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INTRODUCTION

Opioids are the gold standard to treat acute and chronic 
pain, despite having several adverse effects. In recent years, 
opioid receptors on immune cells, and the interaction between 
the immune system and opioids have received considerable 
attention. Roy and colleagues demonstrated that morphine 
suppressed innate and adaptive immune function in vitro and 
in vivo.1,2) Phagocytosis and respiratory burst are the first line 
of defense against microorganisms. Morphine and other selec-
tive opioid receptor agonists suppressed murine macrophage 
phagocytosis of Candida albicans.2,3) Morphine suppressed the 
phagocytic function of rat peritoneal macrophages like oth-
er opioid receptor agonists (DAMGO), and like delta-opioid 
receptor agonists (meto-enkepharine).4,5) Human monocytes 
incubated with morphine presented depression of chemotaxis.6) 
Also, morphine modulated phagocytosis by peritoneal mac-
rophages obtained from mu-opioid receptor knockout mice.7) 
To date, studies on the interaction between the immune sys-
tem and opioids have focused on morphine.1,2) However, in the 
perioperative period, synthesized opioids such as fentanyl and 
remifentanil are frequently administered. Welters et al., dem-
onstrated that morphine suppressed complement and Fcgamma 
receptor expression on neutrophils, while fentanyl did not have 
these suppressive effects.8) A study on volunteers who received 
administration of fentanyl demonstrated that respiratory burst 

of polymorphonuclear cells (PMNC) was not suppressed.9) An 
in vitro study demonstrated that when human neutrophils were 
incubated with fentanyl, remifentanil, or alfentanil, neutrophil 
respiratory burst was not inhibited.10) The effect of remifenta-
nil on innate immune function has not been fully studied.

In a retrospective study, we found that the incidence of sur-
gical site infection (SSI) in patients who received remifen-
tanil-based anesthesia was significantly higher than that in 
patients who received fentanyl-based anesthesia in colorec-
tal surgery.11) There may be a difference in immune modula-
tion induced by fentanyl and that by remifentanil. The reason 
for the difference in immune function between fentanyl-based 
anesthesia and remifentanil-based anesthesia has not been elu-
cidated. We conducted in vivo and in vitro studies on the influ-
ence of remifentanil or fentanyl on human leucocytes phago-
cytosis and respiratory burst.

MATERIALS AND METHODS

In Vivo Study   Twelve female patients who were sched-
uled to undergo laparoscopic ovarian cystectomy were 
enrolled in this single blind study. This study was approved by 
the ethics committee of Musashikosugi Hospital Nippon Med-
ical School. Written informed consent was obtained from the 
patients. Patients were assigned to one of two groups: patients 
in the fentanyl group received fentanyl-based anesthesia (n=6), 
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and patients in the remifentanil group received remifentanil-
based anesthesia (n=6) during surgery. Patients with febrile 
symptom and who taking medication for pain such as steroids 
or nonsteroidal anti-inflammatory drugs were excluded from 
this study.

Anesthesia Procedure and Blood Sampling   In the oper-
ating room, the left antecubital vein was secured for perioper-
ative infusion and the right antecubital vein was secured for 
blood sampling. An epidural catheter for postoperative pain 
management was placed at the Th12/L1 interspace. Patients in 
the remifentanil group received a bolus of 1 μg/kg remifent-
anil followed by continuous infusion of remifentanil 0.5 μg/
kg/min, and patients in the fentanyl group received a bolus 
of 2 μg/kg fentanyl at the induction of anesthesia. Three min-
utes after the start of remifentanil administration or bolus 
administration of fentanyl, propofol 2 mg/kg was adminis-
tered. Administration of sevoflurane was started via a tight-
fitting face mask. Rocuronium 0.7 mg/kg was administered 
to facilitate intubation. In the remifentanil group, after intu-
bation, the rate of remifentanil was decreased to 0.25 μg/kg/
min. The concentration of sevoflurane was set at 1.0%. Just 
before skin incision, the rate of remifentanil was increased to  
0.5 μg/kg/min in the remifentanil group, and a bolus of fen-
tanyl 1 μg/kg was administered to the patients in the fenta-
nyl group. The concentration of sevoflurane was increased to 
1.5%.

Anesthesia was maintained using sevoflurane 1.2-2.0% and 
continuous infusion of remifentanil 0.25-1.0 μg/kg/min in the 
remifentanil group or administration of intermittent bolus, 
1 μg/kg of fentanyl, in the fentanyl group. Administration of 
remifentanil was terminated at the end of surgery. The concen-
tration of sevoflurane was set to zero. After the patient awoke, 
the trachea was extubated. After a blood sample was obtained 
following emergence from anesthesia, continuous infusion of 
0.25% levobupivacaine 5 mL/h was started.

