Available online at www.sciencedirect.com

science (@hoineer

Biochemical Pharmacology 65 (2003) 1539-1549

¥

L SEVIER

www.elsevier.com/locate/biochempharm

LAAE-14, a new in vitro inhibitor of intracellular calcium mobilization,
modulates acute and chronic inflammation

Rut Lucas®, Mario Alvesb, Esther del Olmob, Arturo San Felicianob, Miguel Payéa’*

“Departamento de Farmacologia, Universidad de Valencia, Av. V. Andrés Estelles s/n, 46100 Burjassot, Valencia, Spain
bDepartamento de Quimica Farmacéutica, Facultad de Farmacia, 37007 Salamanca, Spain

Received 16 September 2002; accepted 5 February 2003

Abstract

A new lipidic acid-amido ether derivative (LAAE-14) able to reduce dose-dependently the calcium increases mediated either by
calcium ionophore ionomycin, by the endoplasmic reticular Ca*"-ATPase inhibitor thapsigargin, or by the chemotactic tripeptide N-
formyl-L-methionyl-L-leucyl-L-phenylalanine (fMLP), in human neutrophils as well as in murine peritoneal macrophages, but not ATP,
has been evaluated as a potential anti-inflammatory drug. This compound attenuated leukocyte activation by means of its inhibitory effect
on the respiratory burst elicited in both types of cells by 12-O-tetradecanoyl phorbol 13-acetate, by inhibition of the degranulation process
induced by cytochalasin B 4+ fMLP or cytochalasin B + platelet activating factor, as well as by reduction of leukotriene B, synthesis
induced by the calcium ionophore A23187. In addition, in zymosan-stimulated mouse peritoneal macrophages LAAE-14 caused a potent
inhibition of nitrite and prostaglandin E, production. This compound exerted acute and chronic anti-inflammatory effects by oral route,
that may be related with several mechanisms such as attenuation of leukocyte activation, inhibition of inducible nitric oxide synthase,
cyclo-oxygenase-2 and cytosolic phospholipase A, expression as well as reduction in tumour necrosis factor-o. production. Its anti-
inflammatory profile is clearly correlated with its behavior as inhibitor of intracellular calcium mobilization. The profile and potency of
this compound may have relevance for the inhibition of the inflammatory response at different levels and may represent a new approach to

the development of new anti-inflammatory drugs.
© 2003 Elsevier Science Inc. All rights reserved.
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1. Introduction

The increase in the concentration of [Ca®']; is a power-
ful stimulus to cell activation [1]. In inflammatory leuko-
cytes, such as neutrophils and macrophages, [Ca>"]; plays
a pivotal role because it is involved in the regulation of a
great variety of functional responses including degranula-
tion [2], superoxide anion, NO and TNFa production [2,3].
Therefore, a variety of inhibitors of Ca’" influx have been
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Abbreviations: [Caz+]i, intracellular free calcium; COX-2, cyclo-
oxygenase-2; cPLA,, cytosolic phospholipase A,; fMLP, N-formyl-L-
methionyl-L-leucyl-L-phenylalanine; HBSS, Hank’s balanced salt solution;
iNOS, inducible nitric oxide synthase; LTB,, leukotriene By; LAAE-14,
lipidic acid-amido ether derivative; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide; NO, nitric oxide; PAF, platelet activating
factor; PGE,, prostaglandin E,; TPA, 12-O-tetradecanoyl phorbol
13-acetate; TNFo, tumour necrosis factor-o.

investigated as potential therapeutic agents to attenuate
leukocyte activation independently of the agonist hierarchy
present in inflammation [4-6].

TNFua is a pro-inflammatory cytokine, that is recognized
as a central mediator of endotoxaemia and other forms of
inflammation [7]. In addition, the endogenous production of
TNFa is a key intermediate in the induction of NO synth-
esis. The enhanced formation of NO by the macrophage
type iNOS importantly contributes to tissue injury in human
inflammatory arthritis [8], NO being an useful marker for
monitoring rheumatoid arthritis in the early stages [9]. On
the other hand, NO can be a modulator of COX-2 expres-
sion. Recently, it has been reported that NO donors induce
COX-2 mRNA expression in rheumatoid synovial cells and
suppression of this induction would take part in the anti-
inflammatory action of glucocorticoids [10].

