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Abstract 

Purpose: To investigate the protective effect of oroxylin A against neonatal asthma in mice. 
Methods: Asthma was induced in P12 mice with ovalbumin (OVA) immediately after litter (day 0), and 
on day 14 of protocol. Oroxylin A was given daily in two doses (2 and 10 mg/kg, i.p.) from day 0 to 14, 2 
h before the administration of OVA. The protective effect of oroxylin A against asthma was determined 
by evaluating lung function and levels of cytokines and IgE in OVA-challenged mice. Moreover, Western 
blot assay and quantitative real-time polymerase chain reaction (qRT-PCR) were used to determine the 
effect of oroxylin A on Notch signaling pathway in OVA-challenged mice. 
Results: Oroxylin A improved lung function in OVA-challenged mice. There were significant (p < 0.01) 
reductions in levels of IgE and cytokines in the BALF of oroxylin A-treated group, when compared to 
OVA group of mice. Furthermore, treatment with oroxylin A significantly ameliorated the OVA-induced 
changes in protein expressions of Notch1, Jagged1, NICD, PTEN, PI3K and Akt in the CD+ cells of 
OVA-challenged mice (p < 0.01). 
Conclusion: These results indicate that oroxylin A improves lung function and reduces the level of 
cytokines in neonatal asthmatic rat by downregulating Notch signaling. Thus, oroxylin A may be 
clinically beneficial in the management of asthma. 
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INTRODUCTION 
 
Asthma is an inflammatory disorder of the 
respiratory system due to hyper-responsiveness 
and mucus secretion which lead to narrowing of 
the airways [1]. Activation of T lymphocytes 
contributes to the remodeling and inflammation 
of airways through the release of cytokines [2]. In 
asthma, mast cells release inflammatory 
mediators due to accentuated production of IgE 

by the Th2 cytokines [3]. However, Th2-induced 
immune response is suppressed due to secretion 
of IFN-g by Th1 cells. Asthma can be assessed 
by determining the stability of Th1/Th2 cytokine 
[4]. 
 
Studies have revealed that PI3K contributes to 
cell signaling, differentiation and proliferation [5]. 
The proliferation and survival of T cells are 
influenced by the activation of PI3K enzymes 
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present in large amounts in lung tissue. Reports 
suggest that inhibition of PI3K/AKT/mTOR 
pathway has beneficial effect on an inflammatory 
disorder such as asthma by ameliorating the 
activation of T cells [6]. Moreover, activation and 
differentiation of T cells are due to amelioration 
of the Notch signaling pathway [7]. Asthma leads 
to changes in Notch signaling, and inhibition of 
Notch signaling is involved in regulation of Th1 
and Th2 cell-mediated pulmonary inflammation 
[8]. Thus, asthma could be treated by inhibiting 
the Notch signaling pathway. 
 
Alternative medicine has shown potential 
effectiveness in the management of several 
chronic disorders, including asthma. Oroxylin A is 
a 5,7-dihydroxy-6-methoxyflavone isolated from 
the roots of S. baicalensis [9]. It has been 
reported that oroxylin A exerts neuroprotective, 
antitumor, anti-angiogenic and anti-inflammatory 
effects [10-12]. Moreover, oroxylin A reduced Nrf-
2 and NO levels and exerted anti-inflammatory 
properties in lipopolysaccharide-exposed mouse 
macrophage [13]. The present study determined 
the protective effect of oroxylin A against asthma 
in neonatal mice. 
 
EXPERIMENTAL 
 
Animals 
 
BALB/c mice were kept under 12-h light/12-h 
dark cycle at 60 ± 5 % humidity and mean 
temperature of 24 ± 3°C. The mice were carefully 
monitored at the time of birth of pups on 
postnatal day 0 (P0). The protocols of the animal 
study were approved by the Institutional Animal 
Ethical Committee of Tonglu First People's 
Hospital, China (no. IAEC/TFPH/02/2018) and 
the given study followed the guidelines of 
Association for the Assessment and 
Accreditation of Laboratory Animal Care 
International (AAALAC) for experimentation and 
animal use [14]. 
 
