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Potent analgesic and anti-inflammatory actions of a novel
thymulin-related peptide in the rat

*!Bared Safieh-Garabedian, *Mireille Dardenne, *Jean Marie Pléau & *Nayef E. Saadé

"Department of Biology, Faculty of Arts and Sciences, American University of Beirut, P.O. Box 11-0236, Beirut, Lebanon;
“Departments of Human Morphology and Physiology, Faculty of Medicine, American University of Beirut, P.O. Box 11-0236,

Beirut, Lebanon and *CNRS UMR 8603, Hopital Necker, University of Paris V, Paris, France

1 The present study examines the effect of PAT (peptide analogue of thymulin) in two rat models
of inflammatory hyperalgesia induced by either i.pl. (1.25 ug in 50 ul saline) or i.p. (50 ug in 100 ul)
injections of endotoxin ET.

2 Pretreatment with PAT (1, 5 or 25 ug in 100 ul saline, i.p.) decreased, in a dose dependent
manner, both mechanical hyperalgesia, determined by the paw pressure (PP) test and thermal
hyperalgesia determined by the hot plate (HP), the paw immersion (PI) and the tail flick (TF) tests.
3 Compared to the tripeptides K(D)PT and K(D)PV, known to antagonize interleukin (IL)-15 or
IL-18 and PGE, mechanisms, PAT, at lower dosages, exerted stronger anti-hyperalgesic effects.

4 When compared with the effect of a steroidal (dexamethasone) and a non-steroidal
(indomethacin) anti-inflammatory drugs (NSAID), PAT demonstrated equal analgesic actions.

5 Pretreatment with PAT, reduced significantly the increased concentration of IL-1f, IL-6, TNF-a
and NGF due to i.pl. injection of ET.

6 Injection of i.p. ET produced sickness behaviour characterized by hyperalgesia and fever.
Pretreatment with PAT prevented the hyperalgesia and maintained the body temperature within the
normal range and was accompanied by a down-regulation of the levels of pro-inflammatory
cytokines and PGE, in the liver.

7 PAT, in all doses used, did not result in any evident changes in the physiological parameters or
in the normal behaviour of the rats.

8 The anti-hyperalgesic and anti-inflammatory effects of PAT can be attributed, at least partially,
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to the down-regulation of pro-inflammatory mediators.
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Introduction

Both chronic pain and acute pain are often the byproduct of
inflammatory reactions to injuries and diseases. Most
treatments aim primarily to relieve pain by reducing the
inflammatory reactions. There are two major classes of anti-
inflammatory drugs that have been used for the treatment of
inflammation and the resulting pain: the non-steroidal anti-
inflammatory drugs (NSAID) and the corticosteroids. Both
of these drugs act by inhibiting the production of
prostaglandins (PG), especially PGE,, which plays a key role
in inflammation (Vane et al., 1994). Cyclo-oxygenase (COX)
is the pivotal enzyme in prostaglandin biosynthesis and exists
in two isoforms: COX-1 (constitutive and responsible for
physiological functions) and COX-2 (inducible and involved
mainly in inflammation). Inhibition of COX-1 has been
associated with ulcerogenic side effects, whereas targeting of
COX-2 is considered to result in therapeutic effects (Mitchell
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& Warner, 1999). Corticosteroids, which also inhibit the
synthesis of PGE,, are well known for their immunosuppres-
sive effects (Barnes & Adcock, 1993; Gold et al., 2001).
Therefore, an ideal anti-inflammatory drug with analgesic
effect would be a molecule that does not interfere with COX-
1 and does not suppress the immune system. Recently, there
has been interest in the development of peptides that might
have properties of an ideal anti-inflammatory and analgesic
drug (Hamilton ez al., 1999; Huber et al., 2000).

