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Abstract

Lignosus rhinocerotis Cooke. (L. rhinocerotis) is a medicinal mushroom traditionally used in

the treatment of asthma and several other diseases by the indigenous communities in

Malaysia. In this study, the effects of L. rhinocerotis on allergic airway inflammation and

hyperresponsiveness were investigated. L. rhinocerotis extract (LRE) was prepared by hot

water extraction using soxhlet. Airway hyperresponsiveness (AHR) study was performed in

house dust mite (HDM)-induced asthma in Balb/c mice while airway inflammation study was

performed in ovalbumin (OVA)-induced asthma in Sprague-Dawley rats. Treatment with dif-

ferent doses of LRE (125, 250 and 500 mg/kg) significantly inhibited AHR in HDM-induced

mice. Treatment with LRE also significantly decreased the elevated IgE in serum, Th2 cyto-

kines in bronchoalveolar lavage fluid and ameliorated OVA-induced histological changes in

rats by attenuating leukocyte infiltration, mucus hypersecretion and goblet cell hyperplasia

in the lungs. LRE also significantly reduced the number of eosinophils and neutrophils in

BALF. Interestingly, a significant reduction of the FOXP3+ regulatory T lymphocytes was

observed following OVA induction, but the cells were significantly elevated with LRE treat-

ment. Subsequent analyses on gene expression revealed regulation of several important

genes i.e. IL17A, ADAM33, CCL5, IL4, CCR3, CCR8, PMCH, CCL22, IFNG, CCL17,

CCR4, PRG2, FCER1A, CLCA1, CHIA and Cma1 which were up-regulated following OVA

induction but down-regulated following treatment with LRE. In conclusion, LRE alleviates

allergy airway inflammation and hyperresponsiveness, thus suggesting its therapeutic

potential as a new armamentarium against allergic asthma.
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Introduction

Asthma is a chronic inflammatory respiratory disease, as characterized by an airflow obstruc-

tion, airway inflammation and hyperresponsiveness [1]. During allergen stimulation, dendritic

cells induce the differentiation of T cells into Th2 cells [2]. Th2 cells secrete cytokines i.e. inter-

leukin (IL)-4, IL-5, IL-9 and IL-13 which facilitate recruitment and activation of eosinophils in

the airway [3]. IL-5 and IL-9 are critical for promoting tissue eosinophilia and mast cell hyper-

plasia, whereas IL-13 stimulates mucus production by goblet cells and airway hyperresponsive-

ness (AHR) [4]. Meanwhile, Th2 cells will induce the production of IgE by the B cells via IL-4

stimulation. In the presence of airway inflammation, the cellular components especially the

eosinophils and mast cells will be prompted to release a number of different mediators with

the capacity to cause AHR [5]. The inflammatory mediators such as IL-13, histamine, major

basic proteins (MBP) and leukotrienes are known to cause AHR which lead to bronchocon-

striction, and finally remodelling of the lung.

The CD4+CD25+Foxp3+ regulatory T cells (Treg) are crucial in regulating Th2-induced

allergic responses [6]. Kearley et al. demonstrated that therapeutic transfer of CD4+CD25+Treg

can curb allergen-induced inflammation and preclude airway remodelling [7]. Therefore, tar-

geting T cell, specifically on FOXp3+Tregs offers a good promise to asthma treatment

Changes in gene expression on airways structural cells are purported to be important in the

progress of asthma and AHR. Some of the changes include alterations to inflammatory,

smooth muscle contractility and epithelial barrier integrity genes. Some of the genes for exam-

ple IL-4 receptor and ADAM metallopeptidase domain 33 (ADAM33) have been linked to

asthma [8]. These genes have steadily shown similar link to asthma phenotypes in diversified

populations and are therefore purported to contribute mainly to the pathogenesis of asthma

[9].

Current treatments for asthma are categorised into two; long-term control medications

such as inhaled corticosteroids and leukotriene modifiers that control inflammation in the air-

way, while quick-relief medications such as β2 adrenergic agonists and anti-cholinergic agents

that cause airway smooth muscle relaxation. Nevertheless, they are not without various side

effects [10], necessitating a safer alternative for asthma management may confer a promising

step.

Lignosus rhinocerotis (Cooke) Ryvarden (L. rhinocerotis) is a type of medicinal mushroom

which belongs to the Polyporaceae family and is primarily found in the tropical Asian forests

[11]. Scientifically, studies have confirmed its anti-proliferative, antioxidant, antimicrobial,

anti-inflammatory and immunomodulatory effects [12], indicating its vast unexplored poten-

tials. Furthermore, this mushroom has been widely used as a traditional medicine to treat

cough and asthma. It was previously reported that the Temuan tribe in Malaysia used the

mushroom by boiling its sclerotium with other herbs to reduce cough and asthma symptoms

[13]. Previous studies reported that oral and intranasal administrations of L. rhinocerotis
extract (LRE) had attenuated asthmatic parameters by reducing Th2-type cytokines level, IgE

and leukocyte infiltration in the lungs [14, 15].

Sensitisation methods utilising ovalbumin (OVA) and house dust mite (HDM) are known

to enhance manifestations of asthmatic features. OVA- and HDM-induced models are consid-

ered the appropriate methods for experimental allergic asthma. These models have similar

clinical symptoms to human asthma, which are characterized by airway inflammation, thick-

ening of bronchial wall, mucus hypersecretion and increased infiltration of inflammatory cells

into the lung [16]. However, there has been limited success with OVA-induced model and

only moderate pulmonary inflammation and mild AHR have been observed [17]. HDM has

become more commonly used in mouse models to induce AHR because of its immunogenic
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properties, so the use of an adjuvant is not required [18]. In addition, inhaled delivery of HDM

has been more successful in inducing AHR, possibly because of the intrinsic enzymatic activity

of this allergen. In this study, LRE was administrated orally into OVA- and HDM-induced

asthmatic models. The potential effect of LRE oral administration in ameliorating airway

inflammation, hyperresponsiveness and mucus hypersecretion as well as regulating cellular

components and gene expression in the airway of allergic asthma model is further investigated

in this study.

Materials and methods

L. rhinocerotis extraction

The sclerotia of L. rhinocerotis cultivar was obtained in dried powdered formulation from a

local company named Ligno Biotech Sdn. Bhd. Malaysia. For preparation of extract, L. rhino-
cerotis sclerotium powder (150 g) was first soaked in purified distilled water (600 ml) and sub-

jected to 24-hour hot water extraction using a soxhlet extractor. The process was followed by a

drying step via a rotary evaporator (Ilshin BioBase, Gyeonggi-do, South Korea) followed by

freeze-drying to produce lyophilized powder. Generally, 50 g of sclerotial powder produced 5

g of LRE (i.e a 10% yield).

House Dust Mite (HDM)–induced mouse model of asthma

Ethical approval was obtained from the Institutional Animal Care and Use Committee

(IACUC) of the Universiti Putra Malaysia (UPM/IACUC/AUP-R056/2017). In this part of the

study, 6 to 8 weeks old female Balb/c mice were used. The animals were randomised into six

groups (n = 6/groups): (1) normal control (2) HDM, sensitised and challenged with HDM (3)

LRE125, sensitised and challenged with HDM; treated with oral LRE (125 mg/kg) (4) LRE250,

sensitised and challenged with HDM; treated with oral LRE (250 mg/kg) (5) LRE500, sensi-

tised and challenged with HDM; treated with oral LRE (500 mg/kg) (6) Dex, sensitised and

challenged with HDM; treated with i.p dexamethasone (3 mg/kg). Sensitisation was done by

intranasal (i.n) administration of 100 μg HDM (Stallergenes Greer, USA) prepared in phos-

phate-buffered saline (PBS) in which 10 μL was administered to each nostril (20 μL/mouse) at

baseline (day 0). Subsequently, daily intranasal challenges (10 μg HDM in 20 μL PBS) were

incorporated on days 7, 8, 9, 10 and 11 based on Hammad et al. in which treatments were insti-

tuted one hour before the challenge [19].

