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INTRODUCTION

Acute pain control after surgery is one of the 
important aims of caring patients postoperatively. In 
spite of the scientific progresses in the knowledge of 
pathophysiology and pharmacology of the analgesics 
and development in much effective pain control 

procedures, most patients are still experiencing 
crucial difficulties concerning this problem. 
Therefore, it seems that the progresses done in this 
field are not sufficient enough[1] to control pain. Some 
harmful consequences such as hemodynamic and 
metabolic instability, failure to achieve the desired 
result of surgery, negative nitrogen balance, lack of 
patients’ satisfaction, and increase in the duration 
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of recovery stay and patients’ costs will occur when 
pain persist.[2]

The postoperative pain causes the entrance of neural 
massages flood to spinal cord and the release of 
excitatory amino acids and neuropeptide from thin 
afferent nerve C-fibers. The increase of excitability 
status of spinal dorsal horn neurons will result in 
prolonged postoperative pain sensation. This central 
nervous system’s (CNS’s) responsiveness as a kind 
of pain memory is called central sensitization (CS), 
which results in prolonged pain sensation.[3] The 
stimulation of the receptor N-methyl-D-aspartic acid 
(NMDA) plays an important role in CS process and 
the excitatory amino acids such as glutamate and 
aspartate activate this receptor.[4] Thus, in case of 
inhibition of the NMDA receptors, neuropathic pain 
resulting from inflammation and surgery could be 
possibly reduced.[4]

Cholecystectomy is considered as an important and 
relatively common operation. Although there is no 
precise statistic of people suffering from gallstone 
disease in Iran, it is 10% of the population in USA. 
Thereby, designing some strategies to reduce 
postoperative pain after cholecystectomy seems to be 
necessary. Nowadays, because of the advantages of 
laparoscopic surgeries, which are limited abdominal 
incision, shorter stay in hospital, the possibility of doing 
daily activities after 2 weeks, and less postoperative 
complications, 90% of the cholecystectomy operations 
in USA are done under this procedure.[5]

Controlling the postoperative pain often begins in 
recovery room by using opioids, especially morphine. 
However, systemic opioids may develop many 
complications such as nausea and vomiting, apnea, 
respiratory depression, and urinary retention. To 
reduce the complications and consumption of the 
opioids, other procedures are recommended. One of 
these procedures is preemptive analgesia.[6]

Tizanidine is a 2α-adrenoreceptor agonist and also 
a derivative of clonidine which has the same effects 
of clonidine such as creating tranquility, reducing 
anxiety and analgesia, but the side effects such as 
low arterial blood pressure and bradycardia are 
lower with tizanidine than those of clonidine. As the 
spinal cord is the primary site of tizanidine effect 
and it prevents the release of excitatory amino acids 
(aspartic and glutamic acids) by stimulating the 2α 
presynaptic receptors, this drug can be useful to reduce 
postoperative pain and the need for tranquilizers 
through inhibition of CS.[3,7] As far as tizanidine can be 
administered orally, this procedure is much preferable 
than injection procedures.

The side effects of tizanidine include drowsiness, 
xerostomia, fatigue, asthenia, anxiety, headache, 
bradycardia and low arterial blood pressure, 
gastrointestinal and liver disorders, which are 
principally dose-dependent.[8] This drug is absorbed 
easily by gastrointestinal system and after the oral 
administration, the peak plasma concentration will 
occur in one or 2 h. The eliminative half-life of this 
drug is between 2 and 4 h.[9]

Some researches have been carried out about the 
analgesic effect of this drug:
•	 In	one	trial,	the	consumption	of	3	mg	tizanidine	

orally before entering to operating room 
considerably reduced the pain resulting from 
local anesthetic infiltration while using epidural 
catheter[7]

•	 Other	 trial	 showed	 that	 tizanidine	 reduces	 the	
need for midazolam to prevent consciousness 
before induction of general anesthesia[10]

•	 In	other	trial,	the	prescription	of	4	mg	tizanidine	
before the plaque removal surgery from lower limb 
caused the reduction of pain and also the need for 
opioid[3]

•	 In	 an	 experimental	 research	 on	 the	 rats,	 the	
consumption of tizanidine before the spinal cord 
surgery has resulted in relative analgesia[11]

•	 The	 effect	 of	 tizanidine	 on	 the	 phantom	 limb	
pain syndrome was studied in another research 
and it was observed that tizanidine is effective in 
reducing all kinds of phantom limb pains[12]

•	 In	another	study,	the	effects	of	two	2α adrenergic 
agonist’s drugs, tizanidine and clonidine, as the 
premedication on tetracaine spinal analgesia was 
compared with the control group. In both groups 
of receiving tizanidine and clonidine, the 1st time 
of pain appearance and the duration of analgesia 
after the operation were longer than those of the 
control group. However, the heart rate and systolic 
blood pressure reduced considerably in clonidine 
group.[13]

By considering the researches done about the effects of 
oral tizanidine on relieving pain in the above studies 
and the fact that the analgesic effect of this drug 
has not been yet studied after the major operations, 
we decided to carry out our research on the effect 
of this drug on postoperative pain of laparoscopic 
cholecystectomy under general anesthesia.