In the present study, we have evaluated the anti-inflam-
matory activity on acute and chronic inflammatory models
of LAAE-14 (Fig. 1), a new LAAE-14 derivative inhibitor
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Fig. 1. Chemical structure of LAAE-14.

of calcium intracellular mobilization induced by ionomy-
cin, thapsigargin and fMLP in human neutrophils as well as
in murine macrophages. Our results demonstrate that
LAAE-14 has substantial modulatory effects on the pro-
duction of TNFa, NO and prostaglandins and shows that
the development of inhibitors of intracellular Ca®" influx
could be a very interesting and effective approach to the
development of anti-inflammatory drugs than a single
mediator antagonist strategy.

2. Materials and methods
2.1. Reagents

LAAE-14 was prepared by acylation of the respective
benzylic aminoether with glutaric anhydride, following
procedures recently published [11]. [5,6,8,11,12,14,
15(n)-*HIPGE, and [5,6,8,9,11,12,14,15(n)->H]LTB,
were from Amersham Biosciences. COX-2- and iNOS-
specific polyclonal antisera were purchased from Cayman
Chemicals. cPLA,- and IgG-specific polyclonal antisera
were purchased from Santa Cruz Biotechnology Inc. The
peroxidase-conjugated IgG was purchased from Dako and
the rest of reagents were from Sigma Chemical Co.

2.2. Preparation of human neutrophils

Leukocytes were obtained and purified as described pre-
viously [12]. Viability was greater than 95% by the trypan
blue exclusion test. The mitochondrial-dependent reduction
of MTT to formazan [13] was used to assess the possible
cytotoxic effect of LAAE-14 on human neutrophils.

2.3. Isolation and culture of mouse peritoneal
macrophages

Female Swiss mice weighing 25-30 g were used to
obtain highly purified peritoneal macrophages. Cells were
harvested by peritoneal lavage 4 days after i.p. injection of
1 mL of 10% thioglycolate broth. Cells were resuspended
in culture medium (120 mM NaCl, 4.7 mM KClI, 1.2 mM
CaCl,, 1.2mM KH,PO,, 25mM NaHCO;, 10 mM
HEPES, 1 mM arginine, and 10 mM glucose) supplemen-
ted with 10% fetal bovine serum, 2 mM glutamine, 100 U/
mL penicillin, 100 pg/mL streptomycin and incubated at
37° for 2 hr. The adherent cells were used to perform the
following experiments. Cytotoxicity was assessed by the
reduction of MTT [13].

2.4. Measurements of changes in intracellular calcium
levels in human neutrophils and murine macrophages

Neutrophil suspensions (5 x 10° cells/mL) in HBSS pH
7.4 containing 1.26 mM Ca®" and 0.42 mM Mg>" were
incubated at 37° for 45 min with 0.5 uM Fura-2/AM. Fura-
2/AM-loaded cells were washed and reconstituted in HBSS
(5 x 10° cells/mL) and kept in the dark at room tempera-
ture until used (within 1 hr). Then, 2.0 mL of cell suspen-
sion was added to appropriate cuvettes, placed in a
thermostatically controlled holder with continuous stirring,
and fluorescence was measured using a Perkin-Elmer
spectrofluorimeter (LS-50B). The excitation ratio of
340:380 nm was recorded with an emission wavelength
of 505 nm. [Ca>"]; was calculated according to the equa-
tion, [Ca®"]; = (Fo — Fuin)/(Fmax — Fo) x 225 (nM) as
described [14]. On the other hand, freshly harvested mur-
ine peritoneal macrophages were obtained as previously
described and adherent cells were loaded with Fura-2/AM
(0.5 uM) for 1hr. The cells were washed in HBSS
(3 x 10° cells/mL) and kept in the dark at room tempera-
ture until used (within 1 hr).

2.5. Chemiluminescence

Neutrophils or peritoneal macrophages (2.5 x 10°
cells/mL) were incubated with luminol (40 pM) and
stimulated with TPA 1 pM. The chemiluminescence was
recorded in Microbeta trilux counter (Wallac). Superoxide
anions were also generated by the hypoxanthine/xanthine
oxidase system [15].

