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Abstract
Background  Obstructive sleep apnea (OSA) is one of the foremost potential severe disorders, with frequent episodes 
of complete or partial obstructions of the upper airway during sleep. Therefore, several attempts to find an effective 
pharmacotherapy by repurposing several drugs such as serotonin reuptake inhibitors (SRIs) and norepinephrine and 
dopamine reuptake inhibitors (NDRIs) were recently considered as alternative therapeutic strategy. So, in this review, 
we will present non-conventional pharmacological approaches for managing OSA via either repurposing selected 
natural products or traditional medicine.

Evidence acquisition  Scientific databases and literature reviewed in the last twenty years were screened using 
different keywords related to OSA; exclusion criteria were applied based on the accessibility and the ability of the 
sources to follow evidence-based approaches. The eligible resources were classified into two main categories: clinical-
based studies and preclinical studies. The findings of these studies were analyzed and discussed in light of current 
evidence derived from recent studies.

Findings  Several natural components and traditional formulas were found to regulate several molecular targets 
involved in OSA pathogenesis, supported by several in-vitro and in-vivo studies. Also, natural products subjected 
to clinical trials give promising results. Still, there are some limitations, such as involving a small number of patients 
depending on subjective yet acceptable scores rather than objective scores, a lack of positive control groups, or a 
small number of patients.

Conclusion  Therapeutic protocols should consider non-conventional polypharmacological strategies targeting all 
OSA aspects. Hence, there is an opportunity to reposition some well-defined natural products, such as cinnamic acid 
derivatives, isoflavones, and lignans, as several evidences from in-vitro, in-vivo, and clinical trials support their potential 
efficacy in the management of OSA.
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Introduction
Obstructive sleep apnea (OSA) is a serious sleep-associ-
ated respiratory disorder that has a greater prevalence in 
men than women. It is characterized by complete or par-
tial collapse of breathing during sleep, leading to reduced 
upper airflow. The symptoms include fragmented sleep 
and excessive daytime sleepiness. It has a serious impact 
on the patient’s health, including cognitive, intellectual, 
and neurological problems such as snoring, anxiety, 
headache, insomnia, irritability, also associated with car-
diovascular diseases.

Three main factors could summarize the pathogen-
esis of this condition. The first one is anatomical abnor-
malities caused by compromised craniofacial structure, 
muscle injury, decreased lung volume, airway edema, and 
adipose soft tissue deposition, but their contribution dif-
fers among OSA patients.

The second factor includes disturbance in neuro-
muscular function due to an imbalance in neurotrans-
mitters and neuromodulators affecting upper airway 
motoneurons such as GABA, serotonin, dopamine, nor-
epinephrine, adenosine, and acetylcholine. Hence, sev-
eral approved drugs were repurposed for treatment of 
OSA, such as the selective serotonin reuptake inhibitor 
(SSRI) Fluoxetine and Paroxetine, which were used as 
antidepressant [1, 2]. Also, Solriamfetol, a norepineph-
rine–dopamine inhibitor, was approved in 2019 for the 
treatment of narcolepsy and excessive daytime sleep and 
excessive daytime sleep [3, 4]. In the same context, Done-
pezil, an acetylcholinesterase inhibitor [5], and Dronabi-
nol, which is a cannabinoid receptor (CB-1) agonist [5], 
were suggested as potential therapeutic to manage OSA.

The third factor involves the molecular response to 
inflammation and oxidative stress that might originate 
from other co-existing diseases, such as hypertension, 
and metabolic disorders, such as diabetes and obesity. 
This could lead to the elevation of levels of several inflam-
matory cytokines such as TNF-α, IL-1β, IL-6, activation 
of nuclear factor κB (NF-κB), and eventually hypoxia 
induction factor-1 (HIF-1α). The sustained upregulation 
of these pathways contributed to the development of sev-
eral diseases [6, 7].

It is worth noting that OSA management focuses on 
using devices such as continuous positive airway pres-
sure (CPAP) that prevent airway collapse. However, the 
low adherence of many OSA patients to CPAP has been 
reported extensively. Also, CPAP fails to achieve sig-
nificant improvement in excessive daytime sleepiness 
in some cases. So, modified devices were developed to 
overcome these issues, such as Auto-titrating continuous 
positive airway pressure(ACPAP) [8, 9], Palatal implant 
system [10], Nasal valve dilators [11], Nasal expiratory 
resistor [12, 13], Oral pressure therapy [14, 15].

On the other hand, a meta-analysis of clinical trials 
investigating repurposed drugs such as antidepressants 
revealed that most of these drugs showed little to no sig-
nificant clinical effect. Moreover, they demonstrated con-
siderable side effects that accompany psychotropic drugs, 
with exceptions for a few examples, such as mirtazapine 
and trazadone [16].

Furthermore, there is a better understanding of the 
molecular basis of OSA, which considers other aspects 
of this condition rather than the breathing disorder 
events due to airway collapse during sleeping. Also, the 
comorbidity of other conditions, such as hypertension, 
metabolic diseases, and neuropsychological disorders in 
OSA patients, raised questions about the need for more 
effective pharmacological interventions that improve the 
overall therapeutic outcomes and enhance the quality of 
life of the patients [17].

Since nature has provided humankind with remedies 
for millennia, it may be worth reevaluating the pharma-
cological options available for natural compounds [18]. 
Recent studies showed the ability of several natural com-
pounds and extracts to regulate neurological functions 
[19], as well as their prominent effect on reducing oxida-
tive stress and inflammation [20].