Thymulin is a peptide hormone derived from thymic
epithelial cells, shown to bind to specific receptors on human
lymphoblastoid T-cell lines (Pleau ez al., 1980) and to be
mainly involved in several immune functions (Safieh-
Garabedian er al.,, 1992). Recently, several reports have
indicated that, besides its immunoblotting role, thymulin is
capable of interacting directly and/or indirectly with the
nervous system (for review, see Safieh-Garabedian et al.,
1999). For example, thymulin injections, in high concentra-
tions, reduced the ET-induced mechanical and thermal
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hyperalgesia and the elevation of cytokine levels (Safieh-
Garabedian et al., 1996; 1998). On the other hand, thymulin
injections, in low concentrations, resulted in hyperalgesia, an
effect partly mediated via PGE, and cytokines (Safieh-
Garabedian et al., 2000). It has been also shown that these
actions were abolished by sub-diaphragmatic vagotomy,
indicating supraspinal mechanisms and the involvement of
capsaicin sensitive primary afferent fibers in mediating the
hyperalgesic actions of thymulin (Saadé et al., 1998).

In this study, we report on the analgesic and anti-
inflammatory actions of a synthetic peptide analogue of
thymulin (PAT), which was initially synthesized with the
potential for clinical applications as an immunomodulating
agent (Pleau et al., 1979). To characterize the analgesic and
anti-inflammatory actions of PAT, we utilized two animal
models of inflammation and hyperalgesia, using intraplantar
(i.pl.) and intraperitoneal (i.p.) endotoxin (ET) injections. It
has been previously shown that pro-inflammatory cytokines
and NGF are important mediators of ET-induced hyper-
algesia (Safieh-Garabedian et al., 1997). The aim of this study
was to investigate whether PAT could affect the inflammatory
hyperalgesia and to compare the efficacy of this molecule to
that of steroidal, NSAID and peptides with known anti-
inflammatory and anti-hyperalgesic actions.

Methods
Animals

Adult male Sprague-Dawley rats (200—250 g) were used in
all the experiments. The animals were housed under optimum
conditions of light and temperature (12 h light—dark cycle
and 22 +3°C), with food and water provided ad libitum. All
experiments were carried out with strict adherence to
National Institutes of Health guide for the care and use of
laboratory animals for pain experimentation, and were
approved by the Institutional Animal Care Committee.

Behavioural measurements

Thermal and mechanical pain tests were performed for 3
consecutive days prior to any injections to establish baseline
values. The paw pressure test was used to assess the threshold
of mechanical nociception and the hot plate (HP), paw
immersion (PI) and tail immersion (TF) tests were performed
for the assessment of thermal nociception. For the HP test,
animals were placed individually on a hot plate (52.8°—
53.2°C) and the latency of the first sign of paw licking or
jumping was taken as an index of the pain threshold. In the
TF test, the tail of each animal was immersed into a beaker
of distilled water (T =150.5°C) and the withdrawal latency for
tail flicking was recorded; scores were based on three trials
with a 5 min interval between consecutive tests. For the PI
test, the hind paws were dipped alternately into a beaker of
distilled water (T=48°C) and the latency to onset of paw
removal was recorded. The paw pressure (PP) test was
performed by applying a constant pressure of 0.20 kg cm?,
alternately to the left and right hind paws, with a 3 min
interval between consecutive applications. The pressure was
discontinued when the animals displayed a typical reaction

characterized by a vigorous flexion reflex (for more details,
see Kanaan er al., 1996).

For both the PP and PI tests, the threshold of each test
was based on the average of two measurements performed
alternately on each hind paw of each animal with a minimum
of 3 min between two consecutive trials.

Induction of inflammatory hyperalgesia

Two animal models were used to establish inflammatory
hyperalgesia, one for localized and the other for systemic
inflammation. In the localized model, rats received i.pl.
injection of a solution (1.25 ug in 50 ul saline) of ET
(lipopolysaccharide from Salmonella typhosa, Sigma) in one
hind paw which resulted in both thermal and mechanical
hyperalgesia, restricted to the injected leg, as described
previously (Kanaan ez al., 1996). In the second model, rats
received i.p. injection of ET (50 pg in 100 ul saline).

