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ABSTRACT

Background: Staged pedicled skin flaps that require pedicle division are frequently employed in reconstruc-
tive surgery, rely on their pedicle for vascular supply following transfer until neovascularisation occurs at the
recipient site, a phenomenon referred to as autonomisation (pedicle-independent flap viability following
neovascularisation). This study sought to investigate the application of topical pentoxifylline to expedite the
autonomisation process.

Methods: Caudal-based skin flaps were surgically created in the dorsal region of 60 Wistar rats. On the fifth day,
the bases of the flaps were surgically cut, and the flaps were subsequently monitored for an additional 7 days.
The rats were divided into three groups: (1) Control group (Vaseline for 5 + 7 = 12 days), (2) Experimental-1
group (topical pentoxifylline for 5 days + vaseline for 7 days), and (3) Experimental-2 group (topical pentoxi-
fylline for 5 + 7 = 12 days). Flap viability was assessed both macroscopically and microangiographically, and
histopathological examinations were conducted.

Results: On day 12, the viable flap areas were 40.7% in the control group, 95.5% in experimental-1 group, and
100.0% in experimental-2 group (p < 0.05). Microangiography was conducted on day 5 and 12, and both exper-
imental groups exhibited markedly greater vascularisation compared to the control group. Histopathological
and immunohistochemical analyses revealed that pentoxifylline significantly enhanced angiogenesis, new
vessel formation, and epithelisation, while mitigating early-stage inflammation, edema, and late-stage fibrosis
(p < 0.05).

Conclusion: The application of topical pentoxifylline significantly promoted angiogenesis, thereby expedit-
ing the autonomisation of rat dorsal randomised skin flaps. Consequently, its use in reconstructive surgery
may be considered, as it has the potential to reduce reliance on the pedicle, minimise complications, and
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enhance patient outcomes.

Introduction

Distant or regional pedicled skin flaps play a crucial role in reconstruc-
tive surgery for addressing skin and soft tissue defects when local
flaps are insufficient. These tissue units maintain their vascular supply
during transfer from the donor to the recipient site, thereby ensuring
their initial survival. The pedicle is a temporary structure and necessi-
tates a second stage for its division [1]. The pedicle, which encom-
passes blood-supplying vessels, is essential for flap viability in the
early post-transfer phase. Over time, neoangiogenesis between the
flap and recipient site diminishes this dependency, a process known
as autonomisation, wherein the flap survives independently of its
pedicle due to new vessel formation. Research has focused on accel-
erating autonomisation, with pharmacological agents being investi-
gated to enhance flap viability and reduce reliance on pedicle [2, 3].
Pentoxifylline, a methylxanthine derivative and non-selective
phosphodiesterase inhibitor, facilitates vasodilation by relaxing the
vascular smooth muscle and enhancing blood flow [4]. Its hemorheo-
logical effects include reducing platelet adhesion and aggregation,

increasing erythrocyte flexibility, and promoting fibrinolysis, all of
which contribute to improved blood fluidity [5]. Furthermore, pen-
toxifylline demonstrates anti-inflammatory properties by decreasing
proinflammatory cytokine production, reducing leukocyte sensitivity
to cytokines, and inhibiting endothelial adhesion, chemotaxis, and
neutrophil degranulation [6]. It also mitigates ischemia-reperfusion
injury, thereby supporting tissue survival [7]. Pentoxifylline, approved
by the Food and Drug Administration (FDA) for intermittent claudica-
tion, is systemically used to enhance flap survival in surgical contexts
[8]. However, its systemic administration is constrained by side ef-
fects, primarily gastrointestinal (nausea, vomiting, and diarrhoea) and
cardiovascular (flushing, hypotension, tachycardia, and arrhythmia),
which diminish patient compliance [9].

