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Abstract
Background: Ischemic reperfusion injury (IRI) causes cellular 
damage and dysfunction. The present study aimed to evaluate 
the effect of melatonin on pneumatic tourniquet-induced IRI in 
orthopedic surgery of the lower extremities.
Methods: A randomized clinical trial was conducted at Chamran 
Hospital, Shiraz University of Medical Sciences (Shiraz, Iran), 
from September to November 2019. The target population was 
patients scheduled for elective orthopedic surgery of the lower 
extremities. A total of 67 patients were randomly divided into 
two groups, placebo (n=34) and melatonin (n=33). The groups 
received 10 mg melatonin or placebo the night before surgery 
and two hours before surgery. Primary outcome variables 
were the serum levels of superoxide dismutase (SOD) and 
malondialdehyde (MDA). Hemodynamic parameters, sedation 
score, and drug side effects were also evaluated. Data were 
analyzed using SPSS version 21.0 software. P<0.05 was 
considered statistically significant.
Results: In the analysis phase, due to loss to follow-up (n=26), 
41 patients divided into two groups of melatonin (n=20) and 
placebo (n=21) were evaluated. There was no significant 
difference in demographic data, duration of surgery (P=0.929), 
and tourniquet time (P=0.496) between the groups. The serum 
levels of SOD and MDA were not significantly different between 
the groups (P=0.866 and P=0.422, respectively), nor were the 
incidence of postoperative nausea (P=0.588) and patients’ 
satisfaction (P=0.088). However, the postoperative sedation 
score and vomiting between the groups were significantly 
different (P<0.001).
Conclusion: Administration of 10 mg melatonin provided 
effective sedation, but had no significant effect on the serum 
levels of SOD and MDA, nor on pneumatic tourniquet-induced 
IRI in orthopedic surgery of the lower limbs.
Trial registration number: IRCT20141009019470N87
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What’s Known

• Pneumatic tourniquet-induced 
ischemia-reperfusion injury (IRI) causes 
cell damage and cellular dysfunction. 
Various measures have been proposed 
to reduce these adverse effects. 
• Melatonin has anti-inflammatory 
and antioxidant properties. 

What’s New

• Melatonin has no significant effect 
on pneumatic tourniquet-induced IRI 
in orthopedic surgery of the lower 
limbs. However, it can provide effective 
sedation in patients undergoing such 
surgeries.
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Introduction

Pneumatic tourniquets are typically used 
in surgeries involving the limbs, muscles, 
and arteries. The use of tourniquets has the 
advantage of reduced bleeding during surgery, 
improving the exposure of the operative field, and 
shortened operating time.1 Despite these proven 
benefits, its use remains controversial due to 
potential complications such as neurological 
injuries ranging from transient neurological 
dysfunction to nerve paralysis.2, 3 Common 
side effects include compartment syndrome, 
pressure ulcer, chemical burns, finger necrosis, 
deep vein thrombosis, tourniquet pain, and 
rhabdomyolysis.3, 4 The use of tourniquets may 
also cause various adverse physiological effects, 
including progressive cellular hypoxia, acidosis, 
and cooling in the respective limb.2 Muscle 
injury and elevated lactate concentrations can 
occur progressively in the respective limb after 
the inflation of the tourniquet cuff. Also, the 
return of blood supply after deflation may result 
in ischemia-reperfusion injury (IRI).2, 3 Various 
preoperative precautions and intra-operative 
control measures have been suggested to 
reduce these adverse effects and to protect the 
limb from potential damages. Nonetheless, IRI 
occurs, particularly in prolonged surgeries, which 
necessitates alternative protective measures.5, 6 
Episodes of ischemia-reperfusion result in the 
production of oxygen-free radicals which leads to 
cell damage, cellular dysfunction, and eventually 
cell death.7

