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Abstract

To evaluate the efficacy of L-Carnosine in children with Attention deficit hyperactivity disorder (ADHD) using existing data
sources. Databases, such as PubMed, Scopus, Embase, and web of Science were searched using a comprehensive search strategy.
Data were identified from randomized controlled trials (RCTs). The main outcomes were changes in inattention, hyperactivity or
both based on ADHD rating scales by teachers, parents or both. Additional outcomes included improvement in sleep disorders,
learning disabilities and adverse events. Jadad scale was used to assess the quality of RCTs. The risk of bias was assessed using
modified Cochrane risk of bias tool. The protocol was registered with PROSPERO; registration number CRD42020209818. Two
double-blinded, placebo-controlled RCTs with a total of 111 participants were selected for the review. Both the trials were
methodologically of high quality as per the Jadad scale. There was a low risk of bias according to the modified Cochrane risk of
bias tool. Both the studies showed no significant difference between L-Carnosine and placebo controls on majority of their
outcome measures. The available data does not recommend the use of L-Carnosine in the management of children with ADHD
owing to scarcity of studies. Further studies are needed to explore the effect of L-carnosine in management of ADHD.
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Introduction

Attention deficit hyperactivity disorder (ADHD) is a common neurodevelopmental condition that affects children
with a prevalence of 5% globally (Sayal et al., 2018). The Diagnostic and Statistical Manual of Mental Disorders
(DSM-5) characterizes ADHD as age-inappropriate inattention, increased impulsivity and hyperactivity (American
Psychiatric Association, 2013). The etiology of this disorder is unknown, but it could be due to heredity or
environmental influences (Thapar et al., 2012). Sleep disorders, learning disabilities (LD), obsessive compulsive
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disorder (OCD) and autism spectrum disorder (ASD) are medical conditions associated to ADHD and may manifest
along with symptoms of ADHD (Wajszilber et al., 2018; Richardson & Puri, 2002; Brem et al., 2014; Leitner,
2014).

Although psychopharmacological therapies like methylphenidate are effective in children with ADHD,
their adverse effects make them unpalatable and lowers adherence (Schachter et al., 2001; Storebg et al., 2015;
Groenman et al., 2017). In the management of ADHD and other neuropsychiatric disorders, conventional therapies,
such as occupational and behavioral therapies, as well as complementary and alternative medicine (CAM) have been
widely employed (Mohammadi & Akhondzadeh, 2007; Narasimhan et al., 2020) . According to the literatures, CAM
combined with conventional therapies can assist children with neurodevelopmental disorders for a better prognosis
(Sinha & Efron, 2005; Ann Abraham et al., 2020). Reporting of adverse effects associated with CAM is essential for
health care professionals and caregivers to provide evidence based therapies (Debi Ann et al., 2020).

L-Carnosine is an amino acid containing p-alanine and I-histidine, considered to be beneficial for patients
with ADHD. It is known to accumulate in the sub-frontal cortex and thereby enhance the function of frontal lobes
(Boldyrev et al., 2013; Hipkiss, 2009). It is also considered to have neuroprotective (Bellia et al., 2011), antioxidant
(Prokopieva et al., 2016), Gamma-aminobutyric acid (GABA) modulatory (Wang et al., 2000), anti-aging (Brondino
et al., 2016), anticonvulsant (Shen et al., 2010) and N-methyl-D-aspartate (NMDA) receptor antagonists properties
(Shen et al., 2007). It has been used in other brain disorders such as Alzheimer’s disease (Hisatsune et al., 2016),
OCD (Arabzadeh et al., 2017), Parkinsons disease (Boldyrev et al., 2008), schizophrenia (Chengappa et al., 2012)
and ASD (Hajizadeh-Zaker et al., 2018; Mehrazad Saber et al., 2018; Chez et al., 2002).

Despite the fact that few clinical trials have been conducted in investigating the effect of L-Carnosine as an
adjuvant to pharmacological and non-pharmacological therapies in children with ADHD, there has been no
systematic review on L-Carnosine’s effect in children with ADHD. As a result, the goal of this study was to
systematically review randomized controlled trials (RCTs) on the effect of L-Carnosine in children with ADHD and
its associated medical conditions, such as sleep problems and learning disabilities, as well as adverse events, in order
to identify lacunae in the literature and provide scope for future research.

