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Abstract 

Purpose: To investigate the anti-asthmatic effect of laurotetanine on allergic asthma rat model.  
Methods: Laurotetanine was extracted from the roots of Litsea cubeba (Lour.) Pers. Asthma was 
induced in rats by ovalbumin injection. Laurotetanine (20, 40, or 60 mg/kg) was administered orally to 
the rats for 21 days. Inflammatory cells and cytokines released by T-cell subsets Th1 and Th2 in the 
bronchoalveolar lavage fluid were determined. Serum immunoglobulin E (IgE) and histamine, in addition 
to expression of mucin 5AC (MUC-5AC), nuclear factor-kappa B (NF-κB), and an inhibitor of NF-κB 
(IκB) in lung tissues were also evaluated. 
Results: Laurotetanine treatment (20, 40, 60 mg/kg) significantly reduced inflammatory cells, including 
eosinophils, neutrophils, lymphocytes, and macrophages in treated rats compared with control animals 
(p < 0.01). Inflammatory cytokines, viz, interleukin (IL) -4, IL-6, IL-13 were also significantly (p < 0.01) 
decreased by laurotetanine treatment (20, 40, 60 mg/kg), whereas interferon gamma (IFN-γ) was 
increased (p < 0.01). Serum IgE and histamine were significantly reduced (p < 0.01) by laurotetanine 
(20, 40, 60 mg/kg). Furthermore, MUC5AC expression in lung tissues was significantly (p < 0.01) down-
regulated by laurotetanine (20, 40, and 60 mg/kg, but NF-κB and IκB were significantly (p < 0.01) up-
regulated by laurotetanine (20, 40, and 60 mg/kg).  
Conclusion: Laurotetanine exerts an anti-asthmatic effect in rats by inhibition of IgE, histamine, and 
inflammatory reactions via down-regulating MUC5AC and NF-κB signaling pathways. This finding 
justifies the need for further development of laurotetanine as a potential anti-asthmatic drug. 
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INTRODUCTION 
 
Allergic asthma is a common, intractable, allergy-
related airway disease that is seriously affecting 
the quality of life of millions people of all ages 
around the world [1,2]. Allergic asthma is 
characterized by severe airway inflammatory 

reactions, airflow obstruction, airway 
hyperreactivity, and excessive sputum in airways 
[3,4]. Recent epidemiological research indicates 
that allergic asthma morbidity and mortality have 
been increasing dramatically for decades and 
that there are currently more than 300 million 
patients with allergic asthma worldwide [4]. 
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However, currently available drugs, such as 
inhalation corticosteroids and 2-ߚ-agonists, can 
only temporarily control or relieve allergic asthma 
symptoms [5]. Therefore, there is an urgent need 
to develop more effective drugs to treat allergic 
asthma symptoms. 
 
Recently, more attention has been focused on 
herbal medicines and their curative effects on 
immune-related diseases, such as allergic 
asthma, rheumatoid arthritis (RA), and cancers 
[6,7]. The root of Litsea cubeba (Lour.) Pers. (L. 
cubeba) has been used as a folk herbal medicine 
to treat asthma, RA, and other inflammatory 
disorders for many years in China [8,9]. 
Nowadays, a great many monomers have been 
isolated from the root of L. cubeba, some of 
which possess anti-inflammatory and anti-
bacterial properties [9,10]. Laurotetanine (Figure 
1) is one of the main constituents of the root of L. 
cubeba [11,12]. However, to date, there are no 
systematic experimental investigations regarding 
the anti-asthmatic effect and potential molecular 
mechanisms of action of laurotetanine or other 
active substances of L. cubeba.  
 
Consequently, the present study was designed to 
explore the anti-asthmatic properties and 
mechanism of action of laurotetanine in 
ovalbumin (OVA)-induced allergic asthmatic rats 
to advance the development of this compound as 
a novel anti-asthmatic drug. 
 

