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ABSTRACT

Background: Any person has the potential to get injured, especially burns.
Hydrogel membrane and liquid smoke are a combination of antibacterial, anti-
inflammatory and antioxidant properties. These properties involve an important role
in wound healing. In wound healing, the re-epithelialization process is a critical
parameter for the success of wound closure

Obijective:. Analyzed the effect of re-epithelialization length on burns of rats given
a liquid smoke combination hydrogel membrane.

Methods: Experimental research used post test only with control group design. The
number of samples was 15 white wistar rats with burns which were divided into two
treatment groups, namely P1 (liquid smoke combination hydrogel membrane), P2
(liquid smoke) and one control group K (hydrogel membrane). Assessment of
reepithelialization length has been calculated using a microscope. Statistical test
using One Way ANOVA — Post Hoc Bonferroni test.

Results: The average length of re-epithelialization (um) for each group was (P1)
2004.91, (P2) 1534.15 and (K) 1248.16. Based on the results of the One Way
ANOVA analysis, we found p value = 0.028 (p <0.05). This shows that there were
significant differences in the data between groups.

Conclusion: There was a significant difference on the length of re-epithelialization
in rats burn wound between hydrogel membrane group with liquid smoke, liquid

smoke group and control group
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1. Introduction

Annually, the incidence of burns is estimated to
occur around 2.4 million cases in the world with
650,000 immediate care and 75,000 hospitalizations.
8000-12,000 cases are reported to have died due to
complications from burns.! In 2017, WHO estimated
that 180,000 people died from burns.? 2015 data,
during 2012-2014 there were 3,518 cases of burns in
several major Indonesian hospitals.> Epidemiological
research at Cipto Mangunkusumo Hospital (RSCM) in
2011-2012 there were 303 patients with burns with a
mortality rate of 34% in 2012 and 33% in 2011.* The
majority of burns are second-degree burns, which is
73%, while first-degree burns are 17% and third-
degree burns are 10%.5

Burns are different from other wounds. The
hallmark of a burn that distinguishes it from other
wounds is the generalized increase in capillary
permeability leading to plasma leakage.® First-degree
burns affect only the outer epidermis and appear
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reddish on the outside. Grade II includes burns of the
entire epidermis and part of the dermis. The wound
may be accompanied by blisters and severe pain. Grade
IIT involves all layers of the skin. The skin will appear
dry with very slow wound healing.’

In burns, the healing process proceeds in a similar
way to other wounds. The wound healing process is a
complex process consisting of various phases that are
coherent and each phase can go hand in hand. The
wound healing process has 3 phases, namely the
hemostasis/inflammatory phase, the proliferative
phase, and the remodeling phase.® In the proliferative
phase are important processes become critical success
indicators, namely wound closure reepitelisasi.’
Reepithelialization was assessed by measuring the
length of the new epithelial cells that grew
microscopically with hematoxylin-eosin staining.!”
One of the proinflammatory cytokines that have a lot
of influence in the reepithelialization process is TNF-
a. After injury, Keratinocytes, epithelial stem cells,
immediately release proinflammatory cytokines. TNF-
, as a proinflammatory cytokine released by
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keratinocytes, activates keratinocytes, stimulates
keratinocyte migration and activates fibroblasts.!!

Liquid smoke or liquid smoke is a liquid that
contains phenol. The previous benefit of liquid smoke
was as a preservative, especially in smoked fish
products.'> However, recently several studies on the
benefits of liquid smoke in the medical field have been
carried out by scientists from Indonesia. Previous
research has proven the benefits of liquid smoke as a
burn therapy in rats by applying liquid smoke directly
to rats. The use of liquid smoke on the burn turned out
to have a better effect than 10% povidone iodine."* So
far, recent research on liquid smoke can increase the
expression of TNF-a, a proinflammatory cytokine,
which has many effects on the reepithelialization
process. The effect of liquid smoke on TNF-a
expression was 72.4%. The effect is stronger than
BHCL which is only 33.2%.4

Hydrogel membranes have previously been made
and tested on wounds by Indonesian researchers.
Previous research has succeeded in making hydrogels
with PVP and carrageenan materials. The study
succeeded in proving that hydrogel was able to provide
a faster healing effect on burns than the control group
with sterile gauze.!® The latest research is the study of
membrane-based PVA hydrogels, chitosan and starch
with a combination of liquid smoke and vitamin K. The
hydrogel membranes are able to accelerate the healing
of the incision in rats. Wound healing by hydrogel
membrane was faster than the control group.'® Based
on the description above, it is interesting to do further
research on liquid smoke and hydrogel membrane.
Hydrogel membrane combined with liquid smoke will
be tested on rat burns to assess the length of re-
epithelialization which is one of the important
histopathological indicators that need to be assessed in
wound healing.

