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Abstract-Activated oxygen species (AOS) have often been shown to promote strong modifications in 
peptide structures and thus in their biological functions. In the present study, the immunomodulatory 
effects of Leu-enkephalin, pendorphin, dynorphin and some fragments are evaluated, before and after 
exposure of peptides to AOS, by studying their influence on human polymorphonuclear leukocyte 
(PMN) respiratory burst. None of the tested opioid peptides (modified or not) were shown to affect 
resting oxidative metabolism in the PMNs. The effects of peptides on phorbol myristate acetate (PMA)- 
stimulated production of AOS were measured in a lucigenin-enhanced chemiluminescence assay. Before 
AOS exposure, the opioid peptides suppressed the PMA-stimulated respiratory burst in human PMNs 
and a U-shaped dose-response re1ationship.w~ observed. Conversely, after AOS exposure the opioid 
peptides enhanced the Pa-stimulated respiratory burst in human PM% and an inverted U-shaped 
dost+response relationship was observed. In both cases, the maximal effect was reached at peptide 
concentrations of lo-lo MllO-‘* M. 

The enkephalins form a group of opioid peptides 
derived by processing a series of precursors 
including pro-opiomelanocortin, prodynorphin and 
proenkephalin Cl]. Such precursor peptides are 
apparently synthesized in a number of tissues, such 
as the adrenal medulla, brain and intestinal mucosa, 
resulting either in the Leu-enkephahn (L-tyrosyl- 
glycyl-glycyl-L-phenylalanyl-r_-leucinet) or Met- 
enkephalin pentapeptides or, alternatively, in 
intermediate fragments. 

These peptides have been reported to function 
not only as analgesics in the central nervous system 
but also in the immunoregulatory processes in 
plasma, where they bind to specific receptors on 
human phagocytic leukocytes [Z-4]: Diamant et al. 
[S] have shown that & and y-endorphins and 
their non-opioid derivatives suppress PMA-induced 
respiratory burst in human PMNs. /?-Endorphins 
induce monocyte chemotaxis [6,7], depress lym- 
phocyte proliferation and enhance natural killer cell 
function [S]. 

* &rmsponding author. Tel. (33) 67-54-15-44; FAX, 
(33) 67-52-06-77. 

t Abb~~ations: AOS, activated oxygen species; PMN, 
polymorphonuclear leukocyte; PMA, phorbol myrlstate 
acetate; CL, chemiluminescence; Leu-enkephaho, L- 
tyrosyl-glycyl-glycyl-L-phenylalanyl-L-leucine; Met-enke- 
phalln, L-tyrosyl-glycyl-glycyl-L-phenylalanyl-L-methio- 

ZF 
YGGF, L-tyrosyl-glycy-I-glycyl-L-phenylalanine; 

L-phenylalanyl-glycyl-glycyl-glycylalanine; 
GGFI.: plycyl-slycyl-L-phenyIalanyl-L-leucine; YGGYL, 
ttyL-~~~-L-leu~e; FGGPL, L- 
p~nyl~~yi - glycyl _ glycyl - L - phenyl~~~ - L - leucine; 
GGYL, glycyl-piycyt-L-t~syl-L-leucine. 

Moreover, recent findings that leukocytes produce 
and secrete many peptide hormones such as 
endorphins, enkephalins, adrenocorticotropic 
hormone and arginine-vasopressin provide further 
evidence of the involvement of mo~~no~metic 
peptides in immunomodulation (Ref. 9 and ref- 
erences within). 

Since neutrophils are found virtually everywhere 
in human tissues, especially at inffammatory sites 
where they readily degranulate to release oxidative 
agents [lo, 111, and enkephalin precursor peptides 
have been found to circulate in plasma that is 
apparently destined for these same sites [X2], we 
attempted to determine whether respiratory burst in 
phagocytes might be m~ulat~ by opioid peptides. 

We have shown, in the preceeding paper [13], 
that opioid peptides are hydroxylated by hydroxyl 
radicals generated either by PMA-stimulated PMNs, 
or by metal-catalysed ascorbate autoxidation leading 
to the formation of hydroxylated Leu-enkephalin 
with a tyrosyl-residue, instead of a phenylalanyl- 
residue at position 4 of the N-terminal part. 

