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Abstract Objective The aim of this study was to prove the role of rice hull liquid smoke (RH-LS)
on lymphocytes, macrophages, fibroblasts, interleukin 6 (IL-6), and transforming
growth factor B (TGF-B) expression during traumatic ulcer healing.

Materials and Methods The RH-LS was obtained from the pyrolysis process.
Traumatic ulcers were made 10 mm along the labial fornix incisive inferior of Wistar
rat using a round stainless-steel blade. In control group, traumatic ulcers were treated
using sterile water, and meanwhile in experimental group were treated using RH-LS
once a day for 3, 5, and 7 days. After treatment, animal was terminated and their labial

Keywords fornix incisive inferior tissues were biopsy and stained using hematoxylin and eosin
= traumatic ulcer staining to determine lymphocytes, macrophages, and fibroblasts. The IL-6 and TGF-$
= fibroblast expressions were analyzed used immunohistochemistry staining.
= macrophage Result The lymphocytes, macrophages, and fibroblasts were higher in the RH-LS
= lymphocyte group for 3-, 5-, and 7-day treatment (p < 0.05). The IL-6 expression was higher only in
= rice hull the 5-day treatment, and the TGF-3 expression was higherin the 3- and 7-day treatment.
= liquid smoke Conclusion The RH-LS able to accelerated the traumatic ulcer healing by increasing
= IL-6 and TGF-3 the number of lymphocytes, macrophages, fibroblasts, IL-6, and TGF-3 expression.
Introduction process is called pyrolysis.®” Liquid smoke compositions are

obtained from the degradation of wood components through
pyrolysis.”® The degradation of lignin generates phenolic
compounds that have several beneficial effects in wound
healing including traumatic ulcer.>®

Rice (Oryza sativa L) is the staple food for people all
around the world, especially in Asia including Indonesia.’
Postharvesting rice process produces 20% rice hull as
its byproduct,® and rice hull can be processed through
pyrolysis to become rice hull liquid smoke (RH-LS).
RH-LS contains phenolic compounds, such as guaiacol,
2,6-dimethoxyphenols, phenol, and 4-ethyl-2-methoxy-
phenol (2-EMP) have antioxidant effect which bind to
reactive oxygen species (ROS), inhibit the production of

Traumatic ulcer is a common lesion in the oral cavity, around
83.6% of people have ever experienced it.! The prevalence
of traumatic ulcers varies around 3 to 24% worldwide.?
Ulcer is characterized by loss of the epithelium, causing a
chief complaint of pain.># The current topical treatment of
traumatic ulcers, such as benzydamine hydrochloride in
some special cases like in the diabetic condition, does not
promote healing® that is why an alternative treatment is
needed.

The carbonization of wood at high temperature and
without oxygen produces liquid smoke, then the smoke is
condensed at a room temperature, and this whole of this
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pro-inflammatory cytokines, and inhibit the activation of
nuclear factor kappa B (NF-kB).>!! The inhibition of NF-kB
makes the polarization of anti-inflammatory macrophage
(M2) more dominant compared with the pro-inflammatory
macrophage (M1).'2 M2 with the help of lymphocyte secrete
growth factors, such as fibroblast growth factor-2 (FGF-2),
transforming growth factor B (TGF-B), and chemokine
ligand-18 (CCL-18). Those growth factors accelerate the
proliferation of fibroblast and collagen which are needed in
the healing process.>3"

Despite all the promising finding in the literatures
mentioned above, RH-LS has a promising potential as
treatment to accelerate the traumatic ulcer healing. Therefore,
an in vivo research on the effect of RH-LS using macrophage,
lymphocytes, fibroblast, IL-6, and TGF-B expressions as
the indicators of the healing of traumatic ulcer needs to be
conducted.

Materials and Methods

Pyrolysis and Distillation of Liquid Smoke

The rice hull (Oryza sativa L) were collected at the Center
of Rice Processing in Tumpang village. The pyrolysis pro-
cess was conducted in the Research and Development of
Forest Products Laboratory, Bogor, Indonesia (ISO number
17025:2008). First of all, total 1,760 g of rice hull were air-
dried at room temperature.

