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Abstract

Background: The combination of asthma and pregnancy worsens placental function and fetal growth, with severe asthma increasing
the risk of maternal and fetal hypoxia. Maternal hypoxia disrupts placental blood flow, reducing oxygen and nutrient transport to
the fetus and affecting birth weight. Current asthma treatments remain costly and may cause side effects, leading pregnant women
to seek alternatives. This study evaluated the effects of Alpinia galanga extract (EAG) and prednisone in pregnant rats with ovalbu-
min-induced asthma.

Methods: Thirty-five pregnant asthmatic Wistar rats were divided into five groups and treated for 19 days.

Results: The combination of Alpinia galanga extract and prednisone significantly reduced IL-5 levels by 54% (p < 0.001) and MDA
levels by 70% (p < 0.001), while PIGF levels increased by 36% (p < 0.001), and microvessel density improved by 123% (p < 0.001),
with fetal weight 4.3 times higher (p < 0.001) in the combination group compared to the untreated asthmatic group, indicating en-
hanced placental function and fetal growth.

Conclusion: These results suggest that EAG shows potential as a complementary therapy based on preclinical outcomes. These find-
ings may inform future preclinical investigations on adjunct therapies for asthma during pregnancy.
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Introduction

Asthma is one of the complications that worsens pregnan-
cy because pregnancy asthma affects placental function
and fetal growth (Jones et al. 2020). Asthma in pregnan-
cy increases the risk of premature birth, low birth weight
(LBW), perinatal death, placenta previa, and preeclamp-
sia (Kwah and Stevens 2019; Wang et al. 2020). Robijn et
al. (2022) reported that pregnant individuals with asthma
had a 54% risk of having LBW infants, a 24% increased
risk of small-for-gestational-age (SGA) fetuses, and an in-
creased risk of pre-eclampsia by 22% (Robijn et al. 2022).
These outcomes are largely attributed to maternal and
fetal hypoxia (Sly 2019; Gao et al. 2021), which disrupts
placental blood flow and impairs oxygen and nutrient
transport (Grieger et al. 2013; To et al. 2018), consequent-
ly affecting fetal growth and development, even fatally
(Radzikowska and Golebski 2023). Studies of asthma pro-
gression during pregnancy (Rey et al. 2019) indicate that
one in three women experience worsening asthma control
during pregnancy, one in three experience improvement,
and the remaining third show no change. (Dewyea and
Nelson 2005; Rey et al. 2019; Popa et al. 2021)

Asthma is characterized by airway inflammation and
oxidative stress, with ovalbumin being one of the prima-
ry allergens known to contribute to the generation of free
radicals in the body (Chouni et al. 2018). When someone
inhales an allergen, the airway epithelium is induced to
issue an alarm, changing the allergen so that it triggers the
release of inflammatory mediators into the blood, causing
degranulation to release proinflammatory cytokines such
as interleukin (IL)-5 (Pavén-Romero et al. 2021), which
results in anatomical changes so that clinical manifesta-
tions of asthma arise that enter the body until they reach
the placenta (Goldstein et al. 2020).

In gestational asthma, placental abnormalities have
been observed, including a reduction in both the vol-
ume and length of placental capillaries. There is strong
evidence that oxidative stress, resulting from an imbal-
ance between the reducing and oxidizing systems, plays
a critical role in the pathogenesis of gestational asthma.
These vascular impairments stem from a diminished ca-
pacity of blood vessels to undergo dilation and constric-
tion, which consequently affects fetal cardiovascular de-
velopment. This imbalance is characterized by excessive
Reactive Oxygen Species (ROS) production and an anti-
oxidant defense system marked by elevated malondialde-
hyde (MDA) levels (Raviraja Shetty and Monisha 2015;
Eram et al. 2019). Concurrently, cytokine dysregulation,
marked by decreased placental growth factor (PIGF) and
increased levels of anti-angiogenic factors sFlt-1 (soluble
fms-like tyrosine kinase 1), disrupts vascular remodeling.
Specifically, inadequate trophoblast invasion of the decid-
ual spiral arteries leads to a reduction in the intraluminal
diameter, along with thickened and inelastic arterial walls.
These changes compromise placental function, impair-
ing its role in oxygen and nutrient transport to the fetus
(Bobic et al. 2012; Chaiyana et al. 2022).