MATERIALS AND METHODS

After our Institutional Ethics Committee approval 
and taking the patients’ informed consent, 70 adults of 
American Society of Anesthesiologist class of 1 and 2 
scheduled for elective laparoscopic cholecystectomy 
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under general anesthesia were studied. Patients 
aged between 18 and 60, with no history of drug 
and alcohol consumption, lack of beta-blocker, 
digoxin, anticonvulsants and antihypertensive drugs 
consumption, lack of allergy to tizanidine, lack of 
history of CNS, liver and gastrointestinal disorders, 
and chronic pains were included in our study. Patients 
should not use analgesic drugs within 6 h before 
surgery and have no bradycardia (pulse rate <60). If 
the operation lasted under 30 min or over 120 min or 
any changes in surgery program from laparoscopy to 
laparotomy was made, the patients were taken out of 
this study.

In this controlled, prospective clinical trial, all patients 
were divided into two groups by a convenient random 
double-blinded method. Sealed envelopes were 
prepared by an anesthesia research nurse who was not 
involved in data collection. She prepared one labeled 
envelope for each patient and used the same labels 
for similar glasses of water (50cc) containing either 
4 mg tizanidine (study group) or the plain water as a 
placebo (control group). These envelopes were stored 
in research nurse box in the operating room. Ninety 
minutes before the operation, the first anesthesiologist 
who did not participate in data collection pulls out one 
of the envelops for patient and also selects the similar 
labeled glass of water (50cc) (containing either 4 mg 
tizanidine tablet or placebo). Patients in both groups 
were received similar volumes (50cc) of liquids at the 
same time by the first anesthesiologist.

Before the operation, the patients were trained in 
handling the visual analog scales (VASs), the patients’ 
characteristics such as age, gender, and weight were 
recorded, and patients’ vital signs (heart rate and blood 
pressure) were measured and recorded as baseline 
values. All patients were monitored by pulse oximeter, 
capnograph, electrocardiogram, noninvasive blood 
pressure device, and thermometer. Anesthesia was 
induced by thiopental sodium 5 mg/kg/intravenous 
(IV), atracurium 0.5 mg/kg/IV, and fentanyl 3 µ/kg/IV, 
the patients were intubated and the anesthesia was 
maintained by isoflurane 1–1.25% and oxygen. 
The laparoscopic surgery was done by gas pressure 
under 15 mm Hg. During the first 15 min, the vital 
signs (pulse and blood pressure) were measured and 
recorded every 5 min and then were measured and 
recorded every 15 min until the discharge from the 
recovery room. If any complication such as bradycardia 
(pulse under 60) and/or hypotension (blood pressure 
<20% of basic blood pressure) occurred, they were 
recorded and the blowing of CO2 was stopped, and to 
treat bradycardia, atropine 0.01 mg/kg, and in case 
of hypotension, ephedrine 5 mg, were injected with 
500cc crystalloid. If the treatment was not achieved, 

the other dose of the medications was repeated until 
the treatment was achieved.

For all the patients, the duration of anesthesia, 
operation, stay in recovery room, and the extubation 
time were measured and recorded.

At recovery room and after transferring patients to 
the ward at 1, 2, 3, 6, 12, and 24 h postoperatively, 
the vital signs and pain intensity (pain score) were 
evaluated by an investigator who was blinded to the 
treatment assignment.

If the pain score was more than 4, 2 mg morphine (IV) 
would be prescribed and if after 15 min if the pain score 
still stayed more than 4, another 2 mg IV morphine 
would be prescribed again until the pain score reduces 
to 3 or lower. The total amount of narcotics consumed 
within 24 h after the operation was recorded.

In addition, the amount of narcotic that was used 
after surgery in the recovery room and the total 
amount during 24 h postoperatively were separately 
measured and recorded. Moreover, in the recovery 
room and ward, the time of first request for analgesics 
was recorded.

The patient’s monitoring and pain score recordings 
were done by an anesthesia assistant who had 
no information about the kind of the received 
medications.

In the study group, the complications of tizanidine 
such as xerostomia, nausea and vomiting, drowsiness, 
headache, and bradycardia were monitored and 
the patients’ satisfaction as poor (1), average (2), 
good, (3) and excellent (4), was asked and recorded 
24 h after surgery for both groups.

Data were collected and then analyzed by repeating 
the observations using SPSS software version 20 
(SPSS, Inc., Chicago IL), Chi-square statistic tests, 
t-test, and variance analysis test. P values lower than 
0.05 were assumed significant.