A kerosene pump stove was used as the heater of the
pyrolysis furnace, as well as 30 cm in diameter and 40 cm in
height encircling reactor was used. The reactor is connected
to the cooling tubes by pipeline for condensing the fumes
and generating the liquid smoke. The air-dried rice hull was
put inside the furnace and then the furnace was closed.
After that, the setting of the condenser was done, and cold
water was used to stream the cooling tube. At a temperature
of 400°C, the pyrolysis was performed for 4.5 hours with
a heating rate of 3.33°C.'® The formula below was used to
calculate the yield of the liquid smoke (%)'s:

yield (%) = llqu'ld smoke (g)x100
rice hull (g)

The liquid smoke was then stored for 48 hours and after
that the filtration process using Whatman 52 (Whatman
52, Cat No 1452, GE Healthcare Life Science, Singapore) was
done. After that, a distillation process at the temperature of
120 to 150°C was done to purificate the liquid smoke.' The
yield of distilled liquid smoke derived from rice hull (%) was
calculated using the following formula':

_ . condensed liquid smoke (ml
liquid smoke (%) = liquid smoke (ml) i

x100

Animals

Ethics approval was obtained from the Ethical Clearance of
Health Experiment Committee, Faculty of Dental Medicine,
Airlangga University, Surabaya under registered-number
132/HRECC.FODM/IV/2019.
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This research was comprised of 2-month-old 30 male
Wistar rats with a weight range of 120 to 160 g. Animal
Testing Laboratory, Department of Biochemistry, Faculty
of Medicine, Airlangga University, Surabaya was chosen as
the place where the treatment and experiment of animals
were done. Collective cages equipped with artificial light
with a cycle of 12 hours light/12 hours dark at room tem-
perature (27°C) were used to house Wistar rat in which
free access of water and standard diet were given.

Traumatic Ulcer Induction
Wistar rats were put under anesthesia using a ketamine/
xylazine cocktail, after that, at the labial fornix incisive
inferior a 10 mm-long incision were made using a round
stainless steel blade to induce traumatic ulcers.? They were
confirmed if a yellowish-white ulcer with an erythematous
halo appear after 24 hours.®

Wistar rats were randomly assigned to a control group,
and an experimental group after the traumatic ulcers were
confirmed. The intraoral dropping method was used for
the topical treatment of RH-LS and sterile water. In the
control group, the traumatic ulcers were treated topically
using sterile water; meanwhile, in the experimental group,
they were treated topically using RH-LS with a dosage of
20 puL/20 gr once a day for 3, 5, and 7 days.'®

Fibroblast, Macrophage, and Lymphocyte Counting on
Traumatic Ulcer

After being treated for 3, 5, and 7 days in each group, the
rats were terminated and their labial fornix incisive inferior
tissues were subjected to biopsy before a hematoxylin
and eosin staining to determine the number of fibro-
blasts, macrophages, and lymphocytes. While the TGF-
(TGF-f mouse monoclonal, Santacruz biotechnology) and
IL-6 (IL-6 mouse monoclonal, Santacruz biotechnology)
expression was analyzed using immunohistochemistry.
All measurement was done using light microscope (Nikon
H600L microscope; Nikon, Japan) with a magnification
of x400 at five fields of view with single blind operator.

Statistical Analysis

The data were shown in the form of mean * standard devi-
ation (X + SD) for each group and each measurement. Then,
the data were analyzed using independent t-test and the sig-
nificance was set at p <0.05.

Result

Pyrolysis and Distillation of Liquid Smoke

The pyrolysis process of 1,760 g rice hull was performed with
the final temperature 400°C for 4.5 hours and then the liquid
smoke was distilled at 120 to 150°C (~Table 1).

Table 1 The yield of pyrolysis and distillation of liquid smoke

Component %
Liquid smoke 34.82
distilled 87




The Number of Macrophages on Traumatic Ulcer

The histopathology of traumatic ulcer after topical treatment
of RH-LS can be seen in =Fig. 1. The number of macrophages
after topical treatment of RH-LS for 3 days was higher than
control (7.20 = 0.84; p = 0.005). The topical treatment of
RH-LS for 5 and 7 days was higher than control (p = 0.004
and p = 0.022, respectively; =Fig. 2A).

The Number of Lymphocytes on Traumatic Ulcer

The number of lymphocytes after topical treatment of
RH-LS for 3 and 5 days was higher than control (p = 0.001
and p = 0.000, respectively), but there is no difference in
the treatment for 7 days (p = 0.108; ~Fig. 2B).