Previous studies have demonstrated the anti-inflam-
matory and antioxidant properties of Alpinia galanga in
non-pregnant models. However, its potential effects on
placental function and fetal development, particularly
in the context of asthma, remain largely unexplored. A.
galanga contains various bioactive compounds, includ-
ing essential oils, flavonoids, phenolics, saponins, and
terpenoids, with major active components such as 1’-Ac-
etoxychavicol Acetate (ACA), kaempferol, and cineole.
These phytochemicals have been shown to exhibit strong
antioxidant activity, primarily attributed to their redox
properties, which enable them to scavenge free radicals,
donate hydrogen atoms, and neutralize reactive oxygen
species (ROS). Flavonoids, in particular, contribute to
the suppression of inflammatory mediators by inhibiting
Th2 cell activation and reducing eosinophilic infiltration,
which are key factors in asthma pathogenesis. In ovalbu-
min-sensitized murine models of asthma, phenolic com-
pounds from A. galanga have demonstrated the ability to
decrease IgE levels, suppress airway remodeling, prevent
goblet cell hyperplasia, and downregulate Th2-mediated
inflammatory cytokines (Khairullah et al. 2020; Koji-
ma-Yuasa and Matsui-Yuasa 2020).

Previous studies have demonstrated the anti-inflam-
matory and antioxidant properties of Alpinia galanga in
non-pregnant models, but its effects on placental function
and fetal development in the context of asthma remain
unexplored. Prednisone, a commonly prescribed cortico-
steroid for asthma control, functions by suppressing the
immune response and reducing inflammation. However,
long-term corticosteroid exposure can have adverse ef-
fects (Ryu et al. 2018). Previous studies have suggested
that while prednisone remains an essential component of
severe asthma management, its adverse effects underscore
the need for alternative or complementary therapeutic ap-
proaches. Given the limitations of corticosteroid therapy,
the antioxidant and anti-inflammatory properties of A. ga-
langa present a promising natural adjunct to prednisone,
potentially mitigating oxidative stress and inflammation
in gestational asthma while minimizing steroid-associat-
ed risks (Khairullah et al. 2020).

Asthma treatment is often expensive and associated
with significant side effects, leading many pregnant wom-
en to avoid chemical drugs due to concerns about potential
risks to both mother and fetus. Therefore, there is an urgent
need to identify affordable, accessible, and safe therapies
that can complement standard asthma treatments. Natural
compounds, such as galangal (Alpinia galanga Linn.), offer
a promising alternative due to their abundance, ease of cul-
tivation, and potential therapeutic benefits for improving
placental function and fetal weight (Seo et al. 2013; Ahlina
et al. 2020). To date, no studies have examined the syn-
ergistic effects of A. galanga and prednisone on placental
angiogenesis and fetal weight in asthma-complicated preg-
nancy. This study aims to investigate the effects of Alpinia
galanga extract (EAG) and prednisone on biomarker levels
(IL-5, MDA, PIGF), microvessel density, and fetal weight
in pregnant rats with asthma models.
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Materials and methods

Materials

Galangal rhizome (A. galanga) was obtained from UPT
Yankestrad Tawangmangu Dr. Sardjito General Hospi-
tal/Center for Research and Development of Medicinal
Plants and Traditional Medicines Kalisoro, Tawangman-
gu, Karanganyar Regency, Central Java, and extracted
using the maceration method at the Integrated Research
and Testing Laboratory Unit 2, Gadjah Mada University,
Yogyakarta. Maceration was carried out at a temperature
of 50 °C for 12 hours. Ovalbumin, a protein derived from
egg whites, was used as an asthma allergen in experi-
mental animals. The ovalbumin used in this study was
obtained from chicken egg albumin (Grade V) with a
purity of > 98%. Ovalbumin and AI(OH); were obtained
from SIGMA (St. Louis, USA). Intraperitoneal induc-
tion of ovalbumin (75 mcg) combined with aluminum
hydroxide (7.5mg) was administered on days 0 and 14,
followed by a second exposure to 1% ovalbumin (OVA)
via inhalation for 30 minutes per session over a period
of four weeks. Ketamine-Xylazine (Troy Laboratories
Australia and Interchemie Holland). Phosphate buffered
saline (PBS). IL-5 ELISA Kit (Zhejiang, China, Catalog
No. EO134Ra Rats Interleukin-5 ELISA Kit). PIGF ELI-
SA Kits were obtained from Zheijiang, China, Catalog
No. E0579Ra, Rats Placenta Growth Factor. MDA Elisa
Kit from Zhejiang, China, Catalog No. E0156Ra Rats,
malondialdehyde, and CD34 Polyclonal Antibody No.
catalog E-AB-60105.

