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Abstract

32 cross-matched male individuals as a control group.

have significantly higher serum level of IL-2.
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Background: Tramadol hydrochloride is a centrally acting analgesic drug that has turned out to be a drug of
growing interest due to its success in the management of pain in humans. By considering the twin mechanism of
action of tramadol, as the activation of the opioid and of the monoaminergic systems, the potential immunological
effects of this drug should be considered and be evaluated. Studies show that Tramadol induces an improvement
of postoperative immune suppression and increases NK cell activity, lymphocyte proliferation, and IL-2 production
which may be linked to its addictive potentiality. The present study aims to investigate the possible association
between opioid use disorder (tramadol) and the serum level of interleukin-2 (IL-2).

An observational cross sectional study conducted at the Outpatient Clinic and Inpatient Unit of the Addiction
Management Unit of the Neurology and Psychiatry Department of Assiut University Hospital. Assessment of serum
level of IL-2 for 59 male patients diagnosed with opioid use disorder (tramadol) according to DSM-5 compared to

Results: Comparing the serum level of IL-2 in patients with opioid use disorder (tramadol) with that of the controls,
it was found that the patients with opioid use disorder (tramadol) have significantly higher serum level of IL-2
(318.69 + 35.89) than that of controls (26045 + 30.08) (P = 0.01). Patients with tramadol urine assay (> 200 ng/ml)

Conclusion: The current study found that patients with opioid use disorder (tramadol) have significantly elevated
serum levels of IL-2 than healthy controls. Also, this elevation was dose related.

Background

Tramadol hydrochloride is one of the centrally acting
analgesic drugs [1, 2] that has a low affinity for p-
opioid receptors [3], while the M1 (metabolite 1 of
tramadol), which is produced via O-demethylation,
shows more affinity for opioid receptors than the par-
ent drug [3, 4].

Also, tramadol has a large modulatory effect on
central monoaminergic pathways, by inhibiting the re-
uptake of noradrenaline and serotonin in the brain
and brain stem [5-8].
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Tramadol is used for the remedy of several sorts of
pain of intermediate or severe intensity of various causes
[5, 9]. Therapeutic use of tramadol which is usually not
associated with the classical common side-effects of opi-
ate drugs, such as respiratory depression, constipation,
or sedation with lower dependence probability was
recorded [9, 10].

Despite tramadol having a double mechanism of ac-
tion (binds with low affinity to p-opioid receptors as
synthetic opioids, and activates central monoaminergic
pathways by inhibiting the neuronal uptake of serotonin
and noradrenaline) [7, 8], it does not affect the immune
system as morphine. In contrast to morphine, tramadol
does not suppress cellular immune functions, but it in-
creases NK activity, lymphocyte proliferation, and
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interleukin-2 production [2]. So the ability of tramadol
to modulate immune reaction might be because of its
coexisting intrinsic serotonergic effect [2, 11].

Cytokines play an essential role within the coordin-
ation and law of immune system [2, 11-14]. For ex-
ample, interleukin-1 (IL-1), tumor necrosis factor-a
(TNF-a), and interleukin-6 (IL-6) have local and sys-
temic effects that may restrict injury and the spread of
infection and provide a suitable environment for tissue
healing and repair [15].

Regarding interleukin-2, one of its most important
functions is stimulating clonal expansion of activated T-
lymphocyte [16], promoting B cell proliferation and im-
munoglobulin production [17], enhancing macrophage
cytotoxicity [18], and supporting the growth of cytotoxic
T-lymphocytes (CTL) [19] and natural killer (NK) cells
[20]. Cytotoxic T-lymphocytes and NK cells kill virus-
infected cells and some tumor cells [21].

While serotonin is not required for IL-2 production,
increasing serotonin levels in the human brain can
supplement a suboptimal stimulus to enhance IL-2
production [22].

Studies demonstrate that both endogenous and ex-
ogenous serotonin have regulatory effects on the T cell
functions. Also, serotonin has been shown to enhance
NK activity (including IL-2 activation of NK activity), by
decreasing the suppressive effect of macrophages toward
the NK cells. This effect was shown to be mediated by
different serotonin receptors namely 5-HT1A receptor
[23, 24] and 5-HT?2 receptor [22]. Another evidence is
that several studies show that antidepressants increase
the serum levels of IL-2 and IFN- levels via increased
serotonin activity in the brain [25].

