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ABSTRACT

BACKGROUND: The potential immunosuppressant effects of opioids might have
clinical implications. The effects of endomorphins (EMs) and ohmefentanyl (OMF) on
culrured rat peritoneal macrophages remain unclear.

OBJECTIVE: The aim of this study was to investigate the immunosuppressant
effects of EMs and OMF on cultured rat peritoneal macrophages in vitro.

METHODS: Purified rat peritoneal macrophages, from healchy adulc male Sprague-
Dawley rats, were cultured wich EM-1 (EM-1 group), EM-2 (EM-2 group), OMF (OMF
group), and saline (saline group). We measured the concentracions of tumor necrosis fac-
tor (TNF)-0¢ and interleukin (IL)-1B in supernatant when macrophages were cultured
with 10-¢ mol/L of EM-1, EM-2, OMF, or saline for 0, 6, 12, and 24 hours (time-effect
relationship) or with 10719, 1079, 10-8, 107, and 10~% mol/L of these substances for
24 hours (concentration-effect relationship). We also determined the phagocytic and
bactericidal activities of macrophages using isotope markers when macrophages were
cultured wich 107¢ mol/L of EM-1, EM-2, OMF, or saline for 24 hours.

REsULTsS: Compared with the saline group, TINF-&t concentration decreased sig-
nificantly in the OMF, EM-2, and EM-1 groups at 12 hours (P < 0.05, P < 0.05, and
P < 0.01, respectively) and at 24 hours (P < 0.05, P < 0.01, and P < 0.01, respectively).
Compared with the saline group, IL-1f concentration decreased significantly in the
OMEF, EM-2, and EM-1 groups at 12 hours (P < 0.05, P < 0.05, and P < 0.01, respectively)
and at 24 hours (P < 0.05, P < 0.01, and P < 0.01, respectively). Decreased TNF-0, and
I1.-1f concentrations were observed in the supernatant at 24 hours when culrured with
108,107, and 10~ mol/L in the OMF and EM-2 groups (all, P < 0.05) and in the EM-1 group
(all, P < 0.01). Compared with the saline group, macrophage phagocytic activity @ll, P < 0.05)
and macrophage bactericidal activity (ll, P < 0.01) were significancly lower in the 3 experi-
mental groups compared with the saline group.

CONCLUSION: In this in vitro experiment, EM-1, EM-2, and OMF inhibited the
immunosuppressant function of cultured rat peritoneal macrophages, including decreas-
ing TNF-0o and IL-1B concentrations and phagocytic and bactericidal activities. (Curr
Ther Res Clin Exp. 2008;69:56—64) © 2008 Excerpta Medica Inc.
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INTRODUCTION

Pharmacologic studies have reported the effects of opioids on the immune system, wich
their effects on p-, A-, and K-opioid receptors being particularly well documented.!
Some studies suggested that endogenous opioid peptides and opioid receprors exist
widely in both the nervous system and the immune system and may play an important
role in the immune system.? 4 Endomorphins (EMs) are potent and selective endoge-
nous agonists for p-opioid receptors (MORs),”~” while ohmefentanyl (OMF) is a selective
exogenous agonist for MORs with high analgesic potency.®

Studies have found thar the ligands for MORs, including endogenous opioid pep-
tides and exogenous opiates, might not only produce powerful analgesia in treating
various types of pain bur might also interfere wicth the immunoresponse that usually
manifests as immunosuppression, especially cellular immunodepression®~'? Acute and
chronic use of morphine, a typical exogenous ligand with high affinity and specificity
for MORs, could impair host innate immunoresponse and increase susceptibility to bac-
teria, virus, and cancer metastasis.”~'' EM-1 and EM-2, endogenous ligands for MORs,
are tetrapeptides located within the mammalian central nervous system and immune
system.>4 After a literature review, Jessop!? concluded that EMs might exert potent
anti-inflammartory effects in both acute and chronic peripheral inflammation.

EM-1 and EM-2 have high specificity and affinity for MORs. They have different
amino acid compositions at the third amino acid®!%13; this difference may allow the
formation of different 3-dimensional structures, which may lead to different affinity and
selectivity of MORs. 1

A preliminary study completed by Sedqi et al'® suggested that EM-1 and EM-2
at 108 to 107% mol/L concentration dependently inhibited oxyradical formation and
the oxidative burst caused by neutrophils. They also found that these effects could be
reversed by [B-funalcrexamine, but not by the antagonist of K-opioid, which suggests
that EM affected the immune system through the action of p-opioids.