Finally, the mice were anesthetized on day 14, by means of ketamine (100 mg/kg) and xyla-

zine (10 mg/kg) injections. The procedure ended with a tracheotomy.

Measurement of airway hyperresponsiveness

On Day 14, measurement of AHR was conducted. Tracheotomy was conducted on the mice

following anaesthesia (100 mg/kg ketamine and 10 mg/kg xylazine). Briefly, the trachea was

cannulated with a blunt end (20 G) to join to the nebulizer in order to facilitate administration

of 1x PBS and methacholine. Each animal was kept in a whole-body plethysmograph chamber

and was mechanically ventilated (200 μL/breath tidal volume) at 150/min. Airflow was moni-

tored using transducers, while pressure changes was detected via a recorder. The findings were

analysed using a FinePointe™ RC System (Buxco Research Systems, New Brighton, USA). Air-

way resistance (RI) was monitored in response to various methacholine concentrations (1, 2,

4, 8, 16 and 32 mg/mL). Subsequently, PBS and methacholine were continuously added to the

nebulizer at 4 min intervals. The findings were expressed as percentage of the respective basal

values against PBS.
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Ovalbumin (OVA)-induced rat model of asthma

The study was conducted at Universiti Sains Malaysia (USM) following ethical approval from

USM Animal Ethics Committee (AEC/2012/(78)(397). Male Sprague Dawley rats age 6 to 8

weeks old were utilised. The animals were randomised into six groups (n = 5 /group): 1) nor-

mal group 2) OVA, sensitised and challenged with 1% OVA 3) LRE125, sensitised and chal-

lenged with OVA; treated with oral LRE (125 mg/kg) (4) LRE250, sensitised and challenged

with OVA; treated with oral LRE (250 mg/kg) (5) LRE500, sensitised and challenged with

OVA; treated with oral LRE (500 mg/kg) (4) Dex, LRE125, sensitised and challenged with

OVA; treated with dexamethasone (3 mg/kg). LRE dose of 500 mg/kg was selected for subse-

quent experiments based on the data generated from dose-response study.

Sensitisation was conducted on days 1 and 14 by intraperitoneal (i.p.) injection of OVA (10

mg/ml) and aluminium hydroxide (alum) (100 mg/ml) each in phosphate buffer saline (PBS)

[16]. Subsequently, Bordetella pertussis (50 ng/ml) was included in the solution. The rats were

challenged with 1% OVA aerosol on day 23. The duration of challenge was for 20 min/day by

an ultrasonic nebulizer coupled with oral administration of LRE (500 mg/kg) via oral gavaging

(Mabist mist, Illinois, USA) for seven days. The rats were sacrificed on the following day, fol-

lowed by collection of lungs, serum and BALF for downstream analyses.

Measurement of total IgE in serum

The total IgE was measured with a mouse specific ELISA kit (Abnova, Heidelberg, Germany)

according to the manufacturer’s instructions. IgE level in each sample was measured using

optical density at 450 nm followed by calculation based on a standard curve generated using

recombinant IgE.

Measurement of Th2 cytokines in BALF

ELISA was performed according to the manufacturer’s instructions. IL-4, IL-5 and IL-13 in

BALF were measured using specific rat IL-4, IL-5 and IL-13 ELISA kits (CusaBio, Hubei,

China). Absorbance was measured at 450 nm. Cytokine concentrations were calculated from

standard curves that were generated using respective recombinant interleukins.

Histological analysis of lung

Lungs were fixed in formalin (10%), dehydrated in various concentrations of ethanol, embed-

ded in paraffin and cut into 4 μm sections. The tissue sections were deparaffinized and rehy-

drated using xylene and graded alcohol respectively, and stained with hematoxylin and eosin

(H&E) solution or with periodic acid Schiff (PAS) stain. Lung inflammation score was assessed

as the following scale: 0, no inflammation; 1, mild inflammation; 2, moderate inflammation; 3,

marked inflammation; and 4, severe inflammation [20]. Goblet-cell hyperplasia in airway epi-

thelium was calculated based on a five-point system where “0”: no goblet cells, “1”: <25% of

epithelium, “2”: 25–50% of epithelium, “3”: 51–75% of epithelium and “4” >76% of epithelium

[21]. The mean scores for mucus production were similarly calculated by means of a Mirax

Image viewer (Carl Zeiss, Germany).

Cell subsets analysis by flow cytometry

Bronchoalveolar lavage pellet containing approximately 1×106 total cells were stained with

CD4+ FITC, CD25+ PE and Foxp3+ APC antibodies to detect T-reg cells. To detect eosino-

phils, the cells were stained with a combination of CD3+ PE (1 μg/ml)/RP-1+ PE (1 μg/ml)/

PLOS ONE Anti-asthmatic effects of Lignosus rhinocerotis

PLOS ONE | https://doi.org/10.1371/journal.pone.0249091 March 30, 2021 4 / 16

https://doi.org/10.1371/journal.pone.0249091


HIS48+ FITC (1 μg/ml) as described previously [17], the cells were resuspended in PBS and

were subjected to a BD Accuri™ C6 flow cytometer.

RNA isolation and gene array analysis

RNA was isolated from the lung tissues. Subsequently, the tissues were stabilized at -80˚C in

RNAlater solution (Qiagen, USA). RNeasy1Mini kit was used for RNA extraction as recom-

mended by the manufacturer (Qiagen, USA). The extracted RNA from each sample (5 μg) was

reverse transcribed to cDNA in a final volume of 20 μl using RT2 First strand kit.

In the study, the RT2 Profiler polymerase chain reaction (PCR) Array (Qiagen, USA) for

allergy and asthma pathway-related genes was utilised. It estimates the expression of key genes

(n = 84) that regulate allergy mechanism. The value for threshold cycle (Ct) of each gene was

estimated as a relative value following normalization against the housekeeping genes (β-actin

(Actb), beta-2 microglobulin (B2m), ribosomal protein large P1 (Rplp1), lactate dehydrogenase

A (Ldha) and hypoxanthine phosphoribosyltransferase 1 (Hprt1). Data analysis was conducted

based on the manufacturer’s web portal for PCR array data analysis. The relative gene expres-

sion level was estimated using the 2-ΔΔCt method with the value expressed as fold regulation as

opposed to the control.

Statistical analysis

Data were expressed as mean ± standard deviation (SD). Statistical significance (p<0.05) was

determined by a one-way ANOVA test followed by Scheffe’s post hoc correction using Statisti-

cal Programme for Social Science (SPSS) version 20.0 (New York, USA). For inflammation

and mucus scoring, statistical analyses were performed using Kruskal Wallis tests with confi-

dence interval adjustment by Bonferroni correction. The data from PCR array was analysed by

the web-based software (SABiosciences) using a 2−ΔΔCT method. The expression level for

genes of interest was normalized by the expression of housekeeping genes.