Once drug addiction has developed, it can be a life-
long condition in which individuals show intense craving
and increased risk for relapse after years of abstinence,
indicating that chronic drug exposure causes stable
changes in the structure and function of the brain that
may underlie the long-lived behavioral abnormalities in
drug addiction [26].

It was reported that some of the neurotrophic factors
and inflammatory cytokines (which have some effect on
synaptic transmission and neuronal morphology) may be
involved in changes of the morphology of dendrites and
dendritic spines in certain brain reward centers as the
nucleus accumbens and prefrontal cortex after repeated
injections of psycho-stimulants [27-29].

IL-2 potentiates the DA uptake inhibitor GBR 12909-
induced exploratory activity (Vanoxerine (GBR-12909) is
a piperazine by-product which is a potent and selective
dopamine reuptake inhibitor), suggesting that this cyto-
kine has modulatory effects on the mesocorticolimbic
DA system [30]. IL-2 potentiates discriminative stimulus
effects of amphetamine and ethylketocyclazocine [31].
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IL-2 upregulates TLR4 surface expression on human
peripheral blood monocyte [32]. TNF-alpha, IFN-
gamma, and IL-2 increase TLR-2 expression in imma-
ture dendritic cells [33].

The toll-like receptor (TLR) superfamily modulates
pro-inflammatory responses to pathogens by sensing
giant molecules containing lipids, sugars, protein, and
nucleic acid components. Initial studies urged that solely
microglia are involved in TLR signaling; however, newer
studies suggest that all brain cell types are involved in
this signaling [34]. Toll-like receptors activate signaling
cascades that converge on nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-kB), a key innate
immune nuclear transcription factor that promotes ex-
pression of pro-inflammatory cytokines, including tumor
necrosis factor a (TNFa), interleukin-1p (IL-1p), IL-6,
and monocyte chemo-attractant protein-1 (MCP-1) [35].

Repeated stress and cycles of alcohol and drug depend-
ence sensitize the microglia, in line with the hypothesis
that induction of innate immune signaling pathways
contributes to the progressive increase in craving, mood
dysfunction, and cognitive impairments recorded in addic-
tion. Progressive signaling of this system leads to a pro-
gressive deterioration of behavioral control, increased
impulsivity and anxiety, and negative affect and craving
coupled with increasing ventral striatal responses to pro-
mote reward-seeking behaviors and increase the risk of
developing alcohol and substance use disorders [35].

The development of tramadol as a significant drug
problem is somewhat puzzling since, in the USA and dif-
ferent Western countries, illicit tramadol use and de-
pendence is generally not considered a significant drug
problem. It is usually considered a safer, less abusable
medication as compared to more potent painkillers such
as oxycodone and hydrocodone [36].

According to a 2012 national survey report in Egypt,
cannabis is the most common drug of abuse within the
country and around 9.6% of the population used other
illicit drugs (a large proportion of which were tramadol
users) [37]. This finding represents a dramatic increase
within the range of patients illicitly using tramadol in
Egypt in the last 10 years [38].

Aim of the work

The current study aims to investigate association be-
tween opioid use disorder (tramadol) and serum level of
interleukin-2 (IL-2). As chronic tramadol use could in-
crease the serum level of IL-2 which may have a role in
maintaining addictive behavior.

Methods

Type and study setting

The current study was an observational cross sectional
study conducted at the outpatient clinic and inpatient
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unit of addiction management unit of the neurology
and psychiatry department of Assiut University Hos-
pital. Addiction management unit contains 16 beds,
based on paid service and about 800 patients have
been admitted per year; most of them have poly-
substance use disorder including tramadol and
others.

Sample size
Sample size was calculated according to the following
equation:

Sample size (1) = [DEFF x Np(1-p)]/[(d*/Z*1 o)
x (N-1) +p x (1-p)]

where:

Population size (for finite population correction factor
or fpc) (N)

Hypothesized % frequency of outcome factor in the
population (p)

Confidence limits as % of 100 (absolute + %) (d)

Design effect (for cluster surveys—DEFF) [39]

Patients (sample)

According to the previous equation the study included
59 male patients diagnosed as opioid use disorder (tram-
adol) according to DSM-5 and 32 cross-matched male
individuals as controls. Those individuals were recruited
randomly (during 6days of work, only patients who
come on Saturday, Monday, and Wednesday were in-
cluded) during the period from first of December 2016
to 31 of November 2017.

