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ABSTRACT

This study aims to identify the effect of Hylocereus polyrhizus on the level of VEGFs and TGF-f1 in acute
Wistar rat wounds. Male Albino Wistar rats (n = 54) whose (250-350 g) were divided into 3 groups (negative
control, positive control, and Hylocereus polyrhizus). The animals were wounded at right and left dorsal back
with an 8 mm punch biopsy. Hylocereus polyrhizus 7.5% topical cream was applied on the wound surface using
a cotton bud. The VEGF and TGF-B1 were evaluated with ELISA on the 3, 7", and 14" days. Analyzed using
independent t-test and paired t-test (SPSS 21, Chicago Inc.). The Hylocereus polyrhizus group had higher level
of VEGF and TGF-B1 compared to positive control (p = 0.011; r = -0.584) and (p = 0.000; r = 0.888),
respectively, on the 14" day. It was found that there was an upward trend between the TGFB-1 level and the
tissue granulation's score (p: 0.051 and r: -0.466) as well as TGFf-1 levels with epithelialization score (p: 0.001
and r: 0.708) in the Hylocereus polyrhizus topical group. This study has shown that Hylocereus polyrhizus can
accelerate wound healing during both the inflammation and proliferation phase.

Keywords. Hylocereus polyrhizus, wound healing, VEGF, TGF-B1.

1. INTRODUCTION

There is an increase in the prevalence of acute
wounds. The West Wound Prevalence Survey reported
that the prevalence of acute wounds is 49%, pressure
ulcers are 9%, abraded wounds are 17%, limb injuries are
4%, burns are 1%, malignancy is 1% and other cuts is
9%™?. A study from the United Kingdom (UK) reported
a higher prevalence of acute wounds (303 from 826
peoples) involving various forms of a traumatic wound®.
In Indonesia, the prevalence of acute wounds is higher
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(64.3%) versus chronic wounds in the home care
setting®™. This burden prevalence of acute wounds is an
emerging issue that requires new treatments.

Recently, there has been a renewed interest in
complementary therapy. Although various approaches
and attempts have been made in clinics to treat acute
wounds including debridement, modern wound care
dressings, and arterial reconstruction, these approaches
are less effective at healing®. Meanwhile, empirical
experience has proved that the traditional treatment in
wound healing that is often applied includes applying a
sap or herbs as an anti-bacterial and to prevent
bleeding®®. In Indonesia, putting honey on wounds
accelerates acute wound healing®.  Therefore,

© 2021 DSR Publishers/The University of Jordan. All Rights Reserved.
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complementary therapy may have a potential role in the
wound healing process.

Red dragon fruit is a common complementary therapy
in Asia. Red dragon fruit (Hylocereus polyrhizus)
contains a variety of active substances that can be used in
both therapeutic approaches in cardiovascular disease and
degenerative diseases®. It has many flavonoids,
polyphenols, and antioxidants®. It also contains p-amyrin
(23,3%), x-sitosterol (19,3%), and octadecane (9,2%)".
To date, studies investigating Hylocereus polyrhizus in
the wound care setting are rare. Thus, the purpose of this
study was to investigate the potential of Hylocereus
polyrhizus topical cream to accelerate the healing process
of acute wounds in Wistar rats.

MATERIALS AND METHODS

Preparation of red dragon fruit extract

Red dragon fruit was from plantations near
Samarinda, East Kalimantan, Indonesia. It is extracted
using methanol, and the percentage of inhibition of free
radicals (DPPH) was tested. The anti-free radical activity
of the red dragon fruit and vitamin C was extracted as
much as 314.69 ppm and 3.28 ppm of ICg, respectively.
Every gram of red dragon fruit contains high levels of
polyphenols 1.062 GAE and 8.3 mg of flavonoid content.
A topical cream was made with 7.5% of concentration.

