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High Protein Kinase B (Akt) Concentration in Attention Deficit Disorder
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ABSTRACT
Attention-deficit hyperactivity disorder (ADHD) is characterized by inattentiveness, hyperactivity, and impulsivity. It 
has been suggested that the mTOR pathway, which downstream includes activation of Akt, is involved in ADHD. In this 
study, we measured the concentration of phosphorylated Akt in 55 ADD patients and 32 neurotypical controls using 
an ELISA. We found that Akt levels were significantly higher in the ADD group and may be important to the etiology 
of ADD/ADHD.
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Introduction
Attention-deficit hyperactivity disorder (ADHD) is one of the most 
common psychiatric neurodevelopmental disorders in children and 
adolescents. It is characterized by inattentiveness, hyperactivity, 
and impulsivity [1]. It is often accompanied by other disorders 
such as autism spectrum disorder (ASD) [2]. 

Attention deficit disorder (ADD) is a term that is sometimes used 
for attention deficit presentation of Attention Deficit Hyperactivity 
Disorder (ADHD). In the Diagnostic and Statistical Manual 
of Mental Didorders, Fifth Edition (DSM-5), this condition is 
officially known as "attentional deficit/hyperactivity disorder, 
predominantly inattentive presentation [1].
 
It has been suggested that the mTOR pathway, which downstream 
includes activation of Akt, is involved in ADHD [3]. As an 
example psychological stress during pregnancy has been linked to 
ADHD [4], Maternal stress, such as that associated with anxiety, 
depression and trauma may be associated with increased cortisol 
levels [5]. An increase in glucocorticoids has been shown to 
downregulate the PI3K/Akt-signaling pathway [6]. This may, in 
turn be associated with dysregulation of Akt in ADHD children. 

The mTOR/Akt pathway has been associated with the schizophrenia 
[7] and ASD [8,9]. 

In this study, we measured the concentration of phosphorylated 
Akt in 55 ADD patients and 32 neurotypical controls using an 
ELISA.

Materials and Methods
Subjects 
Cellular phosphorylated Akt and CREB concentration was 
measured in 55 Attention Deficit Disorder children and 32 age and 
gender similar neurotypical, controls the diagnostic criteria used in 
this study were defined by DSM-IV criteria.

Plasma and white blood cells from consecutive individuals 
were obtained from patients presenting at the Health Research 
Institute (HRI)* over a two-year period. All ADD individuals 
who presented to HRI were asked to participate, and patients who 
participated in this study were randomly chosen from all patients 
who volunteered. Neurotypical control plasma was obtained from 
HRI and the Autism Genetic Resource Exchange (AGRE)** and 
randomly chosen from a selection of about 200 samples. 

Patient consent was obtained from all patients involved in this 
study and this study was approved by the IRB of the HRI.



Volume 7 | Issue 3 | 2 of 2J Med - Clin Res & Rev; 2023

ELISA’s to measure cellular Akt and CREB (RayBiotech, Inc)) 
was previously described [9].

Buffy Coat White Blood Cells
All experimental and control cells were separated from whole 
blood using centrifugation and were treated in an identical 
fashion- refrigerated (4C) immediately after collection and cell/
serum separation. Frozen buffy coat was placed at -70C and used 
for ELISAs within 6 months of retrieval. 

Serum/plasma
All experimental and control plasmas were treated in an identical 
fashion-refrigerated (4C) immediately after collection and cell/
serum separation, then used to measure Akt.

Statistics
Inferential statistics were derived from t-test with 95% confidence 
intervals.

Results
In this study we measured the concentration of phosphorylated Akt 
in 55 ADD patients and 32 neurotypical controls. We found that 
Akt levels were significantly higher in the ADD group (p=0.0018).

Discussion
We previously reported that Akt levels are lower in autistic 
children [9,10] This data shows that Akt levels are higher in ADD 
individuals. Akt levels, therefore, may be an etiological factor that 
distinguishes ASD from ADD.