Animal experimental study design

All experimental procedures were approved and conduct-
ed under the supervision of the Faculty of Medicine of
Universitas Sebelas Maret Ethics Committee Team (30/
UN27.06.11/KEP/EC/2024) and followed their guidelines.
Female Wistar rats (Rattus norvegicus), aged 6-8 weeks
with a body weight of 170-200 grams, were obtained from
the animal center of the Integrated Research and Testing
Laboratory Unit 4, Gadjah Mada University, Yogyakarta.
All rats were housed in a controlled environment with
regulated light and humidity with unlimited access to

food and drink. They were acclimatized for one week be-
fore the experiment. The sample size was determined us-
ing the Steel and Torrie Formula (1997), resulting in seven
female Wistar rats per group (Steel 1997). Animals were
randomly grouped, and researchers assessing outcomes
were blinded to treatments to reduce bias. There were five
groups with a total of 35 female Wistar rats. The rats were
divided into 5 groups, each group consisting of 7 female
Wistar rats (n = 7), including:

Group 1: Normal - Healthy pregnant control rats without
asthma (terminated on day 20),

Group 2: Negative Control (KN) — Pregnant asthma mod-
el rats that did not receive any treatment (terminated
on day 20),

Group 3: Positive Control (KP) - Pregnant asthma mod-
el rats treated with prednisone (0.4 mg/kg BW) for 19
days, from the first day of pregnancy until day 19 (ter-
minated on day 20),

Group 4: Treatment Group 1 (KP1) - Pregnant asthma
model rats treated with Alpinia galanga rhizome ex-
tract (800 mg/kg BW) for 19 days, from the first day of
pregnancy until day 19 (terminated on day 20),

Group 5: Treatment Group 2 (KP2) - Pregnant asthma
model rats treated with a combination of prednisone
(0.4 mg/kg BW) and Alpinia galanga rhizome extract
(800 mg/kg BW) for 19 days, from the first day of preg-
nancy until day 19 (terminated on day 20).

Rats were euthanized using ketamine (100 mg/kgBW)
and xylazine (15 mg/kgBW) anesthesia, after which blood
and tissue specimens were collected.

Blood sampling and serum isolation

Blood samples were collected from the orbital vein and
left at room temperature for 30 minutes before centrifuga-
tion at 1000 g for 15 minutes. The serum was then isolated
and stored for further analysis. Serum was separated and
stored at -80 °C for other cytokine examinations. IL-5 and
MDA were measured in serum using an enzyme-linked
immunosorbent assay (ELISA) trophometric-based Kkit.
All plates were analyzed on an automatic plate reader
(Zhejiang, China).

acclimatization
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I| 1 l| lI 1 1 T I 1 1
Eosinophils . ; Mating
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OVA 75 meg + 7.5 mg/ml Intervention
AI(OH)3ip
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Figure 1. Study protocol with subjects underwent OVA sensitization, aerosol challenges, and eosinophil assessments before mating.

Pregnant subjects received OVA aerosol and intervention.
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Placental tissue ELISA

Placental tissue was rinsed with PBS with pH 7.4 to remove
red blood cells/sediment/clots, tissue homogenization in
cold buffer with a concentration of 20 mM, pH 7.2 contain-
ing 1 mM EGTA, 210 nM mannitol, and 70 mM sucrose,
centrifuged for 20 minutes with 1,000 x g at a temperature
of 2-8 °C, and supernatant was taken for testing. PIGF levels
were measured from placental homogenate using ELISA.

Histopathological analysis

Placental tissue was dissected, washed with NaCl, and
immersed in 10% formaldehyde solution. Placental spec-
imens were sectioned and stained with CD34 polyclonal
antibody, and selected images were taken at 200x.