The effects of EMs and OMF on cultured rat peritoneal macrophages in vitro remain
unclear. The aim of this study was to investigate the immunosuppressant effects of EMs
and OMF on culrured rat peritoneal macrophages in vitro.

MATERIALS AND METHODS
ANIMALS

The experimental protocol of the present trial was reviewed and approved by the
Animal Investigation Ethics Committee of Jinling Hospital. The Animal Cencer of
Jinling Hospital provided healthy adult male Sprague-Dawley rats for the study.

COLLECTION AND CULTIVATION OF RAT PERITONEAL MACROPHAGES

After the rats were anesthesized with phenobarbital (40-50 mg/kg), their abdomens
were punctured and peritoneal macrophages were washed out using citrate-phospho
buffer (0.15 mol/L, pH 7.2). After centrifugation at 1000 rpm for 10 minutes, adherent
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cells were cultured in RPMI 1640 (Promega Co., Madison, Wisconsin) supplemented
with 10% bovine serum (Xuzhou Huamei Co. Lid., Jiangsu, China). A concencration of
1 x 107 cells/mL was obtained and then cultured on 6-well plates in 5% carbon dioxide
(CO,) at 37°C for 2 hours. Nonadherent cells were then removed by washing 3 times with
RPMI 1640. The viabilicy of macrophages determined by trypan blue was >98%.

A concentration of purified macrophages of 1 x 107 cells/mL was obtained using
RPMI 1640 and 10% bovine serum. The macrophage solution was then placed in
96-well plates. The procedure was performed by the same researcher (W.-Y.L.) under
the same conditions for each group.

STUDY PROTOCOL

The purified rat peritoneal macrophages were divided into 4 groups: EM-1 group
(Sagon Co., Shanghai, China), EM-2 group (Sagon Co.), OMF group (Sigma-Aldrich Co.,
St. Louis, Missouri), and saline group. There were 10 wells per group. The supernatant
was stored at —20°C. The immunosuppressant functions of the macrophages were evalu-
ated by determining concencrations of tumor necrosis factor (TNF)-0, interleukin
(IL)-1PB, and phagocytic and bactericidal activities.

TUMOR NECROSIS FACTOR-0, AND INTERLEUKIN-1[3 CONCENTRATIONS

TNF-0 and IL-1P3 concentrations were measured by double antibody sandwich enzyme-
linked immunosorbent assay using the procedure specified in the cytokine kits (Sigma-
Aldrich Co.). Concentrations were measured when the macrophages were culrured
with EM-1, EM-2, OMF, or saline 1076 mol/L for 0, 6, 12, and 24 hours (time-effect
relationship) or with 1071, 1072, 10-8, 107, and 10~% mol/L for 24 hours (concentration-
effect relationship). These concencrations were selected according to the resulcs of our
ptlot study.

MACROPHAGE PHAGOCYTIC ACTIVITY

We studied macrophage phagocytic and bactericidal activities using isotope markers.
The method was modified according to the report from Schroit and Gallily.” After the
macrophages were cultured with 10-¢ mol/L for 24 hours, they were added to Candida
albicans at the ratio of 5:100 and 5 pCi/mL tritiated thymidine (3H-TdR) (radiation
intensity was 23 Ci/mmol). The macrophages were then cultured wich RPMI 1640 plus
10% bovine serum in 5% CO, at 37°C. New C albicans would uptake 3H-TdR, and
macrophage radiation activity was measured after 30 minutes. A liquid scintillation
counter was used to evaluate macrophage radiation activity by measuring count/minute
(cpm). Macrophage phagocytic activity was evaluated as the change in cpm.

MACROPHAGE BACTERICIDAL ACTIVITY
The same method used to evaluate macrophage phagocytic activity was used to deter-
mine macrophage bactericidal activity, except that macrophage cpm was measured at
60 minutes. The method was modified according to the report from Schroit and Gallily."”
Bactericidal activity was measured as the sterilization percentage, which was calculated
as follows:
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(30-min cpm value — 60-min cpm value)
30-min cpm value x 100%

sterilization percentage =

STATISTICAL ANALYSIS

After a test for homogeneity of related variances, comparisons were made using
l-way analysis of variance followed by the Student-Newman-Keuls test for post hoc
multiple comparisons. Differences were considered to be significant at P < 0.05. Data
are expressed as mean (SD). Statistical analysis was performed using SPSS software, ver-
sion 11.0 (SPSS Inc., Chicago, Illinois).

