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Introduction: Little is known whether the duration of opioid use influences the
concentrations of pro- and anti-inflammatory cytokines. Objectives: This study
examined the plasma concentration of pro-inflammatory cytokine, interleukin
6 (IL-6), and anti-inflammatory cytokine, interleukin 10 (IL-10), in short-, and
long-term opioid users with noncancer pain. Materials and Methods: Adult
patients with opioid therapy for noncancer pain were recruited from pain
clinics at two tertiary hospital settings in Malaysia between February 2016 and
March 2017. They were stratified into short- or long-term users based on opioid
prescriptions > 90 days per year. A 10mL blood sample was taken for the analysis
of plasma concentrations of IL-6 and IL-10 and were quantified using a highly
sensitive multiplex assay. Results: Of 38 patients recruited, 24% (n = 9/38) and
76% (n = 29/38) were respectively short- and long-term opioid users. Short-term
use of opioid was associated with higher levels of IL-6 (mean * SD, 173.9 +
13.7 pg/mL) and IL-10 (50 * 5.8 pg/mL), whereas long-term use of opioids was
associated with lower levels (no significant difference) of both cytokines IL6
(125 £ 16.1 pg/mL) and IL10 (41.3 £ 6.7 pg/mL). There was strong correlation
between IL-6 and IL-10 within the same group (r*=0.72, P < 0.05) and (> = 0.76,
P < 0.05) for short- and long-term users, respectively. Conclusion: The duration
of opioid use may modulate the level of pro-inflammatory cytokines in which it
was higher in short-term use and lower in long-term use, but the effect of pain
relief was similar as both cytokines were well correlated.
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research aims to explore the effect of duration of
opioid therapy on the pro-inflammatory cytokine, IL-6,
and the anti-inflammatory cytokine, IL-10, among

peripherally by macrophages, fibroblasts, and
endothelial cells are believed to play a significant role in
the establishment of pain conditions, and in modulating
the analgesic efficacy of opioid. Duration of opioid
therapy is among the factors related to the development
of opioid tolerance which is associated with unwanted
complications of opioid therapy including overdose
death and opioid tolerance in noncancer pain. To date,
limited evidence is available about the effect of duration
of opioid therapy on the cytokines level. Hence, this
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noncancer pain patients who were treated with opioids
for either long-term or short-term therapy.
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MATERIALS AND METHODS

Study design and site

This study was a prospective cross-sectional clinical
study, which recruited all the available patients with
noncancer pain from pain clinics at two tertiary hospital
settings in Malaysia between February 2016 and March
2017. This period was the period required for all the
eligible patients to attend the pain clinics for scheduled
visits. These patients were treated with any of the five
opioids (morphine, oxycodone, dihydrocodeine, fentanyl,
and buprenorphine) available at the pain clinics for their
pain relief. A 10mL blood samples was taken from each
patient for the evaluation of plasma concentrations of
pro-inflammatory cytokine interleukin-6 (IL-6) and anti-
inflammatory cytokine interleukin-10 (IL-10).

Inclusion and exclusion criteria

Only patients who understood the required study
procedures and can communicate in English language
and/or Bahasa Malaysia and have given full informed
written consent were included. Patients were excluded if
they have a history of opioid abuse, received injectable
opioids which is used for inpatients only.

Duration of opioid use

Patients were categorized into short-term and long-
term opioid users based on the duration of opioid
use. The short-term opioid use was defined as using
prescribed opioids for less than 90 days per year and
if’ otherwise will be included as long-term opioid use.

Quantification of pro-inflammatory cytokine

IL-6 and anti-inflammatory cytokine

IL-10 concentrations in plasma using the

multiplex assay

Plasma concentrations of cytokines, IL-10, and IL-6
were quantified using a highly sensitive multiplex assay
following the procedures provided by the manufacturers
(Milliplex, Merck, Germany). The plate was run on
Luminex 200, Multiplex Bead-based Fluroanalyzer
equipped with xPOTENT software. The analytical
method of cytokine quantification was validated over
the range of 1.2-5000 pg/mL (IL-10) and 2-10000 pg/
mL (IL-6) as instructed by the manufacturers. The lower
limit of detection of IL-10 and IL-6 were 0.3 pg/mL and
1.7 pg/mL, respectively. The lower limit of detection
was calculated using MILLIPLEX Analyst 5.1 (from
the Manufacturer’s specification sheet). Intra-assay
%CV and inter-assay %CV, precision was reported as 3
and 11 for IL-10, and 5 and 7 for IL-6. The accuracy of
the method was 96% for both cytokines.

Ethics approval

This study was granted ethical approval from the
Medical Research and Ethics Committee (MREQ),

Ministry of Health Malaysia (Study serial no.:
NMRR-14-1837-19898).

Statistical analysis

The plasma concentrations were presented as mean *
SE. The Student’s paired 7 test was used to compare the
mean concentrations within the same group of long-and
short-term patients, and the Student’s unpaired 7 test
for comparison between different groups. Correlation
between IL-6 and TL-10 concentrations were conducted
using linear regression. Data were analyzed using
Statistical Package for the Social Sciences (SPSS)
software program, version 20.0. A value of P < 0.05
was considered statistically significant.

REesuLrs

Patient’s demographics

A total of 38 samples of plasma were obtained from 38
patients (one plasma sample for each patient). Among
the 38 patients included in the study, 53% (n = 20/38) were
from male patients, and 47% (n=18/38) were from female
patients. The mean age for all patients was 50.2 years
old £ SD (14.6). The most common diagnosis for which
opioid was prescribed for these patients was mechanical
back pain 42% (n = 16/38), followed by autoimmune
diseases (osteoarthritis and rheumatoid arthritis) 10%
(n = 4/38). The most common prescribed opioid was
dihydrocodeine 47% (n = 18/38), followed by oxycodone
31% (n = 12/38), fentanyl 11% (n = 4\38), buprenorphine
8% (n = 3/38) and morphine 3% (n = 1/38).

