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ABSTRACT

Aim: Pycnogenol® (PYC) are used for various medicinal purposes. The aims of the present study were to 
evaluate wound healing activity of PYC loaded in situ gel in mice and to investigate its antibacterial acti-
vity. 
Method: Temperature-sensitive in situ gel containing 5% PYC was formulated by cold method using Polo-
xamer 188, Poloxamer 407. Blank and drug loaded in situ gel formulations were evaluated for clarity, pH, 
viscosity, gelation temperature, gellation capacity. The wound healing effect was tested by in vivo  wound 
model. PYC in situ gel was administrated topically at a concentration of 5% for the 10 consecutive days 
after skin injury. Wound closure was measured for 10 days and at 10th day wound healing was assessed by 
levels of angiogenesis, granulation tissue thickness, epidermal and dermal regeneration. Its antimicrobial 
property was evaluated by Agar well diffusion test. 
Results: The clarity, pH, viscosity, gellation capacity of in situ gels were found to be satisfactory.Results 
showed that PYC in situ gel exhibited remarkable wound healing activity with the 86.91% reduction of the 
wound area at the day 10 on the circular excision wound model compared to control group. Moreover PYC 
showed significant effect on angiogenesis, granulation tissue thickness, epidermal and dermal regenera-
tion compared to the control group. In addition to this, PYC demonstrated antibacterial and antifungal 
activities. The most sensitive strains were B. cereus (23.66 mm), C. albicans (22.66 mm), and S. aueus (23 
mm). 
Conclusion: Results indicated that PYC in situ gel enhanced wound healing effectively, and so it  may be 
developed as a an effective agent to improve wound healing in future studies to be performed.
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ÖZ

Amaç: Pycnogenol® (PYC) çeşitli tıbbi amaçlar için kullanılmaktadır. Bu çalışmanın amacı, farelerde PYC 
yüklü in situ jelin yara iyileşme aktivitesini değerlendirmek ve antibakteriyel aktivitesini araştırmaktır. 
Yöntem: %5 PYC içeren sıcaklığa duyarlı in situ jel, Poloksamer 188, Poloxamer 407 kullanılarak soğuk 
yöntemle formüle edilmiştir. Boş ve etkin madde yüklü in situ jel formülasyonları, berraklık, pH, viskozite, 
jelasyon sıcaklığı, jelleşme kapasitesi açısından değerlendirilmiştir. PYC in situ jelin yara iyileştirici etkisi in 
vivo yara modeli ile test edildi. PYC in situ jel 10 gün boyunca topikal olarak %5’lik bir konsantrasyonda 
uygulandı. Yara kapanması 10 gün boyunca ölçüldü ve 10. günde yara iyileşmesi anjiyogenez, granülasyon 
dokusu kalınlığı, epidermal ve dermal rejenerasyon seviyeleri ile değerlendirildi. Antimikrobiyal özellik Agar 
well difüzyon testi ile değerlendirildi. 
Bulgular: In situ jellerin berraklık, pH, viskozite, jelleşme kapasitesi uygun özellikte bulunmuştur. PYC in situ 
jelin, yara modelinde kontrol grubuna kıyasla 10. günde yara alanında %86.91 küçülme ile belirgin yara 
iyileşme aktivitesine sahip olduğunu görüldü. Ayrıca PYC in situ jel, kontrol grubuna göre anjiyogenez, gra-
nülasyon dokusu kalınlığı, epidermal ve dermal rejenerasyon üzerinde anlamlı bir etki göstermiştir. Buna 
ek olarak, PYC antibakteriyel ve antifungal aktivite göstermiştir. En hassas suşlar B. cereus (23.66 mm), C. 
albicans (22.66 mm), S. aueus (23 mm) olarak belirlendi. 
Sonuç: PYC içeren in situ jelin etkili bir şekilde yara iyileşmesini arttırdığı görülmüş ve yapılacak ileri çalış-
malarla yara iyileşmesinde etkili bir ajan olarak geliştirilebileceği düşünülmektedir.
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INTRODUCTION