In light of these constraints, topical pentoxifylline is a viable
alternative. Prior animal studies have indicated that parenteral
pentoxifylline enhances flap survival, likely attributable to its
vasodilatory, hemorheological, and anti-inflammatory properties
[10-12]. This study aimed to examine the efficacy of topical
pentoxifylline in flap surgery, positing that it could replicate these
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Figure 1. Images of flaps in the control, experimental-1, and experimental-2 groups on the 12th day after flap elevation and 7th day after pedicle transection.
A graph and table showing the results of the viable area measurements of the experimental groups at the bottom (Data are given as mean + standard error (SE).
One-Way ANOVA post hoc-Duncan test was used. P < 0.05: Statistically significant.). ANOVA: analysis of variance.

advantages without inducing systemic side effects. By facilitating
neovascularisation, mitigating inflammation, and promoting wound
healing, topical pentoxifylline can expedite flap autonomisation and
enhance flap viability following pedicle division. This strategy may
reduce complications associated with extended pedicle dependence,
such as increased morbidity, thereby improving patient outcomes in
reconstructive procedures.

Materials and methods
Ethical approval and animals

This study was approved by the Burdur Mehmet Akif Ersoy University
Ethics Committee on Animal Research (Date: 11.09.2024, No: 127-
1370). Sixty female Sprague-Dawley rats weighing between 250 and

300 g were sourced from the Animal Research Laboratory vivarium at
Burdur Mehmet Akif Ersoy University for conducting this research. This
study was conducted in accordance with the Guide for the Care and Use
of Laboratory Animals and the Animal Research: Reporting of In Vivo
Experiments (ARRIVE) guidelines. The rats were individually housed in a
temperature-controlled environment maintained at 21°C with a
12-hour light/dark cycle and were provided with unrestricted access to
food and water. They were divided randomly into three groups: (1)
Control Group (n = 24): 5 days + 7 days topical vaseline application
group, (2) Experimental-1 Group (n = 24): 5 days topical pentoxifylline +
7 days topical vaseline application group, (3) Experimental-2 Group (n =
12): 5 days + 7 days topical pentoxifylline application group. On the fifth
day, which was the pedicle cutting day, half of the rats (n = 12) from the
control and experimental-1 groups were sacrificed for microangiogra-
phy (n = 4) and histopathological analysis (n = 8).
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Surgical procedure and postoperative care On day 0, the dorsal area was prepared antiseptically with povi-

. o ) o ) done-iodine. A caudal-based skin flap, measuring 4 cm in width and 3
The rats were anesthetised via intraperitoneal administration of keta- .\, in length, was delineated at the level of the iliac crest, incised, and

mine (90 mg/kg) and xylazine (10 mg/kg). After shaving the dorsal  elevated to encompass the skin, subcutaneous tissue, and panniculus
region, the rats were positioned in a prone orientation on a board for  carnosus. The flap was then repositioned and sutured using 3-0 poly-
the surgical procedure. propylene. Until day 5, the control group received vaseline applica-

5th day 12th day

Control

Experimental-1

Experimental-2

Figure 2. Contrast-enhanced microangiography images were taken on the 5th day of the experiment. (A) Control group; (B) Experiment-1 group. Contrast-en-
hanced microangiography images were taken on the 12th day of the experiment. (A) Control group (B) Experiment-1 group (C) Experiment-2 group. (Dashed
lines: flap boundaries; arrow: base edge of the flap, C: Cranial side, L: Lateral side).
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Table 1. Histopathological scores according to groups on the 5th day of the experiment.

Histological evaluation Flap side Control Experimental-1 Pvalue
Epithelialisation Cranial 0.30+0.15 0.60+0.16 =0.398
Lateral 0.40+0.16 1.10£0.10 =0.010
Fibrosis Cranial 0.30+0.15 0.60+0.16 =0.398
Lateral 0.70+£0.15 1.20+£0.13 =0.030
Edema Cranial 2.10+£0.17 1.90+0.23 =0.679
Lateral 250x0.16 2.20+0.20 =0.379
Haemorrhage Cranial 2.10+0.10 2.10+£0.17 =0.263
Lateral 220+0.13 220+0.13 =1.000
Angiogenesis Cranial 0.60+0.16 1.80+0.13 =0.001
Lateral 0.70£0.15 1.80+0.13 =0.001
Leukocyte infiltration Cranial 1.50+£0.26 0.40+0.16 =0.001
Lateral 230+0.26 1.50 +0.22 =0.005
Fibroblast count Cranial 16.60 = 0.33 21.30+0.30 =0.001
Lateral 17.70£0.26 22.80+0.24 =0.001
Collagen degradation Cranial 1.30+0.15 1.60£0.16 =0.540
Lateral 1.50+£0.16 1.90+£0.10 =0.650

