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Inflammation-induced alternations in local and central Met-enkephalin in mice.
M. CHADZINSKA, A. SCISLOWSKA-CZARNECKA, K. PIERZCHALA-KOZIEC,
B. PLYTYCZ. Pol. J. Pharmacol., 2003, 55, 467–470.

The local increase in Met-enkephalin level during zymosan-induced peritonitis may
be related to its local production by exudatory leukocytes (as evidenced by our previous
experiments) and influx from distal centers, as its level is significantly decreased in
blood, inguinal lymph nodes, and some brain areas (striatum, hypothalamus, and pituitary
gland).
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Abbreviations: BPL – blood plasma, ELISA –
enzyme-linked immunosorbent assay, H – hypo-
thalamus, IL-1 – interleukine 1, ILN – inguinal
lymph nodes, MCP – monocyte chemoattractant
protein, P – pituitary gland, PENK – proenkepha-
lin, PF – peritoneal fluid, PTL – peritoneal leuko-
cytes, RIA – radioimmunoassay, S – striatum, SC –
spinal cord, TNF – tumor necrosis factor

The immune and neuroendocrine systems share

mediators and their receptors, thus, hormones and

neuropeptides modulate the immune functions, and

immune responses change neuroendocrine environ-

ment. Opioid peptides are apparently involved in

the immune responses in both vertebrates and in-

vertebrates [7]. Local production/release of opioids

by immune cells contributes to antinociception dur-

ing inflammation [1, 8]. In our previous experi-

ments, we evidenced the presence of proenkephalin

(PENK) mRNA in leukocytes retrieved from the

inflamed peritoneal cavity [2]. In this study, we

documented the increased level of Met-enkephalin

in exudatory fluid and cells and the parallel de-

crease in its level in blood, inguinal lymph nodes,

and some brain areas.
Adult male Swiss mice, 8–10-week-old, from

the commercial supplier (Breeding of Laboratory

Animals, Warszawa, Poland), were maintained un-

der controlled laboratory conditions, and killed by

cervical dislocation [2]. The ethical guidelines of

the local committee for animal care (license no.

16/OP/2001) were followed.
Peritoneal inflammation was induced by ip in-

jection of 0.5 ml of 2% zymosan A (Sigma, UK)

solution as described previously [2]. At time 0

(controls) or at 4 h of peritonitis, the peritoneal cav-

ity was lavaged with 1 ml of saline and exudatory

fluid was retrieved. Peritoneal leukocytes (PTL)

were stained with Turk solution and counted in he-

mocytometer [2]. Selected brain areas (hypothala-

mus, pituitary gland, striatum), spinal cords (SCs),

and inguinal lymph nodes were dissected and kept

frozen (–70°C) until used. Cytokine levels (TNF-�,

IL-1�, and MCP-1) in the lavaged fluids were

evaluated by enzyme-linked immunosorbent assay

(ELISA), according to manufacturer’s procedure

(BioSource, USA). Met-enkephalin levels were

measured by radioimmunoassay (RIA) [4] in ho-

mogenates of the striatum, hypothalamus, pituitary

gland, SC, inguinal lymph nodes, in pellets of peri-

toneal cells, in blood plasma (BPL) and peritoneal
fluid (PF).

All values are reported as means ± SE. The dif-
ferences were evaluated with Tukey’s test and were
considered statistically significant at p < 0.05.

Ip injection of zymosan induced peritonitis with
all signs typical of this process. At 4 h of inflamma-
tion, recruitment of inflammatory leukocytes into
the peritoneal cavity was still rapid and amounts of
proinflammatory cytokines (TNF-�, IL-1� and
MCP-1) were still growing or reaching maximum
[2, 3]. For this reason, just this time point has been
selected for the measurements of the Met-enke-
phalin levels in the focus of inflammation, BPL,
and some areas of the central nervous system. Then
they were compared with respective values at time
0 (i.e. in intact animals) considered as controls
(100%).

