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Abstract

Asthma is one of the most common non-communicable diseases (NCDs) affecting children, with about 1 in 10
children suffering from this condition. This disease causes a significant morbidity burden, including affecting children’s
school attendance and adults’ work capacity. This disease is also a significant cause of premature death. The Global
Asthma Report (GAR) stated that data from the phase I survey of the Global Asthma Network (GAN) involving more
than 450,000 children (ages 6 - 7) or adolescents (ages 13 - 14) in 63 centers from 25 regions during the years 2015 - 2020.
The strategy for asthma management includes pharmacological and non-pharmacological approaches. The goal of
asthma prevention interventions in children and adolescents is to minimize short-term effects (daily symptoms, sleep
disturbances and activity limitations) and the risk of asthma side effects (attacks, persistent airflow limitation and
medication side effects). Anthocyanins, a type of flavonoid found in purple sweet potatoes, have potential as
antioxidants and anti-inflammatories. Anthocyanins in purple sweet potatoes can be utilized as antioxidants that will
influence the prevention of chronic asthma relapse. The aim of the research is to analyze and prove the effect of
FEAUJU administration on the immune response of chronic asthma model rats. The method used is a laboratory
experimental, where 30 chronic asthma models are randomly divided into 5 groups: The healthy group (K1), the chronic
asthma modeling group (K2), the chronic asthma group given prednisolone 0.04 mg/mouse (K3), the chronic asthma
group given FEAUJU 300 mg/kgBW (K4) and the chronic asthma group given combination therapy (K5). Examination
of IL-33, periostin and IgE using the ELISA method, TGF-B expression with IHC and histopathology of airway
remodeling. Analysis using ANOVA and Kruskal-Wallis tests. The results of FEAUJU which contains anthocyanins,
flavonoids and antioxidants, are capable of reducing levels of IL33, periostin, IgE and can also improve airway
remodeling and lung tissue (TGF-B) has a significant effect with significant p-value < 0.001. FEAUJU provides
antioxidant and anti-inflammatory effects as a prevention for chronic asthma relapse.

Keywords: Asthma, Interleukin-33 (IL-33), Periostin, Immunoglobulin E (IgE), Transforming growth factor  (TGF-
B), Airway remodeling, Sweet potato, Anthocyanin
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Introduction

Asthma is the most common non-communicable
disecase (NCD) affecting children, with about 1 in 10
children suffering from this condition. Asthma
commonly persists into adulthood, affecting about 1 in
15 adults. This disease causes a significant morbidity
burden, including affecting children’s school
attendance and adults’ ability to work. This disease is
also a significant cause of premature death. Global
Asthma Report (GAR) stated that from the phase I
Global Asthma Network (GAN) survey data involving
more than 450,000 children (ages 6 - 7) or adolescents
(ages 13 - 14) and their parents or guardians in 63
centers from 25 regions during the years 2015 - 2020
[1]. The recently released 2025 GINA global strategy
update for asthma management and prevention
includes major changes, namely the diagnosis and
management of asthma in children aged 5 years and
younger. Global GINA data indicates that there are 652
million children and adults living with COPD or
asthma. Data from the World Health Organization
(WHO) in 2020 stated that out of 235 million people
worldwide, 80% of asthma patients live in developing
countries [2]. Asthma data in Indonesia in 2025
reached 400 people. Meanwhile, the number of asthma
patients reaching a high mortality rate, with one in 250
people being asthma sufferers. The data and
information center of the ministry of health of the
republic of Indonesia in 2019 estimated the total
prevalence of asthma worldwide to be 7.2% (6% in
adults and 10% in children). The decreasing percentage
of asthma in children still needs to be monitored by
observing the high recurrence rates of asthma in
children, which are 68.2% for ages 1 - 4 years and
53.9% for ages 5 - 14 years [3]. The impact of asthma
on children is that the child’s condition worsens,
preventing them from performing daily activities such
as frequently missing school, limiting physical
activities and social interactions with peers in the
school environment, reduced physical fitness and
recurring anxiety. Asthma attacks, if not promptly
addressed and prolonged, will lead to a decline in
quality of life and disrupt the child’s growth and
development [4].

The cause of asthma in children is still unclear,
but several factors that trigger it include genotype

factors and  environmental  factors. Genetic

predisposition in combination with environmental
factors such as allergens and viral infections can

contribute to the

development of asthma. Triggers for asthma
exacerbations include cold air, dust, cigarette smoke,
stress, infections, fatigue, drug allergies and food
allergies. One of the factors that cause asthma is
allergens, which can stimulate dendritic cells and the
epithelium of the respiratory tract. Allergens that enter
the respiratory tract penetrate the mucus layer and upon
antigen exposure, they will be captured by dendritic
cells, which then digest the antigen and present it to T
Helper cells. The epithelium damaged by allergen
factors stimulates the cytokine alarm TLSP, IL-25 and
IL-33, which activate ILC-2, known as innate
lymphoid cells that lack receptors. Interleukin 33 (IL-
33) is part of the interleukin 1 (IL-1) cytokine family,
which is typically expressed by various cell structures
such as epithelial cells, endothelial cells and smooth
muscle cells. When necrosis occurs in those cells (after
tissue damage or cell damage), the unregulated activity
of IL-33 triggers an increase in the expression of
cytokines and chemokines that worsen disease
symptoms; in addition, it is also a crucial regulator of
mast cell function. Transforming Growth Factor-8
(TGF-B) is a protein secreted to regulate the
proliferation, differentiation and death of various types
of cells. The production of TGF-f correlates with the
degree of subepithelial fibrosis, usually TGF-
increases in patients with allergies and asthma with
eosinophilic inflammation. Mast cells degrade,
releasing inflammatory mediators and consequently,
cytokines will cause the airway epithelium to stretch
[5]. In asthma, periostin acts as a pathogenic mediator
such as bronchial hyperreactivity, eosinophilic
inflammation,  airway  remodeling,  eosinophil
recruitment, regulation of mucus production from
goblet cells, and subepithelial fibrosis [6]. Helper T
cells have T cell receptors to recognize their allergen
antigens, then release naive helper T cells (ThO) and
helper T cells 2 (Th2), helper T cells 17 (Th17), IL-5,
IL-13 and IL-33. IL-5 stimulates B cells to proliferate,
which will produce Immunoglobulin E (IgE); IgE also
plays a role in the allergic process. Airway remodeling

in chronic asthma includes inflammation, proliferation



Trends Sci. 2025; 22(10): 10726

30f19

of epithelial cells, bronchial smooth muscle
hypertrophy and angiogenesis [7].

