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Comparative study on the different molecule weight of
poly-L-lactic acid in the biological function of composite

materials*

Zhang Ning, Li Yun-sheng

Abstract

BACKGROUND: With the development of technology, poly-L-lactic acid/B-tricalcium phosphate composite materials show good
characters in the tissue engineering, which can promote osteoblast proliferation, reduce rejection reactions, and improve bone

healing in a dose-dependent manner.

OBJECTIVE: To test the influence of poly-L-lactic acid with different molecule weights on the structure and function of

poly-L-lactic acid/B-tricalcium phosphate composite scaffolds.

METHODS: Poly-L-lactic acid with molecule weights of 200 000 and 380 000 were combined with B-tricalcium phosphate to
produce composite scaffolds by using freeze-drying method. Porosity and pore size of the samples were measured. The fetal
rabbit bone mesenchymal stem cells (BMSCs) were cultured and expanded in vitro. They were harvested and seeded into the
prepared poly-L-lactic acid/B-tricalcium phosphate scaffolds. The 3-(4, 5-Dimethylthiazol-2yl)-2, 5 diphenyltetrazolium bromide
(MTT) and alkaline phosphatase were examined for comparison between normal cultured BMSCs and those cultured on the

different poly-L-lactic acid/B-tricalcium phosphate scaffolds.

RESULTS AND CONCLUSION: Images of scanning electron microscope showed that the cells adhered to the scaffolds greatly.
The value of MTT and alkaline phosphatase showed no significant difference (P > 0.05). The molecule weight of poly-L-lactic acid

has no influence on the biological function of composite materials.

INTRODUCTION

Grafting procedures can be improved using the
principles of tissue engineering. Cells capable of
osteogenic activity can be combined with an
appropriate scaffold to stimulate bone regeneration
and restore functional bone tissue!". Bone marrow
stromal cells have osteogenic activity®”), and can be
easily isolated and expanded in vitro &<,

B-tricalcium phosphate (B-TCP) is an osteoconductive,
absorbable material, which, in porous ceramic form, is
highly suitable for implants used in bone
reconstruction or as bone substitutes. But it is brittle
and easy to be fractured!"®'?. Biodegradable
polymers, such as poly-L-lactic acid (PLLA), are
evidenced to have a modulus of elasticity closer to
that of natural cortical bone and can retain high
strength over time!"®!. But these materials can induce
unspecific inflammatory tissue response!™*2,
resulting in delayed bone healing/fusion or osteolytic
reactions?'?%!. To overcome the disadvantages of
these different materials, composite materials of
calcium phosphates and polyesters have been
developed and evaluated®"2%,

With the development of technology, the composite
materials show good character in the tissue
engineering®. PLLA/B-TCP composite materials as a
new candidate of scaffold materials can increase
phenotypic expression of osteoblasts, reduce
foreign-body reaction, and improve bone healing in a
dose-dependent manner as compared to pure
materials. But most of previous studies focused on the
ratio of two types of materials, different methods of
manufacture, and biological characters. There is no
report about the influence of molecular weight of PLLA
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on the character of the composite materials. The
objective of our experiment was to test the influence of
molecular weight of PLLA on the characters of the
composite scaffold.

MATERIALS AND METHODS

Design
A cytology comparative observation.

Time and setting
The experiment was completed at the Department of
Stomatology, China Meitan General Hospital in 2009.

Materials

Animals: Two 1-week-old male New Zealand white
rabbits were purchased from the Animal Apartment,
Capital Medical University.

Scaffold materials: The PLLA (average molecular
weight=380 000 and 200 000) was purchased from
Biochem-ZX, Sichuan; B-TCP (diameter=5 pym)
purchased from Sichuan University.

Methods

Scaffold preparation

The PLLA and B-TCP were separately blended
together with ratio of 3:7 by freeze-drying and phase
separate method® . PLLA was dissolved in 3%
dioxane (w/v), under stirring at —50 °C for at least

4 hours to obtain a homogeneous polymer solution.
The solution was immediately frozen in liquid
nitrogen and then was rapidly transferred into a
freeze dry machine (Labconco Corporation, USA)P.
Scaffolds were cut into round specimens with a
diameter of 15 mm and thickness of 2 mm, washed
carefully with distilled deionized water, and then dried
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at 40 C in a vacuum dryer machine. They were sterilized with
%0Co for further studies.

Scaffold morphology
The internal structure of the produced sponges was examined
by a scanning electron microscope (Jeol JS M-5600 LV, Japan).

