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Sleep disorders can be the result of psychiatric or neurological conditions, such as post-traumatic stress disorders, depression, anxiety, Al-
zheimer’s disease, Parkinson’s disease. At the same time, changes in sleep, known as sleep disorders, are closely related to various metabolic
dysfunctions, which in turn are the result of the generation of reactive oxygen species, or otherwise known as oxidative stress. For this reason,
cannabinoid derivatives are increasingly used for this purpose. Among the most used are delta-9 tetrahydrocannabinol (THC) and cannabidiol
(CBD). These agents interact with the endogenous endocannabinoid system, either by direct action on specific receptors, or by increasing
the availability of endocannabinoids, modifying particular mental states (anxiety, depression). The results of the studies specified in this article
provide promising evidence regarding the positive effects of CBD, which extend beyond the scope of sleep disorders, with possible applica-

tions also in the case of the accumulation of reactive oxygen species.
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Introduction

First of all, it must be determined what sleep means and
how it can be defined. Thus, from a behavioral point of
view, sleep is a state in which the awareness of external
stimuli is reduced to a minimum, being essential for sur-
vival, it being known that a deprivation of this state is
accompanied by mood disorders, alterations of cognitive
functions, disorders of the normal functioning of some
organs with extension on the disruption of the processes
involved in the body’s homeostasis.

Physiologically, this state consists of two phases, one
known as rapid eye movement (REM) and one as non-
rapid eye movement (NREM). They can be distinguished
by means of techniques such as electroencephalography
(EEQG), electromyography (EMG), and electrooculography
(EOG). In addition, a differentiation can be made between
the two phases of sleep, thus REM sleep is characterized
by waves with oscillations of small amplitude but with in-
creased frequency, rapid movements of the eyeballs, hence
the name paradoxical sleep, while NREM sleep is charac-
terized by high-amplitude but low-frequency waves (slow
wave sleep), and is divided into 3 other subphases [1]. At
the same time, the circadian rhythm also intervenes in the
regulation of sleep homeostasis, which ultimately influ-
ences the depth and duration of sleep. Thus, the influences
that can interfere in the sleep balance are associated with
various psychiatric and neurodegenerative pathologies [2].

The waking state is under the control of nuclei that
form a system known as the ascending reticular activat-
ing system (ARAS). These nuclei are represented by locus
coeruleus, from which noradrenaline (NE) is released, ra-
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phe nuclei from which serotonin (5-HT) is released, pe-
dunculopontine tegmentum and latero-dorsal tegmentum
for acetylcholine (Ach), midbrain for glutamate (Glu) and
substantia nigra and ventral tegmental area for dopamine
(DA). In these nuclei, other cells involved in the state of
wakefulness can be mentioned, such as histaminergic cells
(posterior hypothalamic area), orexin cells (lateral hypo-
thalamus), cholinergic cells (basal forebrain), neuropeptide
Y (NPY) cells (suprachiasmic nucleus), and glutamatergic
cells (ventro medial prefrontal cortex) [3].

Oxidative stress and sleep deprivation
As the importance of sleep in the body’s homeostasis is
presented in multiple works in the literature [4,5,6], its
lack, known as sleep deprivation (SD) is directly related
to various conditions of a physiological nature, but also
of a psychiatric nature (depression, post-traumatic stress,
anxiety) [7, 8, 9, 10]. In this sense, the presence of oxi-
dative stress in cases of SD has a special and perhaps un-
derexploited importance. This particular state, known as
oxidative stress, can be broadly defined as the inability of
endogenous antioxidant systems superoxide dismutase,
(SOD), catalase (CAT), glutathione peroxidase (GPx) to
neutralize the overproduction of reactive oxygen and ni-
trogen species (ROS, RNS) [11]. Likewise, the positive ef-
fects of oxidative stress should not be excluded, as they are
extensively discussed in another article [12]. Therefore, the
central nervous system (CNS), due to the high content of
polyunsaturated fatty acids (PUFAs) and transition met-
als (Fe?*, Cu?*), makes the brain an organ susceptible to
oxidative stress [13].