Inclusion criteria for patients are as follows:

1. Age group 18:50 years old
2. Regular tramadol use for at least 1 year
3. Acceptance to participate in the study

Inclusion criteria for controls are as follows:

1. Age group 18:50 years old
2. Negative urine screening for the substance of abuse

Exclusion criteria for patients and cross-matched con-
trols (conditions affect level of IL-2) are as follows:

1. Presence of other substances of abuse for patients
excluded by addiction severity index (ASI) and
urine screening for example abuse of morphine
decrease level of IL-2 [2]

2. Individuals with acute or chronic inflammatory
conditions proved by raised erythrocyte
sedimentation rate (ESR) and CRP
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3. Comorbid psychiatric disorder excluded by
psychiatric clinical interview and Symptom Check
List-90-Revised (the threshold score that needs psy-
chiatric assistance is more than 60 at any domain),
for example, there is diminished IL-2 levels in pa-
tients with schizophrenia [40]

4. Prior treatment with anti-inflammatory drugs or
steroids in the last month

Each patient and control was subjected to the
following:

1. Evaluation of sociodemographic characteristics,
general medical and neurological examination, and
clinical assessment for psychiatric disordersThe
socioeconomic status data scale [41] shows that the
classification of studied groups was as follows:

a. High socioeconomic class scores are more than
73.6 in the patients and 79.6 in controls.

b. Middle socioeconomic class scores range
between 54.4 and 73.6 in the patients and
between 53.2 and 79.6 in controls.

c. Low socioeconomic class scores are less than
54.4 in patients and 53.2 in controls.

2. Symptom Check List-90-Revised (SCL-90-R) [42]
Translated by Elbehairy (2005).Symptom Check
List-90-Revised (SCL-90-R) made out of a 90-item
self-report symptom inventory developed by clinical
psychometric research. It was designed to identify
the psychological symptoms pattern of psychiatric
and medical patients. The psychometric analysis
was modified and validated in the revised (R) form
[42] translated by Elbehairy, [43]. The threshold
score that need psychiatric assistance is more than
60 at any domain.

3. Addiction Severity Index [44]: for patients
onlyAddiction Severity Index was done for patients
only and severity ratings are based on the following
10-point scale (0-9):

e 0-1 no real problem, treatment not indicated

e 2-3 slight problem, treatment probably not
necessary

e 4-5 moderate problem, some treatment
indicated

e 6-7 considerable problem, the treatment
necessary

e 8-9 extreme problem, the treatment
necessaryThe severity rating scale enables the
interviewer to determine the degree of a client’s
problem. In each area, the higher the score is,
the greater the need for treatment. The ASI
scores can be used to identify a client’s major
problem areas and plan an effective course of
treatment [44].
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4. Laboratory tests including the following:

(a) Urine screening for the substance of
abuseSamples are obtained at the time of the
first interview with patients and controls to
investigate the presence of most common
addicting drug groups which are opioids,
tramadol, amphetamine, cannabinoids,
benzodiazepines, and cocaine.This is done by
using the EMIT Drugs-of-Abuse Urine Assays
System from Siemens which provides a
complete assay for fast analysis of drugs of abuse
by using an amino assay technique.

(b) Erythrocyte sedimentation rate (ESR) and C-
reactive protein (CRP)Blood samples are ob-
tained at the time of the first interview with pa-
tients and controls, to exclude presence of any
inflammatory conditions.

(c) Quantitation of serum IL-2For patients and con-
trols with a normal range of ESR and CRP dur-
ing the second interview by using human
interleukin-2 (IL-2) ELISA kit of SinoGeneClon
Biotech Co., Ltd Catalog no. SG-10261, for the
quantitative determination of human IL-2 con-
centrations by using sandwich ELISA detection
method type using serum samples. The detec-
tion range was from 50 up to 1000 pg/ml. The
sensitivity of the test was 10 pg/m.

Data collection

The data collection took a period of 1 year, between first
of December 2016 and 31st of November 2017, 5 days
per week during the morning from 8 am to 2 pm. Appli-
cation of the tools of the study starting by demographic
data sheet then Socioeconomic Status Data Scale for pa-
tients and controls. After that, general medical and
neurological examination, psychiatric clinical interview,
and Symptom Check List-90-Revised were done for pa-
tients and controls followed by Addiction Severity Index
that was done for patients only.