A wound is one of the most complex processes af-
fecting the function and integrity of the skin and 
can affect the deeper underlying tissues resulting in 
infection and inflammation1. Topical applications of 
natural medicinal products and plant extracts are be-
coming a promising choice for the wound healing for 
a  few decades2. Pycnogenol® (PYC) is the standardi-
zed extract of the Pinus pinaster barks (French mari-
time pine)3. It is comprised of flavonoids, glycosides, 
cinnamic acids, phenolic acids, mainly procyanidins 
(65-75%), and taxifolin4. Nowadays, PYC (patented by 
Horphag Research, Ltd. Switzerland) expresses a cer-
tain mixture of procyanidins extracted from the bark 
of P. pinaster5. It has been demonstrated by in vivo 
and in vitro experiments that PYC possesses antimic-
robial, antioxidant, anti-inflammatory activities6. 

As a local drug delivery system, in situ gel-forming 
system has generated a great interest in dermal tra-
umas7. These systems are aqueous solutions howe-
ver after administration they transform to gel-form 
under physiological conditions. There are varied 
mechanisms such as ionic cross-linkage, tempera-
ture modulation, and pH change that bring about in 
situ gel formation8. In situ gelling system will cover 
all the limitations of the conventional dosage forms 
and aids in formulation of an easily dropped prepara-
tions9. Thus, these in situ gels possess advantages of 
both gels and solutions, they may develop the reten-
tion time of drug as well the formulations, and provi-
de ease of application and accuracy10. The polymers 
such as Poloxamer 188 (P188) and 407 (P407) are ge-
nerally utilized for preparation of thermoreversible 
gels. Dermal carriers of thermosensitive formulati-
ons are being altered to obtain good bioavailability 
and compliance11. 

In this study, PYC loaded in situ gel formulation was 
prepared as a wound healing agent to improve hea-
ling and inhibit inflammation. A blend of poloxamers 
188 and 407 was used for preparations of gels with  
wound healing properties. The aim of the present 
study was to prepare and characterize blank and 

PYC loaded in situ gels and to evaluate wound hea-
ling properties of PYC loaded in situ gel using  Balb-c 
mice.

MATERIALS AND METHODS

Materials
In this work distilled water was used. Poloxamer 188 
and 407 were the kind gift from BASF (Turkey). Pycno-
genol® was supplied by Solgar (Turkey) and Madecas-
sol® cream was supplied by Bayer (Turkey). For mic-
robiological studies, plates were obtained from LP, 
Italiana,  the standard of McFarland (ref. 70900) from 
Biomerieux, Mueller-Hinton II Agar from Sigma (Ger-
many), and Nutrient Agar  from Merck (Germany). 

Preparation of in situ gels 
Poloxamer analogs were used as the gelling agents, 
and the formulations were developed by using a cold 
method8,12. Poloxamer 407 and Poloxamer 188 were 
dispersed in cold water (5±1°C) (approximately 2 
hours). The polymer solution was kept at 5±1°C for 
24 hours. After detection of the optimum blank gel 
compositions, PYC (5%) was added in poloxamer so-
lutions with constant stirring till they were entirely 
dissolved. The formulation was kept at 5±1°C for 48 
hours to see a possible phase separation.

Determination of sol-gel temperature 
Formulation (20 g) was filled into a glass beaker. A 
thermometer was immersed into the polymer soluti-
on and the sample was heated at the rate of 2±0.5°C/
min at 200 rpm. The temperature at which the bar 
stopped moving was saved as the gelation tempera-
ture. Optimum poloxamer ratios were determined 
and selected with a sol-gel temperature of 32-34°C 
which is the skin surface temperature. The experi-
ments were repeated four times8.

Characterization of PYC loaded in situ gels
Optimum in situ gel was selected according to the 
gelling temperature of the formulation. The prepa-
red optimum PYC loaded in situ gels was  evaluated 
as for its  clarity, pH, gelling capacity and viscosity. 
The experiments were repeated four times8.
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Clarity of formulations
The clarity of in situ gels was determined by optical 
check under dark color background, and it was scaled 
as follows: turbid, +; clear, ++; and very clear, +++8.

