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Abstract: The study aimed at analyzing the role of each of interleukin-1  (IL-1 ) and Nitric Oxide (NO) in
development of peripheral acute inflammation in mice in presence/absence of a one hour pre-administered
acetylsalicylic acid  (ASA).  Eighty  male  mice  were  utilized.   Carrageenan was administered intraplanterly
(0.05 ml of 0.5, 1 or 2%, W/V). The examined  parameters  were  paw  volume, IL-1  and nitrite levels in plasma
and paw infiltrate and the total and differential white blood cells count. Carrageenan administration caused
dose-dependent  increase  tendencies  in  paw  volume,  paw  infiltrate's  IL-1   and  plasma  nitrite  content.
Pre-treatment with ASA resulted in augmenting the rise in plasma IL-1 , decreasing IL-1  at the inflammation
site and restoring plasma nitrite content to its normal range. The findings indicate that the carrageenan amount
is the major determinant of the response to ASA.
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INTRODUCTION prostaglandins release from fibroblasts [2] and to

Acute inflammation is rapid, short-lived and through induction of NO [9].
characterized by accumulations of fluid, plasma proteins Regarding NO, it was found to possess th pro-and
and leukocytes. At the site of inflammations, the injured anti-inflammatory actions. Low concentrations of NO
vascular endothelial cells and the emigrated leukocytes produced by constitutive NO synthase (cNOS) inhibit
release a large number of soluble mediators which adhesion molecule expression, cytokine and chemokine
modulate and maintain the inflammation [1]. The present synthesis and leukocyte adhesion and transmigration
study is focusing on two of these mediators, namely [10]. On the other hand, NO produced by the inducible
interleukin-1  (IL-1 ) and Nitric Oxide (NO). isoform was found to increase carrageenan induced

Interleukin-1  (IL-1 ) is a pleiotropic mediator of the plasma extravasion in rat skin and paw oedema [11]. NO
host response  to  infections  and  injurious  insults. It was  also  found  to  activate  COX-1  in  the early phase
co-ordinates the activities of other cells and cytokines of carrageenan inflammation and to up-regulate COX-2
acts as a costimulant of early innate inflammatory and expression in the late phase in the skin, resulting in
later specific immune responses [2]. It acts on monocytes production of PGE2 and PGI2 at the site of inflammation.
and neutrophils, inducing secretion of several cytokines Thus contributing to exacerbation of the inflammatory
including IL-1 it-self [3, 4]. In addition, IL-1 was reported process [12]. In addition, the non-selective NOS inhibitor,
to prolong the in vitro survival of neutrophils, to augment N-nitro-l-arginine methylester (L-NAME) was found to
the  antigen  representing capacity of dendritic cells [5] increase prostacyclin and leukocyte infiltration in
and to participate in the recruitment of leukocytes to carrageenan-soaked sponge implants in rats, which
inflammatory sites by inducing the expression of indicate's that th isoforms of NOS may be involved during
adhesion molecules on vascular endothelium and a plasma exudation and leukocyte infiltration into the
number of chemokines that attract neutrophils, inflamed tissue [13].
eosinophils, macrophages and lymphocytes to the sites The findings that IL-1  stimulates the expression of
of injury [4, 6-8]. IL-1 has been also reported to induce iNOS and that NO affects the release of IL-1  [14] point to

stimulate apoptosis of pancreatic B cells, presumably
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the need for emphasizing the concerns regarding IL-1 Experimental design: Three major groups of animals were
and NO while assessing development and treatment of the utilized (90 mice). The first one served for studying the
experimental inflammations. dose-response relationships of carrageenan-induced paw

