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Introduction

Cardiovascular diseases associated with atherosclerosis are the most important cause of deaths worldwide (1). Coro-
nary artery bypass grafting (CABG) surgery is an important treatment modality that is reported to be effective in 
the treatment of severe angina that cannot be treated with medical and percutaneous coronary intervention (2). In 

addition to non-physiological haemodynamic conditions that occur during CABG surgery, an apparent increase is observed 
in inflammatory response and oxidative stress biomarkers due to surgical trauma, cardiopulmonary bypass (CPB) and or-
gan reperfusion injury (3–6). Oxygen free radicals, which develop as a result of this process, have an important role in the 
occurrence of cell damage; this cell damage has been found to be directly associated with postoperative complications and 
mortality (7, 8). Therefore, recent studies have focused on the use of antioxidant medications.

Benzodiazepines are the most popular drugs that are used as premedication for providing anxiolysis, amnesia and sedation. 
Alprazolam is a potent benzodiazepine with a low risk of drug abuse and addiction owing to the fast onset of its activation 
and short action time (9). Another drug that is popularly used as premedication is melatonin (N-acetyl-5-methoxy trypt-
amine). Melatonin is a hormone that is synthesised from tryptophan and secreted from the pituitary gland with a circadian 
rhythm. It easily passes through the cell membranes owing to its high lipophilicity and acts in all subcellular compartments 
including the mitochondria (10). It has sedative, anxiolytic, analgesia and anti-inflammatory features. It also functions as an 
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effective antioxidant with its regulatory effect on antioxidant 
enzymes and as a free oxygen radical scavenger (11, 12).

Exposure to surgical stress leads to autonomic, visceral and 
immunological responses, thus causing oxidative stress and 
neurochemical and hormonal abnormalities. Various drugs 
can be used for premedication to suppress these responses. 
The superiority of anxiolytics over each other, which are used 
for premedication, has not been demonstrated. The aim of 
the present study was to compare the effects of alprazolam 
and melatonin, which are administered as premedication in 
open heart surgery, systemic oxidative stress, glycocalyx integ-
rity and postoperative neurocognitive functions.

Methods

The ethical committee of Acıbadem Mehmet Ali Aydınlar 
University (ATADEK-2018-1/11) approved the study. A 
total of 42 patients who underwent open heart surgery be-
tween February 2016 and April 2016 and administered al-
prazolam or melatonin for premedication were included in 
this retrospectively designed study. Plasma samples that had 
been previously extracted for a clinical research investigating 
postoperative cognitive functions and stored at −70°C in our 
clinic were used in the present study. Patients who qualified 
for the protocol of the previous study were divided into two 
groups. The melatonin group (Group M) (n=21) consisted of 
patients who were given a total of 6 mg melatonin, with 3 mg 
for 24 h before surgery and 3 mg in the morning of the oper-
ation day. On the other hand, the alprazolam group (Group 
A) (n=21) composed of patients who were orally given 0.5 
mg alprazolam for 24 h before surgery. In the morning of 
the operation day, both groups were intramuscularly admin-
istered 0.06 mg kg−1 midazolam for 30 min before surgery. 
Blood samples extracted from the patients who were applied 
standard anaesthesia protocol for the evaluation of oxidative 
stress (T0: before induction, T1: at admission to the intensive 
care and T2: at postoperative 24 h) were analysed in terms of 
ischaemic modified albumin (IMA), advanced oxidative pro-
tein products (AOPPs), total thiol (T-SH), free haemoglobin 
(fHb) and sialic acid values. In order to assess the preopera-
tive and postoperative neurocognitive states of the patients, 
the Mini-Mental State Examination was applied, and the 
obtained data were evaluated. Moreover, durations of intu-
bation, cross-clamping, bypass, operation and hospitalisation 
were obtained from the files of the patients.

Protein oxidation
The modified form of the method developed by Hanasand et 
al. (13) was used for the measurement of AOPP levels with 
the spectrophotometric method. The concentration of AOPP 
was expressed as μmol L−1.

Total thiol
The spectrophotometric method was used for the measure-
ment of T-SH levels. The concentration of T-SH was ex-
pressed as μmol L−1.

Free haemoglobin
The Harboe method (14) was used for the measurement of 
fHb levels. The concentration of fHb was expressed as g L-1.