Then drug screening in urine for substance of abuse
was done. Samples were obtained at time of admissions
for patients and at time of first interview with controls
to investigate the most common addicting drug groups
and exclude controls with positive results. Also, samples
of erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP) are obtained at time of admission for pa-
tients and at time of first interview with controls.

Also, quantitation of serum IL-2 was done at the time
of the second interview for only controls who have level
of ESR and CRP within normal. So of about 100 persons,
only 32 were chosen, and at the time of admission for
patients who have level of ESR and CRP within normal
and positive drug screening for tramadol only, so of
about 150 patients, only 59 were chosen.
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Statistical analysis
Data was collected and analyzed using SPSS (Statistical
Package for the Social Science, version 20, IBM, Armonk,
NY). Continuous data were expressed in the form of mean
+ SD or median (range) while nominal data were
expressed in the form of frequency (percentage).
Chi-square test was used to compare the nominal data
of different groups in the study. While the Student ¢ test
was used to compare the mean of different two groups
and ANOVA tests for more than two groups. Spearman
correlation was used to determine the correlation be-
tween different parameters in the study with IL-2. P
value was considered significant if < 0.05.

Results

This study included 59 male patients and 32 cross-
matched male healthy controls. Mean age of the patient
group was 28.69 + 7.96 years while it was 30.63 + 7.96
years in the control group. It was noticed that the major-
ity (57.63 %) of the patient group were married while the
majority (56.2 %) of the controls were single. Signifi-
cantly higher percentages of patients were skilled
workers such as drivers, plumbers, carpenters, and pain-
ters (61.1%), while significantly higher percentages of
controls were an employee (50%). Most patients (59.3%)
were in low socioeconomic status, while most of the
controls (59.4%) were in middle socioeconomic status.

All demographic data had no significant differences
between patient and control except for occupation (P
= 0.00) and socioeconomic status level (P = 0.002)
(Table 1).

In this study, the mean age of onset of opioid use dis-
order (tramadol) was 23.03 + 5.70 years and many pa-
tients (67.8%) started to use tramadol between the age of
14 and 25 years. The mean daily taken dose was 1243.22
+ 629.9 mg. The mean duration of use was 5.66 + 2.81
years. As regards urine assay of tramadol in the patient
group, it was between 50 and 200 ng/ml in 17 (28.8%) of
the patients and >200ng/ml in 42 (71.2%) of the pa-
tients (Table 2).

Comparing serum level of IL-2 in patients with opioid
use disorder (tramadol) with that of the controls, it was
found that patients with opioid use disorder (tramadol)
have significantly higher serum level of IL-2 (318.69 +
35.89) than that of controls (260.45 + 30.08) (P = 0.01)
(Table 3 and Fig. 1).

Patients with tramadol urine assay (> 200 ng/ml) have
significantly higher serum level of IL-2 (P < 0.05) which
was 357.79 + 35.25 in comparison to 312.93 + 27.69 in
patients with tramadol urine assay (50-200ng/ml)
(Table 4).

Serum level of IL-2 had significant positive correlation
with daily dose of tramadol (r = 0.32; P = 0.02) (Fig. 2).
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Table 1 Demographic characteristics of both studied groups
Demographic characteristics Patient group (n = 59) Control group (n = 32) t test P value
Mean +SD Mean +SD
Age 2869 7.96 30.63 7.96 1.183 0.240
No. % No. % X P value
Residence
Rural 13 2203 10 31.25 0.509 0476
Urban 46 77.97 22 68.75
Marital status
Single 23 38.99 18 56.2 5.14 0.162
Married 34 57.63 1 344
Divorced 1 1.69 2 6.2
Widow 1 1.69 1 3.1
Education level
Illiterate " 186 7 219 2.009 0.570
Read and write* 20 339 12 375
Secondary school 21 356 12 375
University level 7 11.9 1 3.1
Occupation
Not working 8 13.6 3 94 38.569 0.000
Non skilled worker* 3 5.1 8 25
Skilled worker* 36 61.1 4 125
Employee 4 86 16 50
Student 8 136 1 3.1
Socioeconomic status level
Low 35 59.3 7 219 12.280 0.002
Moderate 16 27.1 19 594
High 8 136 6 188

*Read and write: primary or preparatory school education. Non skilled worker: clean workers and baggers. Skilled worker: work need specific training such as:

drivers, plumbers, carpenters, and painters

Discussion

In the present observational cross sectional study, pa-
tients with opioid use disorder (tramadol) have signifi-
cantly elevated serum levels of interleukin-2 (IL-2) than
the healthy controls. Also, this elevation was dose
related.