The anti-inflammatory action of acetylsalicylic acid edema, where animals were divided into three subgroups
(ASA)  has been generally attributed to direct inhibition according to the given dose level. The second major
of COX-1 and COX-2. Nevertheless, other different group was used for evaluating the anti-inflammatory
mechanisms are likely at work. The anti-inflammatory effect of ASA. It was subdivided into 4 subgroups. They
potential of ASA was reported to take place through were administered by ASA, 1 h before the administration
inhibiting nuclear factor kappa B (NF-kB) activation in of carrageenan (0, 0.5, 1 or 2 %). In parallel, the third major
monocytic, lymphocytic and lung epithelial cells by group acted as a control by receiving the oral or
blocking  Ikappa-B  ( kB)  kinase,  a  key  enzyme  in NF- intraplanter utilized vehicles. Subgroups were always of
kB activation, thereby inhibiting subsequent 10 animals each. Six hours after carrageenan injection,
proinflammatory cytokines expression, like TNF and IL-1 blood was withdrawn from the orbital sinus of each animal
[15-21]. Moreover, aspirin may prevent inflammation by into separated different heparinized tubes. These blood
increasing soluble receptor type  (sIL-1R ) secretion samples were utilized for total white blood cells count,
thus; preventing IL-1 from binding target cells [22]. In differential leucocytic count and for plasma separation.
addition, ASA was found to induce NO release from Animals were sacrificed and the paw thicknesses  for th
vascular endothelium [23, 24]. contralateral paws were measured using plethysmometer

The aim of the present study was to contribute to the (digital Caliper, U. FA, Germany). The volume of edema
understanding of the possible interplay of IL-1  and NO was expressed for each animal as the difference between
in development of peripheral acute inflammation in the carrageenan-injected paw and the contralateral one.
presence and in absence of a pre-administered dose of Paws were then cut. Each of the right hind paws was
ASA utilizing the mouse paw edema model. homogenized in 2 ml saline and centrifuged at 3000 rpm for

MATERIALS AND METHODS collected. The collected supernatants and plasma samples

Animals: The  study  was  performed  on  adult  male the nitrite contents.
Swiss   Mice   (weighing  23±3g),  obtained from the
animal house of the National Organization for Drug Determination of IL-1 : IL-1   level was assayed in
Control  and  Research  (NODCAR).  They  were kept plasma and paw infiltrate using enzyme-linked
under standardized  conditions,  where  diet  and  water immunoadsorbent assay kit in accordance with the
were ad libitum. manufacturer's recommendations (Biosource International,

Drugs and chemicals: Carrageenan lambda (Gelatin, (BioTEK. Instruments Inc., ELx808, USA).
vegetable, Irich Moss, Type IV), vine serum albumin
fraction  V  (BSA)  and  sulfanilamide  were purchased Measurement  of plasma and paw infiltrate nitrite
from  Sigma-Aldrich  Co.  Acetylsalicylic   acid  (ASA) content: Nitrite concentration was used as an indication
was kindly obtained from El Nasr Pharmaceutical of NO production. The procedure for NO determination
chemicals Co.(Egypt). N-(1-naphthyl)-ethylendiamine was  based  on  the  Griess reaction according to Wang
dihydrochloride,  a  laratory  reagent,  was  purchased and  Mazza  [25]. One  hundred  microliters  of  plasma,
from the British drug houses LTD (BDH). paw  infiltrate  or  sodium  nitrite  standard (7.5-500 µM)

Doses preparation and routes of administration: mixture of 0.1% W/V N-(1-naphthyl)-ethylendiamine
Carrageenan  was  prepared  into three concentrations dihydrochloride reagent) and 1% (W/V) sulfanilamide in
(0.5,  1  and  2%  W/V)   using   saline   as  a  diluent. It 5% (V/V) phosphoric acid, the two parts being mixed
was  administered  interplanetary  to  the right paw in a together within 1hr. of use]. After 20 min. at room
dose volume of 0.05 ml. ASA was prepared as a temperature, the light absorbance was measured at 540 nm
suspension in distilled water using tween 80 (0.25%). It (Spectrophotometer Heëios  Theromospectonic). The
was  orally  administered  (200 mg kg ) in a dose volume nitrite contents were normalized to the plasma or the1