2.6. NADPH-oxidase assay

Fractions I and II from human neutrophils were obtained
as described previously [16]. The biochemical assay of
NADPH oxidase activity of subcellular fractions from
neutrophils was carried out by measuring the disappear-
ance of NADPH (decrease in absorbance at 340 nm).

2.7. Elastase release by human neutrophils

Neutrophils (2.5 x 10° cells/mL) were preincubated
with test compound or vehicle for 5 min and then stimu-
lated with cytochalasin B (10 pM) and fMLP (10 nM) or
PAF (0.5 uM) for 10 min at 37°. Elastase activity was
estimated in supernatants as p-nitrophenol release. Possi-
ble direct inhibitory effects on elastase activity were also
assessed [17].

2.8. Synthesis and release of LTB, by human neutrophils

A suspension of human neutrophils (5 x 10° cells/mL)
was preincubated with test compound or vehicle and then
stimulated with calcium ionophore A23187 (1 uM) for
10 min at 37°. LTB,4 levels in supernatants were measured
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by radioimmunoassay [18]. High speed (100,000 g) super-
natants from sonicated human neutrophils were obtained
and incubated in appropriate conditions with 10 uM ara-
chidonic acid to assess 5-LO activity [19].

2.9. Nitrite and PGE, production in mouse peritoneal
macrophages

Peritoneal macrophages (4 x 10° cells/well) were pre-
incubated with test compounds or vehicle for 30 min and
then stimulated with zymosan (0.1 mg/mL) in 96-well
culture plate at 37° for 18 hr in the presence of test
compounds or vehicle. Nitrite and PGE, levels were
determined in culture supernatants by a fluorimetric
method [20] or by radioimmunoassay [18], respectively.

2.10. Mouse air pouch model

All studies were performed in accordance with European
Union regulations for the handling and use of laboratory
animals. The protocols were approved by the institutional
Animal Care and Use Committee. Air pouch was per-
formed in female Swiss mice (25-30 g) as previously
described [17]. Test compound at 12.5, 25, and 50 mg/
kg, dexamethasone (2 mg/kg) or indomethacin (5 mg/kg)
was administered orally 30 min before zymosan injection.
After 4 hr, the animals were killed by cervical dislocation,
and the exudate in the pouch was collected with 1 mL of
saline. Leukocytes present in exudate in the pouch were
measured using a Coulter counter. After centrifugation of
exudates (1200 g at 4° for 10 min), the supernatants were
used to measure LTB4 and PGE, levels by radioimmu-
noassay [18] and TNFu levels by time-resolved fluoroim-
munoassay [21].

2.11. Carrageenan paw oedema model

The anti-inflammatory activity of LAAE-14 was
assessed by the carrageenan paw oedema test in mice
according to the method of Sugishita et al. [22]. LAAE-
14 (12.5, 25, and 50 mg/kg), indomethacin (5 mg/kg) or
vehicle (propylene glycol, glycerol, water; 4:1:5, v/v/v)
was administered orally 30 min before injection of carra-
geenan (0.05 mL; 3%, w/v in saline) into the subplantar
area of the right hind paw. The volumes of the injected and
contralateral paws were measured at 1, 3, and 5 hr after
induction of oedema by using a plethysmometer (Ugo
Basile). The volume of oedema was expressed for each
animal as the difference between the carrageenan-injected
and contralateral paws.

2.12. Adjuvant-induced arthritis model
Adjuvant arthritis was elicited in female Lewis rats

(175-200 g) by injection of 0.1 mL of Mycobacterium
butyricum (10 mg/mL) in mineral oil into the base of