2. Methods

Material

two main material are premium grade liquid smoke
and hydrogel membrane raw material. Hydrogel
membrane raw material consist of PVA, chitosan,
starch and acetic acid.
Subject

This experimental research was set on 15 male
wistar rats with ages 3 months and weight 300 grams
which were divided into 3 groups. The rats would be
acclimatized in the laboratory for one week in group
cages.
Preparation of Hydrogel Membranes

Chitosan 3 gr was mixed with 1% acetic acid
solution to produce 3% chitosan solution, 5% starch
concentration. Each solutions were mixed with 400
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rpm and 70C magnetic stirrer separately. All
homogenous raw materials solution were mixed and
added with premium grade liquid smoke. Hydrogel
membran solution formula ratio was Chitosan : Starch
: PVA : Premium Liquid Smoke (6:6:4:3) ml. Hydrogel
membrane solution was poured on a petri dish and
roasted at 60°C for 6 hours until the solution changed
into gel. Each hyrogel membrane petri dish were cut
into square shape and combined with non-woven
plasters according to burn wound shape and number of
sample.
Burn Wound Induction

Local anesthesia was carried out using 0.2 mL
ketamine xylazine injected intraperitoneally. A 2-cm
diameter iron plate was heated at 210 oC and then
inducted for 2 seconds on rat’s shavedback skin to
make a second-degree burn wound.
Treatment

Rats were randomly assigned into three groups: (i)
treatment 1 group (P1), in which rats were treated with
hydrogel membrane with premium liquid smoke, once
daily; (ii) treatment 2 group (P2), in which rats were
treated with topical premium grade liquid smoke, once
daily; (iii) 1% control group (K), in which rats were
treated with membrane hydrogel, once daily.
Histopathological Examination

On the 7th day, all rats were terminated using
ketamine xylazine 0.3 ml intraperitoneally and the skin
tissue was taken. Histological preparations were made
with hematoxylin-eosin staining to assess the length of
re-epithelialization. Length was calculated in
millimeters (mm). Newly growing epithelial cells were
assessed from epithelial areas without hair follicles.
Statistical Analysis

Data analysis using One Way ANOVA — Post
Hoc Bonferroni test.

3. Results

Table 1. Characteristics of re-epithelialization length.

Mean Deviation p
Group N (um) Standart Value
P1 5 200491 366.95
P2 5 1534.15 387.02 0.028"
K 5 1248.16 402.32

Table 2. Multiple comparisons with Post Hoc
Bonferroni test.

Group P1 P2 K
P1 0.233 0.027°
P2 0.233 0.791
K 0.027" 0.791
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Table 1 shows the results of mean and
deviations standart from length of re-epithelialization
and Table 2 shows multiple comparison between two
groups with Bonferroni post hoc test. Based on the
results of the study, It is known that the order of the
average length of re-epithelialization from the longest
to the lowest is P1, P2 and K. According to analysis
results from One Way ANOVA method, a significance

&

Figure 1. Histopathological description of re-
epithelialization length with hematoxylin-eosin

Published by Universitas Diponegoro.

result was obtained with p value = 0.028 (p <0.05).
This result shows that there are significant differences
in the data between groups. Based on the results of the
Bonferroni Post Hoc test, it was found that the average
comparison was significant only between groups P1
and K with p value = 0.027.

staining. a. hydrogel membrane with liquid smoke, b.
topical liquid smoke, c. hydrogel membrane.