Experimental animals

This was an experimental study using a post-test
design with a control group design. The samples were
healthy male albino Wistar rats (250-350 gr) from the
animal laboratory of the Faculty of Veterinary Medicine,
Gadjah Mada University. Samples were divided into 3
groups consisting of 18 rats in each group. All groups
were treated using primary topical therapy. In Group |
(control), rubbing petroleum jelly was applied. Group Il
(established drug) used Bioplasenton®. Group Il used
Hylocereus polyrhizus as a topical therapy at 7.5%
Hylocereus polyrhizus. Later, Fixomull® transparent film
(BSN Medical) was applied s the secondary dressing.
Wounds were then treated and sacrificed on the 3", 7™,
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and 14™ days. This study protocol refers to The Council
for International Organizations of Medical Sciences
(CIOMS) consensus, and this study was approved by the
ethics committee of Hasanuddin University (NO.
1684/H4.8.4.5.31/PP36-KOMETIK/2015).

Wounded procedure

Fur from the excision area was removed using cream
bleach (Veet®, Reckitt Benckiser) and disinfected with
0.5% of chlorhexidine in 70% alcohol under isoflurane
anesthesia (0.01 pg/kg — 0.05 pg/kg)™. A circle excision
was made in the back area until the fascia profunda with
an 8-mm punch biopsy®?. The diameter of the wound
surface area of the excision of all groups was measured
using a paper ruler (Figure 1).

Histological evaluation of wound healing

Skin tissues were fixed in formalin normal buffer
solution 10%, dehydrated in alcohol of various
concentrations (70%, 80%, 90%, and absolute alcohol 1
and II), cleared with xylol, and disembedded in
paraffin®®. The tissue was added to liquid paraffin and
was allowed to harden. The tissue was cut with a
microtome to five microns. The sample was rehydrated
and stained with hematoxylin-eosin (HE). The thickness
of the granulation tissue (proliferation) and connective
tissue area was measured using a micrometer video JVC
Japan with four-fold magnification™. Evaluation of
wound healing was assessed by scoring the
epithelialization and the thickness of granulation
tissue™®. The epithelialization indicator used a semi-
quantitative evaluation of histological sections™, where
score 1 = displacement cells (<50%), 2 = transfer of cells
(>50%), 3 = closure of the entire excision, 4 = closure of
the entire excision score + keratinization. Meanwhile, the
thickness of granulation tissue used a histological
score™, where score 1 = slight, 2 = moderate, and 3 =
thick.

VEGF and TGF-B1 measurement

Each group was measured with a biomarker
consisting of VEGF and TGF-Bl1. The VEGF
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measurements used the ELISA techniques with serum
from scar tissue excisions. The VEGF measurement used
a mouse VEGF-A enzyme-linked immunosorbent assay
(ELISA; p/n BMS619/2/BMS619/2 TEN). The TGF-f1
mouse  ELISA  TGF-Platinum kit was p/n
MBS608/4/MBS608/4/4  TEN  from  Affymetrix
eBioscience (Vienna, Austria). Examination of VEGF
and TGF-B1 was conducted at the Education Laboratory,
Hasanuddin University Hospital.

significant level were set up at p < 0.05. Spearman
correlation proved the correlation between the levels of
VEGF, TGF-B1, and length of treatment. Data were
analyzed using SPSS software (version 21; SPSS Inc.,
Chicago, IL, USA).

RESULTS AND DISCUSSION

DPPH of Hylocereus polyrhizus

The 1Cs, of anti-free radical activity and vitamin C of
the Hylocereus polyrhizus obtained 314.69 ppm and 3.28

ppm (Table I). The results showed that each gram of the
red dragon fruit contains about 8.3 mg flavonoid levels
and 10.62 mg GAE of total phenol content (Table I1).

