
 

 

Keywords: 

Executive function;  

Dopamine receptor; 

Testosterone;  

Young people;  

Blood lymphocytes;  

Body mass index  

 

Received: 29 Jul 2017 

Accepted:  3 Jan 2018 

 

*Correspondence to:  

M.R. Zarrindast 

 

 

 

Tel: +98-2166402569 

Fax: +98-2166402569 

 

 

 

Email:  

zarinmr@ams.ac.ir 

 

 

 

 

 

 

 

  Original Article 
 

 

Executive functions are related to serum testosterone 
and basal metabolism rate fluctuation but not 
lymphocyte dopamine receptor expression in the young 
healthy participants 

 
Mitra-Sadat Sadat-Shirazi1,2, Ghorbangol Ashabi3, Nima Babhadiashar2, Mohammadreza Bahrami 

Hessari4, Nasim Vousooghi1,2, Mohammad-Reza Zarrindast2,5* 
 

 
1. Department of Neuroscience, School of Advanced Technologies in Medicine, Tehran University of Medical Sciences, 

Tehran, Iran  

2. Iranian National Center for Addiction Studies (INCAS), Tehran University of Medical Sciences, Tehran, Iran  

3. Department of Physiology, Faculty of Medicine, Tehran University of Medical Sciences, Tehran, Iran 

4. Faculty of Psychology & Education, Allameh Tabataba'i University, Tehran, Iran 

5. Department of Pharmacology, School of Medicine, Tehran University of Medical Sciences, Tehran, Iran 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Introduction  

Executive functions (EFs) also called executive 

control or cognitive control is series of top-down 

cognitive processes and essential for cognitive 

control of behavior (Espy, 2004). EFs have three 

cores, including (1) inhibitory control, (2) working 
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Abstract 

Introduction: Herein, we evaluated linkages between executive functions (EFs) 

performances and dopamine receptor (DR) mRNA and testosterone level in the 

young Iranian male people. 
 

Methods: All 140 participants were normalized using depression, anxiety and stress 

scale questionnaire. Remained 108 volunteers were tested against drug abuse and 

then volunteers were distinguished by Wisconsin Card Sorting Test (WSCT). 

According to WCST, participants were divided into two low and high EFs 

performance. Afterward, anthropometric factors, body mass index (BMI) and serum 

testosterone level were measured in low and high EFs groups. Blood samples were 

collected, and biochemical and anthropometric data were evaluated; serum 

testosterone and DR mRNA expression were assessed in participants. 
 

Results: Data showed there are no differences between two groups in Na
+
, K

+
, 

glucose, urea, creatinine, glutamic pyruvic transaminase, glutamic-oxaloacetic 

transaminase and other biochemical serum agents (P>0.05) but BMI was increased in 

low EFs compared with high EFs (P=0.000). Interestingly, there is no difference in DR 

expression between two groups (P>0.05). 
 

Conclusion: Our data presented that fluctuation of EFs performances in healthy 

adult male cases might depend on BMI and serum testosterone; while dopamine 

receptors in the blood lymphocytes had no substantial role in the EFs. High serum 

testosterone reduced EFs in the young adults. 
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memory and (3) cognitive flexibility; with these cores, 

higher-order functions such as reasoning, problem-

solving and planning were built in mind (Diamond, 

2013). Also, EFs are involved in many aspects of life 

such as mental health (Baler and Volkow, 2006), 

schizophrenia (Barch, 2005), conduct disorder 

(Fairchild et al., 2009), physical health like obesity, 

overeating and poor treatment adherence (Miller and 

Cohen, 2001; Riggs et al., 2010; Will Crescioni et al., 

2011). In addition, emerging evidence showed EFs 

impairment could increase the risk of antisocial 

behavior (De Brito et al., 2013).  

