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Background and objective: The onset and progression of pathological scarring involves
multiple cytokines and complex mechanisms. However, hyperplasia of fibroblasts and neovascu-
larization plays important roles, which can be inhibited by paclitaxel. The aim of this study was
to investigate the efficacy of paclitaxel in the treatment of hypertrophic scars on rabbit ears.
Methods: Rabbit ear models of hypertrophic scars were established to observe the therapeutic
effects of paclitaxel at different concentrations (12 mg/L, 24 mg/L, 48 mg/L, 96 mg/L, 18 mg/L,
54 mg/L, 162 mg/L, 486 mg/L, 30 mg/L, 150 mg/L, 750 mg/L, 3,750 mg/L). The outcome
measures included hypertrophic index (HI), density of fibroblasts, density of collagenous fibers,
and microvessel density.

Results: In comparison with the control group, the concentrations of 96 mg/L, 150 mg/L,
and 162 mg/L significantly reduce the formation of hypertrophic scars in the rabbit ear
models. However, local necrosis was found in the rabbit ear models treated with paclitaxel
solution >400 mg/L.

Conclusion: Paclitaxel has strong inhibitory effects on the hyperplasia of fibroblasts, deposition
of collagen, and microangiogenesis in hypertrophic scars on rabbit ears within the concentration
range from 48 mg/L to 162 mg/L, without causing local necrosis.
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Introduction

Following burns, traumatic injuries, and surgical procedures, hypertrophic scarring
is associated with the hyperplasia of fibroblasts, the abnormal synthesis and degra-
dation of extracellular matrix, the disorders in regulatory cytokines, and abnormal
neovascularization."? Paclitaxel is an antineoplastic agent extracted from Taxus cells.
Past reports have shown that paclitaxel reduces the hyperplasia of fibroblasts and
neovascularization.? In this study, we applied different concentrations of paclitaxel
solution to the rabbit ear scar models by injection and observed the effects of paclitaxel
on scar tissues, evaluating the efficacy of paclitaxel in the treatment of hypertrophic
scars and investigating the optimum dosage.

Materials and methods

Reagents and animals
This study was carried out after getting the permission and approval from the Animal
Care and Use Committee at Chinese PLA General Hospital. All the animals were
housed in individual cages under constant temperature (22°C) and humidity (45%)
with a 12-hour light—dark cycle. A total of 18 Japanese white rabbits were used for
this study.

The reagents used in this study were as follows: 1) paclitaxel injection (Corden
Pharma Latina S.P.A., Sermoneta LT, Italy); 2) hematoxylin and eosin; 3) Sirius
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red staining kit; 4) acid fuchsin and aniline blue and; 5) 18
Japanese white rabbits, with unwounded ears and a body
weight range from 2.0 kg to 2.5 kg.

Establishment of animal models of

hypertrophic scars

The rabbits were anesthetized with intramuscular injection
of a ketamine (40 mg/kg) and Xylazine (5 mg/kg) mixture
before surgery. The ventral side of ears was unhaired, dis-
infected with 70% ethanol and draped. For each rabbit, four
full-thickness wound surfaces (1.5 cm X1.5 cm) were made on
the left and right sides of the midline of the ventral side of
the ears, the perichondrium was scraped, and the cartilage
was reserved.* Then, all the wounds were dressed with sterile
gauzes. A total of 144 wound surfaces were made in 36 rabbit
ears and bandaged. On the second day after operation,
the dressings were removed and the wound surfaces were
exposed to heal spontaneously, detailed in Figure 1.

Preparation of paclitaxel solution

and grouping

The paclitaxel injection (6,000 mg/L) was diluted with nor-
mal saline 0.9% infusion into the following concentrations
of solution: 1) 12 mg/L, 24 mg/L, 48 mg/L, and 96 mg/L
(baseline concentration of 6 mg/L, concentration gradient of
2x);2) 18 mg/L, 54 mg/L, 162 mg/L, and 486 mg/L (baseline
concentration of 6 mg/L, concentration gradient of 3x); and
3) 30 mg/L, 150 mg/L, 750 mg/L, and 3,750 mg/L (baseline
concentration of 6 mg/L, concentration gradient of 5x). The
baseline group was 6 mg/L. The control group was 0.9%
normal saline. There were 14 groups in all.