Statistical analysis

Data were analyzed using SPSS 29.0 (Windows vers.). Anal-
ysis of variance (ANOVA) was used for IL-5, MDA, PIGE,
MVD, and fetal weight, with Tukey post-hoc where appli-
cable. A p-value of <0.05 was considered statistically signif-
icant. If a significant difference was obtained, continue with
the Tukey. Histopathology of placental tissue with CD34
polyclonal antibodies between the normal group and the
treatment group to obtain a picture of angiogenesis placen-
ta (microvessel density) is included. The analysis was per-
formed using GraphPad Prism 10 Version Update 10.4.0
Windows 10 (GraphPad Software, San Diego, CA, USA).

Results
A. galanga rhizome extract test

The A. galanga rhizome used in this study was obtained
from the UPT Yankestrad Sardjito General Hospital,
Tawangmangu. The plant was identified as Alpinia galan-
ga Linn. (Khairullah et al. 2020) and tested at the Integrat-
ed Research and Testing Laboratory Unit 2, Gadjah Mada
University, Yogyakarta. Ethanol extraction was carried out
using 96% ethanol solvent through a maceration process.

The 1,1-Diphenyl-2-picrylhydrazyl (DPPH) test in-
dicated a free radical scavenging activity with an IC50

of 2.124 mg/mL. The past study from Cahyono (2020)
demonstrated that antioxidant activity testing using
UV-Vis revealed that Alpinia galanga extract IC50 of
2.980 mg/mL demonstrated stronger antioxidant activity
than quercetin IC50 value of 1,622.14 mg/mL (Cahyono
2020), while Alpinia galanga extract in the present study
exhibited an IC50 of 2.124 mg/mL. The lower IC50 value
indicates superior free radical scavenging capacity, sug-
gesting Alpinia galanga may be a more potent antioxidant
source compared to the quercetin compound.

In 100 grams of A. galanga rhizome extract were found
to contain the following nutrients: vitamin A (5000 mcg),
thiamine (0.08 gr), riboflavin (0.06 mg), niacin (0.3 mg),
vitamin C (50 mg), calcium (50 mg), phosphorus (50 mg),
iron (2 mg), sodium (24 mg), potassium (137 mg), and
zinc (0.3 mg). Gas chromatography-mass spectrometry
(GCMS) analysis identified the presence of (S)-4-(1-ac-
etoxyallyl)phenyl acetate, phenol, 2-ethoxy-4-(2-pro-
penyl)-, and (E)-3-(4-acetoxyphenyl)allyl acetate in the
extract. Furthermore, liquid chromatography-mass spec-
trometry (LCMS) analysis confirmed the presence of
1'S-1'-acetoxychavicol as a compound in the rhizome ex-
tract of A. galanga (EAG).

Characteristics of research animals

Characteristics of experimental animals

This study conducted an examination on the gestational day
of pregnancy by measuring body weight, age, eosinophil
D-0, eosinophil D-14, and eosinophil D-40 in pregnant rats,
as shown in Table 1. The age and body weight of the preg-
nant rats did not differ significantly, as indicated by a p-val-
ue > 0.05, suggesting that these parameters were comparable
across all groups. In contrast, eosinophil counts showed a
statistically significant difference with a p-value < 0.05. This
finding indicates that on day 0, prior to ovalbumin (OVA)
induction, all rats were in a normal and healthy condition.
However, by day 14 following OVA exposure, eosinophil
levels had increased, and by day 40, they had risen further.
This progressive increase in eosinophil count confirms that
all groups transitioned from a healthy state to an asthmatic
condition following OVA induction. In other words, it was
ensured that all groups had developed asthma before receiv-
ing prednisone and Alpinia galanga extract treatment.

Table 1. Characteristics of experimental animals. Units are expressed in grams (g) or days; p-values are from one-way ANOVA.

