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 Abstract: Insomnia is repeated difficulty in falling asleep, maintaining sleep, or experiencing low-
quality sleep, resulting in some form of daytime disturbance. Sleeping disorders cause daytime fatigue, 
mental confusion, and over-sensitivity due to insufficient recovery from a sound sleep. There are some 
drugs, such as benzodiazepines and anti-histaminic agents, which help to sleep induction and insomnia 
cure. However, the prolonged administration is unsuitable because of tolerance and dependence. 
Therefore, the researchers attempt to find new medicines with lesser adverse effects. Natural products 
have always been good sources for developing new therapeutics for managing diseases such as cancer, 
cardiovascular disease, diabetes, insomnia, and liver and renal problems. Ample research has justified 
the acceptable reason and relevance of the use of these herbs in the treatment of insomnia. It is worth 
noting that in this study, we looked into various Persian herbs in a clinical trial and in vivo to treat in-
somnia, such as Artemisia annua, Salvia reuterana, Viola tricolor, Passiflora incarnata, lettuce, and 
Capparis spinose. According to research, herb extracts and fractions, particularly n-butanol fractions 
with non-polar agents, impact the benzodiazepine receptors and have hypnotic properties. Also, alka-
loids, glycosides, flavonoids, saponins, and tannins in practically every plant are mentioned making 
them the popular natural compounds to help with sleep disorders and promote calmness. 
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1. INTRODUCTION 

 Insomnia is a widespread sleep disorder identified as 
sleep loss, insufficient sleep duration, or waking up multiple 
times during the night. It has been reported that 10 to 30 per-
cent or even more of adults suffer from chronic insomnia [1]. 
Several factors can cause disturbance of these circadian 
rhythms and lead to neurological or non-neurological diseas-
es. Studies have shown that sleep insufficiency has a role in 
the incidence of Alzheimer’s disease, depression, obesity, 
dyslipidemia, hypertension, and type 2 diabetes [2, 3]. There 
are chemical drugs such as benzodiazepine receptor agonists, 
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histamine antagonists, and ramelteon (melatonin receptor 
agonists) that manage insomnia disorder [4, 5].  
 Despite their therapeutic effectiveness, these medications 
have various adverse effects when used. Headache and diz-
ziness, psychomotor slowdown, memory and activity im-
pairment, sadness and emotional lessening, anterograde am-
nesia, medication tolerance, and other adverse effects may be 
increased in the elderly [6, 7]. Therefore, studies have con-
tinued to find new hypnotic agents with lesser side effects 
and more efficacy. Herbal agents always have been a good 
source for developing new therapeutics for the treatment of 
some diseases, such as cancer [8, 9], immunodeficiency [10], 
cardiovascular [11], and abdominal aortic aneurism [12]. 
Herbal medicines are famous worldwide due to easy access, 
lower side effects, and cost-effectiveness. For many years, 
herbal medications have been utilized in folk medicine, and 
extracts of these medicines have been used to explore their 
pharmacological activities and mechanisms. Persian herbal 
remedies like Nymphaea spp., Lactuca sativa, Crocus sa-
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tivus, and Viola odorata have been extensively recognized 
for improving sleep and other mental illnesses [13]. In this 
comprehensive review, we collected several Iranian medici-
nal plants that are often used to treat insomnia in animal or 
clinical studies (Tables 1 and 2). 

2. METHODS 

 In this review, documents were gathered that investigated 
the effects of Persian medicinal plants on sleep disorders, up 
to July 2022, from various databases, including Scopus, 
PubMed, Medline, and web of science. All relevant experi-
mental and clinical studies were in English and included in 
the current review article (Tables 1 and 2).  

3. RESULTS 

3.1. Aloe vera  

 Aloe vera (A. vera), with the name Sabre-zard, belongs to 
the Liliaceae family and is well-known in Persian traditional 
medicine [14]. It is known for its pharmacological effects, 
including moisturizing and anti-aging, digestive protection, 
wound healing, anti-inflammatory, laxative effect, anti-
diabetic, anti-bacterial, anti-viral, anti-septic, improvement 
of convulsion, cerebral ischemia, and multiple sclerosis. The 
A. vera contains different compounds such as aloesin, bar-
baloin, emodin, acemannan, aloe-emodin, and polysaccha-
rides [15, 16]. Also, Persian and international old pharmaco-
peias have reported sedative and hypnotic effects of A. vera. 
The development of an aqueous extract of A. vera leaves at 
doses of 50, 100, and 200 mg/kg on locomotion and pento-
barbital-induced sleeping was investigated in rats (Table 1). 
Administration of 200 mg/kg led to prolonged loss of right-
ing reflex compared to the control group. Locomotion activi-
ty was repressed at doses of 100 and 200 mg/kg. Also, the 
extract and diazepam increased Non-rapid eye movement 
(NREM) sleep duration and decreased REM sleep [17]. The 
hypnotic effect of herbal medicine may be related to differ-
ent herb compounds such as flavonoids and saponins [18]. 
Also, neurotransmitters such as acetylcholine and catechol-
amine are centrally acting anticholinergic, dopaminergic, 
noradrenergic, and serotonergic agents, causing a decrease in 
the duration and density of rapid eye movement (REM) sleep 
(Figs. 1 and 2) [17]. Studies have shown that A. vera in-
creases acetylcholine via choline-esterase inhibition [19]. 
The presence of compounds with anti-acetylcholinesterase 
activity in A. vera can partly explain the observed changes in 
sleep impairment.  

3.2. Amygdalus communis 

 Amygdalus communis (Prunus amygdalus, almonds) be-
longs to Rosaceae and grows in different regions of Iran. 
Other species could also be found in North Africa, the Bal-
kan islands, Southwest Asia, Northeast Anatoly, Syria, Iraq, 
Lebanon, Afghanistan, Turkmenistan, and Central Asia [20]. 
A. communis is known for its pharmaceutical and nutritional 
importance. It is a rich source of triterpenoids, betulinic, ur-
solic, and oleanolic acids, phytosterols, as well as flavonol 
glycosides, and phenolic compounds [21]. 
 It has been known by Iranian people since ancient times 
and has been used in Iranian foods due to its nutritional val-

ue. The oil from the seeds has also been used in skin and hair 
care products. Recent studies have suggested almonds' total 
and LDL cholesterol-lowering and HDL-increasing effects 
[22]. Current pharmacological studies represent that almonds 
have several biological activities, including prebiotic, anti-
microbial, antioxidant, anti-inflammatory, anticancer, hepa-
toprotective, neuroprotection, anxiolytic, and sedative-
hypnotic effects [23, 24]. The results of different studies in 
recent years have proven the importance of almonds in im-
proving learning and memory and their positive impact on 
treating amnesia and Alzheimer's disease [25, 26]. The al-
mond extract (100, 200, 400 mg/kg) was injected 30 min 
before pentobarbital administration (40 mg/kg). The rats 
were then gently positioned on their back every 15 s, and the 
onset of righting reflex loss was indicated, while no righting 
movements in response to repeatedly being positioned on its 
back were observed. Once the animal detected righting at-
tempts, the time was recorded as the duration of pentobarbi-
tal-induced sleep or loss of righting reflex. This study 
showed that the extract at the 400 mg/kg dose increased 
sleep duration and suppressed locomotion activity. Also, the 
extract increased NREM and decreased REM (Table 1) [27]. 
Certain amino acids in protein-rich plants are essential in 
their sedative/hypnotic properties. As an endogenous neuro-
transmitter, glycine affects the central nervous system (CNS) 
[28]. Serine and glycine have been associated with hypnotic 
effects (Figs. 1 and 2). Also, glycine improves sleep quality 
in humans who complain of sleep disorders. Phenylalanine 
and tyrosine have shown positive effects on sleep patterns 
[29]. Almond has been proven to be rich in amino acids. This 
fact may underlie the almond extract's observed seda-
tive/hypnotic effects. HPLC analysis identified amino acids 
such as glycine, phenylalanine, serine, and tyrosine as major 
constituents in the almond extract [30]. Therefore, the possi-
ble mechanism of the hypnotic effect of almonds may be 
related to their amino acids. 

3.3. Artemisia annua 

 Artemisia annua is an aromatic annual herb that belongs 
to the Asteraceae family, endemic in the North of Iran [31]. 
Bioactive compounds, including flavonoids, terpenoids, 
coumarins, polyacetylenes, and sesquiterpenes (artemisinin), 
exert biological activities such as antimalarial, immunosup-
pressive, anti-inflammatory, and anti-tumorigenic activities 
[32, 33]. Also, it is composed of linalool, cineol, p-cymene, 
thujone, and camphor. These compounds have been studied 
to evaluate their effect on the CNS, presenting a facility to 
cross biological membranes because of their elevated lipo-
solubility, which might affect the CNS [34]. In a study, the 
administration of A. annua essential oil (470 mg/kg) or crude 
ethanol extract (450 mg/kg) increased the immobility time 
and decreased activities such as ambulation, exploration, 
rearing, and grooming in animals (Table 1). Furthermore, 
both essential oil and ethanol extract prolonged sleeping time 
and lost latency [34]. The main constituents of the A. annua, 
which present cineol, linalool, α-pinene, and p-cymene, 
might be responsible for their ability to enhance sleep [35, 
36]. Chloroform, petroleum ether, and ethyl acetate fraction 
of A. annua with different concentrations (50, 100, and 
200 mg/kg) were administered intraperitoneally (i.p.) in male 
mice (Table 1). Flumazenil (3 mg/kg, i.p.) as a benzodiaze-
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pine (BZD) receptor antagonist was injected 15 min before 
extract. Chloroform fraction significantly increased immobil-
ity time in a dose-dependent manner. In contrast, flumazenil 
decreased immobility time induced by chloroform fraction 
significantly. This study showed that A. annua has sedative 
effects, which are probably mediated via BZD receptor 
pathways [37]. According to two studies, the sedative effect 
of A. annua is related to active compounds and BZD recep-
tors. 

3.4. Citrus aurantium 

 Citrus aurantium, commonly known as sour orange or 
bitter orange (local name in Iran: Nareng), is produced in 
Northern and Southern Iran [38]. Persian traditional medi-
cine considers the Citrus genus to be beneficial in reducing 
anxiety or sleeplessness symptoms, and C. aurantium has 
lately been recommended as an antidepressant adjuvant [39].  
 Carvalho-Freitas and Costa showed that the essential oil 
from Citrus aurantium L. peel (1.0 g/kg) increased the sleep-
ing time induced by barbiturates, and the time spent in open 
arms significantly is indicative of sedative and anxiolytic 
effects (Table 1). It also caused an anticonvulsant effect [40]. 
Motaghi et al. evaluated the anxiety and sedative effects of 
Citrus aurantium L. flowers in rats. The treated groups re-
ceived 62.5, 125, and 250 mg/kg (i.p.) of aqueous extract, 
and after 30 min, each animal was administered sodium pen-
tobarbital. Administration of 62.5 and 125 mg/kg of aqueous 
extract of C. aurantium L. flowers caused a significant in-
crease in the percentage of time spent in the open arms, a 
substantial decrease in closed arms, and reduced locomotor 
activity. Furthermore, C. aurantium L. aqueous extract at 
125 mg/kg and 250 mg/kg significantly prolonged the dura-
tion of pentobarbital sleeping time and shortened the onset of 
sleep in rats [41]. Carvalho-Freitas et al. showed that peeling 
essential oil, Hexane, and dichloromethane fractions (1.0 
g/kg) of Citrus aurantium enhances the sleeping time in-
duced by barbiturates (Table 1) [40]. In a clinical trial, aro-
matherapy with Citrus aurantium significantly influenced 
the time it takes to fall asleep, the duration of sleep, and the 
ability to go asleep again after being up for a length of time 
in cardiovascular patients (Table 2) [42]. C. aurantium L. 
mechanism on the CNS can be related to flavonoid glyco-
sides (naringin, hesperidin, and neohesperidin, flavones, fla-
vonones, polimethoxylates, glycan peptides) existing in it. 
Many flavonoids were found to be ligands for the γ-amino 
butyric acid type A (GABA-A) receptors in the CNS, which 
led to the hypothesis that they act as benzodiazepine-like 
molecules (Figs. 1 and 2) [42, 43]. In addition, Fernandez et 
al. detected the anxiolytic and sedative effects of a range of 
flavonoid glycosides (myrcitrin, naringin, and gossypin) in 
mice [44].  