Malondialdehyde (MDA) is one of the toxic 
end-product of lipid peroxidation that leads 
to cellular injury and cell death. Superoxide 
dismutase (SOD) is an antioxidant enzyme 
present in all living cells exposed to oxygen, 
which converts superoxide-free radicals to 
oxygen molecules or hydrogen peroxide and 
protects tissues from damages associated with 
oxygen free radicals. It seems that the enzyme 
activity of SOD increases with the use of certain 
drugs such as melatonin.8-10 Therefore, one of 
the current strategies for the prevention of IRI 
is an antioxidant therapy to reduce the level of 
oxygen free radicals in cells affected by cellular 
hypoxia.11

Melatonin (N-acetyl-5-methoxytryptamine) is 
an intracellular direct free radical scavenger. Its 
direct potent antioxidant and anti-inflammatory 
capacity is well known and has an indirect 
effect on antioxidant enzymes such as SOD 
and catalase. Melatonin is used in certain 
doses to reduce oxidative stress, especially 
in experimental studies on the spinal cord, 
heart, intestine, and skeletal muscle tissues.12-17 

Melatonin is naturally secreted by the pineal 
gland and plays a key role in regulating circadian 
rhythms, sleep-wake cycle, lifespan, and mood 
disorder.18, 19 Some studies have examined the 
antioxidant effect of melatonin in addition to 
its role in psychiatric disorders and improving 
sleep quality.20-22 Saritas and colleagues 
investigated the effect of oral melatonin in 
orthopedic arthroscopic surgery. They reported 
that 3 mg oral melatonin (a low dose) did not 
reduce pneumatic tourniquet-induced IRI in 
skeletal muscles and recommended further 
investigations with higher doses.5 Hence, in the 
present study, a high-dose of oral melatonin (10 
mg) was administered preoperatively to evaluate 
its effect on pneumatic tourniquet-induced IRI in 
orthopedic surgery of the lower extremities. 

Materials and Methods

A randomized clinical trial was conducted at 
Chamran Hospital, Shiraz University of Medical 
Sciences (Shiraz, Iran), from September to 
November 2019. The study was approved by the 
Ethics Committee of Shiraz University of Medical 
Sciences (IR.SUMS.MED.REC.1397.429) and 
registered in the Iranian Registry of Clinical 
Trials (IRCT 20141009019470N87). Written 
informed consent was obtained from each 
eligible participant.

In accordance with previous studies on MDA, 
the sample size was calculated using mean 
(μ1=10 and μ2=8) and standard deviation (𝛿1=0.3 
and 𝛿2=0.2) after the deflation of tourniquets.21 
Accordingly, a sample size of at least 32 patients 
(16 in each group) was determined (power of 
80% at 5% significance level). 

The inclusion criteria were patients 
aged 20 to 65 years, American Society of 
Anesthesiologists (ASA) physical status 
classification of I or II,23 and those scheduled 
for elective orthopedic surgery in the morning 
using pneumatic tourniquets with a tourniquet 
time of 80 to 100 minutes. The exclusion criteria 
were patients with body mass index (BMI) >30 
kg/m2, any hepatic, cardiac, or renal dysfunction 
(Cr>1.5), a history of metabolic acidosis, risk of 
high bleeding during surgery requiring blood 
transfusion, smoking habit or alcohol addiction, 
and those currently pregnant or breastfeeding, 
using analgesics or antioxidant medication, with 
psychiatric disorders on medication, and anemia 
(hemoglobin of <10 g/dl). 

Initially, a total of 96 patients were assessed for 
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eligibility, out of which 29 did not fulfill the inclusion 
criteria. The remaining 67 patients were randomly 
allocated into two groups, placebo (n=34) and 
melatonin (n=33), using a randomization list with 
a block size of four (sealedenvelope.com). In 
this process, confounding factors such as liver 
disease were omitted. In the analysis phase, 26 
patients were lost to follow-up and the remaining 
41 patients were included (figure 1). 

The melatonin group received 10 mg 
melatonin (two 5 mg tablets) (Nature Made®, USA) 
and the placebo group received two inert starch 
tablets of the same shape and color. These were 
administered the night before surgery and two 
hours before surgery in the anesthetic induction 

room by a nurse anesthetist. The patients and 
all those involved (data collectors, laboratory 
personnel, statisticians, and nurses) were 
blinded to both study groups and medications. 
Demographic characteristics and baseline data 
included age, sex, duration of surgery, ASA 
physical status, tourniquet time, and usage of 
atropine (table 1). 

