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INTRODUCTION

Dextromethorphan is an agent used to control 
cough associated with influenza or cold. It has 
the cough-suppressing effect similar to that of its 
distantly related family – the opiates – but does 
not produce the significant effects on the central 
nervous system as opiates do.[1] When	 used	 at	
therapeutic or recommended doses, dextromethorphan 

does not produce respiratory depression or other 
significant side effects that are common with 
most opiates. Cough syrups sold over the counter 
often have dextromethorphan as one of the key 
ingredients.[2]

As a sigma-1 receptor agonist and N-methyl-d-aspartate 
(NMDA) receptor antagonist, dextromethorphan 
has a pharmacodynamics effect similar to that of 
lysergic acid diethylamide, ketamine, or psilocybin.[3] 
Dextromethorphan therefore belongs to the group of 
substances with a psychoactive (dissociative) effect.

Dextromethorphan has been suggested to prevent 
the induction of long-term potentiation in vivo.[4] 

In addition, investigators have demonstrated that 
dextromethorphan impair passive avoidance in 
rats.[5] Similarly, dextromethorphan has been reported 
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to impair spatial learning in the Morris water maze in a 
dose-dependent manner in rats.[6] Previous studies show 
that the prolonged use of dextromethorpahn produces 
cognitive deterioration in humans.[7]

The aim of this study was to investigate the effect of 
a single dose of dextromethorphan on psychomotor 
performance and working memory capacity in healthy 
volunteers.

MATERIALS AND METHODS

Study design
This is a randomized, double-blind, parallel group, 
and comparative study conducted from April to 
May 2011on healthy students of medical college. An 
independent scientific committee revised and approved 
the study, and oral consent was obtained from the 
participants. Randomization was done by using a 
computer-generated random list. After randomization, 
the participants were divided into two groups, a total 
of 18 students were allocated to drug A and another 
18 were allocated to drug B. Dextromethorphan 
tablets 10 mg) were obtained from the local market 
and placed in capsules that is similar to capsules 
containing placebo (sucrose). These capsules were 
coded by a third person and administered to medical 
students. Psychomotor performance and working 
memory capacity were measured before and after 2 h 
of taking the drugs.

Subjects
Thirty-six (17 women, 19 men) were randomly selected 
from third-stage medical students.

Inclusion criteria
Healthy, young volunteers aged 21–23 years were 
included in the study.

Exclusion criteria
Patients with eye disease, smokers, diabetic patients, 
hypertensive patients, patients with a history of drug 
therapy in the last 7 days and those who were taking 
beverages within 8 h prior to the study were excluded 
from the study. Matching the age and educational level 
in such studies is important because psychomotor 
performance and working memory capacity were 
affected by age and intelligence levels.[8,9]

Instruments
Leeds psychomotor tester (Leeds Psychomotor Services, 
York) is an instrument used to measure choice reaction 
time	(CRT)	and	critical	flicker	fusion	threshold	(CFFT).

To calculate CRT participants are required to place 
the index finger of their preferred hand on a central 

starting button in the tester and are instructed 
to extinguish one of six equidistant red lights, 
illuminated at random, by pressing the response 
key in front of the light as quickly as possible. The 
CRT components (total, recognition, and motor) 
are repeated five times by the participants and then 
the mean is calculated and recorded. Recognition 
reaction time is the recorded time between the onset 
of the stimulus (appearance of random red light) 
and the lifting of the finger of the participant from 
the start button. Motor reaction time indicates the 
movement component of this task and is the time 
between the participant’s lifting of his finger from 
the start button and touching the response button. 
Total reaction time is the sum of recognition reaction 
time and motor reaction time.

The	 CFFT	 is	 measured	 by	 asking	 the	 subject	 to	
concentrate on four illuminated sites and to respond 
when the illuminated site changed from steady state 
to flickering and vice versa. The median of five trials 
of flicker descending (i.e., from steady to flickering) 
is called flicker threshold, while the median of flicker 
ascending (i.e., from flickering to steady) is called fusion 
threshold.

N-back computerized task is a test that uses the 
visual working memory task of that used by Jaeggi 
et al.,[10] where squares at eight different locations were 
presented sequentially on a computer screen at a rate 
of 3 seconds (stimulus length, 500 ms; interstimulus 
interval, 2500 ms). A response was required whenever 
one of the presented stimuli matched the one presented 
n positions back in the sequence.

In the 1-back condition, the target was any square 
position that is identical to the square position 
immediately preceding it. In the 2-back condition, 
the target was the square position similar to another 
square position two trials back. The 3-back condition 
is square position identical to another square position 
three trials back. Participants made responses manually 
by pressing on the letter ‘A of a standard keyboard with 
their left index finger for visual targets. The computer 
automatically measured the accuracy rate (number of 
successful responses).

