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An investigation of the growth of human dermal 
fibroblasts on poly-L-lactic acid in vitro 

V. DOYLE*,  R. PEARSON*,  D. LEE S , S. WOLOWACZ *, S. M c T A G G A R T  ~ 
*IRC in Biomedical Materials, QMW, Mile End Rd, London, UK. 
~IRC in Biomedical Materials, Institute of Orthopaedics, Brockley Hill, Stanmore, Middx. UK. 
tSmith & Nephew GRC, York Science Park, York, UK. 

A tissue engineered implant involving cells seeded on bioresorbable materials is an 
attractive proposition for the repair of soft tissue because in the long term the material is 
resorbed leading to a natural repair. The aim of this study was to assess the effect of 
poly-L-lactic acid (PLA) on the growth of human dermal fibroblasts in vitro. The results have 
been compared to other resorbable materials, polyhydroxybutyrate (PHB), polycaprolactone 
(PCL) and polyglycolic acid (PGA). Thermanox (Tmx) and tissue culture plastic (Tcp) were 
used as positive controls. PLA compared favourably with the other bioresorbable materials, 
as a substrate for fibroblast attachment and proliferation. No evidence of cytotoxicity was 
observed for cells cultured in polymer extracts. Colonies of adhered fibroblasts were 
observed on PLA which exhibited normal bipolar morphology when viewed using phase 
contrast microscopy and cryo-SEM. Cellular proliferation was measured by tritiated 
thymidine incorporation with total DNA as a baseline. Concerns associated with the use of 
PLA as the bioresorbable material utilized in tissue regeneration are primarily related to the 
effect of degradation products on the cellular component. No effect on the growth of dermal 
fibroblasts was observed in the presence of degradation products or lactic acid standards 
(0-1000 ~tg/ml/48 h). This study has demonstrated that human dermal fibroblasts 
proliferated and formed a confluent monolayer on PLA, which may prove to be a suitable 
scaffold for soft tissue repair systems, providing biomechanical and biodegradation 
requirements can be fulfilled. 

1. Introduction 
Presently there is considerable interest in the applica- 
tion of bioresorbable polymers for soft tissue recon- 
struction and repair [1--3]. In particular a tissue en- 
gineered implant consisting ofa bioresorbable scaffold 
seeded with autologous cells would ultimately lead to 
an entirely biological repair once the scaffold has 
resorbed [4]. This would overcome the problems as- 
sociated with traditional implants and grafts, such as 
adverse immunological response, donor site morbidity 
and wear particle responses [5]. An important factor 
to consider in the use of resorbable materials for tissue 
engineered implants is their effect on the proliferation 
rate of seeded cells [6 8]. There has been much debate 
over the effect of resorbable polymers on cell prolifer- 
ation due to material characteristics including pH and 
the effect of degradation products. Good compatibil- 
ity characteristics for polylactides have been reported, 
however, for both in vitro studies and in vivo studies [-9, 
10]. It must be appreciated that the biomaterial 
chosen for the scaffold matrix must also meet bio- 
mechanical and degradation rate criteria as well as 
being biologically compatible. 

An extensive in c'itro study of the growth of human 
dermal fibroblasts on polylactic acid (PLA) has been 
undertaken. Comparative data for fibroblasts cultured 
on other resorbable materials; polyhydroxybutyrate 
(PHB), polycaprolactone (PCL) and polyglycolic acid 
(PGA) has been included. Two non-resorbable mater- 
ials in the form of Thermanox <°; (Tmx) discs and Tissue 
culture plastic (Tcp) have been used as positive control 
materials due to their optimized cell growth character- 
istics. It is important to confirm that no cytotoxic 
contaminants are present in the polymers. Thus, rela- 
tive cytotoxicities of polymer extracts were assessed 
using cultured fibroblasts in vitro. This study was 
performed primarily to evaluate the cytotoxicity of 
any leachable substances, such as toxic impurities, in 
the test polymers. 