Data are given as mean + standard error (SE). Student t test was used. P < 0.05: Statistically significant.

tion twice daily, whereas the experimental-1 and experimental-2
groups were treated with 5% pentoxifylline cream. On day 5, the flap
base was incised above the muscle fascia and subsequently sutured
back with 3-0 polypropylene. Following pedicle severance, all groups
were monitored for 7 days. During this observation period, topical
vaseline was applied to the control and experimental-1 groups,
whereas topical pentoxifylline was administered to the experimen-
tal-2 group until the 12th day.

Pentoxifylline 5% cream was prepared according to the recipe by
Najafi et al. in 2018. Osrin (79 gms) and paraffin (8 gms) were mixed
until a uniform mixture was obtained. The powder obtained from
400 mg pentoxifylline tablets (Pentox SR®, Abdi ibrahim Pharmaceuti-
cal Industry and Trade Inc.) (5 gms) was completely dissolved in dis-
tilled water (8 gms) using a magnetic stirrer. Than the drug was finally
added to the cream base [13].

Macroscopic evaluation

On the 12th day, 12 rats from each group were euthanised, and flap
photographs were analysed using ImageJ software (National Institute
of Health, USA). The total flap, necrotic, and viable areas were quanti-
fied in sg mm and expressed as percentages.

Microangiographic evaluation

Four rats from each group were used in this experiment. The rats were
anesthetised using ketamine (90 mg/kg) and xylazine (10 mg/kg) and
positioned in the supine position. A 6 cm midline chest incision and
sternotomy were performed to expose the heart and inferior vena
cava.The vena cava was incised, and a 20-gauge catheter was inserted
into the apex of the heart for cannulation. The vascular bed was
flushed with 50 cc of 25,000 IU heparin in 500 cc saline until the
organs appeared lighter. A mixture comprising 50 g barium sulfate, 5
g gelatine, and 70 cc saline was heated to 50°C, homogenised, and
injected into the left ventricle. During injection, the coronary, liver,
and mesenteric vessels turned white. Following the injection, the rats
were refrigerated at +2°C for 4 h to solidify the contrast. Flaps, excised
with 2 cm of surrounding tissue, were refrigerated and subsequently
imaged using a mammography device (Viola DBT(Digital Breast
Tomosynthesis), GMM(General Medical Merate) Group, Italy).

Histopathological evaluation

The flap tissue, including a 1 cm margin of the surrounding skin, was
excised and fixed in formaldehyde for 24 h. The samples were

subjected to hematoxylin-eosin, Masson’s trichrome, and immuno-
histochemical staining (VEGF, CD31). Histopathological scoring, as
adapted from Mehrabani et al., was used to evaluate epithelialisation,
fibrosis, edema, haemorrhage, angiogenesis, leukocyte infiltration,
fibroblast count, and collagen degradation [14]. Angiogenesis was
quantified by counting the capillary vessels in four randomly selected
fields at x 40 magnification, and the mean value was calculated per
section [15]. Immunohistochemical staining was scored on a scale of
0-3, based on the intensity under a x 20 objective.

Statistical analysis

The data analysis was conducted utilising Statistical Package for the
Social Sciences (SPSS) version 19.00. The assumption of normality was
verified through the Shapiro-Wilk test, with a significance level of p <
0.05. For the purpose of comparing groups, both one-way analysis of
variance (ANOVA) and the Student’s t-test were employed, with statis-
tical significance determined at p < 0.05. For the analysis of paired
groups, the Student’s t-test was utilised, while the one-way ANOVA
post hoc-Duncan test was applied to examine triple groups.

