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Aim: The present study investigated whether intraperitoneal treatment with the herbal formula 

B210 ([B210]; a herbal composition of Gastrodia elata and Cinnamomum cassia) can reduce 

snoring in aged rats. Also, we studied possible neural mechanisms involved in B210 treatment 

and subsequent reduced snoring in rats.

Methods and result: We compared pressure and frequency of snoring, activities of phrenic 

nerve (PNA), activities of recurrent laryngeal nerve (RLNA) and activities of hypoglossal nerve 

(HNA), inspiratory time (T
I
) and expiratory time (T

E
) of PNA, and pre-inspiratory time (Pre-T

I
) 

of HNA in aged rats between sham and B210 treatment groups (30 mg/mL dissolved in DMSO). 

We found that aged rats that received B210 treatment had significantly reduced pressure and 

frequency of snoring than rats who received sham treatment. Also, we observed that aged rats 

that received B210 treatment had significantly increased PNA, RLNA, and HNA, extended T
I
 

and T
E
 of PNA, and prolonged Pre-T

I
 of HNA compared to rats that received sham treatment. 

In other words, B210 treatment may relieve snoring through modulating activities and breathing 

time of upper airway related nerves in aged rats.

Conclusion: We suggested that the B210 might be a potential herbal formula for snoring 

remission.

Keywords: Chinese herbal medicine, snoring remission, upper airway, phrenic nerve, recurrent 

laryngeal nerve, hypoglossal nerve

Introduction
Sleep disordered breathing such as serious snoring and sleep apnea is common in 

aging.1 Snoring is a sign of resistance to the passage of air into the lungs and also a 

sign of breathing problems.2 Many studies have reported that sleep disordered breath-

ing, such as snoring, was connected with many causes of death such as hypertension, 

myocardial infarction, and stroke.3–5 Electrical stimulation of the upper airway dilator 

muscles to reduce snoring has been used for many years, however, most people do 

not want intrusive surgery.6 Allover the world, including Taiwan, many patients 

with serious snoring are unwilling to use continuous positive airway pressure and 

to undergo surgery. Thus, seeking a potential traditional Chinese medicine as an 

alternative treatment may be another option for the treatment of serious snoring.7 

In Taiwan, the herbal formula B210 ([B210]; a herbal composition of Gastrodia 

elata and Cinnamomum cassia) is a well-known, patented Chinese herbal formula 

(patent no 361075 issued by Intellectual Property Office of Taiwan; patent owner: 

Brion Research Institute of Taiwan) for patients with sleep disorders to reduce 

snoring. However, the possible neural mechanism concerning pharmacological 
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effects of B210 in snoring remission is still unclear. The 

causes of snoring are multi-factorial, involving the com-

plex interplay between the central and peripheral nervous 

system, respiratory related nerves such as phrenic nerve, 

and upper airway related nerves such as recurrent laryngeal 

and hypoglossal nerves, and their neurotransmitters, all of 

which play a role in snoring.8

In this study, we aimed to investigate whether a tradi-

tional Chinese herbal formula such as B210, may relieve 

snoring through modulating activities of the respiratory 

related phrenic nerve, and upper airway related nerves such 

as recurrent laryngeal and hypoglossal nerves in aged rats. 

To achieve our research goals, we designed a snoring rat 

model, as described in previous studies.9–12 First, we con-

firmed whether intraperitoneal B210 treatment could reduce 

snoring in these rats. Then, the activities of phrenic nerve 

(PNA), activities of recurrent laryngeal nerve (RLNA), and 

activities of hypoglossal nerve (HNA) of the snoring rat 

model were recorded and compared before and after intra

peritoneal B210 treatment. Also, the PNA, RLNA, and HNA 

of the snoring rat model were compared between sham and 

B210 treatment groups. This is the first study to utilize neuro-

physiological methods to clarify the therapeutic mechanism 

of B210 for snoring remission in a snoring rat model. Our 

study reveals that B210 might be a potential herbal formula 

for snoring remission.

Materials and methods
Chromatographic fingerprint analysis 
of B210
B210 (Taiwan patent no 361075) was provided free of 

charge by Brion Research Institute of Taiwan. High per-

formance liquid chromatography (HPLC) fingerprints of 

individual herbal extracts and the combination of individual 

herbal extracts were generated to monitor the presence 

or absence of individual herbs of B210 (Figure 1). HPLC 

grade acetonitrile was purchased from Burdick & Jackson 

(Gyeonggi-do, Korea), along with methanol from Avantor 

(Center Valley, PA, USA). All the chemicals used were of 

analytical grade and solubilized in distilled H
2
O/MeOH. The 

combined extracts were dried and re-dissolved in 2 mL of 

50% methanol. The prescription of the herbal formula B210 

mainly contains two kinds of medicinal herbs, G. elata and 

C. cassia, in specific ratios. A total of 10 mL of B210 was 

injected into the HPLC system. For the analysis of every 

single herbal extract, an amount of extract of that herb 

equivalent to the amount of 50 mg of extract was prepared 

based on its yield, and analyzed using the method described 

previously. All samples were analyzed in triplicate.

