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Background & Aims: Melatonin, a naturally occurring hormone in the human body, has been reported to cause preoperative 
anxiolysis and sedation without impairing orientation. The aim of the following study was to evaluate and to compare the effects 
of oral melatonin and oral midazolam on preoperative anxiety, sedation, psychomotor, and cognitive function.
Materials and Methods: A study conducted on 120 patients aged 16-55 years, of American Society of Anesthesiologists 
Grade 1 and 2 posted for elective surgery, with each group of melatonin, midazolam, and placebo comprising 40 patients. 
Patients were given either 0.4 mg/kg oral melatonin or 0.2 mg/kg oral midazolam or a placebo 60-90 min before induction. 
Preoperative anxiety was studied before and 60-90 min after giving medications using visual analog scale (VAS) anxiety score, 
orientation score, and sedation score. Psychomotor and cognitive functions were studied using the digit symbol substitution 
test (DSST) and trail making test (TMT) tests. Data were analyzed using Chi-square test or Kruskal–Wallis analysis of variance 
and the value of P < 0.05 was considered as statistically significant.
Results: Changes in VAS anxiety scores were significant when melatonin was compared with placebo (P = 0.0124) and when 
midazolam was compared with placebo (P = 0.0003). When melatonin was compared with midazolam, no significant difference 
(P = 0.49) in VAS anxiety scores was observed. Intergroup comparison of sedation scores showed melatonin (P = 0.0258) and 
midazolam (P = 0.0000) to be statistically significant when compared with placebo. No changes in orientation scores occurred 
in melatonin and placebo group. Change in DSST scores and TMT scores were seen to be significant only in midazolam group.
Conclusion: Oral melatonin 0.4 mg/kg provides adequate anxiolysis comparable to that of oral midazolam. Unlike midazolam, 
oral melatonin 0.4 mg/kg does not impair the general cognitive and psychomotor function especially cognitive aspects such as 
working memory, memory retrieval, sustained attention, and flexibility of thinking.
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Introduction

Preoperative anxiety is described as an unpleasant state of 
uneasiness or tension that is secondary to a patient being 

concerned about a disease, hospitalization, anesthesia, 
and surgery, or the unknown.[1] Benzodiazepines, mainly 
midazolam are most commonly used as premedicants to 
decrease anxiety.[2] Midazolam though has several drawbacks.[3] 
Hence an alternative premedicant to midazolam will definitely 
have a widespread appeal.

Melatonin is a hormone secreted by the pineal gland. Melatonin 
is different from benzodiazepines and their derivatives in that 
it exerts a promoting effect on sleep by amplifying day/night 
differences in alertness and sleep quality and displaying a modest 
sleep inducing effect, quite mild as compared to that seen with 
benzodiazepines.[4] Melatonin has also been reported to cause 
preoperative anxiolysis and increase in levels of sedation without 
impairing orientation.[5,6] Hence, the aim of this study was to 
compare the effect of oral melatonin and oral midazolam on 
preoperative anxiety, cognitive, and psychomotor functions.
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Materials and Methods

After obtaining the hospital ethical committee clearance 
and informed consent from all the patients, 120 patients 
of American Society of Anesthesiologists (ASA) I and II 
physical status aged between 16 and 55 years scheduled to 
undergo elective surgery requiring general anesthesia were 
randomly assigned to three Groups A, B and C (n = 40 
patients/group) according to a computer generated list based 
on whether they will receive oral melatonin 0.4 mg/kg, oral 
midazolam 0.2 mg/kg or placebo respectively. The drugs 
used in our study were Tab. meloset 3 mg (melatonin) from 
Aristo pharmaceutical company and Tab. midazolam 7.5 
mg (midazolam) from Neon Pharmaceutical Company. Low 
dose multi-vitamin tablets were used as placebo. Each patient 
received either of the drug based on the generated list in a thick 
opaque similar looking envelope by the preoperative nurse. 
Both patient and investigator were unaware of the type of drug 
the patient received. Patients with ASA III physical status 
or greater, age more than 55 years and <16 years, mentally 
impaired patients, those with a history of psychiatric disorders 
or on any anti-psychotic drugs intake, sleep disorders, low 
intelligence quotient and inability to read and write basic 
alphabets were excluded from the study.