The strategy for managing asthma is through
pharmacological and non-pharmacological methods.
Pharmacological therapy is divided into two types:
Reliever and controller medications. The goal of
asthma prevention interventions in children and
adolescents is to minimize short-term effects (daily
symptoms, sleep disturbances and activity limitations)
and the risk of asthma side effects (attacks, persistent
airflow limitation and medication side effects) [8]. The
administration of therapy to asthma patients is already
in accordance with the established standards, but the
results are not yet optimal, as evidenced by the still
high prevalence of asthma relapses in children. Adjunct
therapy in this case to prevent asthma recurrence
includes anthocyanins, which can reduce airway
hyperresponsiveness. One of the herbal plants that
contains a lot of anthocyanins and has the potential to
be an adjunct therapy for asthma is purple sweet potato
[9].

Purple sweet potato (Ipomoea Dbatatas var
ayamurasaki) is a plant that grows abundantly in
several regions of Indonesia and is easy to obtain.
Purple sweet potato is a type of tuber with a deep purple
color due to the presence of anthocyanins [10].
Anthocyanins are phytochemicals in the flavonoid class
responsible for most of the red to blue colors shown by
flowers and other plant parts. They have potential as
anti-inflammatory agents associated with antioxidants
and free radicals for the prevention of asthma
recurrence [11]. The anthocyanin content in purple
sweet potatoes is around 32 - 1390 mg/100 g [12].
Purple sweet potatoes have the highest anthocyanin
content compared to white, yellow and orange sweet
potatoes. The high anthocyanin content in purple sweet
potatoes can be utilized as an antioxidant to prevent
asthma recurrence, which has led researchers to
investigate the effects of purple sweet potatoes
(Ipomoea batatas var. ayamurasaki) on the immune
response of Wistar rats with a chronic asthma model
based on the levels of Interleukin 33, periostin,

Immunoglobulin E, TGF-f and airway remodeling.

Materials and methods

Materials

Purple sweet potatoes (Ilpomoea batatas CV.
Ayamurasaki) used in this study were obtained from
the Sukaharjo Village Farmer Group (Coordinates: —
5.307187, 104.972802) in Pringsewu District,
Lampung, Indonesia. Lampung Province ranks
between the 10th and 12th largest sweet potato-
producing regions in Indonesia, with an annual yield
ranging from 47.239 - 47.408 tons. Since 2022, sweet
potato production in this region has contributed
approximately 179.81 tons per year, supporting its role
as an important agricultural commodity. The harvested
tubers were carefully selected based on their maturity,
uniformity in size and absence of visible defects. The
determination of the harvest period was based on
physiological characteristics, such as maximum starch
accumulation and fiber content, which indicate optimal
tuber development. For early-maturing varieties like
Ipomoea  batatas CV. Ayamurasaki, harvesting
typically occurs between 3 - 3.5 months after planting.

To ensure the botanical accuracy of the collected
samples, identification was conducted at the Botany
Laboratory, Department of Biology, Faculty of
Mathematics and Natural Sciences, University of
Lampung (FMIPA UNILA). The identification process
confirmed that the specimens belong to the species
Ipomoea batatas CV. Ayamurasaki, with reference to
voucher number 035/UNILA.BD/VIII/2024. All plant
material collection and utilization complied with
national and institutional regulations on biodiversity
research. Ethical approval and necessary permissions
were obtained before sample collection to adhere to

scientific and environmental conservation standards.

Fractionation preparation Ipomoea batatas var
ayamurasaki

Purple sweet potatoes were washed with running
water, drained and sliced, followed by drying in an
oven at a temperature of 50 °C. The dried simplicia
was mashed, sieved and weighed. The maceration
method was used to obtain the powder from purple
sweet potatoes (Ipomoea batatas CV. Ayamurasaki).
For 72 h at room temperature, 100 g of powdered
simplicia were macerated in 1000 milliliters of 96%
ethanol. In order to improve the diffusion of bioactive

components into the solvent, the mixture was
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periodically swirled during the maceration process. To
remove the solid residue from the liquid extract, the
extract was filtered using Whatman No. 1 filter paper
after three days. A concentrated ethanol extract was
then obtained by removing the solvent from the filtrate
using a rotary evaporator set to a regulated temperature
of 40 °C. For additional analysis, the concentrated

extract was then kept in an airtight container at 4 °C.

The first, s and third semi-thick extracts were
combined in a porcelain cup and evaporated in a water
bath until a thick extract was obtained. Then the thick
extract was dissolved in distilled water and filtered
with N-Hexane and separated with a separating funnel.
N-Hexane was first used in the extraction of purple
sweet potatoes (Ipomoea batatas CV. Ayamurasaki) in
order to acquire the non-polar fraction. For 72 h at
room temperature, 100 g of powdered simplicia were
macerated in 1000 mL of N-Hexane. To improve the
dissolution of non-polar chemicals into the solvent, the
mixture was periodically agitated. To remove the solid
residue from the liquid extract, the extract was filtered
through a vacuum filter after three days. Ethyl acetate
was then used to fractionate the extract that did not
dissolve in N-Hexane. It was anticipated that the more
polar ethyl acetate would dissolve the non-polar
substances that were insoluble in N-Hexane, enabling
the extraction of the targeted bioactive substances. One
thousand milliliters of ethyl acetate. The extract that
did not dissolve in N-Hexane was fractionated with
ethyl acetate and then separated with a separating
funnel. The extract that dissolved in ethyl acetate was
evaporated with a rotary evaporator until a semi-thick
fraction was obtained. The semi-thick fraction was
evaporated in a water bath until a thick extract was

obtained.