The IC50 of B210
The half maximal inhibitory concentration (IC

50
) of B210 was 

evaluated by MTT assay. SH-SY5Y cells were plated at 37°C 

Figure 1 Chromatographic fingerprint analysis and cell viability assay for the B210.
Notes: (A) HPLC fingerprint of the B210. Characteristic peaks of the B210, ie, (a) gastrodin (peak 1) and parishin (peak 2) (from Gastrodia elata), (b) cinnamic acid (peak 3), 
cinnamaldehyde (peak 4), and 2-methoxycinnamaldehyde (peak 5) (from Cinnamomum cassia) were identified and marked at the corresponding peaks in the fingerprint. 
(B) Cell viabilities of RA-induced SH-SY5Y cells in the absence or presence of B210 at indicated doses. The IC50 of B210 is 75 mg/mL, which represents the concentration 
of B210 that is required for 50% inhibition in vitro.
Abbreviations: AU, arbitrary unit; B210, herbal formula B210; HPLC, high performance liquid chromatography; IC50, half maximal inhibitory concentration; RA, retinoic acid.
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with 5% CO
2
 for 24 hours. Then, SH-SY5Y cells were treated 

with B210 (10–160 mg/mL dissolved in DMSO) for 24 hours 

to determine the IC
50

 of cytotoxicity. After incubation with 

100 μL of MTT solution (0.5 mg/mL) at 37°C for 3 hours, 

100 μL of 10% sodium dodecyl sulfate-0.01N HCl solution was 

added to each well and incubated at 37°C overnight to dissolve 

the formazan. The absorbency was measured at 570 nm with 

an ELISA reader (uQuant, BioTek Instruments Inc., Winooski, 

VT, USA), and the results were expressed as the relative cell 

viability of treated cells against those of the controls.

Animal preparation
Twenty-two aged male Wistar rats of 30–36 months old 

(486 ± 19 g) were used in this study. All rats were housed in 

a room kept at 25°C with access to water and food ad libitum. 

Experiments were performed with the consent of the Animal 

Care and Use Committee of National Taiwan Normal University 

(NTNU-ACUC-101017) under the guidelines of Taiwan Animal 

Protection Law for the welfare of animals. The research involves 

animal experiments and has considered the 3R rules of Replace, 

Reduce, and Refine to optimize the experimental design.

Before experiment recording, aged rats were weighed and 

treated with atropine (0.5 mg/Kg, intramuscular injection) to 

reduce bronchial secretion. After 30 minutes, the animals were 

anesthetized with urethane (1.2 g/Kg, intraperitoneal injection). 

Tracheal and vascular intubations were applied for spontane-

ous breathing. Then, the blood pressure was measured and 

the saline was administered by way of these intubations. The 

end-tidal fractional concentration of CO
2
 was continuously 

monitored with a CO
2
 analyzer (Model CD-3A carbon dioxide 

analyzer, AEI Technologies, Inc., Pittsburgh, PA, USA). The 

body temperature was maintained at 37°C–38°C with a heat 

blanket or lamp. In this study, six rats were used for snoring 

assessment, eight rats were used for neural activity recording 

of PNA and RLNA, and seven rats were used for recording of 

PNA and HNA. Data of the experimental groups were obtained 

from aged rats that received intraperitoneal B210 treatment. 

Preparation method for B210 was 30 mg/mL dissolved in 

DMSO. The dosage of B210 was 150 mg/Kg for each intra-

peritoneal treatment. Preparation method for sham treatment 

was used with the DMSO injection volume of 5 mL/Kg.