Of the 38 patients, 24% (n = 9/38) belonged to short-
term opioid users, and 76% (n = 29/38) were long-term,
opioid users. Three samples (2 long-term and one short-
term user) were below the lower limit of quantification
for both cytokines. Hence, the results of 35 plasma
samples were included in the analysis.

Comparison between IL-6 and IL-10 concentrations

in patients with short- and long-term opioid therapy

The mean plasma concentration of IL-6 and IL-10 in
the long-term users was 125 + 16.1 pg/mL and 41.3 *
6.7 pg/mL, respectively. While in the short-term users,
the mean plasma concentration of IL-6 and IL-10 was
173.9 £ 13.7 pg/mL and 50 + 5.8 pg/mL, respectively.
The comparison of IL-6 concentration versus IL-10
concentration within the same group revealed that the
mean plasma concentration of IL-6 was significantly
higher than the corresponding mean concentration of
IL-10 in short- and long-term opioid users (P <0.05).
Similarly, the comparison between short- and long-term
opioid users demonstrated that short-term opioid users
have higher levels of both IL-6 and IL10 concentration
than that of long-term opioid users, but both cytokine
levels did not reach a statistical significance (P >0.05).
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Correlation between IL-6 and IL-10 concentrations
in patients with short- and long-term opioid
therapy

To investigate whether the duration of opioid
therapy affects the ratio between IL-6 and IL-10, the
correlation between both cytokines’ concentration was
explored within the same group of short- and long-
term users. Interestingly, both cytokines showed a
strong correlation (v> = 0.76, P < 0.05) and (* = 0.72,
P < 0.05) for long- and short-term users, respectively
[Figures 1 and 2]. which indicates that the increase in
IL-6 was accompanied by an increase in IL-10 in both
groups.

Discussion

The main findings from this study showed that there
is no statistical difference in the level of the pro-
inflammatory cytokine, IL-6, or anti-inflammatory
cytokine, IL-10, between short- and long-term opioid
users demonstrating that the duration of opioid use
was not associated with differences in cytokines level.
Moreover, the finding from this study also showed
that majority of opioid users tend to use opioid for
long terms rather than for short terms as reflected by
the majority of patients treated at the pain clinic were
belonged to the long-term group.

The IL-6 and IL-10 cytokines analysis showed that
both cytokines level were inversely correlated with
the duration of opioid use, where short-term users
have higher plasma concentration levels of both
cytokines than long-term users. Furthermore, the
correlation between IL-6 and IL-10 concentrations
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Figure 1: Correlation between TL-6 and IL-10 concentration in
long-term patients

were explored within each group of short-term and
long-term users to study the effect of opioid therapy
duration on the cytokines level. This exploration found
that both cytokines were similarly correlated in both
groups, which indicates that the decrease in IL-6 was
accompanied by a correlated decrease in IL-10 when
the patients tend to use the opioid therapy for extended
periods.

IL-10 is the most potent anti-inflammatory cytokine
and it acts to counteract the action of the pro-
inflammatory cytokines and hence to ameliorate pain
conditions. Our findings showed that extended opioid
therapy reduces the concentration of both IL-6 and
IL-10 cytokines, and this decrease might be related to
opioid tolerance, the pharmacological phenomenon
that is characterized by a reduction of opioid analgesic
potency over extended periods of exposure. 2
Conversely, IL-6 is a pro-inflammatory cytokine, which
is linked to various pain conditions and it is reported
that IL-6 exacerbate pain when it is upregulated. For
example, IL-6 was linked with many pain conditions
and was positively correlated with pain intensity in
many nociceptive and neuropathic pain conditions.
Earlier animal and clinical studies reported that IL-6
and other pro-inflammatory cytokines are upregulated
in neuropathic and nociceptive pain conditions. IL-6
was also found significantly increased in neuropathic
pain due to herniated intervertebral disc.” IL-6 was
significantly higher in patients with postherpetic
neuralgia compared with herpes zoster patients who
did not develop neuropathic pain.™

Taken all findings together, it was clear that various
chronic pain conditions lead to disturbing the
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Figure 2: Correlation between IL-6 and IL-10 concentration in
short-term patients
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homeostasis of cytokines through upregulation/
downregulation of certain cytokines. For this reason,
we explored the correlation between IL-6 and IL-10
among short- and long-term opioid users. Interestingly,
there was a significant positive correlation between
IL-6 and IL-10 within each group, which means that
the increase in IL-6 was accompanied by an increase in
IL-10, this pattern was observed in short-and long-term
groups. Other evidence regarding the balance between
different cytokines was noticed as IL-183 concentration
was significantly correlated to IL-6 concentration in
healthy controls, whereas no correlation was observed
among chronic pain patients.!

Similar findings were reported from other studies,
where repeated administration of opioid results in
upregulation of proinflammatory cytokines which
oppose the analgesic effect of opioid and lead to
the development of opioid tolerance,’® (which in
part; could explain the significant increase in IL-6
concentration compared with IL-10 in the present
study). However, blockage of certain cytokines such
as IL-6, IL-18, TNF, and CX3CLI, were reported to
delay or prevent the occurrence of opioid tolerance,®-11
Moreover, upregulation of anti-inflammatory cytokines
was linked to opposing opioid tolerance.!?
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