Variable Normal (n =7) KN (n=7) KP (n=7) KP1 (n=7) KP2 (n=7) p-value
mean * SD
Weight (g) 190 + 4.42 189 £6.93 188 +6.93 191 +£4.80 193 +3.79 0.535
Age (days) 55.71 £1.25 55.43 £ 0.97 55.29 £1.25 55.43 £ 0.97 55.29 £1.25 0.740
Eosinophil D-0 (10°/L) 0.57 £ 0.53 0.42 +0.78 0.42 +1.13 0.71 £ 1.25 0.57 £ 1.13 0.001*
Eosinophil D-14 (10°/L) 0.71 £0.48 37.71+£0.11 32.28 £8.36 29.28 £4.92 30.00 £ 4.61 0.001*
Eosinophil D-40 (10°/L) 0.71 £0.48 139.42 + 56.10 145.28 £ 59.29 143.28 + 58.58 138.14 + 56.87 0.001*

Data are presented as mean + SD (n = 7); *p < 0.05.

Abbreviations: Normal = pregnant control rats, KN = pregnant with asthma, KP = prednisone treatment, KP1 = EAG treatment, KP2 = prednisone

+ EAG treatment
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Effects of prednisone and A. galanga
extract on inflammation

The effects of prednisone and EAG on inflammation, ox-
idative stress, and placental function in asthma during
pregnancy were evaluated by measuring IL-5, MDA, and
PIGF levels (Fig. 3). IL-5 was reduced by 54% in the KP2
group compared to KN (p < 0.0001), indicating anti-in-
flammatory efficacy. Similarly, oxidative stress levels,
assessed through MDA, showed that the combination
therapy group (Prednison + EAG) had a significant re-
duction of 70% (p < 0.000), approaching the baseline
level of the healthy control group (0.80 + 0.68), suggest-
ing enhanced antioxidant effects. Additionally, placental
function, as indicated by PIGF levels, was improved by
36% in the KP2 group (62.00 + 6.34) compared to the
KN group (p < 0.000), demonstrating its role in restoring
angiogenic balance. These results suggest that the com-
bination of prednisone and A. galanga extract exerts a
synergistic effect in mitigating inflammation and oxida-
tive stress while improving placental function in asthma
during pregnancy.
Angiogenesis (microvessel
density/MVD)

placenta

MVD is a potential indicator of angiogenesis activity that
plays an important role in the supply of oxygen and nu-
trients because it determines the formation of new blood

vessels. The growth of new blood vessel tissue is very im-
portant in proliferation. Several variations in MVD were
identified as shown in Fig. 2. The results showed that in
the healthy control group, the average MVD was 56.39 +
18.56. In contrast, the KN group showed a much lower
MVD, with an average of 31.53 + 10.15. The group that
received combination therapy of prednisone and EAG
(KP2) showed a 123% increase in MVD compared to the
KN group (p < 0.0001), with an average MVD of 70.39 +
9.77, indicating enhanced placental angiogenesis.

Fetal weight test

Fetal birth weight is a critical indicator of placental func-
tion and fetal development. Significant variations were
observed among the experiment groups. The positive
control group (KN) showed much lower fetal growth with
a mean of 1.61 + 0.25. The group of pregnant asthmatics
receiving prednisone therapy (KP) had an average BW of
5.67 * 0.26, and the group treated with A. galanga extract
(KP1) had an average of 5.61 + 0.35. Notably, the group re-
ceiving combination therapy of prednisone and A. galan-
ga extract (KP2) had a significantly (p < 0.000) increased
fetal weight that was approximately 4.3 times higher in the
KP2 group than in the KN group (6.89 + 0.43). The results
showed the potential for combination intervention in im-
proving placental dysfunction and angiogenic balance in
asthmatic pregnancy was effective and meaningful com-
pared to other groups.

Figure 2. Immunohistochemistry (IHC) staining using antibody CD34 (vascular marker) revealed brown-stained areas at the
edges, indicating newly formed microvessels, while non-brown areas represented old endothelial tissue. Arrows highlight the
appearance of new microvessel growth in the placental tissue. The highest microvessel density was observed in the KP2 group (E)
(prednisone + EAG), while the lowest density was found in the positive control group KN (B). A. Pregnant control rats; B. pregnant
with asthma; C. Prednisone treatment; D. EAG treatment; E. prednisone + EAG treatment. Abbreviations: Ovalbumin (OVA).
Scale bars: 50 um (A-E).
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Figure 3. Combination of A. galanga extract and prednisone significantly reduced IL-5 (A) and MDA (B) levels while increasing
PIGF (C), placental angiogenesis (MVD) (D), and fetal weight (E) compared to the control group.

