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Cold Pain Threshold and Role of NMDA Receptor Antagonists
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Abstract- Clonidine, the az-adrenergic agonist,

is usually used as an antihypertensive drug.

Dextromethorphan is a non-competitive NMDA antagonist which is routinely prescribed to suppress cough.
However, there are not confidential documents regarding their analgesic effects. Due to the controversies over
the analgesic properties of these two drugs, this study was designed to evaluate cold pain threshold changes
following their administration. This study was conducted to assess the impact of oral clonidine and
dextromethorphan on ice-water immersion tolerance. Four closed sachets labeled with codes were dedicated to
each participant. Each of these four sachets contained placebo, 0.3 mg/kg dextromethorphan, 0.2 mg clonidine
or both of the previous drugs randomly. The cold pain threshold was measured five times for each participant,
once before taking any drug (T1) and the next four times (T2-T5) after taking each of the four sachets. 35
volunteers (15 men and 20 women) participated in the study. The study showed that cold pain threshold was
higher in men than women (P=0.004) and also in participants above 30 than those under 30-year-old (P=0.007).
Moreover, the pain threshold did not change significantly after the administration of clonidine (P=0.33) or
dextromethorphan (P=0.21), but the threshold significantly increased after receiving a combination of
dextromethorphan and clonidine compared with placebo overall (P=0.001). Cold pain threshold was higher in
men and individuals over than 30-year-old and decreased significantly after administration of clonidine and
dextromethorphan conjointly. Body mass index has no relation with changes in cold pain threshold by taking

mentioned medications.
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Introduction

Pain is simply described as an unpleasant feeling and
has physiologic, emotional, and behavioral components.
It results from biochemical reactions in three major
organs: peripheral nerves, spinal cord, and brain (1).
Prolonged  hospitalization, decreased  patients’
satisfaction, and higher costs for health systems are some
sequels of poorly controlled pain (1-3). Thus,
interventions or medications aimed to better pain control
are of great interest for researchers in recent decades.

While heat receptors are 3 to 10 times less
concentrated than cold receptors, there are about 15-25
cold receptors per cm? in different parts of the human
body. Depending on the temperature, a variety of
responses might be elicited. For instance, only pain fibers
are stimulated in very cold temperatures close to the

freezing point. While 10-15° C above that temperature,
pain impulses are faded and cold receptors are stimulated
(Figure 1) (4). Thus, heat or cold can sometimes produce
similar perception.

Cold can decrease the pain threshold through its effect
on the sympathetic system activity and can increase the
intensity of pain perception (5-7). When hands are
immersed in icy cold water, it causes pain, and there is a
direct association between the water temperature and the
pain intensity. For example, the frequency of pain signals
is 6 per minute at 5° C (4). Changes in the temperature of
receptors are one of the factors causing changes in the
receptor membrane potential and permeability, allowing
the ions to move across the membrane freely and change
the membrane potential. In addition, the cold results in
physiologic  changes like vascular contraction,
congestion, and cellular inflammation (8-10).
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Figure 1. Effect of different temperatures on 4 types of receptors in the body

Using a2-agonists like clonidine and NMDA (N-
Methyl-D-Aspartate) receptor antagonists like ketamine
and dextromethorphan are available methods to modify
pain threshold and increase the analgesic response to
opioids (11).

Evidence suggests that o, agonists cause analgesia in
many species (12). Clonidine has been used for the
management of labor pain, migraine headache, acute
postoperative pain, and chronic cancer pain (13-15).

Analgesic properties of dextromethorphan as an
adjuvant have been the focus of many studies in recent
years (22,27,29).

NMDA receptor antagonists can prevent excessive
excitability of the spinal cord. In addition, non-
competitive  NMDA  receptor  antagonists  like
dextromethorphan have anxiolytic, analgesic (16), and
anticonvulsive properties (17-20). Moreover, some
studies have shown that dextromethorphan increases the
pain threshold through its effects on opioids receptors and
dopaminergic pathways (11).

The authors decided to conduct this study to resolve
the ambiguities and discrepancies of previous studies
regarding the effective analgesic dose of the
aforementioned drugs, especially when administered
orally, and to clear the effect of demographic
characteristics like age, sex, and BMI on pain threshold,
and also to measure changes of cold pain threshold using
a quantitative scale.

Materials and Methods

This non-randomized double-blind clinical trial was
conducted on 35 volunteer students and staff in a teaching
hospital between May 2016 and June 2016 after obtaining
approval from the Ethics Committee of Tehran University
of Medical Sciences (IR.TUMS.REC.1394.2127). This
study was also registered in the lranian Registry of
Clinical Trials (IRCT2016020826447N1).