of 25 ml kg . infiltrate protein content.1

10 min after which, exudates (supernatants) were

were then used for assaying IL-1  levels and estimating

California,  USA), read at 450 using ELISA reader

was mixed   with   an   equal  volume  of Griess reagent [a
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Protein determination: Protein content in each of plasma
and paw infiltrate was estimated by the Bradford method
[26].  The working dye reagent (Coomassie-brilliant blue
G-250) was prepared by diluting the stock solution with
distilled water (v/v). Standard curve was performed using
several dilutions (0.1-1 µg µl ) of vine serum albumin1

fraction V (BSA). Standards and test samples were
delivered into 96-well microplate (Grienr lartechni,
Kremsmunster, Austria) together with the working dye.
The  plate  was  incubated  for  15  min and then read at
650 nm using ELISA plate reader (BioTEK. Instruments
Inc., ELx808, USA).

Statistical analysis: Data are expressed as mean±SEM.
They  were  analyzed  by  the one-way analysis of
variance  (ANOVA),  followed by post-hoc Tukey's test
for multiple comparisons. The differences were considered Fig. 2: Effect of administration of carrageenan (0.05ml of
significant if the probability was associated with p<0.05. different concentrations) on IL-1 levels in the paw
Relationships between the given treatments and infiltrate (I) and in plasma ( )
consequent responses were examined by Pearson's
correlation [27].

RESULTS

Effects of carrageenan administration: As seen in Fig. 1,
volumes of the inflamed paws have been significantly
increased, following all utilized doses of carrageenan. The
1% carrageenan dose did not result in a significant
increase in the paw volume as compared to that induced
by the 0.5%. On the other hand, that of the 2% induced a
very high significant increase, which reached 89 and 63%
as higher (p<0.001) as compared with that induced by the
0.5 and 1% carrageenan doses, respectively.

The three different ascending doses of carrageenan,
elicited a clear dose-dependent rise (with a correlation
factor r = 0.0718, p<0.001) in the paw exudate's IL-1  by Fig. 3: Effect  of administration  of  carrageenan (0.05ml
54, 103 and 149%, respectively, as compared to the of different concentrations) on the nitrite contents
contralateral saline injected paw (Fig. 2). The statistically in the paw infiltrate (I) and in plasma ( )
significant  increase  (p<0.05)  was  induced  only  by  the

Fig. 1: Effect of administration of carrageenan (0.05 ml of different concentrations) on total white blood cells
different concentrations) on the paw volume count

Fig. 4: Effect of administration of carrageenan (0.05ml of
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Fig. 5: Effect of different doses of carrageenan on induced reduction in the paw volume. This reduction was
differential blood cells count expressed as highly significant (p<0.001) and maximum (41%) following
percentages of the different types of cells. (I): administration of the 2% carrageenan as compared to the
Lymphocytes ( ): Neutrophils, (III): Eosinohils, corresponding carrageenan-saline treated groups (Fig. 6).
(IV): Monocytes and (V): Basophils Pretreatment with ASA has also  significantly

highest used carrageenan dose (2%). At the contrary, the the paw infiltrate by 57%, p<0.01 (Fig. 7). Meanwhile, the
plasma IL-1  levels were not significantly altered by the 2% carrageenan-induced increase in plasma IL-1  level
different used dose levels of carrageenan (Fig. 2). was potantiated by ASA pretreatment.

Administration of carrageenan induced a highly Administration of ASA without carrageenan
significant (p<0.001) dose-dependent increase in the challenge  resulted  in  significant  increase  in   the  nitrite
plasma nitrite content (with a correlation factor r = 0.873, contents in plasma (by 114%, p<0.05) as well as in the paw
p<0.001).  The  increase   reached  114,  159.5  and  286%, infiltrate  (by 80%, p<0.001)  as  compared to  the  control

Fig. 6: Effect of preadministration of ASA (200 mg kg )1

on the paw volume changes induced by different
doses of carrageenan (0.05 ml of 0.5, 1 or 2%
carrageenan)

respectively, as compared to the control group (Fig. 3).
The  lowest  dose  of  carrageenan  (0.5%)  was  the only
one  that  significantly  affected  the  nitrite  content in
the paw infiltrate (p<0.001), where an increase by 91%
took place (Fig. 3).