Blood samples were collected by a nurse just 
before the intervention (T1: baseline), on the day 
of surgery immediately before spinal anesthesia 
(T2), 30 minutes after tourniquet inflation (T3), 
and 15 minutes after tourniquet deflation (T4). 
The SOD and MDA levels were then measured 
for both the placebo and melatonin groups. 

ENROLLMENT

Excluded (n=29)
♦ Not meeting inclusion criteria: HTN/DM

(n=29)
♦ Declined to participate (n=0)
♦ Other reasons (n=0)

Analysed (n=20)
♦ Excluded from analysis (n=0)

Analysed (n=21)
♦ Excluded from analysis (n=0)

Lost to follow-up (agitation: IV
sedation/prolonged surgery leads to GA)
(n=13)

Lost to follow-up (agitation: IV
sedation/prolonged surgery leads to GA) (n=13)

Allocated to intervention (n=33)
♦ Received Melatonin 10 mg (n=33)
♦ Did not receive allocated intervention (n=0)

Allocated to intervention (n=34)
♦ Received Placebo (n=34)
♦ Did not receive Placebo (n=0)

Randomized (n=67)

Assessed for eligibility (n=96)

ALLOCATION

FOLLOW-UP

ANALYSIS

Figure 1: The CONSORT diagram shows the allocation process throughout the trial.

Table 1: Demographic characteristics and baseline data for the melatonin and placebo groups
Variable Melatonin group (n=20) Placebo group (n=21) P value
Age (years)* 41.50±13.03 43.19±11.31 0.595
Sex (n, %) Male 13 (65) 14 (66.7) 0.910

Female 7 (35) 7 (33)
BMI (kg/m2)* 24.56±2.02 24.18±1.59 0.505
Duration of surgery (min)* 94.90±4.99 94.76±4.87 0.929
Tourniquet time (min)* 85.25±4.43 84.29±4.55 0.496
ASA physical status (n, %) I 18 (90) 17 (81) 0.663

II 2 (10) 4 (19)
Usage of atropine (n, %) 5 (25) 7 (33.3) 0.558
*Data expressed as mean±SD; ASA: American society of anesthesiologists; BMI: Body mass index
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The patients were placed in the supine 
position and standard monitoring was applied, 
namely electrocardiography (ECG), non-
invasive blood pressure (NIBP), oxygen 
saturation (SpO2), and capnography. All patients 
received 5-7 cc of normal saline prior to spinal 
anesthesia. Before applying the tourniquet, 
spinal anesthesia was performed in the sitting 
position by administrating 10-12.5 mg hyperbaric 
bupivacaine (0.5%). The adequacy of sensory 
block was determined at sensory points T8-T10 
by using a pinprick test. In case of hypotension 
(more than 20-30% of baseline blood pressure), 
bradycardia, or heart rate less than 50 beats per 
minute, we administered 5 mg of ephedrine or 
0.75 mg of atropine.

Primary outcome variables were the serum 
levels of SOD and MDA. Secondary outcomes 
were hemodynamic parameters, nausea, 
vomiting, and sedation scores based on the 
Ramsay sedation scale (RSS)24 at baseline 
(prior to melatonin or placebo administration) 
and at time points of 5, 10, 20, 30, 45, 60, 80, 
100 minutes after the medications were taken. 
The RSS divides a patient’s level of sedation 
into six categories, namely (i) anxious and 
agitated, (ii) cooperative and tranquil, (iii) drowsy 
but responsive to commands, (iv) asleep but 
responsive to glabellar tap, (v) asleep with sluggish 
response to tactile stimulation, and (vi) asleep 
and not responsive. The RSS questionnaire 
was completed by a nurse anesthetist blinded 
to the study groups. Postoperatively, patients 
were evaluated for the side effects of melatonin 
such as respiratory depression, drowsiness, 
headache, and abdominal cramps.25

Statistical Analysis
Data were analyzed using SPSS software 

version 21.0 (SPSS Inc., Chicago, IL). 
Independent sample t test and Mann-Whitney U 
test were used to examine the difference between 
continuous variables and the results were 
expressed as mean±SD or median (interquartile 
range). The Chi square test or Fisher exact 
test was used to determine the difference 
between categorical variables and the results 
were expressed as number and percentage. 
Repeated measures ANOVA test was used to 

assess changes in outcome variables over time. 
P<0.05 was considered statistically significant.