All the patients were assessed the day before surgery. The 
visual analog scale (VAS) anxiety score (i.e., 0 = no anxiety, 
10 = worst imaginable anxiety), and the objective tests for 
psychomotor and cognitive performance like digit symbol 
substitution test (DSST) and the trail making test (TMT) 
A and B were explained to them during that time and patients 
were asked to do it in a sample test.[5,7-12] A modification of 
VAS scale was used in our study which was 50-cm long and 
10-cm high card, diagonally divided into a white and a bright 
red triangle. The centimeter scale was on the rear side of the 
card. The extremes were marked “no anxiety” at the white 
end and “anxiety as bad as ever can be” at the red end.[5] 
The assessment of sedation was done using sedation scale[5-7] 
where, 0 = alert; 1 = arouses to voice; 2 = arouses with 
gentle tactile stimulation; 3 = arouses with vigorous tactile 
stimulation and 4 = lack of responsiveness. Orientation was 
assessed using orientation score[5] (0 = none, 1 = orientation 
in either space or time, 2 = orientation in both space and 
time). Cognitive and psychomotor function were assessed 
using DSST and the TMT A and B tests. The DSST is a 
pencil and paper test of psychomotor performance in which the 
subject is given a key grid of numbers and matching symbols 
and a test section with numbers and empty boxes.[8] This test 
consists of a sheet of paper, with a key numbered 1 through 9 at 
the top, with each number being ascribed to a different symbol. 
Beneath the key are five rows of 25 randomly distributed 

numbers without their corresponding symbol [Figure 1]. The 
patient is asked to substitute as many symbols as possible in a 
90 s period, starting with the first row and working from left 
to right. The test is scored by counting the number of correct 
symbols inserted.[9]

The TMT is a brief paper and pencil neuropsychological test 
often used for screening for cognitive impairment. It consists of 
two parts, Part A and B. In Part A, the circles are numbered 
1-25, and the patient should draw lines to connect the numbers 
in ascending order. In Part B, the circles include both numbers 
(1-13) and letters (A-L); as in Part A, the patient draws 
lines to connect the circles in an ascending pattern, but with 
the added task of alternating between the numbers and letters 
(i.e., 1-A-2-B-3-C, etc.).   The patient should be instructed to 
connect the circles as quickly as possible, without lifting the pen 
or pencil from the paper. Time is noted as the patient connects 
the “trail.” If the patient makes an error, it is immediately 
pointed out and the patient is allowed to correct it. Errors 
affect the patient’s score only in if the corrections of errors are 
included in the completion time for the task.[10-12]

If there is psychomotor derangement and cognitive dysfunction, 
the DSST scores will decrease and the TMT time will 
increase.

Our study was designed to give the drug according to the 
body weight of the patient. As the drugs were available in the 
tablet form of fixed dosage, there was difficulty in accurately 
measuring and administering the drug according to the 
patient’s body weight. Nevertheless, the pharmacist tried to 
approximate the dosage according to the body weight in kg.

The patient was shifted from the ward to a quiet room near 
the operation theater 2 h before surgery. The drug was 
given to the patient by the pharmacist/preoperative room 
nurse 60-90 min before induction time in a thick opaque 
similar looking envelope. Patient had to take the drug orally 
with few sips of water. Before giving the tablets, patient’s 
anxiety, orientation and sedation levels were assessed using 
VAS anxiety score, orientation score and sedation score by 

Figure 1: Digit symbol substitution test
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the investigator. Cognitive and psychomotor functions were 
assessed using DSST and the TMT A and B. Patient was 
asked to relax and sleep following the intake of tablet. After 
60-90 min patient was assessed again with the same above 
parameters and the tests were repeated again. Occurrence of 
side-effects of melatonin and midazolam were also noted if any.