Akt phosphorylation has been associated with the etiology 
of autism, but to our knowledge not much is known about its 
relationship to inattentive ADHD (ADD). High functioning adult 
ASD individuals have lower levels of Epidermal Growth Factor 
(EGF) [11]. Our lab has also found reduced EGF in children with 
ASD [12]. These low plasma levels negatively correlate with the 
severity of hyperactivity, the deficit in gross motor skills, and the 
tendency for tip toeing [12]. In addition, we found that patients 
with ASD show decreased phosphorylated protein kinase B (Akt) 
associated with high epidermal growth factor receptor (EGFR) and 
low gamma-aminobutyric acid (GABA) [13]. In an animal model 

of autism, high Akt phosphorylation has been found in prenatal 
exposure to valproate [14] where animals show abnormal growth 
of brain regions like what is seen in ASD. This data supports the 
notion that EGFR/AKT pathway may play an important role in the 
pathophysiology of ASD. Our data suggests that it may also be 
important to the etiology of ADD/ADHD.

References
1. American Psychiatric Association. Diagnostic and Statistical 

Manual of Mental Disorders APA. 2013.
2. Antshel KM, Zhang-James Y, Wagner KE, et al. An update 

on the comorbidity of ADHD and ASD a focus on clinical 
management. Expert Rev. Neurother. 2016; 16: 279-293.

3. Yde Ohki CM, Grossmann L, Alber E, et al. The stress-wnt-
signaling axis a hypothesis for attention-deficit hyperactivity 
disorder and therapy approaches. Transl Psychiatry. 2020; 10: 
315.

4. Okano L, Ji Y, Riley AW, et al. Maternal psychosocial stress 
and children’s ADHD diagnosis a prospective birth cohort 
study. J Psychosom Obstetr Gynecol. 2019; 40: 217-225.

5. Nina Alexander, Franziska Rosenlöcher, Tobias Stalder, et 
al. Impact of antenatal synthetic glucocorticoid exposure 
on endocrine stress reactivity in term-born children. J Clin 
Endocrinol Metab. 2012; 97: 3538-3544.

6. Odaka H, Adachi N, Numakawa T. Impact of glucocorticoid 
on neurogenesis. Neural Regen Res. 2017; 12: 1028-1035.

7. Ryskalin L, Limanaqi F, Frati A, et al. mTOR-related brain 
dysfunctions in neuropsychiatric disorders. Int J Mol Sci. 
2018; 19.

8. Sawicka K, Zukin RS. Dysregulation of mTOR signaling 
in neuropsychiatric disorders therapeutic implications. 
Neuropsychopharmacology. 2012; 37: 305-306.

9. Russo A, Mensah A, Bowman J. Decreased Phosphorylated 
CREB and AKT in Individuals with Autism Normalized after 
Zinc Therapy. Acad J Ped Neonatol. 2017; 5: 555721.

10. Russo AJ. Decreased Phosphorylated Protein Kinase B 
Akt in Individuals with Autism Associated with High 
Epidermal Growth Factor Receptor EGFR and Low Gamma-
Aminobutyric Acid GABA. Biomark Insights. 2015; 10: 89-
94.

11. Suzuki K, Hashimoto K, Iwata Y, et al. Decreased serum 
levels of epidermal growth factor in adult subjects with high-
functioning autism. Biol Psychiatry. 2007; 62: 267-269.

12. Russo AJ. Decreased epidermal growth factor EGF associated 
with HMGB1 and increased hyperactivity in children with 
autism. Biomark Insights. 2013; 8: 35-41.

13. Russo AJ. Decreased phosphorylated protein kinase B Akt 
in individuals with autism associated with high epidermal 
growth factor receptor EGFR and low gamma-aminobutyric 
acid GABA. Biomark Insights. 2015; 10: 89-94. 

14. Yang EJ, Ahn S, Lee K, et al. Early behavioral abnormalities 
and perinatal alterations of PTEN/AKT pathway in valproic 
acid autism model mice. PLoS One. 2016; 11: e0153298.

© 2023 Russo A.J, et al. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License