Phytochemical analysis

According to letter number 004/SEFA-
UMS.B/VIII/24, Ipomoea batatas var. Ayamurasaki
was extracted at the Standardization Laboratory of
Extracts, Faculty of Pharmacy, Universitas
Muhammadiyah Surakarta, Central Java, Indonesia.
Using 96% ethanol, the powdered simplicia was
macerated for 72 h at room temperature in order to
extract it. After filtering, the extract was separated
using a liquid-liquid fractionation process with ethyl

acetate. This produced an ethyl acetate fraction that
included bioactive substances, such as anthocyanins.
The fraction was heated to 100 °C for two minutes and
treated with 2M HCIl to verify the presence of
anthocyanins. Anthocyanins were present since there
was no color shift. After that, the sample was treated
drop by drop with 2M NaOH and the slow fading after
the gradual transition from red to blue-green was
verified. Characterization of Anthocyanin Compounds
Using Thin Layer Chromatography. The filtrate in the
flavonoid phytochemical screening was spotted on a
silica gel 60 F254 plate, then wiped with butanol:
Acetic acid: Water as much as 4:5:1, then dried and
observed using UV light at 254 and 366 nm.
Furthermore, the plate was sprayed with ammonia,
dried and observed again with UV light at 254 and 366
nm. Ipomea batatas L., or purple sweet potato (PSP), is
a source of anthocyanins, pigments that can exhibit

color changes at different pH values.

Procedure for administration of purple sweet
potato ethyl acetate fraction

Fractionation is a separation and grouping of the
chemical contents of the extract based on polarity. In
the fractionation process two immiscible solvents are
used and having different polarity levels [13]. The
administration of FEAUJU is given from days 21 - 40
orally using a probe. The ethyl acetate fraction of
purple sweet potato was weighed according to the
desired dosage, then dissolved with 1 %NaCMC
(Sodium Carboxymethylcellulose). The dose of the
ethyl acetate fraction of purple sweet potato used in the
study is 300 mg/KgBW [14]. To make a 1 %NaCMC
solution, dissolve 1 g of NaCMC in 100 milliliters of
distilled water, stirring until it dissolves. The
calculation of the FEAUJU dose is 300 mg/KgBW
with a mouse weight of 200 g = 0.2 kg, so the required
dose = 300 mg/kg x 0.2 kg = 60 mg. The suspension to
be administered is 3 mL of suspension. Weigh 60 mg
of FEAUJU and then mix it with the suspension until it
dissolves. The dose to be given to the rats is 60
mg/3mL. So, for a rat weighing 200 g, a 3 mL
suspension containing 60 mg of FEAUJU will be
administered orally using a probe. A dose of 300
mg/kg body weight is given as 3 mL of suspension,

administered as a single 3 mL oral dose using a probe.
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The FEAUJU dose for rats is the FEAUJU dose for rats
% 0.018 =300%0.018 = 5.4 mg.

Dosage administration of prednisolone dose

Prednisolone was administered to the K3 group
Wistar rats at a dose of 1 - 2 mg/KgBW/day. The
determination of the prednisolone dose in this study is
based on estrogen therapy for chronic asthma. After
converting the dose for humans with a body weight of
70 kg to rats with a body weight of 200 g, the
following dose was obtained: The standard therapeutic
dose for a rat weighing 200 g is 0.018, so the dose is
calculated as 0.018x2 mg = 0.036 mg, rounded to 0.04
mg/200 g rat body weight. This dose is administered
orally through a tube starting from day 21 until day 40.

Acute model
Sensitization Challenge

. -

o

e
0 14 1718
Chronic model
Sensitization (x2) Challenge

Chronic asthma model rats

The research was conducted from May to July
2024 after receiving approval from the Health Research
Ethics Committee of the Faculty of Medicine, Sebelas
Maret University (KEPK FK UNS) with protocol No.
EC/ID: 107/02/05/2023. In this study, the sample size
was determined using the WHO standard for research
involving laboratory animals, which is five laboratory
animals for each research group. Chronic allergic
asthma model rats are rats that are sensitized on days 0
and 14 with 10 pg ovalbumin (OVA) per rat and 1 mg
aluminum hydroxide in 0.5 cc of 0.9 %NaCl per rat.

Subacute model

Sensitization Challenge

! v

0 14 2021

//////// 77 ///// ////i

I} ! E//////
)

0 14 28

35 49 5 6164

Figure 1 Modeling of acute, subacute and chronic asthma animal models.

The chronic asthma model animals were
desensitized using 10 pg OVA and 1 mg aluminum
hydroxide in 0.9 %NaCl, 0.5 mL intraperitoneally on
day 0 and days 14. This was followed by administering
1 %O0VA in 0.9 %NacCl aerosol for 30 min, three times
a week, from day 21 to days 63. The determination of
the animal model was successful based on several
assessments, namely total cells, eosinophils,
neutrophils and specific Ig E. In this study, two

assessment indicators will be used to determine the

chronic model animals, which are the eosinophil count
(5.96 + 7.75x10%) and neutrophil count (5.89 =+
4.59x10°%). The determination of the chronic asthma
model animals can also be observed on day 41, starting
from day 23 to days 40, where 1 %OVA in 0.9 %NaCl
was administered as an aerosol for 30 min, three times
a week. On day 41, blood serum was collected for the
examination of IL-33, periostin and IgE and lung
organs were collected for immunohistochemistry of

TGF-B and histopathology of airway remodeling.
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Figure 2 Chronic asthma model rats [15].