Results
Macroscopic results

After making a full-thickness incision at the flap base on day 5, 12 rats
from each of the control, experimental-1, and experimental-2 groups
were monitored for an additional 7 days, during which they received
different topical treatments. On day 12, photographs were taken and
analysed using the Imagel) software (National Institute of Health,
USA).The areas of the total flap, viable tissue, and necrotic tissue were
measured in sqg mm and calculated. The viable tissue areas in the
experimental-1 and experimental-2 groups were significantly larger
than those in the control group (p = 0.009 and p = 0.003, respectively),
with the experimental-2 group showing complete viability (Figure 1).

Microangiographic results

On day 5, microangiographic imaging revealed no new vessel growth
from the surrounding tissues to the flap body in the control group. In
contrast, the experimental-1 group exhibited new vessel formation
advancing from the upper and lateral edges of the flap, indicating early
angiogenic activity stimulated by pentoxifylline. By day 12, two of the
four rats in the control group still showed no new vessel progression,
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Figure 3. On the 5th day of the experiment, histopathological examination of the control and experimental-1 groups (bars = 200 um) (A) Significant necrosis
and crust formation in the flap in the control group (arrow), (H&E) (B) In the Experiment-1 group, necrosis and crust formations (arrow) are observed less at the
cranial edge of the flap compared to the control, (H&E) (C) Appearance of very mild and immature fibrosis in the flap in the control group (arrow), (Masson'’s
trichrome) (D) Mature blue coloured fibrosis formation in Experiment-1 group (arrow), (Masson’s trichrome). On the 12th day of the experiment, histopathological
examination of the control, experimental-1, and experimental-2 groups (bars = 200 um). (A) Necrosis and crust formation in the flap in the control group (arrow),
(H&E) (B) Epithelialisation (arrow) and fully formed fibrosis at the cranial edge of the flap in the experiment-1 group, (H&E) (C) In the experiment-2 group, sig-
nificant epithelialization (arrow) and fibrosis, (H&E) D) In the control group, incompletely mature, pink-stained fibrosis (arrow), (Masson’s trichrome) (E) Mature,
blue-stained fibrosis in experiment-1 group (arrow), (Masson’s trichrome) (F) Mature, blue-stained fibrosis in experiment-2 group (arrow), (Masson’s trichrome).

whereas the others displayed minimal growth. Both the experimental-1
and experimental-2 groups demonstrated significant vessel formation
from the upper and lateral edges, with the experimental-2 group show-
ing greater vascularisation than that in experimental-1 (Figure 2).

Histopathological results

On day 5, sections from the lateral and cranial flap regions in both the
control and experimental-1 groups were assessed for epithelialisa-
tion, fibrosis, edema, haemorrhage, angiogenesis, leukocyte infiltra-
tion, fibroblast count, and collagen degradation (Table 1). Across all
groups, the lateral regions consistently demonstrated more signifi-
cantimprovements than those in the cranial regions. The experimen-
tal-1 group showed enhanced epithelialisation, increased fibrosis,
greater angiogenesis, and reduced inflammation compared to the
control group. In the control group, inflammatory cells were denser
and more widespread, whereas in experimental-1 group, they were

milder and more localised (Figure 3). Although epithelialisation and
fibrosis were incomplete in both groups, they were more advanced in
experimental-1 group.

On day 12, all groups were assessed using the same histopatholog-
ical criteria as described above. Healing was more evident in the later-
al regions than in the cranial regions. The experimental-1 and experi-
mental-2 groups exhibited significantly enhanced epithelialisation,
fibrosis, and angiogenesis, with a marked reduction in inflammation
compared to the control group. In these experimental groups, epithe-
lialisation and fibrosis were fully developed, whereas the control
group showed incomplete formation in several areas (Table 2). Inflam-
matory cells were notably present in the control group but were sig-
nificantly reduced in both the experimental groups (Figure 3).

Immunohistochemical results

Biopsy samples from all groups on days 5 and 12 were stained with
VEGF and CD31 antibodies to assess the expression of angiogenic
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Table 2. Statistical analysis results of histopathological scores on the 12th day of the experiment.