Administration and biopsy

Each rabbit had a total of eight scars in the ears. The control
groups were injected with normal saline 0.9% infusion and
the other groups were injected with different concentrations of

Figure | Establishment of rabbit ear model of hypertrophic scar.

paclitaxel solutions, respectively. Each group had ten scars in
all. The time of injection after wounding was at postoperative
day 28, because rabbit ear scar formation peaked at this time.
The administration method was as follows: 1 mL syringe was
used to inject the scar at three to five sites locating in the basal
part of the edges with the inserting direction toward the center
of scars; simultaneously, the needle was gradually inserted
and the solution was gradually injected; after the injection was
complete, the injection sites were compressed for -2 minutes
to avoid leakage. A total of 0.8 mL of paclitaxel solution was
injected into each scar. In order to attain sufficient absorp-
tion, pressure would be placed on the scar approximately
1-2 minutes. Ten days after injection, the samples were col-
lected from the scars with sterile scalpel, fixed with methanol
for 48 hours, and embedded with paraffin.

Measurement of hypertrophic index (HI)
The HE-stained tissue sections were measured with a
micrometer under low-power lens, and the values of HI
were calculated with the equation as follows: HI = A/B
(A4 is defined as the vertical distance between the highest
point of scar and the surface of cartilage, while B is defined
as the vertical distance between the level of normal skin and
the surface of cartilage).

Density of fibroblasts

HE-stained tissue sections were observed under light micro-
scope (400x) using Lumenera Infinity 2-1 CCD camera. Finding
the thickest part of scar tissue, we selected six nonoverlapping
fields of view, including three in the superficial part and three in
the deep part; finding the edges of scar tissue, we selected two
nonoverlapping fields on each side. Thus, a total of ten fields of
view were selected. Each field of view was divided into some
parallel grids, where the fibroblasts were calculated. The aver-
age value of the numbers of fibroblasts in all the ten fields of
view was considered to be the density of fibroblasts.

Density of collagenous fibers

Sirius red stained tissue sections were observed under light
microscope (400x). Ten fields of view were randomly
selected, respectively, in the superficial part, the deep part,
and each side of scar tissues. Computer-aided pathology
analysis system was used to calculate the density of stained
collagen, and the average value was obtained.

Microvessel density

HE-stained tissue sections were observed under light micro-
scope (400x), and the fields with rich microvessels were
selected. The average value of the amounts of the microvessels
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in five fields of view was considered to be the microvessel
density (the blood vessels whose diameters were more than
eight times as large as one erythrocyte were excluded).

Statistical analysis

The database was established with Excel 2003. SPSS 16.0 for
windows was used for statistical analysis. The measurement
data were expressed as mean = SD and compared among
the groups with one-way ANOVA; for post hoc multiple
comparisons, least significant difference test was used with
equal variances assumed, and Dunnett’s T3 test was used
with equal variances not assumed. P<<0.05 was considered
statistically significant.

Results

Due to serious necrosis on scars, three groups were excluded
(groups with concentrations of 486 mg/L, 750 mg/L, and
3,750 mg/L). Eventually, eleven groups were included into
statistical analysis.

HE-staining

The control group: a considerable amount of fibroblasts were
found in the scar tissues, with a relatively large cell size, rich
microvessels, and inflammatory infiltration; in the superficial
layer of scar tissues, dense and irregularly arranged collag-
enous fibers were found, most of which were type I collagen;
in the deep layer of scar tissues, linear and irregularly arranged
collagenous fibers were found, which were longer than
those in the superficial layer (Figure 2A). Paclitaxel group
(162 mg/L): the number of fibroblasts decreased after treat-
ment, with linear and loose collagenous fibers; the amount of
microvessels decreased after treatment (Figure 2B).

Trichrome staining
The control group: the scar tissues were relatively thick,
with rich microvessels and collagenous fibers (Figure 3A).

Paclitaxel group: the scar tissues were smooth with decreased
microvessels and less dense collagenous fibers in comparison
with the control group (Figure 3B).

The effects of paclitaxel in different

concentrations

Local necrosis was found in the rabbit ear models treated
with paclitaxel solution >400 mg/L. In comparison with the
control group, the concentrations of 96 mg/L, 150 mg/L, and
162 mg/L significantly reduce the formation of hypertrophic
scars in the rabbit ear models (P<<0.05). There was a signifi-
cant decrease in the density of fibroblasts and collagenous
fibers in the scars treated with paclitaxel solution of 96 mg/L
or higher when compared with the control group (P<<0.05,
ten wounds for each group). There was a significant decrease
in microvessel density in the scars treated with paclitaxel
solution of 48 mg/L or higher when compared with the con-
trol group (P<<0.05, ten wounds for each group), detailed
in Figures 4-7.

Discussion

The formation of hypertrophic scars is a complex biologi-
cal process involving hyperplasia of fibroblasts, deposition
and disorganization of collagen in the extracellular matrix,
and impaired absorption of damaged tissues.”” Generally,
the experimental research on scarring can be divided into
three types: cell culture in vitro, animal models, and clinical
observation. For cell culture in vitro, fibroblasts are collected
from the pathological scar tissues, cultured and subcultured
in vitro, and subjected to different research-related inter-
ventions; the limitations of this research method lie in the
prominent difference between in vivo and in vitro environ-
ments, which leads to biases in research results. For clinical
observations, the collection of cases is sometimes too difficult
to complete, although this research method makes it possible
for the researchers to apply research-related interventions to

Figure 2 Comparison of control group (A) versus treatment group (B): fibroblasts, collagen, and blood vessels in scar tissue (HE staining, 200x).