3.5. Coriandrum sativum 

 Coriandrum sativum (C. sativum) is an annual herb be-
longing to the Apiaceae family, which is extensively used as 
a spice, as well as in the pharmaceutical and food industries. 
It is also known as coriander, cilantro, Chinese parsley, and 
"Geshniz" in Persian. Although all parts of the plant are edi-
ble, its fresh leaves and dried seeds are most frequently used 
in many cultures [45]. In traditional medicine, C. sativum is 

commonly used to treat nervousness, vertigo, headache, 
swelling, fever, digestive problems, respiratory infections, 
allergies, and wounds [46]. The main bioactive constituents 
in C. sativum are essential oil (1-ethenyl-cyclododecanol, 
(E)-2-Decenal, phytol, linalool, citronellol, dodecenal), fatty 
acids (petroselinic acid, linoleic acid, palmitic acid, and oleic 
acid), tocopherol and tocotrienol, sterol (β-sitosterol, stig-
masterol), carotenoids (β-carotene, lycopene lutein, zeaxan-
thin) and polyphenols [47]. Experimentally, C. sativum has 
reported to have a wide range of biological activities, includ-
ing anti-inflammatory, antidiabetic, hypolipidemic, neuro-
protective, hepatoprotective, analgesic, antioxidant, and anti-
convulsant effects [48-50]. Some research suggest that Cori-
andrum sativum extract has sedative and anxiolytic proper-
ties. In a study, i.p administration of the aqueous extract 
(200, 400, and 600 mg/kg), hydro-alcoholic extract (400 and 
600 mg/kg), and essential oil (600 mg/kg) of Coriandrum 
sativum L. seeds prolonged pentobarbital-induced sleeping 
time in mice (Table 1) [51]. In another study, C. sativum 
seed extract administered orally (250, 500, and 1000 mg/kg) 
to mice failed to exert effects on sleep onset and duration 
(Table 1) [52]. Gastón et al. indicated that intracerebroven-
tricular injection of essential oil from Coriandrum sativum 
seeds (8.6 and 86 μg) induced a sedative effect in neonatal 
chicks [53].  
 The action of the plant might be attributed to linalool, the 
primary coriander component, which has various neuro-
pharmacological effects such as anti-anxiety, sedative, and 
anticonvulsant [54]. Other monoterpenoids such as limo-
nene, myrcene, γ-terpinene, and α-pinene in C. sativum are 
shown to possess sedative and anxiolytic effects due to the 
interaction of monoterpenes with γ-Aminobutyric acid type 
A (GABAA) receptors [55, 56]. GABAA receptors are key 
inhibitory neurotransmitter receptors in a variety of neuro-
psychiatric disorders. GABAA receptors can be activated 
and regulated by a variety of medicines. Diazepam and other 
benzodiazepines are well-known medications that operate as 
positive allosteric modulators of a subset of these receptors. 
They are sedative, anxiolytic, anticonvulsant, hypnotic, and 
have anticonvulsant and muscle relaxant characteristics. The 
GABAA receptor's primary isoform is α1β2γ2. The binding 
sites for the agonist GABA are situated at the β2

+/α1
− subunit 

interfaces, whereas the modulatory site for benzodiazepines 
is located at the α1

+/γ2
− (Fig. 1) [57, 58]. According to Sa-

kurai et al., the sedative action of coriander leaf extract is 
attributable to the hyperactivity of inhibitory neurons in the 
brain because the leaf extract (600 mg/kg) raised the gene 
expression of the GABA-A receptor-1 subunit and decreased 
the gene expression of GABA transporter (Table 1 and Fig. 
2) [59]. 

3.6. Lactuca sativa 

 Lactuca sativa (lettuce) belongs to the Compositae fami-
ly and is a farmed and highly consumed vegetable world-
wide. Although lettuce is a popular vegetable, it has not been 
considered a nutritional food owing to its high water content. 
However, depending on the variety of lettuce, the nutritional 
content might equal that of other "nutritious" plants [60].  
 Different types of lettuce contain different amounts of 
compounds, including dietary fiber, vitamins (vitamins A, C, 
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Fig. (1). Herbal and its constituents-based treatments on the GABAergic system associated with sedative-hypnotic impacts. The GABAA recep-
tor's primary isoform is α1β2γ2. The binding sites for the agonist GABA are situated at the β2

+/α1
− subunit interfaces, whereas the modulatory site 

for benzodiazepines is located at the α1
+/γ2

−. Benzodiazepines are clinically relevant drugs that bind to GABAA neurotransmitter receptors at the 
α1

+/γ2
− interfaces, thereby enhancing GABA-induced chloride ion flux, leading to neuronal hyperpolarization. Abbreviations: GABA: gamma-

aminobutyric acid, BZD: Benzodiazepine. (A higher resolution/colour version of this figure is available in the electronic copy of the article). 
 

 

Fig. (2). Therapeutic plants for insomnia act through different mechanisms. (A higher resolution/colour version of this figure is available in 
the electronic copy of the article). 
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K, folate, niacin, riboflavin, thiamine), phenolic compounds, 
chlorophyll, b-carotene, lutein content, minerals (N, P, Mg, 
Zn, Ca, Fe, K, Mn, Se), isorhamnetin, quercetin, kaempferol, 
epicatechin, myricetin, anthocyanin, saponins. Alkaloids, 
tannins, and steroids are associated with anti-oxidant, radical 
scavenging, anti-inflammatory, anti-cancer, anti-cataracts, 
and anti-cardiovascular disease activities [61-63]. Tradition-
ally, lettuce has been suggested to have sedative-hypnotic 
properties. The hydro-alcoholic extract of Lactuca sativa 
(400 mg/Kg) and its n-butanol fraction (200 mg/Kg) pro-
longed the pentobarbital-induced sleep duration and de-
creased sleep latency in rats that may be exerted by the non-
polar agents (sterols, alkanes, and some terpenoids) in an n-
butanol fraction of this plant (Table 1) [64]. Lactuca sativa 
seed extract contains caftaric acid, chlorogenic acid, and 
chicoric acid, significant antioxidant phenolics that protect 
against oxidative stress produced by sleep disruption [65]. 
Kim et al. demonstrated that orally administering 100 mg/kg 
of green romaine leaf extract facilitates the effect of pento-
barbital-inducing sleep by decreasing latency, extending 
sleep duration, and improving sleep quality by boosting 
NREM. These findings indicate that lactucin and lactucopic-
rin, which are found in green romaine leaf extract, bind effi-
ciently to GABAA receptors and serve as the active chemical 
that induces sleep [66]. In a clinical trial study, the admin-
istration of capsules containing lettuce seed (1000 mg) im-
proved the quality of sleep in pregnant women with sleep-
lessness for 14 days (Table 2) [67]. In another study, patients 
with breast cancer suffering from sleep disorders were treat-
ed with lettuce seed syrup (5 mL), and their insomnia symp-
toms improved (Table 2) [68].  

3.7. Lactuca serriola 

 Lactuca serriola L. (Compositae) is an annual or biennial 
plant known by several names, including Prickly lettuce, 
Compass weed, Jagged lettuce, Kahu, and Khas. It is native 
to the Himalayas, Siberia, and Atlantic areas but is also cul-
tivated in temperate lands of Europe, Asia, and Africa [69]. 
The phytochemical screening of the Lactuca serriola showed 
the presence of alkaloids, glycosides, carotene, carbohy-
drates, triterpenoids, tannins, saponins, phytosterols, phenol-
ic compounds, flavonoids, triterpenoids, vitamins (B1, C, E, 
K), minerals (Na, K, Mg, S, Cl, P), organic acid (oxalic ac-
id), and sesquiterpene esters in seeds, leaves, and stems of 
the plant [70]. In addition, they have antimicrobial, antioxi-
dant, anti-venom, anticancer, antispasmodic, diuretic, anes-
thetic, bronchodilatory, vasorelaxant, demulcent, and hepa-
toprotective properties [71, 72]. Lactuca serriola is some-
times known as wild opium because its latex contains anal-
gesic and sedative compounds [73]. 
 The hydro-alcoholic extract of Lactuca serriola aerial 
parts (50-400 mg/kg) increased sleeping time and lowered 
latency to fall asleep, comparable to diazepam, which may 
operate via benzodiazepine receptors. Also, the n-butanol 
fraction (400 mg/kg) caused a sedative effect among the oth-
er fractions but not more than the hydro-alcoholic extract, 
suggesting that the active molecules responsible for the im-
pact of lettuce are non-polar agents such as sterols, alkanes, 
and specific terpenoids (Table 1) [74]. According to studies, 
Terpenoids with diverse chemical structures exhibit varying 

affinities for the GABA receptor and modify GABA recep-
tors either by contact with a common BZD site on the recep-
tor or independently of BZD sites (Table 1) [75, 76]. 

3.8. Lavandula angustifolia 

 Lavandula angustifolia Mill. (also known as Lavandula 
officinalis Chaix), lavender belongs to the Lamiaceae family, 
which is mainly native to the Mediterranean region, although 
it is widely grown in England, Europe, North America, and 
Australia [77]. The major constituents of lavender essential 
oil are 1,8-cineole, camphor, camphene, α-pinene, β-pinene, 
p-cymene, limonene, terpinen-4-ol, cryptone, T-cadinol, 
borneol, 3-carene, linalool, lavandulyl acetate, linalyl acetate 
[78, 79]. Lavender has a long history of medicinal use, and 
according to animal and clinical studies, it is used as herbal 
medicine to relieve stress, anxiety, and neuropathic pain, 
most likely due to an NMDA-receptor antagonism, inhibition 
of the serotonin transporter and decreased levels of iNOS in 
the spinal cord [80, 81]. Lavender has also been used to 
promote sleep. Alnamer et al. demonstrated that methanolic 
(200, 400, and 600 mg/kg) and aqueous (200 and 400 mg/kg) 
extracts of Lavandula officinalis L. had sedative and hypnot-
ic effects in mice when compared to diazepam, which was 
mediated through the GABAergic system (Table 1) [82]. For 
four weeks, lavender aromatherapy improved sleep quality, 
quantity, mood, and life quality in diabetic patients with 
sleeplessness (Table 2) [83]. A randomized pilot study 
showed aromatherapy of L. augustifolia improved sleep in 
patients with mild insomnia (Table 2) [84]. A clinical trial 
was performed on 64 patients with ischemic heart disease. 
The intervention included three nights, each time 9 hours of 
aromatherapy with lavender oil for the experiment group. 
The sleep quality in ischemic heart disease patients improved 
after aromatherapy with lavender oil (Table 2) [85]. 

3.9. Leonurus cardiaca  

 Leonurus cardiaca L. (Motherwort) is a perennial herb of 
the Lamiaceae family, initially in Asia and Southeastern Eu-
rope but is now found worldwide [86]. Some components 
from various chemical categories have been found in the 
Leonuri cardiacae, including lavandulifolioside, stachydrine, 
stereoisomers, ursolic acid, chlorogenic acid, leocardin, 
leonurine, galiiridioside, reptoside, alkaloids and choline 
with antimicrobial, antioxidant, anti-inflammatory, analge-
sic, uterotonic, cardiovascular, neuroprotective and sedative 
actions [86, 87]. In a clinical study, Leonurus oil extract 
(1200 mg/day) showed sedative effects and improvement in 
the symptoms of anxiety and sleep disorders in patients with 
arterial hypertension [88]. Furthermore, it has been demon-
strated that the motherwort extracts with glycine, valine, and 
arginine reduced anxiety in animals [89]. According to re-
search, the neurological mechanism of action of Leonurus 
cardiaca primarily depends on its interaction with the 
GABA site of the GABA type A receptor (Table 1) [90]. 

3.10. Nepeta glomerulosa 

 Nepeta glomerulosa (Lamiaceae family) is one of the 
Nepeta genus species, consisting of about 300 species widely 
distributed in Europe, Asia, and some areas of Africa. Seven-
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ty-nine species of Nepeta, with the common Persian name of 
"Pune-sa", are distributed in Iran (particularly in the provinc-
es of Khorasan and Isfahan) [91]. The significant compo-
nents of Nepeta glomerulosa oil are monoterpenes, oxygen-
ated monoterpenes, 1,8-cineole, stapfiana, and caryophyllene 
oxide [92, 93]. It is widely used in the folk medicine of Iran 
for digestive disorders, antimicrobial, eye illnesses, respira-
tory disorders, diuretic, diaphoretic, febrifuge, and sedative 
effects [91, 94]. 
 Hosseini et al. showed that the hydro-alcoholic extract 
(50-200 mg/Kg) and an n-butanol fraction (50 and 100 
mg/Kg) increased sleep duration and decreased sleep latency 
via the GABAergic system in the pentobarbital-induced 
sleep model without any cytotoxicity (Table 1). The compo-
nents responsible for this effect are most likely non-polar 
agents found in the n-butanol fraction. Therefore, the non-
polar agents identified in the n-butanol fraction are most 
likely responsible for this impact [95]. 