Gelling capacity
The gelling capacity of the developed in situ gel was 
detected by droping the in situ gel on a at 32-34°C 
glass surface and its gelling capacity was visually de-
termined. It was graded as follows: +; gel after few 
minutes dissolves rapidly, ++; immediate gelation re-
mains for few mins, +++; immediate gelation remains 
for nearly an hour8.

Measurement of pH
The pH of the formulation was detected by a digi-
tal pH-meter. Measurements were performed four 
times and an average of these measurements was 
accepted as the pH of the in situ gels13.

Determination of viscosity
The viscosity of the in situ gel formulations was per-
formed with a digital viscometer (Brookfield, USA). 
The formulations were kept in a tube. The formulati-
ons were performed with 50 rpm at 32±2°C14.

Spreadability of formulations
To detect spreadability blank and PYC formulations 
10 cm x 10 cm glass horizontal plates were used. First 
of all, formulations (0.1 g) were weighted and these 
formulations were transferred to a plate. The tempe-
rature of the glass plate was arranged as 32±2°C and 
the plate was compressed under another plate. Thus, 
the formulation was spread out between the plates. 
Sixty seconds later, the plate was removed and the 
diameter of the spread area (cm) was measured. The 
experiment was repeated three times14.

In vitro antimicrobial studies
The antimicrobial activity of PYC and blank in situ gel 
was detected by the agar well diffusion technique 
against Bacillus cereus (ATCC 7064), Staphylococcus 
aureus (ATCC 6538), Candida albicans (ATCC 10231), 
Escherichia coli (ATCC 8739), and Pseudomonas aeru-
ginosa (ATCC 27853)15. Organisms were incubated at 

37°C for 18 h on nutrient agar. Active cultures were 
adjusted to 0.5 McFarland with a sterile saline solu-
tion (0.85%). One hundred microlitres of suspension 
spread onto Mueller Hinton II Agar and dried, and 
plates drilled with a sterile cork-borer were filled 
with 6 mg of PYC, then they were incubated for 24-48 
h at 37±2°C. Zone diameters of PYC for each isolate 
were masured with a ruler16. The experiments were 
repeated three times.

Laboratory Animals
Balb-c mice (24-28g) were fed ad libitum with wa-
ter and food under laboratory conditions and kept 
in standard cages (23±1°C and 12h/12h dark-light 
cycle). The animal experiment was performed ac-
cording to the local ethics committee regulations (Is-
tanbul Medipol University, laboratory animals ethics 
comittee, Date. 20.06.2018, No:20.06.18-35).

Experimental groups and excisional wound model
32 animals were divided into 4 groups (n=8) as fol-
lows; 
1: Control group (CG) (untreated group )
2: Blank in situ gel group (BG) (vehicle group) 
3: PYC (5%) in situ gel group (PG) group
4: Madecassol group (MG) 

All mice were anesthetized with ketamine-xylazine 
(10 mg/kg-80 mg/kg) and the back of each animal was 
depilated and washed with the solution of povidone-
iodine. The two excisional wounds (5 mm diameter 
per lesion) were created on the shaved area by the 
punch biopsy. The standard drug and the formulati-
ons were topically applied once a day for 10 days.

