Sleep Deprivation-Induced Oxidative Stress in Rat Models: A Scoping Systematic Review

Supplementary File S1

The methods used in this review were a priori designed and based on the 22 item Preferred
Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Reviews (PRISMA -

ScR) [1].

1. Search strategy

1.1 Search strategy

The search algorithm was developed by H.A.C. (research methodology, medical information and

biostatistics specialist) and performed by V.S.N. and D.A.T. The search algorithm was not previously

peer reviewed using the Peer Review of Electronic Search Strategies (PRESS) checklist.
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Keywords used during the search

Keywords and MESH terms used in the search algorythm

Sleep deprivation Oxidative stress Sleep apnoea and other Rat studies Mesh terms
diseases

Sleep "Oxidative stress" "Sleep apnea" Rat Sleep

"Sleep depriv*" "Oxidative damage*" "Sleep apnoea" Rats Sleep deprivation
"Oxidative stress injur*" "Sleep apnea syndrome" Rattus Oxidative stress

"Total sleep depriv*" "Lipid peroxidation*" "Sleep apnoea syndrome" "Rattus Lipid peroxidation

norvegicus”

"Partial sleep depriv*" | Glutathione "Sleep Hypopnea" "Albino Rat" Glutathione

"REM sleep depriv*" | "Glutathione peroxidase" "Intermittent hypoxia" "Norway Rat" Glutathione Peroxidase

"Paradoxical sleep GSH "neurodegenerative Wistar Nitric Oxide

depriv*" disease*"

TSD GSSG neurodegenerative "Wistar rat" Catalase

PSD GPx "Long-Evans" Superoxide dismutase
"Nitric Oxide" "Long Evans" Sleep Apnea Syndromes

"Nitrogen Monoxide"

"Long-Evans rat"

Neurodegenerative
Diseases

Catalase

"Long Evans rat"

Rats

CAT

"Sprague-Dawley"

"Superoxide dismutase"

"Sprague Dawley"

SOD

"Sprague-Dawley
rat"

"Sprague Dawley
rat"

Rodent*

1.1.2 Simplified search strategy

(sleep OR sleep deprivation) AND (oxidative stress) AND (rat) AND (publication date 01.01.2015-
01.10.2022) NOT (sleep apnea OR neurodegenerative disease)




1.1.3 Pubmed Search strategy — Results: 152

("Sleep"[MeSH Terms] OR "Sleep Deprivation"[MeSH Terms] OR "Sleep depriv*"[tiab] OR "Total
Sleep depriv*"[tiab] OR "Partial sleep depriv*"[tiab] OR "REM sleep depriv*"[tiab] OR "Paradoxical
sleep depriv*"[tiab] OR "TSD"[tiab] OR "PSD"[tiab]) AND ("Oxidative Stress"[Mesh] OR "Lipid
Peroxidation"[Mesh] OR "Glutathione"[Mesh] OR "Glutathione Peroxidase"[Mesh] OR "Nitric
Oxide"[Mesh] OR "Catalase"[Mesh] OR "Superoxide Dismutase"[Mesh] OR "Oxidative Stress"[tiab]
OR "Oxidative damage*"[tiab] OR "Oxidative stress injur*"[tiab] OR "Lipid Peroxidation"[tiab] OR
"Glutathione"[tiab] OR "Glutathione peroxidase"[tiab] OR "GSH"[tiab] OR "GSSG"[tiab] OR
"GPx"[tiab] OR "Nitric Oxide"[tiab] OR "Nitrogen monoxide"[tiab] OR "Catalase"[tiab] OR "CAT"[tiab]
OR "Superoxide Dismutase"[tiab] OR "SOD"[tiab]) AND ("Rats"[Mesh] OR "rat"[tiab] OR "rats"[tiab]
OR "rattus"[tiab] OR "Rattus norvegicus"[tiab] OR "albino rat"[tiab] OR "Norway Rat"[tiab] OR
"wistar"[tiab] OR "wistar rat"[tiab] OR "long-evans"[tiab] OR "long evans"[tiab] OR "long-evans
rat"[tiab] OR "long evans rat"[tiab] OR "sprague-dawley"[tiab] OR "sprague dawley"[tiab] OR
"sprague-dawley rat"[tiab] OR "sprague dawley rat"[tiab] OR "rodent*"[tiab]) AND
(2015/1/1:2022/10/01[dp]) NOT ("Sleep Apnea Syndromes"[Mesh] OR "Neurodegenerative
Diseases"[Mesh] OR "sleep apnea"[tiab] OR "sleep apnoea"[tiab] OR "sleep apnea syndrome*"[tiab]
OR "sleep apnoea syndrome*"[tiab] OR "sleep hypopnea"[tiab] OR "intermittent hypoxia"[tiab] OR
"neurodegenerative disease*"[tiab] OR "neurodegenerative"[tiab])