Recordings of the body temperature, blood pressure and
respiratory rate were performed on moderately restrained
rats. This control procedure was performed, at least, on one
group of rats from each model and aimed to determine
whether PAT injections (5 pug or 50 ug) can alter the above-
mentioned physiological parameters.

Protocol 1 Different groups (n=15 each) of rats received i.pl.
injections of either sterile saline (50 ul) or ET (1.25 ug in
50 pl saline) alone or preceded by pretreatment with various
drugs. These groups were used either in behavioural
observations or for leg tissue sampling for the determination
of the levels of various pro-inflammatory mediators.

(1) Two groups injected with saline were used either for be-
havioural observation of nociceptive thresholds (one group)
or for tissue sampling (the other group).

(2) Four groups received either i.p. injection of PAT alone
(25 ug in 100 pul saline; 114 pmol) or PAT followed after
30 min by ET (1.25 ug, i.pl.) as one group per each of the fol-
lowing dosages of PAT: 1, 5 and 25 ug/rat (4.5 to 114 pmol),
and were subjected to the various behavioural tests for noci-
ception over a period of 24 h. The reported results on noci-
ception were based on measurements made at 9 h post
injection, the time that corresponds to the peak of hyperalge-
sia as shown previously by Kanaan et al. (1996).

(3) The efficacy of PAT was compared with that of steroi-
dal, NSAID and peptides known to antagonize IL-1§ and
PGE, induced hyperalgesia in another four groups of rats.
One group was pretreated with injections of Lys-D-Pro-Thr
(10 mg kg~" in 100 ul saline; 1.1 umol, i.p.) 30 min before
ET injection. This tripeptide is related to IL-18-(193-195)
and is known to antagonize IL-1f evoked hyperalgesia (Fer-
reira et al., 1988). In the second group, rats received injec-
tions of o-MSH related tripeptide, Lys-D-Pro-Val
(10 mg kg=" in 100 ul saline; 1.1 gymol, i.p.) 30 min before
ET injection. Lys-D-Pro-Val has been shown to antagonize
both IL-18 and PGE, induced hyperalgesia (Poole et al.,
1992). The dose utilized for both tripeptides was determined
in a previous study (Safieh-Garabedian et al., 1997). The
third and fourth groups were each treated by either dexa-
methasone or indomethacin in doses established as appropri-
ate in previous studies (Benedetti & Butler, 1990; Borchard et
al., 1992). Dexamethasone (200 ug kg='; 1.01 umol) and in-
domethacin (4 mg kg~'; 11.2 umol) were injected 30 min be-
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fore and 5 h after ET injection (for details, see Kanaan et al.,
1997; Safieh-Garabedian et al., 1997).

(4) Finally, six groups of rats injected with saline (one
group), PAT, 25 ug alone (one group), ET alone or ET pre-
ceded by PAT, 25 ug (two groups for each treatment) were
sacrificed at 1 or 3 h post ET injection for the determination
of the levels of TNF-o or IL-1f, IL-6 and NGF, respectively.

Protocol 2 This protocol is based on systemic injection of
high doses of ET (50 ug in 100 ul saline, i.p.). Such injections
have been shown to produce sickness behaviour, fever and
hyperalgesia (Maier et al., 1993).

(1) One group of rats received i.p. injection of ET (50 ug)
whereas another group was pretreated with PAT (25 ug,
i.p.) 30 min before ET, and the TF and PP tests were carried
out at 1, 3 and 6 h after the ET injection. Saline (100 ul, i.p.)
or PAT (50 ug, in 100 ul, i.p.) injections only were performed
on two control groups (as one group per treatment). Body
temperature was monitored rectally in all rats from the var-
ious groups over a period of 6 h following ET injections.
The effects of pretreatment with PAT at the doses of 25,
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100 and 200 pg were tested in another three groups of rats
treated with ET.

(2) For the determination of the levels of cytokines and
PGE,, liver tissues were sampled from four groups of rats
sacrificed 1 h following injections of saline, PAT (25 ug),
ET (50 ug) or PAT followed after 30 min by ET, as one
group per each treatment.