the tail [23]. Paw volumes were measured at the beginning
of the experiment by using a water displacement plethysm-
ometer. The magnitude of the inflammatory response was
evaluated by measuring the volume of both hind paws at
day 17. Animals with oedema values of 1.1 mL larger than
normal paws were then randomized into treatment groups.
12.5 mg/kg of LAAE-14 or vehicle (propylene glycol,
glycerol, water; 4:1:5, v/v/v) was administered p.o.
twice-daily and the oedema in hind paws was measured
on days 17-24. Serum was collected on the last day of the
experiment (day 25) for the determination of PGE, and
nitrite content. Rats under anaesthesia were placed on a
radiographic box at a distance of 90 cm from an X-ray
source. Radiographic analysis of arthritic hind paws was
performed by X-ray machine (Univet LX160) with a
40 kW exposition for 0.01 sec. Paws were oriented hor-
izontally relative to detector. After death, hind paws were
amputated above the ankle and homogenized in 2.5 mL of
10 mM HEPES buffer, pH 7.4, containing 0.32 M sucrose,
100 pM EDTA, 1 mM dithiothreitol, 2 mM phenylmethyl-
sulfonyl fluoride, and 100 uM leupeptin. After centrifuga-
tion at 1200 g for 15 min at 4°, supernatants were used for
the determination of PGE,, nitrite, and TNFa levels as
above. Stomachs were homogenized in 2.0 mL of metha-
nol and aliquots of supernatants were used to determine the
content of PGE, by radioimmunoassay.

2.13. Western blot analysis

The supernatants from homogenized and centrifugated
paws were sonicated and centrifugated at 10,000 g for
15 min at 4°. Supernatant protein was determined and
25 pg protein were loaded on 12% sodium dodecyl sul-
phate—polyacrilamide gel electrophoresis (SDS—PAGE) and
transferred onto polyvinylidene difluoride membranes for
90 min at 125 mA. Membranes were blocked in phosphate
buffer saline (0.02 M, pH 7.0)-Tween-20 (0.1%) containing
3%, w/v unfatted milk. Membranes were incubated with
specific anti-iNOS or anti-COX-2 polyclonal antibody
(1:1000 dilution); for IgG, membranes were incubated with
specific anti-IgG polyclonal antibody (1:1000 dilution); for
cPLA,, membranes were incubated with specific anti-
cPLA, monoclonal antibody (1:5000 dilution). After wash-
ing, membranes were incubated with peroxidase-conju-
gated goat—anti-rabbit IgG (1:20,000 dilution). The
immunoreactive bands were visualized using an enhanced
chemiluminescence system (ECL, Amersham Biosciences).

2.14. Statistical analysis

Statistical evaluation included ANOVA followed by
Dunnett’s #-test for multiple comparisons. P-values of
P < 0.05 (*) or P < 0.01 (**) were taken as significant.
Results are shown as mean £ SEM for N experiments.
Inhibitory concentration 50% (icsg) values were calculated
from at least four significant concentrations.
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3. Results

3.1. Effect on intracellular calcium levels in human
neutrophils and murine peritoneal macrophages

Experiments were carried out to investigate the effect of
LAAE-14 on [Ca®"]; mobilization induced by different
agonists using human neutrophils as well as murine macro-
phages. LAAE-14 did not produce at 10 pM any effect
(Figs. 2A and 3A) on calcium increases induced by ATP, a
known calcium mobilizing agonist [1,24], either in human
neutrophils or in murine macrophages. The response to the
calcium ionophore ionomycin and the endoplasmic reti-
cular Ca®"-ATPase inhibitor thapsigargin was rapid, but in
contrast to ATP the increase in [Ca>"]; was more sustained
and had not diminished by 300 sec (Figs. 2B, C and 3B, C).
LAAE-14 was able to reduce dose-dependently the cal-
cium increases mediated by both agonists in both types of
cells. However, in vehicle control experiments [Ca”]i did
not change significantly during the 7-min pre-incubation
period (data not shown) adopted in this study. As expected,
dantrolene a well known inhibitor of calcium mobilization
from calcium stored in the endoplasmic reticulum and
mitochondria [4,25] reduced the increase in [Ca”]i
mediated by thapsigargin in both types of cells (Figs. 2C
and 3C). In addition, LAAE-14 reduced the increase in
[Ca®*]; mediated by fMLP in both cell types (Figs. 2D and
3D).