Obtaining Blood Samples   Five mL of venous blood 
was sampled before anesthesia induction (Baseline), just 
before skin incision (Before incision), 60 min after skin inci-
sion (During surgery), just after the extubation (Emergence), 
and 30 min after extubation (After anesthesia). Blood samples 
were kept in heparinized tubes at 4°C until measurement.

In Vitro Study   
Blood Sampling   To investigate the dose-dependent effect 

of remifentanil and fentanyl, we conducted an in vitro study 
using blood samples from volunteers. After informed consent, 
10 mL of venous blood was obtained in a heparinized tube 
from 3 healthy male volunteers. None of the donors had a his-
tory of infection or allergy; none were smokers or receiving 
immunosuppressive drugs.

Fentanyl and remifentanil were obtained from Daiichi  
Sankyo (Tokyo, Japan) for this investigation. Whole blood  
500 µL was incubated with either fentanyl or remifentanil at a 
concentration of 0 (control), 0.3 ng/mL, 1 ng/mL, 3 ng/mL, or 
9 ng/mL for 10 min.

Blood samples were prepared for measurement of phagocy-
tosis and respiratory burst.

Measurement of Phagocytosis and Respiratory Burst
Phagocyte Index   Phagocytic activity was measured by 

the PHAGOTEST kit (Glycotope Biotechnology GmbH, 
Hedelberg, Germany). Heparinized whole blood was incu-
bated with FITC-labelled Escherichia coli (E. coli) bacteria 
at 37°C. Heparinized whole blood was incubated with FITC-

labelled (E. coli) bacteria and kept on ice as a negative con-
trol. Phagocytosis was stopped by placing the sample on ice. 
Erythrocytes were removed. The DNA was stained just pri-
or to flow cytometric analysis, and aggregates of bacteria or 
cells were excluded. Cells were analyzed by flow cytometry 
using the blue-green excitation light (488 nm argon-ion laser). 
The percentage of cells having performed phagocytosis (gran-
ulocytes and monocytes) was analyzed and expressed as the 
phagocyte index.

Respiratory Burst   The phagoburst index was measured 
by the PHAGOBURST Kit (Glycotope). The kit contains 
E.coli bacteria as particulate stimulus, the protein kinase C 
ligand phorbol 12-myrisate 13-acetate (PMA) as high stimu-
lus and chemotactic peptide N-formyl-MetLeuPhe (fMLP) as 
low physiological stimulus, dihydrofhodaminer (DHR) 123 as 
a fluorogenic substrate and necessary reagents. Heparinized 
whole blood was incubated with various stimuli at 37°C, and 
a sample without stimuli served as a negative background con-
trol. Upon stimulation, granulocytes and monocytes produce 
oxygen metabolites (super oxide anion, hydrogen peroxide, 
hypochlorous acid) that destroy bacteria inside phagosomes. 
Formation of reactive oxidants during the oxidative burst can 
be monitored by the addition and oxidation of DHR123. The 
reaction was stopped by lysing the solution. DNA was stained 
to exclude aggregation artifacts. The percentage of cells hav-
ing produced reactive oxygen radicals was then analyzed and 
expressed as the phagocyte index.

Flow Cytometry   Cells were analyzed by a FACSCalibur 
(Becton Dickinson, Franklin Lakes, NJ) flow cytometer using 
blue-green excitation light (488 nm argon-ion laser). Dur-
ing data acquisition, a "live" gate was set in the red fluores-
cence histogram on those events that have at least the same 
DNA content as a human diploid cell (i.e., exclusion of bacte-
ria aggregates having the same scatter light properties as leu-
cocytes). Alternatively, bacteria can be excluded by using fluo-
rescence triggering in the FL2 or FL3 channel. 10,000-15,000 
leucocytes per sample were collected. Neutrophils and mono-
cytes were identified according to their physical characteristics 
on the SSC/FSC dot plot. Phagocytosis and respiratory burst 
were analyzed in each population (neutrophils and monocytes) 
and expressed as the percentage of positive events with green 
fluorescence.

Statistics
In Vivo Study   The phagocyte index and phagoburst index 

at each time point were compared in each group and change 
from the baseline value was compared between groups.

