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Abstract

The present study investigated hind paw oedema mediated by bradykinin B ,and B receptors in streptozotocin-diabetic rats. Paw
oedema induced by intraplantér i)l. injection of bradykinin or the selective bradykigin B receptor agonist, Fyrosine -bradykinin
([Tyr8lbradykinin ( both 3 nmgtpaw), was significantly reduced at 4 weeks after streptozotocin treatment 834 and 40+ 7%). At 6
weeks after streptozotocin, when paw oedema caused by substance P or prostagléndin E  both @d@wmals unchanged, inhibition
of bradykinin B, receptor-mediated oedema was maxinal-+®86 and 72+ 2%, for bradykinin and Tyt bradykinin, respectivily .

The selective bradykinin B receptor agonist, desArg bradykinin 100 yipasd), induced only slight paw oedema in non-diabetic
controls. Responses fo des-Atg bradykinin were markedly enhanced 8 weeks after streptézotocin frof.010@ 0.38+ 0.05 m),

less so at 10 weeks 0.220.03 m), and returning to basal values at 12 weeks 8.0103 m). Treatment with insulin protamine zinc

(1-3 U/day/7 weeks, s.0. did not reverse the inhibition of response$ to®]Tyr bradykinin or the potentiation of responses to
[des-Ard’] bradykinin seen at 8 weeks. Thus, streptozotocin-induced diabetes induces long-lasting alterations in oedematogenic respor
siveness to kinins in the rat, characterized by marked reduction of oedema involving activation of bradykinin B receptors, associated
with enhancement of bradykinin,B receptor-mediated oededr2001 Published by Elsevier Science B.V.
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1. Introduction Most actions of kinins are mediated by activation of
two specific G protein-coupled transmembrane receptors,

Generated in plasma and peripheral tissues, especiallydenoted as B and B . Both bradykinin receptor types have

in response to tissue trauma or infection, bradykinin and been well characterized at the pharmacological, genetic
other related endogenous kinins are a group of peptides,and structural levelé Regoli and Bafabe, 1980; Eggerix et
which not only participate in blood pressure control, but al., 1992; Hess et al., 1994; McEachern et al., 1991;
exert important actions in inflammation and pain for Pesquero et al., 1996, Marceau and Bachvarov, 1998 . The
review see: Regoli and Barabe, 1980; Bhoola et al., 1992; bradykinin B, receptors are expressed largely in a consti-
Marceau and Bachvarov, 1998; Calixto et al., 2000 . In- tutive fashion, and seem to underlie most of the physio-
deed, kinins seem to be implicated in several phys- logical responses to kinins and mediate several darly acute
iopathologies including asthma, allergy, rheumatoid arthri- phase inflammatory event§ Marceau and Bachvarov,
tis, endotoxic shock and acute pancreafitis for review see: 1998 . The bradykinin B receptors, on the other hand, are
Calixto et al., 200D . not normally present in non-traumatised tissues, but may
be upregulated under some special conditions, particularly