3.2. Effect on elastase release, chemiluminescence
response, and LTB4 production in human neutrophils

We assayed LAAE-14 in the degranulation process of
human neutrophils activated by two different stimuli.
Preincubation of isolated human neutrophils with the test
compound elicited a concentration-dependent inhibition of
cytochalasin B 4+ fMLP and cytochalasin B + PAF-
induced degranulation measured as elastase release. The
Icso values were 0.8 and 0.3 uM, respectively (Fig. 4A).
Direct inhibitory effects on elastase activity were not
observed (data not shown). Besides, LAAE-14 inhibited
the chemiluminescence response induced by stimulation of
human neutrophils or murine macrophages with TPA, with
an ICsq values of 2.5 and 1.0 uM, respectively (Fig. 4B). In
contrast, LAAE-14 did not inhibit the chemiluminescence
generated by the hypoxanthine/xanthine oxidase system
(data not shown) at 10 uM, indicating the absence of
scavenging effect on reactive oxygen species in a cell-free
system. In addition, this compound did not inhibit
NADPH-oxidase in preparations of subcellular fractions
of human neutrophils (data not shown). On the other hand,
LAAE-14 completely abolished LTB, release by human
neutrophils stimulated with calcium ionophore A23187.
The concentration-dependent study showed an Icsg
value of 2.4 uM. Nevertheless, LAAE-14 failed to modify
LTB, synthesis by high-speed supernatants from human
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Fig. 2. Effect of LAAE-14 on [Ca®*]; levels in Fura-2/AM-loaded human
neutrophils exposed to different stimuli. (A) ATP, (B) ionomycin, (C)
thapsigargin and (D) fMLP. The traces are from a single experiment and
are typical of three separate cell preparations. LAAE-14 or dantrolene was
preincubated previously for 7 min and stimuli were added at 20 sec (arrow)
at the concentration shown at the right of each trace.

neutrophils at concentration up to 10 uM (data not shown).
Thus, it appears that the reduction of LTB, release by
LAAE-14 in intact neutrophils is not due to direct inhibi-
tion of 5-LO activity.
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Fig. 3. Effect of LAAE-14 on [Ca 2+ levels in Fura-2/AM-loaded
murine peritoneal macrophages exposed to different stimuli. (A) ATP,
(B) ionomycin, (C) Thapsigargin and (D) fMLP. The traces are from a
single experiment and are typical of three separate cell preparations.
LAAE-14 or dantrolene was preincubated previously for 7 min and
stimuli were added at 20 sec (arrow) at the concentration shown at the
right of each trace.
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Fig. 4. Concentration—effect relationship for the inhibition by LAAE-14 of
different leukocyte functions. (A) Inhibition of elastase release induced by
cytochalasin B 4+ fMLP or cytochalasin B + PAF on human neutrophils
(unstimulated cells = 1.0 £ 0.1" nmol p-nitrophenol/mL/min; fMLP-sti-
mulated cells = 5.3 £0.1 nmol p-nitrophenol/mL/min; PAF-stimulated
cells = 6.9 £ 0.1 nmol p-nitrophenol/mL/min), (B) Inhibition of superoxide
production induced by TPA on human neutrophils or on murine peritoneal
macrophages (unstimulated cells = 293.2 +28.6"" and 14.3 &+ 0.7*
L.c./min/10° cells, respectively; stimulated cells =4384.5 4+ 165.6 and
72.1 £ 6.7 L.c/min/10° cells, respectively; L.c., Luminescence counts),
(C) Nitrite and PGE, inhibition in zymosan-stimulated murine peritoneal
macrophages (unstimulated cells = 65.5 +6.8™ and 1.2 4+ 0.2"" ng/mL,
respectively; zymosan-stimulated cells= 416.8+ 35.2 and 7.140.6 ng/mL,
respectively). Data represent mean = SEM, N = 6-10. (¥) P < 0.05, (**)
P < 0.01 with respect to the stimulated control group.
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3.3. Effect on nitrite and PGE, production in zymosan-
stimulated murine peritoneal macrophages

Incubation of 18 hr zymosan-stimulated mouse perito-
neal macrophages with LAAE-14 caused a concentration-
dependent inhibition of nitrite (as an index of NO genera-
tion) and PGE, production (Fig. 4C). The 1cs5o values for
both parameters were in the submicromolar range.