The degradation of polylactic acid, PLA, is prim- 
arily a hydrolytic process. The products of hydro- 
lysis are monomers and oligomers of lactic acid 
which may affect cellular responses [10, 11]. The 
effect of accelerated PLA degradation products and 
purified lactic acid on fibroblasts in culture has been 
assessed. 
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2. Materials and methods 
2.1. Materials 
Polymers, PLA, PCL, PHB and PGA, were compres- 
sion moulded into films and cut into 15 mm diameter 
discs, These were sterilized by gamma irradiation 
(25 kGy). 

Human dermal fibroblasts, (courtesy of Adden- 
brookes Hospital, Cambridge), passages 10-15, were 
used throughout the study and were cultured in Dul- 
becco's Modified Eagles Medium (DMEM), supple- 
mented with L-glutamine ( l%v/v) ,  non-essential 
amino acids (1% v/v), penicillin/ streptomycin (1% 
v/v), foetal calf serum (10% v/v), Ascorbate (150 lag/ml) 

and HEPES buffer (20 mM). 

2.2. Cytotoxicity testing 
The cytotoxicity of extracts prepared from the poly- 
mers was assessed. Polyvinylchloride (PVC) contain- 
ing 0.3% (w/w) tin was used as a toxic control mater- 
ial. Low density polyethylene (LDPE) was used as 
a non-toxic control. Polymer discs were incubated in 
1 ml medium for 24 h at 37 °C/5 %C02. Human der- 
mal fibroblasts, grown to confluence on Tcp, were 
exposed to various dilutions of the extract for 24 h at 
37 °C/5 %CO2. Cell viability was assessed by uptake 
of the vital stain, Neutral Red, and cell number was 
determined using Kenacid Blue. 

2.3. Morphology on resorbable materials 
An investigation was conducted to determine whether 
the polymers were capable of supporting adherence and 
growth of fibroblasts. Human dermal fibroblasts were 
seeded on polymer discs at a density of 1 x 104 
cells cm -2 and incubated for 3 days. The discs were 
removed from culture and processed for cryo-scanning 
electron microscopy (SEM). Comparison was made 
with a positive control of Tcp. In addition, the morpho- 
logy of cells cultured on PLA and Tcp for up to 7 clays 
was assessed using phase contrast microscopy. 

radionucleotide was washed through the membrane. 
The radioactivity level was measured, following 
solubilization (0.01 M KOH), on a scintillation 
counter. In addition on the proliferation rate of cells 
cultured on PLA and Tmx was measured on days 1, 
3 and 7 of culture using the same methods. 

2.5. Degradation products 
PLA degradation products were prepared by incuba- 
ting PLA in distilled water at 80 °C for 5 days. Test 
solutions consisted of a range of concentrations of 
degradation products or lactic acid standards 
(0 10001ag/ml) in culture medium. Human dermal 
fibroblasts were seeded on Tcp at a density of 1 x 
104cellscm -2 and incubated for 24h  at 37°C/ 
5 %CO2. The medium was removed and replaced with 
a solution containing degradation products or lactic 
acid. The cells were cultured for a further 48 h at 
37 °C/5 %CO2. The cells were enzymatically lysed as 
above. Total amounts of DNA were determined in the 
cell lysate by a DAPI fluorometric assay. 

3. Results 
3.1. Cytotoxicity testing 
Cytotoxicity was assessed by culturing cells in condi- 
tioned medium prepared from polymer discs. Cell 
viability data after culture for 24 h is presented in 
Fig. 1. Neither any of the polymers nor the non-toxic 
positive control extract, LDPE caused any alteration 
in cell viability at all concentrations. By contrast the 
toxic control extract, PVC + 0.3% tin was found to 
cause a marked decrease in cell viability when used 
undiluted in culture. This cytotoxic effect decreased as 
the extract was diluted. 