Examination of IL-33 levels, periostin levels,
Immunoglobulin E levels, TGF-f and Airway
remodeling

Examination of IL 33 levels, periostin levels and
Immunoglobulin E levels using serum blood samples
processed with an ELISA KIT, TGF-f examination
using immunohistochemical staining techniques
through the indirect immunoperoxidase staining
method, three phases with Avidin Biotin Complex
(ABC). Airway remodeling was examined using the

histopathological method of lung tissue.

Data analysis

Data analysis begins with the normality test using
the Shapiro-Wilk test. Next Data on the levels of
Interleukin-33 (IL-33) on H15 and H41 were measured
using a one-way ANOVA test. If the analysis results
show a significant difference and the data is not
homogeneous on H41, a post hoc Games-Howell test
will be conducted to see the differences between
treatment groups. Data on periostin and IgE levels on

days 15 and 41 were measured using a one-way

A
£ 0]
Fl
2
Y
> 01
2 01
]
£
= (3R4S)-34-Dihydroxy-3-(3,4-dimethoxybenzyl)-7-methoxy-chroman
o A 899
T T T 1 1 T T 1
25 5 75 10 125 15 175 20
100000 c
2 1 6,7-Dihydroxy-2-(2-phenylethyl) chromone
: 50000 - L

Challenge

Ovalbumin 19 wiv) for 30 mins, acrosol

ANOVA test. If the analysis results show a significant
difference, a post Hoc Tukey’s HSD test will be
conducted to examine the differences between
treatment groups. Data regarding TGF-f and airway
remodeling (lung inflammation, epithelial cell
proliferation and smooth muscle hypertrophy) were
measured using the non-parametric Kruskal-Wallis test.
If the analysis results show a significant difference, a
post hoc Mann-Whitney test will be conducted to
observe the differences between treatment groups. Data
analysis was conducted using the Statistical Product
and Service Solutions (SPSS) version 24.0 for

Windows.

Results and discussion

Liquid  Chromatography  Tandem  Mass
Spectrometry Quadrupole Time-of-Flight LCMS/MS
QTOF)

The results of the LCMS/MS QTOF (Liquid
Chromatography-Mass  Spectrometry/Tandem Mass
Spectrometry Quadrupole Time-of-Flight) analysis are

shown in Figure 3.
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Figure 4 Liquid chromatography-mass spectrometry/tandem mass spectrometry quadrupole time-of-flight) analysis.

Explanation: (A) Retention Time (RT) of
(3R,4S)-3,4-Dihydroxy-3-(3',4'-dimethoxybenzyl)-7-
methoxy-chroman at 9.12 min. (B) Retention Time
(RT) of 2'-Hydroxy-4',6'-dimethoxydihydrochalcone at
12.08 min (C) Retention Time (RT) of 6,7-Dihydroxy-
2-(2-phenylethyl) chromone at 7.84 min. (D) Retention
Time (RT) of 6-Methoxy-2-(2-phenylethyl) chromone
at 7.64 min. (E) Retention Time (RT) of 6-Methoxy-2-
[2-(3'methoxyphenyl) ethyl] chromone at 8.05 min. (F)
Retention  Time (RT) of  6-Methoxy-2-[2-
(4'methoxyphenyl) ethyl] chromone at 13.98 min. (G)
Retention Time (RT) of Leachianone G at 11.22 min.
(H) Retention Time (RT) of Methyl ophiopogonanone
B at 6.85 min. (I) Retention Time (RT) of
Noranhyoicaritin at 13.41 min and (J) Retention Time
(RT) of Porachalcone A at 13.61 min.

Table 1 Description of IL-33, periostin and IgE data.

The effect of ethyl acetate fraction of purple
sweet potato on IL-33, periostin and IgE Levels

Description of 1-33, periostin and IgE levels

Table 1 shows that all pre-test data (after OVA
induction and before FEAUJU treatment, specifically
data from day 15). The data were first analyzed
descriptively to obtain the average values of all groups.
The average values in K1 for IL33, periostin and IgE
were lower compared K2, K3, K4 and K5 (4391 =+
2.01; 301.19 + 15.50; 12.06 + 0.60). This indicates that
the success of the asthma model is seen from the
increase in average values compared to the healthy rat
group. All groups were declared to have a normal
distribution with Saphiro-Wilk (SW) values greater
than 0.05 and were declared homogeneous with all
homogeneity test p-values greater than 0.05, namely
0.421, 0.147 and 0.561.

Kelompok
No Variabel K1 K2 K3 K4 KS p-value
Mean
1 IL-33 43.91 50.98 50.04 47.45 45.07
Std.deviasi 2.01 2.52 3.54 4.03 5.00
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Kelompok
No Variabel K1 K2 K3 K4 KS p-value
Mean
Shapiro wilk 0.759* 0.059" 0.932* 0.515%* 0.133*
Levene test 0.421**
Anova 0.008***
2 Periostin 301.19 402.96 390.80 391.11 382.15
Std.deviasi 15.50 37.66 58.25 29.51 50.00
Shapiro wilk 0.213* 0.996* 0.200" 0.840* 0.067*
Levene Test 0.147**
Anova 0.002%**
3. IgE 12.06 15.07 13.90 14.24 14.63
Std.deviasi 0.60 0.55 0.42 0.47 0.94
Shapiro wilk 0.312" 0.236" 0.970" 0.467" 0.943"
Levene test 0.561™
Anova <0.001™

Based on the homogeneity and normality tests, the differences between groups regarding IL-33, periostin and IgE
levels were subsequently analyzed using a one-way ANOVA test, yielding p-values < 0.05 (0.008, 0.002 and < 0.001),
which indicates significant differences among all groups. Next, a Tukey HSD post-hoc test can be conducted to
determine which groups have significant differences.