Snoring assessment
Snoring pressure and frequency of anesthetized rats was 

assessed before and after intraperitoneal B210 treatment 

(30 mg/mL dissolved in DMSO; the pH value was close 

to 7.0). As described in the Introduction section, we designed 

a snoring rat model as described in previous studies.9–12 

Snoring pressure and frequency in the anesthetized rats was 

measured in a supine position. Partial upper airway obstruc-

tion and snoring were produced via external compression 

of the pharynx with a miniature sandbag. Sound pressure 

(P
SOUND

) and sound frequency (F
SOUND

) were measured by 

using a cardioid polar pattern studio condenser microphone 

(CAD M37, CAD Professional Microphones, Menton, OH, 

USA) positioned at 30° to the vertical and at a distance of 

1.5 cm from the rat’s mouth. The microphone has a frequency 

response of 20 Hz–20 kHz and operates linearly between 

50 Hz and 3 kHz with a manufacturer-specified sensitivity. 

The microphone was interfaced with a preamplifier (Symetrix 

SX202, Symetrix, Mountlake Terrace, WA, USA), providing 

the signal with a gain of 55 dB. In this study, snoring was 

induced via compression of the pharyngeal tissues by using a 

miniature sandbag (weighing 10.0 g) placed on the skin of the 

neck just above the larynx, forcing partial obstruction of the 

pharynx. In this study, we kept a constant pressure on the neck 

of rats before and after intraperitoneal B210 treatment.

Recording of PNA, RLNA, and HNA
The phrenic nerve of the anesthetized rat was isolated via a 

dorsolateral approach at the spinal level of C4–C5 and cut 

peripherally. The recurrent laryngeal nerve of the anesthetized 

rat was dissected along the trachea on the right side and was cut 

distally. The hypoglossal nerve of the anesthetized rat on the 

left side was separated via a ventral approach and cut distally. 

Then the PNA, RLNA, and HNA of rats were continuously 

recorded before and after intraperitoneal sham or B210 treat-

ment for at least 30 minutes. The PNA, RLNA, and HNA were 

monitored by a bipolar electrode, amplified by a differential 

amplifier (Grass P511 AC amplifier, Grass Instruments Co., 

West Warwick, RI, USA), filtered (0.3–3 kHz), and integrated 

by a homemade integrator (time constant = 0.02 s). Neural 

signals were displayed on a digital oscilloscope (Tektronix 

TDS420A Oscilloscope, Tektronix, Inc., Beaverton, OR, USA) 

and stored simultaneously on the hard disc via the PowerLab 

system (ADI Instrument, Colorado Springs, CO, USA).

Statistical analysis of data
Data were retrieved and analyzed by software written in the 

Visual C++ language. Neural discharges of 20 respiratory 

cycles before and after 30 minutes of sham treatment were 

computed and averaged as the negative control group and 

positive control group, respectively. The rats that received 

sham treatment were treated with intraperitoneal solvent. 

Neural discharges of 20 respiratory cycles before and after 

30 minutes of intraperitoneal B210 treatment were computed 
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and averaged as the no-treatment control group and the 

experimental group, respectively. For the purpose of uniform 

comparison, the pressure (P
SOUND

) and frequency (F
SOUND

) of 

snoring, and the PNA, RLNA, and HNA after 30 minutes of 

intraperitoneal B210 treatment were taken as experimental 

data, which were further transformed into percentage of pre-

treatment data, while real inspiratory time (T
I
), expiratory 

time (T
E
), and pre-inspiratory time (Pre-T

I
) of aged rats were 

obtained from the neurograms of PNA and HNA individually. 

We quantified and then compared the relative PNA, RLNA, 

HNA, and real T
I
, T

E
, and Pre-T

I
 in rats that received sham 

and B210 treatments by Student’s t-test. All values were 

expressed as mean ± standard error of the mean (SEM). 

P-values of at least 0.05 were considered significant.

Results
Characterization of B210
HPLC fingerprints showed that the combination of indi-

vidual herbal extracts had a pattern consistent with that of 

the standard product. By comparing the on-line ultraviolet 

spectra and retention times, peaks in the standard product with 

those of the individual herbal extracts, this showed that active 

ingredients of B210 such as gastrodin (formula: C
13

H
18

O
7
;  

molecular weight [MW]: 286.27 g/mol) and parishin 

(formula: C
45

H
56

O
25

; MW: 996.92 g/mol) from G. elata, 

cinnamic (formula: C
9
H

8
O

2
; MW: 148.16 g/mol), cin-

namaldehyde (formula: C
9
H

8
O; MW: 132.16 g/mol), and 

2-methoxycinnamaldehyde (formula: C
10

H
10

O
2
; MW: 

162.19 g/mol) from C. cassia were identified and marked 

at the corresponding peaks in the fingerprint (Figure 1A). 

As detected by MTT assay, the IC
50

 of B210 is 75 mg/mL, 

which represents the concentration of B210 that is required 

for 50% inhibition in vitro (Figure 1B).