Moreover, natural compounds are known for their 
ability to modulate the activity of several targets simul-
taneously, an advantage that could be important in a 
complex condition such as OSA [21]. Although several 
in-vitro and in-vivo studies reported the prominent effect 
of several natural products on neurotransmitter regula-
tion, scarce clinical trials are investigating such effects 
to manage OSA, so this review will shed light on recent 
evidence-based studies addressing the application of 
plant-derived therapies for OSA. It will emphasize their 
benefits over conventional approved therapeutics.

Evidence acquisition
Selected studies were articles published in peer-reviewed 
journals between January 2000 and December 2023 and 
identified through searches of PubMed, Web of Sci-
ence, Scopus, and SciFinder electronic databases. OSA, 
herbal medicine, traditional medicine, traditional medi-
cine, Pharmacotherapy, SSRI, and NDRI were used as 
keywords combined with Traditional medicine, herbal 
medicine, or natural products, which yielded 120 results. 
After excluding non-English language publications, the 
number was reduced to thirty-eight, which was reviewed 
by coauthors to identify medicinal plants or natural prod-
ucts that were subjected to clinical trials or might be used 
for further clinical investigations and categorized based 
on three key elements, the ability to modulate neural 
transmitters, ventilatory stimulant activity, antioxidant, 
and anti-inflammatory properties. Figure  1 presents the 
selection criteria for the research articles to be reviewed.
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Literature analysis and findings
Many plants have been screened in different experimen-
tal models and a series of bioassays for their ability to 
modulate catecholamine contents. However, limited 
clinical data are available due to the lack of accurate 
identification of the main active ingredient responsible 
for such activity. However, these bioassays tend to mea-
sure phenotypic outcomes rather than elucidate the 
molecular targets involved in the pathogenesis of the 
disease, which limits their advance to clinical trials [22]. 
Still, few reports address the direct relationship between 
natural products and OSA. Hence, we will address evi-
dence from the literature to speculate the potential 
mechanisms of action and molecular targets respon-
sible for the observed experimental or clinical effect. 
This would be achieved by applying a reverse pharma-
cognosy approach where evidence supporting the effi-
cacy of compounds or plants against molecular targets 
involved in other diseases yet have a prominent role in 
OSA could be exploited. For example, compounds tar-
geting catecholamine release, reuptake, and metabolism 
could be repurposed for the management of OSA as 
previously mentioned natural products in the manage-
ment of OSA via targeting catecholamines release, reup-
take, and metabolism, which play a prominent role in 
sleeping apnea. Due to the scarcity of studies of animal 
models for OSA, few reports have addressed the direct 
relationship between natural products and OSA. How-
ever, several in-vitro, in-vivo, and clinical trials proved 
their potential use for the treatment of other related dis-
eases such as snoring, insomnia, and depression.

Potential natural products as monotherapy for 
management of OSA
Cinnamon
The standardized extract of Cinnamomum cassia 
was found to possess a similar effect to fluoxetine in 
5-hydroxytryptophan (5-HTP)-induced head twitches in 
mice [24], which was attributed to the presence of cinna-
maldehyde (1). Interestingly, Cinnamon is a component 
of traditional Chinese medicine (TCM) formula that was 
vastly used and proven to alleviate snoring syndromes by 
affecting the phrenic nerve (PNA), recurrent laryngeal 
nerve (RLNA), and hypoglossal nerve (HNA) activity in 
the upper airway in animal model.

Gastrodia
Gastrodia elata (G.elata), a well-known plant that is used 
traditionally for its anxiolytic, antidepressant, and anti-
epileptic properties [23]. This could be explained by its 
ability to increase the concentration of both 5-hydroxy-
tryptamine (5-HT) and dopamine (DA) while decreas-
ing their turnover in the brain of experimental animals. 
[24]. Several studies showed a reproducible result that 
linked the CNS activity of G.elata to the presence of a 
phenolic glycoside known as 4-hydroxy benzyl alcohol-
4-O-β-D-glucopyranoside (Gastrodin) (2) and p-hydroxy 
benzyl alcohol (3). Besides its ability to modulate several 
neurotransmitters, it was found to downregulate several 
proinflammatory markers and decrease oxidative stress. 
Also, its anti-inflammatory and antioxidant-modulating 
effect has been studied rigorously [25].

Ephedrine
The activity of the genioglossus (GG) muscle is vital 
to maintain the patency of the airway during sleep-
ing. So, inhibition of α1-adrenergic receptors in the 
hypoglossal motor nucleus (HMN) will subsequently 
lead to airway collapse. Therefore, it was suggested 
that increasing adrenergic activity might be a useful 
approach [26]. Pseudoephedrine (4) is an α-adrenergic 
agonist, alone or in combination with domperidone, was 
found to decrease apneic episodes and improve oxygen 
desaturation index (ODI). However, prolonged use of 
pseudoephedrine needs to be closely studied before con-
sidering it as a treatment for OSA [27]. Also, Yohimbine, 
an α2-adrenergic antagonist that increased the release of 
norepinephrine (NE), was found to reverse the depres-
sant effect of REM sleep on hypoglossal motoneurons by 
activating A7 and A5 neurons, which consequently alle-
viated OSA-induced in rats [28].

St. John’s wort
Hypericum perforatum is another example of a plant 
widely used for treating depression by acting as a 
non-selective reuptake inhibitor of a wide range of 

Fig. 1  Presentation of research articles (January 2000–December 2023) 
published in peer-reviewed journals and identified through searches of 
the PubMed, Web of Science, and Scopus and SciFinder electronic da-
tabases (OSA, Pharmacotherapy, SSRI, and NDRI were used as keywords 
combined with Traditional and herbal medicine and natural products
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neurotransmitters, such as glutamate, DA, 5-HT, and 
NE. Such activity was proved to be due to Hyperforin 
(5), a prenylated carbocyclic acyl phloroglucinol deriva-
tive. Hyperforin inhibited neurotransmitter reuptake by 
inhibiting catecholamine transporters such as serotonin 
transporter (SERT) non-competitively. H. perforatum 
extract also showed weak to moderate monoamine oxi-
dase inhibition, leading to a decrease in the metabolism 
of those neurotransmitters [29]. Figure  2 illustrates the 
molecular mechanism of Hyperforin as SSRI.