Histological evaluation Flap side Control Experimental-1 Experimental-2 Pvalue
Epithelialisation Cranial 1.50+0.16 2.00+£0.14 2.50£0.22 Control-Exp.1=0.012
Control-Exp.2 =0.010
Exp1-Exp.2=0.119
Lateral 1.80 £0.20 2.20+£0.20 2.70+£0.15 Control-Exp.1 = 0.007
Control-Exp.2 = 0.005
Exp.1-Exp.2 =0.139
Fibrosis Cranial 1.30+0.15 1.90 £ 0.23 2.60+0.16 Control-Exp.1=0.000
Control-Exp.2 = 0.000
Exp.1-Exp.2 = 0.031
Lateral 2.20+£0.20 2.50£0.22 2.80£0.33 Control-Exp.1=0.010
Control-Exp.2 = 0.000
Exp.1-Exp. 2 =0.273
Edema Cranial 1.60+0.16 1.30+0.15 1.30+0.15 Control-Exp.1 =0.309
Control-Exp.2 = 0.440
Exp.1-Exp. 2=0.186
Lateral 1.20+0.13 1.20+0.13 1.10+0.10 Control-Exp.1 = 0.804
Control-Exp.2 =0.513
Exp.1-Exp. 2 = 1.000
Haemorrhage Cranial 1.80+0.13 1.50+0.22 1.50+0.16 Control-Exp.1 = 0.402
Control-Exp.2 = 0.498
Exp.1-Exp. 2 = 0.245
Lateral 1.60+0.16 1.20+£0.13 1.30+0.15 Control-Exp.1=0.116
Control-Exp.2 = 0.591
Exp.1-Exp. 2 =0.071
Angiogenesis Cranial 140+0.16 1.80+£0.24 2.50+0.16 Control-Exp.1 = 0.163
Control-Exp.2 = 0.001
Exp.1-Exp. 2 = 0.002
Lateral 1.60+0.16 2.10+£0.17 2.60+0.16 Control-Exp.1 =0.001
Control-Exp.2 = 0.001
Exp.1-Exp. 2 = 0.046
Leukocyte infiltration Cranial 220+0.13 1.80+£0.24 1.70£0.21 Control-Exp.1 = 0.207
Control-Exp.2 = 0.242
Exp.1-Exp.2=0.178
Lateral 1.70 £ 0.21 1.70+£0.26 1.70 £ 0.21 Control-Exp.1 = 1.000
Control-Exp.2 = 1.000
Exp.1-Exp. 2 = 1.000
Fibroblast count Cranial 22.80+0.61 21.30+0.39 27.90+0.34 Control-Exp.1 =0.001
Control-Exp.2 = 0.001
Exp.1-Exp.2 = 0.001
Lateral 27.10+0.43 2530+0.47 29.60 = 0.63 Control-Exp.1=0.001
Control-Exp.2 = 0.001
Exp.1-Exp.2 = 0.001
Collagen degradation Cranial 1.80+1.33 2.10+0.11 240+0.16 Control-Exp.1=0.023
Control-Exp.2 = 0.013
Exp.1-Exp.2 =0.253
Lateral 1.90£0.17 240+0.22 240+0.16 Control-Exp.1 =0.118

Control-Exp.2 = 0.291
Exp.1-Exp. 2 =0.073

Data are given as mean + standard error (SE). One-Way ANOVA Post Hoc-Duncan test was used. P < 0.05: Statistically significant. ANOVA: analysis of variance.

markers. In all groups, the cranial regions exhibited less pronounced
expression than the lateral regions. On day 5, the experimental-1
group showed significantly higher VEGF and CD31 expression than
the control group (Table 3) (Figure 4), highlighting the early angio-
genic benefits of pentoxifylline. By day 12, the experimental-2 group
demonstrated the highest VEGF and CD31 expression, followed by
experimental-1 group, both exceeding the control group (Figure 4).