1.1.4 Web of Science search strategy — Results: 398

TS=("Sleep" OR "Sleep deprivation" OR "sleep depriv*" OR "Total Sleep depriv*" OR "Partial sleep
depriv*" OR "REM sleep depriv*" OR "Paradoxical sleep depriv*" OR "TSD" OR "PSD") AND
TS=("Oxidative stress" OR "Lipid peroxidation" OR "Glutathione" OR "Glutathione peroxidase" OR
"Nitric oxide" OR "Catalase" OR "Superoxide Dismutase" OR "Oxidative damage*" OR "oxidative
stress injur*" OR "GSH" OR "GSSG" OR "GPx" OR "Nitrogen monoxide" OR "CAT" OR "SOD") AND
TS=("rats" OR "rat" OR "rattus" OR "rattus norvegicus" OR "albino rat" OR "norway rat" OR "Wistar"
OR "Wistar rat" OR "Long-Evans" OR "Long Evans" OR "Long-Evans rat" OR "Long evans rat" OR
"Sprague-Dawley" OR "Sprague Dawley" OR "sprague-dawley rat" OR "sprague dawley rat" OR
"rodent*") AND DOP=(2015-01-01/2022-10-01) NOT TS=("sleep apnea syndrome*" OR "sleep
apnea" OR "sleep apnoea" OR "sleep apnoea syndrome*" OR "sleep hypopnea" OR "intermittent
hypoxia" OR "neurodegenerative disease*" OR "neurodegenerative")

1.1.5 Cochrane library — Results: 4

ID Search Hits

#1 MeSH descriptor: [Sleep] explode all trees 7258

#2 MeSH descriptor: [Sleep Deprivation] explode all trees 932

#3 ("sleep depriv*" OR "Total Sleep depriv*" OR "Partial sleep depriv*" OR "REM sleep depriv*"
OR "Paradoxical sleep depriv*" OR "TSD" OR "PSD") 828

#4 #1 OR #2 OR #3 8008
#5 MeSH descriptor: [Oxidative Stress] explode all trees 3785
#6 MeSH descriptor: [Lipid Peroxidation] explode all trees 1094
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#7 MeSH descriptor: [Glutathione] explode all trees 758

#8 MeSH descriptor: [Glutathione Peroxidase] explode all trees 500
#9 MeSH descriptor: [Nitric Oxide] explode all trees 2470

#10 MeSH descriptor: [Catalase] explode all trees 313

#11 MeSH descriptor: [Superoxide Dismutase] explode all trees 924

#12 ("Oxidative stress" OR "Lipid peroxidation" OR "Glutathione" OR "Glutathione peroxidase"
OR "Nitric oxide" OR "Catalase" OR "Superoxide Dismutase" OR "Oxidative damage*" OR "oxidative
stress injur*" OR "GSH" OR "GSSG" OR "GPx" OR "Nitrogen monoxide" OR "CAT" OR "SOD")

30052

#13 (#5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12) 30062
#14 MeSH descriptor: [Rats] explode all trees 1445

#15 ("rats" OR "rat" OR "rattus" OR "rattus norvegicus" OR "albino rat" OR "norway rat" OR
"Wistar" OR "Wistar rat" OR "Long-Evans" OR "Long Evans" OR "Long-Evans rat" OR "Long evans rat"
OR "Sprague-Dawley" OR "Sprague Dawley" OR "sprague-dawley rat" OR "sprague dawley rat" OR
"rodent*") 11579