Methods

Protocol and registration

This systematic review was conducted and reported according to the Preferred Reporting Items for Systematic
Review and Meta-Analysis (PRISMA) guidelines (Moher et al., 2009). The study has been registered in
PROSPERO, an international database of systematic reviews (CRD42020209818).

Search strategy and study selection

An extensive literature search was performed in PubMed, Scopus, Embase, and web of Science from the start of the
study till June 15, 2022. The Medical Subject Heading (MESH) and non-MESH terms of L-Carnosine, Carnosine, [3-
alanyll-histidine, Levo-Carnosine, attention deficit hyperactivity disorder, attention deficit disorder, ADHD, ADD,
learning disabilities, learning disorders, LD, learning impairments, sleep disorders, sleep disturbances, adverse
effects, ADR were combined for the search strategy. References of articles with original research were also checked.
Two of the authors (DAA and MGR) independently reviewed the title/abstract obtained by the search strategy and
selected the studies which were relevant to our review. The full-text screening was carried out by two independent
reviewers and any disagreements were resolved through mutual discussion or by discussing with another co-
researcher of the team.

Inclusion and exclusion criteria

The inclusion criteria comprised RCTs in which L-carnosine is given for minimum 6 weeks alone or along with
behavioral or pharmacological therapies, articles published in English, children upto 18 years of age diagnosed with
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ADHD using DSM diagnostic criteria, studies which assessed the effect of L-Carnosine on ADHD symptoms by
teacher or parent rating scales, other conditions, such as sleep problems, learning disabilities, and adverse events
occurred. We excluded case reports, editorials, letters, reviews, animal studies; studies published before the year
2000, case reports, studies conducted on adult populations, grey literature such as thesis and conference proceedings.

Extraction of data

The data extraction form was designed prior to running the search strategy in selected databases. The relevant
information from the selected studies was extracted using this data extraction form. Data was extracted and
combined in preset tables by one author (DAA) and reviewed by another author (MGR) and any discrepancies were
solved by discussion with other two authors. The following variables were collected: author names, year and
country, number of participants, mean age, inclusion and exclusion criteria, dose of L-Carnosine, study design, study
duration, adverse events, randomization, blinding and outcome measures.

Quality assessment

Jadad scale was used to assess the quality of RCTs (Jadad et al., 1996).The modified Cochrane risk of bias tool was
used to assess the risk of bias. The risk of bias was assessed in the following domains: sequence generation,
allocation concealment, blinding of participants and personnel, blinding of outcome assessors, incomplete outcome
data, selective outcome reporting, and other sources of bias. Each domain was classified as high risk of bias, low
risk of bias and unclear risk of bias (Higgins et al., 2011; Rajanandh et al., 2018). DAA and MGR were involved in
risk of bias assessment and the reviewers did not have any disagreements.

Results

Search results and study selection
The systematic review flow diagram is represented in Figure 1. The initial search resulted in 450 articles. Out of
these, 410 were screened after removal of duplicates and 2 were included in the review according to preset criteria.

Study characteristics

The characteristics of the two trials included in the systematic review which were published in the year 2009 and
2018 are shown in Table 1. One RCT was conducted in Iran (Ghajar et al., 2018) and the other one in Finland
(Kairaluoma et al., 2009). A total of 111 participants in which 50 and 61 children in each study were assessed for the
effect of L-Carnosine on ADHD and dyslexia respectively. Mean age was approximately 10 and males and females
comprised 75 and 36 respectively. One study investigated L-Carnosine as an adjuvant therapy to methylphenidate in
ADHD children and another study assessed the effect of L-Carnosine as add on therapy to ethyl eicosapentaenoic
acid (ethyl-EPA) in children with dyslexia. The authors used Teacher and Parent ADHD Rating Scale-1V (ADHD-
RS-1V) (McGoey et al., 2007) in one study whereas reading and spelling tests and language skills were used as
outcome measures in another study.