Cytokine, PGE, and NGF determination

In the experiments, which involved tissue removal for
cytokine and NGF assay, the animals were terminally
anaesthetized (sodium pentobarbital, 50 mg kg=') and the
entire hind paw skin (from left and right feet, protocol 1d) or
liver biopsies (protocol 2b) were removed. The tissue samples
were weighed; snap frozen on dry ice and stored at —70°C to
be processed for the determination of the levels of IL-1p,
TNF-o, IL-6, PGE, and NGF.

Skin tissue was homogenized in phosphate buffered saline
(PBS; pH=7.4) containing 0.4 M NaCl, 0.05% Tween-20,
0.5% bovine serum albumin, 0.1 mM phenylmethylsulfonyl
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Figure 1 Dose-dependent reduction of the endotoxin-induced hyperalgesia by PAT. Each bar represents the mean+s.e.mean of
measurements made on a separate group of rats (n=75) for each treatment. All measurements were performed at 9 h following the
injections, the time that corresponds to the peak of hyperalgesia induced by ET. The significance of differences was measured for
each experimental group in reference to the control group (injected with saline).

British Journal of Pharmacology vol 136 (6)



950 B. Safieh-Garabedian et al

Analgesic actions of thymulin-related peptide

fluoride, 0.1 mM benzethonium chloride, 10 mm EDTA and
20 KI ml~! aprotinin. The homogenates were centrifuged at
12,000 g for 60 min at 4°C. Two-site enzyme-linked im-
munosorbent assay (ELISA) was used to measure cytokines
and NGF content in the supernatants.

PGE, was determined by a competitive ELISA using a
commercial kit (Biosource), as recommended by the
manufacturer. Briefly, both standards and samples (100 ul
of each) were added to goat anti-mouse IgG coated
microtiter plates followed by the addition of alkaline
phosphatase conjugated PGE, (50 ul) and an anti-PGE,
monoclonal antibody (50 ul). After incubation for 2 h with
shaking, at room temperature, the plates were washed and
the colour was developed using p-nitrophenyl phosphate
solution. The optical density was measured at 405 nm.

NGF was measured using an immunoassay kit (Promega)
as described by the manufacturer. Standards and samples
(100 ul of each) were added to microtiter plates, in duplicate,
coated with polyclonal anti-NGF antiserum. After overnight
incubation (4°C) and washing, monoclonal anti-NGF anti-
serum (100 pl) was added to all the wells and the plates
incubated overnight (4°C). Following washing of the plates,
100 ul of IgG HRP conjugate was added to all the wells and
the plates incubated for 2.5 h at room temperature. After
washing, the colour was developed using tetramethylbenzi-
dine and the optical density was measured at 450 nm.

The cytokines IL-1f, TNF-o and IL-6 were assayed as
above, with reagents provided by the National Institute for
Biological Standards and Control, Blanche Lane, U.K. and
detailed previously (Safieh-Garabedian et al., 2000). Plates
were coated with affinity purified polyclonal sheep anti-
cytokine antisera and the capturing antibody used was
biotinylated affinity purified polyclonal sheep antisera.

Injected Drugs

PAT (Glu-Ala-Lys-Ser-GIn-Gly-Gly-Ser-Asp) custom synthe-
sized by Quantum Biotechnologies Inc. (Canada) was
dissolved in sterile saline and injected at concentrations
varying from 1 to 200 ug per rat. ET (lipopolysaccharide
from Salmonella typhosa, Sigma) was dissolved in saline. The
tripeptides Lys-D-Pro-Thr and Lys-D-Pro-Val were custom
synthesized by Cambridge Research Biochemicals, Cam-
bridge, U.K. and provided by Dr Stephen Poole, National
Institute of Biological Standards and Control. Injectable
dexamethasone phosphate (Laboratory Renaudin, France)
was diluted in saline to the appropriate dosage and injected
immediately. Indomethacin was prepared by dissolving
indomethacin-lactose (gift from Algorithm, Lebanon) in
phosphate buffered saline (pH 7.4).