#16 (#14 OR #15) 11579
#17 MeSH descriptor: [Sleep Apnea Syndromes] explode all trees 3377
#18 MeSH descriptor: [Neurodegenerative Diseases] explode all trees 12589

#19 ("sleep apnea syndrome*" OR "sleep apnea" OR "sleep apnoea" OR "sleep apnoea
syndrome*" OR "sleep hypopnea" OR "intermittent hypoxia" OR "neurodegenerative disease*" OR
"neurodegenerative") 10704

#20 (#17 OR #18 OR #19) 22546

#21 #4 AND #13 AND #16 NOT #20 with Cochrane Library publication date Between Jan 2015 and
Oct 2022

1.2 Search date and total results

All searches were performed between 21-23 February 2023. The final searches were performed on
23 February 2023. The searches were saved and exported into Endnote 20 (IBM - Clarivate) for
management.

The combined searches yielded a total of 554 results.

1.3 Study inclusion flowchart

The combined searches yielded a total of 554 results (Web of Science = 398, PubMed = 152,
Cochrane Library = 4).

A total of 127 duplicated records were identified and removed.



A total of 427 records were screened by reading the title and abstract and a total of 347 records
were excluded during this stage.

A total of 80 reports were sought for retrieval and 5 reports were not retrieved due to inaccesibility.

A total of 75 reports were assessed for eligibility by reading the full text and 21 were excluded due
to not meeting the inclusion criteria.

Finally, a total of 54 studies were included in the review.

1.4 Inclusion and exclusion criteria
1.4.1 Inclusion criteria

- Experimental sleep deprivation studies performed on rat models, with oxidative stress
measurements

- All sleep deprivation protocols were accepted (total sleep deprivation and paradoxical sleep
deprivation); Automated sleep deprivation protocols (Forced locomotion/ sensory
stimulation etc) were also included. These protocols were excluded only if the original
authors specified that the protocol was used for sleep fragmentation

- Studies on rats, irrespective of sex, age, weight, strain

- Publication date: 01.01.2015-01.10.2022

- Language: Only studies written in English were included

- Presence of at least one of the following oxidative stress measurements: GSH, GSSG,
GSH/GSSG ratio, CAT, SOD, NO (Nitric oxide, eNOS, iNOS, nNOS), Lipid peroxidation
(irrespective of the modality of determination — Enzyme activity, PCR, Western Blot,
Immunohistochemistry, Immunofluorescence etc)

1.4.2 Exclusion criteria

- Experimental sleep deprivation studies on humans or other animal models

- Pregnancy with/ without effects on offspring

- Lack of oxidative stress measurements as specified in the inclusion criteria

- Circadian disruption protocols / hypoxia protocols / sleep fragmentation protocols
- Narrative reviews/ systematic reviews/ meta-analyses

1.4.3 Inclusion and exclusion criteria specifications

The decision to incorporate studies published between 2015 and 2022 was prompted by the prior
review authored by Villafuerte et al [2] and published in 2015. This measure was taken to prevent
any potential duplications within the existing review.

This review was focused on investigating oxidative stress alterations specifically in rat models. It is
worth noting that strain differences have been previously documented between mice and rats [2].
However, conducting a comprehensive analysis encompassing all existing animal and human models
of sleep deprivation would have exceeded the intended scope of this review.

A broad selection of markers is available to evaluate the occurrence of oxidative stress. However,
attempting to extract all existing oxidative stress measurements would have been unfeasible.



Therefore, the aforementioned oxidative stress measurements were specifically chosen based on
their recurrent appearance in the included studies during the data charting process.

Studies that employed circadian disruption, hypoxia (obstructive sleep apnoea models) or sleep
fragmentation protocols were excluded due to a potential bias in the interpretation of the results.

1.5 Comparisons between groups

Comparisons were sought between a control group without sleep deprivation and a group that was
sleep deprived, without any other interventions or drug administration. Although various treatment
approaches were employed in most studies to modulate oxidative stress, the extracted data
specifically pertains to two distinct groups: the untreated control group and the untreated sleep-
deprived group.