Concerning the effects of carrageenan on the total
and differential blood cells counts (Fig. 4 and 5), only the
highest used dose (2%) could induce a significant
increase (p<0.05) in the total white blood cells count (by
34%) and in the differential monocytes count (by 67%).
The three used dose levels of carrageenan exhibited a
"ceiling"-like  effect  on  the  differential  neutrophils
count inducing significant increase (p<0.001)  in their
percentages, by 88, 81 and 96%, respectively (Fig. 5).
Parallely,    the    lymphocytes   count   was  significantly
decreased by 30, 25 and 31%, respectively (Fig. 5). The
decrease in the eosinohils count took place in response to
the two highest used doses of carrageenan (1 and 2%) in
a dose-dependent manner. Meanwhile, the decrease in the
basophils count was dose-independent (Fig. 5).

- Effects   of   ASA-pretreatment:  Administration  of
200 mg kg  of ASA, 1 h before carrageenan injection,1

reduced the 2% carrageenan-caused rise in IL-1  level in
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Fig. 7: Effect of preadministration of ASA (200 mg kg )1

on the induced changes in the IL-1 levels in the
paw infiltrate (I) and in plasma ( ) under the
influence of different doses of carrageenan (0.05 ml
of 0.5, 1 or 2% carrageenan)

Fig. 8: Effect of preadministration of ASA (200 mg kg )1

on the induced changes in nitrite content in the
paw infiltrate (I) and in plasma ( ) under influence
of different doses of carrageenan (0.05 ml of 0.5, 1
or 2% carrageenan) Fig. 10: Effect  of preadministration of ASA (200 mg kg )

group (Fig. 8). Pre-administration of ASA resulted in differential blood cells count expressed as
significant lowering of the carrageenan low dose-induced percentages of different types of cells (I):
rise in nitrite infiltrate content. On the other hand, ASA lymphocytes ( ): Neutrophils, (III): Eosinohils,
administration could prevent the carrageenan-induced rise (IV):  Monocytes and (V): Basophils.
in the plasma nitrite content and could restore its normal Carrageenan was  administered  in  different
value (Fig. 8). doses of (0.5, 1 or 2%)

Fig. 9: Effect of preadministration of ASA (200 mg kg )1

on the total white blood cells count changes
induced by different doses of carrageenan (0.05 ml
of 0.5, 1 or 2% carrageenan)

1

on the carrageenan induced changes in the
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Pre-treatment with ASA could restore the increase in neutrophils constitute aut 50% of the circulating
the total white blood cells count induced by the high dose leucocytes  and  an  induction   of  a  relative  rise
level of carrageenan (2%) to the control value (Fig. 9). It occurred  in  plasma  IL-1  of  carrageenan treated mice,
could modulate the effects of the lowest and highest used may  explain the carrageenan resulted rise in the total
carrageenan doses on the differential counts of leucocytes count. 
neutrophils  and  lymphocytes.   On   the   other  hand, The biological effects of IL-1  are known to be
pre-administration of ASA, in case of the intermediate modulated by IL-1 receptor antagonist (IL-1ra) and by the
used dose level of carrageenan, resulted in reducing the shed soluble forms of IL-1 receptors (sIL-1R), [30-32].
lymphocytes count and increasing that of neutrophils. Expression of th type  and  receptors is tightly
Moreover, ASA pretreatment could restore the regulated to control inflammatory  and immune responses.
carrageenan-induced decrease in the differential th types are shed by activated neutrophils and
eosinophils count to reach the control value (Fig. 10). monocytes. The solubilized shed receptors were found to

DISCUSSION IL-1R  is present in normal plasma, serum and synovial

The present findings regarding paws parameters as specific inhibitors for IL-1 , but also block the
came in contrast to those of Henriques et al. [28], where processing of proIL-1  by inhibiting the propeptide with
edema developed during the first phase was unrelated to higher affinity [2]. Previous studies demonstrated that
the dose of carrageenan. In the present study, the effects ASA could  induce  rise  in  sIL-1R type  concentration
induced by 2% carrageenan on paw parameters (paw in vitro as well as in vivo [22]. In this regard, the present
volume, exudate's IL-1 level and plasma nitrite content) study revealed that, pretreatment with 200 mg kg  ASA,
were more pronounced than those induced by the other potantiated the rise in plasma IL-1  levels, the matter
used two dose levels. which  may  have  resulted in a consequent increase in