p0.579 p-000z
[ p-0.100 M 0,001

! P 0.007 ! I =0.001
1
000 p-0.388
f pe 101 f p 0621

—0.002 ™ oess : o6z 1

p0.002 0.655 p=0 001 —0.612
r—|/_f—| - |_F—| 0.990

p0.024 P
500 Mors o700 |
601 p0.222 0263 0718 p=0.709

50 — 02y s
309 500 il 3908 3911 3821

474 400 — —_—

300+

200

100-1

L33 Periostin
Kelompok Kelompok
Kl K2 K3 K g K5 K1 B K2 B3 K3 mm K4 mm K5
P0.001
f P=0.001
f 0001 !
p-0.238
I p 0.030 I
20= p0.055
p0.001 p-0.004 0368 p0283
T T 1T 1

IgE
Kelompok

mm K1 Em K2 mm k3 B8 K4 g K5

Figure 5 The results of the Tukey HSD posthoc test.
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Figure 5 It is known that the mean levels of IL-
33, periostin and IgE in the K2, K3, K4 and K5 groups
are higher than in the healthy K1 group. The analysis
results show that the average levels of IL-33, periostin
and IgE in the healthy group (K1) were significantly
different from the groups induced with OVA as an
asthma model (K2, K3, K4 and K5) with all p-values <
0.001. The results indicate that the administration of
OVA significantly affects the increase in the levels of
IL-33, periostin and IgE indicators. Furthermore, the
results indicate that there are no differences in the
average levels of IL-33, periostin and IgE among the
asthma model groups/OVA-induced groups (K2, K3,
K4 and K5) with p-values > 0.05. The results indicate
that the average levels of IL-33, periostin and IgE in
the asthma model groups were the same and
comparable from the beginning before treatment with
the ethyl acetate fraction of purple sweet potato.
Significant differences were still found between K2
and K3 in IgE (p-values = 0.004), K2 and K4 (p-values
=0.030), however, the increase in IgE levels in K5 was
already the same and comparable (p-values =0.238). In
IL-33, significant differences were also found between
K2 and K5 (p-values = 0.009) and K3 and K5 (p =
0.024), with an increase observed in K4 (p-values =
0.263). Based on these results, the levels of I1L-33 and

B0 = iha
rm

Hadar IL 33 [Pg'mi)

IgE in the asthma model group can be considered
comparable from the beginning.

of IL-33

Levels, IgE before and after administration of

Characteristics levels, periostin
purple sweet potato ethyl acetate fraction

Figure 6 shows that the average IL-33 levels
after the administration of the ethyl acetate fraction of
purple sweet potato decreased in all groups. The lowest
decrease in serum IL-33 in the rats occurred in the K5
group, which consisted of rats with chronic asthma
(OVA) that were given a combination dose of
prednisolone and ethyl acetate fraction of purple sweet
potato. The average serum periostin after treatment
with the ethyl acetate fraction of purple sweet potato
decreased in all groups. The lowest decrease in serum
periostin levels in mice occurred in the K5 group,
which consisted of mice with chronic asthma (OVA)
treated with a combination of prednisolone and ethyl
acetate fraction of purple sweet potato. The average
serum IgE after treatment with the ethyl acetate
fraction of purple sweet potato decreased in all groups.
The decrease in serum IgE levels in mice occurred in
groups K3, K4 and KS5, which are the groups of mice
induced with chronic asthma (OVA) and given a single
dose of the ethyl acetate fraction of purple sweet potato

as well as a combination dose.
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Figure 6 The difference in mean IL-33 levels, Periostin level, anda IgE levels before and after the administration of the
ethyl acetate fraction of purple sweet potato; K1 = normal rats, K2 = chronic asthma rats, K3 = chronic asthma rats
treated with standard therapy (prednisolone 0.04 mg/kg body weight/day), K4 = chronic asthma rats treated with
FEAUJU 300 mg/kg body weight, K5 = chronic asthma rats treated with combination therapy (prednisolone 0.04 mg/kg
body weight/day and FEAUJU 300 mg/kg body weight).

The effect or influence of ethyl acetate fraction formation of collagen and extracellular matrix, which
of purple sweet potato on TGF-f expression play a role in tissue fibrosis. TGF-f in lung tissue is
TGF-B (Transforming Growth Factor Beta) is a performed using immunohistochemistry (IHC), which

profibrotic cytokine that has the ability to induce the is used to assess TGF-B expression.
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Figure 7 Average levels TGF-p.

Figure 7 Shows that the average expression of
TGF-B in bronchial tissue after FEAUJU treatment.

The research results show a significant variation among

the lowest average TGF- expression was found in the
K5 group with an average of 2.66. This decrease
indicates the effectiveness of the treatment
the treatment groups. The K2 group showed the highest combination in suppressing TGF-B expression,
average TGF-p expression, with an average of 5.66, approaching normal levels.

indicating a high TGF-§ expression. On the other hand,
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Figure 8 TGF-B Expression in Bronchial Epithelium (200x Microscope Magnification).

Figure 8 shows the comparison of TGF-
expression in bronchial epithelium through IHC

staining in various treatment groups. The brown

staining in the cytoplasm (indicated by the red arrow)
illustrates areas with positive TGF-f expression. The

highest expression was found in the K2 group (chronic
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asthma model) with 90% of the cytoplasmic area
positive, while the lowest expression was found in the
K1 group (healthy control) with 5% of the positive
area. The combination group of prednisolone and
FEAUJU (K5) is effective in significantly reducing
TGF-B expression in the bronchial epithelium,
approaching the healthy control group. This confirms
the role of combination therapy in suppressing
inflammation in chronic asthma.

Effect or influence of ethyl acetate fraction of
purple sweet potato on airway remodeling
Airway remodeling is a structural change that

occurs in the airways due to chronic inflammation,
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such as in asthma. This process involves various
mechanisms, including the infiltration of inflammatory
cells, epithelial damage and thickening of the airway
walls. Inflammation in the lungs plays a key role in
triggering airway remodeling by inducing changes in
the tissue, such as epithelial cell hyperplasia,
extracellular matrix (ECM) accumulation and
subepithelial fibrosis. Analysis using Hematoxylin-
Eosin (HE) staining allows for the identification of
histopathological characteristics of inflammation, such
as infiltration of inflammatory cells, tissue edema,

epithelial damage and hypertrophy of bronchial smooth

muscle.
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Figure 9 Airway remodelling score.

