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Zymosan- or thioglycollate-induced experimental peritoneal inflammation in mice
may serve as a convenient model for investigations of involvement of opioid peptides de-
rived from exudatory leukocytes in the inflammatory processes. During peritonitis, the
influx of neutrophils and monocytes/macrophages correlated with a sequential appear-
ance of proinflammatory cytokines (IL-1� and TNF�). After both kinds of stimulation,
the expression of PENK mRNA was much higher in exudatory peritoneal leukocytes than
its basal level in steady state.
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Abbreviations: PENK – proenkephalin, PMN –
polymorphonuclear leukocytes, PTL – peritoneal
leukocytes, SEM – standard error of mean, TG –
thioglycollate, Z – zymosan

Experimental data indicate that endogenous
opioid peptides such as �-endorphins and enkepha-

lins are released from immune cells present in the

inflamed tissue and may play a role in a local anti-

nociception at the site of inflammation. The experi-

ments cited here were performed on the model of

rat paw inflammation [3, 7, 8]. The peritoneal cavity

can serve as a more convenient source of high

quantity exudatory leukocytes and fluid which may
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be analyzed for the presence and/or synthesis of va-
riety of inflammation-related factors [e.g. 1, 4] in-
cluding endogenous opioids. The present paper
shows kinetics of the changes in cytokine levels
and cell influx in mice ip injected with sterile irri-
tants, and it demonstrates for the first time pro-
found increase in proenkephalin (PENK) mRNA
level in exudatory leukocytes of these animals.

Experiments were carried out on the Albino
Swiss male mice weighting 25–30 g purchased
from a licensed dealer (Breeding of Laboratory
Animals, Warszawa). The mice were housed in the
groups of eight per cage in cages lined with saw-
dust, under a standard 12 h/12 h light-dark cycle
(8.00 a.m./8.00 p.m.) with food and water available
ad libitum. Groups of animals, 3–8 individuals
each, received a single ip injection of either 500 �l
of 3% thioglycollate (TG) or of 2% zymosan (Z)
solution in PBS at time 0. The experimental ani-
mals were sacrificed at 4, 8, 12 or 24 h after irritant
injection while intact animals (sacrificed at time 0)
served as a control. Peritoneal cavities of decapi-
tated animals were rapidly washed out with 0.5 ml
of a sterile PBS solution. Peritoneal leukocytes
(PTL), among them polymorphonuclear cells (PMN),
were counted in hemocytometer. After centrifuga-
tion at 3000 × g for 5 min, peritoneal fluid was
used for measurement of cytokine levels by ELISA
(BIOSource, California, USA) [4] while cell pellets
served for measurement of the expression of PENK
mRNA. Total cytoplasmic RNA was extracted
from the cells of mice peritoneum according to the
method of Chomczynski and Sacchi [2] and was
subjected to semiquantitative RT-PCR. One �g of
total mRNA was reverse transcripted using AMV
Reverse Transcriptase (Promega). Reverse trans-
cription was carried out at 37°C for 60 min, follow-
ing inactivation at 70°C for 10 min. The resulting
cDNA was amplified using specific primers (5’ GAC
TCA GCA AAG AGA TTC AG 3’, 5’ TCT TCC
AGC TAC CTG CGC CA 3’) to obtain 765b PCR
product. Two �l aliquot of RT product was mixed
with 18 �l PCR reaction mixture that contained
1.5 mM MgCl,. The PCR reaction was carried out
at the successive steps (1st step: 95°C for 20 s – for
denaturing, 2nd step: 30 s for 52°C for 30 s – for
primer annealing, 3rd step: 72°C for 50 s – for
primer extension) using Peltier Thermal Cycler
PTC-2000 (MJ Research). Following 35 cycles of
reaction the amplified cDNAs were further ex-
tended by additional incubation at 72°C for 10 min.

The host gene HPRT was amplified with each
probe in order to make a correction for quantitative
experimental errors. The PCR products were re-
solved in a 2% agarose gel (Amresco), and stained
with ethidium bromide solution. After staining,
ethidium bromide luminescence was acquired us-
ing CCD camera system (Fuji Las 1000, Fuji).
Relative quantities of cDNAs were evaluated using
appropriate computer program (Image GaugeV
3.11, Fuji). All data are given as means ± SEM. For
statistical comparisons, one-way analysis of varian-
ce (ANOVA) was performed.

Both TG- and Z-induced peritonitis shared the
main hallmarks of inflammatory process, namely
the early influx of blood plasma followed by influx
of neutrophils and monocytes/macrophages, corre-
lated with a sequential appearance of proinflamma-
tory cytokines [1, 4]. Figure 1a shows that the ele-
vated levels of IL-1� and TNF-� are longer lasting
in Z- than in TG-induced peritonitis. After both
stimulants, the number of exudatory PTL increases
gradually at 4 and 8 h after stimulation with the
earlier influx of PMN (Fig. 1b). At 24 h, however,
the PTL and PMN numbers are still high after Z
stimulation while they are decreased down to the
control level after TG stimulation (Fig. 1b). After
both kinds of stimulation, the expression of PENK
mRNA was much higher in exudatory leukocytes
than its basal level in steady state (time 0) conside-
red as 100%, with the difference being statistically
significant only at 8 h after treatment (Fig. 1b, solid
line). Then the relative data at each time point were
multiplied by the respective PTL numbers. It turned
out that PENK mRNA levels were much more pro-
nounced than those in the steady state PTL at 4, 8,
and even 24 h after Z stimulation while after TG
stimulation, PENK mRNA levels were increased at
4 and 8 h only (Fig. 1b, broken line). Beyond doubts,
PENK mRNA detected here derived from the PTL.
However, the composition of steady state PTL in
intact mice (containing mainly resident macro-
phages and lymphocytes) is considerably different
from that in animals with peritoneal inflammation,
when peritoneal cavity is sequentially inhabited by
neutrophils (PMN) and then by monocytes/macro-
phages. At present, one can only speculate that the
main source of the newly synthesized PENK mRNA
are activated monocytes/macrophages while inflam-
matory neutrophils (being already at the final stage
of maturation) are rather committed to apoptotic
pathway [6]. The in situ hybridization method and/or
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separation of populations of exudatory cells should
falsify this assumption.

In the present experiments, the increased levels
of proinflammatory cytokines IL-1� and TNF-�
were longer lasting after Z than TG stimulation
which corresponded with a longer duration of
inflammatory process measured by exudatory cell
numbers and their PENK mRNA levels (Fig. 1).
These and other cytokines are considered as signal
molecules for the enhanced expression of various

genes including those encoding opioid peptides [5].
The experimental model presented here offers
a possibility of testing the in vivo correlation of cy-
tokines and opioids at the levels of cells (gene ex-
pression and mRNA) and peptides present in peri-
toneal fluid.

Due to putative role of endogenous opioids in
antinociception, during further experiments the at-
tention should be focused on the inflammation-
related pain symptoms. In case of peritonitis, pain
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symptoms are manifested as characteristic writhes,
which numbers and timing are strain-specific (in
preparation). In case of mice used here, they are
pronounced and numerous mainly during the first
hour after induction of peritonitis (in preparation).
One can expect that the gradual decrease in the
number of writhes should correspond with the
gradual increase in the levels of opioid mRNA in
inflammatory cells followed by opioid peptides in
peritoneal fluid.
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