Statistical results

On day 12, photographs of the flaps from all groups were analysed to
assess the total, viable, and necrotic areas (for detailed results and
measurements of the viable areas see Figure 1. Histopathological
assessments of biopsy specimens obtained from the lateral and cra-
nial regions on days 5 and 12 were performed, and the corresponding
p-values are detailed in Tables 1 and 2. Statistical analyses of the VEGF

and CD31 staining scores and vessel counts on days 5 and 12 are
shown in Table 3 and Figure 4. All comparisons demonstrated signifi-
cantimprovements in the experimental groups compared to the con-
trol group (p < 0.05), particularly in terms of viable area, angiogenesis,
epithelialisation, and reduced inflammation.

Discussion

Pedicled skin flaps (distant or regional) requiring the second stage for
pedicle division are essential for reconstructing defects when local or
free flaps are not feasible [1]. Following their transfer to the recipient
site, neovascularisation occurs, allowing the flap to sustain itself inde-
pendently of its pedicle, a process known as autonomisation.
Enhancing neovascularisation can reduce the duration of pedicle
dependence, thereby minimising functional impairments and mor-
bidity associated with prolonged attachment to the donor site until
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Figure 4. On the 5th day of the experiment, CD31 and VEGF immunohistochemical findings of the control and experimental-1 groups. (Streptavidin bio-
tin peroxidase method) (Bars = 50 um) (A) Few capillary vessel formations in the control group (arrow), (CD31) (B) Increased capillary vessel formation in
experiment-1 group (arrow), (CD31). (C) Few capillary vessel formations in the control group (arrow) (VEGF). (D) Increased capillary vessel formation in the
experiment-1 group (arrow), (VEGF). On the 12th day of the experiment, CD31 and VEGF immunohistochemical findings of the control, experimental-1, and
experimental-2 groups. Streptavidin biotin peroxidase method. (Bars = 50 um) (A) Few capillary vessel formations in the control group (arrow), (CD31), (B)
Increased capillary vessel formation in the experiment-1 group (arrow), (CD31), (C) Increased capillary vessel formation in the experiment-2 group (arrow),
(CD31), (D) Few capillary vessel formations in the control group (arrow), (VEGF), (E) Increased capillary vessel formation in the experiment-1 group (arrow),
(VEGF), (F) Increased capillary vessel formation in the experiment-2 group (arrow), (VEGF). In upper graph; VEGF and CD31 immunohistochemical staining
vessels counts on the 5th day of the experiment. (The Experimental-1 Group was significantly higher than the Control group (p < 0.001), and the lateral sides
of the flaps were higher than the cranial sides in both groups (p < 0.05)). In lower graph; VEGF and CD31 immunohistochemical staining vessels counts on the
12th day of the experiment. (The Experimental-2 Group was significantly higher than the Control group and Experimental-1 group (p < 0.001), and the lateral

sides of the flaps were higher than the cranial sides in all groups (p < 0.05)).

the second surgery, when the pedicle is severed. This study examined
whether the application of topical pentoxifylline promotes neovascu-
larisation and expedites autonomisation in a caudal-based dorsal
skin flap model in rats, potentially offering an innovative strategy to
improve the outcomes of flap surgery. Although the experimental
model used in the present study does not fully replicate some pedi-
cled flaps (e.g. interpolation flaps) as defined clinically, it was designed
to simulate the autonomisation process with neoangiogenesis
observed in pedicled skin flaps.

The dorsal skin flap model in rats was developed to simulate the
pedicled flaps required for pedicle division, employing a flap measuring
4 cmin width and 3 cmin length, based on the iliac crest landmark [16].
These dimensions were chosen to assess vascularisation and
histological changes following the initiation of neovascularisation [17,
18] and subsequent to pedicle division on day 5, ensuring the presence
of sufficient viable tissue for analysis without complete necrosis.