Ischaemic modified albumin
The Bar-Or method (15) was used for the measurement of 
IMA levels. The concentration of IMA was expressed as ABS 
unit.

Sialic acid
The Sydow method (16) was used for the measurement of si-
alic acid levels. The concentration of sialic acid was expressed 
as mg mL-1.

Statistical analysis
The G-Power analysis software was used to determine sample 
size. The power of the study was found to be at least 80%. 
Blood sialic acid level was accepted as the primary outcome, 
and its percentage change was pre-determined at 20%. Data 
sets of the groups were expressed as mean±standard deviation 
after testing the convenience for normal distribution (Kolm-
ogorov–Smirnov test). The repeated ANOVA test (post hoc 
Bonferroni) was used to compare the same group at different 
time points. The unpaired t-test was used to compare differ-
ent groups at the same time point. GraphPad Prism 6.0 was 
used for statistical analysis. A p value <0.05 was accepted as 
statistically significant.

Results

There was no significant difference between the groups in 
terms of demographic data (Table 1). T-SH levels, which are 
markers of endogenous defence response against oxidative 
stress, were found to be significantly higher than basal levels 
in the melatonin group and in the alprazolam group at T1 
time point (p<0.05) (Figure 1). FHb levels, which are param-
eters of oxidative stress, were higher at T1 time point than at 
T0 time point in both the alprazolam group and the mela-
tonin group and were also lower in the melatonin group than 
in the alprazolam group at T1 time point (p<0.05) (Figure 2). 
There was no statistically significant difference between the 
groups at any time point in terms of sialic acid, AOPP and 
IMA levels. Furthermore, there was no significant difference 
between the groups with regard to the durations of intuba-
tion, hospitalisation, cross-clamping, bypass and operation 
and the results of the mini-mental test (MMT) (Table 2).

Discussion

Melatonin is a good anxiolytic that possesses anti-inflamma-
tory and analgesia properties, has a minimal effect on haemo-
dynamics and respiration and reduces oxidant damage (11, 
12). Oxidative stress observed during and after coronary artery 
bypass surgery is a condition that can cause harmful results to 
the patient. Myocardial ischaemia–reperfusion injury (17, 18), 
contact of the blood with non-physiological surfaces during 
CPB (19) and anxiety are the factors that contribute to the oc-
currence of oxidative stress. It is known that local homoeostasis 
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is impaired as a result of ischaemia–reperfusion injury, and cell 
death occurs with apoptosis and necrosis, leading to many clin-
ical problems (20). Therefore, the use of premedication agents, 
which are known to decrease oxidant damage, and the moni-
torisation of oxidative stress/antioxidant mechanism markers 
can be positive for the patient. While many markers are used 
in the literature, the parameters of AOPP, sialic acid, IMA and 
fHb levels, which we evaluated in our study, are quite valuable 
for the demonstration of oxidative stress. On the other hand, 
T-SH level also provides useful data as a major determinant of 
the antioxidant defence mechanism.

In association with increased oxidative stress level developing 
despite developments in anaesthesia and postoperative care in 
cases of open heart surgery, research for a treatment modality 
that will decrease oxidant response and improve antioxidant 
defence mechanism is becoming more popular every day. 
Melatonin is a molecule that is used for this purpose, that can 
take oxidative stress under control over different mechanisms 
and the effectiveness of which has been demonstrated in 
many studies (11, 21, 22). This molecule creates the desired 
effect as a free oxygen radical scavenger by performing antiox-
idant enzyme induction and pro-oxidant enzyme inhibition 
and increasing the effectiveness of mitochondrial oxidative 

phosphorylation (23). The antioxidant characteristic of alpra-
zolam has also been emphasised in some studies. However, 
these studies have been conducted mostly on animals, and 
only one study has investigated the antioxidant characteristic 
of alprazolam in humans, but its effect could not be demon-
strated (24). In our study, an apparent increase in T-SH lev-
els, which showed endogenous response to oxidative stress, 
and a decrease in fHb levels, which were an oxidant damage 
marker, were observed in the melatonin group. Compared 
to the baseline values, increased fHb levels at T1 time point 
were evaluated to be associated with surgical stress. On the 
other hand, there was no significant difference at any time 
point for other oxidative stress markers. In a study performed 