The absolute change in phagocyte index as well as phagob-
urst index was calculated as follows:

Change in phagocyte index (before incision)
   = Phagocyte index (before incision) - Phagocyte index 

� (baseline) (1)
Change in Phagoburst index (before incision)
   = Phagoburst index (before incision) - Phagoburst index 

� (baseline) (2)
The significance of the difference in changes from baseline 

value between groups was analysed using the Brunner-Munzel 
permutation test.

The phagocyte index and Phagoburst index at each time 
point were compared with the baseline value within the 
respective group using the studentized nonparametric paired 
t-test which performs a two-sample studentized permutation 
test for paired data. The number of permutations for the stu-
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dentized permutation test was 1000.
In Vitro Study   The values of the Phagocyte index and 

Phagoburst index at the respective blood concentrations were 
compared between groups, and the significance of the differ-
ence among the respective blood concentrations in each group 
were compared using the studentized nonparametric paired 
t-test.

All statistical analyses were performed using lawstat pack-
age in R (R project). Significance was set at p<0.05. The pre-
cise program is described in the following:

https://rdrr.io/cran/nparcomp/man/npar.t.test.paired.html

RESULTS

In Vivo Study   All patients underwent surgery with no 
remarkable problem. Patient characteristics are summarized in 
Table 1. There were no changes in phagocytosis and respirato-
ry burst in neutrophils at any time point (data not shown).

Phagocytic Activity   Figure 1 shows changes in the 
phagocyte index over time. In the fentanyl group, the phago-
cyte index before incision was significantly lower than that 
at baseline (p<0.05), whereas in the remifentanil group, the 
phagocyte indices before incision, during surgery and at emer-
gence were significantly lower than the respective baseline 
value (p<0.05 each). The phagocyte index after anesthesia was 
significantly higher than the baseline value in the remifenta-
nil group. There was a significant difference in changes from 
baseline in the phagocyte index during surgery between the 
remifentanil group and fentanyl group (p=0.039, Fig. 2).

Respiratory Burst Activity   There was no significant dif-

ference in respiratory burst activity over time neither in the 
remifentanil group nor in the fentanyl group (data not shown). 
In the fentanyl group, the phagoburst index during surgery 
tended to be lower than that at baseline although the difference 
was not significant (p=0.06). There were no significant differ-
ences in changes from baseline in phagoburst index between 
the fentanyl group and remifentanil group (data not shown).

In Vitro Study
Phagpcytic Activity   Measurements were successfully per-

formed in all samples. Table 2 presents the values of phago-
cyte index and phagoburst index when whole blood from vol-
unteers was incubated with various concentrations. In the 
fentanyl group, the phagocyte indices upon incubation with 
0.3, 1, or 9 ng/mL were significantly higher than that of the 
control. Although the phagocyte index upon incubation with  
1 ng/mL was significantly higher than that upon incubation 
with 0.3 ng/mL in the fentanyl group, there was no dose-
dependent effect of fentanyl. In the remifentanil, the phagocyte 
indices upon incubation with 3 or 9 ng/mL were significantly 
higher than control value, and were significantly higher than 
that upon incubation with 1 ng/mL; however, there was no sig-
nificant difference in phagocyte index upon incubation with  
3 ng/mL or 9 ng/mL. The phagocyte index upon incubation 
with 3 ng/mL of remifentanil was higher than that of fentanyl.

Respiratory Burst Activity   In the fentanyl group, the 
phagoburst index upon incubation with 0.3 ng/mL tended to be 
lower than the control value in the fentanyl group. In the fen-
tanyl group, the phagoburst indices upon incubation with 1, 3, 
and 9 ng/mL were significantly higher than that upon incuba-
tion with 0.3 ng/mL; however, those values were not signifi-
cantly different from the control (Table2). In the remifentanil 
group, the phagoburst indices upon incubation with 1 ng/mL 
and 9 ng/mL were significantly higher than the control value; 
however, there was no dose-dependent effect.

DISCUSSION

In the present in vivo experimental study, we demonstrat-
ed that administration of fentanyl or remifentanil decreased 
phagocytic function. In the fentanyl group, suppression of 
phagocytic function was observed only before incision, where-
as suppression was continued until emergence from anes-

Table 1.   Characteristics of the Patients in the Remifentanil and Fentanyl Groups
Remifentanil 

(n=6)
Fentanyl 

(n=6) P value

Age (y) 35 ± 4.7 34 ± 4.7 0.62
Height (cm) 155 ± 3.0 154 ± 3.0 0.84
Weight (Kg) 49 ± 3.1 56 ± 8.9 0.27
Opioid until incision (μg/kg) 14.4 ± 0.25 3.6 ± 0.75 <0.0001
Opioid until 60 min after 
incision (μg/kg) 37.7 ± 2.2 6.3 ± 2.2 <0.0001