Quality assessment

The two RCTs included in the review were double-blind, placebo-controlled trials, methodologically of high quality
as per the Jadad scale (Table 2). There was a low risk of bias according to the modified Cochrane risk of bias tool
showed as illustrated in Figure 2.

Study findings

Table 3 depicts the outcomes and analysis of the included trials. L-Carnosine in combination with methylphenidate
increased total and inattention subscales in the Parent ADHD-RS-IV but had no significant effect on Teacher
ADHD-RS-1V in Ghajar et al. (2018). In terms of the secondary outcome, there was no significant effect on reading
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and spelling tests as well as language skills in children with dyslexia but blood analysis showed higher plasma
levels of EPA when L-Carnosine was given with ethyl-EPA (Kairaluoma et al., 2009). Ghajar et al. (2018) reported
adverse events such as headache, abdominal pain, insomnia, constipation, sweating, nausea and vomiting.

Discussion

We systematically reviewed two trials with a total of 111 participants in children with ADHD and dyslexia. L-
Carnosine does not exert any significant effect in treatment of children with ADHD as there is only small number of
participants and studies. Males were more affected than females which are consistent with previous research
(Rucklidge, 2010). Sleep disorders, learning disabilities are medical conditions which commonly co-occur along
with ADHD (Hvolby, 2015; Pham & Riviere, 2015). Combination of CAM therapies along with psychotherapies has
shown beneficial effects in psychiatric disorders (Barnett & Shale, 2012). One study evaluated L-Carnosine along
with methylphenidate in children with ADHD for a period of 8 weeks (Ghajar et al., 2018) whereas the other study
evaluated L-Carnosine as adjuvant therapy to ethyl-EPA in children with dyslexia for a period of 90 days
(Kairaluoma et al., 2009). The dosage of L-Carnosine varied from 400mg to 800 mg in dyslexia and ADHD
respectively. There was significant difference in the Parent ADHD-RS-IV but not in the Teacher ADHD-RS-IV
when L-Carnosine was given along with methylphenidate. Jadad scale revealed the RCTs as methodologically of
high quality and there was a low risk of bias according to the modified Cochrane risk of bias tool.

No animal studies were reported on L-Carnosine supplementation in ADHD. L-Carnosine has been employed in
other brain disorders, such as ASD, OCD, schizophrenia etc (Schon et al., 2019). Two studies which reported L-
Carnosine’s effect on sleep disorders was conducted on children with ASD who had sleep disturbances (Ann
Abraham et al., 2020; Mehrazad-Saber et al., 2018) but there were none conducted in ADHD. Learning disabilities
such as dyslexia had no improvement on treatment with L-Carnosine and ethyl EPA (Kairaluoma et al., 2009).
Adverse events such as headache, abdominal pain, insomnia, constipation, sweating, nausea and vomiting which
were reported in one study (Ghajar et al., 2018) maybe due to effect of methylphenidate as L-Carnosine has not
reported any side effects except for hyperactivity in other trials (Abraham et al., 2021). The duration of L-Carnosine
in the studies varied from 8 to 12 weeks but no significant effect was obtained in supplementation for longer
periods.

A systematic review and meta-analysis conducted in children with ASD did not recommend the use of L-carnosine
in ASD as there was no sufficient data (Abraham et al., 2021). A systematic review on complementary and
alternative medicine use for pediatrics with ADHD proposed the use of omega-3 fatty acids and zinc supplements
and not of L-carnosine (Searight et al., 2012). Polyunsaturated fatty acids were also reviewed to have insufficient
evidence for use in children with specific learning disorders (Tan et al., 2016).

Strengths and limitations

This is the first systematic review to report the effect of L-carnosine in children with ADHD and other associated
medical conditions, such as sleep problems and learning disabilities. In spite of this, few limitations exist. There was
a paucity of data and a meta-analysis could not be performed due to insufficient data and heterogeneity in the
studies. An objective measure in this review was only blood analysis of EPA after supplementation. We could not
derive a conclusion if L-carnosine produced a significant effect on Parent ADHD-RS-1V as it was given along with
methylphenidate. Recall bias may be present as the studies relied on parent reports alone.