Kava Kava
Piper methysticum, also known as Kava-Kava, is a plant 
that several patients commonly use to reduce anxiety 
and insomnia. Evidence from in-vitro, in-vivo, and clini-
cal studies supports this pharmacological activity, where 
the α-pyrones (6) content in the plant was found to affect 
several neurotransmitters by inhibiting Monoamine oxi-
dase (MAO) and reuptake of NE and DA [30–32]. The 
clinical anxiolytic activity of kava is well studied where it 
was found to achieve significant clinical effects in com-
parison to placebo groups [33].

Moreover, Kava Kava was found to possess a benzodi-
azepine - action via blocking voltage-gated sodium and 
improving ligand binding to gamma-aminobutyric acid-
A receptors [34]. However, such activity is not revers-
ible by benzodiazepine antagonist flumazenil [35]. Since 

OSA patients could benefit from the administration of 
non-benzodiazepine hypnotic [37], the administration of 
standardized Kava Kava might help alleviate OSA symp-
toms in the patients.

Cannabis
Cannabis is a prevalent psychotropic plant utilized for 
recreational purposes. It has regained the interest of 
numerous healthcare institutes for use in various ill-
nesses. In this context, cannabinoids can indirectly 
inhibit 5-HT3 receptor activity through Cannabinoid 
receptors (CB) receptor-dependent signaling pathways, 
allowing them to regulate neurotransmitter release in the 
nervous system. The two receptor systems are intercon-
nected through intracellular signaling mechanisms, so 
activation of (CB) can inhibit serotonin-induced apnea, 
suggesting cannabinoids may have a function in treating 
OSA [36, 37].

This is supported by Preclinical and clinical studies, 
which demonstrated that dronabinol (7), a synthetic 
form of tetrahydrocannabinol (THC), decreased REM 
sleep and reduced apnea in experimental animals. The 
first activity was not affected by treatment with canna-
binoid antagonists, while the second was significantly 
blocked [38]. Also, Dronabinol reduced OSA symptoms 
and decreased apnea significantly over placebo among 
adults. Showed good safety and tolerability profile [39]. 

Fig. 2  Hyperforin (1-Green) decreases the binding of serotonin to the serotonin transporter (SERT), preventing its reuptake; hence, it becomes available 
for a longer time to bind to different serotonin receptors found in pre- and post-synaptic neurons
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Regardless, the use of Cannabinoids in OSA is debatable 
due to the lack of long-term studies and concerns about 
abuse [40].

Methylxanthines
Methylxanthine derivatives such as theophylline (8)and 
aminophylline (9)were studied to manage OSA. While 
the first one showed a small but significant enhancement 
of AHI over placebo, aminophylline did not influence the 
obstructive event. Still, it improved central events. Gen-
erally, both were reported to reduce sleeping efficiency 
and total sleep times, which might limit their use [41, 42].

Pawhuskin A
Opioid antagonists were also investigated since they 
acted as a respiratory stimulant and proved to decrease 
hypopnea and increase oxygenation in OSA. Unfortu-
nately, several limitations face the application of synthetic 
drugs such as Doxapram as it has to be administrated 
intravenously and is contraindicated in several diseases 
and conditions [43]. Recently, pawhuskin A (10), a natu-
ral nonnitrogenous opioid antagonist, was isolated from 
Dalea purpurea, which is considered a new class of opi-
oid antagonists. Still, there are no reports addressing its 
use in OSA [44]. 

Nicotine
While smoking is known to exacerbate OSA, nicotine 
(11) was suggested to be used as a respiratory stimulant 
due to its complex nicotinic and muscarinic pharmaco-
logical effects. When administrated using the transder-
mal delivery system, it showed no improvement in AHI. 

Moreover, it led to a decrease in total sleep time and 
sleep efficiency [45].

Lobeline
Lobelia, a plant commonly used in smoking cessation, 
was used in a preparation patented by Steven R. Frank 
for treating sleep apnea due to its content of lobeline (12) 
alkaloids. The author of the patent used other adjuvant 
plants to reduce adverse effects associated with nicotinic 
drugs, such as nausea and cramping [46]. Figure 3 shows 
the chemical structure of compounds (1–12), and Fig. 4 
summarizes different mechanisms of natural products for 
the management of OSA.

Utilization of natural products as polytherapy for the 
management of OSA
As previously demonstrated, pharmacological choices for 
managing OSA are limited, and their efficacy is obviously 
less than CPAP, which is not an unexpected situation 
since treating complex conditions with multiple aspects 
and mechanisms should comply with a polypharmaco-
logical approach instead of monotherapy. Yet, clinical 
trials investigating combining two or more therapeutic 
agents are scarce.

In this context, several traditional medicine polyherbal 
formulas were investigated for treating OSA. For exam-
ple, Wu et al. compounded a formula from traditional 
Chinese medicine (TCM) based on The San-Zhong-Kui-
Jian-Tang (SZ) and Nasal unblocking herbs (NUH)and 
studied its effect on excessive daytime sleeping and snor-
ing, which was reduced significantly after four weeks of 
administration. However, the study lacks the ability to 

Fig. 3  Chemical structure of compounds (1–12)
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use positive control to compare the results to the known 
therapeutic interventions. Moreover, it depends on sub-
jective yet acceptable scores, so other objective measures, 
such as AHI and ODI, should be investigated in future 
studies [47].