Results

Effects of LRE on methacoline-induced AHR

Following investigation of airway responsiveness to methacholine in each group, HDM-chal-

lenged mice demonstrated elevated AHR to methacholine (p<0.05) as confirmed by the

increased in RI values when compared to normal (Fig 1). Nevertheless, pre-treatment with

dexamethasone and LRE (125, 250 and 500 mg/kg) significantly attenuated RI levels (where

the concentrations were maintained at lower than 8 mg/ml) as compared to untreated HDM-

group (higher than 8 mg/ml in all of the investigated methacholine concentrations).

Effects of LRE on IgE production in serum

As shown in Fig 2, the OVA-induced asthmatic rats (OVA group) presented significantly

increased IgE levels compared to normal group. Significant decreased in the mean serum of

IgE level was observed after treatments with LRE at 250 and 500 mg/kg (p< 0.05) when com-

pared with OVA group. However, no significant decrease could be observed from the rats

treated with LRE 125 mg/kg (Fig 2).

Effects of LRE on Th2 cytokines in BALF

As shown in Fig 3, the levels of IL-4, IL-5 and IL-13 were significantly increased in BALF of

OVA group. Treatment with LRE 500 mg/kg resulted in significantly decreased of IL-4, IL-5

and IL-13 levels when compared to OVA group. In contrast, treatment with LRE 250 mg/kg
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significantly decreased only IL-5 level, while LRE 125 mg/kg significantly decreased IL-4 and

IL-5 levels.

Effects of LRE on histopathological change in lung tissue

Histopathological analysis by H&E staining demonstrated that lung tissue exposed with OVA

had a marked increase in the leukocyte infiltration into the lung tissues. Treatment with LRE

250 or LRE 500 mg/kg significantly decreased infiltration of leukocytes in the peribronchial

region and perivascular connective tissue of the airway compared with that observed in the

OVA group (Fig 4). No significant attenuation was observed by the LRE 125 mg/kg treatment

group. Based on the dose-response study, LRE at the 500 mg/kg concentration was selected for

the downstream experiments.

Effects of LRE on goblet cell hyperplasia

The number of PAS positive cells increased markedly in the lungs section of the OVA group

when compared to the normal (Fig 5) indicating higher mucus production in the lungs. For

the group which received LRE, the number of PAS positive cells in the lungs section were sig-

nificantly reduced when compared to that in the OVA group. Similarly, mucus production

was also decreased in animals treated with dexamethasone. Quantitative scoring of mucus

Fig 1. Suppression of airway hyper-responsiveness after administration of LRE in HDM-induced mouse model of

asthma. (A) Airway resistance was measured by whole body plethysmography. Data are expressed as mean ± SD

(n = 5). �p<0.05 is significantly different from HDM group.

https://doi.org/10.1371/journal.pone.0249091.g001

Fig 2. Effects of different doses of LRE (125, 250, 500 mg/kg) on serum IgE levels. Data are expressed as

means ± SD (n = 5/group). # p< 0.05 indicates significance difference from the normal group. � p< 0.05 indicates

significant difference from OVA control group.

https://doi.org/10.1371/journal.pone.0249091.g002
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production suggested that both LRE and dexamethasone significantly (p< 0.01) reduced

mucus production, indicating LRE as a potential treatment in ameliorating the severity of

allergic asthma.

LRE modulates leukocytes compositions

The populations of lymphocyte, neutrophil and eosinophil in BALF cells were evaluated by

flow cytometry analysis. Fig 6 shows significant elevation of CD4+ cells population in the

BALF following OVA induction. Treatment with LRE significantly reduced the percentage of

CD4+ cells population, similar to the dexamethasone group, but the CD4+ cells population was

still higher than the normal group. Lymphocyte populations were further evaluated by analys-

ing CD4+CD25+Foxp3+ Treg cells. There was a significant reduction of the Foxp3+ Treg popu-

lation following OVA induction when compared to the normal group (Fig 7). Interestingly,

following LRE treatment, Treg population was significantly elevated similar as that seen in the

dexamethasone group, demonstrating the potential effect of LRE in ameliorating Foxp3+ Treg

population. Based on the flow cytometric analysis of CD3+T-cells, HIS48+ and RP-1+ cell pop-

ulations in BALF, it was noteworthy that eosinophils population was highly increased in the

OVA group as compared to the normal group (Fig 8C). However, treatment with LRE inhib-

ited eosinophil levels as that also seen with dexamethasone. Additionally, there was significant

Fig 3. Effects of different doses of LRE (125, 250, 500 mg/kg) on Th2 cytokines level in BALF. Data are expressed as

means ± SD (n = 5 per group). # p< 0.05 indicates significance difference from the normal group. � p< 0.05 indicates

significant difference from OVA control group.

https://doi.org/10.1371/journal.pone.0249091.g003
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reductions in neutrophils population in all treatment groups when compared to the OVA

group (Fig 8D).

LRE-regulated allergic asthma gene expression

A scatter plot of gene expression from the lung tissues of OVA- and LRE-treated groups was

plotted (Fig 9). Based on the figure, a total of 16 genes were significantly (p< 0.05) up-regu-

lated following sensitization with OVA (Table 1). In fact, the genes (Il17a, Adam33, Chia, IL4,

Ccr3, Ccl5, Ccl17, Pmch, Clca1, Cma1, Ccr8, Fcer1a, Ifng, Ccr4, Ccl22 and Prg2) were differen-

tially regulated by more than 1.5 fold and were expressed at a relatively high mean threshold

cycle (amplified at cycle<30). Interestingly, the genes that were up-regulated by OVA-sensiti-

zation were significantly further down-regulated upon administration of LRE (Table 2)

although some genes were not affected. On the other hand, IL-5, Arg1, Foxp3 and Ear11 were

down-regulated with LRE treatment. In contrast, GATA3 showed an up-regulation pattern fol-

lowing LRE treatment.

Discussions

Allergic asthma is a multifactorial disease involving numerous clinical symptoms including

airway inflammation, manifested as airway hyperresponsiveness, elevated IgE level and Th2

cytokines, goblet cell hyperplasia, excessive mucus secretion and eosinophil infiltration.

Fig 4. Effects of different doses of LRE (125, 250, 500 mg/kg) on airway inflammation in the peribronchiole

region and perivascular connective tissue in OVA-induced allergic asthma model (H&E staining, original

magnification 50×). Representative photomicrographs showing (A) Normal; (B) OVA control group; (C) LRE 125

mg/kg; (D) LRE 250 mg/kg; (F) LRE 500 mg/kg (F) Graphs represent inflammation score. Black arrows indicate the

presence of infiltration with eosinophils or leukocytes surrounding the bronchiole.

https://doi.org/10.1371/journal.pone.0249091.g004
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Previous studies reported the anti-asthmatic effects of LRE to be occurring via attenuation of

inflammatory cell infiltration in the lungs tissue, reduction in Th2 cytokines (IL-4, IL-5 and

IL-13) in the BALF as well as reduction in serum IgE levels [14, 15]. In this study, oral adminis-

tration of LRE at different doses (125, 250 and 500 mg/kg) showed varying responses. Among

the doses tested in this study, LRE at 500 mg/kg significantly attenuated the level of IgE in

serum, Th2 cytokines IL-4, IL-5 and IL-13 in BALF as well as leukocyte infiltrations in the

lung tissues, in contrast to the other two lower doses, 125 and 20 mg/kg which were not consis-

tently attenuated the responses. Based on the dose-response study, LRE 500 mg/kg was chosen

for the subsequent studies.