All included volunteers were 18-45 years old ASA
class | or Il individuals. History of smoking, addiction,
frequent coffee drinking, acute or chronic pain, any
psychological disorder or taking any psychotropic

medications was of exclusion criteria.

After getting informed consent, their demographic
characteristics including age, sex, and Body Mass Index
(BMI) was recorded.

We used Ice cold water (0° C) for pain induction
because of its safety and steady intensity. Pain threshold
was measured in 5 separate stages. The participants were
requested to be present in the experiment room 30
minutes before the test. Immersing hand test was repeated
5 times for each volunteer as follows; first time before
taking any drug, and the next 4 times after taking one of
four packages that was encoded by researcher (each of
them contained clonidine 0.2 mg or dextromethorphan
equivalent to 0.3  mg/kg, clonidine  plus
dextromethorphan with mentioned doses and the last was
placebo). The participants were first requested to
immerse their hands in ice cold water (0-2° C) and inform
the researcher when they felt pain or discomfort. In this
stage, the duration from hand immersion in cold water to
feel pain (in seconds) served as basis for the comparison
of pain threshold in the later stages. We needed 0.2 mg
clonidine, 0.3 mg/kg dextromethorphan, 0.2 mg
clonidine+0.3 mg/kg dextromethorphan, and placebo for
the next stages. The drugs were coded in medicine
packets number 1 to 4 by the senior researcher and the
time required by the drug to reach its peak activity was
written on the corresponding packet. In the next step
which was conducted on the following day, packet
number 1 was selected. The participants took the drug in
packet 1, and after the drug reached its peak activity, they
immersed their hands in ice cold water and informed the
researcher when they felt any pain or discomfort. To
avoid drug interaction and their synergistic effect, a wash-
out period of 10 days was considered before the next
packet was used. In general, one packet was selected and
used every 10 days, and the pain threshold of all
participants was recorded after using all 4 packets. The
data were analyzed with SPSS version 22. Frequency and
mean+Standard Deviation (SD) is used to show
qualitative and quantitative data, respectively. Parametric
tests were used if the data had a normal distribution and
non-parametric statistics were employed in the data were
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not normally distributed. P less than 0.05 were considered
significant.

Results

Thirthy five volunteer took part in our study which is
illustrated in table 1. Duration of cold pain threshold
according to demographic characteristics following drug
administration (in minutes) was depicted in table 2. The
cold pain threshold was significantly higher in men than
women in all steps (P=0.004). By taking either clonidine
or dextromethorphan, the cold pain threshold was
significantly increased, but the reduction of cold pain
threshold was seen by taking
clonidine+dextromethorphan that was more than women
simultaneously .

Moreover, the baseline cold pain threshold was
significantly higher in individuals above the age of 30
years compared with their younger counterparts
(P=0.007) and this threshold was decreased by taking the
medications alone or in combination.

Overweight and obese participants showed no
significant difference in cold pain threshold compared
with underweight and normal participants (P=0.97).

By taking dextromethorphan and
clonidine+dextromethorphan, cold pain threshold
increased but this change was not statistically significant
(P>0.05).

The change in cold pain threshold was not significant
after receiving 0.2 mg oral clonidine (P=0.33), 0.3 mg/kg
oral dextromethorphan (P=0.23), and placebo (P=0.5)
compared with the baseline threshold. But it was
significantly higher after receiving clonidine and
dextromethorphan simultaneously compared with its
baseline (P<0.001).

Moreover, the change in cold pain threshold after
receiving dextromethorphan was not significant
compared with the baseline cold pain threshold (P:0.21)
and cold pain  threshold  after  receiving
clonidine+dextromethorphan (P=0.09); however, was
statistically significant when compared with the cold pain
threshold after receiving placebo (P<0.001).

The change in cold pain threshold after receiving
clonidine+dextromethorphan was statistically significant
as compared with the baseline cold pain threshold
(P=0.001) and cold pain threshold after receiving placebo
(P=0.002).

Discussion

Intravenous dextromethorphan (5 mg/kg) suppresses
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second pain response compared with oral administration
(0.6 mg/kg) as Duedahla et al., and Hughes reported
(21,22).

Analgesic properties of oral dextromethorphan have
been shown in some studies, but the effective dose is not
clear yet. Single doses between 30-240 mg (23), and even
doses more than 300 mg have been reported to be
effective for analgesia (24).