Data analysis

The baseline threshold of each behavioural nociceptive test
was established by averaging the measurements made on each
experimental group during 2 or 3 days before any treatment.
These thresholds were measured, following the same method,
at different time intervals after drug treatment. The variations
of thresholds of each test in each experimental group were
determined, unless otherwise indicated, with reference to the
baseline value using ANOVA followed by Bonferroni post-
hoc test.
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Figure 2 The effect of PAT pretreatment on ET-induced inflamma-
tory hyperalgesia is compared with pretreatment with steroidal,
NSAID and other analgesic tripeptides. Each bar represents the
mean +s.e.mean of measurements performed on a separate group of
rats (n=15) for each treatment. All measurements were performed at
9 h following the injections. The significance of differences was
measured in reference to the value of saline control for each test.
Abbreviations: K(D)PV, Lys. D. Pro. Val, (10 mg kg™'; 1.1 umol);
K(D)PT, Lys. D. Pro. Thr, (10 mg kg~'; 1.1 umol); Indo; Indo-

methacin (4 mg kg™ !; 11.2 umol);  Dex.,  Dexamethasone
(200 ug kg='; 1.01 umol); PAT, peptide analogue of thymulin
(114 pmol).

British Journal of Pharmacology vol 136 (6)



B. Safieh-Garabedian et al

Analgesic actions of thymulin-related peptide 951

The determination of the levels of cytokines and NGF, was
made by averaging the measurements performed in each
experimental group. Their variations were assessed by
comparisons with the levels absorbed in control group
injected with sterile saline, using the same statistical method.
The Instat 3 and Prism softwares (GraphPad software, CA,
U.S.A.) were used to perform all statistical analysis and
graphic illustrations.

Results

Effect of PAT on ET-induced localized inflammatory
hyperalgesia

Injection of ET (1.25 ug in 50 ul saline, i.pl.) in the hind
paws of rats caused a significant decrease in the nociceptive
thresholds which peaked at 9 h (peak of hyperalgesia) as
determined by the PP test for mechanical hyperalgesia and
the PI and TF tests for thermal hyperalgesia (P<0.001 for
all tests). Treatment with PAT (1, 5 and 25 ug) reduced, in a
dose dependent manner, the ET-induced hyperalgesia
(Figure 1). With the dose of 25 ug PAT, the latencies to
onset of the various responses returned to their control
levels before the ET injection (P>0.05 for all values
compared with the baseline or saline values). Injection of

significant alterations in the latencies of the various pain
tests (Figure 1).

Comparison of efficacy of PAT with other drugs and
antagonists

When comparing the effects of PAT on ET-induced
hyperalgesia (1.25 pg, i.pl.) with the effects obtained with
the peptides Lys-D-Pro-Val (10 mg kg~') and Lys-D-Pro-Thr
(10 mg kg="), the results obtained demonstrated that PAT
was much more effective than both peptides (Figure 2).
Compared to indomethacin (4 mg kg~', i.p., two injections)
or dexamethasone (200 ug kg=', i.p., two injections), PAT
exerted comparable or even stronger analgesic effects and at
much lower concentration (Figure 2).

Effect of PAT on cytokine up-regulation by ET

Injection of ET in the hind paw of rats resulted in a
significant (P<0.001) increase in the concentrations of pro-
inflammatory cytokines and NGF when compared to their
levels in saline injected animals or the non-injected legs of the
same animals. This increase reached a peak at 1 h for TNF-a
and at 3 h for IL-1p8, IL-6 and NGF after ET injection
(Figure 3). Pretreatment with PAT (25 ug, i.p.) abolished the
increased concentration of TNF-a and significantly reduced
the levels of IL-1p (from 2850.6 +255.4 to 1686.0+266.0 pg/