Met-enkephalin levels were significantly ele-
vated in exudatory cells and peritoneal fluids, they
were lowered in BPL, inguinal lymph nodes and in
some brain areas (striatum, hypothalamus, pituitary
gland), while in SC they were unchanged (Tab 1).
A statistically significant decrease in Met-enke-
phalin level in the brain areas was also recorded in
C57/BL and Balb/c mice (unpublished observa-
tions).

The main results are summarized in Figure 1.
At the time of a massive accumulation of exudatory
lymphocytes, the Met-enkephalin levels were sig-
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Fig. 1. Summary of changes in a number of peritoneal leuko-
cytes (PTL), and Met-enkephalin content in the selected organs
at 4 h of zymosan-induced peritoneal inflammation in Swiss
mice: percentages of the values in intact mice considered as
100%. Abbreviations as in Table 1. # PENKmRNA was measu-
red previously [2]



nificantly increased at the site of inflammation with

their parallel significant decrease in peripheral

blood, closely located inguinal lymph nodes and in

some brain areas. It suggests that accumulation of

Met-enkephalins in the focus of inflammation may

be, at least partly, related to its influx from other

centers. The second source of Met-enkephalin in

the focus of inflammation is its local synthesis/re-

lease by inflammatory leukocytes. This phenome-

non during peritonitis was documented by our pre-

vious experiments [2], and the results of other teams

showed it in other experimental models [1, 5, 8].
A significant increase in Met-enkephalin level

in the brain areas and spinal cords were recorded in

rats two weeks after carrageenan-induced inflam-

mation [6]. Therefore, one can expect similar chan-

ges at the late stages of zymosan-induced peritoni-

tis. Our model system seems to be very convenient

for further studies on inflammation-related fluctua-

tions in opioid synthesis/release, from the early

stages connected with the pronounced nociceptive

reactions till the resolution of inflammation and

full recovery of both the immune and neurohormo-

nal systems. Therefore, in future studies we are go-

ing to assess the time-course of Met-enkephalin
changes in the focus of inflammation and other loci
of its expression.
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Table 1. Effects of zymosan-induced peritonitis in male Swiss mice on some factors measured at 4 h after zymosan injection in com-
parison with those in intact animals

Immune factors Intact Zymosan-treated

PTL (× 10�) 8.51 ± 0.48 (12) 20.0 ± 1.2* (10)

IL-1� (pg/ml) 117.34 ± 43.58 (12) 1749.81 ± 167.53** (10)

TNF-� (pg/ml) 3.24 ± 1.79 (12) 43.98 ± 10.34* (10)

MCP-1 (pg/ml) 19.5 ± 6.66 (10) 1461.23 ± 324.6** (10)

Met-enkephalin

PTL (pg) 43.4 ± 3.9 (5) 67.4 ± 2.3** (5)

PF (pg/ml) 68.7 ± 4.6 (5) 97.3 ± 10.5** (5)

BPL (pg/ml) 708 226

ILN (pg/mg) 36.7 ± 1.7 (4) 29.9 ± 2.1* (4)

S (pg/mg) 58.72 ± 4.25 (5) 32.3 ± 7.19* (4)

H (pg/mg) 100.95 ± 5.39 (5) 66.35 ± 6.84** (5)

P (pg/mg) 403 ± 59.2 (5) 302.7 ± 16.6 (5)

S.C. (pg/mg) 11.3 ± 0.9 (5) 12.5 ± 0.9 (5)

PENKmRNA (#) 0.19 ± 0.06 (4) 0.86 ± 0.5* (4)

Means ± SE (number of samples); PTL – peritoneal leukocytes; PF – peritoneal fluid; BPL – blood plasma; ILN – inguinal lymph
nodes; S – striatum; H – hypothalamus; P – pituitary gland; SC – spinal cord: PENKmRNA – proenkephalin mRNA; # data from [2].
Differences between values in zymosan-treated and intact animals considered statistically significant at p < 0.05* or highly signifi-
cant at p < 0.001**
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