Rabbit mesenchymal stem cells (MSCs) culture

Femurs and tibias from rabbits were isolated and the
epiphyses were removed. Cells were incubated in a complete
medium. Non-adherent cells were removed 24 hours later
and the adherent cells remained. The cells were maintained
in culture for 7 days, digested by Trypsin, incubated in 24-well
culture dishes, and then rinsed with phosphate-buffered
saline solution. After that, the cells were immersed in DMEM
medium overnight. According to reference!?, isolated and
cultured rabbit MSCs were identified, and then divided into
three groups: control group, 20 group and 38 group. The
MSCs in the latter two groups were seeded on the scaffolds
with cell density of 5x107 cells/L.

Cell morphology

After 3 hours, the scaffolds seeded with cells were fixed with
2.5% glutaraldehyde solution in phosphate buffered saline.
After phosphate buffered saline rinsing and subsequent
dehydration with ethanol aqueous solutions at ethanol
percent of 30%, 50%, 70%, 80%, 90%, and 100%, the
dehydrated samples were dried on a critical point dryer. Then
they were coated with gold/palladium and sent to be
examined under the scanning electron microscope.

3-(4, 5-Dimethylthiazol-2yl)-2, 5 diphenyltetrazolium
bromide (MTT) assay

The other scaffolds were incubated with MSCs for 1-7 days.
The presence of viable cells into the matrices was
qualitatively evaluated by the use of MTT assay. The reaction
product was extracted and read on a high-efficient analyzer
(HTS 7000 plus, PE) at 490 nm.

Alkaline phosphatase assay

MSCs were seeded on the scaffolds with cell density of
2x10° cells/mL for 10 days. At 1, 4, 7, 10 days, the medium
was carefully aspirated from each well. The cell lysate was
used to measure alkaline phosphatase activity, using a
commercial kit (Baiding, China). The assay is based on the
ability of the sample to degrade a specific alkaline
phosphatase substrate. Briefly, 230 uL of phosphatase
substrate was added to the 20 uL of the cell lysate samples on
ice, and then it was incubated on a shaker for 1 minute in a

37 °C water bath. The absorbance density was measured at
405 nm, using the high-efficient analyzer (HTS 7000 plus, PE).

Main outcome measures
Cell morphology, cell survival and the number of alkaline
phosphatase expression.

Statistical analysis

Experiments were run in triplicate per sample. All data were
analyzed with SPSS 11.0 (SPSS, USA). Experimental results
were expressed by meantSD. The one-way analysis of
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variance and SNK inspection were done for intergroup
comparison, and P < 0.05 was considered as a value of
statistical significance.

RESULTS

Cell morphology

The images of scanning electron microscope show that the
scaffolds had the interconnecting pores, which were round
and homogeneous. The diameter of pore was in the range of
150-300 um, and the porosity of materials was 70%, which
were tested by liquid displacement method. We could see
MSCs adhered and spread on the scaffold after 3 hours in
Figure 1.

a: x500

b: x2 000

Figure 1 Mesenchymal stem cells (arrows) in 20 group
adhered on the wall of pores after 3 h of culture

The number of viable cells in each group

The absorbance in MTT test for 1-7 days of the 20 group, 38
group and control group had no significant difference (P >
0.05; Figure 2).

O 20 group
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Figure 2 3-(4,5-Dimethylthiazol-2yl)-2,5 diphenyltetrazolium
bromide assay of the number of viable cells in each
group

The changes in activities of alkaline phosphatase

The alkaline phosphatase activities of the 20 group, 38 group
and control group had no significant difference (P > 0.05;
Figure 3).
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Figure 3 The activity of alkaline phosphatase in each group

DISCUSSION

Once the materials and their ratio are confirmed, the molecule
weight of PLLA cannot change the biological character of the
scaffolds. Molecule weight of PLLA may influence the
mechanical property and degradation*", but the biological
function of the materials is not related to the molecule weight
of PLLAMA,

The rate of degradation, however, is determined by many
factors such as configurational structure, copolymer ratio,
crystallinity, molecular weight, morphology, stresses, amount
of residual monomers, porosity and site of implantation.
Molecular weight become a more important factor
determining the rate of degradation same as the other
factors*?. Slight decrease of the molecular weight of the
PLLA probably leads to easier dissolution of PLLA molecules
into the culture medium; but it does not increase the lactic
acid concentration of the cell cultures in a short time!**. This
may be the reason of the similar results of these two groups.
PLLA/B-TCP composite materials have good biological
property which can act as a carrier for bone tissue
engineering scaffold. The molecular weight of PLLA does not
influence the biological character of the composite materials
in a short time. But further experiments need to be done to
investigate the influence of the molecule weight of PLLA on
the other properties and biological characters in vivo for a
long time.