Airway inflammation is the basis of AHR, and the process involves both cellular and non-

cellular aspects of airway inflammation [22]. It has been well documented that IL-4 and IL-5

play critical roles in airway inflammation by mobilising and activating eosinophils, which lead

to the release of pro-inflammatory mediators such as major basic protein and cysteinyl leuko-

trienes, which have the capacity to cause AHR [23]. In the present study, short-term inhalation

of HDM resulted in a marked increase in airway resistance (RI) towards increasing doses of

metacholine in comparison to normal group. It was in agreement with Johnson et al., [24],

which indicated that HDM exposure resulted in increasing airway resistance but reduced

Fig 5. Attenuation of mucus production and goblet cell hyperplasia following administration of LRE in OVA-

induced rat model of asthma. (A) Representative photomicrographs showing periodic acid–Schiff (PAS) staining

(magnification ×40) staining for measuring mucus production in the airways. The black arrows indicate the presence

of stained goblet cells. (B) Quantitative analysis of scoring on mucus production was done by scoring with a subjective

scale of 0–4. Data was expressed as mean ± SD (n = 5 per group). # p< 0.05 indicates significance difference from the

normal group. � p< 0.05 indicates significant difference from OVA control group.

https://doi.org/10.1371/journal.pone.0249091.g005
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dynamic compliance (Cdyn), indicated that airway inflammation and remodelling contribute

to AHR. In this study, treatment with LRE and dexamethasone has led to a dramatic decrease

in the elevated AHR towards increasing concentration of metacholine in asthmatic mice in the

range of 8–32 mg/ml. The alleviation of AHR in HDM-induced mice may be associated with

the reduction of inflammatory cells and mediators of allergic asthma measured in the study.

Although the primary roles of mucus in the respiratory tract is to protect lower airways

from dehydration and impairment, it is no doubt that hyperplastic goblet cells producing

excessive mucus may exacerbate asthmatic condition. It is also a known fact that upon exacer-

bation of asthma, the resulting response which induces IgE switching leads to mucus hyperse-

cretion from the goblet cells [25]. In our study, the number of PAS positive cells was highly

alleviated in the lung section of animals which received LRE as compared to OVA. Similar suc-

cessful anti-asthmatic effects have been reported in many plant extracts such as Kochia sco-
paria fruit extract and Cassia occidentalis which attenuated the goblet cells number [25, 26]

Airway inflammation is demonstrated by increased levels of a variety of immune cells and

inflammatory mediators including eosinophils and lymphocyte [3]. Eosinophilic infiltration in

the lungs tissue is the hallmark of airway inflammation in asthma. In this study, we demon-

strated reduced number of eosinophils and neutrophils (p<0.05) in the BALF following LRE

and dexamethasone administrations. Similar findings on attenuation of the eosinophil infiltra-

tion in the peribronchial region of the lungs were reported previously [14, 15]. Previously,

Green et al. reported suppression of eosinophil and T-lymphocyte inflammation by corticoste-

roids without preventing neutrophil accumulation indicating that the two markers (eosinophil

and T-lymphocyte) are important in resistant development [27]. Meanwhile, An et al. reported

no significant reduction in alveolar neutrophils, eosinophils and lymphocytes numbers with

dexamethasone or clarithromycin administration in neutrophilic asthma mouse model, but

with combined treatments, the numbers of neutrophils decreased (p<0.05) [28], indicating

Fig 6. The effects of LRE on the CD4+ population of BALF cells in OVA-induced rat model of asthma.

Representative dot plot showing (A) unstained (B) CD4+ cells. Data was expressed as mean ± SD (n = 5 per group). #

p< 0.05 indicates significance difference from the normal group. �p< 0.05 indicates significant difference from OVA

control group.

https://doi.org/10.1371/journal.pone.0249091.g006
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Fig 7. The effects of LRE on the CD4+CD25+Foxp3+ Treg population in BALF of OVA-induced rat model of

asthma. Representative dot plot showing (A) unstained, (B) CD4+ cells, (C) CD4+CD25+ cells and (D) CD4+CD25

+Foxp3+ Treg cells. Data was expressed as mean ± SD (n = 5 per group). # p< 0.05 indicates significance difference

from the normal group. � p< 0.05 indicates significant difference from OVA control group.

https://doi.org/10.1371/journal.pone.0249091.g007

Fig 8. The effects of LRE on eosinophils and neutrophils population in BALF of OVA-induced rat model of

asthma. Representative dot plot showing (A) unstained and (B) RP-1+ HIS48+ positive cells. BALF was stained with

specific antibodies for CD3 FITC (T-cells), HIS48 FITC stained to detect (C) eosinophils population and RP-1, PE

stained to detect (D) neutrophils population. Data was expressed as mean ± SD (n = 5 per group). # p< 0.05 indicates

significance difference from the normal group. � p< 0.05 indicates significance different from OVA control group.

https://doi.org/10.1371/journal.pone.0249091.g008
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that some agents may act synergistically and may need to be combined or to be used as an

adjuvant.

Flow cytometry analysis in BALF indicated a significant increase in CD4+ population

which signifies inflammation upon OVA sensitization when compared to the normal group.

However, LRE reduced the percentage of CD4+ T cells significantly. Similar finding was also

reported by Liu et al., where the effects of polysaccharides Antrodia camphorate mushroom

strongly inhibited both antigen-specific and non-antigen-specific T-cell immune responses

[29]. In general, CD4+ contributes to enhancement and proliferation of Th2 cells, which can

be a useful step in ameliorating asthma.

Significant roles of CD4+CD25+Foxp3+ Treg cells have previously been identified in asthma

regulation. We demonstrated reduction of CD4+CD25+Foxp3+Treg cells following OVA

induction; but increased CD25+ Foxp3 population in LRE-treated group which was similarly

seen as with dexamethasone. In a previous study, treatment with erythromycin caused reduc-

tion in inflammatory infiltrates in the BALF and attenuated lung damages although it

Fig 9. Scatter plots of asthma genes expression of the lungs tissue in OVA-induced rat model of asthma following (A)

OVA sensitization and (B) OVA sensitization + LRE. Fold-change values of less than one indicates a down-regulation

and that the fold-regulation is the negative inverse of the fold-change.

https://doi.org/10.1371/journal.pone.0249091.g009

Table 1. Up-regulation of genes following OVA induction in rats.

Gene symbol/ID Fold change Gene description

Up-regulated genes

IL17A 414.07 Interleukin 17A

ADAM33 61.92 ADAM metallopeptidase domain 33

CHIA 26.37 Chitinase, acidic

IL4 9.55 Interleukin 4

CCR3 8.15 Chemokine (C-C motif) receptor 3

CCL5 7.04 Chemokine (C-C motif) ligand 5

CCL17 3.96 Chemokine (C-C motif) ligand 17

PMCH 3.19 Pro-melanin-concentrating hormone

CLCA1 3.19 Chloride channel accessory 1

Cma1 3.13 Chymase 1, mast cell

CCR8 2.62 Chemokine (C-C motif) receptor 8

FCER1A 2.51 Fc fragment of IgE, high affinity I, alpha receptor

IFNG 2.36 Interferon gamma

CCR4 2.29 Chemokine (C-C motif) receptor 4

CCL22 2.16 Chemokine (C-C motif) ligand 22

PRG2 2.09 Proteoglycan 2, bone marrow

https://doi.org/10.1371/journal.pone.0249091.t001
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increased CD4+Foxp3+ Tregs number in the lungs [30]. A recent study by Kim et al. demon-

strated elevated percentage of CD4+CD25+ cells in the BALF of OVA-induced mice which was

reduced following treatment with Anthriscus sylvestris root extract [31]. In fact, the detectable

changes in the range of Tregs cells in our study is in accordance with the ranges reported in

previous studies [30, 32].

