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Abstract

Objective: The healing process of a traumatic ulcer re-
quires growth factors to rebuild the lost tissue after the
inflammatory process has been completed. Liquid rice
hull smoke (LR-HS) has shown unique anti-
inflammatory properties. This study analyses the role of
LR-HS in growth factor stimulation for the healing of
traumatic ulcers, such as fibroblast growth factor (FGF),
vascular endothelial growth factor (VEGF), platelet-
derived growth factor (PDGF), and collagen type 1
(COL-1) expression.

Methods: We obtained LR-HS from the pyrolysis of rice
hulls. Traumatic ulcers were created in the labial fornix
incisive inferior of Wistar rats and treated with LR-HS
once a day for 3, 5, and 7 days. The control group was
treated with sterile water. Each animal was sacrificed
after treatment, and its labial fornix incisive inferior tis-
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sues were biopsied and immunohistochemically stained to
examine FGF, VEGF, PDGF, and COL-1 expression.

Result: The treatment of traumatic ulcers with LR-HS
showed an increase in FGF, VEGF, PDGF, and COL-
1 expression. VEGF expression increased under LR-HS
treatment compared with the control 7-day treatment
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groups (p < 0.000). FGF and COL-1 expression increased
under LR-HS treatment compared with the control 5-
and 7-day treatment groups (p < 0.000). PDGF expres-
sion increased after treatment with LR-HS for 3, 5, and 7
days (p < 0.000).

Conclusion: This study has demonstrated that LR-HS
can induce the expression of growth factors during the
healing of a traumatic ulcer using immunohistochemical
staining. We suggest that LR-HS can be used as a herbal
medicine for oral ulcer therapy.

Keywords: COL-1; FGF; Liquid rice hull smoke; PDGF;
Traumatic ulcer
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Introduction

Liquid smoke is produced by biomass decomposition
through pyrolysis.l The use of this liquid for traditional
treatments in Indonesia is still controversial because liquid
smoke is highly acidic” and contains the polyaromatic
hydrocarbon benzopyrene.3

In Indonesia, liquid smoke can be obtained from biomass
such as coconut shells” and rice hulls.” These are available in
large quantities in Indonesia as waste products of the
coconut and rice industries. The resultant liquid smoke is a
natural product that is able to stimulate healing in some
pathological conditions. Liquid rice hull smoke (LR-HS)
has a low to_xicity,4 is able to decrease blood glucose levels
in diabetics,” and has anti-inflammatory properties.(’ Other
forms of liquid smoke have also been proven to stimulate
the healing of oral mucosal wounds, such as traumatic
ulcers. The liquid smoke from coconut shells has the ability
to stimulate anti-inflammatory properties in traumatic ul-
cers by inhibiting the production of pro-inflammatory cyto-
kine by macrophages through the inhibition of nuclear factor
kappa b (NF-kB), which causes delays in hfzzaling.7 This
inhibition = of  macrophages  stimulates fibroblast
proliferation and collagen synthesis.x The application of
liquid smoke to a traumatic ulcer not only stimulates
healing,” it also provides an analgesic effect.'’

The study of stimulating oral mucosal healing is not only
focused on the inhibition and prevention of long-term
inflammation; oral mucosa can delay healing through saliva
and microorganisms that support infection.!!  Anti-
inflammatories and antiseptic drugs, such as mouthwash,
are always given to a patient with an oral mucosal wound,
such as a traumatic ulcer. However, anti-inflammatories
alone are not able to promote the healing of oral wounds, as
they are not able to stimulate growth factors during the
healing process. 12 Tn some cases, a traumatic ulcer is unable to
heal completely with topical anti-inflammatories, and growth
factor stimulation'” is necessary. Growth factors are the
proteins released by the immune cells to initiate the healing

of an oral wound."? Fibroblast growth factor (FGF),
vascular endothelial growth factor (VEGF), platelet-derived
growth factor (PDGF), and collagen type 1 (COL-1) are the
first growth factors released by macrophages, fibroblasts, and
endothelial cells to initiate tissue regeneration. 14

LR-HS contains phenolic compounds that have anti-
inflammatory effects’> ! given that they down-regulate
tumour necrosis factor o (TNF-a) expression17 and have thus
been proven capable of accelerating the inflammatory
process.lx Since TNF-o0 is a cytokine that induces the
inhibitor of nuclear factor-kB (IkB) kinase (IKK) activity, the
degradation of I-kB, and activates NF-kB, the down-
regulation of TNF-a results in NF-kB inhibition.'>'® This
prompts a switch from classically-activated macrophages
(M1) to alternatively-activated macrophages (M2). Therefore,
M2 polarisation becomes more dominant."” M2 secretes
growth factors, including FGF, VEGF, PDGF, and COL-1,
which contribute to healing via fibroblast proliferation and
collagen production.m*24 The application of LR-SH as a
traumatic ulcer treatment has never been studied before, and its
potential has not yet been proven. Based on the description
above, LR-HS has the auspicious potential to stimulate FGF,
VEGF, PDGF, and COL-1 because it has been proven to down-
regulate NF-kB. Hence, an in vivo study of LR-HS is necessary.