Wound area measurement
In order to evaluate contraction of the wound, pho-
tographs of each wound were taken at days 0, 2, 4, 
6, 8 and 10 (Canon Inc., Japan) with an internal scale. 
Camera lens was posed vertically to wounds. Wound 
areas were computed by an image analysis program 
(Image J., NIH, MD, USA)15. The healing effect of PYC 
was calculated as follows:
% Wound contraction=(Current Wound Area / Wo-
und Area at the beginning) × 100
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Histology
The animals were sacrificed and the wound tissues 
were removed on day10. The samples were fixed in 
10% formalin, for one day and then embedded in 
paraffin, cut into  5 μm-thick pslices, and dyed with 
hematoxylin & eosine for scoring under light mic-
roscopy.  The histological evaluations of wound he-
aling process of each  group were graded according 
a score system ranged between 1-4 points descri-
bed by Galeano et al. (2006). Scoring   of epidermal 
and dermal regeneration was performed as follows: 
1=poor epidermal conformation (more than 60% of 
the tissue), 2=incomplete epidermal conformation 
(more than 40%), 3=moderate epithelial proliferati-
on (more than 60%), 4=complete epidermal remo-
deling (more than 80%). Scoring of  the thickness 
of the granulation tissue was performed as follows: 
1=for thin granulation tissue layer, 2=for modera-
te granulation tissue layer, 3=for thick granulation 
tissue layer and 4=for very thick granulation tissue 
layer. Solely mature vessels were numbered and de-
tected by the existence of erythrocytes in the lumen 
to evaluate  angiogenesis. The absence/presence of 
hemorrhage, edema, thrombosis, congestion, and 
intervascular/intravascular fibrin formation were 
etermined  to separate poorly and well-formed ca-
pillaries as follows: 1 = 1−2 vessels per site (throm-
bosis, hemorrhage, edema, occasional congestion), 
2 = 3−4 vessels per site (few newly formed capillary 
vessels, moderate hemorrhage and edema, occasi-
onal congestion, intravascular fibrin deposition and 
absence of thrombosis), 3 = 3−4 vessels per site 
(newly formed capillary vessels), 4 = More than 7 
vessels per site (newly formed and normal appea-
ring capillary vessels)17-19.

Statistical analysis
Outcomes were given as mean±standard error of 
mean. Calculations, statistical studies, and graphs 
were done utilizing by GraphPad Prism 7.0. One-way 
ANOVA followed by Dunnett’s tests were performed 
to find statistical significance. P<0.05 was considered 
significant. 

RESULTS

Preparation and characterization of PYC loaded in 
situ gel formulations
Temperature sensitive formulations were success-
fully developed by the cold technique with poloxa-
mers. Blank/in situ gel ratio characterization of the 
new drug carriers are major issues to be considered 
in the formulation developing part. The physicoche-
mical characterization parameters of blank and PYC 
in situ gels are reported in Table 1. The clarity, visco-
sity and gelling capacity of all the formulations were 
found to be satisfactory, as shown in Table 1. The 
pH of the developed gels ranged between 5.32 and 
7.669. The pH of the in situ gels was appropriate for 
the dermal application.

In vitro antimicrobial studies 
The antimicrobial activity of PYC was performed aga-
inst two  Gram-negative bacteria species (P. aeru-
ginosa and E. coli) and two Gram-positive bacteria 
species (B. cereus and S. aureus) and one fungus (C. 
albicans). The antimicrobial results of PYC are repor-
ted in Table 2. Agar well diffusion test results revea-
led that PYC showed a good inhibition zone with the 

Table 1. Clarity, gelling temperature, pH, gelling capacity, vis-
cosity, spreadability of blank and PYC in situ gels. The data are 
presented as the mean ± standard deviation (SD).

Formulations

Clarity
Gelling temperature (OC)
pH
Viscosity (cP)
Gelling capacity
Spreadability (cm)

Blank in situ gel

+++
32.89±0.38
7.67±0.05
413.77±2.50
+++
2.20±0.17

PYC in situ gel

++
32.50±0.03
5.32±0.01
415.13±3.18
+++
2.31±0.15

Table 2: Agar well diffusion test results of PYC (zone mm). The 
data are presented as the mean ± standard deviation (SD).

Microorganism

Escherchia coli
Bacillus cereus
Candida albicans
Staphylococcus aureus
Pseudomonas aeruginosa

Zone (mm)

17±1
23.66±0.57
22.66±0.57
23±1
19±0.57
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strongest value against B. cereus (23.66±0.57 mm), 
C. albicans (22.66±0.57 mm), S. aureus (23±1 mm). 
Blank in situ gel was also examined and no zone inhi-
bition (0 mm) was found against all species.