Vehicle administration, procedures specific to sleep deprivation protocols (electrode implantation
etc) and behavioural tests were not considered as reasons to exclude studies from the current
review.

1.6 Additional data

Title and abstract screening, full text evaluation and data extraction were performed by two
researchers (V.S.N and I.A.C).

A data charting form was initially piloted and developed by two authors (V.S.N and I.A.C) and
updated as needed. Similarly, a data extraction form was further piloted based on five included
studies.

All discrepancies were resolved by consensus and oversight from C.C., H.A.C. and S.C.

No automation tools were employed during the search, title and abstract screening, full text
evaluation or data extraction steps of the review.

2. Exclusion codes used during abstract and full text screening
2.1 Title and abstract screening exclusion codes

Title and abstract screening exclusion codes

Exclusion code Code explanation

Not related subject Studies not related to the main subject of the review — experimental
sleep deprivation studies performed on rats, with oxidative stress
measurements

Publication type Other study types than experimental studies (ex. Narrative reviews,
systematic reviews, meta-analyses, book chapters etc.)

Other model Experimental sleep deprivation studies with oxidative stress
measurements that employed other models than rats (humans, other
rodent or animal models etc)

Language Studies published in any other language than English

Date Studies published outside of the interval 01.01.2015-01.10.2022




2.2 Full text assessment exclusion codes

Full text assessment exclusion codes

Exclusion code Code explanation

No groups for comparison No suitable groups for comparison. Studies were excluded if a
direct comparison between a control group and a sleep deprived
group was not available. This includes control groups that were
exposed to sleep deprivation or subjected to drug administration
other than vehicle.

No measurements Absence of the following oxidative stress measurements: GSH,
GSSG, GPx, CAT, SOD, Nitric oxide (Nitric oxide, iNOS, eNOS, nNOS),
Lipid peroxidation

Unclear data Unclear data regarding the main aspects of the review —sleep
deprivation protocol or duration, group formation, oxidative stress
measurements

Circadian rhythm Studies that indicated deviation from a standardized 12-12 hour

light/dark schedule were excluded, due to a potential risk of bias
determined by circadian rhythm alterations

3. Data extraction
3.1 Extracted data
Data extraction was performed independently by two authors (V.S.N and I.A.C).

A standardised form (intially piloted on five included studies) was used for data extraction. The
following data was extracted from each included study: sleep deprivation protocol and duration,
type of control group, subject characteristics (rat breed, age and sex), serum stress hormones
measurements (cortisol/ corticosterone), oxidative stress measurements (GSH, GSSG, GSH/GSSG
ratio, CAT, SOD, Nitric oxide, Lipid peroxidation).

All measurement types for the mentioned parameters were included. Gene expression results were
included and presented as separate results.

In the case of Nitric Oxide the following measurements were included: Nitric Oxide, enzymes
involved in the Nitric oxide synthesis cycle (eNOS — endothelial Nitric oxide synthetase, iNOS —
inductible Nitric oxide synthetase, nNOS — neuronal Nitric oxide synthetase), irrespective of the
measurement modality.

In the case of Lipid peroxidation all measurement types were included: Malonaldehyde (MDA),
Thiobarbituric acid reactive substances (TBARS), 8-isoprostane etc.

3.2 Age of subjects in the original studies

The age of the subjects was extracted according to the methodology outlined in the original
research. The age at the beginning of the experiments was prioritised over the age of acquisition
only in cases in which the original authors provided a clear timeline of the experiments.
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3.3 Sleep deprivation protocols

The sleep deprivation protocols were extracted according to the specifications provided in the
original studies. In certain instances, priority was given to the detailed description of the protocol
rather than just the mentioned type of protocol.



4. Results

The full-length Results are presented in Tables S1-S7 for paradoxical sleep deprivation and total sleep deprivation in both brain and non-brain areas. These Tables represent
the full-length version of the Tables 1-7 from the main text.

The included studies were grouped by type of SD protocol (PSD or TSD), by anatomical region in which the oxidative stress measurements were performed and by the length

of the SD duration. In some cases, studies that performed oxidative stress measurements in multiple body sites were presented in multiple tables according to the previously
detailed grouping.