Animal grouping and treatment 
 
The pups were sensitized with OVA as per a 
previous report [15]. Postnatal day 12 (P12) pups 
were used in the investigation, and OVA (20 mg) 
was administered i.p. with 4 mg of Al(OH)3 on 
days 0 and 14. Moreover, the pups were further 
exposed to 1 % OVA from the 22nd day to the 24th 

day for the duration of 30 min. The mice were 
assigned to four different groups: normal group, 
OVA group and two oroxylin A groups given 
oroxylin A at a dose of 2 or 10 mg/kg i.p. daily 
from day 0 to 14th day, 2 h before the 
administration of OVA. 
 

Determination of hyper-responsiveness of 
airways 
 
Buxco’s modular and invasive system was used 
to estimate airway hyper-responsiveness by 
exposing the animals to different concentrations 
of methacholine. The animals were anesthetized 
and kept in a ventilated body plethysmograph 
chamber after tracheotomy. Steady baseline 
airway pressure was monitored closely in each 
animal. Methacholine was administered using jet 
nebulizer at different concentrations i.e., 3.25, 
6.25, 12.5, and 25 mg/mL. Percentage of RI and 
Cdyn were determined, relative to PBS. 
 
Collection of bronchoalveolar lavage fluid 
 
The mice were sacrificed via cervical dislocation 
24 h after the last administration of OVA, and 
tracheotomy was done. Bronchoalveolar lavage 
fluid (BALF) was isolated from the lung after 
instillation of ice-cold PBS. The collected sample 
of BALF was centrifuged at 4 °C for 10 min at 
2000 rpm, and the supernatant was used for the 
estimation of cytokines. 
 
Determination of cytokines 
 
The levels of the cytokines IFN-g, IL-4, IL-5, IL-6 
and IL-17 in the BALF ELISA were determined 
using ELISA kits as per the instructions of the kit 
manufacturers. 
 
Evaluation of levels of IgE 
 
Levels of IgE in BALF and serum were estimated 
as per previously reported [16]. Serum was 
separated from blood collected from the retro-
orbital plexus of the mice. Then, OVA-coated 
microtiter plates were treated with anti-mouse 
IgE after treating the plates with serum and 
BALF. Avidin-horseradish peroxidase (HRP) 
solution was added to each well, and the 
absorbance of each well was read at 405 nm. 
 
qRT-PCR 
 
TRIzol reagent was used to isolate total RNA 
from isolated CD4+ cells, as per the 
manufacturer’s instructions. A reverse 
transcription kit was used to synthesize cDNA via 
reverse transcription from the RNA as per the 
manufacturer’s instructions. The ABI Prism 7500 
system and the SYBR green/fluorescein qPCR 
Master Mix kit were used to perform qRT-PCR. 
The qRTPCR conditions were as follows: 50 °C 
for 2 min; 95 °C for 10 min; and 40 cycles of 95 
°C for 30 sec and 60°C for 30 sec. Analyses of 
mRNA expressions were performed using a 
TaqMan microRNA assay kit. The resulting data 
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were analysed using the comparative Ct method 
(2-ΔΔCt). The sequences of the primers used are 
shown in Table 1. 
 
Western blot assay 
 
Ice-cold radioimmunoprecipitation lysis buffer 
was used for extraction of total protein from the 
isolated CD4+ cells, while DC Protein Assay was 
used for the estimation of concentration of total 
protein. Equal amounts of protein were subjected 
to SDS-polyacrylamide gel electrophoresis and 
transferred to polyvinylidene difluoride 
membranes. The membranes were blocked by 
incubation with 5 % fresh non-fat dry milk 
solution, followed by incubation overnight at 4 ˚C 
with primary antibodies for Akt, p-Akt, PI3K, p-
PI3K, Notch1, NICD, PTEN, NF-kB and β-actin. 
Thereafter, the membranes were incubated with 
HRP-linked secondary antibody for 60 min at 
room temperature. Chemiluminescence was 
used to enhance the blots, while ImageLab 
software was used to perform densitometric 
analysis. 
 