3.11. Citrus sinensis  

 Citrus sinensis L., sweet orange, is a small tree in the 
Rutaceae (citrus) family that originated in Asia and spread 
over the tropical regions of the world [96]. Flavonoids, ster-
oids (-sitosterol), linalyl acetate, linalool, hydroxyl-amides, 
alkaloids (synephrine and octopamine), protoalkaloids, cou-
marins, carbamates, carotenoids, triterpenes, vitamin C, and 
pectin have all been discovered in the peel, leaves, flowers, 
and oil of C. sinensis. [96, 97]. C. sinensis peel, as a natural 
radical defense, has an essential role in various disorders, 
including cancer, cardiovascular dysfunction, neurological 
diseases, gastrointestinal disease, inflammation, and aging 
[98]. In addition, C. sinensis is traditionally used as a seda-
tive, hypnotic, and anxiolytic [96, 99]. 
 In a triple-blind randomized controlled clinical trial, the 
orange peel essential oil positively improves mothers’ sleep 
quality in the postpartum period. Orange peel essential oil 
has active ingredients such as linalyl acetate and linalool that 
have been reported to have narcotic effects through interac-
tion with the GABA (gamma-aminobutyric acid) receptor 
[100]. Also, hesperidin, the main flavonoid in C. sinensis, 
was identified as the active principle in this plant responsible 
for sedation (Table 2) [101]. 

3.12. Pinus eldarica 

 Pinus eldarica (Pinaceae) is an evergreen tree native to 
the Transcaucasia region between Europe and Asia. It is one 
of Iran's most common pines and grows in Afghanistan and 
Pakistan [102]. P. eldarica contained high amounts of poly-
phenolic compounds such as catechin, tyrosol, epicatechin, 
gallic acid, vanillic acid, ferulic acid, and coumaric acid 
[103]. P. eldarica oil was primarily composed of mono- and 
sesquiterpenoid fractions, particularly α-pinene, caryo-
phyllene oxide, δ-3-carene, (E)-β-caryophyllene, and myrte-
nal [104]. In Persian traditional medicine, it was reported 
that plants of the Pinaceae family have sedative and hypnotic 
effects. A study showed that the hydro-alcoholic extract (25-
200 mg/kg) and an n-butanol fraction (25 and 50 mg/kg) of 
P. eldarica decreased sleep latency and significantly in-
creased the duration of sleep induced by pentobarbital. As a 
result, it can be inferred that the active ingredients of P. el-

darica responsible for sleep prolongation include low polar 
agents in an n-butanol fraction, such as alkanes, sterols, and 
terpenoids [105]. Also, studies showed that α-pinene, and 3-
carene, monoterpene of the family Pinaceae, improved sleep 
quality through binding to the BZD site of α1 and g2 subunits 
of GABAA-BZD receptor (Table 1, Fig. 1) [106, 107].  

3.13. Stachys lavandulifolia 

 Stachys lavandulifolia Vahl (Lamiaceae), one of the spe-
cies of the genus Stachys, is an aromatic plant that grows in 
different regions of Iran, including Azerbaijan, Golestan, 
Khorasan, Behshahr, Mazandaran, and Tehran provinces 
[108]. The primary ingredients of the essential oils of S. la-
vandulifolia are 4-hydroxy-4-methyl-2-pentanone. α-thujone, 
α-pinene, myrcene, β-phellandrene, germacrene D, Δ-
cadinene, 1, 4-methano-1-H-indene, hexadecanoic acid, la-
vandulifolioside-B, and 5-O-β-allopyranosyloxy-aucubin 
[108-110]. The traditional usage of S. lavandulifolia for its 
hypnotic and sedative properties has been significant [111]. 
Rabbani et al. showed that intraperitoneal doses of 100 and 
300 mg/kg of S. lavandulifolia extract significantly pro-
longed sleep duration and diminished the locomotor activity 
in treated mice, which probably is mediated by volatile oil 
and phenyl propanoid glycoside (Table 1) [112]. 

3.14. Salvia leriifolia 

 Salvia leriifolia (Lamiaceae), also known as Noruzak and 
Jobleh, is a perennial herbaceous plant that grows exclusive-
ly in Khorasan and Semnan provinces, Iran [113]. Chemical 
composition of the essential oil of S. leriifolia, including α- 
and β-pinene, camphene, Δ-3-carene, ρ-cymene, 1,8-cineole, 
borneol, terpinen-4-ol, α-terpineol, α-muurolene, y-cadinene, 
Δ-cadinene, 10-epi-gamma-eudesmol, α-cadinol [114]. In 
recent years, this plant has been studied for the benefits of 
antidiabetic, pain relief, anti-inflammatory, antioxidant, an-
tiulcer, antibacterial activity, anti-carcinogenic, and sedation 
[113]. Hosseinzadeh and Hassan-Zadeh demonstrated that an 
aqueous extract of S. leriifolia extended sleeping duration and 
promoted muscular relaxation in mice [115]. Pretreatment of 
animals with compounds from ethanol extract of the S. leriifo-
lia (10, 15, and 20 mg/kg) caused a significant seductive and 
muscle relaxant-like effect through interaction with GABAA 
receptor similar to that of BDZ (Table 1) [116]. 

3.15. Salvia reuterana 

 Salvia reuterana Bioss. is one of the 61 species of the 
genus Salvia L. in the Lamiaceae family. In Persian, this 
scented perennial plant is known as "Maryam Goli-e Esfa-
hani." [117]. The major components of the S. reuterana oil 
are germacrene D, b-caryophyllene, bicyclogermacrene, car-
yophyllene oxide, and spathulenol [118]. S. reuterana can be 
utilized to treat various diseases, including cancer, diabetes, 
microbiological, oxidative, and neurological illnesses [119]. 
It has been used in Persian traditional medicine for sedative 
and anxiolytic effects. Vaseghi et al. discovered that an etha-
nolic extract of S. reuterana (50, 100, and 250 mg/kg) de-
creased latency and increased total sleeping time in keta-
mine-induced sleeping mice [120]. The hydro-alcoholic ex-
tract of S. reuterana Boiss. (100 mg/kg) possess anxiolytic 
and sedative effects in mice (Table 1) [121]. S. reuterana 
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components likely induced sedation by inhibiting acetylcho-
linesterase or contacting GABA receptors [111]. 

3.16. Valeriana officinalis  

 Valeriana officinalis L. or Valerian (Caprifoliaceae) is a 
medicinal herb native to Europe, Asia, and North America. 
Various parts of the plant are used to treat stomach issues, 
neuronal disorders, and urinary tract infections [122]. Valeri-
an essential oils are reported for their sedative and anxiolytic 
activity, suggesting that their compounds act synergistically 
[123]. Valerian components, including sesquiterpenes (vale-
rinic acid, valeranone), triterpenes (ursolic acid), monoter-
penes (borneol, bornyl acetate), valepotriates (valtrate, di-
drovaltrate, isovalerenic acid), flavonoids, lignans, alkaloids 
(valerine) have been shown in several experiments to have 
biological action [124]. A pilot study investigates a combina-
tion of valerian and hop (Ze 91019) in 30 patients suffering 
from mild-moderate, non-organic insomnia. The patients 
were treated with two tablets (250 mg valerian extract and 60 
mg hop extract) in the evening. They reported an improve-
ment in sleep after two weeks of treatment (Table 2) [125]. 
Also, the valerian/lemon balm used in 100 women aged 50-
60 who complained of sleep disorders reduces symptoms of 
sleep disorders during menopause [126]. In addition, a study 
was conducted on 90 patients with acute coronary syndrome 
(ACS) at Mazandaran Heart Center, Mazandaran, Iran. Pa-
tients in the acupressure with valerian oil 2.5% group (i.e., 
valerian acupressure group) received bilateral acupoint mas-
sage with two drops of valerian oil for 2 minutes for three 
nights. Results showed that using these techniques can sig-
nificantly improve sleep and reduce waking during the night 
(Table 2) [127]. Valerian is known to stimulate the release of 
neurotransmitters such as GABA and inhibit the enzyme-
induced breakdown of GABA in the brain, perhaps acting as 
a precursor for GABA synthesis. However, it has been dis-
covered that valerian lignan hydroxy pinoresinol binds to 
benzodiazepine receptors [123, 128].  

3.17. Viola tricolor 

 Viola tricolor L. (Heartsease), a Violaceae plant family 
member, is a popular gardening plant in Iran [129]. The essen-
tial oil obtained from aerial parts of V. tricolor has compounds 
including sesquiterpenes, monoterpenes, flavonoids, shikimic 
acid, aliphatics, bisabolone oxide, trans-β-farnesene, hexahy-
drofarnesyl acetone, methyl salicylate, and β-ionone [130]. 
Studies showed various therapeutic properties of V. tricolor, 
including anti-angiogenesis, anti-apoptotic and anti-
proliferation of cancer cells, anti-inflammatory, immunosup-
pressive activity, antimicrobial, and neuronal cell protection 
[129, 131-136]. Traditionally, V. tricolor has been suggested 
to have sedative-hypnotic properties. However, Ghorbani et 
al. revealed the hydro-alcoholic extract of V. tricolor at 300 
mg/kg, significantly prolonged the duration of pentobarbital-
induced sleep with no neuron toxicity (Table 1). Similarly, 
the ethyl acetate fraction significantly augmented the sleep 
length, and none of them could dramatically change the sleep 
latency time [137]. Furthermore, some of the chemicals in V. 
tricolor, such as rutin, have been shown in studies to allevi-
ate anxiety by activating the GABAergic system in the baso-
lateral amygdala and may also enhance the GABAergic sys-
tems (Table 1, Figs. 1 and 2) [138]. 

3.18. Viola odorata 

 Viola odorata L. (Sweet Violet), a member of the Viola-
ceae, is known as Banafshe in Farsi and is found in Northern 
Iran, particularly in the Alamut region [139, 140]. In current 
phytotherapy, these herb plants possess antibacterial, anti-
inflammatory, antioxidant, antipyretic, sedative, neurophar-
macological, vasculoprotective, and hepatoprotective activi-
ties [140-143]. 
 In a clinical investigation, researchers discovered that 
using 66 mg of V. odorata intranasal in each nostril before 
bed for one month improved sleep in individuals with chron-
ic insomnia (Table 2) [144]. Also, in another study, the ad-
ministration of V. odorata oil nasal drop can alter sleep start, 
degree of hypnotic medication, sleep quality indices, mental 
quality of sleep, and sleep duration in older persons [145]. 
Shayesteh et al. documented that administering 5 mL V. odo-
rata syrup for four weeks increases the sleep quality index in 
depression and obsessive-compulsive disorder patients [146]. 
Monadi et al. observed in rats that an injection of 400 mg/kg 
of V. odorata extract caused an increase in sleeping time as 
well as sedative and anxiolytic effects superior to diazepam 
(Table 1) [147].  
 Numerous studies have proven that the essential oil of V. 
odorata flowers is rich in polyphenols, monoterpenes, ses-
quiterpenes, linalool, and other antioxidant and neuroprotec-
tive characteristics that might explain its hypnotic effects 
[144, 148]. Furthermore, melatonin, which has been exten-
sively studied as a dietary supplement for its hypnotic fea-
tures, is found in V. odorata flowers [149]. 

3.19. Ocimum basilicum 

 Ocimum basilicum L. (Basil) is a well-known aromatic 
annual or perennial plant in the genus Ocimum (basil) and 
family Lamiaceae, native to Africa, India, and Asia and 
widely grown in temperate climates across the world [150]. 
Monoterpenes, sesquimonoterpenes, triterpenes, aromatic 
substances, aliphatic compounds, flavonoids, monosaccha-
rides, coumarin, cinnamates, polyphenols, glycosides, ster-
oids, and miscellaneous compounds make up the chemical 
composition of its essential oils [150].  
 It has been reported to have antimicrobial, anti-tumor, 
antispasmodic, aromatic, carminative, anti-dyspepsia, anti-
hyperlipidemic, snake bites and skin problems, anti-giardia, 
antiinflammatory, febrifuge analgesic, antioxidant, antiulcer, 
blood-sugar-lowering, insecticidal, anti-aging, wound-
healing, sedative and platelet aggregation inhibiting proper-
ties [151, 152]. Also, it affects the central nervous system 
(CNS) and treats several neurological conditions. Several 
experiments were conducted to examine the antidepressant 
efficacy of O. basilicum L. extract. Researchers discovered 
that the methanolic extract of O. basilicum, due to its antiox-
idative potency and free radical scavenging activity, attenu-
ates the depressant-like actions against oxidative damage in 
rats [153].  
 Askari et al. discovered that hydro-alcoholic extract of O. 
basilicum (25, 50, or 100 mg/kg), ethyl acetate (50mg/kg), n-
butanol (50 mg/kg), and aqueous fractions (50 mg/kg) in-
creased sleep duration and, while sleep latency was signifi-
cant in hydro-alcoholic and n-butanol fractions (Table 1) 
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[154]. The possible mechanism for sedative-hypnotic effects 
of O. basilicum could be associated  with  the  presence  of  
non-polar agents such as linalool, eugenol, bergamotene, 
germacrene D, cadinene, cadinene, selinene, and spathulenol 
identified in the extracts of O. basilicum [155]. 