Table S1. Paradoxical sleep deprivation in the hippocampus

SD
Reference protocol SD duration Rat breed, sex, age GSH GSSG GSH/GSSG GPx CAT SOD Nitric oxide Lipid
ratio peroxidation
Sahin et al [3] MSP 48 h Wistar, Male, PND Yes - (MDA)
28
Aboul Ezz et MSP 48 h Wistar, Male, Adult Yes | Yes 1 (NOx) Yes - (MDA)
al [4]
Turan et al [5] MSP 72h Wistar, Male, Adult Yes - Yes - (MDA)
Roubalova et MSP 72h Wistar, Male Yes 1 (MDA)
al [6]
Zuo et al [7] MSP 72h Wistar, Male, Adult Yes | Yes | Yes 1 (MDA)
Vosahlikova et MSP 72h Wistar, Male, Adult Yes 1 (MDA)
al [8]
Nabaee et al MSP 24,48,72 h Wistar, Male, Adult Yes - Yes - Yes - Yes - Yes - (MDA)
1
Kwon et al cr 4 days Wistar, Male, 5 Yes 1 (4-HNE) *
[10] weeks




Zhang et al MSP 5 days Sprague-Dawley, Yes | Yes - Yes | Yes | Yes 1 (MDA)
[11] Male and Female, 6
weeks
Gou et al [12] MSP 5 days Sprague-Dawley, Yes 1 (NOx)
Male, 48 weeks
Andrabi et al (@ 6 days (48h SD, Wistar, Male, Adult Yes - Yes 1 (MDA)
[13] 48h Srec, 48h SD,
48h Srec, 48h SD)
Konakanchi et MSP 21 days (18h/ day) Sprague-Dawley, Yes | Yes 1 (MDA)
al [14] Male, 12-16 weeks
21 days (18h/ day) Yes | Yes 1 (MDA)
+5 days SRec
Yes | Yes - (MDA)
21 days (18h/ day)
+21 days Srec
Alzoubi et al MSP 4 weeks (8h/day) | Wistar, Male, Adult Yes - Yes t Yes | Yes | Yes |
[15]
Alzoubi et al MSP 4 weeks (8h/day) | Wistar, Male, Adult Yes - Yes t Yes | Yes | Yes |
[16]
Alzoubi et al MSP 4 weeks (8h/day) | Wistar, Male, Adult Yes - Yes 1 Yes | Yes | Yes | Yes | Yes - (TBARS)
[17]
Massadeh et al MSP 6 weeks (8h / day) Wistar, Male, 8-10 Yes - Yes t Yes | Yes | Yes | Yes | Yes - (TBARS)
[18] weeks
Alzoubi et al MSP 6 weeks (8h / day) | Wistar, Male, Adult Yes - Yes 1 Yes | Yes | Yes | Yes | Yes - (TBARS)
[19]
Alzoubi et al MSP 6 weeks (8h / day) | Wistar, Male, Adult Yes - Yes 1 Yes | Yes | Yes | Yes |
[20]
Mhaidat e t al MSP 6 weeks (8h / day) | Wistar, Male, Adult Yes - Yes 1 Yes | Yes | Yes | Yes - (TBARS)

[21]




Alzoubi et al MSP 8 weeks (8h / day) | Wistar, Male, Adult Yes - Yes 1 Yes | Yes | Yes | Yes - Yes - (TBARS)
[22]

Alzoubi et al MSP 8 weeks (8h / day) | Wistar, Male, Adult Yes - Yes 1 Yes | Yes | Yes |
[23]

SD: sleep deprivation; MSP: multiple small platforms; CP: classical platform/ inverted flowerpot; Srec: sleep recovery; PND: postnatal day; GSH: Reduced Glutathione; GSSG: Oxidized Glutathione; GPx: Glutathione
peroxidase; CAT: Catalase; SOD: Superoxide dismutase; NOx: Nitric oxide; MDA: Malonaldehyde; TBARS: Thiobarbituric acid reactive substances; 4- HNE: 4-Hydroxynonenal; *: dentate gyrus, hippocampus; “1 / | “:
significantly increased/ decreased; “-“: not significantly increased or decreased; empty cell: determination was not performed