Statistical analysis 
 
All data are expressed as mean ± standard error 
of the mean (SEM. Statistical analysis was done 
with one-way analysis of variance (ANOVA). 
Post-hoc comparisons of means were carried out 
with Dunnett’s post-hoc test using GraphPad 
Prism software (ver. 6.1; San Diego, CA, USA). 
Values of p < 0.05 were considered to indicate 
statistical significance. 
 
RESULTS 
 
Oroxylin A attenuated airway hyper-
responsiveness 
 
The effect of oroxylin A on lung function was 
determined by assessing lung compliance and 
airway resistance in OVA-challenged mice. The 
results are shown in Figure 1. Percentage of lung 
compliance was reduced with increase in the 
concentration of methacholine in OVA group, 
when compared to normal mice. However, 
treatment with oroxylin A reversed the reduction 
in lung compliance in methacholine-treated OVA-
challenged mice, relative to OVA group. 
Moreover, percentage of airway resistance was 
enhanced with increase in the concentration of 

methacholine in OVA group, when compared to 
normal group of mice. In contrast, oroxylin A 
treatment attenuated the enhancement in 
percentage of airway resistance in methacholine-
treated OVA-challenged mice. 
 

 
 
Figure 1: Effect of oroxylin A on lung compliance and 
airway resistance in methacholine-treated, OVA-
challenged mice. Data are shown as mean ± SEM (n = 
12); ##p < 0.01, vs normal group; **p < 0.01, vs OVA 
group 
 
Oroxylin A reduced the levels of cytokines 
 
Figure 2 shows that there were increases in the 
concentrations of IL-4, IL-5, IL-13 and IL-17, 
while the concentration of IFN-g was decreased 
in the BALF of the OVA group, when compared 
with the normal group of mice. However, oroxylin 
A treatment markedly reduced the levels of IL-4, 
IL-5, IL-13 and IL-17, and increased the level of 
IFN-g in the BALF, when compared with the OVA 
group of mice. 
 

 
Table 1: Primers used in PCR 
 
Primers Forward Backward
Notch 1 5′-GGTGAACTGCTCTGAGGAGATC-3′ 5′-GGATTGCAGTCGTCCACGTTGA-3′ 
NICD 5′-GTGTGTGTCAATGGCTGGAC-3′ 5′-GTGACACAGGAGGCCAGTCT-3′ 
Jagged 1 5‘-ATCGTGCTGCCTTTCAGTTT-3’ 5‘-GGTCACGCGGATCTGATACT-3’ 
β-actin 5′-CACCATTGGCAATGAGCGGTTC-3′ 5′-AGGTCTTTGCGGATGTCCACGT-3′
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Figure 2: Effect of oroxylin A on the levels of cytokines 
in the BALF of OVA-challenged mice. Data are 
presented as mean ± SEM (n = 12); ##p < 0.01, vs 
normal group; **p < 0.01, vs OVA group 
 
Oroxylin A lowered the level of IgE 
 
The IgE levels in serum and BALF of oroxylin A-
treated, OVA-challenged mice are shown in 
Figure 3. There were increases in serum and 
BALF levels of IgE in the OVA group of mice, 
relative to normal group. However, oroxylin 
treatment reduced the serum and BALF levels of 
IgE, when compared to the OVA group of mice. 
 

 
 
Figure 3: Effect of oroxylin A on the levels of IgE in 
BALF and serum of OVA-challenged mice. Data are 
shown as mean ± SEM (n = 12); ##p < 0.01, vs normal 
group; **p < 0.01, vs OVA group 
 
Oroxylin A reduced mRNA expressions of 
Notch1, Jagged1 and NICD 
 
Figure 4 shows the mRNA expression levels of 
Notch1, Jagged1 and NICD in the BALF of 
oroxylin A-treated, OVA-challenged mice. There 
were increases in the mRNA expressions of 
Notch1, Jagged1 and NICD in the BALF of the 
OVA group, when compared with the normal 
group of mice. However, treatment with oroxylin 
A reduced the mRNA expressions of Notch1, 
Jagged1 and NICD in the BALF of OVA-
challenged mice. 