3.20. Artemisia absinthium  

 Artemisia absinthium (Asteraceae), sometimes known as 
Wormwood or Afsantin, is a medicinal herb used in Europe, 
West Asia, North America, and Australia. The following 
substances are primarily responsible for the herb's biological 
activity: the essential oil (thujyl alcohol esters, octane, α-
pinene, linalool, etc.), bitter compounds (absintholide, ab-
sinthin, anabsinthin, artabin, artabsin, artamarin, azulene), 
flavonoids (quercetin, naringenin, artemetin, rutoside), other 
bitterness-imparting compounds, phenolic acids (chlorogenic 
acid, ferulic acid, gallic acid, caffeic acid, coumaric acid, 
salicylic acid, rosmarinic acid, tannic acid, syringic acid, 
vanillic acid), chalcones (cardamonin), coumarins (herniarin, 
coumarin), organic acids (succinic acid, malic acid), fatty 
acids (palmitic acid, stearic acid, dodecanoic acid), sterols, 
carotenoids, resins, polysaccharides, tannins and lignans 
[156, 157].  
 Traditionally, A. absinthium has been used to treat diges-
tive disorders, helminthiasis, anemia, anorexia, sleepless-
ness, bladder illnesses, microbiological disease, hepatic dis-
eases, ulcers, and fever. Today anticarcinogenic, hepatopro-
tective, anti-inflammatory, antioxidant, immunomodulatory, 
cytotoxic, analgesic, neuroprotective, and anti-depressant 
effects of this plant have been identified [158]. Rezaie and 
colleagues evaluated the sedative, pre-anesthetic, and anti-
anxiety effects of methanol and chloroform extracts of Ar-
temisia. When compared to diazepam, artemisia extract (100, 
200, and 400 mg/kg B.W) significantly reduced anxiety, 
induction time, and increased sleeping time in rats [159]. 
Rakhshandeh et al. studied the hypnotic effect of A. ab-
sinthium and its fractions in rats under pentobarbital seda-
tion. The duration of sleep was lengthened by A. absinthium 
extract (100, 200 mg/kg), aqueous, ethyl acetate, and n-
butanol fractions (200 mg/kg) (Table 1). Also, A. absinthium 
extract, aqueous, and ethyl acetate fractions reduced sleep 
latency, most likely by modulating the GABAergic system 
(Table 1) [160]. One of the biological functions of Artemisia 
alkaloids is to induce sleep. Artemisia species produce tryp-
tophan as a secondary metabolite, which works as a natural 
sedative drug and is responsible for manufacturing numerous 
tryptophan-derived metabolites. In addition, it is a precursor 
in plants' production of indole alkaloids, melatonin, and sero-
tonin (a neurotransmitter that regulates sleep, mood, and 
appetite) [161].  

3.21. Lagenaria vulgaris and Cucurbita pepo 

 Lagenaria vulgaris, also known as Lagenaria siceraria 
(Molina) Standley, calabash, and bottle gourd, is a member 
of the Cucurbitaceae family that grows on almost every con-
tinent [162]. Cucurbita pepo (Field pumpkin), another mem-
ber of the Cucurbitaceae family, is a Persian plant that has 
been prescribed for the treatment of insomnia [13]. The Cu-
curbitaceae family's plants are rich in phytochemicals such 
as terpenoids, glycosides, alkaloids, saponins, tannins, ster-

oids, carotenoids, and resins, among many others, which are 
found in the leaves, stems, flowers, fruits, seeds, and roots of 
plants. These herbs' constituents exhibit pharmacological 
properties such as hypolipidemic, antihyperglycemic, anti-
cancer, antimicrobial, analgesic, anti-inflammatory, anti-
stress, immunomodulatory, and sedation [163-165]. Accord-
ing to studies, the fruit of L. siceraria (Molina) Standley has 
antioxidant and radical scavenging action that can help in the 
treatment of the mental condition [166, 167]. Rahimi et al. 
demonstrated that macerated and soxhlet extract fruit of Cu-
curbita pepo (200 mg/kg) enhanced pentobarbital-induced 
sleep duration, and fruit (200 mg/kg), seed (50 and 100 
mg/kg), and fractions of Lagenaria vulgaris (water, ethyl 
acetate, and n-butanol) increased sleeping time and sleep 
length in mice, as did diazepam (Table 1) [168]. The hypnot-
ic effects of L. vulgaris and C. pepo are exerted probably 
through GABA receptors. It has been shown that flavone 
glycosides isolated from L. vulgaris, such as vitexin, iso-
vitexin, isoorientin, lutonarin, and saponarin interact with 
GABAA receptors and present a hypnotic effect (Table 1) 
[162, 169]. 

3.22. Capparis spinose 

 Capparis spinose (Capparaceae), generally known as 
Caper, is a Mediterranean shrub found from the Atlantic 
coast to the Black Sea, Crimea, and Armenia, as well as the 
east side of the Caspian Sea and Iran [170]. Polyphenols, 
flavonoids, alkaloids, and tannic acid are abundant in several 
sections of C. spinosa, including fruits and roots, which have 
been used as a traditional herbal in the treatment of liver and 
kidney ailments, paralysis, diabetes, splenomegaly, hemor-
rhoids, ulcers, rheumatoid arthritis, and mental problems 
[171, 172]. C. spinosa hydro-ethanolic extract (100 and 300 
mg/kg) reduced neuroinflammation in the LPS-induced in-
flammation in the microglia of rats and has a neuroprotective 
impact [173]. Rakhshandeh and colleagues demonstrated that 
a hydro-alcoholic extract of C. spinose (30, 60, and 120 
mg/kg) and its fractions (n-hexane, water, and ethyl acetate 
fractions) substantially enhanced sleeping duration in pento-
barbital-induced rats compared to diazepam (Table 1) [174]. 
In another study, aqueous extract (100 and 200 mg/kg), 
methanolic extract and fraction (100, 200, and 400 mg/kg), 
and dichloromethane (25, 50, and 100 mg/kg) fraction of C. 
spinosa reduced the total distance movement and increased 
the sleeping time in pentobarbital induced sleep model (Ta-
ble 1). In this study, dichloromethane had the highest seda-
tive effects, which seems non-polar agents involving opioid 
receptors are responsible for the hypnotic effects [175].  

3.23. Brassica oleracea 

 Red cabbage (Brassica oleracea L; Brassicaceae) is a 
popular food in Asia and Europe due to its low calorie-high 
fiber content [176]. It is also a rich source of anthocyanins, 
vitamin C, tocopherol, glucosinolates, alkaloids, saponins, 
tannins, phlobatannins, terpenoids, flavonoids, glycosides, 
and steroids [177, 178]. Brassica consumption has been 
linked to a lower risk of common malignancies. Recently, 
the preventative impact of these herbs on cardiovascular dis-
ease, hypercholesterolemia, oxidative stress and longevity, 
neurological disorders, and diabetic nephropathy has been 
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shown [179-185]. Hosseini et al. demonstrated the influence 
of a red cabbage hydro-alcoholic extract on mouse sleeping 
behavior. They discovered that the extract and its fractions 
(ethyl acetate, n-butanol, and aqueous fractions) at 50-200 
mg/kg enhanced sleep duration at levels equivalent to diaze-
pam. The extract and solely the ethyl acetate fraction were 
shown to reduce sleep latency. In this study, the ethyl acetate 
fraction exhibited a more significant hypnotic effect than the 
other two fractions, indicating that intermediate polarity el-
ements such as flavonoids are responsible for red cabbage's 
sleep-prolonging consequences [186]. The potential of fla-
vonoids like quercetin, kaempferol, caffeic acid, and ferulic 
acid in the brain has been demonstrated via two primary 
mechanisms: inhibition of oxidative stress and neuroinflam-
mation. Flavonoids can reduce reactive oxygen species 
(ROS) formation and lipid peroxidation in rats' brains. They 
can also inhibit inflammatory and pro-inflammatory cyto-
kines in the brain [187]. 

3.24. Portulaca oleracea  

 Portulaca oleracea (Purslane) is a worldwide herbaceous 
annual succulent plant of the Portulacaceae family that 
grows in the warm regions of the United States, Europe, the 
Mediterranean, and Asia [188-196]. It contains higher ome-
ga-3 fatty acids, making it appropriate for improving brain 
and cardiovascular system performance [189-197]. Moneim's 
study underlined purslane's anti-apoptotic activity in the 
midbrain and striatum and its potential for preventing brain 
damage and neurodegenerative disorders caused by oxidative 
stress [198]. In a study, the three doses of 25, 50, and 75 
mg/kg of Purslane decoction extract increased the sleeping 
time of mice (Table 1) [199]. Purslane hydro-alcoholic ex-
tract (25, 50, 75, and 100 mg/kg) and its fractions (25 mg/kg) 
prolonged the duration of pentobarbital-induced sleep in rats 
compared to diazepam. The hydro-alcoholic extract and n-
butanol fraction reduced sleep latency, indicating that low 
polar agents such as alkanes, sterols, and terpenoids possibly 
manifested hypnosis in research by Hamedi et al. [200]. Iso-
quinoline alkaloids from Portulaca, such as catechol iso-
quinolines, have been shown in studies to possess α2-
adrenergic receptor agonist action, which can be utilized to 
treat sleep problems [201].  

3.25. Cuscuta epithymum  

 Cuscuta epithymum is an annual, occasionally perennial 
parasitic genus of the Convolvulaceae family that dies if the 
seedling does not identify a host once the seedling's nutrition 
reserve is depleted [202]. Some of the chemical constituents 
of C. epithymum are chlorogenic acid, hyperoside, astragalin, 
kaempferol, quercetin, obtucifoliol, cycloartanol, cycloeuca-
lenol, and sterols [203]. C. epithymum has long been used 
locally and traditionally in various regions. It was mentioned 
in several Persian medicine references and in India for treat-
ing disorders such as kidney and liver, joint, urinary tract, 
immune system, gastrointestinal tract, and nervous system 
[203]. Several studies have examined its sedative and hyp-
notic properties. Forouzanfar et al. revealed that the hydroal-
coholic extract of C. epithymum and its fractions (water, 
ethyl acetate, and n-butanol fraction) could have sedative-
hypnotic effects in mice probably through GABAergic Sys-
tem (Table 1) [204]. Also,  Taleghani et al. revealed that μ-

opioid and GABAA receptor antagonists could reduce the 
anti-nociceptive activity of C. epithymum Murr. extract in 
male mice [205], suggesting this plant may exert its effects 
on the nervous system through the opioidergic and GA-
BAergic systems. 

3.26. Perovskia abrotanoides Karel. 

 Perovskia abrotanoides Karel, a member of the Lamiace-
ae family, is mainly grown along the edges of mountainous 
in the dry and cold climates of Iran, Northern Pakistan, and 
Northwestern India [206, 207]. Most components in the plant 
are terpinolene, ursolic acid, stigmasterols, betulinic acid 
verbenone, cirsimaritin, sabinene, terpinen and terpinen-4-ol 
[208, 209]. This plant is used chiefly as a fortifier, rheumatic 
pains, anti-inflammatory, antiinfective, and sedative [208]. 
Forouzanfar et al. discovered that treated mice with hydro-
alcoholic extract of Perovskia abrotanoides Karel. at doses 
ranging from 25-200 mg/kg and n-butanol fraction (25 and 50 
mg/kg) increased sleep duration and decreased sleep latency in 
a manner similar to diazepam, most likely via the GABAergic 
system (Table 1) [210]. Each component has antagonistic 
binding potential to GABAA receptor sites, resulting in en-
hanced efficiency of the leading GABA site and, as a result, an 
increase in chloride channels and membrane hyperpolarisa-
tion. Binding interactions and receptor activation often induce 
anxiolytic, sedative, and hypnotic activities [211]. 