The prefrontal cortex (PFC) primarily is one of the 

most prominent regions of EFs processing (Miller and 

D'Esposito, 2005). Also, some studies described that 

dopaminergic system has essential roles in EFs 

performances (Cools et al., 2001; Cools et al., 2003; 

Cools, 2008; Kaplan and Oudeyer, 2007; Lewis et al., 

2003; Sawaguchi and Goldman-Rakic, 1994). 

Dopamine receptors (DR) divided into two groups: 

D1DR-like (including D1DR and D5DR) and D2DR-

like (D2DR, D3DR and D4DR) (Butini et al., 2016). 

Stimulation of dopamine D1 in PFC might facilitate 

working memory as a key element of EFs 

performances (Slifstein et al., 2015; Vijayraghavan et 

al., 2007; Wong and Stevens, 2012); however, 

mechanisms underlying dopaminergic system’s role 

in the control of EFs are not clear yet. 

“Peripheral marker hypothesis” revealed that changes 

in expression level of neurotransmitter receptors in 

some regions of brain reflected into the peripheral 

blood lymphocytes (PBLs) (Carlsson et al., 1999a; 

Czermak et al., 2004). There is some evidence that 

showed in the schizophrenia (Carlsson et al., 1999b) 

and drug and behavioral addiction (Goodarzi et al., 

2009; Vousooghi et al., 2015), neurotransmitters 

receptors expressions changed in PBLs.   

This survey firstly designed for finding an association 

between EFs performances and DR mRNA 

expression as a peripheral marker for EFs status. 

Because D1 and D2 dopamine receptors are not 

express in PBL (Ricci et al., 1999), we measured 

D3RD, D4RD and D5RD expressions. We also 

evaluated anthropometric factors, body mass index 

(BMI) and serum testosterone concentration for 

finding a correlation by EFs function. We used 

Wisconsin Card Sorting Test (WCST) for evaluating 

EFs in non-clinical volunteers. 

Materials and methods  

Participants and study description 

This is a double-blind, randomized trial study. As 

shown in Figure 1, 140 male individuals (age 

between 21-33 years old) participated in this study 

(Tehran, Iran). All participants were checked for a 

drug of abuse using urine test. We used one-step ten 

drugs screen test panel (Baharafshan Co, Tehran, 

Iran). This rapid test detected ten different kinds of 

drugs of abuse in the urine (Cocaine, amphetamine, 

methamphetamine, marijuana, morphine, 

phencyclidine, barbiturates, benzodiazepines, 

methadone and tricyclic antidepressants). All 

volunteers filled the Depression Anxiety Stress 

Scales (DASS) questionnaire form (Lovibond and 

Lovibond, 1995) in the presence of a psychologist. 

We excluded 32 volunteers with positive results in 

amphetamine, morphine, phencyclidine and 

antidepressants drugs. Finally, we evaluated the EFs 

in the 108 cases using WSCT (Mueller and Piper, 

2014) in Psychology Experiment Building Language 

(PEBL) test battery (Piper et al., 2012). Demographic 

data was shown in Table 1. Ethical approval was 

obtained from Tehran University of Medical Sciences 

ethics committees. Subjects were excluded if they 

had a history of viral hepatitis or psychological 

disorders. All participants provided written informed 

consent before inclusion in the study.  

 

Depression anxiety stress scales (DASS) 

DASS is a widely used tool for screening, in both 

subjects (Lovibond and Lovibond, 1995) and clinical 

patients (Page et al., 2007). DASS consists of three 

subscales: depression (DASS-D; with items 

Fig.1. Timeline procedure of experimental procedure. Depression Anxiety Stress Scales (DASS), Wisconsin test (WSCT). 
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concerning dysphoric moods like sadness or 

worthlessness), anxiety (DASS-A; with items 

concerning symptoms of physical arousal, panic 

attack and fear like trembling or faints) and stress 

(DASS-S; with items concerning tension, irritability). 

We used DASS-21 Persian translation version with 

Iran’s norms for screening our participants 

(Asgharipoor et al., 2012).  