Table S2. Paradoxical sleep deprivation in cortex and other brain areas

SD
Reference protocol SD duration Rat breed, sex, age Anatomical site GSH GSSG GSH/GSSG GPx CAT SOD Nitric oxide Lipid
ratio peroxidation
Mohammed et MSP 48 h Wistar, Male, Adult Cortex Yes - Yes - (NOx) Yes - (MDA)
al [24]
Turan et al [5] MSP 72h Wistar, Male, Adult | Prefrontal cortex Yes - Yes - (MDA)
Roubalova et MSP 72h Wistar, Male Forebrain cortex Yes 1 (MDA)
al [6]
Vosahlikova et MSP 72h Wistar, Male Forebrain cortex Yes 1 (MDA)
al [8]
Kwon et al CcP 4 days Wistar, Male, 5 Cortex Yes 1 (4-HNE)
[10] weeks
Suganya et al MSP 7 days Wistar, Male, 8 Cortex Yes | Yes | Yes | Yes | Yes 1 (LP)
[25] weeks
Turan et al [5] MSP 72h Wistar, Male, Adult Cerebellum, Yes - Yes - (MDA)
Brainstem
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Zhang et al MSP 72h Sprague-Dawley, Amygdala Yes | Yes 1 (MDA)
[26] Adult
Anis Syahirah CP 72h Sprague-Dawley, Thalamus Yes | Yes | Yes | Yes 1 (MDA)
etal [27] Male, 8-10 weeks
Ahmad et al MSP 5 days Sprague-Dawley, Whole brain Yes | Yes | Yes 1 (MDA)
[28] Male and Female,
Adult
Jameie et al CcP 6 days Wistar, Male, Adult | Locus coeruleus Yes |
[29]

SD: sleep deprivation; MSP: multiple small platforms; CP: classical platform/ inverted flowerpot; Srec: sleep recovery; PND: postnatal day; GSH: Reduced Glutathione; GSSG: Oxidized Glutathione; GPx: Glutathione
peroxidase; CAT: Catalase; SOD: Superoxide dismutase; NOx: Nitric oxide; MDA: Malonaldehyde; LP: Lipid peroxidation; 4- HNE: 4-Hydroxynonenal; “1 / | “: significantly increased/ decreased; “-“: not significantly
increased or decreased; empty cell: determination was not performed

Table S3. Paradoxical sleep deprivation in serum/ plasma

SD
Reference protocol SD duration Rat breed, sex, age GSH GSSG GSH/GSSG GPx CAT SOD Nitric oxide Lipid peroxidation
ratio
Olayaki et al MSP 20h ns Yes 1 (MDA)
[30]
Solanki et al MSP 24h Long-Evans, Male, Yes 1 (8-isoprostane)
[31] Old
Hao et al [32] CP 24,36,48 h Sprague-Dawley, Yes | Yes 1 (MDA)
Male, 6 months
Zhang et al CP 48h Sprague-Dawley, Yes | Yes 1 (MDA)
[33] Male, 6 weeks
Hamed et al MSP 72h Wistar, Male, 10 Yes | (NOx)
[34] weeks
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Zhang et al MSP 72 h Sprague-Dawley, Yes | Yes 1 (MDA)
[26] Adult
Rizk et al [35] MSP 5 days Wistar, Male Yes 1 (MDA)
Olayaki et al MSP 5 days (20h/day) ns Yes 1 (MDA)
[30]
5 days (20h/day) + Yes - (MDA)
5 days Srec
Andrabi et al 6 days (48h SD, Wistar, Male, Adult Yes - Yes - (MDA)
[13] CP 48h Srec, 48h SD,
48h Srec, 48h SD)
Lasisi et al [36] MSP 7 days (20h/ day) Wistar, Male Yes—/ Yes | Yes — Yes 1 (MDA)
and 7 days
continuous
Gu et al [37] MSP 7 days Wistar, Male Yes | Yes |
Yildirim et al MSP 21 days (18h/ day) | Wistar, Male, Adult Yes - (eNOS)
[38]