 
 
Figure 1: Structure of laurotetanine from the roots of 
L. cubeba 
 
EXPERIMENTAL 
 
Chemicals and materials 
 
The roots of L. cubeba were acquired from the 
Tongren drug store (Harbin, China). Aluminum 
hydroxide and OVA were obtained from Sigma 
Co. Ltd. (Shanghai, China). Montelukast sodium 
tablets were purchased from Hang MSD 
Pharmaceuticals Company (Hangzhou, China). 
All the enzyme-linked immunosorbent assay 
(ELISA) kits for interleukin (IL)-4,  
IL-6, IL-13, interferon (IFN)-γ, histamine, and 
immunoglobulin E (IgE) in bronchoalveolar 

lavage fluid (BALF) were purchased from 
eBioscience Biotech. Co. (Shanghai, China). 
Radio-immunoprecipitation assay (RIPA) lysis 
buffer, bicinchoninic acid (BCA) protein assay kit, 
horseradish peroxidase (HPR)-conjugated 
secondary antibodies, phosphate buffer saline 
(PBS), and enhanced chemiluminescence (ECL) 
kits were acquired from Beyotime Biotech. Co. 
(Hangzhou, China). Polyvinylidene difluoride 
(PVDF) membrane was acquired from Millipore 
Biotech. (MA, USA). The first antibodies of mucin 
5AC (MUC5AC), nuclear factor-kappa B (NF-κB) 
p65, inhibitor of NF-κB (IκB), and glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) were 
acquired from Abcam Co. (Cambridge, UK). 
 
Extraction of laurotetanine from L. cubeba 
root 
 
Extraction of laurotetanine was carried out 
according to a previously reported procedure 
[11,13]. Dried L. cubeba roots were powdered 
and subsequently extracted by reflux three times 
(2 h each time) with 75 % ethanol. The ethanol 
extracts were subsequently combined and 
evaporated to dryness under vacuum. The 
resultant residue was suspended in water and 
partitioned with petroleum ether (PE), chloroform 
(CHCl3), ethyl acetate (EtOAc), and n-butyl 
alcohol (n-BuOH). Next, the EtOAc fraction was 
subjected to successive silica gel (100–200 
mesh) column chromatography eluting with 
PE:EtOAc eluents at ratios of 20:1, 15:1, 10:1, 
5:1, 2:1, and 1:1, to afford six sub-fractions 
(Frs.Et1–Et6). 
 
Fr.Et4 was further separated with repeated silica 
gel (200–300 mesh) column chromatography 
elutions using PE:EtOAc, at a ratio of 7:1, to 
afford the pure target compound laurotetanine. 
The purity of laurotetanine was determined by 
HPLC assay, and the chemical structure of 
laurotetanine was confirmed by 1H NMR and 13C 
NMR analyses. 
 
Animal studies 
 
A total of 60 Sprague Dawley (SD) rats (180–220 
g) were purchased from SLARC Co. (Shanghai, 
China). All the animals received humane care 
following the “Guidelines for Ethical Conduct in 
the Care and Use of Non-human Animals in 
Research” [14]. The protocols were approved by 
the Animal Care and Use Committee of 
Heilongjiang University of Chinese Medicine 
(Harbin, China) (Certificate no. 20180124a-002). 
The rats were randomly divided into six groups (n 
= 10); namely, normal, asthma model control, 
positive drug control (Montelukast was used as 
the positive control drug, 30 mg/kg/day), and 
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three laurotetanine groups (20, 40, and 60 
mg/kg/day).  
 
The protocol was carried out following published 
methods with some modifications [15,16]. To 
induce asthma in rats, animals were treated with 
a mixture of 50 mg of OVA and 2 mg of 
aluminum hydroxide by intraperitoneal injection 
(ip) on the 1st and 14th days of the experiment. 
On the 21st and 28th days, rats were challenged 
with a 5% OVA saline solution administered by 
inhalation for 30 min using an OMRON ultrasonic 
nebulizer (Tokyo, Japan).  
 