Results

The results showed no significant differences in 
demographic characteristics and baseline data 
between the melatonin and placebo groups 
(table 1). 

As shown in table 2, there was no statistically 
significant difference in nausea and patients’ 
satisfaction between the groups (P=0.588 and 
P=0.088, respectively). However, the incidence 
of vomiting was significantly different between 
the groups (P<0.001). Patients in the placebo 
group had less vomiting compared to the 
melatonin group.

The results of the repeated measures ANOVA 
and univariate analysis showed no significant 
changes in MDA and SOD levels between 
the groups over time (P=0.422 and P=0.866, 
respectively) (figure 2). However, there was a 
significant change in the mean arterial pressure 
(MAP) (P<0.001) and sedation score (P<0.001) 
over time between the groups. Meaning that 
patients in the melatonin group had less MAP 
and higher sedation scores over time compared 
to the placebo group. However, duration had no 
effect on MDA (P=0.213) and SOD (P=0.100) 
levels.

Discussion

The effect of melatonin on pneumatic tourniquet-
induced IRI was analyzed in 41 patients, which 

Table 2: Comparison of clinical variables between the melatonin and placebo groups
Clinical variable Melatonin group (n=20) Placebo group (n=21) P value
Nausea (median, IQR) 0 (0-0.75) 0 (0-1) 0.588*

Vomiting (median, IQR) 0.5 (0-3) 0 (0-0) <0.001*

Patients’ satisfaction 
(n, %)

Satisfied 13 (65) 10 (47.7) 0.088#

Neutral 6 (30) 4 (19)
Unsatisfied 1 (5) 7 (33.3)

*Mann-Whitney U test; #Chi square test; IQR: Interquartile range

Figure 2: Changes in the mean arterial pressure (MAP), 
malondialdehyde (MDA), superoxide dismutase (SOD), 
and the score of Ramsey sedation scale (RSS) over time 
between the melatonin and placebo groups.
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were randomly assigned to melatonin and 
placebo groups. Demographic characteristics 
(age, sex) and baseline data (BMI, duration of 
surgery, tourniquet time) were similar between 
the groups. The results showed that, except for 
vomiting, the difference in other clinical variables 
(nausea and patients’ satisfaction) was not 
statistically significant between the groups. 
Moreover, there was no significant change in 
MDA and SOD levels over time between the 
groups. 

Several studies have investigated the effect 
of melatonin on IRI. However, the majority 
have been animal experimentation and the 
effect on humans is scarcely evaluated.5, 13, 

16, 26, 27 Pneumatic tourniquets are commonly 
used in orthopedic surgery of the upper and 
lower limbs. One of its main side effects is IRI, 
which could affect surgery outcomes, hospital 
cost, and overall patient safety. Various drugs 
(melatonin, vitamin E, dexmedetomidine) and 
anesthesia plans have been proposed to reduce 
these adverse effects.6, 28-30 In the present study, 
melatonin as an antioxidant agent was used to 
examine its effect on improving IRI. 

The effect of melatonin on serum levels 
of MDA and SOD was examined at all 
predetermined time points and no significant 
changes were observed. Moreover, the changes 
between both groups were not statistically 
significant. In a previous study, Saritas and 
colleagues administered 3 mg oral melatonin 
to patients undergoing arthroscopic knee 
surgery using pneumatic tourniquets. They 
evaluated the antioxidant effect of melatonin 
by measuring the serum levels of SOD, MDA, 
and nitric oxide (NO). It was reported that 
such a low dose of oral melatonin (3 mg) did 
not reduce pneumatic tourniquet-induced 
IRI in skeletal muscles and recommended 
further investigations with higher doses.5 In 
contrast, another study reported the positive 
effect of melatonin on MAD levels and IRI.10 
Other studies have reported the protective 
effect of melatonin and increased enzyme 
activity of SOD in the host tissue following 
the administration of melatonin.8, 9 Possible 
reasons for the reported ineffectiveness of 
melatonin in reducing IRI could be due to the 
lower bioavailability of melatonin in humans 
than animals and its first-pass metabolism in 
the liver.31-33 Other possible reasons for the 
poor results on melatonin could be due to the 
small study population, inappropriate dosage, 
or timing of melatonin administration.