Future directions

Assessment of L-Carnosine levels in blood will help to determine if supplementation with L-Carnosine is required in
children with ADHD. L-Carnosine can be given as add on therapy to conventional therapies in children with ADHD
as the latter has been considered safe and reliable. Safety and efficacy of L-Carnosine should also be monitored in
trials with long duration. More RCTs with long term follow-up must be employed investigating the effect of L-
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Carnosine in ADHD. Caregivers and health care professionals must be vigilant on the occurrence and reporting of
adverse events in CAM therapies.

Conclusion

This systematic review does not advance the use of L-Carnosine in children with ADHD owing to scarcity of trials.
Future research can be conducted with larger number of participants, longer duration of trials and varied dosages of
L-Carnosine.

Acknowledgements

We acknowledge the support provided by Sri Ramachandra Founder Chancellor Shri N.P.V Udayar Research
Fellowship. We thank Dr. Krishna Undela, Department of Pharmacy Practice, National Institute of Pharmaceutical
Education and Research, Guwabhati, India for his guidance in writing the proposal.

Author contributions

MGR: Conceptualization of the study, methodology, supervision, validation, writing—review and editing; DAA:
Conceptualization of the study, data curation, formal analysis, investigation, methodology, validation, writing—
original draft preparation, writing— review and editing; PS: Investigation, writing—review and editing; AK:
Investigation, writing—review and editing; All authors reviewed and approved the final study draft. MGR is
guarantor for this paper.

Conflict of interest
The authors declare no conflict of interest regarding this article.

References

1. Abraham, D. A., Undela, K., Narasimhan, U., & Rajanandh, M. G. (2021). Effect of L-Carnosine in children with autism spectrum
disorders: a systematic review and meta-analysis of randomised controlled trials. Amino acids, 53(4), 575-585.
https://doi.org/10.1007/s00726-021-02960-6.

2. American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders (dsm-5). American Psychiatric
Publishing.

3. Ann Abraham, D., Narasimhan, U., Christy, S., & Muhasaparur Ganesan, R. (2020). Effect of L-Carnosine as adjunctive therapy in
the management of children with autism spectrum disorder: a randomized controlled study. Amino acids, 52(11-12), 1521-1528.
https://doi.org/10.1007/s00726-020-02909-1.

4. Arabzadeh, S., Shahhossenie, M., Mesgarpour, B., Rezaei, F., Shalbafan, M. R., Ghiasi, Z., & Akhondzadeh, S. (2017). L-carnosine as
an adjuvant to fluvoxamine in treatment of obsessive compulsive disorder: A randomized double-blind study. Human
psychopharmacology, 32(4), 10.1002/hup.2584. https://doi.org/10.1002/hup.2584

5. Barnett, J. E., & Shale, A. J. (2012).The integration of complementary and alternative medicine (CAM) into the practice of
psychology: a vision for the future. Professional Psychology: Research and Practice, 43(6), 576-585.

6. Bellia, F., Vecchio, G., Cuzzocrea, S., Calabrese, V., & Rizzarelli, E. (2011). Neuroprotective features of carnosine in oxidative
driven diseases. Molecular aspects of medicine, 32(4-6), 258-266. https://doi.org/10.1016/j.mam.2011.10.009

7. Boldyrev, A., Fedorova, T., Stepanova, M., Dobrotvorskaya, I., Kozlova, E., Boldanova, N., Bagyeva, G., lvanova-Smolenskaya, I., &
Illarioshkin, S. (2008). Carnosine [corrected] increases efficiency of DOPA therapy of Parkinson's disease: a pilot study. Rejuvenation
research, 11(4), 821-827. https://doi.org/10.1089/rej.2008.0716

8.  Boldyrev, A. A., Aldini, G., & Derave, W. (2013). Physiology and pathophysiology of carnosine. Physiological reviews, 93(4), 1803—
1845. https://doi.org/10.1152/physrev.00039.2012

9. Brem, S., Grunblatt, E., Drechsler, R., Riederer, P., & Walitza, S. (2014). The neurobiological link between OCD and
ADHD. Attention deficit and hyperactivity disorders, 6(3), 175-202. https://doi.org/10.1007/s12402-014-0146-x