Since the authors did not give any clues about the 
mechanism of action of each formula component, we 
tried to find available studies that might explain the 
observed clinical effect. Radix Angelica sinensis a com-
ponent of the formula was found to exert antidepres-
sant effect in animal model through upregulation of 
brain derived neurotrophic factor (BDNF) [48] which is 
found to be important role in protection against cogni-
tive impairment associated with OSA [49]. Moreover, the 
HPLC profile of A. sinensis showed the presence of feru-
lic acid (13) and Butylphthalide (14), which are known for 
their effect on serotonergic and dopaminergic systems 
[50] and the ability to protect against neuronal damage 
[51, 52].

Paeonia lactiflora, another component of (the SZ) for-
mula, was reported extensively to possess antidepressant 
activity [52]; further studies revealed that the glycoside 
fraction isolated from this plant might be responsible for 
such effect by inhibiting MAO and increasing the levels 
of neurotransmitters. Interestingly, glycoside rich frac-
tion containing albiflorin (15) and paeoniflorin (16) were 
also found to increase BDNF levels in the chronic unpre-
dictable mild stress (CUMS) animal model, implying a 

possible synergistic effect with A. sinensis, also the plant 
was reported to possess antioxidant activity [53].

Scutellaria baicalensis is the 3rd component of the for-
mula, which is rich in flavonoid and phenolic compounds 
that are known to modulate oxidative stress and protect 
neurons against injury induced by hypoxia Among these 
flavonoids, Baicalin (17) and its glycoside was reported to 
increase the levels of several neurotransmitters by inhib-
iting of MAO, exert anxiolytic activity through GAB-
Aergic ligand site rather than benzodiazepines’ site and 
increase BDNF levels in streptozotocin-induced depres-
sion animal model. [54, 55].

Coptis chinensis, the fourth component of the formula, 
is rich in several amines such as tryptophan, 5-hydroxy 
tryptamine, and 5-methoxytryptamine, which is a pre-
cursor for serotonin, ferulic acid, and berberine (18). 
Berberine is known for its effect on metabolism and 
has been investigated thoroughly for managing obesity 
and hyperglycemia [55], which could be beneficial for 
OSA patients. Furthermore, Berberine exerts a promi-
nent antidepressant effect by increasing BDNF levels in 
the hippocampus of animal models of depression. Also, 
it increased the level of neurotransmitters such as NE, 
5-HT, and DA [56]. Phellodendron amurense, the 5th 
component of the formula, is rich in alkaloids such as 
berberine and its analogs, so it might be safe to conclude 
that its pharmacological activity will be like C. chinensis 
[57, 58].

Fig. 4  Natural compounds may exert their therapeutic effect for the management of OSA by different mechanisms: A) Xanthines and B) Lobeline can 
act as a respiratory stimulant by affecting respiration centrally or through regulation of nicotinic and cholinergic receptors, C)Flavonoids and phenolics 
possess anti-inflammatory and antioxidant effect attenuating oxidative stress and restore body normal state, D) Dihydromethysticin and E)Hyperforin 
2 representative compounds which is known to regulate catecholamines such as 5-hydroxytryptamine, Norepinephrine and dopamine which would 
eventually enhance the neuromuscular function
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Anemarrhena asphodeloides is the sixth component 
of the formula. It is rich in hexacylic steroidal sapoge-
nin, such as Sarsasapogenin (19). This compound was 
reported to increase neurotransmitter levels such as 
5-HT and NE, and it also inhibited MAO A&B [59]. Man-
giferin, another primary compound in A. asphodeloi-
des, was also reported to ameliorate neurodegeneration 
induced by sleep deprivation by reducing inflammatory 
markers such as TNF-α, IL-1β, and IL-6. Remarkably, it 
also reverses the decrease in BDNF in plasma and hippo-
campal in the neurodegeneration model in mice [60]. The 
plant also contains the phytoestrogen lignans Nyasol(20) 
and its analog [61]. Since estrogen was found to enhance 
the function of the genioglossus muscle [62]. So, phy-
toestrogen may play a role in protecting the genioglossus 
muscle against fatigue associated with chronic intermit-
tent [63].

Bupleurum scorzonerifolium, the seventh component 
known as Radix Bupleuri, has also been investigated for 
its antidepressant activity in CUMS model in rats, where 
the extract was able to increase neurotransmitters such as 
DA and 5-HT. Recent study showed that radix Bupleuri 
might exert its anti-depressant effect through modula-
tion of three metabolic pathways such as taurine and 
hypotaurine metabolism, primary bile acid biosynthesis, 
and glyoxylate and dicarboxylate metabolism. It’s worth 
noting that the phytoestrogen content of this plant, 
such as Genistein and Daidzein (21) [64], was reported 
to enhance genioglossus muscle as previously discussed 
[62].

Radix Gentianae, the 8th component of the formula, 
contains Gentiopicroside (22), which is a potent anti-
inflammatory compound and was proven to be effec-
tive as an antidepressant in LPS-induced depressive-like 
behavior by preventing tryptophan-degradation, which 
in turn will normalize the activation of N-methyl-D-
aspartate (NMDA) receptor a target that was linked to 
sleep disorder occurrence [65, 66], this was in agree with 
a previous study showing that Gentiopicroside amelio-
rated reserpine induced pain/depression dyad by down-
regulating of GluN2B containing NMDA [67].