Table 1. Demographic data

	 Group A	 Group M	 p

Age 	 66.1±9.2	 68.8±9.4	 0.458

Gender (F/M)	 8/13	 8/13	 1.000

Height (cm)	 163.9±9.6	 166.8±11.5	 0.373

Weight (kg)	 79.6±17.9	 79.9±16.9	 0.950

BSA (m2)	 1.9±0.5	 1.9±0.0	 0.768

Values are given as mean±SD. BSA: body surface area; F: female; M: male

Table 2. Statistical evaluation of parameters for the two 
groups

	 Group A	 Group M	 p

Duration of intubation (min) 	 591,2±243,2	 587,9±223,0	 0,963

Duration of stay at the 	 28,3±12,4	 29,4±12,1	 0,774 
intensive care (h)	

Duration of hospitalisation (day)	 9,0±4,8	 10,6±3,7	 0,214

Duration of cross-clamping 	 47,3±15,8	 56,6±25,4	 0,167 
(min)	

Duration of CPB (min)	 82±24,4	 134,7±184,5	 0,202

Duration of operation (min)	 209,4±29,8	 213±38,0	 0,767

Preoperative MMT	 24,4±3,2	 23,0±4,7	 0,292

MMT at discharge from the 	 23,3±3,9	 22,6±4,3	 0,598 
intensive care	

MMT at discharge from the 	 23,8±3,4	 23,4±5,4	 0,796 
hospital	

Values are given as mean±SD. CPB: cardiopulmonary bypass; MMT: mini-
mental test

Figure 1. T-SH levels at time points
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Figure 2. Free haemoglobin levels at time points
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on patients undergoing CABG, which supports our results, it 
was demonstrated that the use of melatonin leads to the acti-
vation of ‘nuclear factor-like 2’, the main regulatory molecule 
of the antioxidant defence system, and can be used owing 
to its positive effects on ischaemia–reperfusion damage (25).

Neuropsychiatric disorders, such as anxiety, delirium, cog-
nitive dysfunction and sleep disturbance, are the important 
causes of morbidities that cannot be prevented despite de-
velopments in surgery and anaesthesia and that can affect 
long-term quality of life after CABG. The effects of drugs 
used for premedication are not clear. However, some studies 
have revealed a relationship between melatonin secretion and 
delirium, intensive care psychosis and behavioural and sleep 
disorders, and it has been observed that melatonin is an en-
dogenous regulator for sleep pattern in patients with cardiac 
bypass (26, 27). There are some studies that showed that the 
sensitivity of the use of only MMT is low for the demonstra-
tion of cognitive dysfunction after heart surgery (28), and it 
is also known that some factors, such as educational level and 
age, affect the test results. In our study, MMT was used to 
evaluate neurocognitive functions, but there was no signifi-
cant difference between the two groups. We believe that the 
application of MMT and the evaluation of its results might 
be insufficient for obtaining data related to neurocognitive 
functions because our study was designed retrospectively, and 
it was impossible to determine patient population.

The present study has some limitations. One was the low 
number of patients. The retrospective design of the study was 
a restrictive factor for the determination of patient popula-
tion. Moreover, data on the dose of melatonin for premed-
ication are inadequate, and the dose required to reduce sur-
gery-associated oxidative stress has been found to be 10 mg 
kg−1 (29, 30). The dose of melatonin used in our study was 
quite low. It might have been insufficient, and other oxida-
tive stress parameters might have been unaffected due to this 
reason. Another issue is that melatonin level is influenced by 
various factors. Benzodiazepines, opioids and beta blockers 
are known to affect melatonin secretion (26, 27), but their ef-
fects on exogenous melatonin are unknown. Therefore, these 
drugs that are frequently used in patients undergoing CABG 
have a confusing effect on the interpretation of study results.

Conclusion

Melatonin is a good agent for premedication considering its anx-
iolytic and antioxidant features and its safe effects on haemody-
namics and respiration. It is known that the secretion of mela-
tonin decreases in patients with coronary artery disease (31), and 
even this condition can form a basis for the use of melatonin 
for premedication. Since it can contribute to long-term quality 
of life and decreased morbidity, we believe that further studies 
should be performed on more patients at different doses.
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