Several studies have reported the sedative, 
anti-anxiety, and anti-inflammatory effects of 
melatonin in addition to its antioxidant effect on 

the heart, kidney, and intestinal tissues. Besides, 
melatonin can boost the immune system 
and plays a prominent role in regulating fluid 
nitrogen and acid-base balance.11,13, 24, 34-39 In the 
present study, we found that the sedative effect 
of melatonin was statistically significant and a 
significant difference was observed between 
the melatonin and placebo groups. This was 
in line with the findings of previous studies that 
melatonin can reduce pain and anxiety levels 
and increase sedation.24, 31

The results of our study showed a statistically 
significant difference in MAP during surgery at a 
specific time point between the groups. However, 
patients in the melatonin group had a lower MAP 
compared to the placebo group. This could be 
due to the sedative, analgesic, and anti-anxiety 
effects of melatonin as well as attenuation of the 
sympathetic nervous system in humans after 
melatonin ingestion.20, 24, 31 We monitored our 
patients for potential complications before and 
after the surgery. Overall, except for vomiting, 
the incidence of postoperative nausea and other 
complications were not significantly different 
between the groups.

The main limitation of the study was related 
to time restriction in enrolling the patients 
since those scheduled for elective lower limb 
surgery following spinal anesthesia could 
only be recruited the night before the surgery. 
Furthermore, despite strict exclusion criteria, 
other types of disease or medication could have 
influenced the level of oxygen free radicals.

Conclusion

Preoperative administration of 10 mg melatonin 
did not introduce significant changes in MDA 
and SOD levels over time. Therefore, it had 
no significant effect on pneumatic tourniquet-
induced IRI in orthopedic surgery of the lower 
limbs. However, melatonin can provide effective 
sedation in patients undergoing such surgeries. 
Further studies with a larger sample size are 
required to comprehensively evaluate the 
antioxidant effect of melatonin in high doses.

Acknowledgment

The present manuscript was extracted from a 
thesis by Sima Razmjooie, submitted in partial 
fulfillment of the requirements for specialty in 
anesthesiology. Financial support by the Vice-
Chancellor of Research and Technology of Shiraz 
University of Medical Sciences (Shiraz, Iran) is 
appreciated (grant number: 97-01-01-1688).

Conflict of Interest: None declared. 



Effect of melatonin on ischemia-reperfusion injury

Iran J Med Sci 7

References

1 Sharma JP, Salhotra R. Tourniquets in ortho-
pedic surgery. Indian J Orthop. 2012;46:377-
83. doi: 10.4103/0019-5413.98824. PubMed 
PMID: 22912509; PubMed Central PMCID: 
PMCPMC3421924.

2 Haimovici H. Metabolic complications of 
acute arterial occlusions and skeletal muscle 
ischemia: myonephropatic metabolic syn-
drome. Haimovici’s Vascular Surgery Princi-
pal and Techniques. 1996. 

3 Shadgan B, Reid WD, Harris RL, Jafari S, 
Powers SK, O’Brien PJ. Hemodynamic 
and oxidative mechanisms of tourniquet-
induced muscle injury: near-infrared 
spectroscopy for the orthopedics setting. 
J Biomed Opt. 2012;17:081408-1. doi: 
10.1117/1.JBO.17.8.081408. PubMed PMID: 
23224169.

4 Tibrewal SB. The pneumatic tourniquet 
in arthroscopic surgery of the knee. Int 
Orthop. 2001;24:347-9. doi: 10.1007/
s002640000180. PubMed PMID: 11294428; 
PubMed Central PMCID: PMCPMC3619932.