The absence of significant changes in plasma IL-1 sIL-1R  levels [22] in plasma as well as in exudates of
following intraplanter administration of carrageenan in the mice   injected   with  carrageenan.  These  receptors  act
present work coincides with the findings of Pourpak et al. as a "decoy" receptor for IL-1  [30-32]. They down
[29]. On the other hand, the increase in paw infiltrate IL-1 regulate   the   level  of extra  cellular  IL-1   confirming
levels was found to reflect the magnitude of the induced the   anti-inflammatory   effect   of   ASA.   The  exerted
edema as represented by the paw volume, where paw anti-inflammatory  effects  in  the  present  study appeared
infiltrate IL-1  reached a maximal concentration upon as decreasing IL-1  levels in the paw and attenuating
administration of the highest used dose level of activation and recruitment of neutrophils and eosinophils,
carrageenan. Thus, the obtained results in the present with a consequent decrease in the paw volume.
study, show positive correlations between each of the According to Krakaure et al. [2], the found high plasma
significant increase in paw infiltrates IL-1  level and the and tissue levels of IL-1ra in patients suffering from
tendency of increase in that of plasma, the significant various inflammatory diseases were interpreted that;
increase in plasma nitrite, as well as, the significant endogenously produced IL-1ra may represent a normal
increase in the percentage of peripheral neutrophils. All homeostatic response to limit the proinflammatory
the aforementioned changes were consistent with the pathogenic effect of IL-1 .
incidence of edema induced by different used dose levels Thus, in the present study, it may be suggested that,
of carrageenan in a dose-dependent manner. the high plasma IL-1  levels in mice pretreated with ASA

The  carrageenan  induced  dose-dependent and injected with either of the three dose levels of
decrease in the peripheral eosinophils count could be carrageenan, may be present as an outcome of the ASA
explained by the increase in the endogenous IL-1  level induced high levels of sIL-1R  as well as the carrageenan
in  the paw, whose accumulation there could recruit the induced high level of IL-1ra with the consequence of
local  accumulation  of  eosinophils  [8]. On the other blocking  the  processing of inflammation, by inhibiting
hand, the carrageenan exhibited ceiling-like effect on IL-1  functions. This interpretation may be furtherly
peripheral  neutrophils  percentages,  may  be  explained supported by the present study found corresponding
by  the  finding  that IL-1  prolongs survival of decrease  in  IL-1   level  in  the  site  of  inflammation
neutrophils [2]. Moreover, the aforementioned fact (paw infiltrate) as well as by the found reduction in the
together with the observation in the present study that paw volume.

bind IL-1  and to inhibit its functions  [33-35].  Soluble

inflammatory exudates. These receptors not only function

1
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According to the existing knowledge, eNOS is concentration;  it  induces  an enhancement of NF-kB,
responsible for the nitrite content in the paw. These while  at  a higher concentration  it  induces  an  inhibition
contents are known not to be changed by inflammatory of NF-kB.
doses of carrageenan in the early phase [36]. The Finally, from the obtained results concerning the
obtained results showed no change in nitrite content in parameters of carrageenan-induced paw edema (paw
the 1 and 2% carrageenan-induced inflammation, the volume  and  IL-1   and  nitrite  levels  in  the paw
matter which goes in accordance with the findings of exudates and plasma), it seems likely  that  pretreatment
Posadas et al. [36]. On the other hand, the lowest used with 200 mg kg  ASA exhibited a better anti-inflammatory
dose (0.5%) caused a marked increase in nitrite content effect in case of utilizing the highest concentration of the
which is aut 2 folds of the control value and 3 folds that inflammatory agent (2% of carrageenan) as compared to
of the higher administered dose of carrageenan (1%). This the effects of the other two used lower concentrations
is difficult to interpret. However, a possible explanation (0.5% and 1%). A possible explanation may be that the
may be that, the used relatively small dose of carrageenan highest used concentration of carrageenan was reflected
may be associated with activating the iNOS. Thus, it may homeostatically  in  endogenous  production  of  IL-ra
have led to massive increase in the nitrite content. This which is known to counteract the proinflammatory effect
possibility may be established on basis of the findings of of IL-1 , the matter which may be subjected to synergism
Connelly et al. [14], where the existence of a dual effect of by the ASA possibly induced rise of the sIL-R  which is
NO on NF- B, have been observed. This may explain in known to inhibit th, the IL-1  and the proIL-1 .
part-the ability of NO to exert th pro and anti-inflammatory Accordingly, it may be possible to consider that the
actions.  However, this possible explanation needs to be amount  of  carrageenan  is  a  determinant  of the
examined through a detailed comparative analysis response to ASA.
regarding qualitative and quantitative differences in the
inflammatory mediators released by the low (0.5%) and the REFERENCES
high (2%) doses. 