3.4. Effect on cell migration, PGE,, LTB,, and TNFu in
the mouse air pouch injected with zymosan. Effect on
oedema in carrageenan mouse paw model

As shown in Fig. 5, the number of leukocytes present in
the pouch exudate collected 4 hr after zymosan challenge
was significantly reduced by oral administration of LAAE-
14 at the doses of 12.5, 25, and 50 mg/kg. PGE, and LTB,
were reduced strongly at 25 and 50 mg/kg. Indomethacin
(5 mg/kg), assayed as reference compound, potently
reduced PGE, levels without affecting LTB, content. TNFo.
levels were strongly reduced at the three doses assayed.
Dexamethasone (2 mg/kg) markedly reduced all the para-
meters studied.

After oral administration, LAAE-14 (12.5, 25, and
50 mg/kg) caused a dose-dependent inhibition in carragee-
nan-induced paw oedema at 1, 3, and 5 hr after induction of
inflammation (Fig. 6). The greatest effect was observed at
the highest dose assayed, with inhibition percentages of
oedema greater than 75% during all the period evaluation.
Indomethacin (5 mg/kg p.o.) was assayed as reference
compound, showing the highest reduction at 3hr
(67.2%) after the administration of carrageenan.

3.5. Effect on adjuvant-induced arthritis

We have evaluated the anti-inflammatory effect of
LAAE-14 in a chronic inflammatory model, the rat adju-
vant-induced arthritis. As shown in Fig. 7A, oral admin-
istration of this compound (12.5 mg/kg) on days 17-24
after adjuvant injection, significantly reduced paw oedema.
At the end of the experiment (day 25) paw swelling was
reduced in LAAE-14-treated animals by 61.9% relative to
the paw volume of vehicle-treated animals (control). The
dexamethasone-treated group showed a 73.9% reduction in
paw volume at that day. The LAAE-14 daily treatment did
not affect the body weight progression as it did the
dexamethasone group, specially the last 2 days of treat-
ment (Fig. 7B). LAAE-14 reduced significantly the levels
of nitrite in serum and in homogenized rat paws (Fig. 8A),
and PGE, content in serum and in homogenized rat paws
but not in stomach ones, as it did the dexamethasone group
(Fig. 8B). TNFa content in homogenized rat paws was
reduced significantly in both groups (Fig. 8C). We also
determined by Western blot analysis the modulatory effect
of LAAE-14 and dexamethasone on the expression of
different proteins known to be implicated in chronic
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Fig. 5. Effect of LAAE-14 in the 4 hr mouse air pouch injected with
zymosan. Data represent mean + SEM of 6-10 animals; (*) P < 0.05, (**)
P < 0.01 with respect to the zymosan control group. LAAE-14 was
administered orally 30 min before zymosan stimulation. S, saline; Z,
zymosan; L, LAAE-14 at 12.5, 25, and 50 mg/kg, respectively; D,
dexamethasone at 2 mg/kg; I, indomethacin at 5 mg/kg. (A) Number of
cells present in exudates 4 hr after zymosan, (B) PGE, levels in exudates,
(C) LTBy, levels in exudates, (D) TNFa levels in exudates.
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Fig. 6. Inhibitory effect of LAAE-14 on carrageenan mouse paw oedema,
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1545

inflammatory processes like iNOS, COX-2, cPLA, and
IgG (Fig. 9). As shown in Fig. 9, LAAE-14 and dexa-
methasone practically abolished the expression of iNOS
and reduced significantly the expression of COX-2, cPLA,
and IgG content in homogenized rat paws. A radiographic
examination of hind paws from rats 25 days post-adjuvant
injection revealed bone matrix resorption and osteophyte
formation at the joint margin (Fig. 10A). LAAE-14 and
dexamethasone markedly reduced the degree of bone
resorption, soft tissue swelling and osteophyte formation
(Fig. 10B and C). Bone erosion was also scored by
densitometric analysis on an arbitrary scale (Fig. 10D)
to facilitate its evaluation.