Histopathological placenta

OVA sensitization and challenge induced an asthma model
in pregnant rats. Treatment with Alpinia galanga extract and
prednisone, alone or in combination, was administered to
evaluate its effects on asthma-related inflammation and fetal
outcomes. Negative controls were included for CD34 stain-
ing, and microvessel density (MVD) was quantified in five
high-power fields using Image]. Slides were interpreted by a
blinded pathologist to prevent observational bias. Histolog-
ical images were captured with scale bars and a total magni-
fication of 200x (20x objective lens x 10x ocular lens).

The histopathological analysis showed that in healthy
rats the placental picture is close to normal, with well-orga-
nized trophoblasts and clearly defined placental villi (Fig.
4); no signs of tissue degeneration or disorganization were
observed. In contrast, the asthmatic pregnant rat group
exhibited structural disorganization, poorly structured
placental villi, and signs of cellular degeneration. The KP
group (asthmatic rats treated with prednisone) showed a
more organized placental structure, indicating a protective
effect of prednisone; however, the placental villi remained
suboptimal. In the KP1 group (asthmatic rats treated with
EAG), the placental tissue appeared more organized, with
evidence of villous regeneration due to the protective ef-
fects of A. galanga. In the KP2 group (asthmatic rats treated
with a combination of prednisone and EAG), the placen-
tal structure closely resembled normal conditions, with
well-organized placental villi and no signs of degeneration
or disorganization. As illustrated in Fig. 4, the combination
of A. galanga extract and prednisone provided the most ef-
fective protection for placental structure, supporting opti-
mal angiogenesis and significantly reducing inflammation.

Discussion

To our knowledge, this is the first study demonstrating that
combination therapy (prednisone + EAG) significantly
improved angiogenic markers and fetal weight compared
to monotherapies in pregnant rats with an asthma model.

Elevated IL-5 levels play a crucial role in asthma patho-
genesis, contributing to airway inflammation, obstruction,
and hyperresponsiveness. These effects are particularly rel-
evant in pregnancy and impact fetal development. Further-
more, IL-5 as a proinflammatory mediator produced by Th2
cells causes anatomical changes resulting in clinical man-
ifestations of asthma that enter the body until they reach
the placenta (Goldstein et al. 2020). The reduction in IL-5
levels was associated with the anti-allergic properties of A.
galanga rhizome extract, which has been shown to inhibit
beta-hexosaminidase release, a marker of IgE antigen-me-
diated degranulation. The anti-inflammatory properties of
the ethanol extract of A. galanga rhizome were evaluated in
a mouse model of asthma, inhibiting the expression of Thl
and Th2 cytokines. Seo et al. (2013) reported that the active
compound 1’-acetoxychavicol acetate (ACA) in A. galan-
ga rhizome extract showed comparable anti-inflammatory
activity to corticosteroids in previous models. This aligns
with corticosteroids in suppressing cytotoxic T cells. ACA
reduced eosinophil and IgE infiltration in the lungs of mice
and mitigated histopathological changes, including airway
remodeling, goblet cell hyperplasia, and glycoprotein secre-
tion (Seo et al. 2013; Kusmardi et al. 2021). Because asthma
is mediated by various inflammatory pathways, A. galanga
rhizome extract is a promising candidate for asthma drugs.
The beneficial effects of corticosteroids in asthma are re-
lated to their ability to reduce the activation of the airway
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Figure 4. The histopathological analysis revealed that combination group (E) was more effective in reducing inflammations. These

findings suggest that the combination of prednisone and EAG provided the most effective protection, restoring placental structure

to improved villous architecture resembling healthy controls with well-organized villi, reduced inflammation, and optimal angio-

genesis, compared to other treatment groups. A. Pregnant control rats; B. Pregnant with asthma; C. Prednisone treatment; D. EAG
treatment; E. Prednisone + EAG treatment. Scale bars: 50 pm (A-E).

epithelium by inflammatory cells and cytokines. Previous
studies have explained that the administration of predni-
sone at a maintenance dose of 5 mg orally during 4-6 years
of treatment in severe asthma leads to the conclusion that
corticosteroids improve airway damage due to asthma (Seo
etal. 2013). The observed decrease in MDA levels supports
the oxidative stress theory in asthma pathophysiology. Re-
duced MDA suggests lowered lipid peroxidation, indicat-
ing that EAG attenuates oxidative stress-mediated placental
dysfunction. EAG’s flavonoids (ACA) may mitigate oxida-
tive damage, thereby improving placental nutrient trans-
port and contributing to improved placental health and fe-
tal development (Goldstein et al. 2020; Haitamy et al. 2024).