Corroborated with those discussed previously, it has
been observed in experimental studies that in the case of
SD, the plasma level of 8-isoprostane (marker of oxida-
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tive stress) is increased. In addition, the presence of a cycle
between oxidative stress and psychiatric symptoms can be
discussed. Thus, the increase in the level of oxidative stress
markers (such as malondialdehyde, MDA) has been corre-
lated with the induction of anxiety, depression and mem-
ory deficit [14]. Also, in studies on people known to have
depressive illness or anxiety, the level of MDA has been
observed to be increased, while the activity of antioxidant
systems is altered [15, 16]. This connection is based on the
hypothesis that sleep has antioxidant properties, scaveng-
ing free radicals formed during the waking period [17]. At
the same time, experimental studies on rats demonstrated
that the activity of SOD, CAT, GPx and the level of total
glutathione are decreased during periods of SD [18, 19]. It
is necessary to mention that the period of SD is also im-
portant, thus in the acute phase (6 hours of SD) the level of
reduced glutathione (GSH) and GPx activity are increased,
but a period of 5-11 days of SD alters the redox homeosta-
sis, with bad consequences also on cognitive function [20,
21]. These data suggest that short periods of SD increase
the body’s antioxidant function, while prolonged wakeful-
ness generates chronic oxidative stress, and prevents the
recovery of antioxidant mechanisms.

At the same time, SD also influences the activity of the
immune system, observing an increase in the levels of IL-1,
IL-6, IL-17, TNF-a and NF-xB, which have the potential
to affect neuronal plasticity [22, 23, 24, 25, 26]. In the
regulation of the antioxidant response, with increased ex-
pression of SOD and heme-oxygenase (HO), the MAPK
pathway is involved [27].

As stated previously, sleep has positive effects on the
body, and redox homeostasis is not an abstraction. More-
over, in early development, SD can affect the formation
and maturation of neuronal circuits through oxidative-in-
flammatory mechanisms, effects that can ultimately trans-
late into changes in psychiatric development.

Cannabidiol in sleeping disorders

Because of sleep disorders, globally there are immeasur-
able costs at the level of society, such as those in the health
system, such an estimate was made in the United States,
costs that were between 30-107 billion dollars [28] . In
this paper, we want to briefly present the effects of using
derivatives from the Cannabis sativa plant on sleep. Two
of the most widespread constituents of the cannabis plant
are represented by delta-9 tetrahydrocannabinol (THC)
and cannabidiol (CBD). Regarding the location of these
two compounds, THC is found in the aerial parts of the
plant (especially the sugar leaves, and the buds). It should
be noted that the largest amount is found in the flowers of
female marijuana plants. Regarding CBD, it can be stated
that it is found in the aerial parts of hemp (the flowers,
stems and leaves), and various extraction methods can
be applied from the raw plant material [29]. The differ-
ence between the two, apart from the structural one, lies
in the observed pharmacodynamic effects. Thus, THC is
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characterized by a (dose-dependent) “high” effect, through
its biphasic action on CBI1 receptors. In contrast, CBD
is devoid of psychotropic effects, acts on CB2 receptors
and counteracts THC-mediated effects [30]. Also, CBD
is characterized by an antagonistic activity towards G pro-
tein-coupled receptor 55 (GPR55), and an agonistic ac-
tivity towards 5-HT1A receptor, al adrenergic receptor,
and Transient Receptor Potential Ankyrin 1 (TRPA1). In
higher concentrations, it also shows affinity for peroxisome
proliferator-activated receptor gamma (PPAR-y) and Tran-
sient Receptor Potential Vanilloid (TRPV1 and TRPV2)
[31]. In the same note, the presence of the endocannabi-
noid system should be mentioned, consisting of ananda-
mide (AEA) and 2-arachidonoylglycerol (2-AG), which
influences the activity of the sleep-wake cycle [32].