PCR array analysis demonstrated significant upregulation of a total of 16 genes, related to

asthma namely IL-17A, ADAM33, CHIA, IL4, CCR3, CCL5, CCL17, PMCH, CLCA1, Cma1, CCR8,

FCER1A, IFNG, CCR4, CCL22AND PRG2 following OVA sensitization but downregulated fol-

lowing LRE treatment (Table 2). These genes are among the key genes central to allergic and asth-

matic responses and they are important for the activation and cellular responses of Th2 cells, mast

cells, eosinophils, NK cells and alternatively-activated macrophages [33, 34]. Among the genes,

IL17A and ADAM33 have been implicated in the severity of asthma. Several studies have shown

elevated IL17A mRNA expression in severe asthma [31, 35, 36], some of which have reported

IL17A signalling involvement in the mobilisation of neutrophils and smooth muscle cells in the

airways [37–39]. ADAM33 expression was demonstrated to increase as asthma severity increases

[40, 41], which responsible to promote airway smooth muscle thickening thus leads to airway

remodelling [42]. Our future studies may focus on the bioactive compositions in LRE and their

molecular mechanisms underlying the anti-asthmatic effects in the airway inflammation model.

Conclusion

Taken together, the findings in this study demonstrated that L. rhinocerotis extract signifi-

cantly attenuated IgE, Th2 cytokines, leukocyte infiltration and mucus producing goblet cells

Table 2. Up and down-regulation of genes following LRE administration in OVA-induced asthma in rats.

Gene symbol/ID Fold change Gene description

Up-regulated genes

GATA3 3801.69 GATA binding protein 3

Down-regulated genes

IL17A -39241.53 Interleukin 17A

ADAM33 -662.13 ADAM metallopeptidase domain 33

CCL5 -231.78 Chemokine (C-C motif) ligand 5

IL4 -122.46 Interleukin 4

CCR3 -67.77 Chemokine (C-C motif) receptor 3

CCR8 -43.77 Chemokine (C-C motif) receptor 8

PMCH -21.27 Pro-melanin-concentrating hormone

CCL22 -21.11 Chemokine (C-C motif) ligand 22

IFNG -15.16 Interferon gamma

CCL17 -14.48 Chemokine (C-C motif) ligand 17

FOXP3 -12.48 Forkhead box P3

CCR4 -11.65 Chemokine (C-C motif) receptor 4

PRG2 -9.43 Proteoglycan 2, bone marrow

Arg1 -9.31 Arginase

FCER1A -7.53 Fc fragment IgE, high affinity I, receptor alpha polypeptide

IL5 -5.24 Interleukin 5

EAR11 -4.57 Eosinophil-associated, ribonuclease A, member 11

CLCA1 -3.88 Chloride channel accessory 1

Chia -3.52 Chitinase, acidic

Cma1 -3.50 Chymase 1, mast cell

https://doi.org/10.1371/journal.pone.0249091.t002
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in the lung epithelium, alleviated airway hyperresponsiveness and down-regulated selected

genes which are important in the regulation of allergy asthma. In addition, the population of

FOXP3+ Treg cells was elevated while that for eosinophils and neutrophils were reduced in

BALF. This study reports the anti-asthmatic effects of L. rhinocerotis in airway inflammation

of murine model, indicating a new potential alternative for the management of asthma.
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The ARRIVE guidelines 2.0: author checklist 
 
 

The ARRIVE Essential 10 
These items are the basic minimum to include in a manuscript. Without this information, readers and reviewers 
cannot assess the reliability of the findings. 

 
Item 

  
Recommendation 

Section/line 
number, or reason 
for not reporting 

Study design 1 For each experiment, provide brief details of study design including: 

a. The groups being compared, including control groups. If no control group has 
been used, the rationale should be stated. 

b. The experimental unit (e.g. a single animal, litter, or cage of animals). 

Included in methodology 
section, line 127-132; 
158-164 

Sample size 2 a. Specify the exact number of experimental units allocated to each group, and the 
total number in each experiment. Also indicate the total number of animals used. 

b. Explain how the sample size was decided. Provide details of any a priori sample 
size calculation, if done. 

Included in methodology 
section, line 127-132; 
158-164 

Inclusion and 
exclusion 
criteria 

3 a. Describe any criteria used for including and excluding animals (or experimental 
units) during the experiment, and data points during the analysis. Specify if these 
criteria were established a priori. If no criteria were set, state this explicitly. 

b. For each experimental group, report any animals, experimental units or data points 
not included in the analysis and explain why. If there were no exclusions, state so. 

c. For each analysis, report the exact value of n in each experimental group. 

Included in methodology 
section, line 127-132; 
158-164 
 
There were no exclusions 
in the study.  

Randomisation 4 a. State whether randomisation was used to allocate experimental units to control 
and treatment groups. If done, provide the method used to generate the 
randomisation sequence. 

b. Describe the strategy used to minimise potential confounders such as the order 
of treatments and measurements, or animal/cage location. If confounders were 
not controlled, state this explicitly. 

Included in methodology 
section, line 127-132; 
158-164 

Blinding 5 Describe who was aware of the group allocation at the different stages of the 
experiment (during the allocation, the conduct of the experiment, the outcome 
assessment, and the data analysis). 

Johnathan Malagobadan 
Siti Aminah Muhammad 
Asma Abdullah Nurul 
 

Outcome 
measures 

6 a. Clearly define all outcome measures assessed (e.g. cell death, molecular markers, 
or behavioural changes). 

b. For hypothesis-testing studies, specify the primary outcome measure, i.e. the 
outcome measure that was used to determine the sample size. 

Included in the 
methodology section 

Statistical 
methods 

7 a. Provide details of the statistical methods used for each analysis, including 
software used. 

b. Describe any methods used to assess whether the data met the assumptions of 
the statistical approach, and what was done if the assumptions were not met. 

Line 230-234 

Experimental 
animals 

8 a. Provide species-appropriate details of the animals used, including species, strain 
and substrain, sex, age or developmental stage, and, if relevant, weight. 

b. Provide further relevant information on the provenance of animals, health/immune 
status, genetic modification status, genotype, and any previous procedures. 

Included in methodology 
section, line 125-127; 
157-159 

Experimental 
procedures 

9 For each experimental group, including controls, describe the procedures in enough 
detail to allow others to replicate them, including: 

a. What was done, how it was done and what was used. 

b. When and how often. 

c. Where (including detail of any acclimatisation periods). 

d. Why (provide rationale for procedures). 

Included in methodology 
section, line 132-139; 
168-175 

Results 10 For each experiment conducted, including independent replications, report: 

a. Summary/descriptive statistics for each experimental group, with a measure of 
variability where applicable (e.g. mean and SD, or median and range). 

b. If applicable, the effect size with a confidence interval. 