Total amount of opioid (μg/kg) 54.9 ± 4.6 7.7 ± 4.6 <0.0001
Sevoflurane at 60 min after 
incision (%) 1.2 + 0.1 1.75 + 0.1 0.002

Data are expressed as mean ± SD

Fig. 1.   Absolute Value of the Phagocyte Index Over Time in the Fentanyl 
(Blue Box) and Remifentanil (Red Box) Groups

The 5 horizontal lines in each box represent the minimum value, 25th percentile, 
median, 75th percentile and maximum values. a: p<0.05 versus baseline in the respec-
tive group.

Fig. 2.   Absolute Change in the Phagocyte Index from Baseline Over Time 
in the Fentanyl (Blue Box) and Remifentanil (Red Box) Groups

There was a significant difference between the fentanyl and remifentanil groups 
(p=0.039).
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thesia in the remifentanil group. As shown in previous stud-
ies, we found no changes in phagocytosis and respiratory 
burst in granulocytes.8,9) Although several studies demon-
strated that administration of morphine suppresses phagocy-
tosis and chemotaxis of neutrophils and monocytes,3,4,5) there 
are few studies demonstrating the effects of fentanyl as well 
as remifentanil on phagocytic function and respiratory burst. 
The main finding in the present study is that suppression of 
phagocytosis recovered during surgery in the fentanyl group, 
whereas no recovery was found in the remifentanil group until 
after anesthesia. Recovery of phagocytosis was found just 
after emergence from anesthesia in the remifentanil group. 
In the present study, remifentanil was continuously adminis-
tered whereas fentanyl was intermittently administered. At 
the end of surgery, infusion of remifentanil was terminated. 
In general, the blood concentration of remifentanil is around  
1-20 ng/mL in remifentanil-based anesthesia, whereas in fen-
tanyl-based anaesthesia, it is kept at around 1-2 ng/mL.12) 
Remifentanil undergoes rapid hydrolysis by blood esterase and 
becomes undetectable within 1 hr after termination.12) At the 
time of sampling after anaesthesia, the blood concentration of 
remifentanil may have been nearly zero. Fentanyl is metabo-
lized in the liver and elimination of fentanyl is stopped in the 
sampling tube, whereas the level of remifentanil in the sam-
pling tube may have already declined even though the sam-
ple was kept at 4°C. The blood samples were subjected to the 
phagotest and phagoburst approximately 4 h after the end of 
surgery. Although the blood concentration of fentanyl in the 
sampling tube reflected that in the patients during the study, 
that of remifentanil in the sampling tube may have been low-
er than the blood concentration at the time of blood collec-
tion. Again, phagocytic activity in the remifentanil group did 
not recover until after the anesthesia. The effect of opioid on 
the immune system is mediated through a direct effect on mu-
opioid receptors on immune cells,13,14) and an indirect effect 
through mu-opioid receptors in the central nervous system and 
through the hypothalamic-pituitary-adrenal (HPA) axis.15,16) 
In the present study, the blood concentration of remifentanil 
in the sample obtained after anesthesia may have been zero, 
whereas remifentanil in the samples obtained before incision, 
during surgery and emergence may have been detectable even 
though its concentration was lower than at the time of sam-
pling. The precise mechanism of continuing suppression of 
phagocytosis in the remifentanil group could not be deter-
mined from the results of the in vivo study.

The direct effect of each drug on opioid receptors on mono-
cytes may be influenced by its blood concentration, we con-
ducted an in vitro study using blood samples from volunteers. 
Blood was incubated with various concentrations of each 
drug from a relatively low (0.3 ng/mL) to high concentration  

(9 ng/mL). The drug concentrations were approximately the 
same as in the clinical setting. In the fentanyl group, although 
the level of phagocytic function upon incubation with  
1 ng/mL of fentanyl was greater than that upon incubation 
with 0.3 ng/mL, the levels of phagocytic function upon incu-
bation with 3 ng/mL and 9 ng/mL were equivalent to that upon 
incubation with 0.3 ng/mL. Suppression of phagocytic func-
tion was not observed at any blood concentration of fentanyl 
and phagocytic function tended to be promoted. There was no 
dose-dependent effect in modulation of phagocytic function 
in fentanyl. In the remifentanil group, the levels of phagocyt-
ic function upon incubation with 3 and 9 ng/mL were high-
er compared with the control level and compared with that 
upon incubation with 1 ng/mL. However, the equivalent lev-
els of phagocytic function between 3 ng/mL and 9 ng/mL indi-
cated that there is no dose-dependent modulation. The in vitro 
study by Bolard, et al., indicated that although there was a ten-
dency of fentanyl-induced inhibition of phagocytosis in mono-
cytes, the suppressive effect was small and not dose-depend-
ent.17) The results of the present in vitro study suggest that the 
direct effect of fentanyl or remifentanil on immune cells may 
be small and not dose-dependent. The direct effects of fenta-
nyl and remifentanil on the phagocytic function of monocytes 
may be small.