 

Psychological test and scoring  

EFs were assessed with PEBL's Wisconsin Card-

Sorting Test (WCST) (Mueller and Piper, 2014). 

WCST is a screening test to find individuals with high 

and low EFs (Grant and Berg, 1948; Piper et al., 

2012). Briefly, participants were presented with four 

piles of cards; each has a different number (one, two, 

three or four), color (red, green, yellow or blue) and 

shapes (triangle, star, cross or circle). A series of 

random cards appear and participants should find the 

correct pattern for card sorting. After each trial, the 

participant will get a “correct” or “incorrect” feedback 

(Piper et al., 2012). Two criteria are important in this 

test: “category achieved” and “perseverative errors.” 

Category achieved shows the total number of every 

ten consecutive correct answers. A perseverative 

error is an incorrect answer that could happen after 

ten correct answers due to shifting the previous rule 

(Piper et al., 2012). We chose participants who 

completed nine categories with the least 

perseverative error for high EF group and participants 

who completed 7 or less than seven categories for 

low EF group.  

 

Blood sampling  

Twelve ml of peripheral blood was collected from the 

cephalic vein. First six ml of blood was used for 

serum testosterone measurement and biochemical 

analysis and second six ml of blood was used for 

qRT-PCR analysis. Serum was separated using 

centrifuging the blood (3000 g, 3 min) and kept at       

-80 °C for detecting serum testosterone and 

biochemical assays. HIV, HBV and HCV tests were 

performed by rapid screen test kits (ACON Co, San 

Diego, USA). There was no one with a positive result 

in HIV, HBV and HCV. For avoiding diurnal 

heterogeneity of hormones, blood was sampled 

between 9:00 and 11:00 am. 

 

Anthropometric assessment  

Serum Na
+
 and K

+
 were determined by ion selective 

electrodes (ParianTeb Co, Tehran, Iran). Serum 

glucose, creatinine, glutamic-oxaloacetic 

transaminase (SGOT) and serum glutamic pyruvic 

transaminase (SGPT) concentrations were assessed 

following standard laboratory methods (Bahrami 

Hospital, Tehran, Iran). BMI was defined as the body 

mass divided by the square of the body height which 

calculated by an investigator.  

 

Peripheral blood lymphocyte preparation, total 

RNA extraction and real-time PCR 

Using a cell separation medium (Histoprep, BAG, 

Germany), peripheral blood lymphocytes were 

collected. Briefly, 6 ml of blood gently was placed in 6 

ml cell separation medium and was centrifuged (4 °C 

in the horizontal rotor for 35 min with 1200 g). 

Lymphocytes layer was collected carefully, were 

transferred to another falcon and were washed three 

times with phosphate buffer saline.  

Total RNA was extracted from lymphocytes with the 

RNeasy mini kit (Qiagen, USA) according to 

manufacturer's protocol. The quantity of total RNA 

was determined by spectrophotometer (Picodrop, 

UK). We performed gel electrophoresis for checking 

RNA integrity (1% agarose; Merck, Germany). For 

preparing mRNA to perform real-time PCR, total RNA 

was converted to complementary DNA (cDNA). We 

used Prime Script First Strand cDNA Synthesis Kit 

(Takara, Japan). For all samples, one μg of total RNA 

reverse transcripted to cDNA. All primers (D3RD, 

Table 1: Demographic data in cases according to the low and high level of executive function. 

Groups Low EFs* High EFs* 

Number of cases 20 20 

Age (years) 26.5±6.3 25.1±3.9 

Education (years) 15.1±2.2 14.5±1.8 

Data were expressed as mean±SEM. *Executive functions: EFs. 
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D4RD, D5RD and beta-actin) were purchased from 

Qiagen primer bank. To perform quantitative reverse 

transcription polymerase chain reaction (qRT-PCR), 

we used Step One Plus Real-Time PCR System 

(Applied Biosystems). For performing qRT-PCR, two 

μl of cDNA, two μl of primer were mixed with SYBR 

Green Master Mix (Takara, Japan) in a total volume 

of 20 μl according to manufacture protocol. The 

annealing temperature of all genes adjusted to 60 °C. 