All drugs were administered orally on the 28th 
and 56th days. Then, blood samples were 
collected via the abdominal aorta. The rats were 
subsequently anesthetized with pentobarbital 
sodium (40 mg/kg, ip) and euthanized. Next, cold 
PBS was infused into the bronchus and the 
BALFs were collected and stored at ˗70°C for 
future biochemical assays. Furthermore, 
inflammatory cell counts, including eosinophils, 
neutrophils, lymphocytes, and macrophages in 
BALFs, were carried out according to the 
reported method [17]. 
 
Determination of serum IgE and histamine  
 
Blood samples were centrifuged (4,000 rpm, 10 
min) to separate the serum. Then, the IgE and 
histamine in serum were measured using ELISA 
assay kits according to the manufacturer’s 
instructions. 
 
Determination of IL-4, IL-6, IL-13, and IFN-γ  
 
The cytokines in BALFs, including IL-4, IL-6, IL-
13, and IFN-γ, were measured using ELISA 
assay kits according to the manufacturer’s 
instructions. 
 
Western blot assay 
 
Lung tissues were collected and homogenized in 
RIPA lysis buffer. Tissue homogenates were 
centrifuged at 4°C and 10,000 rpm for 30 min, 
and the supernatants were collected and treated 
as the total proteins samples. The protein 
concentrations of the total proteins samples were 
determined using a BCA protein assay kit. Then, 
35 μg of proteins were separated using sodium 
dodecylsulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) and then transferred and 
blotted to a PVDF membrane.  
 
The PVDF membrane was incubated with 
primary antibodies of MUC5AC, NF-κB p65, and 
IκB, sequentially, and subsequently incubated 
with HPR-conjugated secondary antibodies. 

Next, the target protein bands were visualized by 
chemiluminescence using an ECL kit. GAPDH 
was used as the internal reference to normalize 
the loading samples. 
 
Statistical analysis 
 
Student’s t-test and one-way analysis of variance 
(ANOVA) were performed using SPSS 18.0 
(IBM, USA). All the data are represented as 
mean ± standard deviation, and a p value of less 
than 0.05 was considered significant. 
 
RESULTS 
 
Structural characteristics of laurotetanine 
extracted from Litsea cubeba 
 
Our results indicate that the purity of 
laurotetanine was > 98 % based on HPLC 
analysis using area normalization method (Figure 
2). In addition, the spectra of 1H-NMR and 13C-
NMR of laurotetanine shown in Table 1 are in 
good agreement with the reported literature data 
for laurotetanine [8,10]. 
 

 
 
Figure 2: Purity determination of laurotetanine by 
HPLC assay. HPLC assay was performed using an 
Agilent 1100 HPLC system using a C18 
chromatographic column (250 mm × 4.6 mm, 5 μm) 
eluting with MeOH – 0.2% phosphoric acid (65: 35) at 
215 nm. The flow rate was 1.0 mL/min, and the 
laurotetanine was dissolved in MeOH and sample 
injection volume was 10 μL, and the column 
temperature was 30 ºC 
 
Laurotetanine suppressed inflammatory cells 
in BALFs 
 
The effects of laurotetanine on inflammatory cells 
in BALFs (including eosinophils, neutrophils, 
lymphocytes, and macrophages) are shown in 
Figure 3. After OVA challenge, all four 
inflammatory cells of asthma control rats 
increased sharply (p < 0.01) compared to normal 
rats. However, Montelukast (30 mg/kg) 
significantly reversed the abnormal, increased 
inflammatory cells in BALFs (p < 0.01, vs. 
control). Similar to Montelukast, laurotetanine 
(20, 40, and 60 mg/kg) also significantly  
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        Table 1: 1H NMR (600 MHz) and 13C NMR (150 MHz) data for laurotetanine (CD3OD, δ, ppm) 
 