Filipczak-Bryniarska, et al., demonstrated that treatment of 
mice with an opioid (fentanyl, morphine and methadone) led 
to significant reduction of hemolytic plaque formation by sple-
nocytes and decreased sheep red blood cell (SRBC)-antibody 
presenting response by monocytes/macrophages.18) This reduc-
tion may enhance reduced phagocytosis under the presence of 
opioid or reduction in antigen-presenting effect. This indicates 
that the residual direct effect of opioid on mu-opioid recep-
tors of donor macrophages, in which the opioid does not have 
an indirect effect in the recipient, is immunosuppressive.18,19) 
The results of the present study coincide with this model.  
Filipczak-Bryniarska, et al. found that opioid treatment stimu-
lated the formation of oxygen radicals by macrophages. In the 
present study, there was no immune enhancement neither by 
fentanyl nor by remifentanil.

There is another mechanism that could explain the find-
ings in the present study and that in the studies by Filipczak-
Bryniarska et al. Mature blood cells are produced at a rate of 
more than one million cells per second in an adult human.20,21) 
Under homeostatic conditions, hematopoietic stem cells from 
which mature blood cells are derived stay in the G0 phase of 
the cell cycle. In the present study and the study by Filipczak- 
Bryniarska, et al., there remains a possibility of an indirect 
effect of fentanyl or remifentanil through differentiation of 
monocytes from hematopoietic stem cells. An in vitro study 
using a macrophage cell line that resembles a macrophage pro-

Table 2.   Phagocyte Index and Phagoburst Index

Phagocyte index Phagoburst index
Fentanyl Remifentanil Fentanyl Remifentanil

Control 59.0 (63.0-84.5) 59.0 (63.0-84.5) 52.5 (29.5-57) 52.5 (29.5-57)
0.3 ng/mL 66 (59.0-94.0) a 80.0 (53.0-96.0) 44.0 (17.0-56.0) 48.0 (31.0-59.0)
1 ng/mL 70.0 (66.0-98.0) a, b 65.0 (55.0-90.0) 53.0 (19.0-62.0) b 57.0 (34.0-57.0) a
3 ng/mL 65.0 (58.0-87.0) 82.0 (80.0-90.0) a,d,c 57.0 (21.0-58.0) b 50.0 (23.0-61.0)
9 ng/mL 81.0 (63.0-98.0) a 77.0 (67.0-90.0) a,c 56.0 (21.0-63.0) b 57.0 (31.0-60.0) a
This in vitro study was performed using blood samples from three adult volunteers.
Data are expressed as median(range) (n=3).
a: p<0.05 versus control, b: p<0.05 versus 0.3 ng/mL, c: p<0.05 versus 1 ng/mL, d: p<0.05 versus Fentanyl
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genitor cell indicated that administration of morphine inhib-
ited proliferation of the macrophage cell line.22) Roy et al., 
indicated the possibility that morphine treatment decreases 
the proliferative capacity of macrophage progenitor cells.23) 
Another in vitro study using human macrophage cells dem-
onstrated that incubation with morphine inhibited differentia-
tion of monocytes to macrophages.24) Opioid receptor-deficient 
mice had increased numbers of progenitor cells that differen-
tiated to granulocytes and monocytes/macrophages.25) Also, 
opioid-addicted patients have a reduced number of circulat-
ing progenitor cells.26) These phenomena indicate that the con-
tinuous use of remifentanil in the present in vivo study may 
have affected the differentiation of progenitor as well as stem 
cells during surgery and resulted in an increased number of 
immature cells that do not possess sufficient phagocytic abil-
ity. In our previous study, we found that the use of remifenta-
nil during surgery affected the number of neutrophils.27) In the 
present study, continuous infusion of remifentanil may have 
reduced the number of monocytes that are able to respond to 
infection.

In conclusion, remifentanil administration suppressed the 
phagocytic function of monocytes. Further studies are required 
to identify the reason for this mechanism.
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