Specificities of each gene proven by a single peak in 

melt curve. Each gene product visualized in 2% 

agarose gel.  

 

Serum testosterone level 

As described above, blood serum was separated 

from collecting blood samples and kept at −80 °C. 

For assessing testosterone level in the serum, we 

used testosterone ELISA kit (Abcam, USA). The 

intensity of the color change in each well was 

measured in a microplate reader (Awareness, USA) 

at 450 nm.  

 

Statistical analysis 

DASS and WCST tests were analyzed by 

independent sample T-test with SPSS software 

(version 21). Also, the level of testosterone and other 

biochemical agents were analyzed using independent 

sample T-test with SPSS software. We used Relative 

Expression Software Tool (REST)-XL version 2 for 

analyzing gene expression data (Pfaffl et al., 2002). 

Results 

Screening via DASS and testing participants by 

rapid drug tests 

The DASS-21 data are shown in Table 2. None of the 

subjects had any symptoms of anxiety, depression 

and stress. After DASS test, their urines were 

collected for detecting the drugs of abuse. Thirty-two 

cases were excluded because of illicit drugs or anti-

depressant abusing.  

 

The level of EF was measured through WCST test   

WCST widely used for measurement of EFs (Boone 

et al., 1993). After DASS test, their urines were 

collected for detecting the drugs of abuse. Thirty-two 

cases were excluded because of illicit drugs or anti-

depressant abusing (Fig. 1). The level of seven or 

less archived categories and 20-25 

perseverativeerrors were presumed as low EFs and 

level of nine archived categories, and less than 12 

preservative errors were considered as high EFs (Fig. 

2). There was a statistical difference between two low 

and high EFs groups (independent sample t-test 

analysis, P=0.000).  

 

Anthropometric data were evaluated in both low 

and high level of EFs performances 

Table 3 showed the level of serum urea, Na
+
, K

+
, 

glucose, creatinine, SGOT, SGPT and BMI of 

participants. The BMI value was increased in low EFs 

### 
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Table 2: Depression Anxiety Stress Scales (DASS) data in all volunteers. 

DASS-21 Mean±S.D (n=140) Range 

Depression 2.8±2.0 0-21 

Anxiety 2.6±1.6 0-21 

Stress 5.1±2.7 0-21 

Total scale 10.6±6.4 0-61 

Data were expressed as mean±SD. 

 

Fig.2. The achieved category and perseverative error in 

Wisconsin test to divide high (n=20) and low executive 

function (EFs) (n=20). Data showed as mean±SEM. 

***P<0.001 compared with scores of category achieve 

in low EFs. ###P<0.001 compared with scores of 

perseverative error in low EFs. 
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group compared with high EFs group (P=0.04). There 

was no significant change between two groups in 

serum urea, Na
+
, K

+
, glucose, creatinine, SGOT and 

SGPT (P>0.05).  

 

DR subunits not altered in two low and high level 

of EFs 

As shown in Figure 3, there was no significant 

difference in dopamine receptors (D3RD, D4RD and 

D5RD) expression level in individuals with high EFs 

compared with low EFs (P= 0.8986, P=0.6709 and 

P=0.4708, respectively).  

 

Testosterone level in serum changed in low EFs 

compared with high EFs 

As shown in Figure 4, there was a significant change 

between individuals with high EFs and low EFs. 

Individuals with high EFs had low testosterone level. 

Independent sample T-test showed that the level of 

serum testosterone was increased in low EFs group 

compared with high EFs group (P=0.000, F=5.004). 