In 1997, Nelson Park reported that a dose of 400
mg/day dextromethorphan was the only effective dose for
decreasing neuropathic pains (25), while Duedahl stated
that dextromethorphan at a dose of 270 mg effectively
suppressed neuropathic pains (21). Kauppila found that
dextromethorphan at a dose of 200 mg produced severe
side effects in all participants yet did not have a marked
effect on mechanical pain threshold (26). Regarding
effective analgesic doses of dextromethorphan, analgesia
has been reported following the administration of 120 mg
(27), and 45 mg/kg (28) of this drug. A study in 2014 by
Reza Entezari Saeed showed that a dose of 1 mg/kg could
cause analgesia (29). Most of the conducted studies have
emphasized that the higher the dose of oral
dextromethorphan, the greater its analgesic effects.
However, the frequency of side effects like nausea and
vomiting increases at higher doses (26,30).

In our study, the participants held their hands in ice
cold water longer after receiving dextromethorphan
compared with placebo or baseline (no drug
administration), while Weinbroum et al., showed that
different doses of dextromethorphan has no effects on the
onset of pain following lower limb surgery (30).

Different studies have evaluated the analgesic effects
of systemic or intrathecal clonidine alone, or in
combination with other drugs like N20, local anesthetics,
or opioids , or on laboratory animals (12,13,31,32,33).
Therefore, there is little data about its analgesic effects of
oral administered clonidine alone and its effective
analgesic dose in humans (33).

Intravenous administration of clonidine produces
better analgesia as compared with its intrathecal
administration but also results in more side effects. More
aggressive methods of clonidine administration cause
more severe side effects like hypotension or bradycardia
for which vasopressors and fluid therapy can be applied
(12,13,33).

In 1998, Eisenach showed that intrathecal, but not
intravenous, clonidine at a dose of 150 pg reduces thermal
induced hyperalgesia (34). Moreover, low doses of
clonidine, for example, 2 pg/kg, in combination with
bolus clonidine at a dose of 0.2 pg/kg/h or opioids have
analgesic effects (32,35). IV clonidine at a dose of 75 pg



has reported being effective in postanesthetic shivering
(36), but the effect of its equivalent oral dose has not been
evaluated.

It was previously mentioned that oral clonidine, in
addition to fewer side effects as compared with 1V or
intrathecal clonidine, has good oral absorption.

The physicians have shown an interest in using
dextromethorphan as an adjuvant in combination with
analgesics or as a drug with minimum side effects for pain
management or as an efficient element in multimodal
analgesia regimens. As a result, many studies have been
conducted to determine the effective analgesic dose of
dextromethorphan. However, it should be noted that
single-dose dextromethorphan administration may not
provide long-term analgesic effects due to its rather short
half-life. One possible way to overcome this problem is
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to use multiple doses; however, more human studies are
required in this regard.

In conclusion, considering the results of our study and
other investigations, the effective dose of oral clonidine
alone for pain suppression and pain threshold
modification, especially cold pain threshold which was
the focus of our study, is not clear. It seems that higher
doses, with regards to their side effects, may be used for
the prevention and treatment of pain. As Clonidine raises
the cold threshold, thus it could be used to counteract
hypothermia during the operation. Moreover, it could also
be used to reduce morbidity induced by postoperative
shivering. Moreover, its sedative effects and control of
sympathetic responses can add to its overall useful effects
for the patients.

Table 1. Demographic characteristics of the participants

Table 1 Number (percentage) Mean SD
Male 15 (42.9%) - -
Sex
Female 20 (57.1%) - -
Age(year) - 29.77 7.99
BMI(kg/m2) - 23.37 3

Table 2. Duration of cold pain threshold according to demographic characteristics following drug
administration (in minutes)

?iarlrilec Clonidine  Dextromethorphan  CL+DM Placebo P
2.16 1.48 258 245 1.45
ALL (0.75-428)  (0.66-5.3) (1.1-5.04) (137-533)  (0.96-4) <0.0001
Mal 4.28 5.1 438 4.04 3.12
S ale (2.2-8.41) (2.03-6.2) (2.58-8.2) (2.33-6.82)  (1.45-6.28) 0.004
ex Fermale 0.86 091 1.19 2.04 11 :
(0.55-2.18) (0.6-1.91) (1.03-3.25) (1.04277)  (0.8-2.16)
<30 1.04 113 1.24 2.07 11
(0.55-2.2) (0.61-2.13) (1.05-3.25) (1.14-341)  (0.81-2.05)
Age 6.23 0.007
~30 (295.921 53 5.04 5.02 4
) (2.12-7) (2.9-11) (2.46-7.46) (2.1-7.5)
<5 2 1.39 22 2.19 1.28
BMI (0.58-3.11) (0.64-4.8) (1.09-4.09) (1.34-4.28)  (0.82-3.24) 097
295 36 221 43 3.67 2.63 :
(1.2-7.72)  (0.96-6.12) (1.95-6.55) (1.87-623)  (1.285.32)
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