3.27. Tanacetum parthenium 

 Tanacetum parthenium (feverfew) is a perennial herba-
ceous plant of the Asteraceae family with a wide range of 
existence in Asia, Europe, and America. It is spread in Iran's 
northern, western, eastern, and central areas [212]. Essential 
oil of feverfew contains compounds such as tanetin, santin, 
camphor, ρ-cymene, chrysanthenyl acetate, farnesol, palmitic 
acid, myristic acid, cinnamic acid, sesquiterpene lactones 
which contribute to the anti-inflammatory, antioxidant, anti-
microbial, cytotoxicity properties of feverfew [213-215]. In 
addition, the α-pinene compounds may have sedative and 
anxiety-relieving properties [216]. The neuroprotective and 
sedation effects have been reported in some studies. Mosca-
no et al. found that T. parthenium, in combination with mag-
nesium, riboflavin, and CoQ10 decreased headache occur-
rence and pain intensity in children and adolescents suffering 
from tension-type headaches and migraine, both of which are 
chronic neurological illnesses [217]. Also, Forouzanfar et al. 
showed that hydro-alcoholic extract of Feverfew (50-200 
mg/kg) and ethyl acetate fraction (50 mg/kg) improved in-
somnia in mice-induced sleeping behaviors by pentobarbital 
(Table 1) [218]. The results of studies showed that T. par-
thenium, probably by acting on the GABAergic system, ex-
erted hypnotic, anxiolytic, and antidepressant-like effects 
because the antagonist of receptor GABA reversed these 
effects (Table 1) [218, 219].  

3.28. Solanum lycopersicum  

 Solanum lycopersicum L. (Cultivated tomato-Solanaceae 
family), as a nutritional supplement cultivation plant in hu-
man nutrition, contains a wide range of health-promoting 
bioactive compounds, including carotenoids (lycopene, β-
carotene), vitamins C and E, anthocyanins (petunidin and 



1214    Current Neuropharmacology, 2024, Vol. 22, No. 7 Hosseini et al. 

malvidin), and polyphenols compounds [220]. It has excel-
lent nutritional value and antioxidant activity, which adds to 
the fruits' pharmacological features, such as reducing the 
formation of reactive species, cardiovascular disease, neuro-
logical illnesses, and some kinds of cancer [221]. Plants of 
the Solanaceae family, sometimes known as nightshades, are 
exceptionally high in alkaloids. Alkaloids exert numerous 
neuroprotective and stimulating effects on the CNS in vari-
ous conditions, such as epilepsy, psychiatric disorders, Alz-
heimer's disease, Huntington's disease, schizophrenia, cere-
bral ischemia, depression, anxiety, and others [78, 222]. In 
this way, Molkara et al. indicated that hydro-alcoholic ex-
tract of S. lycopersicum and S. nigrum, by increasing the 
sleep duration and decreasing sleep latency, exerts a hypnot-
ic effect in sleep-induced mice probably through positive 
allosteric regulation of the GABAA receptor complex [223]. 
Furthermore, S. lycopersicum L. has more GABA- a non-
proteinogenic amino acid with hypotensive effects- than oth-
er crops. Glutamate decarboxylase (GAD) is a crucial en-
zyme in the production of GABA found in the tomato ge-
nome (Figs. 1 and 2) [224]. 

3.29. Rosa damascena 

 Rosa damascena (Rose or Gul-e-Surkh) belongs to the 
Rosaceae family plant that originated in the Middle East but 
is now grown all over the world and used for fragrance, med-
icine, and the food industries [225]. Rose extracts have com-
pelling free radical scavenging activities (when compared to 
other plants), which are connected with the level of phenolic 
compounds (Fig. 2) [226]. Rosa damascena has been found 
to act on the central nervous system. Studies revealed Rosa 
damascena flowers have antimigraine and antiepileptic ef-
fects [227, 228]. Keyhanmehr et al. discovered that breathing 
Rosa damascena essential oil for two weeks reduced sleep 
resistance, difficulties getting up in the morning, nightmares, 
and waking up throughout the night in children with sleep 
disorders [229]. According to Sanatkaran et al. there is no 
significant effect of aromatherapy with red rose essential oil 
and lavender on the sleep quality of mentally and physically 
healthy female students for seven nights, which is likely ow-
ing to the short treatment period [230]. In addition, in a me-
ta-analysis of randomized controlled studies, the administra-
tion of Rosa damascena was identified as a viable comple-
mentary and alternative medicine strategy for improving 
adults' sleep quality [231]. The ethanolic and aqueous extracts 
of R. damascena in dosages of 500 and 1000 mg/kg consider-
ably enhanced the pentobarbital-induced sleeping period in 
comparison to diazepam and chloroform extract and had no 
hypnotic effect. [232]. Rakhshandah et al. showed the hypnot-
ic effect of ethanol extract and its aqueous, ethyl acetate, and 
n-butanol fractions (250 and 500 mg/kg) of R. damascena 
through prolonged sleeping time that was more prominent in 
ethyl acetate fraction [233]. Some components of R. dama-
scena, such as flavonoids, geraniol, saponin, and eugenol, 
have been demonstrated to exhibit anxiolytic action and con-
tribute to the hypnotic effect of this plant via benzodiazepine 
receptors (Table 1, Fig. 1) [234]. 

3.30. Crocus sativus 

 Crocus sativus L. (Iridaceae) is widely farmed in Iran and 
other countries such as India and Greece [235-237]. C. sa-

tivus chemical constituents include carbohydrates, proteins, 
amino acids, minerals, mucilage, vitamins (especially ribo-
flavin and thiamine), anthocyanin, lycopene, zeaxanthin, 
flavonoid, starch, gums, and other chemicals. Crocin, crocetin, 
and the monoterpene aldehydes, including picrocrocin and 
safranal, are saffron's principal bioactive chemicals [238, 239]. 
Based on animal and in vitro research, modern medicine has 
shown that saffron possesses chemotherapy-protecting, anti-
inflammatory, antioxidant, and anti-toxicant properties. Saf-
fron's neuroprotective benefits have been studied for their abil-
ity to reduce symptoms of neuropsychiatric and neurodegen-
erative conditions [240, 241]. Saffron ethanolic extract (5 and 
10 µg/rat) improves learning and memory deficits and re-
stores oxidative stress indicators in the hippocampus of mul-
tiple sclerosis experimental animals [242]. Furthermore, eth-
anolic and aqueous extracts (50,100, and 200 mg/kg, i.p.) 
and safranal (0.025, 0.05, and 0.1 mg/kg, i.p.) decreased neu-
ropathic pain in rats in a dose-dependent manner (Table 1) 
[243]. It has been suggested that the major active compo-
nents of saffron, safranal, and crocin are responsible for its 
depressive and anxiolytic properties, which may be mediated 
through the GABA(A)-benzodiazepine receptor complex 
(Table 1) [244, 245]. The administration of the aqueous saf-
fron extract (0.56 g/kg) and safranal (0.15 and 0.35 mL/kg) 
show anxiolytic and hypnotic effects in mice [246]. In a trial 
on diabetic patients, Shahdadi et al. discovered that taking a 
saffron capsule (300 mg daily) for a week reduced anxiety 
and improved sleep quality (Table 2) [247]. Lopresti et al. 
demonstrated that saffron extract (14 mg twice daily) en-
hanced sleep quality during one month in healthy people 
with self-reported sleep issues (Table 2) [248]. Pachikian et 
al. also discovered that saffron extract (15.5 mg daily for six 
weeks) increased the ability to fall asleep, sleep quality, 
sleep latency, sleep length, body pain, physical, and emo-
tional limitation scores in subjects with mild to severe sleep 
problems linked with anxiety [249].  

3.31. Lawsonia inermis 

 Lawsonia inermis Linn from the Lythraceae family, 
sometimes known as henna, is utilized throughout the world. 
Many alkaloids, phenolics, flavonoids, tannins, saponins, 
carbohydrates, proteins, fat, ash, crude fiber, terpenoids, qui-
nones, coumarins, and resins have been identified from L. 
inermis [250, 251]. 

 The central nervous system features of L. inermis have 
been studied. Its extract has been investigated for its sedative 
and neuropathic pain-relieving properties [251, 252]. The 
crude ethanolic extract of L. inermis at doses of 0.25-2.0 
g/kg and 2-hydroxy-1,4-naphthoquinones (lawsone) obtained 
from the chloroform extract substantially extended pentobar-
bitone-induced sleeping time in rats [253]. The ethanolic 
extract of L. inermis flowers (500 mg/kg) demonstrated con-
siderable muscular relaxation and reduction in the start and 
prolonging of sleep duration produced by pentobarbitone 
(Table 1) [254]. It is conceivable that L. inermis extracts 
work by potentiating GABAergic inhibition in the CNS via 
membrane hyperpolarization, resulting in a reduction in the 
cortical neurons firing rate in the brain or by directly activat-
ing GABA receptors [255]. 
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3.32. Ziziphus jujube 

 Ziziphus jujuba Mill, often known as jujube, is a tiny, 
edible, date-like fruit plant from the Rhamnaceae family that 
is native to Asia (China, India, Iran), Southern Europe, North 
Africa, and Middle Eastern nations [256]. One of the primary 
functions of jujube was thought to be neuroprotection by 
inducing neurons outgrowth and neurotrophic factors expres-
sion via cAMP-dependent PKA signaling, anti-oxidation 
activity via enhancing cellular Nrf2-dependent ARE-driven 
gene expressions, improving choline acetyltransferase 
(ChAT) activity, increasing the level of acetylcholine (ACh) 
via inhibition of acetylcholinesterase, and stimulates the ex-
pression of GABA receptor subunits [257]. It benefits our 
brain by relaxing the mind and boosting sleep quality. In a 
placebo-controlled trial, total sleep duration, sleep quality, 
and sleep latency of chronic insomnia individuals were im-
proved following treatment with a capsule of Ziziphus spi-
nosa (2 g/day) (Table 2) [258].  Mahmoudi et al. showed that 
treatment of postmenopausal women with a 250 mg oral 
jujube seed capsule improved their sleep quality in 21 days 
(Table 2) [259]. Flavonoids, saponin, phenolics, cyclopep-
tide alkaloids, and jujuboside A and B might be the bioactive 
substances responsible for these biological effects [260]. 

3.33. Passiflora incarnata  

 The genus Passiflora has 500 species that are typically 
found in warm and tropical climates. Passiflora incarnata 
(Passifloraceae) is the most well-known species in this genus 
[261]. The flowers, leaves, and seeds of P. incarnata contain 
a variety of bioactive components such as alkaloids, indole 
alkaloids having the β-carboline ring (harman, harmine, 
harmalol, and harmaline), steroid, β-sitosterol, phenols, gly-
cosyl flavonoids (vitexin, isovitexin, orientin, and chrysin) 
and cyanogenic substances [262]. Previous research indicates 

that P. incarnata has been widely used to treat sedatives, 
anxiety, and sleep. The leaves and flowers of P. incarnata 
have been shown to have CNS-depressant and sleep-
inducing properties [262]. Kim et al. discovered that after a 
single (500 mg/kg) or repeated (250 mg/kg) oral administra-
tion of P. incarnata L. in mice, immobility time, palpebral 
closing time, and blood melatonin levels were significantly 
increased (Table 1), and mRNA expression levels of GABA 
receptors were decreased considerably in C6 rat glioma cells 
treated with P. incarnata L. [263]. In addition, calretinin 
(calcium-binding protein) released by GABAergic neurons 
in the hippocampus and hypothalamus, as well as serum 
melatonin and serotonin, were found to be increased in mice 
treated with ethanol extracts of P. incarnata (500 mg/kg) 
(Table 1) [264]. In placebo-controlled research, drinking a 
cup of P. incarnate herbal tea improved sleep for healthy 
persons with modest changes in sleep quality (Table 2) 
[265]. Furthermore, in another study, an extract of P. incar-
nata (500 mg/kg) enhanced sleep duration and slow-wave 
sleep (SWS) while reducing sleep latency by preventing rap-
id eye movement (REM) in rats (Table 1) [266]. 

CONCLUSION 

 Insomnia is one of the most common sleep disorders 
worldwide, and in Iran, it is defined by sleep problems that 
affect the routine activities and decrease life quality. To pre-
vent the adverse effects of synthetic medicines used to treat 
insomnia, particular attention has lately been paid in Iran to 
herbal therapies as alternatives to synthetic medicines. Peo-
ple utilize herbal remedies more for mild/moderate disorders, 
beginning therapy before using conventional medicine, and 
less for preventing illnesses, boosting health, and treating 
severe illnesses. Dissatisfaction with conventional therapy, 
previous positive experiences, and family traditions are other 
reasons why herbal medicine is favored as treatment [267].  

 
Table 1. Experimental evidence of the effects of Persian herbal treatments on insomnia. 

Plant Dose/Route Study Design Mechanism Outcomes References 

A. vera/aqueous  
extract of leaves 

50, 100 and 200 
(mg/kg), i.p. 