Thus, to determine whether hydroxylated opioid 
peptides affect the respiratory burst of PMA- 
stimulated PMNs, we compared their CL (using 
lucigenin as lnntinogen) in the presence of Leu- 
enkephalin and of a synthetic peptide YGGYL used 
as a model of hydroxylated opioid peptide. 

MAW AND METHODS 

Reagents. &Endorphin, Leu-enkephalin, dynor- 
phin, FGGFL, YGGF, FGGF and GGFL were 
obtained from Bachem Feinche~~ein AG (Buben- 
dorf, S~~erl~d) and tested for purity by reverse 
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Opioid peptides 
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Fig. 1. CL inhibition of PMA-stimulated PMNs by opioid 
peptides. The effect of cell incubation with opioid peptides 
on the respiratory burst of PMNs is expressed as a 
percentage of the total CL response (area under the curve) 
elicited by PMA on 106 cells in the absence of peptide 
incubation. FGGFL and GGFL are without effects. The 

means and SD of 14 separate experiments are shown. 

phase HPLC. YGGYL was prepared by Altergen 
(Strasbourg, France). PMA was purchased from the 
Sigma Chemical Co. (St. Louis, MO, U.S.A.); stock 
solutions at a concentration of 1 mg/mL dimethyl sul- 
foxide were stored at -20” and diluted to 0.1 pg/mL 
before use. Modification of opioid peptides was con- 
ducted by reaction at room temperature in phosphate 
buffer (10 mM) pH 5 with a mixture containing 3 mM 
ascorbate, 5 mM peptide and 2 mM cupric sulfate in a 
total volume of 1 mL as described in the preceeding 
paper [13]. Cells were prepared from human per- 
ipheral blood obtained from healthy volunteer donors 
as described previously [ 131. 

Lucigenin-enhanced CL assays. CL was monitored 
in a model 1251 luminometer LKB Wallac (Wallac 
Co, Turku, Finland) connected to an Apple computer 
in the presence of 0.5 mM lucigenin. PMA (0.1 pg/ 
mL) was used as a stimulus. PMNs (lo6 cells) were 
incubated with peptides for 7 min, unless otherwise 
stated, at 37” before the addition of PMA. Measure- 
ments were carried out once a minute until a maximal 
CLvaluewasobtained. Controlswereperformedwith 
cells incubated without stimuli. 

RESULTS 

PMNs incubated with Leu-enkephalin and relatedpep- 
tides 

Figure 1 summarizes the average values of the CL 
produced by addition of PMA to human PMNs, incu- 

bated previously with Leu-enkephalin and related 
peptides. (Because of an inter-donor variation in 
absolute peak CL values observed in PMNs of the 
different donors tested, the CL responses obtained in 
the presence of peptides were expressed as per- 
centages of the CL response elicited by PMA stimu- 
lation of PMNs incubated under the same conditions 
as described in Materials and Methods, but without 
any peptides, and measured by the area under the 
curve. The deviation from these mean values never 
exceeded 12% .) 

Leu-enkephalin and related peptides dose-depen- 
dently inhibited PMA-induced respiratory burst in 
human PMNs at concentrations ranging from lo- lo to 
lo-i4 M without significant modification in the kin- 
etics of the CL response; weaker effects correspond 
to the higher and lower concentrations used, giving 
rise to a U-shaped dose-response relationship. 

In all cases, the obtained patterns were very similar 
to those of PMA-stimulated PMNs incubated without 
peptides. In the absence of the soluble PMA stimulus, 
opioid peptides did not significantly affect the basal 
CL response of PMNs. 

PMNs incubated with YGGYL 

As with the non-hydroxylated peptides, there was 
no significant change in kinetics of the CL response 
in PMN stimulated with PMA after incubation with 
YGGYL. But a dose-dependent enhancement of the 
PMA-induced respiratory burst was observed at con- 
centrations of lo-i0 to lo-i4 M and an inverted U- 
shaped dose-response relationship was obtained 
(Fig. 2). 