RESULTS

A total of 70 patients met the inclusion criteria. These 
patients were randomly assigned to the tizanidine 
group (n = 35) or the placebo group (n = 35). The groups 
were similar with respect to age, weight, gender, and 
the duration of anesthesia and surgery (P > 0.05). The 
extubation time was similar in both groups but the 
duration of stay in recovery room was significantly 
shorter in the tizanidine group than the placebo group 
(P < 0.05) [Table 1].
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There was no significant difference in the heart rates 
between two groups at any times. The mean arterial 
blood pressure (MAP) at 30 min after beginning of 
anesthesia was significantly lower in the tizanidine 
group. However, in other times, there was no 
significant difference in MAP between the groups 
[Figure 1].

In recovery room and at 1, 2, 3, 6, 12, and 24 h 
after operation, the VAS in the tizanidine group 
was significantly lower than in the control group 

[Figure 2], and the average opioid consumption 
was also significantly lower in the tizanidine group 
(P < 0.05) [Table 2].

Although the first request for opioid was sooner in the 
control group in comparison with the tizanidine group, 
this difference was not significant (P > 0.05) [Table 2].

Complications of tizanidine such as xerostomia, 
nausea and vomiting, drowsiness, headache, and 
bradycardia (PR < 60) were also compared. Among 
them, drowsiness was seen in four patients in the 
tizanidine group, which was statistically significant, 
but bradycardia was more in the control group, 
however, this difference was not significant. The 
satisfaction level was also higher in the tizanidine 
group in comparison with the control group.

DISCUSSION

In this study, we have demonstrated that the 
administration of tizanidine before operation 
in patients scheduled for elective laparoscopic 
cholecystectomy under general anesthesia improves 
postoperative analgesia, provides less pain intensity, 
and decreases the amount of analgesic consumption.

Tizanidine, which is an alpha-adrenergic agonist, 
acts by increasing the presynaptic inhibition of motor 
neurons at the alpha 2-adrenergic receptor sites, 
possibly by reducing the release of excitatory amino 
acids (aspartic and glutamic acids) and inhibiting 
facilitatory caeruleospinal pathways, resulting in 
a reduction in spasticity. It is mainly used as a 
muscle relaxant to treat the spasms, cramping, and 
tightness of muscles caused by medical problems such 
as multiple sclerosis, amyotrophic lateral sclerosis, 
spastic diplegia, back pain, or certain other injuries 

Table 1: The comparison of age, weight, gender, duration of 
anesthesia and operation, extubation time, and the duration 
of stay in the recovery room
Characteristics Control 

group (n=35)
Tizanidine 

group (n=35)
P

Age (years) 45.26±2.01 43.83±1.64 0.583
Gender (%)

Female 24 (68.6) 26 (74.3) 0.597
Male 11 (31.4) 9 (25.4)

Weight (kg) 70.14±1.6 69.46±1.16 0.730
Operation duration (min) 47±2.45 45.57±1.31 0.610
Anesthesia duration (min) 77.43±2.88 72.29±2.25 0.164
Extubation time (min) 63.57±4.59 54.14±1.78 0.062
Duration of stay in 
recovery room (min)

79.57±5.48 67.43±1.59 0.040

Data are shown by numbers, percentage, and mean±SD. SD: Standard deviation

Table 2: The comparison of the mean of the time of first request 
for the opioid after the operation and the consumed narcotic dose
Opioid Data Control 

(n=35)
Tizanidine 

(n=35)
P

The first request for the opioid 
after the operation (min)

48.43±5.33 64.86±12.56 0.230

The dose of narcotic that was used 
in the recovery room (mg)

15.43±2.57 00.00 0.000

The dose of narcotic that was used 
after recovery (mg)

86.43±3.79 34.57±8.88 0.000

The total dose of opioids that was 
used during 24 h after operation (mg)

101.86±5.08 34.57±8.88 0.000
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to the spine or CNS. It is also prescribed off-label 
for migraine headaches, as a sleep aid, and as an 
anticonvulsant.[3,7,9]

Tizanidine produces antihypertensive effects, possibly 
by binding to the imidazoline receptors. Pharmacologic 
studies found tizanidine to have one fifth to one-tenth 
of the potency of clonidine in lowering blood pressure. 
These antihypertensive effects are mild and transitory 
in relation to its activity as a muscle relaxant. This 
medicine also has antinociceptive effects. However, 
these effects may be mediated through an alpha 
2-adrenergic receptor mechanism rather than a 
narcotic or endorphin mechanism. Thereby, it could 
be useful to reduce the postoperative pain and the 
need for tranquilizers. The antinociceptive action has 
been confirmed at doses lower than those producing a 
muscle relaxant action. The exact mechanism of the 
action of tizanidine is unknown.[3,9,13]

Some researches have been done about the effects of 
oral tizanidine in relieving pain.