No. δH (J) δC (J)  No. δH (J) δC (J) 
1  142.95  7 2.74,3.17 (2H, m)  
1a  122.17  7a  127.03 
1b  125.03  8 6.79 (1H, s) 114.09 
2  159.06  9  144.93 
3 6.76 (1H, s) 111.02  10  143.01 
3a  126.04  11 7.69 (1H, s) 109.87 
4 2.65,2.78 (2H, m)   11a  119.67 
5 3.27,3.03 (2H, m)   1-OCH3 3.51 (3H, s) 58.13 
6a 4.15 (1H, J=12.1 Hz)   2-OCH3 3.94 (3H, s) 54.96 

    10-OCH3 3.76 (3H, s) 54.87 
 

 
 
Figure 3: Effect of Laurotetanine on eosinophils (A), 
neutrophils (B), lymphocytes (C) and macrophages (D) 
in BALFs. Data are represented as mean ± SD (n = 
10); ##p < 0.01 vs. Normal; **p < 0.01, vs. Control 
 
decreased the four inflammatory cells in BALFs 
of asthmatic rats (p < 0.01). 
 
Laurotetanine suppressed the levels of IgE 
and histamine in serum 
 
The levels of IgE and histamine in serum of 
asthmatic rats are summarized (Figure 4). After 
OVA challenge, the levels of serum IgE and 
histamine in asthma control rats significantly 
increased compared with normal rats (p < 0.01). 
However, the positive control drug Montelukast 
(30 mg/kg) significantly reduced the serum IgE 
and histamine levels in asthmatic rats (p < 0.01, 
vs. control rats). Interestingly, similar to 
Montelukast treatment, the laurotetanine 
treatments (20, 40, and 60 mg/kg) also 
significantly decreased the levels of IgE and 
histamine in the serum of asthmatic rats (p < 
0.01, vs. control rats). 
 
Laurotetanine regulated the ratio of cytokines 
released by Th1/Th2 cells 
 
The effects of laurotetanine on levels of 
cytokines of IL-4, IL-6, IL-13, and IFN-γ in BALFs 
are summarized in Figure 5. After the OVA 
challenge, the cytokines released by Th2 cells in 
BALFs (IL-4, IL-6, and IL-13) were significantly 

increased (p < 0.01) compared to the normal 
rats. In contrast, the IFN-γ released by Th1 cells 
was significantly decreased (p < 0.01) compared 
to the normal rats. Interestingly, the three 
cytokines were significantly (p < 0.01) decreased 
by treatments with laurotetanine (20, 40, and 60 
mg/kg) and Montelukast (30 mg/kg), whereas 
IFN-γ was increased significantly (p < 0.01), 
compared to control rats. 
 

 
 
Figure 4: Effect of Laurotetanine on levels of IgE and 
histamine in serum. Data are represented as mean ± 
SD (n = 10); ##p < 0.01 vs. Normal; **p < 0.01, vs. 
Control 
 

 
 
Figure 5: Effect of laurotetanine on levels of cytokines 
of IL-4, IL-6, IL-13 and IFN-γ in BALFs. Data are 
represented as mean ± SD (n = 10); ##p < 0.01 vs. 
Normal; **p < 0.01, vs. control 
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Laurotetanine regulated the expressions of 
MUC5AC, NF-κB p65, and IκB in lung tissues 
 
In order to explore the potential molecular 
mechanisms of laurotetanine, western blot 
assays were carried out to determine the protein 
expressions of MUC5AC, NF-κB p65, and IκB in 
lung tissues. As shown in Figure 6, the results 
indicate that the OVA challenge up-regulated 
MUC5AC (p < 0.01) and down-regulated NF-κB 
(p < 0.01) and IκB (p < 0.01) in lung tissues. 
However, laurotetanine treatment (40 and 60 
mg/kg) significantly decreased MUC5AC (p < 
0.01) and increased NF-κB p65 (p < 0.01) and 
IκB (p < 0.01) in lung tissues compared to control 
asthmatic rats. 
 