5 Saritas T, Buyukbas S, Peker K, Borazan 
H, Basarali K. The Effect of Oral Melatonin 
Premedication on Pneumatic Tourniquet 
Induced Ischemia Reperfusion Injury in 
Lower Extremity Operations. J Pain Relief. 
2015;4:2. doi: 10.4172/2167-0846.1000208.

6 Koca K, Yurttas Y, Cayci T, Bilgic S, Kaldirim 
U, Durusu M, et al. The role of precondition-
ing and N-acetylcysteine on oxidative stress 
resulting from tourniquet-induced ischemia-
reperfusion in arthroscopic knee surgery. 
J Trauma. 2011;70:717-23. doi: 10.1097/
TA.0b013e3181f30fb0. PubMed PMID: 
21610364.

7 Granger DN, Kvietys PR. Reperfusion injury 
and reactive oxygen species: The evolution 
of a concept. Redox Biol. 2015;6:524-51. 
doi: 10.1016/j.redox.2015.08.020. PubMed 
PMID: 26484802; PubMed Central PMCID: 
PMCPMC4625011.

8 Ozturk G, Coskun S, Erbas D, Hasanoglu E. 
The effect of melatonin on liver superoxide 
dismutase activity, serum nitrate and thyroid 
hormone levels. Jpn J Physiol. 2000;50:149-
53. doi: 10.2170/jjphysiol.50.149. PubMed 
PMID: 10866707.

9 Halladin NL, Zahle FV, Rosenberg J, Gogenur 
I. Interventions to reduce tourniquet-related 
ischaemic damage in orthopaedic surgery: a 
qualitative systematic review of randomised 
trials. Anaesthesia. 2014;69:1033-50. 
doi: 10.1111/anae.12664. PubMed PMID: 
24800642.

10 Liu F, Ng TB. Effect of pineal indoles on 
activities of the antioxidant defense enzymes 
superoxide dismutase, catalase, and glu-
tathione reductase, and levels of reduced and 
oxidized glutathione in rat tissues. Biochem 
Cell Biol. 2000;78:447-53. doi: 10.1139/o00-
018. PubMed PMID: 11012083.

11 Morishima I, Matsui H, Mukawa H, Hayashi 
K, Toki Y, Okumura K, et al. Melatonin, a 
pineal hormone with antioxidant property, 
protects against adriamycin cardiomyopa-
thy in rats. Life Sci. 1998;63:511-21. doi: 
10.1016/s0024-3205(98)00302-6. PubMed 
PMID: 9718077. 

12 Duell PB, Wheaton DL, Shultz A, Nguyen 
H. Inhibition of LDL oxidation by melatonin 
requires supraphysiologic concentrations. 
Clin Chem. 1998;44:1931-6. PubMed PMID: 
9732979.

13 Reiter RJ, Tan DX. Melatonin: a novel pro-
tective agent against oxidative injury of 
the ischemic/reperfused heart. Cardiovasc 
Res. 2003;58:10-9. doi: 10.1016/s0008-
6363(02)00827-1. PubMed PMID: 12667942. 

14 Huang GQ, Wang JN, Tang JM, Zhang L, 
Zheng F, Yang JY, et al. The combined trans-
duction of copper, zinc-superoxide dismutase 
and catalase mediated by cell-penetrating 
peptide, PEP-1, to protect myocardium from 
ischemia-reperfusion injury. J Transl Med. 
2011;9:73. doi: 10.1186/1479-5876-9-73. 
PubMed PMID: 21600015; PubMed Central 
PMCID: PMCPMC3120689.

15 Dimakakos PB, Kotsis T, Kondi-Pafiti A, 
Katsenis K, Doufas A, Chondros K, et al. 
Oxygen free radicals in abdominal aortic 
surgery. An experimental study. J Cardio-
vasc Surg (Torino). 2002;43:77-82. PubMed 
PMID: 11803334. 

16 Erten SF, Kocak A, Ozdemir I, Aydemir S, 
Colak A, Reeder BS. Protective effect of mel-
atonin on experimental spinal cord ischemia. 
Spinal Cord. 2003;41:533-8. doi: 10.1038/
sj.sc.3101508. PubMed PMID: 14504608.