Radix Platycodi, the 9th component of the formula, is 
rich in saponin glycoside and reported extensively for 
its anti-hyperlipidemic effect through decreasing the 
expression of acetyl-CoA carboxylase, fatty acid syn-
thase, and lipoprotein lipase and enhanced lipolysis by 
activating, hormone-sensitive lipase, uncoupling pro-
teins and carnitine palmitoyl transferase 1α in liver and 
white adipose tissue. Furthermore, platycodon extracts 
downregulated the expression of important adipogenic 
transcriptional factors [68]. This was in agreement with 
a previous study indicating that platycodon extract and 
its major compound Platycodin D (23), could inhibit 
adipogenesis in the obesity model by downregulating 

peroxisome proliferator-activated receptor (PPARγ), 
CCAAT-enhancer binding protein alpha (C/EBPα), lipin-
1, and adiponectin, in the other hand they activated 
AMPK and Sirutin-1 [69]. Figure  5 shows the chemical 
structure of compounds (13–23).

Forsythia suspensa, the 10th component of the formula, 
is known for its anti-inflammatory effect and anti-asth-
matic action in ova-challenged asthma mice model due 
to its ability to reduce IL-4, IL-5, and IL-13and eosinophil 
infiltration, also the anti-inflammatory effect of this plant 
has been reported in several cell lines such as RAW264.7, 
BV2 microglia cells and PBMC. Moreover, the plant pos-
sesses remarkable antioxidant activities due to several 
compounds such as Forsythiaside and its analog, Phillyrin 
(24), Pinoresinol, and other lignans. Remarkably, forsyth-
iaside can be considered a prodrug that, upon metabo-
lism, will release a cinnamic acid derivative, which has 
a modulatory effect on neurotransmitters, as previously 
discussed. Furthermore, Forsythiasides decreased levels 
of HO-1 and nuclear transcription factor 2 (NRF2), two 
markers that were alleviated in the OSA model in ani-
mals [70–72].

Cimicifuga heracleifolia rhizomes are the 11th com-
ponent of the formula. At the same time, there are no 
studies linking this plant to OSA, but its main active 
constituents, such as ferulic acid and Triterpene glyco-
sides, may explain its use for such purpose. Ferulic acid is 
a cinnamic acid derivative with reported antidepressant 
activity through serotonergic system modulation [73]. 
Recently, Cimigenoside (25), a significant component of 
C. heracleifolia, was investigated for its ability to reduce 
Poly(I: C)-induced airway inflammation mice model. The 
study showed that Cimigenoside exerts its action by pre-
venting neutrophil infiltration and decreasing expression 
of P-selectin, VCAM1, which is usually upregulated in 
OSA patients [74, 75].

Trichosanthes kirilowii, the 12th component of the for-
mula, is widely used for its antioxidant and hypolipidemic 
activity due to the presence of unsaturated fatty acids 
such as linolenic acid (26) and flavonoids, as revealed in 
hyperlipidemia-induced by high-fat diet in rats [76].

Pueraria thomsonii or P. lobata, the 13th component 
of the formula, is rich in isoflavone such as Puerarin 
(27), which is reported to improve genioglossus muscle 
activity, as previously mentioned; it also has an inhibi-
tory effect on the metabolism of Serotonin and dopa-
mine. Moreover, several clinical trials have reported the 
anti-diabetic and antihyperlipidemic effects of different 
Pueraria species, but the outcomes of these trials are con-
tradictory [77, 78]. 

Sparganium stoloniferum, the 14th component of the 
formula, is rich in phenylpropanoids such as ferulic acid, 
caffeic acid, and p-Coumaric acid. Their role in the mod-
ulation of OSA has been addressed previously. The Plant 
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Possesses antioxidant, anti-inflammatory, and neuropro-
tective effects against hippocampal CA1 injury in animal 
models [79]. 

Rhizoma Curcumae, the 15th component of the for-
mula, is rich in the famous compound Curcumin (28), 
which exerts a plethora of pharmacological activities 
related to OSA pathogenesis, such as anti-inflammatory, 
antioxidant, and antihyperlipidemic activities. Interest-
ingly, Curcuma was one of the natural inhibitors of the 
ROS-HIF-1 endothelin axis as an approach to mitigate 
cardiovascular complications related to OSA [79]. Also, 
Curcumin was found to reduce intermittent hypoxia-
induced brain injuries by regulating the AQP4 and 
p38 MAPK pathway. Additionally, Curcumin has been 
reported extensively as a neuroprotective agent through 
modulation of BDNF and downregulation of several 
inflammatory markers [80, 81].

Radix glycyrrhiza, the 16th component, is one of the 
most used plants in traditional medicine. Its pharma-
cological activity is attributed to glycyrrhizin(GN) 29, a 
triterpene glycoside, and its flavonoid content, such as 
liquidity (30). In this context, liquidation proved to exert 
fluoxetine-like action in depression-induced rats, which 

was explained by its ability to decrease oxidative stress 
and increase the expression of antioxidant enzymes [82].

On the other hand, GN was reported to possess anti-
depressant activity by increasing norepinephrine and 
dopamine levels but not serotonin in the case of induced 
depression in mice. This was in agreement with previous 
studies indicating the ability of GN to inhibit Monoamine 
oxidase [83, 84]. Besides that, glycyrrhizin was found to 
ameliorate metabolic disorders by improving lipid profile 
and reversing insulin resistance in high-fat diet-induced 
obesity in rats [85]. 