The sample size was determined based on previous studies.[5-7] 
The assumption that placebo could have an effect in reducing 
anxiety in 20% of patients, whereas melatonin and midazolam 
in at least 50% of patients, and to provide 80% power 
with an error equal to 0.05, a sample size of 34/group was 
determined to be sufficient. To account for multiple outcomes 
and dropouts, we increased the sample size to 40 patients/
group. All the relevant data were analyzed using SPSS 
version 14.0(SPSS Inc, Chicago, IL.). Chi-square test 
was used for analyzing categorical data such as age, gender, 
and ASA grade. Nonparametric data were analyzed using 
Kruskal-Wallis analysis of variance test, Mann-Whitney 
U-test, and Wilcoxon matched pairs test. P < 0.05 was taken 
as statistically significant.

Results

The three groups were comparable to each other in terms of 
age, sex, gender, weight, and ASA status [Table 1]. There 
were four drop outs in each of the two groups-melatonin and 
placebo, and three drop outs in midazolam group mainly 
because of patients surpassing the stipulated time for induction 
i.e., 60-90 min after giving premedication.

Table 2 shows the baseline VAS anxiety scores in each group 
before premedication and 60-90 min after premedication. The 
change in values before and 60-90 min after premedication 
were significant in all the three groups as the P < 0.05. 
However, when intergroup comparison was done, statistically 
significant difference in VAS anxiety scores was seen when 
melatonin was compared with placebo (P = 0.0124) and 
when midazolam was compared with placebo (P = 0.0003) 
for VAS anxiety scores after giving the premedication. When 
melatonin was compared to midazolam, there was no significant 
difference (P = 0.49) in VAS anxiety scores after giving the 

premedication thus showing that oral midazolam and oral 
melatonin were equally effective in producing anxiolysis.

The sedation scores in all the three groups, i.e., melatonin, 
midazolam and placebo group before and after premedication 
were statistically significant [Table 2]. However, they 
were very highly significant in melatonin and midazolam 
group. During the intergroup comparison of sedation scores, 
melatonin showed a statistically significant (P = 0.0258) 
difference in sedation scores after giving the premedication 
when compared with placebo. Midazolam showed very 
highly significant difference (P = 0.0000) in sedation 
scores after giving the premedication when compared to 
both melatonin and placebo thus showing that midazolam 
produced the highest degree of sedation when compared 
with placebo and melatonin group.

There were no changes in orientation scores [Table 2] in 
melatonin and placebo group before and 60-90 min after 
giving premedication. Hence, P value was not applicable. 
There was a difference in midazolam group which was 
not statistically significant (P = 0.345). This showed that 
melatonin did not produce any change in orientation.

Table 3 shows the baseline DSST scores for before 
premedication and 60-90 min after premedication. The 
DSST scores were increased in melatonin and placebo 
group 60-90 min after premedication when compared 
to before premedication and they were decreased in 
midazolam group. Hence, the clinically important P value 
of statistical significance was seen only in midazolam 
group (P = 0.0000). The comparison of mean difference 
between the midazolam and placebo group for DSST 
scores were highly significant (P = 0.0001), but there 
was no difference between the melatonin and placebo 
group (P = 0.57). This showed that psychomotor 
and cognitive functions were not affected in melatonin 
group patients whereas they were significantly affected 
in midazolam group patients.