Materials and Methods
Liquid rice hull smoke (LR-HS)

Rice hulls (Oryza sativa L) were obtained at Tumpang
village’s rice processing centre. The LR-HS used in this study
was produced via the pyrolysis process, as described in
Arundina et al. (2020).4

Animals

This research was conducted on 30 male Wistar rats aged 2
months and weighing around 120 g—160 g at the Laboratory
of Animal Testing, Department of Biochemistry, Faculty of
Medicine, Airlangga University. The Wistar rats were housed
in communal cages, with two rats per cage. The environment
was maintained at room temperature (27 °C) and artificially
lit for a duration of 12 hours’ light and 12 hours’ dark. The rats
had free access to a standard diet and water.

Traumatic ulcer inducement

A ketamine/xylazine cocktail was used to anaesthetise the
Wistar rats. A long incision, of about 10 mm, was made using
a round stainless steel blade at the labial fornix incisive
inferior to induce traumatic ulcers.” Ulcer inducement was
considered to have been successful if verified 24 hours, a
yellowish-white ulcer with an erythematous halo occurred.”

After confirmation of the painful ulcers, Wistar rats were
randomly assigned to the control group (15 rats) or the
experimental group (15 animals). Ulcers were treated topi-
cally using the intraoral dropping method. In the control
group, the traumatic ulcers were treated using sterile water;
in the experimental group, LR-HS was used, in a dose of 20
UL/20 g once daily for 3, 5, and 7 days.2
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Growth factor expression on traumatic ulcers

After 3, 5, and 7 days of treatment, the rats were dis-
charged and their fornix incisive inferior tissues were bio-
psied. To identify the expression of FGF, VEGF, PDFG,
and COL-1, immunohistochemical (IHC) staining was per-
formed using FGF (FGF-2 mouse monoclonal, Santacruz
biotechnology), VEGF (anti-VEGFA rabbit polyclonal,
Abcam, USA), PDGF (PDGF-A antibody mouse mono-
clonal, Santacruz biotechnology), and COL-1 (COL-1A4
mouse monoclonal, Santacruz biotechnology) antibodies,
respectively. A light microscope (Nikon H600L microscope;
Nikon, Japan) with a magnification of 400x with five fields
of view and a single blind operator was used to take all
measurements.

3 days treatment

liguid smoke
rice hull

Statistical analysis

The data were presented as mean + standard deviation
(mean £ SD) for each measurement in both the treatment
group and the control group. Afterwards, the data in the
treatment and control groups were analysed using an inde-
pendent 7-test with the significance set at p < 0.01. Statistical
analysis was done using SPSS 22.00 for Windows.

Results
The expression of FGF on traumatic ulcers

FGF expression on traumatic ulcers increased after
treatment with LR-HS for 3—7 days (Figure 1). Only

Figure 1: FGF expression in traumatic ulcer tissue. (A and B) magnification 40x; (B and E) magnification 100x; (C and F) magnification

400x.
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Table 1: The expression of growth factors in oral traumatic ulcers.

Days of treatment Marker Group p value
LS-RH Control

3 FGF 6.80 £ 1.35 6.60 £+ 2.30 0.872"™
VEGF 7.80 £ 2.59 7.20 £ 2.77 0.733™
COL-1 6.20 £+ 2.28 5.80 + 2.28 0.789™
PDGF 8.40 £+ 0.89 3.60 + 1.82 0.002*

5 FGF 14.00 + 1.46 6.80 + 1.79 0.000*
VEGF 12.20 £+ 2.59 7.80 + 2.04 0.019™
COL-1 14.00 £+ 1.41 7.20 + 2.17 0.001*
PDGF 10.60 £+ 1.82 6.20 + 1.30 0.003*

7 FGF 16.20 £ 3.03 8.20 £ 1.92 0.002*
VEGF 18.20 £ 3.42 9.00 £ 2.00 0.002*
COL-1 17.80 + 1.92 8.60 £+ 2.07 0.000*
PDGF 16.00 £+ 3.54 7.40 + 1.82 0.003*

Fibroblast growth factor (FGF), vascular endothelial growth factor (VEGF), collagen type-1 (COL-1), and platelet-derived growth factor

(PDGF).