PAT alone (25 pg in 100 gl saline, i.p.) did not produce hind paw, P<0.05), IL-6 (from 2831.0+285.0 to
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Figure 3 Pretreatment with PAT prevented the increase in cytokines and NGF concentration due to ET injection. Each bar
represents the determination of the level of each cytokine and NGF in the skin tissues of the injected paws of a separate group of
rats (n=>5) for the indicated treatment. The levels of cytokines and NGF were measured at the time of peak of their upregulation by
ET, which corresponds to 1 h for TNF-o and 3 h for the remaining factors. The significance of differences was measured by

comparing their levels with saline injected controls.
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1158.0+197.0 pg/hind paw, P<0.01) and NGF (from
23.0+1.73 to 16.73+2.70 ng/hind paw, P<0.01) (Figure 3).
Injections of PAT (25 pg) in control animals did not produce
significant alterations in the concentration of the cytokines
and NGF as shown in Figure 3.
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Figure 4 Pretreatment with PAT prevented the hyperalgesia and
fever induced by systemic injection of ET. Two groups (n=>5) of rats
were used, one injected with ET the other received ET preceded by
PAT injection. The pairs of bars in each panel represent the
measurements made before (control) or at the indicated time interval
following treatments. The significance of difference was established
by the two-tailed student r-test with reference to the control (*)
before injection or between the two groups of each time interval (+).

Effect of PAT on ET-induced systemic inflammatory
hyperalgesia

Injections of ET (50 ug, i.p.) resulted in a significant decrease
in the nociceptive thresholds over a period of 6—-9 h as
assessed by the PP and TF tests. Pretreatment with PAT
(50 g in 100 ul saline, i.p.), 30 min before systemic ET,
abolished the ET-induced mechanical (Figure 4A) and
thermal (Figure 4B) hyperalgesia.

ET is a known pyrogen, and its injection resulted in a
significant increase in body temperature by 1h (38.43+
0.28°C vs control 37.65+0.16°C), which remained signifi-
cantly elevated after 6 h (Figure 4C). Pretreatment with PAT
reversed the elevated body temperature due to ET injection
(Figure 4C).

Pretreatment of different groups of rats with different doses
of PAT (25, 50, 100 and 200 ug) showed that PAT reduced
significantly the effect of ET at the dose of 25 ug and its
effect peaked with the dose of 50 ug (Figure 5).

Systemic injection of ET, on the other hand, produced
significant up-regulation of IL-1f (P<0.001), IL-6 (P <0.01),
TNF-o (P<0.01) and PGE, (P<0.01) levels in the liver when
compared to rats injected with either sterile saline or PAT
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Figure 5 Dose-dependent effect of PAT pretreatment on the
hyperalgesia induced by systemic injection of ET. Each bar, in each
panel, represents the mean+s.e.mean of measurements made on one
group of rats for the indicated treatment. The significance of
difference was established with reference either to control (*)
measured before any treatment or to the peak of hyperalgesia
induced by ET (+).
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(25 pg in 100 pl saline, i.p.) alone (Figure 6). Pretreatment
with PAT exerted strong reduction of IL-6 and PGE, to the
control level and significant attenuation of the increased
levels of TNF-o (P<0.05) and IL-1p (P<0.01) by ET (Figure
6).

Discussion

Two models of ET-induced inflammatory hyperalgesia have
been characterized during the last decade. The first was based
on systemic inflammation induced by i.p. injection of high
doses of ET (Maier et al., 1993) and the observed
hyperalgesia, fever and illness were attributed to the up-
regulation of cytokines levels, specially IL-18 and PGE, (for
a review, see Konsman et al., 2002). The second described
inflammatory hyperalgesia that was induced by local (i.pl.)
injection of a small dose of ET in rats and mice (Kanaan et
al., 1996). Further investigations showed that this localized
inflammatory hyperalgesia was preceded by significant up-
regulation of pro-inflammatory cytokines and NGF (Kanaan
et al., 1998; Safieh-Garabedian et al., 1997) and pretreatment
with either anti-inflammatory drugs (Safieh-Garabedian et al.,
1997) or anti-inflammatory cytokines (IL-10) prevented the
ET-induced hyperalgesia (Kanaan et al., 1998). The present
study was based on the use of both models, and showed
significant inhibitory effects exerted by PAT on the ET-
induced hyperalgesia and up-regulation of cytokine levels. It
is interesting to note that, PAT injection to naive rats, at the
dosage used, did not produce significant alteration of
physiological parameters such as blood pressure, respiratory
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rate, temperature and normal motor behaviour. On the other
hand, PAT treatment of rats subjected to systemic injection
of ET, appeared to alleviate the illness behaviour induced by
systemic inflammation. This observation will be considered in
more detail later in this discussion.