SD: sleep deprivation; MSP: multiple small platforms; CP: classical platform/ inverted flowerpot; Srec: sleep recovery; PND: postnatal day; GSH: Reduced Glutathione; GSSG: Oxidized Glutathione; GPx:
Glutathione peroxidase; CAT: Catalase; SOD: Superoxide dismutase; NOx: Nitric oxide; eNOS: Endothelial Nitric Oxide Synthase; MDA: Malonaldehyde; ns: not specified; “1 / | “: significantly increased/
decreased; “-“: not significantly increased or decreased; empty cell: determination was not performed

Table S4. Paradoxical sleep deprivation in other non-brain sites

SD
Reference protocol SD duration Rat breed, sex, age Anatomical GSH GSSG GSH/GSSG GPx CAT SOD Nitric oxide Lipid peroxidation
site ratio
Hamed et al MSP 72h Wistar, Male, 10 Testes, Yes | Yes | Yes | Yes | Yes 1 (MDA)
[34] weeks Epididymis
Rizk et al [35] MSP 5 days Wistar, Male Testes Yes | Yes | Yes 1 (MDA)
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Medubi et al MSP 14 days (20h/ day) Sprague-Dawley, Testes Yes | Yes | Yes 1 Yes 1 (MDA)
[39] Male, 12 weeks
Siervo et al MSP 21 days (18h / day) Wistar, Male, Testes Yes - Yes - Yes - Yes 1 (LP)
[40] Peripubertal
Siervo et al MSP 21 days (18h/ day) Wistar, Male, Epididymis Yes 1 Yes 1 (LP)
[41] Peripubertal caput, cauda
Hernandez MSP 4 days Wistar, Male, 3 Liver, Pancreas Yes — Yes-/Yes t Yes-/Yes 1 (LP)
Santiago et al months
[42] 8 days Yes | /Yes— | Yes|/Yes-— Yes 1/ Yes - (LP)
8 days + 20 days Yes - Yes | / Yes— Yes 1 (LP)
Srec
Wistar, Male, 14 Liver, Pancreas Yes | / Yes — Yes — Yes — (LP)
months
Yes |, Yes— | Yes—/Yes?t Yes -/ Yes 1 (LP)
Yes - Yes-/Yes t Yes - (LP)
Han et al [43] MSP 21 days (14h/ day) | Wistar, Male, Adult Liver Yes | Yes 1 (MDA)
Li et al [44] CcP 21 days (18h/ day) | Wistar, Male, Adult Liver Yes — Yes — Yes - (MDA)
21 days (22h/ day) Yes — Yes | Yes 1 (MDA)
Nawi et al [45] CP 72h Sprague-Dawley, Aorta Yes | Yes 1 (MDA)
Male, 8-10 weeks
72h +72h Srec Yes - Yes — (MDA)
Jiang et al [46] CP 5 days Sprague-Dawley, Aorta Yes | (NOx)
Male, 24 weeks
Yes - (eNOS)
Yes | (p-eNOS)
Lasisi et al [36] MSP 7 days (20h/day) Wistar, Male Saliva Yes - Yes - Yes - (MDA)
and 7 days
continuous Submandibular Yes - Yes | Yes -/ Yes 1 (MDA)
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Lietal [47] CP 21 days (18h /day) Wistar, Male Thyroid Yes 1 (MDA)
Roubalova et MSP 72h Wistar, Male Kidney Yes - (MDA)
al [6]
Erythrocytes Yes 1 (MDA)
Mobnico-Neto MSP 4 days Wistar, Male, 3 Plantar muscle Yes - (MDA)
et al [48] months
Soleus muscle Yes 1 (MDA)

SD: sleep deprivation; MSP: multiple small platforms; CP: classical platform/ inverted flowerpot; Srec: sleep recovery; PND: postnatal day; GSH: Reduced Glutathione; GSSG: Oxidized Glutathione; GPx: Glutathione
peroxidase; CAT: Catalase; SOD: Superoxide dismutase; NOx: Nitric oxide; eNOS: Endothelial Nitric Oxide Synthase; p-eNOS: phosphorylated Endothelial Nitric Oxide Synthase; MDA: Malonaldehyde; LP: Lipid

peroxidation; “1 / | “: significantly increased/ decreased; “-“: not significantly increased or decreased; empty cell: determination was not performed