As for the therapeutic use of preparations containing
THC, it is applied in the relief of some symptoms and
pathologies, pain, nausea, spasm, appetite stimulation,
depression, post-traumatic stress disorder (PTSD). Also,
some studies support the presence of beneficial effects in
the case of patients with opioid withdrawal symptoms
(33].

In the case of CBD, it finds applicability in multiple
neurological pathologies (epilepsy, Alzheimer’s disease, Par-
kinson’s disease), explained both by the direct mechanism
of action (influence on the previously mentioned recep-
tors) and indirectly by modulating oxidative stress. Also,
other possible off-label uses of CBD are for pain relief,
but also for the possible anti-aging effect [34]. Regarding
veterinary use, data available in the literature referring to
the use of this compound in animals are currently limited
and focus on companion animals and horses. However, it
is used to relieve pain associated with osteoarthritis, neu-
ropathic pain, respiratory and cardiovascular pathologies,
and epilepsy [35].

Regarding the legal status, according to the Controlled
Substance Act, CBD is included in Schedule I of pro-
hibited substances. However, hemp is legal and the Food
and Drug Administration (FDA) considers that apart
from Epidiolex®, no other pharmaceutical formulation is
recognized. In Romania, the consumption of cannabis is
not prohibited, but its possession and sale are considered
illegal activities and considering that CBD is not on the
list of prohibited substances, many food supplements are
marketed, but without knowing the exact quantity and/or
composition [36].

CBD exhibits opposite effects depending on the dose
used, thus at low doses stimulatory effects are observed,
while high doses are associated with sedative effects, as sug-
gested in multiple studies. In human subjects, the use of
160 mg/day of CBD increased total sleep duration [37,
38, 39]. In cases of insomnia, which is characterized by
dissatisfaction with the quantity and quality of sleep, an
experimental study on rats conducted by Chagas et al., ob-
served an increase in the percentage of sleep in the group
treated with CBD compared to the control group [40].
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At the same time, it is suggested that CBD influences the
REM sleep period, most likely by improving the state of
anxiety, with no effect on the NREM period, effects sup-
ported by the fact that CBD reduced insomnia in cases
of sleep disorders related to post traumatic-stress disorder
(PTSD) [41, 42]. Apart from the fact that CBD also finds
applicability in neurodegenerative pathologies, such as Par-
kinson’s disease [43, 44], these diseases are also character-
ized by REM sleep behavior disorder, in which the patient
finds himself in a state of parasomnia, characterized by loss
of muscle rigidity associated with nightmares, and CBD
has been shown to reduce these symptoms [45].

Prazosin is currently used for nightmares associated with
PTSD, but major interest is also being shown in CBD [46].
In an animal model of PTSD, microinjection of CBD into
the central nucleus of the amygdala improved REM sleep
and minimal effects on NREM [41]. As a mechanism, the
anxiolytic effect mediated (by activation) of 5-HT1A re-
ceptors, but also the increase of anandamide activity fol-
lowing the blocking of fatty acid amide hydrolase (FAAH)
is proposed [47, 48]. Also, in patients with nightmares as-
sociated with PTSD, the use of nabilone, a synthetic de-
rivative of THC, increased the number of hours of sleep as
well as its quality, and reduced the frequency of reported
nightmares [49].

Last but not least, an equally often debated topic is re-
lated to the influence of pain on sleep. Thus, chronic pain
is responsible for patients” inability to have restful sleep.
Thus, the use of the THC/CBD combination in a 1:1 ratio
was tried, where it was observed that the number of hours
of sleep does not increase, but after a subjective assessment
of the patients included in the study, it increases its quality
[50]. In a comparative study, in patients with fibromyalgia,
nabilone was found to be more effective in improving sleep
quality compared to amitriptyline, with the mention that
the latter was also found to be effective [51].

Conclusions

In conclusion, CBD used in high doses has beneficial ef-
fects on the quality and quantity of sleep, without any signs
of intoxication being reported. In addition, the compound
finds applicability in the context of neurodegenerative and
neurological diseases, but this time discussed in relation to
sleep-related symptomatology. It should also be noted that
the THC/CBD combination improves sleep characteristics
in patients with chronic pain. In this sense, more studies
are needed to attest to these beneficial effects on sleep, but
also the influence that CBD has on oxidative stress, as-
sociated markers and cognitive abilities, directly related to

PTSD.