17 Giacomo CG, Antonio M. Melatonin in car-
diac ischemia/reperfusion-induced mitochon-
drial adaptive changes. Cardiovasc Hema-
tol Disord Drug Targets. 2007;7:163-9. doi: 
10.2174/187152907781745297. PubMed 
PMID: 17896956.

18 Cheung RT. The utility of melatonin in reduc-
ing cerebral damage resulting from ischemia 
and reperfusion. J Pineal Res. 2003;34:153-
60. doi: 10.1034/j.1600-079x.2003.00034.x. 
PubMed PMID: 12614473.

19 Tordjman S, Chokron S, Delorme R, Char-
rier A, Bellissant E, Jaafari N, et al. Mela-
tonin: Pharmacology, Functions and 



Jouybar R, Khademi S, Razmjooie S, Bagheri N

8 Iran J Med Sci

Therapeutic Benefits. Curr Neuropharmacol. 
2017;15:434-43. doi: 10.2174/1570159X146
66161228122115. PubMed PMID: 28503116; 
PubMed Central PMCID: PMCPMC5405617.

20 Pacchierotti C, Iapichino S, Bossini L, 
Pieraccini F, Castrogiovanni P. Melatonin in 
psychiatric disorders: a review on the mela-
tonin involvement in psychiatry. Front Neu-
roendocrinol. 2001;22:18-32. doi: 10.1006/
frne.2000.0202. PubMed PMID: 11141317.

21 Borazan H, Tuncer S, Yalcin N, Erol A, Otel-
cioglu S. Effects of preoperative oral mela-
tonin medication on postoperative analgesia, 
sleep quality, and sedation in patients under-
going elective prostatectomy: a randomized 
clinical trial. J Anesth. 2010;24:155-60. 
doi: 10.1007/s00540-010-0891-8. PubMed 
PMID: 20186437.

22 Sofic E, Rimpapa Z, Kundurovic Z, Sap-
canin A, Tahirovic I, Rustembegovic A, et 
al. Antioxidant capacity of the neurohor-
mone melatonin. J Neural Transm (Vienna). 
2005;112:349-58. doi: 10.1007/s00702-004-
0270-4. PubMed PMID: 15666035.

23 Daabiss M. American Society of Anaesthesi-
ologists physical status classification. Indian 
J Anaesth. 2011;55:111-5. doi: 10.4103/0019-
5049.79879. PubMed PMID: 21712864; 
PubMed Central PMCID: PMCPMC3106380.

24 Ramsay MA, Savege TM, Simpson BR, 
Goodwin R. Controlled sedation with alphax-
alone-alphadolone. Br Med J. 1974;2:656-
9. doi: 10.1136/bmj.2.5920.656. PubMed 
PMID: 4835444; PubMed Central PMCID: 
PMCPMC1613102.

25 Rasheed AM, Amirah MF, Abdallah M, P 
JP, Issa M, Alharthy A. Ramsay Sedation 
Scale and Richmond Agitation Sedation 
Scale: A Cross-sectional Study. Dimens 
Crit Care Nurs. 2019;38:90-5. doi: 10.1097/
DCC.0000000000000346. PubMed PMID: 
30702478.

26 Yang B, Ni YF, Wang WC, Du HY, Zhang H, 
Zhang L, et al. Melatonin attenuates intesti-
nal ischemia--reperfusion-induced lung injury 
in rats by upregulating N-myc downstream-
regulated gene 2. J Surg Res. 2015;194:273-
80. doi: 10.1016/j.jss.2014.11.018. PubMed 
PMID: 25491174.

27 Okutan H, Savas C, Delibas N. The antioxi-
dant effect of melatonin in lung injury after 
aortic occlusion-reperfusion. Interact Car-
diovasc Thorac Surg. 2004;3:519-22. doi: 
10.1016/j.icvts.2004.05.005. PubMed PMID: 
17670300.

28 Yagmurdur H, Ozcan N, Dokumaci F, Kilinc 
K, Yilmaz F, Basar H. Dexmedetomidine 
reduces the ischemia-reperfusion injury 

markers during upper extremity surgery with 
tourniquet. J Hand Surg Am. 2008;33:941-
7. doi: 10.1016/j.jhsa.2008.01.014. PubMed 
PMID: 18656769.