Discussion 

The present findings established that EFs 

performances might be related to testosterone level 

and BMI in healthy males. We observed that in the 

Fig.3. The level of dopamine receptors mRNA 

expression in low executive function (EFs) (n=20) and 

high EFs (n=20) performance groups. (A) Changes for 

DRD-3 mRNA, (B) changes for DRD-4 mRNA and (C) 

changes for DRD-5 mRNA. Data expressed as 

mean±SEM. 

 

Fig.4. The level of serum testosterone in low executive 

function (EFs) (n=20) and high EFs (n=20) performance 

groups. Data expressed as mean±SEM. ***P<0.001 

compared with low EFs.  
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healthy men, low or high EFs did not relate to serum 

urea, creatinine, glucose, SGPT, SGOT, Na
+
 and K

+
. 

Likewise, DR expression level in the lymphocyte did 

not change among individuals with high or low EFs.  

EFs are cognitive processes that support working 

memory, problem-solving and control of attention. 

Reduction of EFs was seen in many psychological 

disorders such as schizophrenia, attention deficit 

hyperactivity disorder, bipolar disorder and dementia. 

A growing body of evidence supports that EFs were 

influenced by many biochemical and 

neurotransmitters, for instance, a recent study 

indicated that testosterone treatment changed EFs 

performances in old people (Resnick et al., 2017); 

another example indicated that balance of body 

electrolytes influenced EFs (Renneboog et al., 2017). 

The WCST assessed cognitive function and this test 

could evaluate working memory, executive function, 

attention, etc. The executive evaluating is in central of 

WSCT usage (Mattay et al., 2006). The current study 

indicated low and high EFs performance had no 

significant result of depression, anxiety and stress 

level in healthy males. Our study is in confirmation by 

Wright et al. (2016) which reported the EFs had no 

role in depression, anxiety and stress in healthy adult 

female and male cases. In contrast, many 

pathological types of research indicated that the level 

of EFs and cognition might alter in parallel with 

depression and anxiety in bipolar, schizophrenia, 

dementia and neurodegenerative disorders (Aparicio 

et al., 2017; Bollen et al., 2017; Dulau et al., 2017). 

One must notice that this study followed the role of 

EFs in normal non-psychotic males and we screened 

antidepressant and other drugs users. 

Accumulating data revealed the role of blood’s 

biochemical factors in EFs (Pesce et al., 2016). The 

level of serum electrolytes and biochemical’s agents 

were changed in the pathological condition which 

disturb cognition and EFs (Gropman et al., 2013; 

Hwang and Kim, 2016; Patt et al., 2003). However, 

data revealed that there is no correlation between 

biochemical agents and EFs in the healthy adults 

(Widaman et al., 2016); our study is in agreement 

with a report showed that creatine and other 

metabolically agents did not correlate with cognition 

performance and working memory (Merege-Filho et 

al., 2017). However, there is a strong correlation 

between BMI and EFs (Gettens and Gorin, 2017); as 

expected, the BMI increased in the low EFs subjects. 

Weight loss maintenance has a significant role on 

EFs, and some lines of evidence claimed that obesity 

might increase cognitive deficits (Sargenius et al., 

2017; Smith and Whittingham, 2017) and our data 

proved mentioned findings in healthy cases 

(Sargenius et al., 2017; Smith and Whittingham, 

2017). In agreement with our result, recent research 

shows that adolescents with high BMI have slower 

cognitive processing speed while preserving 

equivalent performance on EFs compared with 

healthy peers (Sweat et al., 2017). 

Wide ranges of EFs studies have focused on genetic 

and molecular studies. According to “peripheral 

marker theory,” the changes in receptors in the PBL 

reflected the brain’s receptor alterations, so many 

neuroscientists evaluated the receptors and proteins 

in the PBLs (Aquilani et al., 2015; Pinacho et al., 

Table 3: Anthropometric data in cases according to the low and high level of executive function. 