4. Discussions

Based on the results of the study and statistical
analysis, significant results were obtained, which
means that the data for each group gave different
results on the length of re-epithelialization. This is
because P1 has various properties that benefit the re-
epithelialization — process, namely antibacterial,
antioxidant and anti-inflammatory.!416-18

Wound exudate is a normal component of the
wound healing process. Burns usually have excess
exudate. One of the criteria for infected wounds is the
increased amount of exudate.'®?* Covering wounds
with antibacterial agents can prevent and treat
infections. Bacteria trapped in the exudate will be
inhibited by antibacterial agents and absorbed by the
wound dressing. Hydrogel membrane which has a high
absorption capacity with liquid smoke as an
antibacterial agent is a suitable combination to heal and
prevent wounds from infection.!®-2!22

Bacterial activity in the wound causes delays in
wound healing due to the inflammatory response.23—
25 In the control group, the results of the lowest re-
epithelialization length were obtained. Although we
did not perform an antibacterial test to determine
whether the wound on control group was infected or
not, it can be seen that control group had a slower
wound healing process than other groups that had
antibacterial agents, namely liquid smoke. This is in
accordance with the results of previous studies which
state that the hydrogel membrane without liquid smoke
does not have antibacterial properties so that there may
be bacterial activity in control group.!”

TNF-o is a proinflammatory cytokine that is
closely related to the wound healing process in the skin
in the early phase. However, the prolonged presence of
TNF-o will cause chronic wounds.?6-2® Research on
TNF-o showed that the use of TNF-a inhibitors was
able to inhibit wound closure and the inhibition only
lasted until the third day.?® Another study showed that
giving TNF-a at an optimal dose every day promoted
reepithelialization  and  angiogenesis, thereby
accelerating wound healing compared to the control
group and the TNF-a inhibitor group. Administration
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of TNF-a that exceeds the optimal dose does not
produce good angiogenesis and re-epithelialization.?8
Reducing the expression of NF-B which is one of the
mechanisms to reduce TNF-a levels. Previous studies
have shown that liquid smoke can reduce NF-kB
expression more strongly than anti-inflammatory
drugs.'*? Liquid smoke seems to be able to maintain
optimal levels of TNF-a so that wound healing gets a
good re-epithelialization process. This can be proven
from the results of this study which showed that the
administration of liquid smoke had a longer re-
epithelialization than the group without liquid smoke.
The group without liquid smoke may have TNF-a
levels that exceed the optimal limit because they do not
get anti-inflammatory agents.

Antioxidants play an important role in wound
healing, namely as a regulator of ROS levels. Normal
levels of ROS are required to resist invading
microorganisms and convey cellular information. ROS
stimulates the proliferation and migration of
fibroblasts and keratinocytes thereby helping the re-
epithelialization process. The function of antioxidants
in wound healing cooperates with other properties such
as antibacterial because chronic wounds are formed by
pathological conditions that result in prolongation of
inflammation and the creation of excessive ROS.30-32
A study that tested antioxidant therapy in acute wounds
said that the administration of antioxidants succeeded
in healing acute wounds 8 times more than chronic
wounds. Another study also proved that the
administration of antioxidants in burns resulted in the
best completeness of wound healing compared to other
groups. Antioxidant administration also affects the
expression of MMP1 which is required to support the
re-epithelialization process.’>** This study has
similarities with the results of this study which proves
that the administration of liquid smoke which has
antioxidant properties accelerates the process of re-
epithelialization of burns.

Antibacterial, anti-inflammatory and antioxidant
properties are needed in wound healing to balance the
inflammatory process and prevent potential local
infections so that the best wound healing results are
obtained. These properties are owned by the liquid
smoke combination hydrogel membrane. In this study,
the best results were found for wound closure in the
group given the hydrogel membrane combined with
liquid smoke compared to the group given the liquid
smoke and hydrogel membrane. This study certainly
has limitations, namely burns of rats that are less than
perfect due to the shape of the burns that are less
uniform. In addition, the number of histopathological
preparations did not describe the entire wound because
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each sample only counted one histopathological
preparation.

S. Conclusion

Based on the results of the study, there was a
significant  difference in the length of re-
epithelialization in burn rats given a hydrogel
membrane with a combination of liquid smoke,
hydrogel membrane and liquid smoke. The order of
group average length of re-epithelialization from the
longest to the lowest is the combined liquid smoke
hydrogel membrane group (P1), the liquid smoke
group (P2) and the hydrogel membrane group (K).

Ethical Approval

This research has been approved by Ethical Committee
for Health Research, Faculty of Medicine, Diponegoro
University with approval number 83/EC/H/FK-
UNDIP/VIIL/2021.