Acknowledgements

This work was supported by the George Emil Palade Uni-
versity of Medicine, Pharmacy, Science, and Technology of
Targu Mures, Research Grant number 510/19/17.01.2022.

Acta Marisiensis - Seria Medica 2022;68(4)

Author’s contribution

GJ — Conceptualization, Supervision, Writing — review &
editing, funding acquisition

CMR - Supervision, Writing — review & editing

AP — Writing and Editing

BEO — Writing and Editing

AMT — Writing and Editing

MGB — Writing and Editing

RS — Writing and Editing

Conflicts of Interest
The authors declare no financial or other conflict of inter-
est.

References

1. Weber F, Dan Y. Circuit-based interrogation of sleep control. Nature.
2016, 538 (7623): 51-59.

2. WuUIff K, Gatti S, Wettstein JG, Foster RG. Sleep and circadian rhythm
disruption in psychiatric and neurodegenerative disease. Nat Rev
Neurosci. 2010, 11 (8): 589-99.

3. Datta S. Cellular and chemical neuroscience of mammalian sleep. Sleep
Med. 2010, 11 (5): 431-40.

4. Tononi G, Cirelli C. Sleep function and synaptic homeostasis. Sleep Med
Rev. 2006, 10 (1): 49-62.

5. Amici R, Bastianini S, Berteotti C et al. Sleep and bodily functions:
the physiological interplay between body homeostasis and sleep
homeostasis. Arch Ital Biol. 2014, 152 (2-3): 66-78.

6. Besedovsky L, Lange T, Haack M. The Sleep-Immune Crosstalk in
Health and Disease. Physiol Rev. 2019, 99 (3): 1325-1380.

7.  Knutson KL, Spiegel K, Penev P, Van Cauter E. The metabolic
consequences of sleep deprivation. Sleep Med Rev. 2007, 11 (3): 163-
78.

8. Cappuccio FP, Cooper D, D’Elia L, Strazzullo P, Miller MA. Sleep
duration predicts cardiovascular outcomes: a systematic review and
meta-analysis of prospective studies. Eur Heart J. 2011, 32 (12): 1484-
92.

9.  Dettoni JL, Consolim-Colombo FM, Drager LF et al. Cardiovascular
effects of partial sleep deprivation in healthy volunteers. J Appl Physiol
(1985). 2012, 113 (2): 232-6.

10. Pace-Schott EF, Germain A, Milad MR. Effects of sleep on memory for
conditioned fear and fear extinction. Psychol Bull. 2015, 141 (4): 835-
57.

11. Jitcad G, Osz BE, Tero-Vescan A, Vari CE. Psychoactive Drugs-From
Chemical Structure to Oxidative Stress Related to Dopaminergic
Neurotransmission. A Review. Antioxidants. 2021, 10 (3): 381.

12. Jitca G, Osz BE, Tero-Vescan A et al. Positive Aspects of Oxidative
Stress at Different Levels of the Human Body: A Review. Antioxidants.
2022, 11 (3): 572.

13. Rahal A, Kumar A, Singh V et al. Oxidative stress, prooxidants, and
antioxidants: the interplay. Biomed Res Int. 2014: 761264.

14. Atrooz F, Liu H, Kochi C, Salim S. Early Life Sleep Deprivation: Role of
Oxido-Inflammatory Processes. Neuroscience. 2019, 406: 22-37.

15. Stefanescu C, Ciobica A. The relevance of oxidative stress status in
first episode and recurrent depression. J Affect Disord. 2012, 143 (1-3):
34-8.

16. Guney E, Fatih Ceylan M, Tektas A et al. Oxidative stress in children and
adolescents with anxiety disorders. J Affect Disord. 2014, 156: 62-6.