The above tests were validated and found to be reliable 
in	testing	arousal	(CFFT),[11] attention (CRT),[12] and 
working memory capacity (N-back task).[13]

Statistical analysis
Statistical analysis was done by using SPSS 
(version 11.5) software, and an independent sample 
t test was used with a significance level of 95%. All the 
data are presented as mean±SD.
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RESULTS

Thirty-six participants completed the study: 
18  students in the placebo group (7 women, 11 men), 
with the mean age being 21.8±0.2 years; and the 
other 18 students in the dextromethorphan group 
(10 women, 8 men), with the mean age being 21.6± 
0.8 years.

As regards the CRT components (total, recognition, 
motor reaction time), the present study show no 
significant difference between the placebo and 
dextromethorphan groups before and after taking 
the drugs (P>0.05). Table 1 shows P values for the 
differences between both groups.

The	CFFT	shows	no	significant	changes	within	placebo	
and dextromethorphan groups before and after taking 
the drugs (P>0.05) [Table 2].

In the working memory capacity test (N-back), the 
placebo group demonstrated no significant difference 
before and after placebo taking the drugs (P>0.05). 
Interestingly, the dextromethorphan group reveals a 
significant deterioration in the 3-back working memory 
task after 2 h of taking the single dose (P<0.05) 
[Table 3].

DISCUSSION

In the present study, dextromethorphan tablets 
(10 mg) cause no significant difference as regards the 
CRT	 (attention)	 and	CFFT	 (arousal).	On	 the	 other	
hand, dextromethorphan given to normal volunteers 
deteriorate working memory capacity (3-back).

There is controversy regarding the effect of 
dextromethorphan on cognit ive and motor 
functions.[14] Dextromethorphan is regarded as weak 
NMDA receptor antagonist; in high dose, it blocks 
these receptors, leading to impairment in learning and 
memory processes.[15] In addition, dextromethorphan 
in high dose metabolized to dextrophan, which is a 
strong NMDA receptor antagonist that causes further 
deterioration in learning and memory.[16]

In the present study, dextromethorphan causes a 
significant impairment of the 3-back working memory 

task. Previous studies show that the 3-back working 
memory test requires more executive attention than 
do other N-back tests[17]; therefore, the deterioration 
in this test may be explained by the following: 
first, working memory is a delicate central nervous 
system mechanism that requires an optimum level 
of dopamine and activity of glutamate receptors; 
any changes in these may cause deterioration in the 
working memory capacity.[18] Second, the dopamine 
function on working memory represents U-shaped 
paradigm; any increase or decrease below the optimum 
level may deteriorate the working memory capacity.[19] 

It has been found that dextromethorphan enhances 
dopamine release in the central nervous system; this 
may explain the deterioration in memory in our 
study.[20] Third, NMDA receptor blockage may also 
deteriorate working memory as shown in previous 
studies.[21]

Dextromethorphan discloses no significant effect on 
CRT	(attention)	or	CFFT	(arousal)	in	comparison	with	
placebo; this is compatible with previous literature, 
which demonstrated that dextromethorphan at 
recommended doses for antitussive therapy (10–30 mg) 
had no or rare central nervous system depressive 
effects.[22,23]

Our study is regarded as a preliminary study because 
of the small sample size; therefore, further studies will 
require a larger sample size. In addition, further studies 
are required to show the effect of the dose–response 
relationship of dextromethorphan on psychomotor 
performance and working memory capacity.

CONCLUSION

A single dose of dextromethorphan has no effect on 
attention and arousal but may significantly impair the 
working memory capacity.

Table 1: Dextromethorphan and placebo effects on CRT components (total, recognition, motor reaction time)
Total reaction time (ms) Recognition reaction time (ms) Motor reaction time (ms) 

Before After Before After Before After 
Dextromethorphan 611.5±80.5 607.4±80.1 383±54.8 394±61.7 228.4±84.3 213.3±69.7
Placebo 601.8±81.2 593±59.7 380.4±56.7 370.8±39.6 221.4±47.9 216.6±35.9
P value 0.721 0.544 0.887 0.188 0.759 0.863

Values are presented as mean±SD

Table 2: Dextromethorphan and placebo effects on CFFT 
Fusion threshold (Hz) Flicker threshold (Hz)
Before After Before After 

Dextromethorphan 31.8±3.6 31.4±3 31.9±3.5 32.2±3.5
Placebo 32.1±3.1 32.6±1.3 31.9±3.6 31.4±3.1
P value 0.875 0.163 0.974 0.530

Values are presented as mean±SD



Al-Kuraishy, et al.: Effect of dextromethorphan on cognition

Indian Journal of Psychological Medicine | Apr - Jun 2012 | Vol 34 | Issue 2 143

REFERENCES

1. Weinbroum A, Rudick V, Paret G, Ben-Abraham R. The role of 
dextromethorphan in pain control. Can J Anesth 2000;47:585-96.

2. Rosen MI, McMahon TJ, Woods SW, Pearsall HR, Kosten TR. 
A pilot study of dextromethorphan in naloxone-precipitated 
opiate withdrawal. Euro J Pharmacol 1996;307:251-7.