3.2. Morphology on resorbable materials 
Cryo-SEM indicated that by day 3, fibroblasts had 
attached and proliferated on all the materials. A con- 
fluent layer of cells was observed on Tcp after 3 days in 

2.4. P r o l i f e r a t i o n  o n  resorbable materials 
Cellular proliferation on the polymers was assessed 
using tritiated thymidine ([3H]-TdR) incorporation. 
Human dermal fibroblasts were seeded on polymer 
discs at density of 1 x 104 cells cm 2 and incubated for 
24 h. The medium was removed and replaced with 
fresh medium supplemented with [3H]-TdR 
(1 gCi ml 1), and the cells cultured for a further 24 h, 
The medium was removed and the cells were enzym- 
atically lysed with papain (1 gl ml 1 in phosphate 
buffered saline (PBS) supplemented with 5 mM EDTA, 
5 mM cysteine HC1) for 16 h at 60 °C. Total amounts 
of DNA were determined in the cell lysate by a DAPI 
fluorometric assay [12]. Tritiated thymidine incorpor- 
ated into DNA was measured by trichloroacetic acid 
(TCA) precipitation of cell digest. The precipitate 
was vacuum fltered onto a porous membrane using 
the Millipore ~' multiscreen filtration system. Un- 
precipitated lysate containing the excess unbound 
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Figure 1 The relative viability of cells exposed to the test and 
control extracts, expressed as the neutral red absorbance divided by 
the kenacid blue absorbance (a dilution factor of I relates to the 
undiluted extract). Note tha! relative viability is expressed in 
arbitrary units and does not correspond to percentage viability. 
--[~ PHB; ~ PCL; .... ©-- PLA; ~ PGA; x 
PVC + tin; + LDPE. 



Figure 2 Scanning electron micrograph of fibroblasts cultured on bioresorbable materials for up to 3 days in culture (a) Tcp, (b) PHB, (c) PCL 
(d) PEA. 

culture (Fig 2a). PHB,  P C L  and PLA all demon-  
strated sub-confluent  mono laye r  of  cells (Fig. 2b, c, d). 
Phase contras t  microscopy  indicated that  f ibroblasts  
cultured on T m x  (Fig. 3a) for 24 h had a greater  
density than those grown on PLA (Fig. 3b). By day 7, 
however,  cells on both PLA and T m x  had reached 
confluence (Fig. 3c, d). 

3.3. Proliferation on resorbable materials 
The relative cellular proliferat ion rates on the bio- 
resorbable  materials  is i l lustrated in Fig. 4. Significant 
cellular proliferat ion was observed on both  P C L  and 
Tcp, the latter acting as a positive control.  Slower 
proliferat ion rates were observed on P H B  and PLA 
relative to the Tcp  value, while P G A  exhibited the 
slowest cellular proliferat ion rate on the materials  
tested. Relative cellular proliferat ion rates on PLA 
and Tmx were determined on days 1, 3 and 7 of culture 
(Fig. 5). On day 1, prol iferat ion on PLA was marked ly  

lower than on Tmx. The  proliferat ion rate on T m x  
decreased th roughout  the culture period, whereas the 
proliferat ion rate on PLA increased between days 
1 and 3. By day 7 the rates on the two materials  were 
similar. 

3.4. Degradation products 
The effect of exposure  of f ibroblasts  to PLA degrada-  
tion products  and lactic acid was determined over  
48 h at a range of concentra t ions  up to 1 m g m l  1 
lactic acid (Fig. 6). No reduct ion in the D N A  content  
of the cultures was observed. 