In the present study, the increase in nitrite content, 1. Rosenberg, H.F.  and  J.I. Gallin, 1999. Inflammation.
either of plasma or paw exudates of normal mice treated In: Fundamental Immunology. 4th Edition, Ed. Paul
with ASA, is consistent with the reported findings that W.E,  Lippincott-Raven,  Philadelphia,  New  York,
ASA induces increase in NO production in leucocytes pp: 1051-1066.
[37], increases plasma nitrite/nitrate levels [23, 37] and 2. Krakauer, T., J. Vilcek and J.J. Oppenheim, 1999.
enhances release of NO from vascular endothelium [24]. Proinflammatory cytokines, TNF and IL-1 families,
In addition, unstable angina patients taking ASA were chemokines, TGF-  and others. In: Fundamental
shown to possess a lower systemic inflammatory Immunology. 4th edition, Ed. Paul W E, Lippincott-
response and a high eNOS protein expression in their Raven, Philadelphia, New York, pp: 777-811.
neutrophils [38]. The increased NO contents under 3. Dinarello, C.A., 1996. Biologic basis for interleukin-1
influence of ASA may be mediated through its ability to in disease. Blood, 87: 2095-2147.
trigger 15-epi-lipoxin A4, as a consequence of acetylation 4. Oppenheim, J.J., C.O.C. Zachariae, N.  Mukaida  and
of active COX2 in the endothelial or epithelial cells, thus K. Natsushima, 1991. Properties of the novel
resulting in eliciting NO synthesis, which is known to proinflammatory supergene "intercrine" cytokine
negatively regulate leukocyte-endothelium interaction in family. Ann. Rev. Immunol., 9: 617-648.
the microcirculation [23]. 5. Koide, S.L., K. Inaba and R.M. Steinman, 1993.

The induced decrease in nitrite content in each of Interleukin-1 enhances T-dependent immune
plasma and paw exudates following ASA-readministration responses by amplifying the function of dendritic
to carrageenan treated animals may be explained on the cells. J. Exp. Med., 165: 515-519.
basis  that  addition  of  NO  through  an exogenous 6. Bevilacqua, M.P., 1993. Endothelial-leukocyte
source (which is ASA in the present study) before adhesion      molecules.     Annu.    Rev.   Immunol.,
carrageenan administration,  could   cause   an   inhibition 11: 767-804.
of   NF-kB   and  a  consequent  inhibition  of  NOS.  In 7. Dustin, M.L., R. Rothlein, A.K. Bhan, C.A. Dinarello
this  regard,  Connelly  et  al.  [14]  showed that addition and T.A. Springer, 1986. Induction by IL-1 and
of exogenous  source  of  NO  immediately  before interferon-gamma: tissue distribution, biochemistry
addition of lipopolysaccharids  (LPS)  causes  a distinct and function of a natural adherence molecule
biphasic effect  on  NF-kB  activity,  where  at  low (ICAM). J. Immunol., 137: 245.