Table 4 shows the results of TMT including both Part 
A and B. The TMT scores were significant only in 

Table 1: Demographic and other basic data of the patients

Patient characteristics Group A (melatonin) Group B (midazolam) Group C (placebo) P value
No. of cases 40 40 40
Drop outs 4 3 4
Age (years) mean±SD 28.78±9.3 28.92±9.01 29.03±9.78 0.994
Gender male:female 21:15 13:24 19:17 0.403
Weight (kg) (mean±SD) 54.13±8.50 53.40±9.68 54.69±10.07 0.843
ASA grade (1:2) 28:8 30:7 29:7 0.54

ASA = American Society of Anesthesiologists, SD = Standard deviation
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midazolam group (P = 0.0003 for Part A; P = 0.0006 
for Part B) when before and after premedication scores 
were compared. During the intergroup comparison, 
significant difference was seen when midazolam was 
compared to either melatonin or placebo. There was no 
difference in TMT scores (both Part A and B) for after 
premedication when melatonin was compared with placebo. 
This showed that midazolam produced the maximum 
derangement in both psychomotor and cognitive functions 
after premedication and before surgery. It also showed that 

like placebo, melatonin did not produce any psychomotor 
or cognitive derangement.

Discussion

Melatonin has a hypnotic/sedative effect when administered 
orally. This may be due to its circadian rhythm regulation 
effect. The sedative effect of melatonin is due to modulation 
of gamma-aminobutyric acid (GABAA) receptors in the brain 
through its action on melatonin receptors (MT1 and MT2). 

Table 2: VAS anxiety score; sedation score; orientation score

Group Before premedication 
(mean ± SD)

After premedication 
(mean ± SD)

P value

VAS anxiety score
Melatonin (n=36) 5.0±1.5 3.3±1.3 0.0000
Midazolam (n=37) 5.3±1.2 3.1±0.9 0.0000
Placebo (n=36) 5.0±1.2 4.2±1.3 0.0001

Intergroup comparison (comparison between 
after premedication scores)

Melatonin versus midazolam 0.4939
Melatonin versus placebo 0.0124
Midazolam versus placebo 0.0003

Sedation score
Melatonin (n=36) 0.00.0 0.5±0.5 0.0002
Midazolam (n=37) 0.00.0 1.3±0.7 0.0000
Placebo (n=36) 0.00.0 0.2±0.4 0.0180

Intergroup comparison (comparison between 
after premedication scores)

Melatonin versus midazolam 0.0000
Melatonin versus placebo 0.0258
Midazolam versus placebo 0.0000

Orientation score
Melatonin (n=36) 2.00.0 2.0±0.0 —
Midazolam (n=37) 2.00.0 1.9±0.4 0.3452
Placebo (n=36) 2.00.0 2.0±0.0 —

Intergroup comparison (comparison between 
after premedication scores)

Melatonin versus midazolam 0.5510
Melatonin versus placebo 1.0000
Midazolam versus placebo 0.5510

VAS = Visual analog scale, SD = Standard deviation

Table 3: DSST score

Group Before 
premedication 
(mean ± SD)

After 
premedication 
(mean ± SD)

Difference 
(mean)

P value

Melatonin (n=36) 25.28±10.59 27.22±11.05 −1.94 0.0390
Midazolam (n=37) 24.38±5.46 18.75±5.75 +5.59 0.0000
Placebo (n=36) 30.50±11.38 31.19±11.22 −2.28 0.3502
Intergroup comparison (comparison between 
after premedication scores)

Melatonin versus midazolam 0.0001
Melatonin versus placebo 0.5747
Midazolam versus placebo 0.0001

SD = Standard deviation, DSST = Digit symbol substitution test
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Binding of melatonin to the MT1 receptor appears to affect 
the GABAA receptor through the G-coupled protein pathway. 
This enhances the binding of GABA to the GABAA 
receptor, which is similar to how other anesthetic drugs 
such as propofol and benzodiazepines exert their anesthetic 
effects.[13-15] Several studies have used oral melatonin dose 
ranging from 3 mg dual dose to 10 mg single dose per orally.[16] 
Kain et al. safely used oral melatonin in children with the 
maximum dose of 0.4 mg/kg without any major side-effects.[17] 
We selected the dose of oral melatonin as 0.4 mg/kg body 
weight because our study group included adult patients and 
we wanted the maximum effectiveness of oral melatonin with 
the safest maximum dose previously used by various authors. 
The peak effect of exogenous melatonin ranges from 60 to 
150 min.[15] The peak action of oral midazolam is from 30 
to 90 min. The benzodiazepine midazolam is a commonly 
used premedicant and its oral dosage ranges from 0.25 to 
0.75 mg/kg. The equivalence of dose of the two drugs was 
chosen based on previous published literature and we chose 
to give both the drugs 60-90 min before induction.[5-7,16-19]