Nouroozi et al.[3] reported that administration of 4 mg 
tizanidine before the plaque removal surgery from 
the lower limb lessens pain and postoperative opioid 
consumption.

In Takenaka’s study,[10] the effect of tizanidine given 
as a premedication on perioperative hemodynamics, 
sedation, hypnosis, and midazolam requirements 
for induction of anesthesia was assessed in patients 
scheduled for elective surgery under general 
anesthesia. They found that the increase in mean 
arterial blood pressure after the induction of 
anesthesia and the amount of midazolam necessary 
for loss of consciousness were significantly less in 
patients who had received tizanidine 4 mg. In this 
study, authors were interested more in hemodynamic 
and sedative effects of tizanidine, but in our survey 
we pertained more to the analgesic effect of this drug.

Imanaga et al.[7] also found that oral administration 
of 3 mg tizanidine as premedication reduces the 
infiltration pain of local anesthetic during epidural 
catheterization. Blood pressure and rate-pressure 
product in the operating room were also attenuated by 
receiving tizanidine. In this study, the analgesic effect 
of tizanidine was studied during epidural infiltration 
of local anesthetic, but we studied postoperative pain 
in patients receiving general anesthesia.

Moreover, Wajima et al.[9] reported that premedication 
with 4 mg oral tizanidine, 90 min before surgical 
skin incision significantly shortens the time to loss 
of consciousness in the study group than in the 

control group (P = 0.03) and it successfully reduces 
the minimum alveolar concentration of sevoflurane 
by 18% in human adults. In this study, the authors 
concerned on the sedative effect of tizanidine during 
anesthesia rather than its postoperative analgesic 
effect which was our major concern. Considering these 
surveys and other studies, it can be suggested that low 
dose (4 mg) of tizanidine can establish hemodynamic 
stability. In addition, it does not have side effects 
such as a severe decrease in blood pressure seen with 
clonidine.

In our study, the effect of premedication with oral 
tizanidine on postoperative pain in patients undergoing 
laparoscopic cholecystectomy was studied. There was 
no significant difference in the heart rates between 
two groups at any times. Thirty minutes after the 
induction of anesthesia, mean arterial blood pressure 
was significantly lower in the tizanidine group when 
compared with control group (P < 0.05). The difference 
may be attributed to the peak plasma concentration 
of tizanidine and its peak effect [Figure 1].

We also found that in the recovery room and at 
1, 2, 3, 6, 12, and 24 h after operation, the VAS 
in the tizanidine group was significantly lower 
than in the control group [Figure 2]. The average 
opioid consumption was also significantly lower in 
the tizanidine group (P < 0.05). Although the first 
request for opioid was sooner in the control group in 
comparison with the tizanidine group, this difference 
was not significant (P > 0.05) [Table 2].

In our study, we found that the administration of 
tizanidine before operation improves postoperative 
analgesia, provides less pain intensity, and decreases 
the amount of analgesic consumption, which is 
comparable with the previous study of the effect of 
oral tizanidine on pain after plaque removal surgery 
from the lower limb.[3]

The staying time in the recovery room was shorter in 
the tizanidine group and this difference was significant 
(P < 0.05) [Table 1]. This difference could be attributed 
to the tizanidine group’s lower pain feeling and their 
lack of need for opioid in the recovery room.

The sedative effect may be due to the fact that as far 
as the stimulation of the NMDA receptor plays an 
important role in CS process, the excitatory amino 
acids such as glutamate and aspartate activate 
this receptor. Thus, in case of inhibition of the 
NMDA receptors, neuropathic pain resulting from 
inflammation and surgery could be possibly reduced. 
Therefore, tizanidine may have a preemptive analgesic 
effect and may be effective as a premedication.
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Eventually, the patients’ level of satisfaction in the 
tizanidine group (3.17) was significantly higher 
in comparison with the control group’s level of 
satisfaction (1.91).

None of the patients complained about xerostomia, 
nausea, and headache. Bradycardia (PR < 60) was 
unexpectedly more in the control group, however, 
this difference was not significant. Vomiting was also 
reported in one case of the control group, and four 
patients in the tizanidine group complained about 
drowsiness, but not in the control group, and this 
difference was significant.

According to the present study, we concluded that 
premedication with oral tizanidine 90 min before 
the operation can reduce the pain scores, analgesic 
consumption, analgesic related side effects, and 
thereby providing early return to normal daily 
activity after laparoscopic cholecystectomy. Regarding 
tizanidine’s short duration of action, administration 
of this drug is recommended for sedating, stabilizing 
hemodynamic responses during the operations, and 
for reducing the required dose of anesthetic.
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