Included in result section 

https://acrobat.adobe.com/uk/en/acrobat/pdf-reader.html


The Recommended Set 
These items complement the Essential 10 and add important context to the study. Reporting the items in both sets 
represents best practice. 

 
Item 

  
Recommendation 

Section/line 
number, or reason 
for not reporting 

Abstract 11 Provide an accurate summary of the research objectives, animal species, strain 
and sex, key methods, principal findings, and study conclusions. 

Line 28-47 

Background 12 a. Include sufficient scientific background to understand the rationale and 
context for the study, and explain the experimental approach. 

b. Explain how the animal species and model used address the scientific 
objectives and, where appropriate, the relevance to human biology. 

Line 52-109 

Objectives 13 Clearly describe the research question, research objectives and, where 
appropriate, specific hypotheses being tested. 

Line 106-109 

Ethical 
statement 

14 Provide the name of the ethical review committee or equivalent that has approved 
the use of animals in this study, and any relevant licence or protocol numbers (if 
applicable). If ethical approval was not sought or granted, provide a justification. 

Line 125-126 
Line 157-158 

Housing and 
husbandry 

15 Provide details of housing and husbandry conditions, including any environmental 
enrichment. 

Line 125-126 
Line 157-158 

Animal care and 
monitoring 

16 a. Describe any interventions or steps taken in the experimental protocols to 
reduce pain, suffering and distress. 

b. Report any expected or unexpected adverse events. 

c. Describe the humane endpoints established for the study, the signs that were 
monitored and the frequency of monitoring. If the study did not have humane 
endpoints, state this. 

Included in methodology 
section, line 132-139; 168-
175 

Interpretation/ 
scientific 
implications 

17 a. Interpret the results, taking into account the study objectives and hypotheses, 
current theory and other relevant studies in the literature. 

b. Comment on the study limitations including potential sources of bias, 
limitations of the animal model, and imprecision associated with the results. 

Included in result section 

Generalisability/ 
translation 

18 Comment on whether, and how, the findings of this study are likely to generalise 
to other species or experimental conditions, including any relevance to human 
biology (where appropriate). 

Line 96-106 

Protocol 
registration 

19 Provide a statement indicating whether a protocol (including the research 
question, key design features, and analysis plan) was prepared before the study, 
and if and where this protocol was registered. 

Prior to the study, a 
complete experimental 
protocol has been 
submitted to Animal Ethic 
Committee for approval 

Data access 20 Provide a statement describing if and where study data are available. Data is applicable upon 
request.  

Declaration of 
interests 

21 a. Declare any potential conflicts of interest, including financial and non-financial. 
If none exist, this should be stated. 

b. List all funding sources (including grant identifier) and the role of the funder(s) 
in the design, analysis and reporting of the study. 

We declare no competing 
interest.  
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L. rhinocerotis extraction 

For preparation of hot water extract, the dried crude powder was extracted using hot water 

percolation in a sohxlet. Firstly, 50 g L. rhinocerotis sclerotium was inserted into an 

extraction thimble (22 mm internal diameter and 90 mm external length) and 600 ml of 

purified distilled water was used as a solvent. Following extraction, the extract was filtered 

using a filter paper before being concentrated with a rotary evaporator followed by freeze 

drying (into a lyophilized powder form). Extraction of 50 g mushroom powder yielded 

approximately 5 g of L. rhinocerotis extract (LRE).  

 

Ovalbumin (OVA)-induced rat model of asthma 

Sensitization, challenge and treatment  

Male Sprague Dawley rats, age between 6-8 weeks (200 -300 g) were used in this 

experiment. The animals were acclimatized for one week prior to the experiment. The 

animals were randomised into six groups (n=5 /group): 1) normal group 2) OVA, sensitised 

and challenged with 1% OVA 3) LRE125, sensitised and challenged with OVA; treated with 

oral LRE (125 mg/kg) (4) LRE250, sensitised and challenged with OVA; treated with oral 

LRE (250 mg/kg) (5) LRE500, sensitised and challenged with OVA; treated with oral LRE 

(500 mg/kg) (4) Dex, LRE125, sensitised and challenged with OVA; treated with 

dexamethasone (3 mg/kg). The challenge and treatment periods were carried out for seven 

days. On day 23, the rats were challenged by an aerosol of 1% OVA for 20 min/day for 7 

days. The animals were placed in a restrainer tube and were given aerosolized 1% OVA 

solution via an ultrasonic nebulizer (Mabist mist, USA) (Figure A). The rats were 

administered with oral injection of respective dosage of LRE after each challenge for 7 days. 



The animals were sacrificed within 24 hours after the last challenge on day 29. The optimal 

dosage for the subsequent study was then selected based on this study. 

 
Figure A. Experimental protocol for establishment of OVA-induced airway inflammation 
rodent model and treatment. 
 

Sacrifice, blood and bronchoalveolar lavage fluid collections and lung retrieval  

Sprague Dawley rats were anesthetized with ketamine and xylazine at 100 mg/kg and 10 

mg/kg per body weight respectively. Blood (5 ml) was collected from all rats by cardiac 

puncture. Serum was obtained by centrifuging the blood at 500 g for 10 minutes and then 

stored at -70°C until used. BALF was obtained from the rats’ trachea using an endotracheal 

tube by instillation and aspiration with 3 ml PBS solution. BALF was then transferred into a 

centrifuge tube, centrifuged at 500 g for 10 minutes, and the supernatant was collected and 

stored at -70°C for cytokine analysis. BALF pellet was used for eosinophils and total cell 

counts. The lungs were removed, rinsed with PBS, weighed and fixed in 10% formalin 

overnight for histology analysis. 

 

 

 

 



 Measurement of total IgE in serum 

Total immunoglobulin E (IgE) was measured by specific rat ELISA kit according to the 

manufacturer's instructions. Serum (100 μl) was added into the pre-coated well of anti-IgE 

antibodies and incubated for 1 hour at room temperature. The contents of the wells were then 

aspirated. This was followed by the addition of 100 μl of enzyme-antibody conjugate before 

the reaction was incubated for 1 hour at room temperature for 60 minutes in the dark. The 

plate was then washed for four times (2 minutes each). Finally, the enzyme bound to the 

immunosorbent was assayed by the addition of 3,3',5,5'-Tetramethylbenzidine (TMB). The 

stop solution was then added. IgE level in each sample was measured using optical density at 

450 nm followed by a calculation based on a standard curve that was generated using a 

recombinant IgE. 

 

Measurement of T helper 2 (Th2) cytokines in BALF  

An ELISA was performed according to the manufacturer's instructions. Interleukin (IL)-4, 

IL-5 and IL-13 in BALF were measured using specific rat IL-4, IL-5 and IL-13 ELISA kits. 

BALF supernatant (100 μl) was added in the pre-coated well of specific antibody and was 

incubated for 2 hours at 37°C. This was followed by the addition of 100 μl of biotin-antibody 

and the reaction incubated for 1 hour at 37°C. The wells were aspirated and washed for three 

times (2 minutes each). Then, 100 μl of HRP-avidin was added into each well followed by 

incubation for 1 hour in the dark. After that, the reaction was washed for four times as above, 

followed by the addition of 90 μl of TMB substrate. The samples were incubated for 30 

minutes at 37°C followed by the stop solution. The bound enzyme that was proportional to 

the respective cytokine concentration was measured at absorbance 450 nm. Cytokine’s 

concentrations were calculated from standard curves generated using similar type of 

recombinant interleukins.  



