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Abstract

Aim: This animal study aims to examine the efficacy and safety of poly-D,L-lactic acid (PDLLA) microspheres as
subdermal fillers.

Methods: Thirty 2-week-old male Sprague Dawley rats were used as test animals, and 0.5 mL filler solutions were injected
into the subdermal tissues on their backs. Groups of five rats were randomly selected and sacrificed for examination on
the 2nd, 4th, 8th, 12th, 16th, and 20th weeks after injection. Clinical and histological examinations were performed via
the hematoxyline-eosin and immunohistochemical (IHC) staining of injected sites after collecting the injected masses.
The body weights of the rats were measured, and the presence of filler substance in other organs was determined.

Results: Injected volumes were stable from the 2nd to the 20th week after injection, and no abnormalities were observed
around theinjection sites. The injected substance did not migrate to the surrounding tissues. In IHC staining experiments,
myofibroblasts were observed from the 2nd week, and collagen was detected from the 4th week. Myofibroblast was
observed in the spaces between and inside the microspheres in the 8th week after injection, whereas type | collagen was
found between and inside the microspheres at 8th and 12th weeks, respectively.

Conclusion: The animal experiments confirm the efficacy and safety of injectable PDLLA as a subdermal filler.
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INTRODUCTION

Polylactic acid (PLA) was originally synthesized from a-hydroxy acids by French chemists in 1954. This
polymer has been used safely in resorbable suture materials, plates, and screws in orthopedic, neurologic,
and craniofacial surgeriesm]. PLA forms the chiral molecules of poly-L-lactic acid (PLLA), poly-D-lactic
acid, poly-D,L-lactic acid (PDLLA), and meso-PLA types”. Only PLLA and PDLLA have been extensively

studied and have shown promising results'*""

In 1999, injectable PLLA was approved for use in Europe (New-Fill; Biotech Industry SA, Luxembourg,
Luxembourg). PLLA is used to increase the volumes of depressed skin areas, particularly to correct
skin depressions such as creases, wrinkles, folds, scars, and eye rings"". PLLA is also useful for treating
degenerative skin lesions due to aging. In August 2004, injectable PLLA (Sculptra; Dermik Laboratories,
Bridgewater, NJ) was approved for the treatment of HIV-associated facial lipoatrophy in the United

States"”’. In 2009, this approval was expanded to include cosmetic applications'"”

Injectable PDLLA is a new subdermal stimulatory filler (AestheFill; REGEN Biotech, Seoul, South Korea),
and it has identical features as injectable PLLA. Injectable PDLLA is biocompatible, biodegradable,
biostimulatory and long lasting. But the difference is the microparticles of injectable PDLLA are
spongiform microspheres with multiple micropores. The aims of this study were to test the in vivo efficacy
and safety of the injectable PDLLA as a subdermal tissue filler. This biodegradable polymer was injected
into animals from September 1, 2009, to May 1, 2011. The effects and long-term utility of injected PDLLA
microspheres were then investigated in observations of the dorsal parts of 2-week-old Sprague Dawley (SD)
rats.

MATERIALS AND METHODS

Materials

Biodegradable PDLLA filler

The injectable PDLLA used in this study was produced by REGEN Biotech, and comprised 30 to 70 um
PDLLA microspheres that were white, frozen, and dried solid. The microspheres were suspended in sodium
carboxymethylcellulose as a carrier for injection.

Experimental animals

All animal procedures were conducted in compliance with the relevant laws and regulations of the
Institutional Animal Care and Use Committee of Hallym University. A total of thirty 2-week old male SD
rats were fed sufficient water and food in the animal facility of Hallym University.

Methods

Filler injection

SD rats were anesthetized with ketamine and xylazine and received subdermal injections of 0.5 mL PDLLA
filler into their backs.