4. Discussion

The cellular signaling events leading to the systemic
inflammation are complex. It is generally accepted that
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Fig. 7. Effect of LAAE-14 (12.5 mg/kg) and dexamethasone (2 mg/kg) on the development of adjuvant-induced arthritis in Lewis rats. Compounds were
administered twice-daily on days 17-24 and paw tissues were recovered on day 25 post-adjuvant injection for analysis. Data represent mean = SEM of six
animals; (*) P < 0.05, (**) P < 0.01 with respect to the arthritic control group. (A) Paw oedema progression, (B) body weight progression.
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Fig. 8. Effect of LAAE-14 (12.5 mg/kg) and dexamethasone (2 mg/kg) on
nitrite, PGE,, and TNFa levels in serum and homogenized stomachs and
paws from adjuvant-induced arthritic rats. Compounds were administered
twice-daily on days 17-24 and paw tissues were recovered on day 25 post-
adjuvant injection for analysis. (A) Nitrite levels in serum and paws, (B)
PGE, levels in serum, stomach and paws, (C) TNFa levels in paw. B, non-
arthritic group; C, arthritic control group; L, LAAE-14; D, dexamethasone.
Data represent mean + SEM of six animals; (*) P < 0.05, (**) P < 0.01
with respect to the arthritic control group.

recruitment and activation of leukocytes contribute to
tissue damage in inflammation. Neutrophils migrate to
the site of inflammation and upon activation by different
stimuli, generate large amounts of reactive oxygen species,
and release granular enzymes such as elastase and mye-
loperoxidase, which participate in tissue injury [26]. There
are a multitude of intracellular processes which are linked
to (or precede) the production of inflammatory mediators.
The fluctuation of [Ca”]i is a powerful stimulus to cell
activation [1]. In inflammatory cells such as neutrophils or
macrophages, which are not voltage activated, receptor-

(A)
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Fig. 9. Effect of LAAE-14 (12.5 mg/kg) and dexamethasone (2 mg/kg) on
(A) iNOS expression, (B) COX-2 expression, (C) cPLA, expression and
(D) IgG expression in homogenized rat paws from adjuvant-induced
arthritic rats. Compounds were administered twice-daily on days 17-24
and paw tissues were recovered on day 25 post-adjuvant injection for
analysis. Dex, dexamethasone. The figure is representative of three similar
experiments.

mediated [Ca®"]; influx pathways appear to be an impor-
tant and abundant mechanism for calcium entry [27]. In
this regard, it is known that neutrophil elastase promotes
rapid exocitosis by producing [Ca®*]; oscillations [2] and
that the oxidative burst and nitrite formation in activated
macrophages [28] are mediated by mobilization of [Ca”]i.
A synergistic co-operation between thapsigargin, a Ca®'-
ATPase inhibitor of endoplasmic reticulum, and TPA a
protein kinase activator, has been reported for the induction
of NO in murine peritoneal macrophages [29].

In the present work, we have shown that LAAE-14 a new
LAAE-14, inhibited potently the [Ca”]i mobilization
which was induced either by calcium ionophore ionomycin,
by thapsigargin or by fMLP in human neutrophils as well as
in murine peritoneal macrophages. Interestingly, LAAE-14
did not affect the transient increases in [Ca®>*]; induced by
the physiological agonist ATP, suggesting that LAAE-14
could not act as a potential chelator of intracellular Ca**.
The respiratory burst elicited in both types of cells by TPA
was potently inhibited by LAAE-14, showing no sign of
scavenging action in a cell-free system. In this regard, using
membranes prepared from neutrophils stimulated with TPA,
LAAE-14 did not inhibit this preassembled NADPH oxi-
dase, suggesting that this compound could act at on a
previous step, by interfering with the assembly of the active
NADPH oxidase. LAAE-14 also reduced the degranulation
induced by cytochalasin B +fMLP or cytochalasin
B + PAF, as well as the LTB, synthesis induced by the
calcium ionophore A23187. In addition, in zymosan-stimu-
lated mouse peritoneal macrophages LAAE-14 caused a
potent inhibition of nitrite and PGE, production. The inhi-
bitory in vitro effects observed by this compound on differ-
ent leukocyte functions are close related with the inhibitory
profile on [Ca®"]; mobilization exerted by LAAE-14. In the
4 hr zymosan-stimulated mouse air pouch model of inflam-
mation, this compound reduced cell migration as well as
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Fig. 10. Radiographic progression of adjuvant-induced arthritis in the tibiotarsal joint of rats. Compounds were administered twice-daily on days 17-24 and
paw tissues were recovered on day 25 post-adjuvant injection for radiographic examination. (A) Control, (B) LAAE-14 (12.5 mg/kg), (C) Dexamethasone
(2 mg/kg), (D) Densitometric analysis of bone erosion. C, arthritic control group; L, LAAE-14; D, dexamethasone. The figures are representative of three

similar experiments.