In rats, on pentobarbital-induced 
sleeping 

↑ Acetylcholine 
↓ Choline-esterase 

↑ NREM 
↓ REM 

]268[  

A. vera/aqueous  
extract of leaves 200 (mg/kg), i.p. In rats, on pentobarbital-induced 

sleeping 
↑ Acetylcholine 

↓ Choline-esterase 

Sedative-hypnotic effects 
prolonged loss of righting 

reflex 
]268[  

A. vera/aqueous  
extract of leaves 

100 and 200 
(mg/kg), i.p. 

In rats, on pentobarbital-induced 
sleeping 

↑ Acetylcholine 
↓ Choline-esterase 

↓ Locomotion activity ]268[  

Amygdalus communis/ 
extract 

100, 200, 400 
(mg/kg), i.p. 

In rats, pentobarbital-induced 
sleeping 

An endogenous neurotransmit-
ter, glycine, affects the CNS 

Sedative-hypnotic effects 
↑ NREM 
↓ REM 

]27[  

Amygdalus communis/ 
extract 400 (mg/kg), i.p. 

In rats, the extract was injected 
30 min before pentobarbital (40 

mg/kg) 

An endogenous neurotransmit-
ter, glycine, affects the CNS 

↑ Sleep duration 
↓ Locomotion activity 

↑ NREM 
↓ REM 

]27[  

Artemisia annua/  
essential oil 470 (mg/kg), i.p. 

In rats, the injection was done 
30 min before sodium pentobar-

bital (40 mg/kg) 
BZD receptors 

↑ Immobility time 
↓ Activities 

↑ Sleep duration 
↓ Sleep latency 

]34[  

(Table 1) Contd…. 
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Plant Dose/Route Study Design Mechanism Outcomes References 

Artemisia annua/  
crude ethanolic extract 450 (mg/kg), i.p. 

In rats, the injection was done 
30 min before sodium pentobar-

bital (40 mg/kg) 
BZD receptors 

↑ Immobility time 
↓ Activities 

prolonged the sleeping time 
and lost latency 

]34[  

Artemisia annua/  
Methanol extract was 
partitioned into chlo-

roform, petroleum 
ether, and ethyl acetate 

50, 100, and 
200 (mg/kg), i.p. 

In mice, flumazenil (3 mg/kg, 
i.p.) injected 15 min before 
chloroform fraction (200 

mg/kg). 

via BZD receptors pathways ↑ Immobility time sedative 
effects ]37[  

Citrus aurantium/ 
flowers aqueous 

extract 

62.5 and 125 
(mg/kg), i.p. 

In rats, 30 min after extract 
injection, animals received 

sodium pentobarbital  
(20 mg/kg, i.p) 

Through binding of flavonoids 
to the GABA-A receptors 

↑ Percentage of time spent in 
the open arms 

↓ In closed arms 
↓ Locomotor activity 

Sedative effects 

]41[  

Citrus aurantium/ 
flowers aqueous 

extract 

125 and 250 
(mg/kg), i.p. 

In rats, 30 min after extract 
injection, animals received 

sodium pentobarbital  
(20 mg/kg, i.p) 

Through binding of flavonoids 
to the GABA-A receptors 

↑ Sleeping time 
↓ Onset of sleep 
sedative effects 

]41[  

Citrus aurantium/ 
essential oil 1.0 (g/kg), p.o. In mice, sodium pentobarbital-

induced sleep (40 mg/kg, i.p.) 
Through binding of flavonoids 

to the GABA-A receptors ↑ Sleeping time ]40[  

Coriandrum sativum/ 
aqueous extract 

200, 400 and 600 
(mg/kg), i.p. 

In mice, extracts were injected 
30 minutes before pentobarbital 

injection (40 mg/kg). 

Interaction of monoterpenes 
with GABAA receptors 

↑ Sleeping time sedative-
hypnotic effects ]51[  

Coriandrum sativum/ 
hydro-alcoholic ex-

tract 

400 and 600 
(mg/kg), i.p. 

In mice, extracts were injected 
30 min before pentobarbital 

injection (40 mg/kg) 

Interaction of monoterpenes 
with GABAA receptors 

↑ Sleeping time sedative-
hypnotic effects ]51[  

Coriandrum sativum 
L. seeds/ essential oil 600 (mg/kg), i.p. 

In mice, extracts were injected 
30 minutes before pentobarbital 

injection (40 mg/kg). 

Interaction of monoterpenes 
with GABAA receptors 

↑ Sleeping time sedative-
hypnotic effects ]51[  

Coriandrum. Sativum/ 
seed extract 

250, 500 and 1000 
(mg/kg), p.o. 

In mice, pentobarbital-induced 
sleep (50 mg/kg, i.p.) 

Interaction of monoterpenes 
with GABAA receptors 

Failed to exert effects on sleep 
onset and duration ]52[  

Coriandrum sativum 
seeds/essential oil 

8.6 and 86 (μg), 
intracerebroven-
tricular injection 

In neonatal chicks Interaction of monoterpenes 
with GABAA receptors Sedative effect ]53[  

Coriandrum sativum/ 
leaf extract 600 (mg/kg), p.o. 

In mice, Administration of 
pentobarbital (21.6 mg/kg. i.p.) 

2 h after receiving extracts 

Interaction of monoterpenes 
with GABAA receptors Sedative action ]59[  

Lactuca sativa/ 
hydroalcoholic extract 400 (mg/Kg), i.p. 

In mice, extracts were adminis-
tered 30 minutes before pento-

barbital injection (i.p.) 

Bind efficiently to GABAA 
receptors 

↑ Sleep duration 
↓ Sleep latency 

]64[  

Lactuca sativa/ 
n-butanolic extract 200 (mg/Kg), i.p. 

In mice, extracts were adminis-
tered 30 minutes before pento-

barbital injection (i.p.) 

Bind efficiently to GABAA 
receptors 

↑ Sleep duration 
↓ Sleep latency 

]64[  

Lactuca serriola aerial 
parts/hydro-alcoholic 

extract 

50-400 (mg/kg), 
i.p. 

In mice, extract, and its frac-
tions were injected 30 min 

before administration of pento-
barbital 

Modify GABA receptors 
↑ Sleeping time 
↓ Sleep latency 

]269[  

Lactuca serriola aerial 
parts/ n-butanolic 

extract 
400 (mg/kg), i.p. 

In mice, extract, and its fractions 
were injected 30 min before 

administration of pentobarbital 
Modify GABA receptors Sedative effect ]269[  

Lavandula officinalis/ 
Methanolic extract 

200, 400, and 600 
(mg/kg), p.o. 

In mice, the activity of extract on 
the CNS was then studied using a 

battery of behavioral tests 

Through the GABAergic 
system Sedative-hypnotic effects ]82[  

Lavandula officinalis/ 
aqueous extract 

200 and 400 
(mg/kg), p.o. 

In mice, the activity of extract on 
the CNS was then studied using a 

battery of behavioral tests 

Through the GABAergic 
system Sedative-hypnotic effects ]82[  

(Table 1) Contd…. 
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Plant Dose/Route Study Design Mechanism Outcomes References 

Nepeta glomerulosa/ 
hydro-alcoholic  

extract 

50-200 (mg/Kg), 
i.p. 

In mice, the extract was injected 
30 min before administration of 
pentobarbital (30 mg/kg, i.p.) 

Via the GABAergic system 
↑ Sleep duration 
↓ Sleep latency 

]95[  

Nepeta glomerulosa/ 
n-butanol extract 

50 and 100 
(mg/Kg), i.p. 

In mice, the extract was injected 
30 min before administration of 
pentobarbital (30 mg/kg, i.p.) 

Via GABAergic system 
↑ Sleep duration 
↓ Sleep latency 

]95[  

Pinus eldarica  
hydroalcoholic/extract 

25-200 (mg/kg), 
i.p. 

In mice, extracts were injected 
30 min before administration of 

pentobarbital. 
Via GABAergic system ↑ Sleep duration ]105[  

Pinus eldarica/ 
n-butanolic extract 

25 and 50 (mg/kg), 
i.p. 

In mice, extracts were injected 
30 min before administration of 

pentobarbital. 
Via GABAergic system ↑ Sleep duration ]105[  

Stachys lavandulifolia/ 
extract 

100 and 300 
(mg/kg), i.p. 

In mice, extracts were injected 
30 minutes before behavioral 
evaluation and the administra-
tion of ketamine (100 mg/kg, 

i.p.). 

Volatile oil and phenyl pro-
panoid glycoside 

↑ Sleep duration 
↓ Locomotor activity 

]112[  

Salvia leriifolia/ 
aqueous extract of leaf 

1.15 and 1.57 
(g/kg), i.p. 

In mice, the effect of the extract 
on morphine dependence was 

investigated. Morphine injected 
sc for 3 days and on day 4 2 h 

before naloxone (i.p.) 

GABAergic system ↑ Sleep duration ]115[  

Salvia leriifolia/ 
aqueous extract 0.29 (mg/kg), i.p. 

In mice, the effect of the extract 
on morphine dependence was 

investigated. Morphine injected 
sc for 3 days and on day 4 2 h 

before naloxone (i.p.) 

GABAergic system ↑ Muscular relaxation ]115[  

Salvia leriifolia/ 
ethanol extract 

10, 15, and 20 
(mg/kg), i.p. 

In mice, evaluation of muscle 
relaxant was done via open field 

and traction tests 

Interaction with GABAA 
receptor 

Seductive and muscle relax-
ant-like effect ]270[  

Salvia reuterana/ 
ethanolic extract 

50, 100, and 250 
(mg/kg), i.p. 

In mice, extracts were injected 
30 min before ketamine injec-

tion (100 mg/kg, i.p). 

Inhibition of acetylcholinester-
ase or contact with GABA 

receptors 

↑ Sleep duration 
↓ Sleep latency 

]271[  

Salvia reuterana/  
hydroalcoholic extract 100 (mg/kg), i.p. In mice, evaluation of anxiolytic 

and sedative effects 

Inhibition of acetylcholinester-
ase or contact with GABA 

receptors 
Anxiolytic and sedative effects ]121[  

Viola tricolor/  
hydroalcoholic extract 300 (mg/kg), i.p. 

In mice, the extract was injected 
30 min before pentobarbital  

(30 mg/kg, ip) injection. 

Activating the GABAergic 
system in the basolateral 

amygdala and may also en-
hance the GABAergic systems 

↑ Sleep duration no neuron 
toxicity ]272[  

Viola odorata/extract 400 (mg/kg), i.p. In rats, ketamine-induced sleep Due to plant components ↑ Sleep duration sedative and 
anxiolytic effects ]147[  

Ocimum basilicum/ 
hydro-alcoholic ex-

tract 

25, 50, or 100 
(mg/kg), i.p. 

In mice, all test compounds 
were injected 30 min before 
pentobarbital administration  

(30 mg/kg). 

  Due to non-polar agents such 
as linalool, eugenol, bergamo-
tene, germacrene D, cadinene, 
cadinene, selinene and spathu-

lenol 

↑ Sleep duration while sleep 
latency hypnotic effects ]154[  

Ocimum basilicum/ 
n-butanol extract 50 (mg/kg), i.p. 

In mice, all test compounds 
were injected 30 min before 

pentobarbital (30 mg/kg) 

  Non-polar agents such as 
linalool, eugenol, bergamotene, 

germacrene D, cadinene, 
cadinene, selinene and spathu-

lenol 

↑ Sleep duration while sleep 
latency hypnotic effects ]154[  

Artemisia absinthium/ 
methanol and chloro-

form extracts 

100, 200, and 400 
(mg/kg) - Via the GABAergic system 

↑ Sleep duration significantly 
reduced anxiety, induction 

time 
[159] 

A. absinthium/ 
aqueous, ethyl acetate, 

and n-butanol frac-
tions 

200 (mg/kg), i.p. 
In mice, extracts were injected 
30 minutes before the injection 
of 30 mg/kg pentobarbital (i.p.). 

Via the GABAergic system ↑ Sleep duration ]160[  

(Table 1) Contd…. 
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A. absinthium/ 
extract 

100, 200 (mg/kg), 
i.p. 

In mice, extracts were injected 
30 minutes before the injection 
of 30 mg/kg pentobarbital (i.p.). 

Via the GABAergic system ↑ Sleep duration ]160[  

Cucurbita pepo/  
fruit extract 200 (mg/kg), i.p. 

In mice, extracts were injected 
30 min before sodium pentobar-

bital (30 mg/kg, i.p.) 
Via the GABA receptors ↑ Sleep duration ]273[  

Lagenaria vulgaris/  
fruit extract 200 (mg/kg), i.p. 

In mice, extracts were injected 
30 min before sodium pentobar-

bital (30 mg/kg, i.p.) 