The effect of parenteral pentoxifylline on flap survival has been
demonstrated in numerous animal studies [10-12]. These research
involving parenteral pentoxifylline has primarily focused on
evaluating changes in flap vascularity by measuring blood flow
through the pedicle. In contrast, the present study examined the
effect of new vascularisation that develops around the flap following
pedicle separation. There are studies in the literature on the effects of

topical pentoxifylline on wound healing in burn and pressure ulcer
[13, 19]. However, there are no studies in the literature on the effect of
topical pentoxifylline on flap survival. Consequently, this study
diverges from the existing literature in these two specific aspects.
The experimental model revealed that the application of topical
pentoxifylline significantly improved flap survival in rats. Following
the division of the pedicle on day 5 and a subsequent 7-day observa-
tion period, the viable flap area in the experimental-1 group (pentox-
ifylline for 5 days, vaseline for 7 days) and the experimental-2 group
(pentoxifylline for 12 days) was significantly greater than that in the
control group (vaseline for 12 days) (p < 0.05). Contrast microangiog-
raphy conducted on day 5 indicated the initiation of vascularisation
in the experimental groups, particularly from the lateral edges of the
flap, whereas no such progression was observed in the control group.
By day 12, vascularisation was markedly enhanced in both the exper-
imental-1 and experimental-2 groups compared to the control group,
with the experimental-2 group demonstrating superior vascularisa-
tion, suggesting that extended application of pentoxifylline optimis-
es angiogenic effects. Histopathological and immunohistochemical
analyses further corroborated the role of pentoxifylline in augment-
ing angiogenesis, reducing inflammation, and promoting tissue re-
pair, thereby supporting its potential to expedite autonomisation.
Biopsies conducted on days 5 and 12 indicated that the lateral edges
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Table 3. Statistical data of VEGF and CD31 immunohistochemical staining scores and p values on the 5th and 12th days of the experiment.

Flap side Control group Experimental-1 group Experimental-2 group Pvalue
VEGF Cranial 1.20+£0.13 1.80+£0.16 - =0.282
(5th day) Lateral 1.40+0.16 2.10£0.17 - =0.010
CD31 Cranial 1.30+£0.15 1.90+0.17 - =0.001
(5th day) Lateral 1.90+£0.10 2.30x0.15 - =0.075
VEGF Cranial 220+0.13 2.30+0.21 2.80+£0.13 Control-Exp.1 =0.035
(12th day) Control-Exp.2 = 0.001
Exp1-Exp.2 = 0.245
Lateral 240+0.26 250+0.16 2.80+1.13 Control-Exp.1 =0.343
Control-Exp.2 = 0.248
Exp1-Exp.2 =0.253
CD31 Cranial 1.80+£0.13 2.50+0.22 2.80+0.13 Control-Exp.1=0.001
(12th day) Control-Exp.2 = 0.001
Exp1-Exp.2 = 0.458
Lateral 1.80£0.20 2.60+0.22 2.70+0.10 Control-Exp.1=0.001

Control-Exp.2 = 0.001
Exp1-Exp.2 = 1.000

Data are given as mean =+ standard error (SE). Student t test at 5th day and One-way ANOVA Post Hoc- Duncan test at 12th day were used. P < 0.05: Statistically

significant. ANOVA: analysis of variance.

of the flap exhibited superior healing compared to the cranial edges
across all groups; this may be attributed to the proximity of the lateral
edges to the flap base [20]. The lateral regions consistently demon-
strated enhanced vascularisation and epithelialisation, along with
reduced inflammation, underscoring the significance of regional vas-
cular dynamilnterleukin-10

Vessel counts were significantly elevated in the experimental-1
group compared to the control group on day 5 (p < 0.001). By day 12,
the experimental-2 group demonstrated the highest vessel counts,
exceeding those of both experimental-1 group and the control
group (p < 0.001). These findings align with those of Pedretti et al.,
who documented reduced necrosis and increased vessel numbers
and VEGF expression in flaps treated with pentoxifylline, with 5-day
treatments proving more effective than shorter durations [23]. Simi-
larly, Seo et al. observed enhanced angiogenesis in osteoradionecro-
sis models following the oral administration of pentoxifylline [24].
The elevated expression of Vascular Endothelial Growth Factor
(VEGF) and Cluster of Differentiation 31 (CD31) in the experimental
groups, particularly in experimental-2 group on day 12, further sub-
stantiates the angiogenic advantages of pentoxifylline, which is like-
ly attributable to its capacity to improve microcirculation and stimu-
late endothelial cell proliferation.