Effects of the B210 treatment on snoring 
of aged rats
An example of the P

SOUND
 and F

SOUND
 of snoring of a rat before 

and after 30 minutes of intraperitoneal B210 treatment is 

Figure 2 B210 treatment obviously reduced snoring pressure and frequency in the snoring rat model.
Notes: (A) Example of sound pressure (PSOUND) and sound frequency (FSOUND) of snoring in a rat before (a) and after 30 minutes of intraperitoneal B210 treatment (b).  
(B) Quantified relative PSOUND (a) and FSOUND (b) of rats with sham and intraperitoneal B210 treatment. The rats which received sham treatment were treated with 
intraperitoneal solvent. Values are mean ± SEM (N=6, **P0.01 by Student’s t-test).
Abbreviations: B210, herbal formula B210; SEM, standard error of the mean.
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demonstrated in Figure 2A. We observed that the maximal 

P
SOUND

 and the highest F
SOUND

 of snoring of a rat before B210 

treatment was approximately 50 dB SPL and 16 kHz indi-

vidually (Figure 2Aa). After 30 minutes of B210 treatment, 

we observed that the maximal P
SOUND

 and the highest F
SOUND

 of 

snoring of a rat was approximately 20 dB SPL and 9 kHz indi-

vidually (Figure 2Ab). In Figure 2B, we quantified the relative 

snoring pressure and frequency of rats that received sham and 

B210 treatments. We found that both the relative snoring pres-

sure and frequency in rats that received B210 treatment reduced 

significantly compared to those rats that received sham treatment 

(Figure 2Ba, b, N=6, P0.01 by Student’s t-test).

Effects of the B210 treatment on PNA 
and RLNA of aged rats
An example of PNA and RLNA of a rat before and after 

30 minutes of intraperitoneal B210 treatment is demonstrated 

in Figure 3A. PNA and RLNA of a rat obviously increased 

after 30 minutes of intraperitoneal B210 treatment. Also, the 

T
I
 and T

E
 of a rat was extended after 30 minutes of intraperi-

toneal B210 treatment. In Figure 3B, we quantified and then 

compared the relative PNA and RLNA, and we found that 

both the relative PNA and RLNA of rats with B210 treatment 

significantly increased compared to those of rats with sham 

treatment (N=8, P0.01 by Student’s t-test). Moreover, in 

Figure 3C, we quantified and then compared real T
I
 and T

E
 

of PNA in aged rats between sham and B210 treatments, 

and we found that both the real T
I
 and T

E
 of rats with B210 

treatment were significantly extended compared to those of 

rats with sham treatment (N=8, P0.05 by Student’s t-test).

Effects of the B210 treatment on PNA 
and HNA of aged rats
An example of PNA and HNA of a rat before and after 

30 minutes of intraperitoneal B210 treatment was demon-

strated in Figure 4A. PNA and HNA of a rat were obviously 

enhanced after 30 minutes of intraperitoneal B210 treatment. 

Also, T
I
, T

E
, and Pre-T

I
 of a rat were extended after 30 minutes 

of intraperitoneal B210 treatment. In Figure 4B, we quantified 

and then compared the relative PNA and HNA, and we found 

that both the relative PNA and HNA of rats with the B210 treat-

ment were significantly increased compared to those of rats 

with sham treatment (N=8, P0.01–0.05 by Student’s t-test). 

Moreover, in Figure 4C, we quantified and then compared real 

T
I
 and T

E
 of PNA, and Pre-T

I
 of HNA in rats between sham 

and B210 treatments, and we found that real T
I
, T

E
, and Pre-T

I
 

Figure 3 B210 treatment significantly increased activities of phrenic and recurrent laryngeal nerves, and extended breathing time in the snoring rat model.
Notes: (A) An example of activities of phrenic nerve (PNA) and activities of recurrent laryngeal nerve (RLNA) of an aged rat before (a) and after 30 minutes of intraperitoneal 
B210 treatment (b). The scale of time is 1 s per grid. (B) Quantified comparison of (a) relative activities of PNA and RLNA, and (b) inspiratory time (TI) and expiratory time 
(TE) of PNA in aged rats between sham and B210 treatment. The rats that received sham treatment were treated with intraperitoneal solvent. Values are mean ± SEM (N=8, 
**P0.01, *P0.05, by Student’s t-test).
Abbreviations: B210, herbal formula B210; SEM, standard error of the mean.
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Figure 4 B210 treatment significantly increased activities of phrenic and hypoglossal nerves, and extended breathing time in the snoring rat model.
Notes: (A) An example of activities of phrenic nerve (PNA) and activities of hypoglossal nerve (HNA) of an aged rat before (a) and after 30 minutes of intraperitoneal B210 
treatment (b). (B) Quantified comparison of relative activities of PNA and HNA in aged rats between sham and B210 treatment. (C) Quantified comparison of (a) inspiratory 
time (TI) and (b) expiratory time (TE) of PNA, and (c) pre-inspiratory time (Pre-TI) of HNA in aged rats between sham and B210 treatment. The rats that received sham 
treatment were treated with intraperitoneal solvent. Values are mean ± SEM (N=8, **P0.01, *P0.05, by Student’s t-test).
Abbreviations: B210, herbal formula B210; SEM, standard error of the mean.