The GABA and opioid  
receptors ↑ Sleep duration ]273[  

Lagenaria vulgaris/  
Seed extract water, 
ethyl acetate, and n-

butanol extracts 

50 and 100 
(mg/kg), i.p. 

In mice, extracts were injected 
30 min before sodium pentobar-

bital (30 mg/kg, i.p.) 
The GABA opioid receptors ↑ Sleeping time and sleep 

length ]273[  

Capparis spinose 
hydro-ethanolic ex-

tract 

100 and 300 
(mg/kg), p.o. 

In rats, treatment was performed 
1h before LPS administration. By microglial activation ↓ Neuroinflammation  

neuroprotective impact ]274[  

Capparis spinose/  
hydro-alcoholic and  
n-hexane, water, and 
ethyl acetate extracts 

30, 60, and 120 
(mg/kg), 

In mice, extracts were injected 
30 min before pentobarbital  

(30 mg/kg, i.p.) 
- ↑ Sleep duration ]174[  

Capparis spinose/  
dichloromethane  

extract 

25, 50 and 100 
(mg/kg), i.p. 

In mice, open field and pento-
barbital-induced sleep tests 

were used. 

Through involving opioid 
receptors are responsible for 

the hypnotic effects 
Sedative effects ]275[  

Brassica oleracea/ 
Ethyl acetate extract 

50-200 (mg/kg), 
i.p. 

In mice, 30 after administration 
of extract, pentobarbital  

(30 mg/kg, i.p.) was injected 

Inhibition of oxidative stress 
and neuroinflammation 

↑ Sleep duration 
↓ Sleep latency hypnotic effect 

]186[  

Portulaca oleracea/ 
decoction extract 

25, 50 and 75 
(mg/kg), i.p. 

In mice, 30 after administration 
of extract, pentobarbital  

(30 mg/kg, i.p.) was injected 

Catechol isoquinolines,  
2-Adrenergic receptor agonist 

action 
↑ Sleep duration ]199[  

Portulaca oleracea/ 
hydroalcoholic extract 

25, 50, 75, and 100 
(mg/kg), i.p. 

In mice, extract was injected 30 
min before pentobarbital admin-

istration (30 mg/kg) 

Alkanes, sterols, and  
terpenoids 

↑ Sleep duration 
↓ Sleep latency 

]200[  

Cuscuta epithymum/ 
hydroalcoholic extract 
and its fractions (wa-
ter, ethyl acetate, and 

n-butanol fraction) 

LD50 value for 
hydroalcoholic 

extract: 4.8 (g/kg), 
i.p. 

In mice, extracts were injected 
30 min before pentobarbital  

(30 mg/kg, i.p.). 
Through GABAergic System Sedative-hypnotic effects ]204[  

Cuscuta epithymum/ 
methanolic extract 

2.5, 10, 25, 50 and 
100 mg/kg, i.p. 

In mice, evaluation of the  
anti-nociceptive activity of the 

extract 

μ-opioid and GABAA receptor 
antagonists Anti-nociceptive activity ]276[  

Perovskia  
abrotanoides/ 

hydro-alcoholic  
extract 

25-200 (mg/kg), 
i.p. 

In mice, extract was injected 30 
min before the administration  

of sodium pentobarbital  
(30 mg/kg) 

Via the GABAergic system 
↑ Sleep duration 
↓ Sleep latency 

]210[  

Perovskia abrota-
noides/n-butanol  

fraction 

25 and 50 (mg/kg), 
i.p. 

In mice, the extract was injected 
30 min before the administra-
tion of sodium pentobarbital  

(30 mg/kg, i.p.) 

Via the GABAergic system 
↑ Sleep duration 
↓ Sleep latency 

]210[  

Tanacetum partheni-
um/hydro-alcoholic 

extract 

50-200 (mg/kg), 
i.p. 

In mice, extracts were injected 
30 min before the administra-
tion of sodium pentobarbital  

(30 mg/kg, i.p.) 

By acting on the GABAergic 
system ↑ Sleep duration ]218[  

Tanacetum partheni-
um/ethyl acetate 

extract 
50 (mg/kg), i.p. 

In mice, extracts were injected 
30 min before the administra-
tion of sodium pentobarbital  

(30 mg/kg, i.p.) 

By acting on the GABAergic 
system 

↑ Sleep duration 
↓ Sleep latency 

]218[  

Solanum lycopersicum 
hydro-alcoholic  

extract 

25,50 and 100 
(mg/kg), i.p. 

In mice, the extract was injected 
30 min before pentobarbital  

(30 mg/kg, i.p.) 

Through positive allosteric 
regulation of the GABAA 

receptor complex 

↑ Sleep duration 
↓ Sleep latency hypnotic effect 

]223[  

(Table 1) Contd…. 
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Rosa damascene/ 
ethanolic and aqueous 

extracts 

500 and 1000 
mg/kg 

In mice, extracts were injected 
30 min before the administra-

tion of pentobarbital (30 mg/kg, 
i.p.) 

Via benzodiazepine  
receptors ↑ Sleep duration ]277[  

Rosa damascene/ 
ethanol extract and its 
aqueous, ethyl acetate, 

and n-butanol frac-
tions 

250 and 500 mg/kg 

In mice, extracts were injected 
30 min before the administra-

tion of pentobarbital (30 mg/kg, 
i.p.) 

Via benzodiazepine  
receptors 

Hypnotic effects 
↑ Sleep duration 

]277[  

Crocus sativus/  
ethanolic extract 5 and 10 µg/rat 

In rats, One week after MS 
induction by i.p. injection of 

EB, animals were treated with 
two doses of saffron extract (5 

and 10 µg/rat) for a week. 

Alleviated the oxidative  
damage 

Improves learning and 
memory deficits and restores 

oxidative stress indicators 
]242[  

Crocus sativus/  
ethanolic and aqueous 

extracts 

50,100, and 200 
mg/kg, i.p. In rats, a 7-day treatment 

Through the GABA(A)-
benzodiazepine receptor  

complex 
↓ Neuropathic pain ]243[  

Safranal 0.025, 0.05, and 
0.1 mg/kg, i.p. In rats, a 7-day treatment 

Through the GABA(A)-
benzodiazepine receptor  

complex 
↓ Neuropathic pain ]243[  

Crocus sativus/  
aqueous extract 0.56 g/kg 

In mice, sleep induced by 
sodium pentobarbital 30 

(mg/kg), i.p. 
- Anxiolytic and hypnotic 

effects ]246[  

Safranal 0.15 and 0.35 
ml/kg 

In mice, sleep induced by 
sodium pentobarbital 30 

(mg/kg), i.p. 
- Anxiolytic and hypnotic 

effects ]246[  

Lawsonia inermis/ 
ethanolic extract 0.25-2.0 g/kg In rats, pentobarbitone-induced  

sleeping 

By potentiating GABAergic 
inhibition in the CNS via 

membrane hyperpolarization, 
resulting in a reduction in the 
cortical neurons firing rate in 
the brain, or by directly acti-

vating GABA receptors 

↑ Sleep duration ]278[  

Lawsonia inermis 
flowers/ethanolic 

extract 
500 (mg/kg), p.o. In mice, pentobarbital-induced  

hypnosis 

By potentiating GABAergic 
inhibition in the CNS via 

membrane hyperpolarization, 
resulting in a reduction in the 
cortical neurons firing rate in 
the brain, or by directly acti-

vating GABA receptors 

Considerable muscular relaxa-
tion and reduction in the start 

↑ Sleep duration 
]254[  

Passiflora incarnate/ 
extract 

A single (500 
mg/kg) or repeated 
(250 mg/kg). p.o. 

In mice, sacrifice on the second 
or 6th day after administration 

↓ mRNA expression levels of 
GABA receptors 

↑ Immobility time, palpebral 
closing time, and blood mela-

tonin levels 
]263[  

Passiflora incarnate/ 
ethanolic extract 500 (mg/kg), p.o. In mice, for 5 consecutive days 

↑ Calretinin is released by 
GABAergic neurons in the 

hippocampus and hypothala-
mus, and also serum melatonin 

and serotonin 

↑ GABAergic neuron activity 
and blood melatonin levels 

↓ EE 
]279[  

Passiflora incarnate/ 
extract 500 (mg/kg), i.p. In rats - 

↑ Sleep duration 
↓ Sleep latency 

↓ REM 
]266[  

Note: ↓(decrease), ↑(increase), Energy expenditure (EE), ethidium bromide (EB), rapid eye movement (REM) sleep, non-rapid eye movement sleep (NREM), γ-amino butyric acid 
type A (GABA-A) receptors. 
 
 Ample research has justified the acceptable reason  
and relevance of the use of these herbs in the treatment of 
insomnia. It is worth noting that in this study, we looked  
into various Persian herbs in a clinical trial and in vivo to 
treat insomnia, such as Artemisia annua, Salvia reuterana, 
Viola tricolor, Passiflora incarnata, lettuce, and Capparis 
spinose, to mention a few (Fig. 1). According to research, 

herb extracts and fractions, particularly n-butanol fractions 
with non-polar agents, impact the benzodiazepine receptors 
and have hypnotic properties. Also, alkaloids, glycosides, 
flavonoids, saponins, and tannins in practically every plant 
are mentioned making them the popular natural compounds 
to help with sleep disorders and promote calmness. 
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Table 2. The effect of Persian medicinal plants treatments against insomnia: Clinical trials. 

Study Design Plant Dose/Route Treatment Outcomes References 

Clinical trial Citrus aurantium Inhalation 3 Consecutive Nights, 3 drops 
every night Improved sleep ]42[  

Randomized placebo-
controlled trial Lactuca sativa/seed Capsules containing 

1000 mg/ Oral Daily treatment for 2 weeks Improved sleep ]67[  

A double-blinded random-
ized controlled clinical 

trial 
Lactuca sativa/seed Syrup (5 ml)/ Oral Twice daily for 4 weeks Improved sleep ]280[  

A pilot study with a 
randomized, single-blind, 

cross-over design 
Lavandula augustifolia/ 

oil Oil/ aroma 
Baseline, two treatment periods 
and a washout period, each of  

1-week duration. 
Improved sleep ]281[  

Clinical trial Lavandula augustifolia/ 
oil Aroma 3 nights, each time 9 hours of 

aromatherapy Improved sleep ]85[  

Clinical trial Leonurus cardiac/  
oil extract 1200 mg/day Treatment for 28 days Sedative effects improved 

anxiety and sleep disorders ]88[  

Triple-blind randomized 
controlled clinical trial 

Citrus sinensis/  
essential oil Oral 

10 drops of orange peel essential 
oil in a glass of water, three times 

a day, after each meal for 8 
weeks. 

Improved sleep ]100[  

Two single-blind, cross-
over designed observation 

trials 

Valeriana officinalis  
(a combination of 
valerian and hop) 

Tablets, each tablet 
contains 250 mg valeri-

an extract and 60 mg 
hop extract 

Treatment with 2 tablets in the 
evening. Improved sleep ]125[  

Clinical random testing Valerian/lemon balm 

The capsule contains 
160 mg of the essence 
of Valerian officinalis 
and 80 mg of lemon 

balm. 

Patients received two capsules 
daily Improved sleep ]126[  

Three-group double-blind 
clinical trial study Drops of valerian Acupressure with 

valerian oil 2.5% 
Two drops of valerian oil for 2 

minutes for three nights 
Improved sleep reduce 
waking during the night ]127[  

Clinical trial Viola odorata 66 mg of V. odorata 
intranasal Nightly before sleep for 1 month Improved sleep ]144[  

Randomized clinical trial Viola odorata oil nasal drop - 

Alter sleep start, degree of 
hypnotic medication, sleep 

quality indices, mental 
quality of sleep, and sleep 

duration 

]282[  

Pilot randomized double-
blind placebo-controlled 

trial 
Viola odorata 5 ml/syrup Every 12 h per day for 4 weeks ↑ Sleep quality index ]283[  

Observational study 
Tanacetum parthenium, 

in combination with 
magnesium, riboflavin, 

and CQ10 
Tablet 

For 16 weeks, 1 tablet, twice a 
day, for the first 4 weeks, follow-
ing by 12-weeks constant-dose 

phase of 1 tablet per day 

↓ Headache occurrence and 
pain intensity ]217[  

An experimental before 
and after study 

Rosa damascene/  
essential oil 

Inhale 5 drops of Rosa 
damascene essential oil 

Before sleeping for 20 min for 2 
weeks 

↓ Sleep resistance, difficul-
ties getting up in the morn-

ing, nightmares, and waking 
up throughout the night 

]229[  

Quasi-experimental study Crocus sativus/capsule 300 mg daily 
Received a daily (between 12 

noon and 2 pm) intake of 300 mg 
saffron capsule after lunch 

Improved sleep ↓ anxiety ]247[  

A randomized, double-
blind, placebo-controlled 

tria 
Crocus sativus/extract 14 mg twice daily 14 mg twice daily for 28 days Improved sleep ]248[  

Randomized double-blind 
controlled study Crocus sativus/extract 15.5 mg daily for six 

weeks 
Received saffron extract (15.5 mg 

per day) for 6 week Improved sleep ]284[  

(Table 2) Contd…. 
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Study Design Plant Dose/Route Treatment Outcomes References 

Placebo-controlled trial Ziziphus jujuba Capsule of Ziziphus 
jujuba (2 g daily) Treatment for four weeks. 