1



Global J. Pharmacol., 2 (1): 11-19, 2008

18

8. Sanz,   M.T.,     V.B.     Weg,    M.A.    lanowski   and 20. Jue,  D.M.,  K.I.  Jeon   and   J.Y.  Jeong,  1999.
S. Novrshargh, 1995. IL-1 is a potent inducer of Nuclear factor kappa B (NF-kappa B) pathway as a
eosinophil    accumulation   in   rat skin.  Inhibition therapeutic  target  in  rheumatoid arthritis. J. Kor.
of    response    by   a   platelet-activating   factor Med. Sci., 14: 231-238.
antagonist   and   an   anti   human   IL-8  antidy. J. 21. Yoo, C., S. Lee, C. Lee, Y. Kim, S. Han and Y. Shim,
Immunol., 154: 1364-1373. 2001. Effect of acetylsalicylic acid on endogenous

9. Mandrup-Poulsen,       T.,      U.       Zumsteg     and IkB kinase activity in lung epithelial cells. Am. J.
J. Reimers et al., 1993. Involvment of IL-1 and IL-1 Physiol. Lung. Cell. Mol. Physiol., 280: L3-L9.
antagonist in pancreatic B-cell destruction in insulin- 22. Daun, J.M., R.W. Ball, H.R. Burger and J.G. Cannon,
dependent diabetes mellitus. Cytokine, 5: 185-191. 1999. Aspirin-induced increases in soluble IL-1

10. Guzik, T.J., R. Korbut and T. Adamek-Guzik, 2003. receptor type  concentrations in vitro and in vivo.
Nitric oxide and superoxide in inflammation and J. Leuko. Biol., 65: 863-866.
immune   regulation.      J.      Physiol.    Pharmacol., 23. Paul-Clark, M.J., T.V. Cao, N. Moradi-Bidhendi, D.
54: 469-487. Cooper   and   D.W.   Gilroy,   2004.  15-epi-lipoxin

11. Ialenti, A., A. Ianaro, S. Moncada and M. Di Rosa, A4-mediated  induction  of  nitric  oxide  explains
1992. Modulation of acute inflammation by how aspirin  inhibits  acute  inflammation.  J.  Exp.
endogenous   nitric   oxide.   Eur.    J.   Pharmacol., Med., 200: 69-78.
211: 177-182. 24. Taubert, D., R. Berkels, N. Grosser, H. Schroder, D.

12. Toriyabe, M., K. Omote, T. Kawamata and A. Namiki, Grundemann and E. Schomig, 2004. Aspirin induces
2004. Contribution of  interaction  between nitric nitric oxide release from vascular endothelium: A
oxide and cycloxygenase to the production of novel  mechanism   of   action.   Br.  J.  Pharmacol.,
prostaglandins in carrageenan-induced inflammation. 143: 159-165.
Anesthesiology, 101: 983-990. 25. Wang, J. and G. Mazza, 2002. Inhibitory effects of

13. Iuvone, T., N. Van Osselares, F. D'Acquisto, R. anthocyamins and other phenolic compounds on
Carnuccio and A.G. Herman, 1997. Differential effect nitric oxide production in LPS/INF-gamma-activated
of L-NAME and S-methyl-isothiourea on leukocyte RAW204.7  macrophages.  J.   Agric.   Food  Chem.,
emigration in carrageenin-soaked sponge implants in 50: 850-857.
rats. Br. J. Pharmacol., 121: 1637-1644. 26. Bradford, M.M., 1976. A rapid and sensitive method

14. Connelly, L., M. Palacios-Callender, C. Ameixa, S. for the quantitation of microgram quantities of
Moncada and A.J. Hobbs, 2001. Biphasic regulation protein utilizing the principle of protein dye binding.
of NF-kB activity underlies the pro-and anti- Anal Biochem., 72: 248-254.
inflammatory  actions  of  nitric  oxide.  J. Immunol., 27. Sahai, R. and M.I. Ageel, 2000. The analysis of
166: 3873-3881. variance, fixed, random and mixed model. Library of

