microspheres and Their Applications as Effective Cell
Carriers in Hydrogel System,” Materials Science and
Engineering: C, Vol. 32, No. 8, pp. 2589-2595, 2012.
Teh, S.-Y., Lin, R., Hung, L.-H., and Lee, A. P,
“Droplet Microfluidics,” Lab on a Chip, Vol. 8, No. 2,
pp- 198-220, 2008.

Dang, T.-D., Kim, Y. H., Kim, H. G, and Kim, G. M.,
“Preparation of Monodisperse Peg Hydrogel Micro-
particles Using a Microfluidic Flow-Focusing Device,”
Journal of Industrial and Engineering Chemistry, Vol.
18, No. 4, pp. 1308-1313, 2012.

Choi, J. H. and Kim, G. M., “Micro-Patterning on
Non-Planar Surface Using Flexible Microstencil,” Int.
J. Precis. Eng. Manuf., Vol. 12, No. 1, pp. 165-168, 2011.