10. Brondino, N., Fusar-Poli, L., Panisi, C., Damiani, S., Barale, F., & Politi, P. (2016). Pharmacological Modulation of GABA Function
in Autism Spectrum Disorders: A Systematic Review of Human Studies. Journal of autism and developmental disorders, 46(3), 825—
839. https://doi.org/10.1007/s10803-015-2619-y

11. Chengappa, K. N., Turkin, S. R., DeSanti, S., Bowie, C. R., Brar, J. S., Schlicht, P. J., Murphy, S. L., Hetrick, M. L., Bilder, R., &
Fleet, D. (2012). A preliminary, randomized, double-blind, placebo-controlled trial of L-carnosine to improve cognition in
schizophrenia. Schizophrenia research, 142(1-3), 145-152. https://doi.org/10.1016/j.schres.2012.10.001

- Journal of Pharmaceutical Negative Results | Volume 24 | Regular Issue 02 | 2023 E



https://doi.org/10.1016/j.mam.2011.10.009

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Chez, M. G., Buchanan, C. P., Aimonovitch, M. C., Becker, M., Schaefer, K., Black, C., & Komen, J. (2002). Double-blind, placebo-
controlled study of L-carnosine supplementation in children with autistic spectrum disorders. Journal of child neurology, 17(11), 833—
837. https://doi.org/10.1177/08830738020170111501

Debi Ann, A., Udayakumar, N., Senta, C., & Rajanandh, M. G. (2020). Pyridoxine and Magnesium Administration-Induced
Hyperactivity in Two Children With Autism Spectrum Disorder: Case Reports From a Clinical Trial. Clinical therapeutics, 42(11),
e250-e258. https://doi.org/10.1016/j.clinthera.2020.09.010

Ghajar, A., Aghajan-Nashtaei, F., Afarideh, M., Mohammadi, M. R., & Akhondzadeh, S. (2018). I-Carnosine as Adjunctive Therapy
in Children and Adolescents with Attention-Deficit/Hyperactivity Disorder: A Randomized, Double-Blind, Placebo-Controlled
Clinical Trial. Journal of child and adolescent psychopharmacology, 28(5), 331-338. https://doi.org/10.1089/cap.2017.0157
Groenman, A. P., Schweren, L. J., Dietrich, A., & Hoekstra, P. J. (2017). An update on the safety of psychostimulants for the
treatment of attention-deficit/hyperactivity disorder. Expert opinion on drug safety, 16(4), 455-464.
https://doi.org/10.1080/14740338.2017.1301928

Hajizadeh-Zaker, R., Ghajar, A., Mesgarpour, B., Afarideh, M., Mohammadi, M. R., & Akhondzadeh, S. (2018). I-Carnosine As an
Adjunctive Therapy to Risperidone in Children with Autistic Disorder: A Randomized, Double-Blind, Placebo-Controlled
Trial. Journal of child and adolescent psychopharmacology, 28(1), 74-81. https://doi.org/10.1089/cap.2017.0026

Higgins, J. P., Altman, D. G., Ggtzsche, P. C., Juni, P., Moher, D., Oxman, A. D., Savovic, J., Schulz, K. F., Weeks, L., Sterne, J. A.,
Cochrane Bias Methods Group, & Cochrane Statistical Methods Group (2011). The Cochrane Collaboration's tool for assessing risk of
bias in randomised trials. BMJ (Clinical research ed.), 343, d5928. https://doi.org/10.1136/bmj.d5928

Hipkiss A. R. (2009). Carnosine and its possible roles in nutrition and health. Advances in food and nutrition research, 57, 87-154.
https://doi.org/10.1016/S1043-4526(09)57003-9

Hisatsune, T., Kaneko, J., Kurashige, H., Cao, Y., Satsu, H., Totsuka, M., Katakura, Y., Imabayashi, E., & Matsuda, H. (2016). Effect
of Anserine/Carnosine Supplementation on Verbal Episodic Memory in Elderly People. Journal of Alzheimer's disease : JAD, 50(1),
149-159. https://doi.org/10.3233/JAD-150767

Hvolby A. (2015). Associations of sleep disturbance with ADHD: implications for treatment. Attention deficit and hyperactivity
disorders, 7(1), 1-18. https://doi.org/10.1007/s12402-014-0151-0