Figure 9 shows the reduction of lung
inflammation in rats given the ethyl acetate fraction of
purple sweet potato. Group K1 (the healthy rat group)
showed the lowest level of inflammation (0.33), which
means a normal condition without exposure to
allergens or irritants. On the other hand, the K2 group
(OVA 1% modeling) had the highest inflammation
score (3.00), indicating that the administration of 1
%OVA induction for 40 days can increase lung
inflammation in chronic asthmatic rats. K3 and K4

Kelompok
- K1 mm K2 = K3

= K4 mEm K5

showed a significant decrease in the inflammation
score to 1.16, indicating the anti-inflammatory effects
of each treatment. K5 has an inflammation score of
0.50, close to group K1, which indicates the synergistic
effectiveness of the combination (prednisolone and
FEAUFU) in suppressing lung inflammation.

The decrease in inflammation scores in the
treatment group indicates that prednisolone and
FEAUFU have significant anti-inflammatory activity,
both individually and in combination. Proliferation of
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bronchial epithelial cells in chronic asthma model rats.
Group K1 (the healthy rat group) showed the lowest
level of bronchial epithelial cell proliferation (0.33),
indicating a normal condition without exposure to
allergens or irritants. On the other hand, group K2
(OVA 1% modeling) had the highest inflammation
score (2.50), indicating that the administration of OVA
1% induction for 40 days can increase the proliferation
of bronchial epithelial cells in chronic asthmatic mice.
K3 (OVA + Prednisolone group) showed a significant
reduction in bronchial epithelial cell proliferation to
1.33, although still higher than KI, indicating that
prednisolone is effective in reducing bronchial
epithelial proliferation and K4 showed a significant
decrease in the inflammation score to 1.50, indicating
the effect of prednisolone. K5 has a proliferation score
of 1.00, close to group K1, indicating the synergistic
effectiveness of the combination (prednisolone and
FEAUJU) in suppressing the proliferation of bronchial
epithelial cells in the lungs. The effect of FEAUJU on
the expression of smooth muscle hypertrophy. Group
K1 (the healthy rat group) showed the lowest level of
bronchial epithelial proliferation (0.00), indicating the
absence of smooth muscle hypertrophy. On the other
hand, group K2 (OVA 1 % modeling) had the highest
inflammation score (2.50), indicating that the
administration of OVA 1% induction for 40 days can
increase smooth muscle hypertrophy. K3 (the OVA 1%
group given Prednisolone) showed a significantly
reduced smooth muscle hypertrophy expression to 1.16
compared to K2, indicating the effectiveness of
prednisolone in reducing hypertrophy caused by OVA.
K4 and K5 showed the same smooth muscle
hypertrophy value, which is 1.00. This means that the
combination of the two treatments does not provide
any significant additional effect compared to the
FEAUIJU treatment.

Discussion

This study aims to evaluate the effect of the ethyl
acetate fraction of purple sweet potato (Ipomoea
batatas var. ayamurasaki) on the immune response in a
chronic asthma model in rats. Chronic asthma is an
inflammatory respiratory disease characterized by
airway hyperresponsiveness, increased levels of
immunoglobulin E (IgE) and elevated inflammatory
mediators such as interleukin-33 (IL-33) and periostin.

Additionally, the airway remodeling process, which
involves the transformation and alteration of tissue
structure, is also frequently observed in chronic asthma
patients. The administration of the ethyl acetate
fraction of purple sweet potato has the potential to
reduce sensitivity to allergens and inhibit excessive
immune response activity, which explains that the
bioactive compounds in the fraction have
immunomodulatory effects that can suppress allergic
reactions associated with increased IgE. In addition, it
can reduce immune cell activity and prevent the
development of airway remodeling respiratory tract
inflammation. Overall, this study shows that the ethyl
acetate fraction of purple sweet potato acts as an
antioxidant, anti-inflammatory and immunomodulator,
demonstrating a decrease in IgE, IL 33, periostin, TGF-
B levels and significantly improving airway remodeling
in chronic asthma model animals.

Chronic asthma is a respiratory disease
characterized by long-term inflammation of the
airways, causing narrowing and hyperresponsiveness
of the airways to various stimuli. Chronic asthma
begins with external triggers (such as allergens or
infections) that cause the immune system to respond
excessively. These triggers cause the activation of T-
helper 2 (Th2) cells and the release of pro-
inflammatory cytokines, including IL-4, IL-5 and IL-
13. These cytokines increase the production of
immunoglobulin E (IgE) by B cells, which then play a
role in allergic reactions.

Interleukin-33 (IL-33) is produced by various
types of cells, primarily by epithelial cells of the
respiratory tract and endothelial cells of blood vessels.
In addition, IL-33 can also be produced by fibroblasts
and dendritic cells in response to stimuli such as
allergens, air pollution, or infection. Physiologically,
IL-33 exists in an inactive or dormant form and is
usually stored within the cell membrane. However,
when cell damage occurs, IL-33 will be released as an
alarm to signal the immune system. The breakdown or
release of IL-33 occurs in response to inflammation,
tissue damage, or oxidative stress, which often happens
in diseases like asthma [16].

After being released, IL-33 binds to the ST2
receptor located on the surface of mast cells and Th2
cells, as well as eosinophils. Mast cells are immune

cells that are highly involved in allergic reactions and
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inflammation. When IL-33 binds to the ST2 receptor
on mast cells, it triggers mast cell degranulation and
the release of inflammatory mediators such as
histamine, leukotrienes and prostaglandins. IL-33 plays
an important role in activating T-helper 2 (Th2) cells,
which function to regulate allergic immune responses.
After 1L-33 binds to the ST2 receptor on Th2 cells,
these cells produce a number of important
inflammatory cytokines, including IL-4, IL-5 and IL-
13. IL-33 induces the release of IL-5, which stimulates
the production of eosinophils, as well as activates
eosinophils already present in the respiratory tract.
Eosinophils release eosinophil peroxidase and
eosinophil cationic protein (ECP) that damage the
airway epithelium, exacerbate inflammation and
contribute to fibrosis and thickening of the airway
walls, which are characteristic of airway remodeling in
asthma [17].