29 Koruk S, Mizrak A, Kaya R, Ugur B, Cebesoy 
O, Celik A, et al. The effects of dexmedeto-
midine on ischemia reperfusion injury in 
patients undergoing arthroscopy under spinal 
anesthesia. Eurasian J Med. 2010;42:137-
41. doi: 10.5152/eajm.2010.38. PubMed 
PMID: 25610144; PubMed Central PMCID: 
PMCPMC4261259.

30 Izdes S, Sepici-Dincel A, Gozdemir M, 
Ozkan Y, Kanbak O. The effect of general 
and regional anaesthesia on ischaemia-
reperfusion injury. Anaesth Intensive Care. 
2007;35:451-2. PubMed PMID: 17591150. 

31 Ray CA. Melatonin attenuates the sympa-
thetic nerve responses to orthostatic stress 
in humans. J Physiol. 2003;551:1043-8. 
doi: 10.1113/jphysiol.2003.043182. PubMed 
PMID: 12869610; PubMed Central PMCID: 
PMCPMC2343280.

32 Munoz-Casares FC, Padillo FJ, Briceno J, 
Collado JA, Munoz-Castaneda JR, Ortega R, 
et al. Melatonin reduces apoptosis and necro-
sis induced by ischemia/reperfusion injury of 
the pancreas. J Pineal Res. 2006;40:195-
203. doi: 10.1111/j.1600-079X.2005.00291.x. 
PubMed PMID: 16499554.

33 Tan DX, Manchester LC, Terron MP, Flores 
LJ, Reiter RJ. One molecule, many deriva-
tives: a never-ending interaction of mela-
tonin with reactive oxygen and nitrogen 
species? J Pineal Res. 2007;42:28-42. doi: 
10.1111/j.1600-079X.2006.00407.x. PubMed 
PMID: 17198536.

34 Kim GD, Lee SE, Kim TH, Jin YH, Park YS, 
Park CS. Melatonin suppresses acrolein-
induced IL-8 production in human pulmo-
nary fibroblasts. J Pineal Res. 2012;52:356-
64. doi: 10.1111/j.1600-079X.2011.00950.x. 
PubMed PMID: 21951103.

35 Sener G, Sehirli AO, Keyer-Uysal M, Arbak 
S, Ersoy Y, Yegen BC. The protective effect 
of melatonin on renal ischemia-reperfusion 
injury in the rat. J Pineal Res. 2002;32:120-
6. doi: 10.1034/j.1600-079x.2002.1848.x. 
PubMed PMID: 12071469.

36 Kucukakin B, Lykkesfeldt J, Nielsen HJ, 
Reiter RJ, Rosenberg J, Gogenur I. Utility of 
melatonin to treat surgical stress after major 
vascular surgery--a safety study. J Pineal 
Res. 2008;44:426-31. doi: 10.1111/j.1600-
079X.2007.00545.x. PubMed PMID: 
18205732.

37 Reiter RJ. Functional pleiotropy of the neu-
rohormone melatonin: antioxidant protection 



Effect of melatonin on ischemia-reperfusion injury

Iran J Med Sci 9

and neuroendocrine regulation. Front Neu-
roendocrinol. 1995;16:383-415. doi: 10.1006/
frne.1995.1014. PubMed PMID: 8557171.

38 Mauriz JL, Collado PS, Veneroso C, Reiter 
RJ, Gonzalez-Gallego J. A review of the 
molecular aspects of melatonin’s anti-inflam-
matory actions: recent insights and new per-
spectives. J Pineal Res. 2013;54:1-14. doi: 

10.1111/j.1600-079X.2012.01014.x. PubMed 
PMID: 22725668.

39 Zhang WH, Li JY, Zhou Y. Melatonin abates 
liver ischemia/reperfusion injury by improv-
ing the balance between nitric oxide and 
endothelin. Hepatobiliary Pancreat Dis Int. 
2006;5:574-9. PubMed PMID: 17085345. 