Groups Low  EFs (n=20) High  EFs (n=20) P value 

Serum urea (mg/dL) 30.7±6.8 28.9±8.1 ns 

Serum Na
+
(mmol/L) 135.9±16.7 140.1±11.3 ns 

Serum K
+
 (mmol/L) 3.8±0.5 3.6±0.8 ns 

Serum glucose (mg/dL) 118.3±12.2 121.9±14.7 ns 

Serum  creatinine (mg/dL) 1.1±0.7 1.3±0.5 ns 

Serum SGOT (U/L) 28.3±4.2 31.6±2.9 ns 

Serum SGPT (U/L) 29.8±6.8 31.5±3.7 ns 

BMI (kg/m
2
) 30.6±2.2 21.4±1.4 0.04* 

Data was expressed as mean±SEM. *P<0.05 considered as significant between two groups. Executive functions: 

EFs, not significant: ns. 
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2015). Our previous studies showed that PBLs are a 

useful marker for tracking changes which occurred in 

the brain and reflect some neuronal receptors 

alteration during pathological and physiological 

statues (Goodarzi et al., 2009; Roozafzoon et al., 

2010; Vousooghi et al., 2015). The dopaminergic 

system regulates the projections between PFC and 

mesolimbic system (Roffman et al., 2016). Also, the 

dopaminergic system has essential roles in some 

pathologic conditions such as brain trauma, severe 

depression and neurodegenerative diseases which 

these disorders target the EFs performances (Mokler 

et al., 2017; Webb and Willette, 2017). The 

modulatory role of prefrontal dopamine signaling in 

working memory -as a key component of EFs- is a 

well-studied example. Stimulation of prefrontal 

dopamine receptors facilitates working memory by 

potentiating responsiveness of pyramidal neurons to 

task-relevant stimuli and suppressing the response to 

extraneous ones (Vijayraghavan et al., 2007). Our 

results presented DRs expression level has no 

relation with the cognitive performances and EFs in 

healthy young adults. In contrast to some data which 

considered the role of dopamine and EFs, an 

experimental animal study declared that injection of 

dopaminergic receptors antagonist has no role on 

EFs in the normal rats (Desai et al., 2017). Moreover, 

Tombeau and colleagues established that dopamine 

and EFs have no interaction with each other in the 

normal female humans (Tombeau Cost et al., 2017). 

Many investigations revealed that changes in DRs 

occurred in the pathological conditions such as 

dementia in elderly people, brain injury and drug 

addiction (Del Hoyo et al., 2016; McClure and Bickel, 

2014; Murakami et al., 2016).  

The characteristic of hormones especially androgens, 

estradiol and testosterone are essential in the 

cognitive function and testosterone therapy was 

suggested to diminish dementia and memory loss in 

the old people (Hua et al., 2016). Bove et al. found 

that testosterone level was increased in obese people 

(BMI=37) and consequently testosterone reduction 

directly reduced the level of EFs in the old people 

with mild amnesia (Chaves et al., 2006; Bove et al., 

2016). Recent evidence demonstrated that 

testosterone treatment in the older people could 

improve memory loss, cognitive impairment and 

enhanced EFs (Holland et al., 2011). In contrary, our 

data claimed that the scenario was different in the 

young adult people; while the previous studies 

indicated that the improvement of serum testosterone 

enhanced cognition in the old cases but we observed 

the reverse role of testosterone in the adult samples. 

In the adult brain, the association of testosterone by 

age and cognition were cleared in the recent years, 

but we suggested that optimal level of testosterone 

has a beneficial role on the EFs and higher than 

average range could abolish such cognition 

processes.  

Conclusion 

Overall, our data presented that EFs performances in 

healthy adult male cases might depend on BMI and 

testosterone. DRs alterations in the PBLs had no 

correlation with EFs in the healthy adult participants. 

However, the higher level of testosterone observed in 

the young adults with low EFs which established the 

dose-dependent role of testosterone in the human. 

More research need to be done to prove the role of 

testosterone level in EFs in future work. 
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