3. Banken JA, Foster H. Dextromethorphan: An emerging drug 
of abuse. Ann NY Acad Sci 2008;1139:402-11.

4. Krug M, Matthies R, Wagner M, Brodemann R. Non-opioid 
antitussives and methadone differentially influence 
hippocampal long-term potentiation in freely moving rats. 
Eur J Pharmacol 1993;231:355-61.

5. Zhang TY, Cho HJ, Lee S, Lee JH, Choi SH, Ryu V, et al. 
Impairments in water maze learning of aged rats that 
received dextromethorphan repeatedly during adolescent 
period. Psychopharmacology (Berl) 2007;191:171-9.

6. Bane A, Rojas D, Indermaur K, Bennett T, Avery D. Adverse 
effects of dextromethorphan on the spatial learning of rats 
in the Morris water maze. Eur J Pharmacol 1996;302:7-12.

7. Wolfe TR, Caravati EM. Massive dextromethorphan 
ingestion and abuse. J Emerg Med 1995;13:174-6.

8. Oberauer K. Binding and inhibition in working memory: 
Individual and age differences in short-term recognition. 
J Exp Psychol Gen 2005;134:368-87.

9. Kallus KW, Schmitt JA, Benton D. Attention, psychomotor 
functions and age. Eur J Nutr 2005;44:465-84.

10. Jaeggi SM, Buschkuehl M, Jonides J, Perrig WJ. Improving 
fluid intelligence with training on working memory. 
Proc Natl Acad Sci U S A 2008;105:6829-33.

11. Shankar H, Pesudovs K. Critical flicker fusion test of potential 
vision. J Cataract Refract Surg 2007;33:232-9.

12. Jakobsen LH, Sorensen JM, Rask IK, Jensen BS, Kondrup J. 
Validation of reaction time as a measure of cognitive function 
and quality of life in healthy subjects and patients. Nutrition 
2011;27:561-70.

13. Hockey A, Geffen G. The concurrent validity and test–
retest reliability of a visuospatial working memory task. 
Intelligence 2004;32:591-605.

14. Shin EJ, Hong JS, Kim HC. Neuropsychopharmacological 
understanding for therapeutic application of morphinans. 
Arch Pharm Res 2010;33:1575-87.

15. Miller SC. Dextromethorphan psychosis, dependence and 
physical withdrawal. Addict Biol 2005;10:325-7.

16. Dematteis M, Lallement G, Mallaret M. Dextromethorphan 
and dextrorphan in rats: Common antitussives--different 
behavioural profiles. Fundam Clin Pharmacol 1998; 
12:526-37.

17. Conway AR, Kane MJ, Engle RW. Working memory capacity 
and its relation to general intelligence. Trends Cogn Sci 
2003;7:547-52.

18. Rios Valentim SJ Jr, Gontijo AV, Peres MD, Rodrigues LC, 
Nakamura-Palacios EM. D1 dopamine and NMDA receptors 
interactions in the medial prefrontal cortex: modulation 
of spatial working memory in rats. Behav Brain Res 
2009;204:124-8.

19. Cools R, D’Esposito M. Inverted-U-shaped dopamine 
actions on human working memory and cognitive control. 
Biol Psychiatry 2011;69:e113-25.

20. Steinmiller CL, Maisonneuve IM, Glick SD. Effects 
of dextromethorphan on dopamine release in the 
nucleus accumbens: Interactions with morphine. 
Pharmacol Biochem Behav 2003;74:803-10.

21. Castner SA, Williams GV. Tuning the engine of cognition: 
A focus on NMDA/D1 receptors interactions in prefrontal 
cortex. Brain Cognition 2007;63:94-122.

22. Reynolds SM, Mackenzie AJ, Spina D, Page CP. 
The pharmacology of cough. Trends Pharmacol Sci 
2004;25:569- 76.

23. Abdul Manap R, Wright CE, Gregory A, Rostami-
Hodjegan A, Meller ST, Kelm GR, et al. The antitussive 
effect of dextromethorphan in relation to CYP2D6 activity. 
Br J Clin Pharmacol 1999;48:382-7.

Table 3: Dextromethorphan and placebo effects on working memory capacity using N-back task 
1-Back (%) 2-Back (%) 3-Back (%)

Before After Before After Before After 
Dextromethorphan 98.6 ± 4.2 96.2 ± 12.4 82.6 ± 18.6 81.8 ± 25.7 62.2 ± 13.7 51.4 ± 14.7
Placebo 98.1 ± 5.7 99.1 ± 4.1 83.9 ± 19.3 83.5 ± 19.1 63.1 ± 12.4 69.5 ± 19.5
P value 0.741 0.346 0.834 0.821 0.829 0.003*

Values are presented as mean ± SD. *Significant (P < 0.05) using independent sample t test

How to cite this article: Al-Kuraishy HM, Al-Gareeb AI, Ashor AW. Effect 
of a single dose of dextromethorphan on psychomotor performance and 
working memory capacity. Indian J Psychol Med 2012;34:140-3.

Source of Support: Nil, Conflict of Interest: None.