Improved sleep, neuropro-
tection, anti-oxidation 

activity, improving ChAT 
activity, ↑ ACh 

]258[  

A double blind random-
ized clinical trial Ziziphus jujuba 250 mg oral jujube 

seed capsule Twice a day for 21 days 
Improved sleep, neuropro-

tection, anti-oxidation 
activity, improving ChAT 

activity, ↑ ACh 
]259[  

Double-blind, placebo-
controlled, repeated-

measures design 
Passiflora incarnate/ 

flowrer 
A cup of p.incarnate 

herbal tea 

A counterbalanced order of 
treatments (passion flower vs 
placebo tea), separated by 1 

week, each treatment takes one 
week 

Improved sleep ]265[  

Note: ↓(decrease), ↑(increase), acetylcholine (ACh), choline acetyltransferase (ChAT). 
 
 One of the primary functions of jujube was thought to be 
neuroprotection by inducing neurons outgrowth and neu-
rotrophic factors expression via cAMP-dependent PKA sig-
naling, anti-oxidation activity via enhancing cellular Nrf2-
dependent ARE-driven gene expressions, improving ChAT 
activity, increasing the level of ACh via inhibition of acetyl-
cholinesterase, and stimulates the expression of GABA re-
ceptor subunits [257]. The presence of compounds with anti-
acetylcholinesterase activity in A. vera can partly explain the 
observed changes in sleep impairment. S. reuterana compo-
nents likely induced sedation by inhibiting acetylcholinester-
ase or contacting GABA receptors [111]. 
 GABAA receptors are key inhibitory neurotransmitter 
receptors in a variety of neuropsychiatric disorders. GABAA 
receptors can be activated and regulated by a variety of med-
icines. Diazepam and other benzodiazepines are well-known 
medications that operate as positive allosteric modulators of 
a subset of these receptors. According to Sakurai et al., the 
sedative action of coriander leaf extract is attributable to the 
hyperactivity of inhibitory neurons in the brain because the 
leaf extract (600 mg/kg) raised the gene expression of the 
GABA-A receptor-1 subunit and decreased the gene expres-
sion of GABA transporter [59]. Linalool, the primary cori-
ander component, has various neuropharmacological effects 
such as anti-anxiety, sedative, and anticonvulsant [54]. Other 
monoterpenoids such as limonene, myrcene, γ-terpinene, and 
α-pinene in C. sativum are shown to possess sedative and 
anxiolytic effects due to the interaction of monoterpenes 
with GABAA receptors [55, 56]. Furthermore, the C. au-
rantium L. mechanism on the CNS can be related to flavo-
noid glycosides (naringin, hesperidin, and neohesperidin, 
flavones, flavonones, polimethoxylates, glycan peptides) 
existing in it. In addition, Fernandez et al. detected the an-
xiolytic and sedative effects of a range of flavonoid glyco-
sides (myrcitrin, naringin, and gossypin) in mice [44]. 
 Lactuca sativa seed extract contains caftaric acid, chloro-
genic acid, and chicoric acid, significant antioxidant phenol-
ics that protect against oxidative stress produced by sleep 
disruption [65]. These findings indicate that lactucin and 
lactucopicrin, which are found in green romaine leaf extract, 
bind efficiently to GABAA receptors and serve as the active 
chemical that induces sleep [66]. Also, the n-butanol fraction 
(400 mg/kg) of Lactuca serriola aerial parts caused a seda-
tive effect among the other fractions but not more than the 

hydro-alcoholic extract, suggesting that the active molecules 
responsible for the impact of lettuce are non-polar agents 
such as sterols, alkanes, and specific terpenoids [74]. Ac-
cording to studies, terpenoids with diverse chemical struc-
tures exhibit varying affinities for the GABA receptor and 
modify GABA receptors either by contact with a common 
BZD site on the receptor or independently of BZD sites [75, 
76]. 
 Alnamer et al. demonstrated that methanolic (200, 400, 
and 600 mg/kg) and aqueous (200 and 400 mg/kg) extracts 
of Lavandula officinalis L. had sedative and hypnotic effects 
in mice when compared to diazepam, which was mediated 
through the GABAergic system [82]. Furthermore, for four 
weeks, lavender aromatherapy improved sleep quality, quan-
tity, mood, and life quality in diabetic patients with sleep-
lessness [83]. Orange peel essential oil has active ingredients 
such as linalyl acetate and linalool that have been reported to 
have narcotic effects through interaction with the GABA 
receptor [100]. Also, hesperidin, the main flavonoid in C. 
sinensis, was identified as the active principle in this plant 
responsible for sedation [101]. 
 As a result, it can be inferred that the active ingredients 
of P. eldarica responsible for sleep prolongation include low 
polar agents in an n-butanol fraction, such as alkanes, sterols, 
and terpenoids [105]. Also, studies showed that α-pinene, 
and 3-carene, monoterpene of the Pinaceae, improved sleep 
quality through binding to the BZD site of α1 and γ2 subunits 
of GABAA-BZD receptor [106, 107]. Similarly, pretreatment 
of animals with compounds from ethanol extract of the S. 
leriifolia (10, 15, and 20 mg/kg) caused a significant seduc-
tive and muscle relaxant-like effect through interaction with 
GABAA receptor similar to that of BDZ [116]. Furthermore, 
valerian is known to stimulate the release of neurotransmit-
ters such as GABA and inhibit the enzyme-induced break-
down of GABA in the brain, perhaps acting as a precursor 
for GABA synthesis. However, it has been discovered that 
valerian lignan hydroxy pinoresinol binds to benzodiazepine 
receptors [123, 128]. Moreover, some of the chemicals in V. 
tricolor, such as rutin, have been shown in studies to allevi-
ate anxiety by activating the GABAergic system in the baso-
lateral amygdala and may also enhance the GABAergic sys-
tems [138]. 
 Rakhshandeh et al. studied the hypnotic effect of A. ab-
sinthium and its fractions in rats under pentobarbital seda-
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tion. The sleep duration was lengthened by A. absinthium 
extract (100, 200 mg/kg), aqueous, ethyl acetate, and n-
butanol fractions (200 mg/kg). Also, A. absinthium extract, 
aqueous, and ethyl acetate fractions reduced sleep latency, 
most likely by modulating the GABAergic system [160]. 
Additionally, Artemisia species produce tryptophan as a sec-
ondary metabolite, which works as a natural sedative drug 
and is responsible for manufacturing numerous tryptophan-
derived metabolites. In addition, it is a precursor in plants' 
production of indole alkaloids, melatonin, and serotonin 
[161]. 
 Rahimi et al. demonstrated that macerated and soxhlet 
extract fruit of Cucurbita pepo (200 mg/kg) enhanced pento-
barbital-induced sleep duration, and fruit (200 mg/kg), seed 
(50 and 100 mg/kg), and fractions of Lagenaria vulgaris 
(water, ethyl acetate, and n-butanol) increased sleeping time 
and sleep length in mice, as did diazepam [168]. The hypnot-
ic effects of L. vulgaris and C. pepo are exerted probably 
through GABA receptors. It has been shown that flavone 
glycosides isolated from L. vulgaris, such as vitexin, iso-
vitexin, isoorientin, lutonarin, and saponarin interact with 
GABAA receptors and present a hypnotic effect [162, 169]. 
Also, it affects the CNS and treats several neurological con-
ditions. Several experiments were conducted to examine the 
antidepressant efficacy of O. basilicum L. extract. Research-
ers discovered that the methanolic extract of O. basilicum, 
due to its antioxidative potency and free radical scavenging 
activity, attenuates the depressant-like actions against oxida-
tive damage in rats [153]. Askari et al. discovered that hy-
dro-alcoholic extract of O. basilicum (25, 50, or 100 mg/kg), 
ethyl acetate (50 mg/kg), n-butanol (50 mg/kg), and aqueous 
fractions (50 mg/kg) increased sleep duration and, while 
sleep latency was significant in hydro-alcoholic and n-
butanol fractions [154]. The possible mechanism for seda-
tive-hypnotic effects of O. basilicum could be associat-
ed  with  the  presence  of  non-polar agents such as linalool, 
eugenol, bergamotene, germacrene D, cadinene, cadinene, 
selinene, and spathulenol identified in the extracts of O. ba-
silicum [155]. 
 Hydroalcoholic extract of C. epithymum and its fractions 
(water, ethyl acetate, and n-butanol fraction) could probably 
have sedative-hypnotic effects in mice through GABAergic 
System [204]. Also,  Taleghani et al. revealed that μ-opioid 
and GABAA receptor antagonists could reduce the anti-
nociceptive activity of C. epithymum Murr. extract in male 
mice [205], suggesting this plant may exert its effects on the 
nervous system through the opioidergic and GABAergic 
systems. Aqueous extract (100 and 200 mg/kg), methanolic 
extract and fraction (100, 200, and 400 mg/kg), and di-
chloromethane (25, 50, and 100 mg/kg) fraction of C. spi-
nosa reduced the total distance movement and increased the 
sleeping time in pentobarbital induced sleep model. In this 
study, dichloromethane had the highest sedative effects, 
which seems non-polar agents involving opioid receptors are 
responsible for the hypnotic effects [175]. The hydro-
alcoholic extract and n-butanol fraction of purslane reduced 
sleep latency, indicating that low polar agents such as al-
kanes, sterols, and terpenoids possibly manifested hypnosis 
in research by Hamedi et al. [200]. Isoquinoline alkaloids 
from purslane, such as catechol isoquinolines, have been 

shown in studies to possess α2-adrenergic receptor agonist 
action, which can be utilized to treat sleep problems [201]. 
 Forouzanfar et al. discovered that treated mice with hy-
dro-alcoholic extract of Perovskia abrotanoides Karel. at 
doses ranging from 25-200 mg/kg and n-butanol fraction (25 
and 50 mg/kg) increased sleep duration and decreased sleep 
latency like diazepam, most likely via the GABAergic sys-
tem [210]. Each component has antagonistic binding poten-
tial to GABAA receptor sites, resulting in enhanced efficien-
cy of the leading GABA site and, as a result, an increase in 
chloride channels and membrane hyperpolarisation. Binding 
interactions and receptor activation often result in anxiolytic, 
sedative, and hypnotic activities [211]. Hydro-alcoholic ex-
tract of S. lycopersicum and S. nigrum, by increasing the 
sleep duration and decreasing sleep latency, exerts a hypnot-
ic effect in sleep-induced mice, probably through positive 
allosteric regulation of the GABAA receptor complex [223]. 
Glutamate decarboxylase is a crucial enzyme in producing 
GABA found in the tomato genome [224]. 
 Some components of R. damascena, such as flavonoids, 
geraniol, saponin, and eugenol, have been demonstrated to 
exhibit anxiolytic action and contribute to the hypnotic effect 
of this plant via benzodiazepine receptors [234]. In addition, 
it has been suggested that the primary active components of 
saffron, safranal, and crocin are responsible for their depres-
sive and anxiolytic properties, which may be mediated 
through the GABA(A)-benzodiazepine receptor complex 
[244, 245]. Similarly, it is conceivable that L. inermis ex-
tracts work by potentiating GABAergic inhibition in the 
CNS via membrane hyperpolarization, resulting in a reduc-
tion in the cortical neurons firing rate in the brain or by di-
rectly activating GABA receptors [255]. 
 Amino acids in protein-rich almonds are essential in their 
sedative/hypnotic properties. As an endogenous neurotrans-
mitter, glycine affects the CNS [28]. Serine and glycine have 
been associated with hypnotic effects. Also, glycine im-
proves sleep quality in humans who complain of sleep disor-
ders. Phenylalanine and tyrosine have shown positive effects 
on sleep patterns. Furthermore, it has been demonstrated that 
the motherwort extracts with glycine, valine, and arginine 
reduced anxiety in animals [89]. According to research, the 
neurological mechanism of action of Leonurus cardiaca 
primarily depends on its interaction with the GABA site of 
the GABA type A receptor [90]. 
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