Studies done by Ionescu et al.,[7] Naguib and Samarkandi,[5,6] 
Samarkandi et al.[18] and Acil et al.[19] compared the effects of 
melatonin and midazolam with that of a placebo, where they 
found that anxiolysis in the melatonin group was comparable 
to that produced by midazolam group. Our study showed 
that oral midazolam and oral melatonin were equally effective 
in producing anxiolysis when compared with placebo. This 
was in contrast to the other studies like those of Sury and 
Fairweather,[20] Kain et al.,[17] Capuzzo et al.,[21] and Isik 
et al.[22] wherein, they did not find any significant anxiolytic 

effect of melatonin when compared to either midazolam or 
placebo. The above authors could not find the anxiolytic effect 
of oral melatonin probably because the dose of melatonin 
which they used (maximum 10 mg) was lesser than what 
we used (0.4 mg/kg). In one of the studies,[21] the study 
group patients were elderly, which may be a contributory 
factor towards the insignificant effect. Nevertheless, elderly 
population has been shown to be refractory to the hypnotic 
and anxiolytic effects of melatonin.[23] Hence, melatonin’s 
sedative/anxiolytic properties diminish over age and in the 
elderly its effects may be negligible.

Five studies compared sedation levels after premedication 
with melatonin, midazolam, or placebo.[5-7,19,24] Increased 
levels of sedation in the melatonin and midazolam 
group versus placebo were evident at 60 and 90 min 
after premedication in two studies done by Naguib and 
Samarkandi.[5,6] In our study, we found that the sedation 
scores in all the three groups, i.e., for melatonin, midazolam 
and placebo group before and after premedication were 
statistically significant (P < 0.05). However, they were 
very highly significant in melatonin and midazolam group. 
The intergroup comparison of sedation scores showed 
that midazolam produced the highest degree of sedation 
when compared to melatonin and placebo. Melatonin also 
showed sedative properties when compared with placebo. 
This outcome was in contrast to studies by Sury and 
Fairweather[20] and Isik et al.[22] where they did not find 
any significant sedative effect of melatonin when compared 
with placebo. Our study also showed that though melatonin 
produced sedation, it was not at par with the midazolam 

Table 4: Trail making test

Group Before premedication 
(mean ± SD)

After premedication 
(mean ± SD)

Difference 
(mean)

P value

Part A (in seconds)
Melatonin (n=36) 46.25±16.40 48.33±21.15 2.08 0.4116
Midazolam (n=37) 54.59±21.10 79.59±49.08 25.00 0.0003
Placebo (n=36) 40.08±13.64 43.06±16.31 2.97 0.0723

Intergroup comparison (comparison between after 
premedication scores)

Melatonin versus midazolam 0.0004
Melatonin versus placebo 0.9868
Midazolam versus placebo 0.0006

Part B (in seconds)
Melatonin (n=36) 94.86±36.96 101.94±45.63 7.08 0.1333
Midazolam (n=37) 120.81±54.06 184.59±127.70 63.78 0.0006
Placebo (n=37) 109.03±34.08 112.64±31.77 3.61 0.1499

Intergroup comparison (comparison between after 
premedication scores)

Melatonin versus midazolam 0.0006
Melatonin versus placebo 0.9699
Midazolam versus placebo 0.0003

SD = Standard deviation
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group. Melatonin produced enough sedation which would 
calm the patient and induce a natural sleep which is very 
much desirable as against the deep sedation produced by 
midazolam group. Hence, patients sedated with melatonin 
would require less preoperative monitoring (mild sedation) 
than patients sedated with midazolam (moderate to deep 
sedation).