As complementary treatment for the previously men-
tioned formula, the same study also investigated some 
other herbals that are commonly used for relieving nose 
and airway-related symptoms, such as Thallus Lami-
nariae also known as Laminaria japonica, Angelicae 
dahuricae, Flos Magnoliae, Fructus Xanthii, and Radix 
Asari. The first one, L. japonica, has been reported to 
relieve inflammation in the airway in an ovalbumin 
(OVA)-induced mouse asthma model. by increasing the 
expression of IL-12 and decreasing the gene expression 
of another inflammatory marker as IL-13 and TGF-β1 
leading to a decrease in a number of eosinophils [86]. 

Fig. 5  Chemical structure of compounds (13–23)
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Moreover, its sulfated polysaccharide, Fucoidan, has been 
reported to protect dopaminergic neurons in experi-
mental models by maintaining mitochondrial function 
through modulation of peroxisome proliferator-acti-
vated receptor gamma coactivator 1-alpha (PGC-1α) and 
(NRF2) pathway [87].

Angelica dahuricae is another plant closely related to A. 
sinensis and was found to possess anti-depressant activ-
ity, which is attributed to the furanocoumarin compound 
imperatorin. This compound increased the level of 5-HT 
significantly in the hippocampus and frontal cortex in 
prenatally stressed offspring rats [88]. In agreement with 
the suggested use, A. dahrucae was found to be effec-
tive against allergic inflammation by reducing the levels 
of TNF-α, IL-1β, and IL-4 by inhibiting NF‑κB activation 
[89].

Magnoliae flos, on the other hand, was reported to 
inhibit iNOS in human respiratory epithelial through 
preventing ERK Phosphorylation [92]; the most promis-
ing compounds in this plant were Epimagnolin and Far-
gesin which are structurally related to the Pinoresinol as 
mentioned above. In the same context, LEE et al. isolated 
seven structurally related compounds from the most 
active fraction against airway inflammation induced by 
cigarette smoke [90].

Caffeoylxanthiazonoside (31)isolated from Fructus 
Xanthii might explain its use in the formula as it was 
proved to possess anti-allergic activity comparable to 
ketotifen [91]. Still, other phenolic compounds, such as 
caffeoylquinic acids (32), have been reported to exert the 
same effect in passive cutaneous anaphylaxis tests and 

the Schultz-Dale test in comparison to second-genera-
tion antihistaminic loratadine [92]. 

Asarum heterotropoides, also contains lignan such as 
sesamin and Episesamin, which also has been shown to 
exert anti-inflammatory action through regulation of 
MAPK pathway. Unfortunately, the extract itself con-
tains the notorious Aristolochene (33), which is reported 
to cause severe nephrotoxicity and is a dangerous onco-
genic agent [95], so the use of an isolated compound or 
standardized fraction could ensure safety for use in clini-
cal application. Figure 6 shows the chemical structure of 
compounds (24–33).

Since airway inflammation is evidenced in OSA 
patients, these plants could be a potential therapeutic 
agent for OSA [97]. Table 1 shows the components of the 
formula and their possible mechanism of action.

Chen et al. studied the effect of Qingxuan granule, a 
TCM formula, on patients with hypertension accompa-
nied with or without OSA. While the formula improved 
the blood pressure variability, its impact was reduced in 
patients suffering from OSA, and among the measured 
OSA indices, only the hypopnea index decreased. Inter-
estingly, Gastrodia and Radix Scutellaria were also used 
in this formula, which might confirm their role in the 
management of OSA [93].

The Chinese herbal formula, Jiawei Di Tan Tang, which 
contains several plants that were discussed before, was 
investigated for the management of OSA based on its 
anti-inflammatory and antioxidant actions in a random-
ized clinical trial. Indeed, the treated group showed 
increased levels of antioxidant enzymes such as superox-
ide dismutase (SOD) and lower levels of Malondialdehyde 

Fig. 6  Chemical structure of compounds (24–33)
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F Plant Proposed mechanism Ref
The San-Zhong-Kui-Jian-
Tang (SZ)

Radix Angelicae sinensis - Increase BDNF Expression
-Anti Inflammatory

[48]
[52]

Radix Paeoniae alba -Inhibit MAO And Increase BDNF Expression
-Anti Oxidant

[53]

Radix Scutellariae -Inhibit MAO And Increase BDNF Expression
-Anti Oxidant

[55, 
54]

Rhizoma Coptidis Increased Level of Neurotransmitters
-Increased Expression Of BDNF
-Decrease Body Weight and Control Hyperglycemia.
-Antioxidant

(As-
baghi 
et al., 
2020)

Cortex Phellodendri Increased Level of Neurotransmitters
-Increased Expression Of BDNF
-Decrease Body Weight and Control Hyperglycemia.
-Antioxidant

[57]

Rhizoma Anemarrhenae -Increased Level of Neurotransmitters.
-MAO Inhibitor
-Increased Expression Of BDNF
-Enhance Genioglossus Muscle Function

[63, 
62, 
61]

Radix Bupleuri -Increased Level of Neurotransmitters.
-Increased Expression Of BDNF
-Modify Metabolic Pathway
-Enhance Genioglossus Muscle Function

[60, 
62]

Radix Gentianae -Anti-Inflammatory
-Indirect Regulation Of NMDA
-Block Degradation Pathway of Tryptophan

[66, 
67]

The San-Zhong-Kui-Jian-
Tang (SZ)

Radix Platycodi -Decrease Body Weight and Hyperlipidemia
-Anti-Inflammatory

[68]
[69]

Fructus Forsythia -Anti-Inflammatory
-Antioxidant
-Anti-Asthmatic

([71, 
72] 
70).