Jadad, A. R., Moore, R. A, Carroll, D., Jenkinson, C., Reynolds, D. J., Gavaghan, D. J., & McQuay, H. J. (1996). Assessing the
quality of reports of randomized clinical trials: is blinding necessary?. Controlled clinical trials, 17(1), 1-12.
https://doi.org/10.1016/0197-2456(95)00134-4

Kairaluoma, L., Nérhi, V., Ahonen, T., Westerholm, J., & Aro, M. (2009). Do fatty acids help in overcoming reading difficulties? A
double-blind, placebo-controlled study of the effects of eicosapentaenoic acid and carnosine supplementation on children with
dyslexia. Child: care, health and development, 35(1), 112-119. https://doi.org/10.1111/j.1365-2214.2008.00881.x

Leitner Y. (2014). The co-occurrence of autism and attention deficit hyperactivity disorder in children - what do we know?. Frontiers
in human neuroscience, 8, 268. https://doi.org/10.3389/fnhum.2014.00268

McGoey, K.E., DuPaul, G.J., Haley, E., & Shelton, T.L. (2007). Parent and teacher ratings of Attention-deficit/hyperactivity disorder
in preschool: The ADHD Rating Scale-1V Preschool Version. Journal of Psychopathology and Behavioral Assessment, 29, 269-276.
doi:10.1007/s10862-007-9048-y

Mehrazad-Saber, Z., Kheirouri, S., & Noorazar, S. G. (2018). Effects of I-Carnosine Supplementation on Sleep Disorders and Disease
Severity in Autistic Children: A Randomized, Controlled Clinical Trial. Basic & clinical pharmacology & toxicology, 123(1), 72-77.
https://doi.org/10.1111/bcpt.12979

Mohammadi, M. R., & Akhondzadeh, S. (2007). Pharmacotherapy of attention-deficit/hyperactivity disorder: nonstimulant medication
approaches. Expert review of neurotherapeutics, 7(2), 195-201. https://doi.org/10.1586/14737175.7.2.195

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & PRISMA Group (2009). Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement. PLoS medicine, 6(7), e1000097. https://doi.org/10.1371/journal.pmed.1000097

Narasimhan, U., Rajendran, R., Abraham, D. A., Rajendran, L., & Muhasaparur Ganesan, R. (2020). Prevalence and Pattern of
Complementary and Alternative Medicine for Autism Spectrum Disorder in Tamil Nadu. Indian journal of pediatrics, 87(5), 400.
https://doi.org/10.1007/s12098-019-03142-9

Pham, A. V., & Riviere, A. (2015). Specific Learning Disorders and ADHD: Current Issues in Diagnosis Across Clinical and
Educational Settings. Current psychiatry reports, 17(6), 38. https://doi.org/10.1007/s11920-015-0584-y

Prokopieva, V. D., Yarygina, E. G., Bokhan, N. A., & lvanova, S. A. (2016). Use of Carnosine for Oxidative Stress Reduction in
Different Pathologies. Oxidative medicine and cellular longevity, 2016, 2939087. https://doi.org/10.1155/2016/2939087

Rajanandh, M. G., Ahalya, S. P., Anjali, R., Abirami, A., & Bhuvaneswari, J. G. (2018). A systematic review of second-line controller
combination therapy options for the management of asthma. Drugs and Therapy Perspectives, 35, 77-85.

Richardson, A. J., & Puri, B. K. (2002). A randomized double-blind, placebo-controlled study of the effects of supplementation with
highly unsaturated fatty acids on ADHD-related symptoms in children with specific learning difficulties. Progress in neuro-
psychopharmacology & biological psychiatry, 26(2), 233-239. https://doi.org/10.1016/s0278-5846(01)00254-8

Rucklidge J. J. (2010). Gender differences in attention-deficit/hyperactivity disorder. The Psychiatric clinics of North America, 33(2),
357-373. https://doi.org/10.1016/j.psc.2010.01.006

Sayal, K., Prasad, V., Daley, D., Ford, T., & Coghill, D. (2018). ADHD in children and young people: prevalence, care pathways, and
service provision. The lancet. Psychiatry, 5(2), 175-186. https://doi.org/10.1016/S2215-0366(17)30167-0

- Journal of Pharmaceutical Negative Results | Volume 24 | Regular Issue 02 | 2023 ﬂ



35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Schachter, H. M., Pham, B., King, J., Langford, S., & Moher, D. (2001). How efficacious and safe is short-acting methylphenidate for
the treatment of attention-deficit disorder in children and adolescents? A meta-analysis. CMAJ : Canadian Medical Association
journal = journal de I'Association medicale canadienne, 165(11), 1475-1488.