17.  Reimund, Eric. The free radical flux theory of sleep. Medical hypotheses,
1994, 43 (4): 231-3.

18. Ramanathan L, Gulyani S, Nienhuis R, Siegel JM. Sleep deprivation
decreases superoxide dismutase activity in rat hippocampus and
brainstem. Neuroreport. 2002, 13 (11): 1387-90.

19. Everson CA, Laatsch CD, Hogg N. Antioxidant defense responses to
sleep loss and sleep recovery. Am J Physiol Regul Integr Comp Physiol.
2005, 288 (2): R374-83.

20. Ramanathan L, Hu S, Frautschy SA, Siegel JM. Short-term total sleep
deprivation in the rat increases antioxidant responses in multiple brain
regions without impairing spontaneous alternation behavior. Behav
Brain Res. 2010, 207 (2): 305-9.

21. Solanki N, Atrooz F, Asghar S, Salim S. Tempol protects sleep-
deprivation induced behavioral deficits in aggressive male Long-Evans



Acta Marisiensis - Seria Medica 2022;68(4)

22.

283.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

rats. Neurosci Lett. 2016, 612: 245-250.

Irwin MR, Wang M, Ribeiro D et al. Sleep loss activates cellular
inflammatory signaling. Biol Psychiatry. 2008, 64 (6): 538-40.

Irwin MR, Witarama T, Caudill M, Olmstead R, Breen EC. Sleep loss
activates cellular inflammation and signal transducer and activator of
transcription (STAT) family proteins in humans. Brain Behav Immun.
2015, 47: 86-92.

van Leeuwen WM, Lehto M, Karisola P et al. Sleep restriction increases
the risk of developing cardiovascular diseases by augmenting
proinflammatory responses through IL-17 and CRP. PLoS One. 2009,
4 (2): e45809.

Wright KP Jr, Drake AL, Frey DJ, Fleshner M, Desouza CA, Gronfier C,
Czeisler CA. Influence of sleep deprivation and circadian misalignment
on cortisol, inflammatory markers, and cytokine balance. Brain Behav
Immun. 2015, 47: 24-34.

Chennaoui M, Gomez-Merino D, Drogou C et al. Effects of exercise
on brain and peripheral inflammatory biomarkers induced by total sleep
deprivation in rats. J Inflamm (Lond). 2015, 12: 56.

Nahirnyj A, Livne-Bar I, Guo X, Sivak JM. ROS detoxification and
proinflammatory cytokines are linked by p38 MAPK signaling in a model
of mature astrocyte activation. PLoS One. 2013, 8 (12): e83049.

Kraus SS, Rabin LA. Sleep America: managing the crisis of adult chronic
insomnia and associated conditions. J Affect Disord. 2012, 138 (3):
192-212.

ElSohly MA, Radwan MM, Gul W, Chandra S, Galal A. Phytochemistry
of Cannabis sativa L. Prog Chem Org Nat Prod. 2017, 103: 1-36.
Pertwee RG. The diverse CB1 and CB2 receptor pharmacology of
three plant cannabinoids: delta9-tetrahydrocannabinol, cannabidiol and
delta9-tetrahydrocannabivarin. Br J Pharmacol. 2008, 153 (2): 199-215.
Tham M, Yilmaz O, Alaverdashvili M, Kelly MEM, Denovan-Wright EM,
Laprairie RB. Allosteric and orthosteric pharmacology of cannabidiol
and cannabidi- ol-dimethylheptyl at the type 1 and type 2 cannabinoid
receptors. Br J Pharmacol. 2019, 176: 1455-1146.

Vaughn LK, Denning G, Stuhr KL, de Wit H, Hill MN, Hilard CJ.
Endocannabinoid signalling: has it got rhythm? Br J Pharmacol. 2010,
160 (3): 530-43.

MacCallum CA, Russo EB. Practical considerations in medical cannabis
administration and dosing. Eur J Intern Med. 2018, 49: 12-19.