Conflicts of Interest
There is no conflict interest in this research
Funding

No specific funding was provided for this article

Author Contributions

Conceptualization, A.R., V.K. and E.M; methodology,
A.R., V.K. and E.M; software, A.R.; validation, A.R.,
V.K. and E.M; formal analysis, A.R.; investigation,
A.R.; resources, A.R.; data curation, A.R.; writing—
original draft preparation, A.R.; writing—review and
editing, A.R., V.K. and E.M.; visualization, XXX
supervision, V.K. and E.M; project administration,
A.R.; funding acquisition, A.R

Acknowledgments

Special thanks to Liquomedika, PT. Asap Cair
Multiguna (ACM) Semarang for providing liquid
smoke and all colleagues for their participations to this
research.

Reference

1. Ardabili FM, Abdi S, Ghezeljeh TN, Hosseini FA,
Teymoori A. Evaluation of the effects of patient-
selected music therapy on the sleep quality and pain
intensity of burn patients. Med - Surg Nurs J.
2016;5(2):27-34.

2. Anenden H. Burns. World Health Organization.
2018.

3. Roska TP, Sahati S, Fitrah AD, Juniarti N, Djide N.
15

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Available online at: https://ejournal2.undip.ac.id/index.php/dimj



10.

11.

12.

13.

14.

15.

Efek Sinergitas Ekstrak Kulit Jeruk (Citrus sinensis
L) Pada Patch Bioselulosa Dalam Meningkatkan
Penyembuhan Luka Bakar. J] Farm Galen (Galenika
J Pharmacy). 2018 Oct;4(2):87-92.

Keputusan Menteri Kesehatan Republik Indonesia
Tentang Pedoman Nasional Pelayanan Kedokteran
Tata Laksana Luka Bakar. Kemenkes Republik
Indonesia;

Bagiarta, Jayanti N. Pengaruh Pemberian Gel
Ekstrak Daun Pisang( Musa paradisiaca ) Terhadap
Waktu Penyembuhan Luka Bakar Derajat II Pada
Mencit. Coping Community Publ Nursing; Vol 3 No
1. 2012 Jan;6.

Tiwari VK. Burn wound: how it differs from other
wounds? Indian J Plast Surg Off Publ Assoc Plast
Surg India. 2012;45(2):364.

Luka Bakar Sudut
Widya  Med

Anggowarsito.
Dermatologi. J
2014;2(2):113-20.

Wang PH, Huang BS, Horng HC, Yeh CC, Chen Y.
Wound healing. J Chinese Med Assoc. 2018
Feb;81(2):94-101.

Gonzalez ACDO, Andrade ZDA, Costa TF,
Medrado ARAP. Wound healing - A literature
review. An Bras Dermatol. 2016;91(5):614-20.

Pandang
Surabaya.

Kesumayadi I, Almas Al, Nur I, Rambe H, Hapsari
R. Effect of Curcuma xanthorrhiza Gel on
Methicillin-Resistant ~ Staphylococcus aureus -
Infected Second-Degree Burn Wound in Rats.
2021;27(1):1-9.

Pastar I, Stojadinovic O, Yin NC, Ramirez H,
Nusbaum AG, Sawaya A, et al. Epithelialization in
Wound Healing: A Comprehensive Review. Adv
Wound Care. 2014;3(7):445-64.

Khamidah S, Swastawati F, Romadhon R. Efek
Perbedaan Lama Perendaman Asap Cair Kulit
Durian Terhadap Kualitas Ikan Manyung (Arius
Thalassinus) Asap. J Ilmu dan Teknol Perikan.
2019;1(1):21-9.

Tarawan VM, Mantilidewi KI, Dhini IM, Radhiyanti
PT, Sutedja E. Coconut Shell Liquid Smoke
Promotes Burn Wound Healing. J Evidence-Based
Complement Altern Med. 2017;22(3):436—40.

Surboyo MDC, Mahdani FY, Ernawati DS, Sarasati
A, Rezkita F. The macrophage responses during
diabetic oral ulcer healing by liquid coconut shell

smoke: An immunohistochemical analysis. Eur J
Dent. 2020;14(3):410.

Erizal E. The effect of hydrogel dressing copolymer
poli (vinylpirrolidone)(PVP)-K-carrageenan
prepared by radiation and healing times on the radius
reductions burn injuried of wistar white rat. Indones
J Chem. 2010;8(2):271-8.