Macroscopic observations of the injection sites
On the 2nd, 4th, 8th, 12th, 16th, and 20th weeks after injection, five rats were randomly selected for clinical
observations, and the skin color and volume changes at the injection sites were recorded.
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Figure 1. Macroscopic findings at injection sites. PDLLA filler injection sites can be visually confirmed. Inflammatory indicators, such as
redness at the injection site or in the surrounding skin, were not present. A: immediately after PDLLA filler injection; B: at the 2nd week
after PDLLA filler injection; C: at the 4th week after PDLLA filler injection. PDLLA: Poly-D,L-lactic acid

Figure 2. PDLLA filler injection sites at the 20th week. PDLLA filler was located in the subdermal tissue, and no abnormal findings, such
as migration to surrounding tissues or inflammation, were apparent; A: skin reflection to show PDLLA filler mass; B: closer view of Figure
2A. PDLLA: Poly-D,L-lactic acid

Collection and observation of tissues
After the clinical observations of injection sites, tissues were harvested, immobilized in 10%
neutral formalin solution, and then sliced into serial sections. Hematoxyline-eosin (H&E) and
immunohistochemical (IHC) staining analyses were performed using antibodies against collagen (type I)
and actin. The degrees of proliferation of normal tissues were estimated on the basis of the observations of
cells, myofibroblasts, and collagen.

Safety of PDLLA filler

The developmental states of all treated animals were monitored by periodically measuring their body
weights. The transfer of the microspheres to other organs was validated histologically in the liver, kidney,
spleen, and lung tissues from treated rats.

RESULTS

Macroscopic findings

After injecting PDLLA filler into the dorsal subdermal tissues of SD rats, no significant skin color changes
were observed in the injection sites compared with the untreated sites, and circular elevations were noted
[Figure 1A-C]. The PDLLA filler mass was visually pale yellow compared with the subdermal tissues from
the inner side after peeling off the muscle tissues [Figure 2A and B]. PDLLA filler masses that formed
circular shapes at the subdermal tissues of injection sites and PDLLA microspheres did not infiltrate into
neighboring tissues during the 20th week of the study period after injection. Moreover, the injection
volumes were maintained without significant reductions for the entire 20-week study period [Figure 3].
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Figure 3. Changes in the sizes of poly-D,L-lactic acid filler masses over time. No significant reductions in volume were observed during
the 20-week observation period after injection

20 Wks

Histological findings

Cell distributions in PDLLA filler masses

PDLLA filler masses were fixed in 10% neutral formalin solution, and serial sections were stained with
H&E. As shown in Figure 4A and B, PDLLA filler masses were localized to subdermal tissues and did
not migrate to the surrounding tissues. Furthermore, although inflammatory cells were observed around
PDLLA filler masses at the 2nd week after filler injections [Figure 4A], they tended to decrease at the 4th
week [Figure 4B].

In the analyses of serial sections, cells were observed in PDLLA filler masses. However, cell densities
were not uniform throughout these masses at the 2nd and 8th weeks. Cell densities were low in the
centers of filler masses early in the study period, particularly at the 2nd week. At the 12th and 20th weeks,
cell densities were uniform throughout the filler masses. The high magnification (x400) microscope
observations show the foreign body giant cells in the spaces between and on the surfaces of the PDLLA
microspheres at the 2nd week [Figure 5A]. However, empty spaces remain between the microspheres. At the
sth week [Figure 5B], these spaces were totally filled with giant cells; at the 12th and 20th weeks [Figure 5C
and D], giant cells were visible in the spaces between the microspheres and within individual microspheres.

In Figure 6A, the H&E stained section of an PDLLA filler mass at the 2nd week shows a vessel-like conduit.
At the 12th and 20th weeks [Figure 6B and C], the vessel was increasingly evident and resembled a blood
vessel.