Tura M, Mandrioli M, Gallina Toschi T. Preliminary study: comparison of
anti- oxidant activity of cannabidiol (CBD) and a-tocopherol added to
refined olive and sunflower oils. Molecules. 2019, 24: 1-15.

De Briyne N, Holmes D, Sandler | et al. Cannabis, Cannabidiol Oils and
Tetrahydrocannabinol-What Do Veterinarians Need to Know? Animals.
2021, 11 (3): 892.

Romanian Parliament, Law No nr.339/2005 on the legal regime for
narcotic and psychotropic plants, substances and preparations,
Romanian Official Gazette, nr. 1095/05.12.2005.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

153

Nicholson AN, Turner C, Stone BM, Robson PJ. Effect of Delta-
9-tetrahydrocannabinol and cannabidiol on nocturnal  sleep
and early-morning behavior in young adults. Journal of Clinical
Psychopharmacology. 2004, 24 (3): 305-313.

Carlini EA, Cunha JM. Hypnotic and antiepileptic effects of cannabidiol.
J Clin Pharmacol. 1981, 21 (S1): 417S-4278S.

Zuardi AW. Cannabidiol: from an inactive cannabinoid to a drug with
wide spectrum of action. Braz J Psychiatry. 2008, 30 (3): 271-80.
Chagas MH, Crippa JA, Zuardi AW et al. Effects of acute systemic
administration of cannabidiol on sleep-wake cycle in rats. J
Psychopharmacol. 2013, 27 (3): 312-6.

Hsiao YT, Yi PL, Li CL, Chang FC. Effect of cannabidiol on sleep
disruption induced by the repeated combination tests consisting of
open field and elevated plus-maze in rats. Neuropharmacology. 2012,
62 (1): 373-84.

Shannon S, Opila-Lehman J. Cannabidiol Oil for Decreasing Addictive
Use of Marijuana: A Case Report. Integr Med (Encinitas). 2015, 14 (6):
31-5.

Cooray R, GuptaV, Suphioglu C. Current Aspects of the Endocannabinoid
System and Targeted THC and CBD Phytocannabinoids as Potential
Therapeutics for Parkinson’s and Alzheimer’s Diseases: a Review. Mol
Neurobiol. 2020, 57 (11): 4878-4890.

Vijiaratnam N, Simuni T, Bandmann O, Morris HR, Foltynie T. Progress
towards therapies for disease modification in Parkinson’s disease.
Lancet Neurol. 2021, 20 (7): 559-572.

Chagas MH, Eckeli AL, Zuardi AW et al. Cannabidiol can improve
complex sleep-related behaviours associated with rapid eye movement
sleep behaviour disorder in Parkinson’s disease patients: a case series.
J Clin Pharm Ther. 2014, 39 (5): 564-6.

Raskind MA, Peterson K, Williams T et al. A trial of prazosin for combat
trauma PTSD with nightmares in active-duty soldiers returned from Iraq
and Afghanistan. Am J Psychiatry. 2013, 170 (9): 1003-10.

Fogaga MV, Reis FM, Campos AC, Guimaraes FS. Effects of intra-
prelimbic prefrontal cortex injection of cannabidiol on anxiety-like
behavior: involvement of 5HT1A receptors and previous stressful
experience. Eur Neuropsychopharmacol. 2014, 24 (3): 410-9.

Lutz B, Marsicano G, Maldonado R, Hillard CJ. The endocannabinoid
system in guarding against fear, anxiety and stress. Nat Rev Neurosci.
2015, 16 (12): 705-18.

Fraser GA. The use of a synthetic cannabinoid in the management of
treatment-resistant nightmares in posttraumatic stress disorder (PTSD).
CNS Neurosci Ther. 2009, 15 (1): 84-8.

Ferguson, G and Ware Ma. Review Article: Sleep, Pain and Cannabis.
Journal of sleep disorders and therapy. 2015, 4: 1-5.

Ware MA, Fitzcharles MA, Joseph L, Shir Y. The effects of nabilone on
sleep in fibromyalgia: results of a randomized controlled trial. Anesth
Analg. 2010 Feb 1;110(2):604-10.