of rats with the B210 treatment were significantly extended 

compared to those of rats with sham treatment (Figure 4C, 

N=8, P0.01–0.05 by Student’s t-test).

Discussion
B210 mainly contains two kinds of medicinal herbs; G. elata 

and C. cassia in specific ratios. When compared to the tradi-

tional Chinese medicine, we know that none of these herbs 

have much therapeutic value, and to use any of them alone 

may prove problematic. This is the reason why we used a 

combined herbal formula to treat snoring in aged rats. An 

ingredient of B210, shown in Figure 1A, the extract of G. elata 

has been reported to be used for the treatment of headaches, 

dizziness, tetanus, and epilepsy.13 Novel pharmacological 

effects such as anti-angiogenic, anti-inflammatory, and anal-

gesic activities have also been demonstrated in G. elata.14 

Cinnamaldehyde, a major constituent of C. cassia, might 

exert anti-inflammatory and anti-depressant-like effects in 

aged rats when targeting the hippocampus and the frontal cor-

tex.15 Taken together, B210 might have protective effects via 

reducing oxidative stress, inflammation, and depression-like 

effects. Furthermore, the clinical cases of more severe snoring 

showed great improvement after treatment with B210.

In general, snoring is caused by vibration of the soft 

tissues in the throat such as vocal cords and tongue. 

Contraction of the posterior cricoarytenoid muscles, which 

are controlled by the intralaryngeal abducent branch of 

the RLNA, dilates the vocal cords during inspiration and 

reduces airflow resistance.16 In this study, we observed 

that aged rats had enhanced inspiratory PNA and RLNA 

after intraperitoneal B210 treatment (Figure 3). It has been 

suggested that promoting RLNA may expand vocal folds 

in the upper airway. This is a very reasonable explanation 

as to why the B210 treatment may relieve snoring through 

promoting RLNA and expanding vocal folds in aged rats. 

Also, we observed that these aged rats had extended T
I
 and 

T
E
 after intraperitoneal B210 treatment (Figure 3). Breathing 

time is the time taken for a single breath which consists of 

T
I
 and T

E
. These inspiration and expiration times of rats 

may be modified and adapted for various physical condi-

tions and human needs. The relationships of T
I
 and T

E
 to 

end-inspiratory volume were approximately linear over the 

entire tidal volume range. In other words, extended T
I
 and 

T
E
 may enhance tidal volume of the lung. It is reasonable to 

postulate that the B210 treatment may enhance ventilation 

and relieve snoring in aged rats.

In addition to the recurrent laryngeal nerve, the hypo-

glossal nerve, and the intrinsic and extrinsic genioglossus 

also play an important role in snoring remission. The genio-

glossus muscle participates in a variety of motor functions 
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such as phonation, swallowing, licking, mastication, and 

respiration.17–20 Studies in humans suggest that exercise 

can enhance HNA and then reduce upper airway airflow 

resistance during breathing.21 Respiratory-related discharge 

in the hypoglossal nerve is composed of pre-inspiratory and 

inspiratory activity.22 Pre-inspiration phase, only present in 

the HNA recording, corresponded to burst activity prior to 

the onset of PNA. By dilating the pharyngeal airway before 

inspiration, HNA may be particularly important in reducing 

upper airway airflow resistance during breathing.23,24 In this 

study, we observed that aged rats, after intraperitoneal 

B210 treatment, immediately had enhanced PNA and HNA, 

and prolonged Pre-T
I
 (Figure 4). These results provide a 

reasonable explanation as to why B210 treatment in aged 

rats may reduce snoring, by enhancing contraction of the 

genioglossus.

In conclusion, we found that B210 treatment can cause 

upper airway patency and relieve snoring in aged rats through 

enhancing the upper airway related PNA, RLNA, and HNA, 

extending T
I
 and T

E
 of PNA, and prolonging Pre-T

I
 of HNA. 

Thus, we suggest that B210 might be a potential herbal for-

mula for snoring remission.
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