Since the demonstration of the role of pro-inflammatory
cytokines (Cunha et al., 1992; Ferreira et al., 1998; and for
review see Poole et al., 2000) and NGF (for review, see Lewin
& Mendell, 1993; McMahon, 1996) in mediating inflamma-
tory response and hyperalgesia, the targeting of these
molecules has become a major focus for the treatment of
inflammatory diseases (Dinarello et al., 1993). On the other
hand, it has been shown that PGE, plays a major role as a
key regulator of cytokine production and the inflammatory
cascade (Portanova et al., 1996; Vane et al., 1994). A new
therapeutic approach for the treatment of pain and
inflammatory diseases has been initiated, for three decades
based on the inhibition of prostaglandins by NSAID (Vane,
1971). Despite extensive medical use of several generations of
NSAID, the outcome of selective targeting of COX-2
mechanisms is still debated (Wallace et al., 1999, and for
review, see Frohlich, 1997; Furst, 1998; Vane, 1998). Three
major issues constituted the main topic of this debate: (1) the
variation of toxicity of NSAID depending on selective
inhibition of either COX-1 or COX-2 (for review, see Furst,
1998; Vane, 1998); (2) the other therapeutic aspects of
NSAID considered independent from COX inhibition (Furst,
1998; Osnes et al., 1996); (3) the limited anti-inflammatory
effects of COX-2 inhibition in some inflammatory situations
and its possible detrimental side effects (Wallace et al., 1999;
Fitzgerald & Patrono, 2001). This debate, in addition to
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other clinical limitations for the use of NSAID, provided the
basis for a new trend considering the pro-inflammatory
mediators as potential targets for therapeutic intervention in
inflammatory diseases (Ferreira et al., 1988; Hamilton et al.,
1999; Huber et al., 2000; Poole et al., 1992).

Despite the demonstration of promising results in the
laboratory, most anti-cytokine drugs have resulted in poor
efficacy in clinical trials (Huber ez al., 2000). This has been
thought to be due to targeting of one mediator only, which
may not be sufficient to block complex inflammatory
responses (Camussi & Lupia, 1998). PAT in a single dose,
however, was effective in decreasing the level of several of
these inflammatory mediators, which may prove to be an
important effect not shown by other anti-inflammatory
molecules. As illustration, PAT exerted stronger inhibition
of ET-induced hyperalgesia than K(D)PV or K(D)PT and at
a dosage, at least 10 times lower than that used for both
peptides. Furthermore, these tripeptides were reported to
antagonize either IL-15 (KDPT) or IL-1f and PGE, (KDPV)
mechanisms (Ferreira er al., 1988; Poole et al., 1992), while
PAT showed an almost equal reversal of the upregulations of
interleukins, TNF-¢ and NGF by i.pl. injection of ET.

Another interesting aspect in the reported effects of PAT
treatment was the amelioration of the symptoms of illness
behaviour induced by systemic injection of ET. This
amelioration took the form of reversal of the hyperalgesia,
improvement of the motor behaviour and prevention of
febrile reactions to ET. Accumulating evidence has shown
that ET does not cross the blood brain barrier (Dascombe &
Milton, 1979) and can induce the illness behaviour and fever
through PGE,-dependent mechanisms (Cao et al., 1997; van
Dam et al., 1993, for a review, see Konsman et al., 2002).
Therefore, the anti-febrile effect of PAT can be attributed to
the inhibition of COX-2 mechanisms leading to PGE,
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