New tissue formation (neotissue) in PDLLA filler masses

A. THC staining for actin

To confirm the formation of neotissue in PDLLA filler masses, actin components were stained
immunohistochemically in serial sections. Actin filaments are inside and the cytoskeleton of myofibroblasts.
As shown in Figure 7A, myofibroblasts were visible around and in the spaces between the microspheres
at the outer and inner parts of the mass from the 2nd week after PDLLA filler injections. At the sth week,
myofibroblasts were present in the entire mass and filled most of the spaces between the microspheres
[Figure 7B]. At the 12th week, myofibroblasts were additionally present within individual microspheres
[Figure 7CJ; at the 20th week, myofibroblasts were further increased [Figure 7D].
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Figure 4. H&E staining (x100) after PDLLA filler injections. The injected PDLLA microspheres remained in the subdermal layer, and
infiltration into surrounding tissues was not apparent. Inflammatory cells were visible around PDLLA microspheres. A: at the 2nd week; B:
at the 4th week. PDLLA: poly-D,L-lactic acid

Figure 5. H&E staining (x400) at the 2nd to 20th week after poly-D,L-lactic acid filler injections. A: at the 2nd week; B: at the 8th week; C:
at the 12th week; D: at the 20th week. Yellow arrows: foreign body giant cells, with increasing number from A to D

Figure 6. H&E staining (x100) pictures of an poly-D,L-lactic acid filler mass show a vessel-like conduit. A: at the 2nd week; B: at the 12th
week; C: at the 20th week. Yellow arrows: vessel-like conduits

B. IHC staining for type I collagen

To confirm the formation of neotissue, we performed IHC analyses of filler mass sections by using
antibodies against type I collagen. Unlike actin, collagen was expressed only in some parts between and
on the surfaces of the microspheres at the 4th week [Figure 8A]. At the 8th week, the collagen expression
between the microspheres was greater than that at the 4th week [Figure 8B].

At the 12th week after PDLLA filler injection, the appearance of collagen was increased [Figure 8C]. As
indicated by the arrows, collagen was present inside the individual microspheres. Moreover, at the 20th
week, collagen expression was increased inside the individual microspheres [Figure 8D].
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Figure 7. Immunohistochemical staining of actin (x400) in PDLLA filler mass sections at the 2nd to 20th weeks after PDLLA filler
injections. A: at the 2nd week; B: at the 8th week; C: at the 12th week; D: at the 20th week. Actin filaments are inside and the cytoskeleton
of myofibroblasts. Yellow arrows: myofibroblasts, with increasing number from A to D. PDLLA: poly-D,L-lactic acid

Figure 8. Immunohistochemical staining of type | collagen in neotissues (x400) at the 4th to 20th weeks after poly-D,L-lactic acid filler
injections. A: at the 4th week; B: at the 8th week; C: at the 12th week; D: at the 20th week. Yellow arrows: type | collagen, with increasing
number from A to D

Changes in body weight
No significant weight gains or losses were observed after the injection of the filler into experimental
animals.

Transfer of PDLLA microspheres to other organs

After PDLLA filler was injected, liver, kidney, spleen, and lung tissues were harvested and fixed in 10%
neutral formalin solution. H&E staining was then performed with serial sections. These analyses show that
the microspheres did not migrate into distant organs [Figure 9A-D].
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Figure 9. The migration of PDLLA microspheres to internal organs was not observed after PDLLA filler injections. A: lung; B: spleen; C:
liver; D: kidney. PDLLA: poly-D,L-lactic acid

DISCUSSION

Injectable fillers offer simple and minimally invasive techniques for tissue volume expansion. Ideal
materials for such interventions must be easily injectable, nonmigratory, noninflammatory, volume stable,
biodegradable, and biocompatible. Many types of tissue fillers are currently used for cosmetic and medical
indications in routine clinical practice™. These tissue fillers can be classified as temporary, semipermanent,
or permanent fillers depending on the duration of the injected product in tissues'"”. These fillers are
also classified according to their compositions, and collagen (bovine, porcine, and human), hyaluronic
acid (HA), PLLA, calcium hydroxylapatite (CaHA), polymethyl methacrylate, polyacrylamide, and
autologous fat cells have been investigated"*. Among these fillers, CaHA and PLLA are known as collagen
stimulators"” and offer unique and effective ways to address tissue impediments with natural-appearing
results and durability.