Statistical analysis
Data were reported as the mean and + SD with a

Table |
The percentage inhibition of DPPH free radical by Hylocereus polyrhizus and 1Cs, values.
Replication Concentration (ppm) Absorbant % Retardation ICso (ppm)
100 0.635 28.774
200 0.589 33.968
Hylocereus
. 300 0.485 45.553 314.69
polyrhizus
400 0.382 57.100
500 0.320 64.088
1.0 0.720 17.676
1.4 0.683 21.943
Vitamin C 1.8 0.565 35.352 3.28
2.6 0.511 41.600
3.4 0.429 50.933
Table 11

Average levels of polyphenols and flavonoids in Hylocereus polyrhizus

Sample Repetition Absorbant Polyphenols Level (%) Mean of Polyphenols Level

1 0.24 1.090

Hylocereus polyrhizus 2 0.233 1.041 1.062
3 0.236 1.059

Sample Repetition ~ Absorbant  Flavonoids Level (%) Mean of Flavonoids Level
1 0.074 0.830

Hylocereus polyrhizus 2 0.074 0.830 0.830
3 0.074 0.830

VEGEF level on wound healing The Spearman correlation test evaluated the correlation

-77 -
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between the VEGF levels based on the length of treatment.
The VEGF levels of Hylocereus polyrhizus group
increased between day 3 to day 7 after treatment:
169.17+107.54; p = 0.011; r = -0.702. This declined
between the 7" and 14™ day (60.34+33.70), but this was
not significant (p = 1.000; r = 0.000). In addition, VEGF
declined from the 3" day to the 14" day (46.47+31.26; p =
0.007; r = -0.727) indicating a correlation between VEGF

Takdir Tahir, et al.

levels with the duration of treatment during the first week.
On the contrary, VEGF levels declined in the second week
(7" to 14™ day) of treatment in the Bioplasenton group and
increased after treatment (98.23+66.73; p = 0.015; r = -
0.681). Meanwhile, VEGF significantly declined between
the 3" day (107.45+55.87) to the 14™ day (27.86 + 16.49)
(p =0.000; r =-0.874) (Table I11).

Table 111
Correlation between VEGF levels based on length of Treatment
Group 3" Day 7" Day 7 14" Day Correlation
Mean SD Mean SD Mean SD 3"-7"day 7"-14Mday 3"-14"day
Control 107.45 55.87 80.49 5512 27.86 16.49  -0.097 0.389 -0.874™"
Drug-Established 55.19 31.61 98,23 66.73 3455 2141  0.438 -0.681°" -0.267
Hylocereus polyrhizus 169.17 107.54 60.34 33.70 46.47 31.26 -0.702" 0.000 -0.7277

Correlation between VEGF levels based on length of treatment at three different groups were analyzed using Spearman correlation (*p < 0.05, **p <0.01, and ***p <0.001).

The VEGF levels on day 3 were higher in the
Hylocereus polyrhizus topical group (169.17 pg/g *
107.54 ngl/g) as well as on day 14 (46.47 pg/g + 31.26
ug/g) compared to the Bioplasenton and control groups
(27.86 pg/g = 16.49 pgl/g). VEGF stimulates
angiogenesis, affects epidermal wound closure and repair,
and improves granulation tissue and wound repair
quality™®. VEGF effectively accelerates wound closure
that is stimulated by angiogenesis, epithelialization, and
collagen deposition™®?.

This study shows that in macro, wound closure is
better in the Hylocereus polyrhizus topical group than the
control and Bioplasenton group (Figure Il adnd Figure
[11) due to the high levels of VEGF at each stage of
wound healing. VEGF illustrates the development of
wound healing. During the proliferation phase, VEGF
appears approximately 3-7 days after injury in which the
capillary growth and differentiation are highest. During
this period, VEGF induces the early stages of
angiogenesis including dilation, permeability, migration,
and proliferation®.
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The mean VEGF levels were higher in the Hylocereus
polyrhizus topical group (108.84 pg/g) on day 3-7 versus
the Bioplasenton group (-43.03 pg/g) and the control group
(26.96 ng/g). Moreover, on day 3-14, the mean difference
in VEGF was higher in the Hylocereus polyrhizus topical
group (122.70 pg/g) compared to the Bioplasenton (20.64
ug/g) and control group (79.58 pg/g). This increase in
VEGF can predict the occurrence of angiogenesis and
better epithelialization process on the wound healing
process.