Published by Universitas Diponegoro.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
Available online at: https://ejournal2.undip.ac.id/index.php/dimj

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Saputra S, Wibisono G, Ramadhani E, Dewi T.
Hydrogel patch from liquid smoke and vitamin K
Collard Greens extract for wound healing

applications. IOP Conf Ser Earth Environ Sci.
2021;762(1).

Saputra AAS, Prihatiningsih T, Santoso O.
Antibacterial Properties of Hydrogel Membranes
Infused with Liquid Smoke on Growth Inhibition of
Staphylococcus aureus. 2021;17(July):192-6.

Sumpono. Uji  Aktivitas  Antioksidan dan
Antibakteri Asap Cair Tempurung Kelapa Sawit.
Semin Nas Pendidik Sains. 2018;171-8.

Gardner S. How to Guide: Managing high exudate
wounds. 2012;7(1).

Moore Z, Strapp H. Managing the problem of excess
exudate. 2015;24(15).

Baghaie S, Khorasani MT, Zarrabi A, Moshtaghian
J. Wound healing properties of PV A/starch/chitosan
hydrogel membranes with nano Zinc oxide as

antibacterial wound dressing material. J Biomater
Sci Polym Ed. 2017;28(18):2220-41.

Kamoun EA, Kenawy ERS, Chen X. A review on
polymeric hydrogel membranes for wound dressing
applications: PVA-based hydrogel dressings. J Adv
Res. 2017;8(3):217-33.

Ivanova N, Gugleva V, Dobreva M, Pehlivanov I,
Stefanov S, Andonova V. We are IntechOpen , the
world ’ s leading publisher of Open Access books
Built by scientists , for scientists TOP 1 %. Intech.
2016;i(tourism): 13.

Zhao G, Usui ML, Underwood RA, Singh PK,
James GA, Stewart PS, et al. Time course study of
delayed wound healing in a biofilm-challenged

diabetic mouse model. Wound Repair Regen.
2012;20(3):342-52.

Best Practice Advocacy Centre. Microbiological
assessment of When to take a swab and how to
interpret the results. Best Tests. 2013;(June):2-9.

Ritsu M, Kawakami K, Kanno E, Tanno H, Ishii K,
Imai Y, et al. Critical role of tumor necrosis factor-o
in the early process of wound healing in skin. J
Dermatology Dermatologic Surg. 2017;21(1):14-9.

Utami RD, Nur Kristina T, Yuniati R. Indonesian
Journal of Environmental Management and
Sustainability Spirulina platensis Extract Reduces
Serum TNF-0, Neutrophils, and Increases
Macrophage Count in Skin Incisional Mice Model.
Indones J Environ Manag Sustain. 2020;4(2):34-8.

Frank J, Born K, Barker JH, Marzi 1. In vivo effect

of tumor necrosis factor alpha on wound

angiogenesis and epithelialization. Eur J Trauma.

2003;29(4):208-19.

Surboyo MDC, Arundina I, Rahayu RP, Mansur D,
16




30.

31.

32.

33.

Bramantoro T. Potential of Distilled Liquid Smoke
Derived from Coconut (Cocos nucifera L) Shell for

Traumatic Ulcer Healing in Diabetic Rats. Eur J
Dent. 2019;13(2):271-9.

Sanchez MC, Lancel S, Boulanger E, Neviere R.
Targeting oxidative stress and mitochondrial
dysfunction in the treatment of impaired wound
healing: A systematic review. Antioxidants.
2018;7(8):1-14.

Dunnill C, Patton T, Brennan J, Barrett J, Dryden M,
Cooke J, et al. Reactive oxygen species (ROS) and
wound healing: the functional role of ROS and
emerging ROS-modulating technologies for
augmentation of the healing process. Int Wound J.
2017;14(1):89-96.

Comino-Sanz IM, Loépez-Franco MD, Castro B,
Pancorbo-Hidalgo PL. The role of antioxidants on
wound healing: A review of the current evidence. J
Clin Med. 2021;10(16).
Tsai ML, Huang HP, Hsu JD, Lai YR, Hsiao YP, Lu
FJ, et al. Topical N-acetylcysteine accelerates wound
healing in vitro and in vivo via the PKC/Stat3
pathway. Int J Mol Sci. 2014;15(5):7563-78.

Published by Universitas Diponegoro.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Available online at: https://ejournal2.undip.ac.id/index.php/dimj

17