Acknowledgments: We would like to thank Kang Yun-ging
from the School of Material Science and Engineering,
Sichuan University for supporting and help.

REFERENCES

[11  Reddi AH. Symbiosis of biotechnology and biomaterials:
applications in tissue engineering of bone and cartilage. J Cell
Biochem. 1994;56(2):192-195.

[2]  Vacanti CA, Vacanti JP. Bone and cartilage reconstruction with
tissue engineering approaches. Otolaryngol Clin North Am.
1994; 27(1):263-276.

[3] Owen ME. Lineage of osteogenic cells and their relationship to
the stromal system. In: Peck WA, ed. Bone and Mineral
Research. Amsterdam: Elsevier. 1985:1-25.

[4]  Ohgushi H, Dohi Y, Tamai S, et al. Osteogenic differentiation of
marrow stromal stem cells in porous hydroxyapatite ceramics. J
Biomed Mater Res. 1993;27(11):1401-1407.

[5] Jaiswal N, Haynesworth SE, Caplan Al, et al. Osteogenic
differentiation of purified, culture-expanded human
mesenchymal stem cells in vitro. J Cell Biochem. 1997;64(2):
295-312.

ISSN 1673-8225 CN 21-1581/R  CODEN: ZLKHAH

(6]

(7]

(8]

€l

[10]

(1]

[12]

(13]

[14]

(18]

[16]

(7]

(8]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

(26]

[27]

(28]

Kadiyala S, Jaiswal N, Bruder SP. Culture-expanded, bone
marrow-derived mesenchymal stem cells can regenerate a
critical-sized segmental bone defect. Tissue Eng. 1997;3(2):
173-185.

Bruder SP, Kraus KH, Goldberg VM, et al. The effect of implants
loaded with autologous mesenchymal stem cells on the healing
of canine segmental bone defects. J Bone Joint Surg Am. 1998;
80(7):985-996.

Haynesworth SE, Goshima J, Goldberg VM, et al.
Characterization of cells with osteogenic potential from human
marrow. Bone. 1992;13(1):81-88.

Goshima J, Goldberg VM, Caplan Al. The osteogenic potential
of culture-expanded rat marrow mesenchymal cells assayed in
vivo in calcium phosphate ceramic blocks. Clin Orthop Relat
Res. 1991;(262):298-311.

Bonnevialle P, Abid A, Mansat P, et al. Tibial valgus osteotomy
using a tricalcium phosphate medial wedge: a minimally
invasive technique. Rev Chir Orthop Reparatrice Appar Mot.
2002;88(5):486-492.

Galois L, Mainard D, Delagoutte JP. Beta-tricalcium phosphate
ceramic as a bone substitute in orthopaedic surgery. Int Orthop.
2002;26(2):109-115.

Le Huec JC, Lesprit E, Delavigne C, et al. Tri-calcium
phosphate ceramics and allografts as bone substitutes for
spinal fusion in idiopathic scoliosis: comparative clinical results
at four years. Acta Orthop Belg. 1997;63(3):202-211.

Daniels AU, Andriano KP, Smutz WP, et al. Evaluation of
absorbable poly(ortho esters) for use in surgical implants. J
Appl Biomater. 1994;5(1):51-64.

Bergsma JE, de Bruijn WC, Rozema FR, et al. Late
degradation tissue response to poly(L-lactide) bone plates and
screws. Biomaterials. 1995;16(1):25-31.

Bos RR, Rozema FR, Boering G, et al. Degradation of and
tissue reaction to biodegradable poly(L-lactide) for use as
internal fixation of fractures: a study in rats. Biomaterials. 1991;
12(1):32-36.

Fuchs M, Koéster G, Krause T, et al. Degradation of and
intraosseous reactions to biodegradable poly-L-lactide screws:
a study in minipigs. Arch Orthop Trauma Surg. 1998;118(3):
140-144.

Paivarinta U, Bdstman O, Majola A, et al. Intraosseous cellular
response to biodegradable fracture fixation screws made of
polyglycolide or polylactide. Arch Orthop Trauma Surg. 1993;
112(2):71-74.

Peltoniemi HH, Hallikainen D, Toivonen T, et al. SR-PLLA and
SR-PGA miniscrews: biodegradation and tissue reactions in the
calvarium and dura mater. J Craniomaxillofac Surg. 1999;27(1):
42-50.