PMNs incubated with opioid peptides previously 
treated with ascorbate/Cu (II) 

Since we have shown in the preceeding paper that 
the ascorbate/Cu (II) system hydroxylated opioid 
peptides, we incubated, for comparison, PMNs with 
the reaction mixture of some opioid peptides with 
AOS generated by the ascorbate/Cu (II) system. In 
all cases, we obtained a dose-dependent enhancement 
of the CL at concentrations of lo-lo to lo-i4M as 
observed with the model peptide YGGYL. (Controls 
performed under the same conditions with ascorbate 
or Cu (II) showed no significant effects on the CL 
response of the cells.) 

PMNs incubated with non-opioid peptides previously 
treated with ascorbate/Cu (II) 

When PMNs were incubated, before stimulation, 
with FGGFL treated with ascorbate/Cu (II) or with 
the synthetic peptide a similar enhancement of the 
CL response was observed (Fig. 2), whereas GGFL 
treated with the ascorbate/Cu (II) system remained 
without effect on the PMN CL; thus, tyrosine N-ter- 
minal residue seemed to be essential for the binding 
of peptides. This assumption was tested by the time- 
response study reported inTable 1 where CLof PMA- 
stimulated PMNs was measured as a function of the 
incubation duration with Leu-enkephalin treated with 
the ascorbate/Cu (II) system. A maximum of 15 min 
was observed, corresponding to the incubation period 
necessary for enzymatic cleavage of the N-terminal 
tyrosine residue by cell membrane-bound amino- 
peptidase at 37” [ 141. 
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Fig. 2. CL enhancement of PMA-stimulated PMNs by 
opioid peptides and derivatives modified by exposure to 
AOS and by the model synthetic peptide YGGYL. The 
effect of cell incubation with the different peptides tested 
on the respiratory burst of PMNs is expressed as a 
percentage of the total CL response (area under the curve) 
elicited by PMA on lo6 cells in the absence of peptide 
incubation. (A) Modified Leu-enkephalin; (B) modified 
dynorphin; (C) modified endorphin; (D) modified YGGF; 
(E) modified GGFL; (F) modified FGGFL or YGGYL. 
The means and SD of 14 separate experiments are shown. 

Table 1. CL enhancement of PMA-stimulated PMNs 
(lo6 cells) by Leu-enkephalin (lo-‘” M and 1O-‘7 M) after 

exposure to AOS 

Incubation time (min) 
PeafoFf; ;lues (% ;t&nt$) 

1 50 36 
3 58 39 
5 54 31 

10 46 23 
12 31 17 
15 23 7 
20 8 2 

CL values are a function of the incubation time of cells 
with peptides, before PMA stimulation. Controls were 
performed with cells incubated without peptides. 

Study of thesaturation of the binding sites of hydroxyl- 
ated and non-hydroxylated peptides 

Figure 3 shows the effects of incubation with mix- 
tures of different concentrations of Leu-enkephalin 
and YGGYL on the lucigenine-enhanced CL of 
PMA-stimulated PMNs. When Leu-enkephalin 
lo-” M was mixed with YGGYL lo-’ M the inhi- 
bition of the CL observed was the same as the inhi- 

lo Time (min) 2o 
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30 

Fig. 3. Lucigenin-enhanced CL of PMA-stimulated PMNs 
previously incubated with mixtures of Leu-enkephalin and 
YGGYL. The concentrations used were: Leu-enkephalin 
10-‘“M (----); YGGYL lo-” M (-.-.-); Leu-enkephalin 
lo-‘” M + YGGYL lo-‘” M (-+-+-); Leu-enkephalin 
lo-‘” M + YGGYL lo-’ M (A); Leu-enkephalin 10m9 M + 
YGGYL lo-‘” M (0); Leu-enkephalin 10mR M + YGGYL 
lo-‘” M (A). The black line corresponds to the CL response 

of cells incubated without any peptide. 

bition obtained with Leu-enkephalin lo-lo M alone. 
Similarly, the enhancement of the CL observed when 
YGGYL lo-‘OM was mixed with Leu-enkephalin 
10m8M was identical to the enhancement obtained 
with YGGYL lo-” Malone showing that the binding 
sites of hydroxylated and non-hydroxylated peptides 
could be independently saturated. 