Macroscopic wound healing and wound contraction
To investigate the effects of the PYC containing in 
situ gel on wound healing, excisional wounds were 
opened on the backs of mice and all wounds were 
treated for 10 days. The daily behaviors (food intake, 
activity, e.g.) of mice were observed as normal. 

The macroscopic image of the wound areas on days 
0, 2, 4, 6, 8, and 10 are presented in Figure 1. Crust 
formations were observed on the skin after several 
days. A residual lesion was felt on the skin after the 
crust fell off. It was found out that PG and BG treat-
ments did not get irritated the skin. Furthermore, on 
the 10th day, wound regions which were treated with 
MG and PG were smooth and its appearance was clo-
se to the normal skin color.

The wound contraction ratio was assessed as the 
percentage of  reduction  in wound sizes on days 2, 4, 
6, 8, and 10 after wounding. As it is illustrated in Figu-
re 2, the applied group with PG showed a significant 
progression in wound healing on the day 4 (P<0.01), 
6 (P<0.01), 8 (P<0.01) compared to the untreated 

group. The percentage of wound area ranged from 
109.95% to 26.4% in the period from 2 to 10 days 
in the control group. The percentage  of the wound 
area in mice treated with BG ranged from 118.22% 
to 23.45% in the period of 2-10 days. The percentage  
of the wound area in mice treated with MG ranged 
from 94.86%  to 15.02% in the period of  2 to 10 days. 
The percentage of the wound area in mice treated 
with PG ranged from 96.94% to 13.09% in the period 
of 2 to 10 days. Compared to the control group, MG 
and PG recovered quickly and the wound area rapidly 
decreased in size by the sixth day. After 10 days, MG 
and PG were almost fully healed. 

Histology of wound healing
The microscopic photos taken during the histological 
examination of the wound tissues on the 10th day are 
given in Figure 3. Histopathological examination of wo-
und tissues on the 10th day is illustrated in Figure 4. 

As stated in the ‘Results’ section , it was determined 
that MG and PG had a significant effect compared 
to the control group (Figure 3-4). Moreover, it was 
observed that thicker granulation tissue was formed 
in the MG (P<0.01) and PG (P<0.01) groups  after 
treatment in comparison to the untreated group (Fi-
gure 3-4). According to the histological evaluation 
results, more blood vessel formation was detected 

Figure 1. Macroscopic changes of the wounds healing taken for 
the different groups on the 0th, 2nd, 4th, 6th, 8th, and 10th post 
wounding day. CG were untreated (negative control); BG were 
treated with blank in situ gel; PG were treated with PYC in situ 
gel; MG were treated with “Madecassol cream®” (positive 
control).

Figure 2. Effects of PYC in situ gel on wound’s evolution. He-
aling percentage of scar tissue surface area in control (CG), 
blank in situ gel (BG), PYC in situ gel (PG) and madecassol gro-
ups (MG). Each data group represents the mean±SEM of eight 
mice. Statistically significant as compared to control; P<0.05(*), 
P<0.01(**), P<0.001(***).
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on MG (P<0.001) and PG (P<0.001) in comparison to 
the untreated group. Also, PG provides new blood 
vessel formation comparable to  MG (Figure 3-4). It 
has been also revealed that there were significantly 
higher percentages of dermal and epidermal rege-

neration with the MG (P<0.001) and PG (P<0.001) in 
comparison to the untreated group (Figure 3-4).

DISCUSSION

Plants have been traditionally utilized to improve  
wound healing as topical formulations. These medi-
cal plants have been determined to be very useful 
in wound care, promoting the rate of wound healing 
without  discomfort to the patient, and with minimal 
pain, and scarring20. P. pinaster bark extract conta-
ins a mix of a large number of substances that show 
some activities with its  antitumor, antioxidant, an-
timicrobial, antiatherogenic, anti-inflammatory, and 
antiviral properties21. 