Periostin is an extracellular matrix protein that
plays a role in various biological processes, such as
tissue remodeling and tissue repair. Periostin is
expressed by various cells, including fibroblasts,
smooth muscle cells, endothelial cells and epithelial
cells. The synthesis of periostin is greatly influenced by
factors such as pro-inflammatory cytokines, especially
IL-13 and IL-4, which are produced by T helper 2
(Th2) cells in the allergic response. IL-13, which is one
of the main cytokines in the pathogenesis of asthma,
can increase periostin expression through the JAK-

STAT pathway. The increased expression of periostin

contributes to the process of airway remodeling [18].

Immunoglobulin E (IgE) is an antibody that plays
a central role in the pathogenesis of chronic asthma,
particularly in the mechanism of allergic reactions that
occur in response to allergen exposure. IgE is part of
the body’s immune system, produced by B cells and
plays a role in identifying and binding allergens,
thereby triggering a series of profound inflammatory
events in the respiratory tract [19]. This process begins
with the sensitization phase until the occurrence of a
type I hypersensitivity reaction, which causes chronic
inflammation and airway remodeling. The sensitization
phase is when the allergen enters the body, the particles
are recognized by dendritic cells that will process the
allergen and present it to T-helper 2 (Th2) cells [20].
These Th2 cells, with the help of cytokines such as IL-

4, IL-5 and IL-13, will stimulate B cells to produce
IgE. The produced IgE will then bind to the FceRI
receptor present on the surface of mast cells and
basophils. These mast cells and basophils will become
“sensitive” to the same allergen, ready to react if re-
exposure occurs.

Transforming Growth Factor-p (TGF-B) is a
multifunctional cytokine known to play a role in
various  biological  processes, including cell
proliferation, differentiation, apoptosis and immune
response. Cell proliferation is the process of cell
division and growth that leads to an increase in cell
number [21]. TGF-B plays a role in regulating cell
proliferation by controlling the cell cycle. TGF-B can
stimulate the proliferation of smooth muscle cells in
the airways, which contributes to the process of airway
remodeling and thickening of the airway walls,
differentiation of fibroblast cells into collagen-
producing cells, which play a role in the formation of
connective tissue or fibrosis [22]. TGF-p can suppress
excessive immune responses to prevent tissue damage
due to chronic inflammation. Under normal conditions,
TGF-B  helps regulate the balance between
inflammatory and anti-inflammatory responses and
functions to control the activation of immune cells such
as T lymphocytes and macrophages. In chronic asthma
conditions, TGF-B is involved in enhancing the
immune response to allergens, causing chronic
inflammation and excessive activation of immune cells,
which contributes to the development of symptoms
such as shortness of breath and wheezing. TGF-f plays
an important role in airway remodeling, immune
response regulation and the formation of fibrotic tissue
that contributes to the worsening of the patient’s
condition [23].

Airway remodeling is a structural change that
occurs in the airways in response to chronic
inflammation, which is one of the hallmarks of chronic
asthma. This process involves several interconnected
mechanisms, such as inflammation, epithelial cell
proliferation and smooth muscle hypertrophy, all of
which contribute to the decline in airway function,
thickening of the airway walls and increased airflow
resistance [24]. The inflammatory process begins with
the activation of the immune system responding to
allergens. This inflammation is influenced by the

continuous activity of Th2 cells, eosinophils and mast
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cells, leading to damage to the respiratory tract tissue
and resulting in remodeling. Epithelial cell
proliferation is the damage to the respiratory
epithelium due to ongoing inflammation [25].

After an injury or damage occurs to the epithelial
cells of the respiratory tract, the body attempts to repair
it by stimulating the proliferation of epithelial cells.
This proliferation is necessary to repair the damaged
tissue, but in chronic asthma, excessive epithelial cell
proliferation can lead to the multiplication of goblet
cells that produce excessive mucus [26]. Hypertrophy
of smooth muscle causes thickening of the airway
walls, leading to decreased airway -elasticity and
worsening airway obstruction. This thickening also
reduces the airways’ ability to expand and contract,
leading to difficulty breathing, especially during an
asthma attack. Smooth muscle hypertrophy causes
thickening of the airway walls, leading to decreased
airway elasticity and worsening airway obstruction.
This thickening also reduces the airways’ ability to
expand and contract, leading to difficulty breathing,
especially during an asthma attack [27].

Purple sweet potato (Ipomoea batatas var.
ayamurasaki) is one type of tuber that is rich in
bioactive compounds, antioxidants and phytochemicals
beneficial for health. Contains compounds with
potential  as  anti-inflammatory,  antimicrobial,
antioxidant and anticancer agents. Purple sweet
potatoes are known for their anthocyanin content,
which are flavonoid pigments that give the tuber its
purple color. This compound has strong antioxidant
properties, which are very important in combating cell
damage caused by free radicals that can trigger
inflammation and degenerative diseases. The total
anthocyanin content test results showed a value of 28.9
+ 1.4 mg/g for the ethyl acetate fraction of purple sweet
potato. In addition, the examination of total flavonoid
content in the ethyl acetate fraction of purple sweet
potato yielded a value of 81.8 + 2.5 mg/g quercetin
equivalent. further examination with LCMS/MS QTOF
to detect active compounds from the ethyl acetate
fraction of purple sweet potato.