Abbreviation: HE, hematoxylin and eosin.
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Figure 3 Comparison of control group (A) versus treatment group (B): collagen in scar tissue (Masson trichrome staining, 400x).
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Figure 4 After treatment of hypertrophic scars with different concentrations of paclitaxel, there was a significant decrease in HI in the scars treated with paclitaxel solution
of 96 mg/L or higher comparing with the control group.

Notes: *P<0.05, N=10.
Abbreviation: HI, hypertrophic index.
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Figure 5 After treatment of hypertrophic scars with different concentrations of paclitaxel, there was a significant decrease in the density of fibroblasts in the scars treated
with paclitaxel solution of 96 mg/L or higher comparing with the control group.
Notes: *P<<0.05, N=10.
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Figure 6 After treatment of hypertrophic scars with different concentrations of paclitaxel, there was a significant decrease in the density of collagenous fibers in the scars

treated with paclitaxel solution of 96 mg/L or higher comparing with the control group.

Notes: *P<<0.05, N=10.

the pathological scar tissues directly and obtain the most reli-
able data. Thus, many past reports regarding the new drugs
and therapies in the treatment of pathological scarring were
based on animal models.

The most commonly used animal models of scarring
include nude mouse models and rabbit ear models.'*'* How-
ever, rejection response is always an avoidable problem in
the establishment of nude mouse models, which involves the
transplantation of human scar tissues. The rabbit ear model of
scarring has much in common with human scars, such as the
repair of wound surface and the histopathological structure.
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Thus, we used rabbit ear models of scarring to investigate the
effects of paclitaxel in the treatment of hypertrophic scars.
We applied different concentrations of paclitaxel to the
scar tissues on the ventral side of the rabbit ear by local
injection, observing the efficacy and concentration depen-
dence of paclitaxel in the treatment of hypertrophic scars.
Paclitaxel has been commonly used in clinics as an antine-
oplastic agent. Paclitaxel can enter the target cells and bind
with the intracellular microtubule networks, increasing the
assembly of microtubules, inhibiting the normal physiologi-
cal disassembly of microtubules, and eventually inducing
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Figure 7 After treatment of hypertrophic scars with different concentrations of paclitaxel, there was a significant decrease in microvessel density in the scars treated with

paclitaxel solution of 48 mg/L or higher comparing with the control group.
Notes: *P<<0.05, N=10.
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cell apoptosis.'* In addition, paclitaxel has inhibitory effects
on the synthesis of collagen, hyperplasia of fibroblasts, and
neovascularization.'>6

In our study, we found that the hypertrophy index of
scars in the rabbit ear model increased as the concentration
of paclitaxel decreased within the range from 48 mg/L to
162 mg/L and that the scars treated with paclitaxel showed
no infiltration of inflammatory cells, with decreased density
of fibroblasts and a considerable number of apoptotic cells.
However, prominent infiltration of inflammatory cells was
found in the controls, with a significantly higher density
of fibroblasts and a great number of irregular and hyper-
chromatic fibroblasts. Obviously, our results support the
argument that paclitaxel has direct inhibitory effects on the
growth and proliferation of fibroblasts, which has been sug-
gested in the existing literature.’

In the formation of pathological scars, collagen plays
the essential role as the supporting structure.'” In our study,
we found that the collagenous fibers were thick, irregularly
arranged, and circlewise twisted in the controls. However,
the collagenous fibers were thin and regularly arranged
in the treated scar tissues, with a significantly lower density
than that in the controls.

The growth of scar tissues requires neovasculariza-
tion, which guarantees sturdy structure and adequate blood
supply. Paclitaxel has an antineovascularization effect and
inhibits the formation of pathological scars. In our study, we
found that the treated scar tissues had a significantly lower
microvessel density than that of the controls, presenting with
prominent atrophy when the concentration of paclitaxel was
48 mg/L or high.

In visual inspection, we found that paclitaxel injection
within the range from 48 mg/L to 162 mg/L had not only
reduced the scar hyperplasia in rabbit ear models but also
caused little damage to the surface of scars without ulcers
and necrosis.

Conclusion

As stated above, paclitaxel has strong inhibitory effects on
the hyperplasia of fibroblasts, deposition of collagen, and
microangiogenesis in hypertrophic scars on rabbit ears within
the concentration range from 48 mg/L to 162 mg/L, without
causing local necrosis. It might be possible to use paclitaxel
in the treatment of pathological scars.
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