As an effective antioxidant agent, PYC protects en-
dogenous GSH and vitamin E and effects functional 
and structural characteristics of important enzymes 
and other cellular antioxidant networks22. Due to 
having a potent antioxidant capacity, PYC is con-
sumed extensively as a dietary food supplement3. 
PYC contains proanthocyanidins that have  been 
shown to exert photoprotective, antimicrobial, an-
tioxidant, anti-inflammatory, and anti-carcinogenic 
effects in experimental and in vitro studies. Proant-
hocyanidins have a selective affinity for elastin and 
collagen and prevent enzymatic hydrolysis via mat-
rix metalloproteinases in vitro. In vivo studies have 
shown these beneficial effects can aid the wound 
healing process6.

The wound healing is a dynamic, intricate and highly 
regulated course including various physiological pha-
ses such as hemostasis, inflammation, proliferation, 
and remodeling. The advantage of antioxidant com-
pounds that display free radical scavenging activity 
in wound healing is significant. Phagocytosis, caused 
by eosinophils, neutrophils, macrophages, monocy-
tes, in the inflammation phase, leads to a situation 
known as oxidative burst, in which the depletion of 
O2 significantly increases. Antioxidant compounds 
prevent cell damage and inhibit lipid peroxidation 
and increase collagen fibrillary endurance21. The ca-
pability of PYC to decrease oxidized ascorbate will 

Figure 3. Histopathological view of injured tissues of the cont-
rol (CG), blank in situ gel (BG), PYC in situ gel (PG) and madecas-
sol groups (MG) on 10th day after wound incision (Hemotoxylen 
and eosin (H&E) (original magnificationX10). The scale bars 
represent 100 μm for figure. *: Epidermal regeneration, →: An-
giogenesis, blood vessels, ↔: Granulation formation. 

Figure 4. Microscopic examination of granulation tissue thick-
ness, anjiogenesis and epidermal-dermal regeneration on 
control (CG), blank in situ gel (BG), PYC in situ gel (PG) and 
madecassol groups (MG) by histological wound healing sco-
res among. Statistically significant as compared to control; 
P<0.05(*), P<0.01(**), P<0.001(***). Values are presented as 
the mean±SEM.
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possibly expand the efficiency of the vitamin in the 
lesion area, reinforcing collagen composition. The 
evident binding of PYC components to elastin and 
collagen and their remarkable inhibitory activity on 
matrix metalloproteinases are likely to represent an 
important objective in wound healing. PYC will pos-
sibly also support the first, i.e. the inflammatory, pha-
se of the wound healing process. Pending that stage, 
monocytes and neutrophils at the lesion area carry 
out varied tasks, such as the removal of microbes to 
avoid infection of  the wound3. 

Dogan et al. reported that PYC and silver sulfadia-
zine showed equal effectiveness in lowering acute 
and chronic inflammation scores on days 7 and 21 
compared to the untreated controls in diabetic rat 
wounds. Furthermore, collagen deposition and neo-
vascularization scores were higher in wounds treated 
with PYC than silver sulfadiazine treated wounds6. 
According to Blazsó et al. PYC (1%) gel formulation 
considerably reduced the wound healing period, by 
1.6 days in comparison with the blank gel group. The 
PYC (2%) gel treatment reduced the healing period 
by almost 3 days, while PYC (5%) gel further accele-
rated the wound healing3.

Increased pathogenic bacteria in the wound vicinity 
is another component in retarded wound healing. 
Antiseptic agents are used in the treatment of some 
open wounds to kill or suppress microorganisms6. On 
the other hand, PYC possesses bacteriostatic effec-
tiveness against a wide range of Gram-negative and 
positive bacteria, as well as C. albicans, with mini-
mum inhibitory concentrations of 20-100 µg/mL3. 

All data obtained from the antimicrobial study sho-
wed a remarkable effect against Gram-negative and 
positive bacteria like staphylococcus, bacillus, and 
the pathogens that are commonly related to dermal 
infections. Hereby, it can be concluded that the anti-
microbial efficiency of the PYC could provide a con-
venient surrounding for wound healing by preventing 
and managing wound infections.