 

 
 
Figure 4: Effect of oroxylin A on the mRNA expression 
levels of Notch1, Jagged1 and NICD in the BALF of 
OVA-challenged mice. Results are shown as mean ± 
SEM (n = 12); ##p < 0.01, vs normal group; **p < 0.01, 
vs OVA group.  
 
Oroxylin A downregulated the expressions of 
Akt, PI3K, Notch1 and PTEN proteins 
 
There were increases in the protein expressions 
of Notch1, PI3K and Akt, and decrease in the 
protein expression of PTEN in the BALF of OVA 
group, when compared to normal group of mice 
(Figure 5). However, treatment with oroxylin A 
reversed the altered protein expressions of 
Notch1, Akt, PI3K and PTEN in the BALF of 
OVA-challenged mice. 
 

 
 
Figure 5: Effect of oroxylin A on the protein 
expressions of Notch1, Akt, PI3K and PTEN in the 
BALF of OVA-challenged mice. Data are shown as 
mean ± SEM (n = 12); ##p < 0.01, vs normal group; **p 
< 0.01, vs OVA group 
 
DISCUSSION 
 
Asthma is a pathological condition due to 
excessive secretion of mucus and narrowing of 
airways, leading to difficulty in breathing [17]. 
The management of asthma is still a medical 
challenge. Thus, there is need to develop 
alternative medicines for its treatment. The 
present study evaluated the protective effect of 



Hua et al 

Trop J Pharm Res, June 2021; 20(6): 1149 
 

oroxylin A against asthma by estimating lung 
function and levels of cytokines and IgE in OVA-
challenged mice. Moreover, western blot assay 
and qRT-PCR studies were carried out for 
determination of the effect of oroxylin A on Notch 
signaling in OVA-challenged mice. 
 
It has been postulated that in the pathogenesis of 
asthma, narrowing of the airway and 
hypersecretion of mucus occur due to increased 
levels of cytokines which are responsible for 
enhancement of production of IgE [1]. The 
results of the present study are in line with this 
hypothesis, since the levels of cytokines and IgE 
were markedly higher in OVA-challenged mice 
than in normal mice. The increased production of 
IgE triggered the release of inflammatory 
mediators (from mast cells) which are 
responsible for mucus secretion and narrowing of 
airways. It has been reported that drugs which 
reduce the production of IgE and inflammatory 
cytokines showed promising beneficial effects in 
the management of asthma [18]. The results of 
the present study indicate that oroxylin A 
reduced the levels of cytokines and IgE in the 
serum and BALF of OVA-challenged mice, when 
compared to OVA group. Moreover, oroxylin A 
improved lung function by attenuating the altered 
percentage of lung compliance and airway 
resistance in OVA-challenged mice. 
 
The Notch and PI3K pathways are involved in the 
proliferation of T cells. In asthma, the 
expressions of Notch1 receptor and its ligand 
(Jagged1) are upregulated in BALF [19]. The 
ligand of Notch1 receptor binds to its receptor 
and initiates Notch1 signaling, leading to 
cleavage of NICD [20]. The Notch signaling 
pathway contributes to the development of 
asthma. In this study, oroxylin A reversed the 
altered protein expressions of Notch1, Jagged1, 
Akt, PI3K, PTEN and NICD in isolated CD4+ 
cells from OVA-challenged mice. 
 
CONCLUSION 
 
The findings of this study show that oroxylin A 
improves lung function and reduces the levels of 
cytokines in neonatal asthmatic rat by 
downregulating Notch signaling pathway. Thus, 
oroxylin A may be clinically beneficial in the 
management of asthma. 
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