This study is consistent with research concluding that
the  application of topical VEGF
epithelialization and increased matrix deposition of
collagen and cell proliferation®”. VEGF also stimulates
wound healing through angiogenesis, proliferation, and
epithelialization®. VEGF is produced by many types of
cells that participate in wound healing including
endothelial cells, fibroblasts, soft tissue cells, platelets,
neutrophils, and macrophages VEGF??.

VEGEF levels on day 3 were higher in the Hylocereus
polyrhizus topical group (169.17 ng/g + 107.54 pug/g) as

increases
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well as on day 14 (46.47 ug/g + 31.26 pg/g) compared to
the Bioplasenton and control group (27.86 pg/g + 16.49
ug/g). High levels of VEGF are produced during normal
wound healing. This produces a strong angiogenic
response. VEGF protein levels tend to be low in
individuals who have chronic wounds such as patients
with diabetes.

TGF-B1 levels of each group

Levels of TGF-B1 on the 3" day after treatment were
relatively similar across all groups (control group =
143.11+12.80; Bioplasenton group 143.43+17.69;
Hylocereus polyrhizus group = 141.98+5.16). There was
an increase (p = 0.003; r = 0.775) of TGF-B1 levels on the
7" day after treatment (control group = 167.57+23.37;
Bioplasenton  group 148.62+5.93;  Hylocereus
polyrhizus group = 149.59+3.98). While on the day 14"

after the treatment, the TGF-B1 level was lower in the
control group (153.80+6.55; p = 0.158; r 0.435),
whereas both Hylocereus polyrhizus and Bioplasenton
group continued to increase, and the trend was nearly
identical (178.59+36.62 and 157.53+ 11.46 ng/g).

The Spearman correlation test from the control group
showed that there was no correlation of time of the
treatment (day 3, day 14) with high levels of TGF-p1 (p =
0.158, r = 0.435). The same thing also happened in the
Bioplasenton group (p = 0.215, r = 0.386). Otherwise, the
result in the Hylocereus polyrhizus group (p = 0.000. r =
0.872) implies a correlation of treatment time (day 3 or day
14) with high levels of TGF-B1. This indicated the
tendency of TGF-B1 to increase over time during
Hylocereus polyrhizus-enhanced wound healing (Table

V).

Table IV
Correlation between TGFp-1 levels based on Length of Treatment
Group 3" Day 7" Day 14" Day Correlation
Mean SD Mean SD Mean SD 3%-7"day 7"™-14Mday 37-14"day
Control 143.11 12.80 167.57 23.37 15380 6.55 0.676 -0.314 0.435
Drug-Established 143.43 17.69 148.62 593 157.53 11.46 0.048 0.459 0.386
Hylocereus polyrhizus 141.98 5.16  149.59 3.98 17859 36.62 0.755 0.775" 0.872""

Correlation between TGFp-1 levels based on length of treatment at three different groups were analyzed using Spearman correlation (*p < 0.05, **p <0.01, and ***p <0.001).

Correlation of TGF -1, granulation score, and
epithelialization score

Spearman correlation testing between the TGFB-1
level with the tissue granulation score showed a
correlation in the Hylocereus polyrhizus topical group
that there is a tendency to improves tissue granulation (p:
0.051 and r: -0.466); the control group and the
Bioplasenton group showed no correlation between the
TGFp-1 level with tissue granulation’s score (p: 0.498
and r: 0.171) and (p: 0.890 and r: 0.035), respectively.