The Number of Fibroblasts on Traumatic Ulcer

The number of fibroblasts after topical treatment of RH-LS for
3, 5, and 7 days was higher than control (p = 0.032, p = 0.001,
and p = 0.025, respectively; ~Fig. 2C).

The Interleukin-6 Expression on Traumatic Ulcer

The IL-6 expression after topical treatment of RH-LS for 5 days
was higher than control (p = 0.001). The topical treatment of
RH-LS for 3 and 7 days showed no differences with control

3 days treatment 5 days treatment

7 days treatment

Control

RHLS

Fig. 1 The histopathology of traumatic ulcer tissue. The lymphocytes
(blue arrow), macrophages (black arrow), and fibroblasts (green
arrow) cells were analyzed using Hematoxylin and Eosin staining.
Magnification at x400.

3 days treatment

Control

5 days treatment
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groups (p = 0.088 and p = 0.293, respectively; =Fig. 3 and
~Fig.4A).

The Transforming Growth Factor-B Expression on
Traumatic Ulcer

The TGF-PB expression after topical treatment of RH-LS
for 3 and 7 days was higher than control (p = 0.034 and
p = 0.019, respectively). The topical treatment of RH-LS for
5 days showed no differences with control groups (p = 0.059;
~Fig. 5 and ~Fig. 4B).

Discussion

RH-LS is a liquid smoke that produced from rice hull through
the pyrolysis process. The process of pyrolysis includes differ-
ent response forms to be specific decomposition, polymer-
ization, oxidation, and condensation. The reactions that occur
during pyrolysis are the decomposition of structures such as
cellulose, hemicellulose, and lignin. In the pyrolysis process,

number of macrophages

Fig. 2 The number of lymphocytes (A), macrophages (B), and fibro-
blasts (C). The same character on the top of column, indicated dif-
ferent each group (t-test: p <0.05). The interleukin-6 expression on
traumatic ulcer.

7 days treatment

Fig. 3 The interleukin-6 expression on traumatic ulcer tissue with immunohistochemistry staining. Magnification at x400.
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compounds are formed such as carbonyl, acids, and phenols.
In addition, it also produces carcinogenic compounds such as
polycyclic aromatic hydrocarbons (PAHs). PAHs are formed
naturally resulting from incomplete combustion, and this
compound is formed at pyrolysis temperatures ranging from
500 to 900°C. PAH formation rate is also influenced by the
source. Some PAH compounds such as benzo(a)pyrene?' is a
carcinogenic substance and can cause damage to amino acids
and vitamins.?> One way to separate and eliminate unwanted
components such as benzo(a)pyrene is by purification. One
of the purifications methods is distillation to remove that
compound.??

RH-LS in this study was made with a pyrolysis temperature
of 400°C because the products can be produced optimally at
temperature of 400 to 550°C. Temperature 400°C produced
more phenol, ferulic acid, and guaiacol than the temperature
of 800°C.*#

The treatment of RH-LS to the traumatic ulcer showed a
higher number of lymphocytes, macrophages, fibroblasts for
3, 5, and 7 days. Phenolic compounds which are contained
in RH-LS, such as EMP and guaiacol, might have the role to
increase them. EMP and guaiacol has antioxidant abilities
that can increase proliferation lymphocytes, macrophages,
and fibroblasts. The antioxidant ability is related to ability of
inhibit the formation of ROS. Elevated ROS will cause oxida-
tive stress in lymphocytes leading them to apoptosis; hence,
with the inhibition of ROS, the number of lymphocytes will

TG expression

Fig. 4 The interleukin-6 expression (A) and transforming growth
factor-p expression (B). The same character on the top of column,
indicated different each group (t-test: p < 0.05).

3 days treatment

5 days treatment

be increased.?> Lymphocytes play a role in releasing lym-
phokines, epidermal growth factor, basic fibroblast growth
factor,? that influence the recruitment of macrophages to the
wound and in the end promote the fibroblast proliferation.?”