Poly-lactic-co-glycolic acid (PLGA) microspheres have been considered injectable bulking substances
in previous studies”"”. These studies show that PLGA is biodegradable and biocompatible and induces
hybrid tissue formation upon implantation. However, PLGA microspheres fail to offer a long-term (more
than six months) maintenance of hybrid tissue volumes because they degrade. Compared with PLGA, PLA
microspheres have slower degradation rates owing to their relative hydrophobicity. Hence, injectable PLA
microspheres maintain hybrid tissue volumes for longer periods. Kang et al.** previously showed that
volumes of implanted PLA in dorsum tissues of mice slowly decreased in volume to 52% after 12 months
but maintained this residual volume until 18 months.

In this study, PDLLA filler affected the formation of neotissues around and inside injection areas, similar to
PLLA demonstrations as a collagen stimulator. Moreover, during the test period, no clinical symptoms or
changes in body weights were observed in our experimental animals. No migration of test substance to the
lung, spleen, liver, or kidney tissues was observed, and the injected PDLLA filler volumes in the sub-dermis
were maintained between the 2nd and 20th weeks after injection. We also observed no abnormal findings,
such as inflammation around and inside the injection sites. Histopathological findings similarly showed the
appropriate localization of injected PDLLA filler in subdermal tissues and confirmed that the substance did
not migrate to surrounding tissues.

Cells that were distributed in the periphery of PDLLA filler injection sites moved into the spaces between
PDLLA microspheres and then moved into the centers of the microspheres. Nutrient supply through
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microvessels is necessary for the proliferation and migration of cells into injected masses. As shown in
Figure 5A-D, the spaces between PDLLA microspheres filled with cells over time, thus suggesting the
formation of blood vessel-like pathways that may supply nutrients for cell proliferation inside the PDLLA
filler mass.

To investigate the formation of neotissues, we performed IHC analyses on the actin and type I collagen
in sections of the PDLLA filler masses. Myofibroblasts were found between the microspheres as early as
two weeks after injection and continued to develop and eventually penetrated the PDLLA microspheres.
Similarly, extracellular type I collagen was detected in spaces between and on the outer surfaces of the
microspheres at the 4th week and was found inside the individual microspheres by the 20th week.

This animal study suggests that injected PDLLA filler mass maintains its volume by facilitating the
formation of new tissues, which ultimately replace the volume of the PDLLA filler mass and presumably
hydrolyze the PDLLA.

We can divide the volume maintenance into two stages. The first stage of the volume increase is from the
volume of the injected PDLLA microspheres. The second stage is volume maintenance, and it is due to
the formation of new tissues and collagen with cell inflow between and inside PDLLA microspheres. The
volume of new tissues and collagen replaces the volume of PDLLA microspheres, which are eventually
hydrolyzed.

In 2012, a clinical study was performed to determine the efficacy and safety of PDLLA filler injections for
penile augmentation™. The significant penile augmentation effect lasted for 18 months after injection
and was well tolerated without serious adverse effects. Subsequently, 58 people were recruited into a
randomized, evaluator-blinded, comparative study that was conducted on August 1, 2012 to March 6, 2013.
In this study, the efficacy and safety of PDLLA microspheres injections for the correction of nasolabial
folds were compared with those of HA. PDLLA microspheres were not inferior to HA"™, and 30 subjects
completed the 24-month long-term safety evaluation follow up, which showed that PDLLA microspheres
are safe and effective for use as fillers for nasolabial fold correction™. Complications such as granuloma
formation*” and accidental vascular occlusion™
need to be investigated further.

! could occur, similar to other subdermal fillers, and

In this study, rat body weights did not change during the experimental period, and no evidence of test
substance migration to other organs was found. The injected volumes were maintained for 20 weeks in
part because of the inflow and growth of cells, actin, and type I collagen inside the microspheres. The
formation of neotissues that replace the original volume of the PDLLA filler mass was further suggested
by observations of microvessels inside PDLLA filler masses. Therefore, injectable PDLLA polymer is
biodegradable and has efficacy and safety as a subdermal tissue filler.
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