 
Figure 6: Effect of laurotetanine on protein 
expressions of MUC5AC, NF-κB p65 and IκB in lung 
tissues. Data are represented as mean ± SD (n = 10); 
##p < 0.01 vs. normal; **p < 0.01, vs. control 
 
DISCUSSION 
 
Natural herbal medicines have been used for 
preventing or curing diseases for thousands of 
years [7]. Yet, this study reports the anti-
asthmatic effects of a monomer (laurotetanine) 
isolated from the roots of L. cubeba on OVA-
induced allergic asthma and its potential 
molecular mechanisms for the first time.  
 
The IgE and histamine are considered as two 
crucial biomarkers for allergical diseases and 
also as two drug targets for treating allergic 
asthma [17,18]. Based on previous studies, there 
are abundant natural agents reported to be found 
from natural plants with remarkable antialleric 
effects via blocking IgE and histamine [17-19]. In 

the present study, laurotetanine suppressed IgE 
and histamine in the serum of asthmatic rats, 
indicating that laurotetanine possesses a 
potential anti-asthma property. Increasingly, 
studies are showing that over-secretion of 
MUC5AC in airway epithelial cells is a key 
feature of allergic asthma, and that down-
regulating MUC5AC is a good strategy for 
treating asthma [17,20].  
 
The present results demonstrate that 
laurotetanine possessed the potential to down-
regulate the MUC5AC in lung tissues of 
asthmatic rats. Furthermore, because airway 
inflammatory reaction is the main symptom of 
allergic asthma, controlling airway inflammation 
could be beneficial for alleviating the severity of 
allergic asthma [17,21]. To evaluate the effects of 
laurotetanine on airway inflammatory reactions in 
allergic asthma, four inflammatory cells 
(eosinophils, neutrophils, lymphocytes, and 
macrophages) in BALF were assessed, and the 
results show that laurotetanine had a good 
inhibitory effect against inflammatory cell 
production. Previous reports reveal that an 
imbalance of Th1/Th2 is crucial for allergic 
asthma and that a decrease in the cytokines 
released by Th2 cells, (e.g., IL-4, IL-6, and IL-13) 
could be helpful for controlling asthma. Thus, the 
appropriate ratio of Th1/Th2 is also beneficial for 
management of allergic diseases [15,16,18].  
 
The present results show that laurotetanine 
reduced IL-4, IL-6, and IL-13, but increased IFN-
γ, which is a cytokine released by Th1 cells. This 
finding reveals that laurotetanine could be 
beneficial for the balance of Th1/Th2. The NF-κB 
signal pathway, which is composed of two 
subunits (i.e., p50 and p65), is crucial for 
inflammation [22,23] and is generally localized in 
the cytoplasm by the IκB protein [22,24]. 
Inflammatory reactions could be triggered as NF-
κB translocates to the nucleus by dissociating 
from IκB. Also, NF-κB could further up-regulate 
the release of inflammatory enzymes and 
cytokines (e.g., TNF-α, IL-1, IL-4, IL-6, and IL-
13), thereby aggravating inflammatory reactions 
[25]. In the present results, laurotetanine up-
regulated the expressions of IκB and NF-κB p65 
in cytoplasm, indicating this compound 
possesses an inhibitory effect against the nuclear 
transfer of NF-κB. Overall, these results indicate 
that the inhibitory effects of laurotetanine on the 
NF-κB signal pathway may be a potential 
mechanism for its anti-asthmatic effects.  
 
CONCLUSION 
 
The present results indicate that laurotetanine 
exerted an anti-asthmatic effect in rats by 
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inhibiting IgE, histamine, and inflammatory 
reactions via down-regulation of the MUC5AC 
and NF-κB signal pathways in lung tissues. Thus, 
the findings lend support for the further 
development of laurotetanine as a candidate 
drug for treating allergic asthma. 
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