On day 12, the fibrosis scores for the cranial flap edges were
recorded as 1.30 £ 0.15 for the control group, 2.60 + 0.16 for the
experimental-1 group, and 1.90 + 0.23 for the experimental-2 group.
The corresponding fibroblast counts were 22.80 + 0.61 for the control
group, 27.90 + 0.34 for the experimental-1 group, and 21.30 + 0.39 for
the experimental-2 group. Although pentoxifylline is recognised for
its ability to reduce myofibroblasts and fibrosis [25-27], fibrosis was
greater in the experimental-1 group than in the control group and
experimental-2 group. This discrepancy may be attributed to
variations in treatment duration, which could influence the fibroblast
activity or collagen deposition. Fang et al. have demonstrated that
pentoxifylline inhibits fibroblast mitosis and collagen productionin a
dose-dependent manner in vitro and reduces silica-induced
peritoneal fibrosis in vivo (p < 0.05) [25]. The observed differences in
fibrosis scores suggest that the extended application of pentoxifylline
may more effectively modulate fibroblast activity, indicating the need
for further research into optimal dosing regimens.

The findings of this study indicate that topical pentoxifylline may
serve as a valuable adjunct in flap surgery by reducing necrosis,
enhancing angiogenesis, and improving the wound healing process.
By accelerating autonomisation, the duration of pedicle dependence
may be shortened, thereby reducing patient morbidity and improving

the functional outcomes. Compared to systemic pentoxifylline, which
is constrained by gastrointestinal and cardiovascular side effects [9],
topical application provides a targeted approach with potentially
fewer adverse effects, thus enhancing patient compliance.

Limitations

The use of rat skin in this study, which differs from human skin in
terms of structure, metabolism, and healing capacity, presents limita-
tions for direct clinical applications [28, 29]. Human skin is character-
ised by a thicker epidermisand slower healing processes, necessitating
clinical trials to validate the efficacy of topical pentoxifylline in
humans. Clinical studies are also needed to understand differences in
people’s age, additional diseases, skin thickness and quality, and the
application area of the cream on the body. The 12-day experimental
period, including a 7-day post-pedicle division observation, may not
adequately capture the remodelling phase of wound healing, includ-
ing long-term fibrosis or wound maturation. Extended studies could
provide insights into the effects of pentoxifylline on these processes.
The magistral pentoxifylline cream used in this study may be less
effective than advanced formulations, such as nanoparticle-based
systems, which could enhance drug delivery and efficacy [30]. The
effectiveness of the medicine may vary depending on the prepara-
tion method of the magistral medicine and other substances that
may be used in the cream base, and this needs to be standardised in
studies. Future research should investigate optimised topical formu-
lations, longer follow-up periods, and human clinical trials to confirm
these findings and establish their practical applications in reconstruc-
tive surgery.

Conclusion

This study demonstrates that the application of topical pentoxifyl-
line significantly enhances the outcomes of two-stage ran-
dom-pedicled skin flap surgery by expediting autonomisation and
promoting tissue repair in a rat model. When applied to cau-
dal-based dorsal skin flaps, pentoxifylline markedly increased angi-
ogenesis, as evidenced by higher vessel counts and enhanced
expression of angiogenic markers in the treated groups compared
to the control group. Beyond angiogenesis, pentoxifylline improves
wound healing by enhancing epithelialisation and mature collagen
formation. These findings underscore the multifaceted role of pen-
toxifylline in enhancing vascular supply, minimising necrosis, and



accelerating tissue integration, which are critical for successful flap
surgery outcomes.

The potential application of topical pentoxifylline in clinical
practice appears promising, as it circumvents systemic side effects,
thereby enhancing patient adherence. Future clinical trials and
investigations into advanced formulations, such as nanoparticle-
based creams, could substantiate these benefits in human subjects.
This may establish topical pentoxifylline as a valuable asset in

reconstructive

surgery, optimising flap survival, reducing

complications, and expediting patient recovery.
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