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Summary Table of Experiments

Parameter Subject Compared to Healthy Importance/Indication Reference CONCLUSION:
ABSTRACT: Control Group The causes and reasons for development of the
Background: Attention-Deficit Hyperactive Disorder (ADHD) 1s OXiga.‘tive [;a”_]age Chifdreﬂ and Signiiicar:“yfh:\?lgegmean Lipiddpem; igati%n damage (;Ztlo': ett all' 2281132 neurodevelopmental disorder Attention-Deficit Hyperactive
a neurodevelopmental disorder that affects people of all ages; Yl o RO " Oxébielx,eedamage Ve?,:eteetaa',_ >018 Disorder are still unknown. It is believed that genetics play a role;
however, the etiopathogenesis of this disorder Is still unknown. Ceylan et al. 2010 however, that alone cannot explain the development. Based on
Over the years many theories have been proposed, one recent and Bulut et al. 2007 evidence it is theorized that oxidative stress plays a role in the
orominent theory IS oXxidative stress. Oxidative Stress Biomarker: | Children and Significantly increased Impaired ox_idative Oztop et al. 2012 development of ADHD: however, more research is needed. It is
Description: Through a critical review, the progress that research 8'(();;0'6 Adults IevelsNg;';g(f(’)OSI’ metabolism K&;T:Q egt‘ aAI_I';ngZ ' still unknown If every person diagnosed with ADHD was born
nas made over the past two decades, and evidence that oxidative NOS Sezen et al. 2016 with it or developed it due to other factors involved. So far there
stress Is present in both children and adults diagnosed with X0 Guney et al. 2015 have only been observational studies done, which implies
ADHD was discussed. Presenting the findings of articles proving Kul et al. 2015 correlation; therefore, the next step Is to attempt to prove
the_pre_sence pf oxidative stress throug.h _assess!ng PXIdant and. Oxidative Biomarker: Children, Significantly higher levels | An imbalance in free radical- CSeexlline?taall.I.22()01122 causation by _domg manlpulatlon studies. ".“ the fUt.ure New
antioxidant biomarkers, enzymatic activity, oxidative metabolism TOS Adults. and of TOS, ROS, NO. and | antioxidant levels caused by |  Sezen et al. 2016 methoc_ls of dlggno_sm too_ls need to be studied an_d |mpl_emented to
Impairment, oxidative DNA damage, and lipid peroxidation in ROS Animal Model Thiols uncontrollable oxidative Guney et al. 2015 help with earlier diagnosis; methods such as, saliva, urine, and
both children and adults with ADHD. Thiols stress Kul et al. 2015 breath testing which are easy, cheap, and non-invasive. Along
NO Leffa et al. 2017 with new diagnosis methods there need to be more treatment