The differences in the expression of each growth factor between liquid rice hull smoke (LS-RH) treatment and the control group using an
independent z-test.
™ not significant.

* significant at p < 0.01.

Figure 2: VEGF expression in traumatic ulcer tissue. (A and B) magnification 40x; (B and E) magnification 100x; (C and F) magnifi-
cation 400x.
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Figure 3: COL-1 expression in traumatic ulcer tissue. (A and B) magnification 40x; (B and E) magnification 100x; (C and F) magnifi-

cation 400x.

treatment durations of 5 and 7 days were sufficient to achieve
an FGF expression that was significantly higher than in the
control group (p = 0.000 and p = 0.002, respectively); a 3-
day treatment was insignificant (Table 1).

The expression of VEGF on traumatic ulcers

VEGF expression on traumatic ulcers increased after
treatment with LR-HS from 3—7 days (Figure 2). Only a
treatment duration of 7 days was sufficient to achieve a
VEGF expression that was significantly higher than in the

control group (p = 0.002); 3- and 5-day treatments were
insignificant (Table 1).

The expression of COL-1 on traumatic ulcers

COL-1 expression on traumatic ulcers increased after
treatment with LR-HS for 3—7 days (Figure 3). Only
treatment durations of 5 and 7 days were sufficient to
achieve a COL-1 expression that was significantly higher
than in the control group (p = 0.001 and p = 0.000, respec-
tively); a 3-day treatment was insignificant (Table 1).
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Figure 4: PDGF expression in traumatic ulcer tissue. (A and B) magnification 40x; (B and E) magnification 100x; (C and F) magnifi-

cation 400x.

The expression of PDGF on traumatic ulcers

PDGF expression on traumatic ulcers increased signifi-
cantly after treatment with LR-HS for 3—7 days (Figure 4
and Table 1). Treatment durations of 3, 5, and 7 days were
sufficient to achieve a PDGF expression that was
significantly higher than in the control group (p = 0.002,
p = 0.003, and p = 0.003, respectively) (Table 1).

Discussion

Wound healing is a normal biological process that in-
cludes four interdependent and overlapping phases.25
However, today, there are many agents that can be used to
accelerate wound healing, but these are derived from
chemicals that have the potential to create adverse side
effects and often come at a monetary cost.”® Therefore,
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new substances capable of accelerating the wound healing
process are still needed. Wound healing requires a complex
process in which keratinocytes, fibroblasts, endothelial
cells, macrophages, and platelets have their own roles to
play. These cells undergo several steps to restore the
epithelium, including migration and proliferation. They
regulate cellular response in the wound healing phase with
the aid of growth factors, such as PDGF, FGF, VEGF,
and COL-1.”"-*

In this context, several in vivo studies with animal models
have shown that natural ingredients with anti-inflammatory
and antioxidant properties produce good results in acceler-
ating wound healing. In this study, LR-HS treatment
increased FGF, VEGF, PDGF, and COL-1 expression
compared to in the control group. The mechanism that might
be involved uses the anti-inflammatory and antioxidant
properties of phenolic compounds, such as phenol, guaiacol,
and 4-ethyl-2-methoxy phenol, which are present in LR-HS.°
In a previous study, liquid smoke has been shown to have
anti-inflammatory effects and the ability to inhibit NF-kB
activation in macrophages.” Given the antioxidant ability,
reactive oxygen species (ROS) production was inhibited,
resulting in a decrease in IkB kinase (IKK) complex
activity, thus preventing I-kB degradation and inhibiting
NF-kB activation.'”'® NF-kB is the main pathway for
regulating the equilibrium of cellular redox state and in-
flammatory responses.29 During oxidative stress situations,
I-kB kinase is activated, and NF-kB is released. NF-kB
causes pro-inflammatory mediator transcription at the nu-
clear site, such as interleukin 18 (IL-1(), interleukin 6 (IL-60,
and tumour necrosis factor o (TNF-a). Excessive production
of pro-inflammatory cytokine can cause delayed wound
healing.3() Excessive production of ROS at wound sites
produces toxic effects, causing inflammation and the
degradation of repair mechanisms.’'