Wound dressings made of  biocompatible and bio-

degradable polymers have been used to speed the 
treatment of topical wound healing in the past de-
cades. Among many wound dressings, the usage of 
hydrogel as a topical drug carrier in skin injury has 
achieved tremendous attention because the hydro-
gel could produce an optimum hydration for wound 
healing23. In situ formulations that assume  the sha-
pe of wound deformity would be more attractive 
because the thermo-sensitive formulation is a free-
flowing sol at 25°C, and above applied into the wo-
und area, it will fill the injury without wrinkling or 
fluting24-26. Hence, these drug carriers have been ex-
cessively examined as wound dressing due to their 
advantages24-26. 

Poloxamers are triblock copolymers of polyethyle-
ne oxide and polypropylene oxide27. A mixture of 
other materials such as Poloxamer 188 or bioadhe-
sive polymers encourages the action of Poloxamer 
407 by optimizing sol-gel changeover temperature 
or promoting its  mucoadhesive properties8,28. Polo-
xamer hydrogels are low viscosity solutions at 25°C, 
but they are  gels at physiological temperature, ma-
king them optimum thermo-reversible polymers for 
dermal applications. They are also biodegradable, 
non-toxic, and stable29. Hence, a poloxamer-based 
thermosensitive hydrogel is a very ideal carrier for 
dermal treatments.

To find out an appropriate gelation temperature, the 
poloxamer-based gel is usually composed of two po-
loxamers as poloxamer 407 and poloxamer 18830. In 
this study, to find out optimum gelling temperature 
(32±2°C), the poloxamer 407 and poloxamer 188 
were mixed at various concentrations by using the 
cold method. This technique with the slow participa-
tion of polymer in cold water with stir31.

Blank in situ gel contains poloxamer 407 (20%) and 
poloxamer 188 (18%). Optimum drug loaded compo-
sition which contains poloxamer 407 (19%), poloxa-
mer 188 (5%) and PYC (5%) is characterized based on 
its  pH, clarity, and gelling capacity. Physicochemical 
characterization of in situ gel formulations is an im-
portant subject to be considered in the formulation 
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part, especially those intended for dermal applicati-
on. Gelation temperature of prepared in situ gel for-
mulations with and without PYC was changed from  
32.5±0.03 to 32.888±0.379. This indicates that the 
formulations can be converted  to gel form when 
they are applied on the skin surface32. All formulati-
ons had a  clear appearance on visual inspection. The 
pH of a dermal formulation is critical for patient con-
formity. The pH of the gels was found ito range  bet-
ween 5.32 and 7.669. Ideally, dermal formulations 
should possess pH in the range of 5-6, for minimizing 
the discomfort of patient or skin irritation due to aci-
dic pH and microbial growth on the skin because of 
basic pH14. This fact reveals the non-irritant charac-
teristic of the formulation in the skin. The outcomes 
of the characterization analysis indicate the develop-
ment of successful PYC loaded in situ gel formulation 
with optimum characteristics. 

The determination of the wound closure rate is be-
neficial for scoring the progress of wound healing15. 
It can be determined that there was a remarkable 
decline in the rate of wound closure in PYC group 
compared with the control group. 

Angiogenesis (neovascularization) is a complicated 
phase including membrane disintegration, endothe-
lial cell reproduction and migration, and the forming 
of the new basement membrane from endotheli-
al cells leading to the production of new capillaries 
from existent blood vessels33. In addition to this, en-
hancement of the epidermal and dermal regenera-
tion is one of the main purposes of the wound he-
aling. Moreover, thickness of granulation tissue is a 
critical parameter for  objective evaluation of wound 
treatment15. In this study, it was found that the PYC 
in situ gel has a healing potential as revealed in  the 
treatment group regarding  epithelialization, angio-
genesis, and granulation tissue thickness. 

In conclusion, the present study can open up a win-
dow for dermal application of in situ gels loaded 
with Pycnogenol®, that will become a better alter-
native to conventional dermal creams in wound he-
aling.
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