 

Histopathological analysis of the lungs  

After sacrifice, the rat’s lungs were fixed by immersing in 10% formalin overnight. The lungs 

were sliced into sections and placed in a tissue cassette overnight for tissue processing which 

involved dehydration, clearing and paraffin wax infiltration. Fixed specimens were 

dehydrated in 70%, 95%, 95%, 100% (1), 100% (2) and 100% (3) ethanol for 1.5 hour 

respectively. For the clearing process, the tissue cassettes were fixed with 50:50 solution 

(100% ethanol: xylene) for 1 hour, followed by fixation in xylene (1) and xylene (2) for 1 

hour respectively. In infiltration (embedding), the paraffin wax was used at 56-57°C for 1 

hour. After completion, the lungs tissues, were embedded with paraffin before being allowed 

to cool. Paraffin embedded tissue sections were fixed (4 µm) on polysine coated slides and 

were dried overnight at 37°C.  

 

Haematoxylin and eosin staining 

The lungs tissue sections were deparaffinized with two changes of xylene for 10 minutes 

each. The tissues were then rehydrated in two changes of 100% alcohol for 5 minutes each. 

Following fixation in 95% alcohol and 70% alcohol for 2 minutes respectively, the slides 

were washed briefly in distilled water. Then, the slides were stained in Harris hematoxylin 

solution for 8 minutes before washing in a running tap water for 5 minutes. Next, the slides 

were differentiated into a 1% acid alcohol for 30 seconds before washing for 1 minute. For 

bluing step, the slides were fixed in 0.2% ammonia water for 10 seconds. The slides were 

washed for 5 minutes and rinsed in 95% alcohol, counterstained in Eosin solution for 1 

minute then dehydrated through alcohol series of 95% and 2 changes of 100% alcohol, 5 

minutes each. Finally, the slides were cleared by two changes of xylene for 5 minutes each. 

The tissues were subsequently mounted and cover-slipped with di-n-butyl phthalate in xylene 



(DPX mount). Eosinophil cell infiltration into peribronchial/perivascular areas was evaluated 

and graded according to the following criteria adapted from Lee et al. (2007). The whole lung 

sections were then assigned with a scoring system between 0 and 4 where; 

0: no cells 

1: a few cells 

2: a ring of cells 1 cell layer deep 

3: a ring of cells 2–4 cells deep  

4: a ring of cells > 4 cells deep 

For each rat, randomly distributed airway sections in the lung were analysed and their 

mean scores were calculated. The inflammation was evaluated by a double-blind scoring 

method. Quantitative analysis of lung inflammation score was performed by using a Mirax 

Image viewer. The cell infiltration intensity of inflammation at peribronchial and perivascular 

regions was scored as the approximate number of cells layers around the vessels or the 

bronchioles. Most severe region of infiltration was viewed as the representative section since 

each tissue section has infiltration intensity that varies for each vessel and airway (Jeong et 

al., 2010).  

 

Periodic acid–Schiff (PAS) staining 

The lung tissue sections were deparaffinized with two changes of xylene of, 10 minutes each. 

The tissues were then re-hydrated with two changes of 100% alcohol for 5 minutes each. 

Following fixation in 95% alcohol and 70% alcohol for 2 minutes respectively, slides were 

washed briefly in distilled water. The slides were stained in PAS for 5 minutes before a 

washing step in running water for 5 minutes. Slides were counterstained in Gill III 

Haematoxylin solution for 90 seconds. The slides were rinsed again in water and then 

dehydrated through alcohol series of 95% and two changes of 100% alcohol for 5 minutes 



each. Finally, the slides were cleared at two changes of xylene, 5 minutes each. The tissues 

were subsequently mounted and cover-slipped with DPX mount. Goblet-cell hyperplasia in 

airway epithelium was quantified based on a five-point system (Lee et al., 2010) where; 

0: no goblet cells 

1: <25% of epithelium 

2: 25–50% of epithelium 

3: 51–75% of epithelium  

4: >76% of epithelium 

Randomly distributed airways were analysed, and the average scores were quantified 

for mucus production using Mirax Image viewer. 

 

Cell subsets analysis by flow cytometry 

BALF pellet of 1×106 total cells were stained with antibodies namely CD4+ FITC, CD25+ PE 

and Foxp3+ APC (1 μg/ml concentration each) for detection of regulatory T cells (Jin et al., 

2013). The cells were stained for 30 minutes at 4°C in the dark. Next, the cells were fixed and 

permeabilized using fixation/permeabilization solution for 30 minutes and were subsequently 

stained with anti-rat Foxp3 PE. The cells were resuspended in 500 μl PBS and were analysed 

by an Accuri flow cytometry.   

For eosinophils detection, the cells were stained with CD3+ PE (to stain T cells), RP-

1+ PE (to stain neutrophils) and HIS48+ FITC (to stain eosinophils) (Werner-Klein et al., 

2008) at 1 μg/ml concentration each.  The cells were resuspended in 500 μl PBS and were 

analysed by Accuri flow cytometry.  A single tube was used with antibodies combination. All 

antibody concentrations for staining were based on the data supplied by the manufacturers 

following the initial optimizations. Background fluorescence was assessed by the appropriate 



isotype and the relevant fluorochrome control monoclonal antibody to define the percentage 

of positive cells. 

 

Allergy and asthma pathway-related genes array analysis 

RNA extraction 

RNA samples of high quality were ensured by maintaining the appropriate working 

environment, laboratory apparatus such as electrophoresis chamber, pipettors and other non-

disposable plasticwares and glass wares sterilized with RNase Zap® to avoid contamination 

by RNases. The pipette tips and microcentrifuge tubes were sterilized to be RNase-free. A 

working solution of 70% (v/v) alcohol was prepared using DEPC-treated water for an RNase-

free environment. RNA was isolated from lung tissues harvested from all group of animals 

which were sacrificed and stabilized in RNAlater solution at -80ºC. RNA extraction was 

performed using RNeasy® Mini kit as described by the manufacturer (Qiagen, USA). Briefly, 

the tissues (not more than 30 mg) were disrupted and homogenized using a mortar and pestle 

followed by the addition of Buffer RLT to lyse the cells. The homogenized lysate was added 

with 70% ethanol and transferred to RNeasy spin column before centrifugation for 15 

seconds at 8000 g. The flowthrough in the collection tube was mixed well with 70% ethanol 

and transferred to an RNeasy spin column placed in a new collection tube, followed by 

centrifugation for 15 seconds at 8000 g. The flowthrough was discarded. Similar steps were 

repeated using buffers RW1 and RPE. To ensure that there was no excess ethanol during the 

RNA elution, RNeasy spin column was centrifuged for 2 minutes at 8000 g after the addition 

of a second Buffer RPE. Finally, RNase-free water was directly added to the RNeasy spin 

column membrane and centrifuged for 1 minute at 8000 g to elute the RNA.  

The integrity of RNA was confirmed by agarose gel electrophoresis. RNA 

concentration and purity were quantified using spectrophotometry by measuring the 



absorbance at 260 nm and 280 nm (A260/A280) and 260 nm and 230 nm (A260/A230). The 

range value of approximately 1.8 to 2.0 is optimal for RNA purity. Intact mammalian total 

RNA demonstrated sharp and clear 28S band and 18S band upon gel electrophoresis. All the 

samples were standardized as 1 µg/µl. Finally, RNA samples were stored at –80ºC for up to 6 

months. 