Conclusion: There is sufficient evidence to support that oxidative

Selek et al. 2008

options. One proposed treatment In response to oxidative stress Is

stress pla_ys a role in the etiopathogenesis Of_ADHD- Continued Lipid Oxidation Enzyme: Children | Significantly lower levels of | Presence of oxidative stress | Ceylan et al. 2012 Goxidant th . Goxidant | : lteri
research is needed to further the understanding of what causes PON-1 PON-1 activity observed antioxidant tnerapy using antioxidant suppiements or altering a
uncontrollable oxidative stress to occur and why it leads to - _ _ _ _ patient's diet to add antioxidant rich foods. Antioxidants are anti-
_ _ _ e Antioxidant Enzyme: Children and Activity levels of PON, | Increased antioxidant defense Bulut et al. 2013 inflammatory and combat free radical effects, making them a
ADHD. This review discusses the findings and how they PON Adults ARES, GSH-Px, GST, mechanisms but not enough |  Guney et al. 2015 5 £or ADHD Dai ) ! :
highlight the considerable progress made over the years in not ARES SOD, CAT, and SPON were to correct oxidative Ceylan et al. 2010 good treatment for ADHD patients. However, more rigorous
only linking oxidative stress and ADHD, but also proposing GSH-Px significantly lower imbalance leading to low | El-Adham et al. 2011 research and clinical trials are needed before antioxidants can be
ootential therapies and treatments for those diagnosed. GST antioxidant activity levels Ceylan et al. 2012 administered as a co-treatment along with medication (Alvarez-
SOD Namjoo et al. 2020 Arellano et al. 2020).
CAT Selek et al. 2008
SPON
Antioxidant Biomarker: Children and | Significant decrease in TAS Impaired oxidative Selek et al. 2012
TAS Adults level metabolism confirming the Sezen et al. 2016 REEERENCES:
presence Of OXidative stress Gueny et al- 2015 AIvarez-AreIIgno L, Gpnzélesz_arcia N, Sa}la_zar-(?arcia M, C(_)ropa JC. 2029. Antiox_i.dants as aP:?tentiaI Target against Inflammation and Oxidative
KUI et al. 2015 ﬁ:trszs/ ;m.err:]tc;g?é[;ﬁf;ggég}/ggzr?(/:g/\g/t{?glsorder. Antioxidants. 9(2):176. d(-)l.10.3390/ant|o-x9020-176. [acce-:sse-d 2022,épr 27].- | .
Vitamin D Status Biomarker: | Children Significantly lower Low levels of the body’s | Goksugur et al. 2014 e fsorder, Neurochem Res. 37(2):330 334, df-10.100TIS11064-011-0616.. [accesed 2022 My 14 Htpedo org10.1007/511064-011-061601
25(0OH)D concentrations of 25(0OH)D natural antioxidant Sharif et al. 2015 N peractivity disorder: Now findings for ovidativ sress. Peychiaiy Research. 200(3)638.642. doi-10.1016/, peyehics 2013.0 095, accested
prO dUCtion 2022 Apr 27].httpg://www.sciencedirect.c_om/science/articIe/pii/_S(_)16517811300099_1. _ _ N N
SY N T H ES I S : Bulut I\/I,i SS;Ie;S, Gsergeirallur)glueﬂfési?.vas HA Yllmaz.H;FZ,C \e(susc;e M, Ekl(;lnG. j2007.S:M\;avlv?lr\:\(:|nacldﬁEyr(;i]einlie\-/egs;/ in r?]c(i:uall'; ?éttzztlon-deflmt hyp.eractlwty
_ _ _ Antioxidant/Oxidant Balance Adults Native thiol levels were The thiol/disulfide Kurhan & Alp 2021 c:eylanEA, Sﬂnerfsf’NByaSrﬁ%ﬁrNﬁc,hKaviiﬁT)ngS%f:Q%idgﬁvlesrﬁggérjce '3 (cgf_fiag/nid iigfsgeptl ga;ioe}gj_w/irt)hbat/tgétlié%-geé}ggtzl[gz/:)ifgg\gg fiiordze?]
There have been many StUdIES dOﬂe tO InVGStlgate Whether or nOt Biomarker: Significantly lower and homeostasis has shifted | httpgs://www.sciencel?)i/rect.réom/sciencg};rticle/pii/hS%27858161(()10g5131. - . Il SRR ) o icih Pres
Ceylan MF, Sener S, Bayraktar AC, Kavutcu M. 2012. Changes in oxidative stress and cellular immunity serum markers in attention-deficit/hyperactivit
oxidative stress is present in patients diagnosed with Attention- Thiol/Disulfide disulfide levels were towards disulfide y ggfgd;(;rlgg;ga;gyve stes and immuniy g;;\gHD-;?vﬁhie;rgv end Clnical %eu;ggcgq;js-lgggfgig2202;; doi:10.L111/,1440- e
. .. . . . X. [accesse \pr 27]. ttps://on inelibrary.wiley.com/doi/10.. |.1440- .2012.02330.x. . ccesse .
DefICIt HyperaCtIVG DISOrder Based on the eVIdenCe presented In - - - _Slgr_ll_flcant_ly hlgher - EI-AthT E, Hassan A, Mahdy A. 2011. Nutiritional and Metabolic Disturbances in Attention Deficit Hyperactivity Disease. 6:10-16 [ d 2022 J
_ . _ Salivatory Biomarkers: Children Significant increase In Magnesium levels have been | Archana et al. 2011 Goksugur SB, Tufan AE, Semiz M, Gunes C, Bekdas M, Tosun M, Demircioglu F. 2014. Vitamin D status in children with attention-deficit-hyperactivity
these studies, the argument that oxidative stress plays a role in the Salivary Protein Thiols salivary protein thiol and | shown to be decreased when g loninelbragley com/Aoi b0 I LIUped 42286, - N
etiopathogenesis of ADHD can be and is supported. Several Pseudocholinesterase pseudocholinesterase levels, | oxidative stress is present P ot Ashorttem follow up tiy: Pychiatry Rescrch,226(1) 10517, doi- 10 1016]peychres 201507 004 [ceessd 2020 Apr 27—
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ay . pS://WWw.Nncol.nim.nin.gov/pmc/articies .
widely accepted animal model for ADHD, SHR rats. These Lipid Peroxidation Urinary | Children | Significantly higher levels | Lipid peroxidation Gamage | Kawantani et al. 2013 | | XM ke s il s =5 s vinof Ot e ik et e i
StUdIeS’ done through Observatlon’ demonStrate the presence Of Biomarker: Of urinary acrOIein_IySine ObserVEd Kurhanhli:[flz:)/vl\-,lvl\-ll\fvér(])CZbli:ntl)ryr/]ﬁgirg.igo'}/(\[i)(r)rl]/c[/)a:rs.tlmf(jsépl-'}/c!?nti(;?ai%fgnd Oxidative DNA Damage in Adult Attention Deficit Hyperactivity Disorder. Clin
oxidative stress, an imbalance of antioxidants, or the damage Acrolein-lysine PR maCo e, Lo 0.9 o0 chn 2021.19.4.731. [accessed 2022 Apr 27).
caused by oxidative stress; specifically, lipid peroxidation, n-3 FA Oxidative Damage Children | Significantly higher levels |  Higher rate of oxidative Ross et al. 2013 e Oxidative Parametrs and Decresed Cytokine Levels i n Animal Modelof Atetion- i yperactvty Disorder Netrochem Res,

Impaired oxidative metabolism, or oxidative DNA damage. All
studies Investigating whether or not there was damage or the
presence of oxidative stress have concluded that there Is a
significant difference in oxidative levels and antioxidant levels
between those with and those without ADHD.

Biomarker:
Exhalant Ethane Levels

of ethane In exhalant

breakdown of n-3
polyunsaturated fatty acids

Inflammation Factors and
Cytokine Levels

Children and
Animal Model

Decreased cytokine levels in
animal model and
significantly higher levels of
Inflammatory factors

Inflammation can be a co-
occurring co-factor in ADHD
and the decreased cytokine
levels indicate basal deficit
commonly associated with
ADHD

Namjoo et al. 2020
Leffa et al. 2017

Cellular Immunity
Biomarker:
ADA

Children

Significantly higher levels
of ADA activity

Cellular immunity could be a
co-factor that co-occurs in
ADHD

Ceylan et al. 2012
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