Table 2 Clinical characteristics of patient group

Clinical characteristics Patient (n = 59)

Age of onset (years) 23.03 £ 5.70
14-25 years 40 (67.8%)
> 25 years 19 (32.2%)

Duration (years) 5.66 + 2.81

Dose (mg/day) 124322 + 6299

Urine assay
50- 200 ng/ml 17 (28.8%)
> 200 ng/ml 42 (71.2%)

Data was expressed in the form of mean + SD and frequency (percentage)

Despite that several previous studies examined the ef-
fect of opioids dependence on immune functions and
serum level of interleukins, a limited number of it fo-
cuses on tramadol dependence effect on immune func-
tions and serum level of interleukins. Also, the available
studies focused on analgesic doses and their effect on cy-
tokines and natural killer cells; no previous studies fo-
cused on high doses or prolonged duration of use and
its effect on immune response.

Makimura et al. [45] tried to find out markers that
could predict resistance to morphine treatment by meas-
uring the plasma concentrations of cytokines before and
after morphine treatment in patients with metastatic
cancer. They observed inter-individual variability in
baseline plasma cytokine concentrations and found no
significant changes in the levels of any cytokine (includ-
ing interleukin-2 (IL-2)) after 8 days of treatment with
morphine in previously opioid-naive patients. Significant
change in serum level of cytokines after opioid use could
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Table 3 Serum level of (IL-2) in both studied groups

Serum level of IL-2 Patient group (n = 59) Control group (n = 32) t test P value*
Mean £ SD 318.69 = 35.89 26045 + 30.08 7.807 0.001

P value is significant if < 0.05
*P value compared between patient and control groups

be related to duration of exposure as in the present
study and also was reported in the study of Palm et al.
[46] who found that the synthesis and secretion of IL-2
by lymphocytes increased significantly after 4 weeks of
morphine treatment in patients suffering from chronic
pain.

The possibility that the immunologic effects of opioids
(morphine) depend on the nature of the exposure has
been confirmed in a study of 15 patients with advanced
cancer by Hashiguchi et al. [47] who reported that the
impact of opioids on immune function might correlate
with the duration of opioid use. They found a negative
correlation between the levels of morphine metabolites
and circulating immunoglobulin levels and the in vitro
proliferation of peripheral blood lymphocytes in re-
sponse to phytohemagglutinin (a nonspecific activator of
T cells) in patients who had just started to use mor-
phine. In contrast, no such effects were observed in pa-
tients who had been using morphine for over 1 month.

The influence of morphine on immune potential could
be dependent on whether it is used acutely or chronic-
ally, the route of administration, and the immune pa-
rameters that are considered [48, 49].

Provinciali et al. [48] studied the short-term immune
effects after a single intravenous dose of morphine and
the long-term effects after 1 month of oral morphine on
NK and lymphokine-activated killer (LAK) cell cytotox-
icity in patients with cancer. This study demonstrated

that both acute and chronic morphine administration re-
duced NK cell activity and increased LAK activity.
Chronic morphine administration has also been shown
to increase the proportion of CD3+ and CD4+ T cells in
peripheral blood mononuclear cell preparations, while
the prevalence of CD8+ T cells is unaffected and the
proportion of CD16+ lymphocytes is reduced. CD16 is a
member of the Fc receptor family that is important for
the induction of antibody-dependent cellular cytotoxicity
(ADCC). Antibody-dependent cellular cytotoxicity is a
mechanism of cell-mediated immune defense and a de-
crease in the presence of such cells could therefore nega-

tively impact tumor surveillance. None of these
parameters was affected during acute morphine
administration.

Fang and Huang [50] studied the effect of morphine
and tramadol on serum level of IL-2 in gynecologic post-
operative analgesia and found that both morphine and
tramadol could decrease the postoperative pain. In con-
trast to the suppression of IL-2 level by morphine, tram-
adol could increase the IL-2 level in post-laparoscopic
patients.