Anthocyanins are antioxidant compounds that
have the ability to reduce inflammation and oxidative
stress in the body. Anthocyanins work by binding to
free radicals (reactive oxygen species/ROS), which

often increase in chronic inflammatory conditions such

as asthma. By neutralizing free radicals, anthocyanins
help reduce oxidative damage to the respiratory tract
tissues, which become more susceptible to
inflammation in asthma. Although anthocyanins can
reduce oxidative damage and inhibit several
inflammatory pathways, their direct influence on IL-33
production is more limited. Anthocyanins are more
effective in reducing inflammation in general, but they
do not fully regulate the expression of IL-33 triggered
by respiratory epithelial cells [28]. Combination
therapy combines the anti-inflammatory benefits of
anthocyanins, which work through antioxidant
mechanisms and general inflammation reduction, with
the ability of prednisolone to directly reduce I1L-33
production and regulate specific inflammatory
pathways. The synergy of these two therapies results in
a more significant reduction of IL-33 and an
improvement in the management of inflammation
symptoms in chronic asthma.

Increased levels of periostin lead to the
accumulation of collagen and other extracellular matrix
proteins, which can worsen airway obstruction and
increase airway resistance, causing symptoms such as
shortness of breath and chronic cough [29]. Excessive
production of periostin can lead to thickening of the
smooth muscle layer in the walls of the airways, which
in turn causes narrowing of the airways. The significant
decrease in IgE levels can be explained through an
immunomodulation mechanism mediated by bioactive
compounds such as flavonoids and anthocyanins,
which are known to have anti-inflammatory and
antioxidant properties. These compounds work by
inhibiting Th2 cell activation and IL-4 production,
which is a cytokine involved in IgE production.
Increased collagen expression can contribute to tissue
fibrosis, one of the hallmarks of diseases involving
tissue remodeling processes such as chronic asthma
and pulmonary fibrosis. Smad also regulates the
fibroblast
myofibroblasts, which have the ability to produce more

process of differentiation into
collagen and extracellular matrix. Myofibroblasts play
an important role in the process of fibrosis because
they have contractility that allows them to influence
tissue elasticity. The activity of the TGF-Bf/Smad
signaling pathway plays an important role in airway
remodeling and can be a potential therapeutic target for
asthma [30].
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The administration of FEAUJU can inhibit the
activation of NF-xB, which in turn reduces the
expression of inflammatory cytokines such as TNF-a,
IL-4 and IL-13. This inhibition reduces the infiltration
of eosinophils and other inflammatory cells into lung
tissue, which is important in controlling inflammation
and preventing the worsening of asthma symptoms.
Epithelial cell proliferation is one of the key processes
in airway remodeling, contributing to the thickening of
airway walls and increased mucus production, which
over time can worsen asthma symptoms. This process
is mediated by various inflammatory mediators,
including pro-inflammatory cytokines such as IL-4, IL-
13 and TGF-B, which can stimulate epithelial cell
proliferation and lead to metaplasia and dysplasia
changes [26]. In this study, it was found that the group
receiving combination therapy experienced a
significant decrease in epithelial cell proliferation
compared to the control group and the group that only
received prednisolone or FEUJU separately.

Prednisolone therapy is known to have a strong
anti-inflammatory effect through the inhibition of
inflammatory mediator production and the reduction of
T cell and eosinophil activity, which play a role in the
inflammatory process of asthma. Prednisolone can
reduce the infiltration of inflammatory cells and
decrease the production of cytokines that stimulate
epithelial cell proliferation [31]. Meanwhile, the ethyl
acetate fraction of purple sweet potato (FEUJU) has
potential as an antioxidant and anti-inflammatory agent
that can inhibit inflammatory activity in the respiratory
tract, reduce mast cell activation and lower pro-
inflammatory cytokine levels, which can also help
reduce epithelial cell proliferation. Calculation of
FEAUJU dose conversion in humans is 5.4 mg

Inflammation that occurs in the respiratory tract
due to allergic reactions or exposure to irritants
stimulates the activation of immune cells such as
eosinophils and T Iymphocytes. This activation causes
the release of inflammatory cytokines, including IL-4,
IL-5, IL-13 and TGF-B, which contribute to the airway
remodeling process. The increased production of these
cytokines leads to the activation of various signaling
pathways such as NF-kB, which plays a role in the
proliferation of smooth muscle cells and the
enlargement of cell size. As a result, the smooth

muscles of the airways undergo hypertrophy, leading to

increased airway resistance, worsening obstruction
symptoms [32]. Explaining that anthocyanins have
been proven to have anti-inflammatory effects that can
inhibit the processes that trigger smooth muscle
hypertrophy. As an antioxidant, anthocyanins function
to reduce oxidative stress, which is often one of the
main causes of inflammation in the body. Several
studies have shown that anthocyanins can modulate
signaling pathways involved in smooth muscle
hypertrophy, such as the NF-kB, TGF-B and MAPK
pathways. Anthocyanins function to reduce the
secretion of pro-inflammatory cytokines such as IL-4
and IL-13, which play a role in the inflammation and
remodeling processes of the airways in asthma. Further
development of this fraction as a supplement for
chronic asthma therapy that can prevent chronic asthma

recurrence or worsen chronic asthma conditions.

Conclusions

This study reveals that the ethyl acetate fraction
of purple sweet potato significantly reduces the levels
of biomarkers IL-33, periostin, IgE and TGF-B and
improves the remodeling process of the respiratory
tract in a chronic asthma model. The effect is supported
by the antioxidant and anti-inflammatory activities
derived from the high content of anthocyanins and
flavonoids in the fraction. These findings open up
opportunities to develop the ethyl acetate fraction of
purple sweet potato as an effective adjunct therapy in
preventing chronic asthma recurrence and inhibiting
disease progression. Further development of this
fraction as a supplement for chronic asthma therapy
that can prevent chronic asthma relapses or worsen
chronic asthma conditions. This study did not conduct
a dose test to determine the most effective dose of the
ethyl acetate fraction of purple sweet potato as a single
dose. In this study, only total anthocyanins were
detected; however, the specific types of anthocyanins
present in the ethyl acetate fraction of purple sweet
potato have not yet been detected due to the lack of
standards in laboratories in Indonesia. Further research
is needed to test this effect on clinical models and

confirm the underlying molecular mechanisms.
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