DISCUSSION 

The diverse clinical sequelae of stress on the 
immune system may be due partly to the variety of 
central nervous system mediators released into the 
circulation. Kay et al. [15] have shown that the neuro- 
peptide Pendorphin is released into the circulation 
during stress, and modulates human peripheral blood 
lymphocyte function. Enkephalin, fi and y- 
endorphin, and non-opioid derived fragments were 
shown to be potent at enhancing the human blood 
lymphocyte natural killer cell function with an 
inverted U-shaped dose-response relationship [ 1.51. 

In the present study, lucigenin-enhanced CL assays 
were used in order to evaluate the effect of some 
opioid peptides and fragments, before and after 
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exposure to AOS, on the oxidative metabolism of 
human PMNs. 

CL assays 
Opioidpeptides. Leu-enkephalin, pendorphin and 

dynorphin were found to inhibit neutrophil respir- 
atory burst induced by stimulation with PMA. The 
exposure of unstimulated cells to these peptides did 
not significantly affect PMN oxidative metabolism. 
Opioid peptide suppressive activity on PMA-induced 
respiratory burst was shown to disappear at peptide 
concentrations higher than 10-s M and lower than 
10-14M, thus, yielding a U-shaped dose-response 
relationship, as observed previously by Diamant et al. 
[5] for pro-opiomelanocortine fragments. 

Hydroxylated opioid peptides. The exposure of 
opioid peptides to AOS modified their structure by 
hydroxylation of phenylalanine residues, thus, pro- 
ducing hydroxylated derivatives [13]. Conversely to 
opioid peptides, the hydroxylated derivatives were 
found to enhance the PMA-induced respiratory burst 
of PMN at peptide concentrations higher than 
lo-l4 M and lower than 10T8 M, giving rise to an 
inverted U-shaped dose-response relationship. The 
synthetic peptide YGGYL, used as a model of 
hydroxylated Leu-enkephalin, confirmed these 
results. 

Non-opioid peptides. The non-opioid peptides 
tested FGGFL and GGFL which have no N-terminal 
tyrosyl residues, did not modify the CL response of 
human PMNs. Thus, tyrosyl residue seemed to be 
essential for inhibition of the PMN respiratory burst. 
After AOS treatment, FGGFL was converted into 
YGGYL and GGFL into GGYL. YGGYL only 
enhanced the CLresponse of PMA-stimulated PMNs. 
The absence of the N-terminal tyrosyl residue in 
GGYL probably abolished its effect on the CL 
response of PMA-stimulated PMNs. The importance 
of the N-terminal tyrosyl residue was confirmed in the 
time-response study that was carried out to evaluate 
the maximum incubation period necessary for Leu- 
enkephalin, after exposure to AOS, to exert its CL- 
enhancing activity (Table 1). 

Thus, a reciprocal effect between opioid peptides 
and human PMNs could be postulated: AOS gen- 
erated by PMA-activated PMNs hydroxylate opioid 
peptides which then increase the respiratory burst of 
PMNs. The question which arised was: did the opioid 
peptides and their corresponding hydroxylated 
derivatives compete for the same binding site? 

A partial answer could be obtained by study of the 
effect of addition of high concentrations of Leu-enke- 
phalin to PMNs incubated with low concentrations of 
YGGYL on the CL of PMA-stimulated PMNs, and 
of the effect of additon of high concentrations of 
YGGYL to PMNs incubated with low concentrations 
of Leu-enkephalin. Figure 3 shows that Leu-enke- 
phalin and YGGYL binding sites are different since 
each of them could be saturated independently: high 
concentrations of YGGYL inhibited CL enhance- 
ment but not the CL-lowering caused by low con- 
centrations of Leu-enkephalin whereas high con- 
centrations of Leu-enkephalin remained without 
effect on the CL enhancement caused by YGGYL but 

inhibited the CL-lowering which was induced by low 
concentrations of Leu-enkephalin. 

Further experiments are in progress to determine 
the exact origin of the observed CL enhancement in 
the presence of hydroxylated opioid peptides. 
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