 

cDNA synthesis 

The same amount of total RNA (5 μg) from each sample was reverse transcribed to cDNA in 

a final volume of 20 μl using RT2 First strand kit. The genomic DNA elimination mix was 

prepared (Table A) and mixed for each sample before incubation at 42oC for 5 minutes and 

was placed immediately on ice for 1 minute. The samples were added with a reverse-

transcription mix (Table B), mixed and incubated at 42oC for 15 minutes. The reaction was 

later immediately stopped by further incubation at 95oC for 5 minutes. The cDNA samples 

were then diluted by adding 91 µl RNase-free water and finally stored at -20°C until used.  

 

Agarose gel electrophoresis 

Agarose gel 1.0% (w/v) was prepared by dissolving 0.4 g of agarose powder with 40 ml of 1× 

LB buffer. The mixture was heated in a microwave for 1 minute. The agarose was cooled 

under a running tap water. The melted agarose was further added with 3 µl of SYBR® safe 

for staining and was mixed well before pouring into the casting tray which was already 

assembled with a comb. The gel was allowed to solidify at room temperature before placing 

into an electrophoresis tank filled with 1× LB buffer. For every sample, 1 µl of loading buffer 

was added to 5 µl of sample and was mixed well before loading into each well. DNA marker 

(1 kb) was assigned to the first lane. Electrophoresis was conducted at 90 V for 50 minutes. 

Bio-Rad gel doc imaging system was used to visualize and capture the bands. 



 

 

 

Table A. Brief procedures of genomic DNA elimination mix RT2 first strand kit  

Component 
Volume / reaction (µL) 

Sample per reaction (1×) 

RNA                 5.0  ( 5 µg) 

Buffer GE     2.0  

RNase-free water                                     3.0  

Total per reaction                                   10.0 

 

Table B. Brief procedures of reverse-transcription mix RT2 first strand kit (Qiagen, USA) 

Component 
Volume / reaction (µL) 

Sample per reaction (1×) 

2× Buffer BC3                      4.0  

Control P2                      1.0 

RE3 Reverse Transcriptase mix                      2.0  

RNase-free water                      3.0 

Total per reaction                      10.0 

 

RT2 Profiler PCR array (Rat allergy and asthma pathway-related genes)  

The RT² Profiler PCR Array is a SYBR Green-optimized 96-well plate assay designed to 

investigate a panel of specific allergy and asthma pathway-related genes. To perform PCR 

array, 5 ng total RNA was subjected to real-time PCR cycle, with enzyme activation at 95°C 



for 10 minute, 40 cycles of denaturation at 95°C for 15 seconds, 60°C for annealing and 

extension for 1 minute each.  

The CT (comparative) method was used for data analysis and each gene fold-change 

was calculated as the difference in gene expression of the gene of interest and the reference 

house-keeping genes [β-actin (Actb), beta-2 microglobulin (B2m), hypoxanthine 

phosphoribosyltransferase 1 (Hprt1), lactate dehydrogenase A (Ldha) and ribosomal protein 

large P1 (Rplp1)], followed by delta-delta CT calculations [delta CT (Test Group)-delta CT 

(Control Group)]. Data analysis was performed using the manufacturer’s PCR array data 

analysis web portal.  

 

House dust mite–induced mouse model of asthma 

Female Balb/c mice were randomised into six different groups. (1) normal control (2) HDM, 

sensitised and challenged with HDM (3) LRE125, sensitised and challenged with HDM; 

treated with oral LRE (125 mg/kg) (4) LRE250, sensitised and challenged with HDM; treated 

with oral LRE (250 mg/kg) (5) LRE500, sensitised and challenged with HDM; treated with 

oral LRE (500 mg/kg) (6) Dex, sensitised and challenged with HDM; treated with i.p 

dexamethasone (3 mg/kg).  

Prior to the animal work, HDM was dissolved and prepared to a concentration of 

5000 μg/ml in PBS, and then was aliquoted and frozen at -20oC until use. In this study, 100 

µg of whole body HDM extract in 20 μL phosphate-buffered saline (PBS) was introduced 

into female Balb/c mice intranasally on day 0, and subsequently exposed to 10 μg of HDM in 

20 μL PBS on days 7, 8, 9, 10 and 11, followed by measurement of AHR on day 14 (adapted 

from Gregory et al. (2009) with modifications.  Intranasal administration was conducted by 

initially bringing HDM aliquots (5 μg/μL) to room temperature and vortexed for 5 seconds at 

maximal speed. An anaesthetic cocktail containing ketamine and xylazine was prepared and 



administered at a dose of 50 mg/kg ketamine and 3.3 mg/kg xylazine (i.p.). The i.p 

administration was carried out gently by grabbing the dorsum of the mouse, with its head up 

and its rear legs down, while its tail was fixed between the little and ring finger. The 

anaesthetic solution was administered into the lower left quadrant of the peritoneum (5 μL/g).  

The mouse was placed in the cage until no more vibrissae movement observed. 

Following anaesthesia, the mouse was held in a vertical position with its head up and its rear 

legs down, then 10 μL of HDM solution (at concentration that correspond to intended amount 

of HDM to be administered for sensitisation or challenge) was administered to each nostril 

dropwise using sterile tips (20 μL/mouse). The mouse was maintained in vertical position for 

at least 1 min to allow full distribution of the solution into the airways. The mouse was then 

placed in horizontal decubitus plane within the cage until the mouse returned completely to 

consciousness. LRE treatments (125, 250 and 500 mg/kg) were given orally one hour prior to 

challenge.  On day 14, the mice were anesthetised using 100 mg/kg ketamine and 10 mg/kg 

xylazine and tracheotomy was performed (Figure B). 

 

 

 

Figure B. HDM-asthma induction protocol. Animals were intranasally (i.n) sensitised using 
100 µg of HDM on day 0, this was followed by daily HDM intranasal challenged (10 µg) on 
day 7-11. Samples were collected for analysis on day 14, while animals that were scheduled 
for AHR test proceeded with their respective test.   

 

HDM sensitisation 
(100 µg i.n) 

HDM challenged 
(10 µg i.n) 

         AHR  

  

0 Day 7 8 9 10 11 14 



Measurement of airway hyperresponsiveness (AHR) 

AHR was measured on Day 14. Mice were anaesthetised by an i.p injection using 100 mg/kg 

ketamine and 10 mg/kg xylazine. A tracheotomy was then performed and trachea was 

cannulated with a tube with blunt end (20G) for connection to the nebulizer for 

administration of 1x PBS and methacholine (Sigma-Aldrich). Each mouse was placed in a 

whole-body plethysmograph chamber and ventilated mechanically by a ventilator at a tidal 

volume of 200 µl/breath and a breathing rate 150/min. Airflow and pressure changes were 

detected by respective transducers, recorder and analysed by FinePointe™ RC System 

(Buxco Research Systems, New Brighton, MN, USA) as described by Goh et al., (2012). 

Airway resistance (RI) was measured in response to increasing concentrations of 

methacholine (Mch) (1, 2, 4, 8, 16 and 32 mg/ml). PBS (10 µl) and Mch (10 µl) was added to 

the nebulizer at 4 min intervals continuously. Results were expressed as a percentage of the 

respective basal values in response to 1x PBS. 
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