Schakenraad JM, Hardonk MJ, Feijen J, et al. Enzymatic
activity toward poly(L-lactic acid) implants. J Biomed Mater Res.
1990;24(5):529-545.

van der Elst M, Klein CP, de Blieck-Hogervorst JM, et al. Bone
tissue response to biodegradable polymers used for intra
medullary fracture fixation: a long-term in vivo study in sheep
femora. Biomaterials. 1999;20(2):121-128.

Bergsma EJ, Rozema FR, Bos RR, et al. Foreign body
reactions to resorbable poly(L-lactide) bone plates and screws
used for the fixation of unstable zygomatic fractures. J Oral
Maxillofac Surg. 1993;51(6):666-670.

Bdstman OM. Osteoarthritis of the ankle after foreign-body
reaction to absorbable pins and screws: a three- to nine-year
follow-up study. J Bone Joint Surg Br. 1998;80(2):333-338.
Bdstman OM, Pihlajamaki HK. Adverse tissue reactions to
bioabsorbable fixation devices. Clin Orthop Relat Res. 2000;
(371):216-227.

Lajtai G, Noszian I, Humer K, et al. Serial magnetic resonance
imaging evaluation of operative site after fixation of patellar
tendon graft with bioabsorbable interference screws in anterior
cruciate ligament reconstruction. Arthroscopy. 1999;15(7):
709-718.

Martinek V, Friederich NF. Tibial and pretibial cyst formation
after anterior cruciate ligament reconstruction with
bioabsorbable interference screw fixation. Arthroscopy. 1999;
15(3):317-320.

Takizawa T, Akizuki S, Horiuchi H, et al. Foreign body gonitis
caused by a broken poly-L-lactic acid screw. Arthroscopy. 1998;
14(3):329-330.

Furukawa T, Matsusue Y, Yasunaga T, et al. Histomorphometric
study on high-strength hydroxyapatite/poly(L-lactide) composite
rods for internal fixation of bone fractures. J Biomed Mater Res.
2000;50(3):410-419.

Higashi S, Yamamuro T, Nakamura T, et al. Polymer-
hydroxyapatite composites for biodegradable bone fillers.
Biomaterials. 1986;7(3):183-187.

3849



@'27:2 wuncrrenon

Zhang N, et al. Comparative study on the different molecule weight of poly-L-lactic acid in the biological function of...

[29]

[30]

[31]

[32]

[33]

[34]

[39]

[36]

Ignjatovié N, Savi¢ V, Najman S, et al. A study of HAp/PLLA
composite as a substitute for bone powder, using FT-IR
spectroscopy. Biomaterials. 2001;22(6):571-575.

Kikuchi M, Tanaka J, Koyama Y, et al. Cell culture test of
TCP/CPLA composite. J Biomed Mater Res. 1999;48(2):
108-110.

Lin FH, Chen TM, Lin CP, et al. The merit of sintered
PDLLA/TCP composites in management of bone fracture
internal fixation. Artif Organs. 1999;23(2):186-194.

Ma PX, Zhang R, Xiao G, et al. Engineering new bone tissue in
vitro on highly porous poly(alpha-hydroxyl acids)/
hydroxyapatite composite scaffolds. J Biomed Mater Res. 2001;
54(2):284-293.

Rizzi SC, Heath DJ, Coombes AG, et al. Biodegradable
polymer/hydroxyapatite composites: surface analysis and initial
attachment of human osteoblasts. J Biomed Mater Res. 2001;
55(4):475-486.

Verheyen CC, de Wijn JR, van Blitterswijk CA, et al.
Hydroxylapatite/poly(L-lactide) composites: an animal study on
push-out strengths and interface histology. J Biomed Mater
Res.1993;27(4):433-444.

Yasunaga T, Matsusue Y, Furukawa T, et al. Bonding behavior
of ultrahigh strength unsintered hydroxyapatite
particles/poly(L-lactide) composites to surface of tibial cortex in
rabbits. J Biomed Mater Res. 1999;47(3):412-419.

Sachlos E, Czernuszka JT. Making tissue engineering scaffolds
work. Review: the application of solid freeform fabrication
technology to the production of tissue engineering scaffolds.
Eur Cell Mater. 2003;5:29-40.

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

Nam YS, Park TG. Porous biodegradable polymeric scaffolds
prepared by thermally induced phase separation. J Biomed
Mater Res. 1999;47(1):8-17.