The phenolic compound in RH-LS able to interfere the
IkB kinase (IKK) and NF-kB signaling pathway by inhibiting
the ROS and resulting inhibition of cytokines production,
such as tumor necrosis factor (TNF)-«, IL-6, and IL-1p.%
The previous research has proved that RH-LS can reduce
the pro-inflammatory cytokine, the TNF-a, by inhibiting the
activation of NF-kB through the inhibition of IKK activity.?
Other research with liquid smoke from coconut shell also
confirmed that liquid smoke able to decrease the NF-kB and
TNF-a expression.'® The result of this study is different with
two previous studies. The pro-inflammatory cytokines, IL-6
expression, is higher in the treatment of RH-LS for 5-day
treatment. Even the IL-6 is pro-inflammatory cytokines,
its need in the traumatic ulcer healing.* IL-6 is released by
M2 macrophages along with growth factors, such as TGF-B,
platelet-derived growth factor, and basic fibroblast growth
factor, which is the higher TGF-B expression also observed
after treated with RH-LS for 3-day and 5-day treatment. That
IL-6 and TGF-B have contributed in the fibroblast prolifera-
tion and collagen production.’>'” The increase of IL-6 expres-
sion promoted the fibroblasts proliferation and extracellular
matrix production, including procollagen and fibronectin.*!
This higher IL-6 and TGF- expression in this study strengthen
the previous study that liquid smoke able increased the
fibroblast,® and collagen formation in oral ulcer healing.®
The higher level of IL-6 and TGF-B can accelerate wound
closure, granulation tissue formation, neovascularization,
and re-epithelialization.?*34

The number of macrophages and lymphocytes is signifi-
cant increased during treatment with RH-LS in this research.
The bidirectional interaction between lymphocytes and mac-
rophages is well established, and the polarization paradigm
of macrophages is derived from their interaction with lym-
phocytes. Recruitment of macrophages plays a important

7 days treatment

Fig. 5 Transforming growth factor-p expression on traumatic ulcer tissue with immunohistochemistry staining. Magnification at x400.
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role in healing process of traumatic ulcers.>®> Macrophages
play a role in the wound healing process of M1 polarization
in the initial stages of wound healing and the properties of
M2 polarization expression during the later stages of wound
healing. M1 macrophages mediate tissue damage and have
a proinflammatory effect, while M2 macrophages function
in cleansing debris, induction of angiogenesis, and tissue
remodeling.*® The inhibition of NF-kB results a switch from
M1 polarization to M2 polarization. This condition make the
M2 becomes more dominant, for produce the anti-inflamma-
tory cytokine.*

The dominant M2 polarization results in the more
abundant release of anti-inflammatory cytokines and
growth factors, one of them is TGF- which is proved to be
increased after the application of RH-LS. In every phase of
wound healing, TGF-f takes an important role to suppress
the inflammatory response and to promote the formation
of granulation tissue,*”*® promoting fibroblast migration
and promoting wound healing.?*#° In the current study, it
was found that RH-LS increased the TGF-f expression. The
increase of TGF-f1 promoted the fibroblast proliferation
which can be seen in this study that there was an increase
of fibroblast after RH-LS topical application. The ability
to increase fibroblast of TGF-f plays an important role to
accelerate wound healing. On the 5-daytreatment, TGF-
expression found not significant compared with the control.
TGF-p secretion starts in the early proliferative phase, then
the secretion keeps on going, and reaches its peak on the
7 day.*'42 That is why the significant differences were found
on the 3 days and the 7 days after RH-LS treatment.

Based on the results of the study, there was a significant
difference between the number of macrophages in the RH-LS
treatment. This is due to the ability of RH-LS in inhibiting
the production of ROS and inhibiting the production of
pro-inflammatory cytokines such as TNF-a to accelerating
the inflammatory phase.* The inhibition of ROS production
resulted in the inhibition of NF-kB which later resulted in a
switch from M1 polarization to M2 polarization and makes
M2 more dominant. The dominant M2 increases IL-6, TGF-$1,
PDGF, FGF-2, and IL-10 secretion. It can be seen in this study
that IL-6 and TGF-B1 increased after RH-LS treatment,
which later contributes in wound healing by increasing the
fibroblast. From the mechanism that is explained above,
topical application of RH-LS to traumatic ulcer can increase
the infiltration of lymphocytes, macrophages, increase
TGF-B1, and IL-6 expression and later increase the fibroblasts.
This condition accelerates the inflammatory phase and
indicates a faster traumatic ulcer healing.

Conclusion

The topical application of RH-LS increased the infiltration of
macrophages, lymphocytes, IL-6, and TGF-§ expression and
resulted in the increase of fibroblasts number in traumatic
ulcer. Therefore, it accelerated the healing of traumatic ulcer.
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