Table S5. Total sleep deprivation in brain areas

SD
Reference protocol SD duration Rat breed, sex, age Anatomical GSH GSSG GSH/GSSG GPx CAT SOD Nitric oxide Lipid peroxidation
site ratio
Forouzanfar et GH 6h Wistar, Male, 10 Hippocampus Yes - (MDA)
al [49] weeks
Bajaj et al [50] GH 12h Wistar, Female, 13- Hypothalamus Yes | (nNOS)
15 months
Tang et al [51] ASD 14 days Wistar, Male Cortex and Yes | Yes | Yes | Yes 1 (LP)
Hippocampus
Chang et al DOW 5 days SD + 2 days Wistar, Male, Hippocampus Yes | Yes | Yes | /-
[52] Srec (3 total Weanling

cycles) + 3 months
Srec

SD: sleep deprivation; Srec: sleep recovery; GH: Gentle handling; ASD: Automated sleep deprivation; DOW: Disk over water; GSH: Reduced Glutathione; GSSG: Oxidized Glutathione; GPx: Glutathione peroxidase; CAT:

Catalase; SOD: Superoxide dismutase; nNOS: neuronal Nitric Oxide Synthase; MDA: Malonaldehyde; LP: lipid peroxidation; “1/ | “: significantly increased/ decreased; “-“: not significantly increased or decreased; empty
cell: determination was not performed
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Table S6. Total sleep deprivation in non-brain areas

SD
Reference protocol SD duration Rat breed, sex, age Anatomical GSH GSSG GSH/GSSG GPx CAT SOD Nitric oxide Lipid peroxidation
site ratio
Renn et al [53] DOW 5 days Wistar, Male Liver Yes | Yes | Yes | Yes 1 (MDA)
Chen et al [54] DOW 5days SD +2 days | Wistar, Male, Adult Liver Yes | Yes | Yes | Yes 1 (MDA)
Srec (3 total
cycles)
14 days
Atrooz et al ASD 6h/ day - 1st week Sprague-Dawley, Plasma PND 33: Yes 1 (8-
[55] 8h/ day - 2nd week Male, PND 19 isoprostane)
PND 90: Yes - (8-
isoprostane)

SD: sleep deprivation; Srec: sleep recovery; ASD: Automated sleep deprivation; DOW: Disk over water; PND: Postnatal day; GSH: Reduced Glutathione; GSSG: Oxidized Glutathione; GPx: Glutathione peroxidase; CAT:
Catalase; SOD: Superoxide dismutase; MDA: Malonaldehyde; “1 / | “: significantly increased/ decreased; “-": not significantly increased or decreased; empty cell: determination was not performed

Table S7. Gene expression in paradoxical and total sleep deprivation

SD
Reference | protocol SD duration Rat breed, sex, Anatomical site | GSH | GSSG | GSH/GSSG GPx CAT SOD Nitric oxide Lipid
age ratio peroxidation
Alvarenga Wistar-Hannover, Testes Yes 1 (iNOS)
etal [56] PSD - 96h Male, Adult Yes | (eNOS)
MSP
Yes 1 (iNOS)
21 days (18h / day) Yes - (eNOS)
Atrooz et 14 days Sprague-Dawley, | Prefrontal cortex PND 33: Yes 1 PND 33: Yes - PND 33: Yes 1
al [55] TsD- | 6h/day-lstweek | Male, PND19 PND 90: Yes - PND 90: Yes - PND 90: Yes -
ASD 8h/ day - 2nd week

SD: sleep deprivation; PSD: paradoxical sleep deprivation; TSD: total sleep deprivation; MSP: multiple small platforms; ASD: automated sleep deprivation; PND: postnatal day; GSH: Reduced Glutathione; GSSG: Oxidized
Glutathione; GPx: Glutathione peroxidase; CAT: Catalase; SOD: Superoxide dismutase; eNOS: Endothelial Nitric Oxide Synthase; iNOS: Inducible nitric oxide synthase; “1 / | “: significantly increased/ decreased; “-“: not
significantly increased or decreased; empty cell: determination was not performed
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