Rowlands AS, Lim SA, Martin D, et al. Polyurethane/
poly(lactic-co-glycolic) acid composite scaffolds fabricated by
thermally induced phase separation. Biomaterials. 2007;28(12):
2109-2121.

Whang K, Thomas CH, Healy KE. A novel method to fabricate
bioabsorbable scaffolds. Polymer. 1995;36(4):837-842.

Ye FG, Xia CS, Zhang Wb, et al. Approaches to isolate, culture
and identify the bone marrow-derived mesenchymal stem cells
of rabbits. Qiandao Daxue Yixueyuan Xuebao. 2006;42(4):
330-332.

Guidoin MF, Guidoin R, Frayssinet P, et al. Poly-L-lactide
surfaces subjected to long-term cell cultures: cell proliferation
and polymer degradation. Artif Cells Blood Substit Immobil
Biotechnol. 2005;33(4):411-422.

Lazzeri L, Cascone MG, Danti S, et al. Gelatine/PLLA
sponge-like scaffolds: morphological and biological
characterization. J Mater Sci Mater Med. 2006;17(12):
1211-1217.

Rezwan K, Chen QZ, Blaker JJ, et al. Biodegradable and
bioactive porous polymer/inorganic composite scaffolds for
bone tissue engineering. Biomaterials. 2006;27(18):3413-3431.
Otto TE, Nulend JK, Patka P, et al. Effect of (poly)-L-lactic acid
on the proliferation and differentiation of primary bone cells in
vitro. J Biomed Mater Res. 1996;32(4):513-518.

AEIRABRBY 2 FREMNEMEE SRR EYF IR R0~

gk, FEWAMRAEEREA, ART

100088)

KT, 4, 1980 4, LiE KRTA,
2008 el T k¥, Hid, TE2ME
O At ALy & 6 A5 .

WA SRy, W, 8 EALE)F,
W EERTEH, L®F 100088
HWE

e RIRP-HR ST EMEMEN X
A, T AR R A0 R, DR
RN, PR S, JEEA AR .
BRY: A IS [ 3R A2 SLRR A X 47 o ik
FRAFURR-B- B2 =45 5 & 286 kL ol
R S L EE s .

Fik: GEFARX ST RE 200 000 1
380 000 (13 A Ll L ¥ TE S B-iR
A o A R 2C TR B IR =S AL
AP RE, BRI LB R AL E AR,
5 L 1)1 6 1R 7 5T 40 i 5 R X 4 o
> 200 000 1 380 000 15 7 FL IRy 22
MR R A%, JFSIER R
B [0H 6 15D 78 BTN AT P A% . 4
B8 L) Ko 211 H B A R i 3 AT 6
E1E =8

3850

HREG®R: WHASRER, RN
FER T A0 ML B e AR AT X > T R E N
200 000 F1 380 000 2R 7 FLER 1A G 1 S A8
MBI ARG IR K. MTT Al 8o
FANMIES IR 1~7 d I 40 2 S ey
BEMEREX(P >0.05), AFHg0 b
FR R IE KV HEE (P > 0.05)0 B & A
(7 A 0 23 o 1R 2 e LR - B W R — 4
A SCHPPRER 5 T 1) 78 5T An e
BB L BB TC S

KA. RAIAR: SOME maTrREe
ML ARy B PR ST AT
doi:10.3969/).issn.1673-8225.2012.21.011

YIS R318 kbR iAY: B

45 1673-8225(2012)21-03847-04
KT, ENIA. A FERFLRARX 43T BTN
HAdE A SRR EY) 2 D Re 5 ]

LU TR, 2012, 16(21):3847-3850

[http://www.crter.org http://cn.zglckf.com]
(Edited by Li QS/Wang L)

P.O. Box 1200, Shenyang

REAETNEZEE—
1EZ M TRT HAT Z Wikt &%
o TERRI, FHAE TR,
FIZEIZE RAR W BARAT ] RA
A E R IR A AR A 4R
) 2 F XA BB .

PHEER FRitohmicEsE
K.

I PYFFIE: AT R AR AT
A 5 SUBR-B-BEBR =45 4 & X AAL.
B Aok K3 ) B AR T E R AR
x4 F i & 2t T A A AR 8 BT IR
BERh, FRILES T LB HA
WA BRI A 43T Sk
ETHRT ARRLBAS TR =
xt F R ILB-B-BhER =45 B A ¥ B AA
& W3 e B

110004  cn.zglckf.com