PGE,, LTB, and TNFo content in the pouch exudate. In this
respect, there are reports about activation of mouse perito-
neal macrophages showing that zymosan induced both a
transient increase in [Ca®"]; and stoichiometric phosphor-
ylation of cPLA; on Ser-505 and thus is a potent inducer of
arachidonic acid release [30-32]. Besides, other authors
[33,34], indicate that increases in [Ca® "] play an important
role in the control of monokine secretion and that they are
required for TNFo and IL-6 protein release by macrophages.

The induction of iNOS and COX-2 greatly increases the
synthesis of NO and prostaglandins, which contribute to
the pathophysiology of various inflammatory processes.
Both pro-inflammatory inducible enzymes are involved in
paw swelling induced by carrageenan in mice and rats
[35,36]. We have shown that LAAE-14 exerted potent anti-
inflammatory effects in the mouse paw oedema model
induced by carrageenan. Furthermore, NO has been shown
in in vitro and in vivo studies to increase the production of
pro-inflammatory prostaglandins [37,38]. On the other
hand, overproduction of prostaglandins by COX-2 expres-
sion has been reported for chronic inflammatory conditions
such as rheumatoid arthritis [39]. In the present study,
using the rat adjuvant arthritis model, we have shown that
LAAE-14, by oral route, inhibited the production of NO
and prostaglandins. Western blot analysis showed that
iNOS and COX-2 expression was reduced, being coupled
with a reduction in NO and prostaglandin levels in arthritic
paw homogenates. This compound also diminished serum
PGE, levels without affecting PGE, generation in stomach
of arthritic rats, which is related with COX-1 activity. The
model of adjuvant-induced arthritis is characterized by a
chronic swelling in multiple joints, with influx of inflam-
matory cells, erosion of joint cartilage and bone destruction
and remodeling [40]. This inflammatory disease is also
characterized by increased NO production and cytokine
activation [41]. LAAE-14, in addition with its potent anti-
oedematogenic profile, exhibited an important protection
on weight loss when compared with the respective control
group or with the reference dexamethasone group.

In inflammatory arthritis, there is evidence indicating
that the affected tissues produce large amount of radical

oxygen species, NO and IgG which react to produce
covalent cross-linked aggregates that behave as pro-
inflammatory immunocomplexes [42,43]. In this regard,
we have also shown that oral administration of LAAE-14
reduced significantly the IgG content in this experimental
model. On the other hand, phospholipases A,, which
cleave fatty acid from the sn-2 position of membrane
phospholipid, play a key role in controlling the release
of arachidonic acid which is the precursor of pro-inflam-
matory lipid mediators (i.e. prostaglandins and leuko-
trienes). The importance of the arachidonic-acid
selective 85-kDa cPLA, in mediating agonist-induced
release of arachidonic acid is well recognized [44]. This
cPLA, is regulated post-translationally by both phosphor-
ilation and calcium [31]. We have also shown by Western
blot analysis, that LAAE-14 in arthritic rats reduced the
content of a 85-kDa cPLA, in membranes, which could be
related with its in vitro inhibitory profile on [Ca®™];
mobilization. Finally, our results indicate that this com-
pound showed radiographic signs of protection against
bone resorption and osteophyte formation in inflamed
joints.

In summary, the present study demonstrated that LAAE-
14 exerts acute and chronic anti-inflammatory effects that
may be related with several mechanisms such as attenua-
tion of leukocyte activation, inhibition of inducible NO
synthase, COX-2 and cPLA, expression, as well as reduc-
tion in TNFa production, probably as a consequence of its
behavior as inhibitor of [Ca**]; mobilization. The profile
and potency of this compound may have relevance for the
inhibition of the inflammatory response at different levels
and may represent a new approach to the development of
new anti-inflammatory drugs.
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