Another research related use of topical concentration
red dragon fruit extract 7.5% proved better in repairing
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the granulation tissue and epithelialization tissue in the
Wistar Non-DM group compared with the DM Wistar, so
red dragon fruit extract potential to be used as a therapy
in wound healing®.

In the epithelialization score, the Spearman
correlation testing between the TGFp-1 level with
epithelialization shows that there is a correlation with
Hylocereus polyrhizus topical group (p: 0.001 and r:
0.708), while in the control group and Bioplasenton
group, we found no correlation between the TGFB-1 level
with the epithelialization score (p: 0.075 and r: 0.429; and

p: 0.651 r: 0.127), respectively (Table V).
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Table V
The correlation between TGF B-1 and granulation, TGF -1
and epithelialization based on different groups.

TGF -1 and Granulation

TGF -1 and Epithelialization

Group
r* p r* p
Control 0.171 0.498 0.127 0.615
Bioplasenton 0.035 0.890 0.429 0.075
Hylocereus polyrhizus -0.466 0.051 0.708 0.001

All of data were analyzed using Spearman correlation.

TGF-p1 level on wound healing

The results showed that TGF-f1 undergoes variations
in the increased value in each group, but it increases the
TGF-B1 on day 3 (inflammatory phase). This does not
show a significant difference. The average levels of TGF-
B1 increased in the Bioplasenton group (143.43 ng/g).
This was slightly lower than the Hylocereus polyrhizus
topical group (141.98 ng/g) compared to the control
group (143.11 pg/g). On the 14" day, the average levels
of TGF-B1 decreased significantly in the control group
(6.55 pg/g) and the Bioplasenton group (11.46 pg/g)
versus the Hylocereus polyrhizus topical group (36.62
ng/g).

The presence of TGF-B in the granulation tissues is
important for efficient wound healing because TGF-p1
angiogenesis,  fibroblast  proliferation,
differentiation of myofibroblasts, and matrix deposition.
Moreover, TGF-1 also plays an essential role in the
three phases of wound healing: inflammation,
proliferation, and maturation. Besides, hemostasis can be
defined as a blockage of bleeding after injury, and it is
involved in vasoconstriction, platelet collection, and
blood coagulation®.

stimulates

The TGF-B1 increases the angiogenic properties of
the endothelial source cells to facilitate blood supply to
the injured area and stimulate fibroblast contraction for
wound closure®. Hylocereus polyrhizus can increase the
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formation of fibroblast tissue. TheTGF-B1 is higher in
Hylocereus polyrhizus than the Bioplasenton group and
the control group. The results show that the Hylocereus
polyrhizus topical group has a p-value = 0.000 implying
that there is a correlation to treatment time (day 3, day
14) with high levels of TGF-B1 (r = 0.872).

Hylocereus polyrhizus also has a good effect on
wound healing during the granulation phase. The results
indicate that the granulation score of the Hylocereus
polyrhizus topical group categories of thickness was 50%
on day 3, 33.3% on day 7, and 0% on day 14. A Kruskal-
Wallis statistical test indicated that p = 0.026 which
means that there are differences in the granulation score
of the Hylocereus polyrhizus topical group based on time
(day 3, day 7, day 14).

In the maturation phase of wound healing, Hylocereus
polyrhizus can nicely epithelialize. The wound closure on
day 14 in the Hylocereus polyrhizus group was
keratinized in one of the rats. The Kruskal-Wallis
statistical test showed p = 0.002, which means that there
is a difference in the epithelialization score of the
Hylocereus polyrhizus topical group as a function of time
(day 3, day 7, day 14).

Several studies have been conducted using similar
active substances (polyphenolics) with the same content
as dragon fruit in the treatment of wound healing in rats
with induced allowance®®. Similar observations have
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also been done on the effect of dragon fruit extract as a
topical cream for granulation tissue. This supports
collagen growth because it contains hexosamine that can
accelerate the wound healing process®”.

CONCLUSION

Hylocereus polyrhizus topical (7.5%) increases VEGF
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