Rhizoma Cimicifugae -Anti-Inflammatory
- Modulate Serotonergic System

[75, 
73]

Radix Trichosanthis -Anti-Hyperlipidemia
-Antioxidant

[76]

Radix Puerariae Anti-Hyperlipidemia
-Antidiabetic
-Enhance Genioglossus Muscle Function
-MAO Inhibitor

[77, 
78]

Rhizoma Sparganii -Neuroprotective
- Increase Expression Of BDNF

[79]

Rhizoma Curcumae - Natural Inhibitor Of ROS-HIF-1 Endothelin
-Neuroprotective Agents by Increasing Expression Of BDNF

[80, 
81, 
108]

Radix Glycyrrhizae preparata Antioxidant Activity
Increase Norepinephrine and Dopamine.
-Enhance Lipid Profile in Obesity Induced Model in Experimental Animal

[83, 
83, 
84, 
85]

Table 1  In-vitro and in-vivo studies explain the rationale behind using the San-Zhong-Kui-Jian-Tang (SZ) formula for OSA 
management
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(MDA). Also, several cytokines serum levels decreased 
significantly in comparison to the control group, such as 
C-reactive protein, TNF-α, Interleukin-1β, and Interleu-
kin-6 [94].

Furthermore, several OSA-related clinical parameters 
were measured during the treatment (12 weeks), such as 
AHI, Epworth sleepiness scale (ESS), Snoring, nocturnal 
apnea, sleepiness, fatigue, chest congestion, and lowest 
nocturnal blood oxygen saturation (SaO2). Interestingly, 
the treated group showed slight but significant improve-
ment in these markers in comparison to their level before 
treatment and in the control group [95].

In another study, San’o-shashin-to-a Kampo-formula, 
which is composed of scutellarin Radix, Coptidis Rhi-
zoma, and Rhei Rhizoma discussed before, was pre-
scribed for a patient that was diagnosed with OSA. After 
treatment, several symptoms were improved signifi-
cantly, where the apnea index decreased from 11.1 to 4.1, 
and abnormal movement during sleepiness disappeared 
completely. Still, the episodes of obstructive sleep hypop-
nea were not reduced significantly [96].

Remarkably, a retrospective study has shown that the 
use of integrative traditional Chinese medicine contain-
ing plants from the previous formulas has helped to 
reduce respiratory disturbance index (RDI), and body 
mass index (BMI) in children with obstructive sleep 
apnea [97].

A patent for the treatment of OSA claimed that the 
administration of valerian extract may enhance OSA 
clinical parameters based on a small clinical trial—nine 
patients with confirmed OSA administrated valerian for 
two weeks. The treatment decreased the Apnea index 
from 5.3 to 0.67 and the hypopnea index from 5.01 to 
0.95, but there was no significant increase in sleep effi-
cacy [98].

Mao Ting et al. used network pharmacology to iden-
tify the mechanism of action of the TCM formula for the 
treatment of OSA associated with atrial fibrillation. The 

constructed network showed that the formula exerts its 
action by regulating several pathways, such as the TNF 
signaling pathway, HIF-1 signaling pathway, PI3K-Akt 
signaling pathway, neuroactive ligand-receptor inter-
action, and calcium signaling pathway. This action was 
attributed to several phytochemicals such as quercetin, 
luteolin, kaempferol, apigenin, stigmasterol, isocoryp-
almine, and hyndarin [99].

A healthy diet is an important approach for enhanc-
ing the quality of life in OSA patients. Mediterranean 
diet (MD and prudent diet (PD), which is rich in antioxi-
dants, were assessed for their potential to alleviate OSA 
clinical symptoms in a randomized clinical trial where 
900 patients with apnoea-hypopnoea index > 15 were fol-
lowed for six months. Besides the weight reduction of the 
subjects, there was a significant reduction in AHI during 
rapid eye movement sleep by 18.4 ± 17.6 in the MD group 
and by 2.6 ± 23.7 in the PD group; however, their effect 
was not statistically significant in other sleep parameters 
[100].

Moreover, Plants and compounds possessing multiple 
therapeutic effects such as Ginkgo biloba [101], ginseng 
[102], omega-3-fatty acids [103], anti-oxidant pheno-
lics [104, 105], nutrients [106], and essential oils used in 
aromatherapy [107] could help in the restoration of nor-
mal state and function of the body by protecting against 
hypoxia-induced by OSA, which would eventually pre-
vent the development of cardiovascular and metabolic 
diseases [108]. Tables  2 and 3 demonstrate representa-
tive examples of promising preclinical and clinical inves-
tigations of natural products that could be used for the 
management of OSA. Also, Fig. 7 summarizes the poly-
pharmacological effect of natural products to tackle path-
ways of OSA pathogenesis.

As previously shown, natural products could be a 
promising resource for the development of the next 
therapeutic agent for OSA. Records from traditional 
medicine can also be a good asset for recognizing plants 

F Plant Proposed mechanism Ref
Nose unblocking herbs Thallus Laminaria -Decrease Inflammation in the Airway

-Protect Dopaminergic Neurons
-Hypoglycemic and Anti-Diabetic Activity

[83] 
[86] 

Angelicae dahuricae -Increase 5-HT Levels
-Anti-Inflammatory by Inhibiting NF-KB Activation

[88]
[89]

Flos Magnoliae, Inhibit ERK Pathway (Baek 
et al., 
2009) 
[90]

Fructus Xanthii Anti-Allergic [91] 
[92]

Radix Asari Anti-Inflammatory (De-
palo 
et al., 
2008)

Table 1  (continued) 
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with potential activity; information extracted from tradi-
tional medicine could be evaluated by an in-vivo model 
for OSA. Moreover, Virtual screening and system Phar-
macology could be an intriguing approach since they can 
reveal the connections between unexplored drugs and 
molecular targets linked to OSA pathogenesis, which 
would eventually decrease the time required for preclini-
cal testing and increase the chances for success of clinical 
trials [109, 110]( Fig. 8).