RESULTS
TUMOR NECROSIS FACTOR-0, AND INTERLEUKIN-1[3 CONCENTRATIONS
Compared with the saline group, TNF-0. concentration decreased significantly in the
OMF, EM-2, and EM-1 groups at 12 hours (242 vs 196 pgimL, P < 0.05; 242 vs 179 pg/mL,
P < 0.05; and 242 vs 156 pg/mL, P < 0.01, respectively) and at 24 hours (238 vs
170 pg/mL, P < 0.05; 238 vs 132 pg/mL, P < 0.01; and 238 vs 110 pg/mL, P < 0.01).
Compared with hour 0, TNF-0l concentracion also decreased significantcly in the OMEF,
EM-2, and EM-1 groups at 12 hours (249 vs 196 pg/mL, P < 0.05; 242 vs 179 pg/mL,
P < 0.05; and, 246 vs 156 pg/mL, P < 0.01) and at 24 hours (249 vs 170 pg/mL, P <
0.05; 242 vs 132 pg/mL, P < 0.01; and 246 vs 110 pg/mL, P < 0.01) (Figure 1). The

—o— EM-1
—O4— EM-2
300 —A— OMF
—>— Saline
250 T
-
£ 200
PY)
2
F 150
=z
'—
100 +
50 I T | T
0 6 12 24
Time (h)

Figure 1. Time-effect relationship of experimental rat macrophage-derived tumor necrosis
factor (TNF)-a. concentration measured when the macrophages were cultured
with 10-¢ mol/L of endomorphin (EM)-1, EM-2, or chmefentanyl (OMF) for 0, 6,
12, and 24 hours (n = 10 wells/group). *P < 0.05 versus saline group; TP < 0.05
versus hour 0; P < 0.01 versus saline group; SP < 0.01 versus hour O.
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petrcentage decreases in TNF-Q concentration at 12 and 24 hours in the EM-1 group
(37% and 55%, respectively) were significantly higher than those in the EM-2 and the
OMEF groups (both, P < 0.05).

Compared with the saline group, IL-1} concentration decreased significantly in the
OMF, EM-2, and EM-1 groups at 12 hours (48 vs 41 pg/mL, P < 0.05; 48 vs 39 pg/mL,
P < 0.05; and 48 vs 34 pg/mL, P < 0.01, respectively) and at 24 hours (47 vs 35 pg/mL,
P < 0.05; 47 vs 32 pg/mL, P < 0.01; and 47 vs 26 pg/mL, P < 0.01). Compared wich
hour 0, IL-1f concentration also decreased significantly in the OMF, EM-2, and EM-1
groups at 12 hours (51 vs 41 pg/mL, P < 0.05; 51 vs 39 pg/mL, P < 0.05; and 52 vs
34 pg/mL, P < 0.01) and at 24 hours (31 vs 35 pg/mL, P < 0.05; 51 vs 32 pg/imL, P <
0.01; and 52 vs 26 pg/mL, P < 0.01) (Figure 2). The percentage decreases in IL-1[3
concentration at 12 and 24 hours in the EM-1 group were significantly higher than
those in the EM-2 and OMF groups (both, P < 0.05).

TNF-0.and IL-13 concentrations decreased in the supernatant ac 24 hours when cultured
with 1078, 1077, and 10~ mol/L in the OMF and EM-2 groups (all, P < 0.05) and with 107?,
1078, 1077, and 107° mol/L in the EM-1 group (all, P < 0.05) (Figures 3 and 4).