4. Discussion 
The object of  this s tudy was to investigate the growth 
of human  dermal  f ibroblasts on PLA and a variety of 
other  resorbable  polymers.  The  informat ion gained, in 
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Figure 3 Light micrograph (300 x ) of fibroblasts cultured on PLA and Tmx. (a)Tmx day 1; (b) PLA day 1; (c) Tmx day 7; (d) PLA day 7. 
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Figure 4 Relative cellular proliferation rates of fibroblasts cultured 
on bioresorbable materials. Thymidine uptake is expressed as 
(cpm/gg DNA) (mean + SD, n - 6). • PCL; [] PGA; [] PH B; [] PLA; 
[] TCP. 

conjunction with mechanical and degradation data, may 
be useful in the selection of resorbable scaffold mater- 
ials for tissue engineered soft tissue repair systems. 
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Cytotoxicity studies indicated no alteration in the 
viability of fibroblasts cultured in medium containing 
extracts from any of the polymers when compared to 
a non-toxic control (LDPE). Extracts from the toxic 
control (PVC + 0.3% tin), however, induced a dose- 
dependent reduction in cell viability. Thus, none of the 
leachable substances from any of the polymers were 
found to be toxic to fibroblasts under these conditions. 

Scanning electron microscopy demonstrated that 
by day 3 the cells had not reached confluence on any 
of the materials, as observed for cells on Tcp. Cell 
density was greatest on PCL, with similar but lower 
densities on the other two polymers. However, light 
microscopy studies indicated a confluent monolayer 
of cells on PLA similar to that of Tmx at day 7. Thus, 
although the cells are able to attach and spread on the 
polymers, there is evidence to suggest that their rate of 
proliferation is slower on the polymers than on Tcp or 
Tmx. 

Cellular proliferation was quantified by measuring 
[3H]-TdR incorporation into DNA, with total DNA 
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Figure 5 Cellular proliferation rate of dermal fibroblasts cultured 
for up to 1, 3 and 7 days on Tmx ( [] ) and PLA ( '~ ). 
Thymidine uptake is expressed as cpm/lag D N A  (Mean _+ SD, 
n - 4 ) .  
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Figure 6 D N A  content  of dermal fibroblast culture following 48 h 
incubation with polylactic acid degradat ion products  and lactic acid 
s landards  (Mean + SD, n = 4). [] PLA deg. prod.; [ ]  standard.  

as a baseline. [3H]-TdR incorporation could be meas- 
ured in all cases, indicating that fibroblasts will prolif- 
erate on all of the materials tested. The qualitative 
morphological data correlates well with the quantitat- 
ive biochemical analysis. The day 1 differences be- 
tween the [-3H]-TdR incorporation for cells cultured 
on Tmx compared to PLA are probably due to the 
formation of a confluent monolayer of cells on Tmx 
which will result in contact inhibition of cell prolifer- 
ation. Indeed, by day 7 rates on both materials were 
indistinguishable as both groups had reached conflu- 
ence. 

PLA degradation products may alter cellular re- 
sponses due to molecular components or to reduced 
pH conditions which are induced. The presence of 

PLA degradation products or lactic acid was not 
found to alter the DNA content of the cultures, sug- 
gesting that the viability and proliferation of the cells 
is normal. Thus there is no evidence to suggest any 
detrimental effect of degradation products on fibro- 
blasts at the concentrations tested. Nor is there any 
evidence to suggest a difference in cellular response to 
solutions containing oligomers of PLA (in the degra- 
dation products) when compared to lactic acid mono- 
mers under these conditions. 

5. C o n c l u s i o n s  
In this study we have demonstrated that human 
dermal fibroblasts will adhere and proliferate on PLA. 
No evidence of cytotoxicity was detected and the cells 
had normal morphological characteristics. The 
fibroblasts proliferated and formed a confluent mono- 
layer after approximately 7 days. It would appear that 
PLA would be a suitable material for use in tissue 
engineered soft tissue repair systems. While there were 
slight variations in the rate of proliferation between 
PLA and the other resorbable materials tested, all will 
support the attachment and proliferation of fibro- 
blasts. Therefore other factors such as the mechanical 
properties and degradation profile of the material may 
be of equal importance when selecting a material for 
repair systems. 
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