Schén, M., Mousa, A., Berk, M., Chia, W. L., Ukropec, J., Majid, A., Ukropcova, B., & de Courten, B. (2019). The Potential of
Carnosine in  Brain-Related Disorders: A  Comprehensive Review of Current Evidence. Nutrients, 11(6), 1196.
https://doi.org/10.3390/nu11061196

Searight, H. R., Robertson, K., Smith, T., Perkins, S., & Searight, B. K. (2012). Complementary and alternative therapies for pediatric
attention deficit hyperactivity disorder: a descriptive review. ISRN psychiatry, 2012, 804127. https://doi.org/10.5402/2012/804127
Shen, Y., He, P., Fan, Y. Y., Zhang, J. X., Yan, H. J., Hu, W. W, Ohtsu, H., & Chen, Z. (2010). Carnosine protects against permanent
cerebral ischemia in histidine decarboxylase knockout mice by reducing glutamate excitotoxicity. Free radical biology &
medicine, 48(5), 727-735. https://doi.org/10.1016/j.freeradbiomed.2009.12.021

Shen, Y., Hu, W. W., Fan, Y. Y., Dai, H. B, Fu, Q. L., Wei, E. Q., Luo, J. H., & Chen, Z. (2007). Carnosine protects against NMDA-
induced neurotoxicity in differentiated rat PC12 cells through carnosine-histidine-histamine pathway and H(1)/H(3)
receptors. Biochemical pharmacology, 73(5), 709-717. https://doi.org/10.1016/j.bcp.2006.11.007

Sinha, D., & Efron, D. (2005). Complementary and alternative medicine use in children with attention deficit hyperactivity
disorder. Journal of paediatrics and child health, 41(1-2), 23-26. https://doi.org/10.1111/j.1440-1754.2005.00530.x

Storebg, O. J., Krogh, H. B., Ramstad, E., Moreira-Maia, C. R., Holmskov, M., Skoog, M., Nilausen, T. D., Magnusson, F. L., Zwi,
M., Gillies, D., Rosendal, S., Groth, C., Rasmussen, K. B., Gauci, D., Kirubakaran, R., Forsbgl, B., Simonsen, E., & Gluud, C. (2015).
Methylphenidate for attention-deficit/hyperactivity disorder in children and adolescents: Cochrane systematic review with meta-
analyses and trial sequential analyses of randomised clinical trials. BMJ (Clinical research ed.), 351, h5203.
https://doi.org/10.1136/bmj.h5203

Tan, M. L., Ho, J. J., & Teh, K. H. (2016). Polyunsaturated fatty acids (PUFASs) for children with specific learning disorders. The
Cochrane database of systematic reviews, 9(9), CD009398. https://doi.org/10.1002/14651858.CD009398.pub3

Thapar, A., Cooper, M., Jefferies, R., & Stergiakouli, E. (2012). What causes attention deficit hyperactivity disorder?. Archives of
disease in childhood, 97(3), 260-265. https://doi.org/10.1136/archdischild-2011-300482

Wajszilber, D., Santiseban, J. A., & Gruber, R. (2018). Sleep disorders in patients with ADHD: impact and management
challenges. Nature and science of sleep, 10, 453-480. https://doi.org/10.2147/NSS.S163074

Wang, A. M., Ma, C., Xie, Z. H., & Shen, F. (2000). Use of carnosine as a natural anti-senescence drug for human
beings. Biochemistry. Biokhimiia, 65(7), 869-871.

' Journal of Pharmaceutical Negative Results | Volume 24 | Regular Issue 02 | 2023 ﬂ