15. Oeth, P. and N. Mackman, 1995. Salicylates inhibit Congress Cataloging.
lipopolysccharide-induced transcriptional activation 28. Henriques, M.G.M.O., P.M.R. Silva, M.A. Martins,
of the tissue factor gene in human monocytic cells. C.A.  Flores,  F.Q.  Cunha,  J.  Assreuy-Filho  and
Blood, 86: 4144-4152. R.S.B. Cordeiro, 1987. Mouse paw oedema. A new

16. Baldwin, A.S., 1996. The NF-kB and IkB  proteins: model  for  inflammation?  Barz.  J.  Med.  Biol.  Res.,
New discoveries and insights. Annu. Rev. Immunol., 20: 243-249.
14: 649-681. 29. Pourpak, Z.,   A.   Ahmadiani  and  M.  Aleuyeh,

17. Pierce, J.W., M.A. Read, H. Ding, F.W. Luscinskas 2004.  Involvement of interleukin-1  in systemic
and T. Collins, 1996.  Salicylates inhibit IkB- morphine   effects   on   paw  oedema  in  a mouse
phosphorylation, endothelial-leukocyte adhesion model  of  acute  inflammation.  Sand.  J.  Immunol.,
molecule expression and neutrophil transmigration. J. 59: 273-277.
Immunol., 156: 3961-3969. 30. Colotta, F., S. Saccani, J.G. Giri, S.K. Dower, J.E. Sims,

18. Barnes, P.J. and M. Karin, 1997. Nuclear factor-kB: A M. Introna and A. Mantovani, 1996. Regulated
pivotal transcription factor in chronic inflammatory expression and release of the IL-1 decoy receptor in
diseases. N. Eng. J. Med., 336: 1066-1071. human mononuclear    phagocytes.    J.   Immunol.,

19. Ghosh, S., M.J. May and E.B. Kopp, 1998. NF-kB and 56: 2534-2541.
Rel proteins: evolutionarily conserved mediators of 31. Dinarello, C.A., 1997. Interleukin-1. Cytokine Growth
immune response. Annu. Rev. Immunol., 16: 225-260. Factor Rev., 8: 253-265.



Global J. Pharmacol., 2 (1): 11-19, 2008

19

32. urke, E., A. Cassetti, A. Villa, E. Fadlon, F. Colotta 37. De La Cruz, P., A. Guerrero, J. Paniego, I. Arranz, A.
and A. Mantovani, 2003.  IL-1  scavenging by the Moreno and F. Sanchez DE La Cuesta, 2002. Effect of
IL-1 decoy receptor in human neutrophils. J. aspirin on prostanoids and nitric oxide production in
Immunol., 170: 5999-6005. streptozotocin-diabetic rats with ischemic

33. Symons, J.A., J.A. Eastgate and G.W. Duff, 1991. retinopathy. Naunyn Schmiedebergs Arch.
Purification and characterization of a novel soluble Pharmacol., 365: 96-101.
receptor for interleukin 1. J. Exp. Med., 174: 1251-1258. 38. Mateos-C reres, P.J., A. Garcia-MIndez, J. FarrI, L.

34. Giri, J.G., J. Wells, S.K. Dower, et al. 1994. Elevated S nchez de Miguel, J. Góez, R. deAndres, L. Rico, J.
levels of shed type  IL-1 receptor in sepsis. J. Romero and A. López-FarrI, 2002. Prior aspirin use in
Immunol., 153: 5802-5807. unstable angina patients with modified plasma

35. Symons, J.A., P.R. Young and G.W. Duff, 1995. inflammatory markers and endothelial nitric oxide
Soluble type  IL-1 receptor antagonist. Proc Natl synthase   in   neutrophils.   Eur.   J.   Clin.  Invest.,
Acad Sci., USA, 92: 1714-1718. 32: 895-900.

36. Posadas,  I.,   M. Bucci,   F.    Roviezzo,    A.   Rossi,
L. Parente, L. Sautebin and G. Cirino, 2004.
Carrageenan-induced  mouse paw oedema is
biphasic, age-weight dependent and displays
differential nitric oxide cyclooxygenase-2 expression.
Br. J. Pharmacol., 142: 331-338.