Allergen exposure during pregnancy disrupts oxygen
and nutrient delivery to the placenta, potentially leading to
fetal hypoxia and growth restriction (To et al. 2018). Ab-
normalities in the reoxygenation process underlie low oxy-
gen intake to the placenta. As pregnancy progresses, there
is a decrease in placental perfusion followed by reperfusion.
The placenta expresses increased oxidative stress, increas-
ing the risk of cell damage (Fazel et al. 2021). Investigations
on the placenta from pregnancies complicated by asthma
identified reduced central capillary placental volume, cap-

illary length, and decreased capacity of blood vessels to di-
late and narrow due to asthma (Fazel et al. 2021). Together,
these data indicate that the development of the fetal cardio-
vascular system is affected, resulting in placental dysfunc-
tion from the mother to the fetus. Antioxidant activity is
shown by A. galanga extract. The immunomodulatory effi-
cacy of A. galanga rhizome is related to the phenolic antiox-
idants of A. galanga, especially ACA, which increase nitric
oxide and endothelial function with a working mechanism
of maintaining nitric oxide signals that are disrupted by al-
lergen exposure and weakening vascular damage caused by
oxidative stress (Fitriana et al. 2024).

In addition, biomarker analysis provides insight into the
molecular mechanism of the potential combination ther-
apy of prednisone and EAG, showing the occurrence of
a balance of angiogenic factors with markers of increased
PIGF levels in pregnancy asthma due to the mechanism of
action of EAG from the potential of flavonoids that sup-
press the failure of the vascular remodeling process so that
there is no narrowing of the intraluminal diameter of the
decidual spiral artery and maintains a thin and elastic wall
so that the function of the placenta as a pathway for trans-
porting oxygen and nutrients to the fetus is good.
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Microvessel density (MVD) assessment is a quantitative
calculation of blood vessels that reflects the angiogenesis
process (Mayhew 2009). As evidence of the potential for
combination therapy of prednisone and EAG in this study,
placental angiogenesis can be seen from the microvessel
density (MVD). The increase in angiogenesis in the placen-
tal mucosal endothelium in pregnancy asthma indicates
growth and development as well as healing of wounds due
to asthma. This shows that combination intervention has
the potential to increase angiogenesis in pregnancy asthma.

Allergen exposure in pregnancy asthma causes placen-
tal damage (Grieger et al. 2013). Often associated with
low birth weight because it interferes with the binding of
blood and oxygen that is circulated throughout the body,
one of which is in the placenta so that the fetus experienc-
es a lack of oxygen and nutrient intake (To et al. 2018).
Lack of oxygen can cause low birth weight, premature
birth, and even death. The mechanism of action of A. ga-
langa rhizome extract balances Th1 and Th2 activity and
minimizes the production of inflammatory mediators. In
this study, the combination of prednisone and A. galanga
rhizome extract demonstrated a significant therapeutic
effect in preventing fetal growth retardation, as evidenced
by increased fetal birth weight approaching the normal
range. This study has some limitations; the present study
used a small animal model with short-term outcomes.
Further research should explore long-term neonatal ef-
fects and dose-response relationships.

Conclusion

This study highlights the potential of A. galanga extract
as a complementary therapy in pregnancy asthma, either
alone or in combination with prednisone. The results of
this study indicate that the combination therapy of pred-
nisone and EAG has a synergistic effect. EAG demonstrat-
ed potential as a lower-risk adjunct pending further safety
studies. In the development of new treatment strategies in
humans, future studies should assess safety and efficacy
in non-rodent preclinical models prior to human trials.
These findings warrant deeper mechanistic exploration
and validation in larger-scale studies.
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