Cognition is one of the four domains of assessment of 
neurological and behavioral functions. Cognitive subdomains 
include sustained attention, executive functioning including 
working memory, explicit and implicit memory, intelligence, 
time orientation, registration, attention, and judgment.[25] 
Cognitive impairment is a decline in function in either one or 
multiple domains of cognitive function.[12]

Psychomotor processing involves the fundamental cognitive 
operations that enable sensation perception and motor 
actions.[12] Psychomotor impairment means a generalized 
slowing down of mental and physical activity.[26] There are 
several elaborative cognitive tests. One limitation of our 
study is that we did not include them. However, we have 
used the DSST and TMT which are simple and reliable 
tests for assessing cognitive and psychomotor function. The 
DSST tests a number of higher mental functions including 
sensory perception, vigilance, visual acuity, ability to alter 
eye fixation quickly, fine muscular coordination, and mental 
concentration.[9]

The TMT is a neuropsychological test of visual attention 
and task switching. It can provide information about visual 
search speed, scanning, speed of processing, mental flexibility, 
and executive functioning.[27] Part A depends on visual 
scanning and psychomotor speed. Part B requires executive 
control, flexibility of thinking, and greater demand for working 
memory.[28]

The mean difference in DSST scores for before and 
after premedication comparison in each group (i.e., 
melatonin, midazolam, and placebo) was −1.94, +5.59, 
and −2.28, respectively. This shows that the DSST 
scores were increased and patient performed the test 
better in melatonin and placebo group 60-90 min after 
premedication when compared with before premedication. 
The practice effect may be the reason for this observation 
wherein after subjects have completed a certain test, 
usually perform better on that same test the next time 
around simply because of increased level of familiarity 
with that test.[29]

In our study, using TMT for cognitive dysfunction, 
we found that midazolam produced the maximum 

derangement in both psychomotor and cognitive functions 
after premedication and before surgery. Furthermore, 
melatonin was similar to placebo and did not produce 
any derangement in both psychomotor and cognitive 
function. Needless to say, this profile of oral melatonin 
would definitely add to its advantage because any ideal 
premedicant would require only the anxiolytic and 
sedative properties rather than psychomotor or cognitive 
derangement.

The limitations of our study were that we did not assess 
the psychomotor and cognitive functions postoperatively, 
which would have provided some light on the usefulness 
of melatonin for ambulator y or day care surgeries 
wherein the postoperative impairment of cognitive and 
psychomotor functions should be detrimental to the 
patient.

In our study, we used 0.4 mg/kg oral melatonin in adults. 
There is no other published study using this dose in adults. 
Previous published studies have used doses smaller than 
this.[7,30] Doses equal to or larger than this have been used 
by some authors in children.[17,18,22] They however did not 
assess cognitive and psychomotor function in a similar 
manner to our study. Few authors have assessed cognitive 
and psychomotor function in adults with oral melatonin, but 
their drug doses were lesser than ours and all of them used 
sublingual route of administration.[4-6,19,23] Nevertheless, our 
study aimed at deriving maximum effect of melatonin with 
the safest dose used in previous studies.

Conclusion

Oral melatonin (0.4 mg/kg) given 60-90 min before surgery 
provides adequate anxiolysis comparable to that of oral 
midazolam (0.2 mg/kg) and provides sedation better than 
placebo, but not better than oral midazolam. Unlike midazolam, 
oral melatonin does not affect orientation. Furthermore, 
unlike midazolam, oral melatonin 0.4 mg/kg does not impair 
general cognitive and psychomotor performance especially 
cognitive aspects such as working memory, memory retrieval, 
sustained attention, and flexibility of thinking. Nevertheless, 
further studies on finer aspects of cognitive and psychomotor 
function with different doses of melatonin are warranted in 
the near future.
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