The phenolic compounds in LR-HS can interfere with the
NF-kB and IKK signalling pathways by inhibiting ROS and
cytokine production, such as TNF-o.*” TNF-a is a pro-
inflammatory cytokine, and in chronic wounds, its levels
have been shown to be upregulated locally and systemically,
causing delays in wound healing.33 Therefore, agents that
can block the secretion of TNF-a or the interaction
between TNF-oo and its receptors can help heal chronic
wounds. In this study, it was noted that treatment with
LR-HS significantly downregulated TNF-o.. Uncontrolled
migration of neutrophils at a wound bed is known to trigger
excessive production of ROS and proteases that encourage
systemic inflammation and cause increased tissue harm.
These cells also release TNF-o. and other pro-inflammatory
cytokines, which are, in turn, responsible for chronic in-
flammatory responses.’’

Inhibited NF-kB and TNF-a resulted in more dominant
M2 polarisation through a switch from M1 to M2 polar-
isation.!” M2 secretes growth factors, including TGF-,
FGF, VEGF, PDGF, and COL-1, which contribute to
healing, fibroblast proliferation, and collagen production.”’™
4 Platelets, macrophages, endothelial cells, fibroblasts, and
keratinocytes are sources of PDGF. M2 macrophages
produce PDGF, resulting in the inducement of a-SMA

expression in fibroblasts.”* M2 also facilitates tumour

development by  producing proteases, such as
metalloproteinase-9 (MMP-9), to degrade the extracellular
matrix and releasing growth factors (such as VEGF, FGF,
and PDGF) for a proliferation of endothelial cells and micro
vessel formation.™

M2 macrophages play a role in the formation of new
vessels, and increased macrophage numbers correlate with a
high micro-vessel density during this phase. This study has
shown that increased macrophages promote VEGF, as there
is an increase in VEGF of Days 5 and 7 after LR-HS
treatment. VEGF plays a role in inducing permeable
blood vessels and vascular permeability in the injured area,
suggesting that VEGF contributes to vascular permeability
during the early stages of the traumatic ulcer healing pro-
cess.>*® VEGF plays a role in triggering cell proliferation
and differentiation during the process of angiogenesis and
increasing endothelial cell proliferation, differentiation,
and migration.’w'3 ¥ VEGF increases leukocyte rolling,
which is very important for inflammatory cell mobility
from the bloodstream to the tissues——a feature of the
inflammatory response.” In the proliferation phase,
several types of cells work together to repair tissue,
leading to total wound healing. Keratinocytes migrate to
the wound area to perform repairs during the
epithelialisation process. The new vessels function by
supplying oxygenated blood and nutrients, which are
needed to support the activity of the cells that are
involved in this proliferation phase.*®

PDGF is a potent mitogen and chemo-attractant for
mesenchymal cells, which play a role in the regulation of cell
growth, cell division, angiogenesis, the stimulating of mac-
rophages and neutrophil chemotaxis, myofibroblast and
fibroblast proliferation, and chemotaxis, as well as smooth
muscle cells’ secretion of other growth factors from
rnacrophages.zx"40

FGF is well-known for its efficacy in healing skin
wounds; it can enhance fibroblast activation and prolifer-
ation by stimulating collagen accumulation and endothe-
lial cell division. FGF thus promotes angiogenesis, which
plays a significant role in cell repair.”’41 FGF also induces
COL-1 synthesis; hence, it plays a pivotal role in wound
healing.41

The increase in COL-1 may be due to increased FGF and
fibroblast proliferation,”*! as this study has shown that
RHLS increased FGF, thus increasing the proliferation of
fibroblasts. Fibroblasts are the most commonly found cell in
connective tissues throughout the body and are the principal
extracellular matrix (ECM) source. Fibroblasts produce
ECM ground substance (glycosaminoglycans, such as
glycoproteins and  hyaluronan), adhesive proteins
(fibronectin and laminin), and structural proteins (elastin
fibrous collagen).”” The rate of collagen synthesis is
considerably higher on the second day after an operation
and continues at a high level until at least the seventh post-
operative day.43 Collagen plays a key role in skin structure
maintenance and is important for firm, healthy skin. There
are around 28 different collagens that occur in vertebrates,
with COL-1 being the most abundant. COL-1 is known for
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its rope-like structure and its promotion of wound healing by
increasing tensile strength in large, open dermal wounds.* %/

Conclusion

Based on analysis using immunohistochemical staining,
LR-HS can induce the expression of the growth factors FGF,
VEGF, PDGF, and COL-1 during traumatic ulcer healing.
A 7-day treatment duration was sufficient for FGF, VEGF,
PDGF, and COL-1 expression. This finding strengthens the
assertion that LR-HS can be used as herbal medicine in oral
ulcer therapy.

Recommendation

It is recommended that further studies be conducted to
isolate each component of LR-HS and assess their pharma-
codynamic and pharmacokinetic properties to strengthen
their role in the treatment of traumatic ulcers.
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