MACROPHAGE PHAGOCYTIC ACTIVITY
Macrophage phagocytic activity was significantly lower in the OMF, EM-2, and
EM-1 groups than thar in the saline group (5.3, 5.2, 4.5 vs 6.0 cpm, respectively; all,
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Figure 2. Time-effect relationship of experimental rat macrophage-derived interleukin
(IL)-1B concentration measured when the macrophages were cultured with
10-¢ mol/L of endomorphin (EM)-1, EM-2, or chmefentanyl (OMF) for 0, 6, 12,
and 24 hours (n = 10 wells/group). *P < 0.05 versus saline group; TP < 0.05
versus hour 0; *P < 0.01 versus saline group; SP < 0.01 versus hour 0.
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Concentration-effect relationship of experimental rat macrophage-derived tumor
necrosis factor (TNF)-o. concentration measured when the macrophages were
cultured with 10-1°, 10-°, 10-8, 107, or 10~ mol/L of endomorphin (EM)-1,
EM-2, or ohmefentanyl (OMF) for 24 hours (n = 10 wells/group). *P < 0.05
versus saline group; TP < 0.01 versus saline group.
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. Concentration-effect relationship of experimental rat macrophage-derived

interleukin (IL)-1f concentration measured when the macrophages were
cultured with 1012, 10-°, 10-%, 10-7, or 10-¢ mol/L of endomorphin (EM)-1,
EM-2, or ohmefentanyl (OMF) for 24 hours (n = 10 wells/group). *P < 0.05
versus saline group; TP < 0.01 versus saline group.
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P < 0.05) (Figure 5). There were no significant between-group differences among the
3 experimental groups in macrophage phagocytic activity.

MACROPHAGE BACTERICIDAL ACTIVITY

Similar to phagocytic activity, macrophage bactericidal activicy was significantly
lower in the OMF, EM-2, and EM-1 groups than that in the saline group (21%, 22%,
20% vs 39%, respectively; all, P < 0.01) (Figure 06). There were no significant berween-
group differences among the 3 experimental groups in macrophage bactericidal
activity.

DISCUSSION
TNF-0 and IL-1B3 concentrations decreased in both a rime-dependent and a concentration-
dependent manner in the supernatant when cultured wich 10~% mol/L of EM-1, EM-2,
or OMF for 12 hours or with 1078, 107, or 10-® mol/L of EM-1, EM-2, or OMF for
24 hours in the present study. These results suggest that EM-1 and EM-2 might alter
macrophage functions (eg, cytokine production and functions related to narural host
defense), as has been reported by other researchers.18-2° EM-1, EM-2, and OMF also
inhibited macrophage phagocytic and bactericidal activities, indicating suppressed mac-
rophage cytoimmunity.”»18-20

Azuma et al performed a series of trials’!”% to study the immune effect of EM-1
and EM-2. They reported'®?° that EM-1 and EM-2 inhibited TNF-o, IL-10, and IL-12
production by macrophages stimulated with both lipopolysaccharide (LPS) or phorbol-
12-myristate-13-acetate (PMA), but potentiated IL-1f production by macrophages
stimulated witch PMA. Moreover, phagocytosis of Escherichia coli by macrophages was
not altered by EM-1," but was suppressed by EM-2.%° Their findings were not totally
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Figure 5. Experimental rat macrophage phagocytic activity measured using isotope
marker when the macrophages were cultured with 10-¢ mol/L of endomorphin
(EM)-1, EM-2, or ohmefentanyl (OMF) for 24 hours (n = 10 wells/group).
(Liquid counter was used to assay the counts per minute [cpm] value of the
macrophages.) *P < 0.05 versus saline group.
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Figure 6. Experimental rat macrophage bactericidal activity measured using isotope
marker when the macrophages were cultured with 10-¢ mol/L of endomorphin
(EM)-1, EM-2, or ohmefentanyl (OMF) for 24 hours (nh = 10 wells/group). *P <
0.01 versus saline group.

supportive of our findings. Perhaps it was because macrophages were stimulated by LPS
or PMA in their studies,'?° while no scimulation was used in the present study.

The findings of the present study must be interpreted with regard to the study’s
limitations. Alchough all procedures were performed by the same researcher under the
same condicions for each group, we should have evaluaced the viability of the peritoneal
macrophages cultured at differenc times. Furchermore, we did not explore whether the
EMs or OMF blocked cytokine production from the activated macrophage-stimulated
cells (eg, by LPS). In addition, the sample size in the study was small and the researchers
were not blinded to each study group, which might have increased scudy bias.

CONCLUSIONS

In this in vitro experiment, EM-1, EM-2, and OMF inhibited immune functions of
cultured rart peritoneal macrophages, including decreasing TNF-o and IL-1[3 concen-
trations and phagocytic and bactericidal activities.
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