Mustafa et al. [51] performed a study to evaluate effect
of morphine versus tramadol on the immune response
during management of patients with chronic cancer
pain. They found that the concentration of IL-2 and
INFy in the serum of patients in morphine group was
decreased significantly than that in the pre-treatment
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Fig. 1 Serum level of (IL-2) in both studied groups
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Table 4 Classification of patients according to level of tramadol in urine assay and its relation to serum level of IL-2 in them

Patients with urine assay of tramadol Patients with urine assay of tramadol t test P value
50-200 ng/ml (n = 17) > 200 ng/ml (n = 42)
Mean £ SD Mean + SD

Serum level of IL2 31293 £ 27.69 35779 £ 3525 4686 0.000

phase while increased in the tramadol group than the pre-
treatment phase and these changes were statistically signifi-
cant. Both IL-2 and INF y were significantly higher in tram-
adol group than morphine group along studied periods.

Sacerdote et al. [2] evaluated effects of tramadol on
immune responses and pain thresholds in mice and the
effects of the acute and chronic intake of tramadol on
pain thresholds and on immune responses (by measur-
ing splenocyte proliferation, IL-2 production and natural
killer activity) in the mouse. After acute subcutaneous
administration, tramadol induced analgesia starting from
a dose of 20 mg/kg, whereas it significantly increased
natural killer activity and IL-2 production at doses as
low as 1mg/kg and splenocyte proliferation starting
from a dose of 10 mg/kg. After the chronic administra-
tion, the analgesic effect of the drug was still present,
whereas the immune modifications disappeared. There-
fore, the pharmacological characters of tramadol are dif-
ferent from that of other drugs which bind p-opioid
receptors. Their results suggest that tramadol could be a
good option for the treatment of pain in patients where
immune suppression may be contraindicated.

Liu et al. [52] who studied the effect of tramadol on
immune responses and pain thresholds in a rat model of
incisional pain found that there was an increase in post-
operative serum levels of IL-6, IL-2 which was observed
with higher doses of tramadol. However, low doses of
tramadol cause a minimal decrease in IL-2 serum level;

this was explained by low doses cause no change in IL-2
due to low affinity of tramadol on opioid p-receptors
while high doses act on serotonergic receptors and thus
enhance immune-modulation and lead to increase in IL-
2. This was consistent with the present study as the daily
dose of tramadol in patients ranged from 613 to 1873
mg/day which is considered a high dose.

Song and Zhao [53] studied IL-2 induced antinocicep-
tion partially coupled with p-receptor and found that
intraplantar injection of human recombinant interleukin
2 (rIL-2) significantly increased pain threshold to nox-
ious radiant heat in normal rats. rIL-2 antinociception
was partially blocked by naloxone in normal rats. So, as
that study showed that opioid antagonists cause inhib-
ition of IL-2 production, opioid agonists (including
tramadol) may cause induction of IL-2 production.

Wang et al. [54] studied the changes in serum cytokine
in response to tramadol in patients undergoing pulmon-
ary lobectomy and found that the group of patients that
have undergone pulmonary lobectomy and received
tramadol showed higher IL-2 level than those who did
not receive tramadol (P value < 0.01).

In conclusion, the effect of tramadol on serum level of
IL-2 depends on the dose administered and whether it is
administered acutely or chronically, and the current
study found that patients with tramadol use disorder
have significantly elevated serum levels of IL-2 than the
healthy controls. Also, this elevation was dose related.
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Tramadol improves cellular immune functions mainly
the functions of T-lymphocytes subsets and NK cells
[55]. The ability of tramadol to enhance immunity could
be because of its coexisting intrinsic serotonergic effect
[2, 11]. In spite, serotonin is not required for IL-2 pro-
duction; increasing serotonin levels above a critical
threshold can supplement a suboptimal stimulus to en-
hance IL-2 production [22]. The effect of tramadol on
IL-2 mostly related to its action on serotonergic
receptors.

Conclusion

The current study found that patients with opioid use
disorder (tramadol) have significantly elevated serum
levels of IL-2 than healthy controls. Also, this elevation
was dose related.

Further studies with large sample sizes could be done
taking into consideration the relationship between tram-
adol induced increase in serum level of IL-2 and meso-
corticolimbic dopaminergic system.

In patients with a suspected high daily dose of trama-
dol, serum level of IL-2 might be considered as an
indicator.
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