Concluding remarks and recommendations
The present literature mini-review intends to present the 
role of serious and rigorous research in the area of natu-
ral products to open a new horizon for an economical, 
safe, effective, reliable, and evidence-based drug /and 
or adjuvant medicine for OSA. Therapeutic protocols 

should consider a non-conventional polypharmacologi-
cal strategy that targets all aspects of this disease. Hence, 
there is an opportunity to reposition some well-defined 
natural products, such as cinnamic acid derivatives, iso-
flavones, and lignans, as evidence from in-vitro, in-vivo, 
and clinical trials supports their potential efficacy in the 
management of OSA.

However, this will only be achieved if evidence-
based confirms and justifies the presumable clini-
cal effects. So, in conclusion, there is an opportunity 
for pharmacotherapy of drugs’ natural origin to play 
a vital role in the management of OSA. More impor-
tantly, integrating nano-based delivery systems for 
selected medicines and natural products could enhance 
the pharmacokinetic properties, significantly impact 

Table 2  Representative preclinical studies addressing natural products utilized for the management of OSA
Preclinical trials Ref.
Cinnamomum cassia: exerted SSRI in OSA-induced animal model (Zada et al., 2016)
Gastrodia elata (G.elata)
Increased 5-HT and DA in animal models also downregulated inflammatory markers.

[25]

Yohimbine acted as an α2-adrenergic antagonist in an animal model [28]
Hypericum perforatum: acted as a non-selective reuptake inhibitor of neurotransmitters in an animal model [29]
Piper methysticum: Inhibited Monoamine oxidase (MAO) and increased neurotransmitters and possess a benzodiazepine -like 
action

[32][34], [31]

Cannabis: activated 5-HT3 and decreased REM sleep Carley, Paviovic 
et al. 2002, Calik, 
Radulovacki et al. 
2014)

Pawhuskin A: acted as a Respiratory stimulant and opioid antagonist (Zada et al., 2016)

Table 3  Representative studies addressing natural products subjected to clinical trials for management of OSA
Clinical trials Ref
Methylxanthines1: Enhances AHI but decreases sleeping efficiency Mulloy 

and 
Mc-
Nicho-
las 
1992

Lobeline2 and Nicotine3: As respiratory stimulant but showed no improvement of AHI [45], 
[46].

The polyherbal formula of TCM4 decreased excessive daytime sleeping and snoring, but AHI was not examined. [47]
Qingxuan granule5: It decreases the hypopnea index [93]
Jiawei Di Tan Tang TCM formula6: It increases levels of antioxidant enzymes and decreases serum levels of inflammatory markers but shows a 
slight improvement in AHI and ESS.

[94]

Valerian extract7: It decreases the apnea and hypopnea index but in a small sample size. [98]
Mediterranean diet8:
It Reduces AHI only but has no statistically significant effect on other sleep parameter

[100]

1Clinical trial at the Department of Respiratory Medicine and the Respiratory Sleep Laboratory, University College, and St. Vincent’s Hospital,
2US patent 9.226,944 B2
3Clinical trial at Mayo Clinic, USA
4Clinical trial at the Chang Gung Memorial Hospital, China
5Clinical trial at Xiyuan Hospital of China Academy of Chinese Medical Sciences (2010XL016)
6Clinical trial at Fujian Medical University
7WO Patent 2003024464A1
8Clincal trial at University of Crete, Greece
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pharmacoeconomics, and limit the adverse effects associ-
ated with pharmacotherapy.

Abbreviations

AHI	� Apnea-Hypopnea Index
OSA	� Obstructive Sleep Apnea
CPAP	� Continuous Positive Airway Pressure
ACPAP	� Auto-titrating Continuous Positive Airway Pressure
TCM	� Traditional Chinese Medicine

Fig. 8  Flow chart showing how traditional medicine knowledge could be exploited to find novel therapies for the management of OSA by integration 
of in-silico tools and in-vivo animal models

 

Fig. 7  Different mechanisms of naturally derived therapeutics for the management of OSA. 1) Several components of plants, such as NE, DA, 5-HT, and 
GABA, could modulate catecholamine activity, which helps to enhance muscle strength and maintain airway patency; also, other compounds act as ven-
tilation activators. 2) Several components of plants are reported to suppress pathways activated by hypoxia, which would protect against Cardiovascular 
and central nervous system conditions induced by hypoxia. 3) natural compounds are known to counteract hypoxic states and activate oxidative stress 
mechanisms, leading to the release of cytokines and reactive oxygen species, which are responsible for the development of several chronic diseases 
4) Nature-derived compounds work perfectly as an antioxidant and anti-inflammatory agents, which consequently protect against worsening of OSA
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SSRI	� Selective Serotonin Reuptake Inhibitor
NDRI	� Norepinephrine and Dopamine Reuptake Inhibitor
BDNF	� Brain-derived Neurotrophic Factor
MAO	� Monoamine Oxidase
NF-κB	� Nuclear Factor κB
HIF-1α	� Hypoxia Induction Factor-1α
SOD	� Superoxide Dismutase
MDA	� Malondialdehyde
TNF-α	� Tumor Necrosis Factor-α
IL-1β	� Interleukin-1β
IL-6	� Interleukin-6
PPARγ	� Peroxisome Proliferator-Activated Receptorγ
C/EBPα	� CCAAT-Enhancer Binding Proteinα
AMPK	� AMP-Activated Protein Kinase
Sirtuin-1	� Sirtuin-1
OSAHS	� Obstructive Sleep Apnea-Hypopnea Syndrome
MD	� Mediterranean Diet
PD	� Prudent Diet
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