related to chronic inflammatory processes and activation of

the cytokine network( Marceau et al.,, 1998 . More re-

" Corresponding author. Tel.#55-48-2310-491; fax:+55-48-2222-  cently, the roles of both bradykinin,B and,B receptors
265/ +55-48-2224-164. have also begun to be probed by means of gene knockout
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siveness to nociceptive and pro-inflammatory stimuli have ment, in order to retard the degradation of kinins Correa
been detected in mice lacking bradykinin 8 Pesquero et and Calixto, 1993 . In some experiments, hind paw oedema
al., 2000 or B receptors Boyce et al., 1996 . was induced by i.pl. injection of substance(P 10 nghol
Diabetes, a disease currently affecting over 120 million paw) or prostaglandin E( 10 nmgbaw) and evaluated
people worldwide( Seidell, 2000, is caused either by 30, 60, 120 and 240 min after injection of these inflamma-
insulin deficiency due to pancreatg-cell dysfunction or tory agents, as described before. The doses of kinin ago-
destruction, or by failure of target organs to respond to this nists used in the present work were chosen based on those
hormone. The diabetic condition is associated with multi- in our previous publication§ Campos et al., 1995, 1996 .
ple changes of vascular structures, as well as interference
with production of vasoactive substances Fortes et al., 2.2. Induction of diabetes
1983; Morrish et al., 1991; Giannattasio et al., 1999 .
Onset of diabetes seems to be related to functional alter- Diabetes was induced as described by Wang et al.
ations of the endothelium, an action which contributes (19989 with minor modifications. Briefly, the animals
directly to the progress and complexity of the disease (160-180 ¢ received a single injection of streptozotocin
(Hopfner and Gopalakrishnan, 1999; Chan et al., 2000 . (60 mg/kg, i.p.) diluted in 0.05 M citrate buffe¢f pH 45
Several lines of evidence have suggested the involvementat different interval€ 4, 6, 8, 10 and 12 wegks before the
of the kallikrein—kinin system in the pathogenesis of dia- experiments. The onset of diabetes was confirmed by
betes ( Garcia Leme et al.,, 1973; Wang et al., 1998, assessing glucose levels in blood samples collected from
Cloutier and Couture, 2000 . Indeed, different symptoms the tail vein, 1 week after treatment with streptozotocin.
of diabetes in mice can be offset by treatment with antago- Only animals with blood glucose levels 250 mg/dl, 1
nists of bradykinin B and B receptofs Zuccollo et al., week after streptozotocin treatmefit about 70% , were
1996 . Streptozotocin, a nitrosamine that produces insulitis used in the experiments. Determination of blood glucose
and selective destruction of pancreafiecells, has been levels (and body weight was repeated periodically in
widely employed to induce insulin-dependént type | dia- several( but not all animals, 6, 8, 10 and 12 weeks after
betes in rats and mice. This model of experimental dia- streptozotocin injection, in the week of the experiments.
betes has been of paramount importance regarding currenDifferent groups of rats were used to assess the oedemato-
knowledge about this diseage for review see: Chan et al.,genic responses to each agonist. Age-matched control rats
2000 . received citrate buffer vehicle alone. In a separate group of
In the present study, we investigated the time-related experiments, the animals were treated with insulin pro-
influence of streptozotocin-induced type | diabetes on the tamine zinc( 1-3 UYrat/day, s.c) once a day for 7
rat paw oedema formation, induced by selective bradykinin consecutive weeks, according to the procedures described
B, and B, receptors agonists. before( Longhurst, 1991; Courteix et al., 1996 . The treat-
ment was initiated 1 week after streptozotocin injection
) and the control animals were similarly treated with saline.
2. Materials and methods Oedema was induced by the i.pl. injection of the selec-
2.1. Rat paw oedema tive B, [Tyrf‘_]bradykinin (3 nmaofpaw) or B [ des-
Arg®Joradykinin (100 nmofpaw) receptor agonists, and
The procedures used were similar to those describedthe oedema was evaluated as described before. In another
previously( Campos and Calixto, 1995 . Experiments were set of experiments, the effect of transitory hyperglycemia
performed with non-fasted male Wistar rdts 160—180 g; on kinin-induced oedema was evaluated in animals treated
n=308 housed at 22 2°C with a 12/12 h light—-dark  with dextrose( 0.028 mmgkg, i.p.), 25 min before kinin
cycle(lights on at 06:00 . Under light anesthesia with 2,2,2 injection. The procedures reported were carried out in
tribromoethanol( 0.12 gkg), the animals received a 0.1 accordance with current guidelines for the care of labora-
ml intraplantar( i.pD injection, into the right hind paw, of tory animals and ethical guidelines for investigations of

bradykinin( 3 nmaypaw),[ Ty] bradykinin( 3 nmotpaw experiments in conscious animals, as recommended by the
or [des-Ard] bradykinin( 100 nmgpaw) in phosphate- International Association for Studies on Péin Zimmerman,
buffered salindl PBS, composition in mmidil NaCl 137, 1983 . Each animal was used only once and received a

KCl 2.7 and phosphate buffer 10 . The left hind paw single i.pl. injection of oedematogenic substance.
received a similar 0.1 ml injection of PBS alone and was

used as control. Paw volunm{e below the ankle joint was 2.3. Drugs

measured with a plethysmometer Ugo Basile, Milan, ltaly

at several time pointé 10, 20, 30, 60 and 120 min . Paw  The following drugs were used: des-Alg bradykinin,
oedema is expresséd in)nl as the difference between thgTyr8]bradykinin, bradykinin, substance P, prostaglandin
volumes of right and left paws. The animals were always E,, streptozotocif all from Sigma, St. Louis, UBA . Dex-
pretreated with the angiotensin-converting enzyme in- trose( Merck, Hamburg, Germany . Insulin protamine zinc
hibitor captopril(5 mgkg, s.c), 1 h before any experi- was kindly supplied by Eli-Lilly( Sao Paulo, Brakil .
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Table 1

Time-dependent changes in blood glucose levels and body weights of vehicle- or streptozotocin-treated animals

Interval of time Blood glucosé mygl) Body weight( 9

0 day Vehicle-treated 88 6.5 1794+ 2.2
Streptozotocin-treated 914.1 184+ 2.0

1 week Vehicle-treated 90 34 198+ 3.1
Streptozotocin-treated 3602.1% 1744 7.22

6 weeks Vehicle-treated 924 280+ 6.5
Streptozotocin-treated 3982.4% 1714+ 8.12

8 weeks Vehicle-treated 803.0 302+ 4.0
Streptozotocin-treated 4044.8° 153+ 3.32
Insulin-treated 112 3.22P 289+ 5.5%°

10 weeks Vehicle-treated 125 312+ 6.2
Streptozotocin-treated 3968.4% 224+ 7.52

12 weeks Vehicle-treated 9%42.0 388+ 2.0
Streptozotocin-treated 31R9.5% 301+ 3.42

n=10-12 animalggroup.
P < 0.05(versus vehicle-treated animals .
PP < 0.05(versus streptozotocin-treated animals .

2.4, Satigtical analysis meanst S.E.M. of inhibitions obtained for each individual
experiment, relative to the respective time-matched non-di-

The results are presented as the meaSsE.M. for six abetic control group, at 20 min after injection of the
animals. The percentages of inhibition are reported as peptides. Statistical comparison of the data was performed
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Fig. 1. Rat paw oedema caused by intraplantar injection of bradykinin panels Adand[C 8F Tyr bradykinin panels B(and D botipgwrial
control (@) and streptozotocin-diabetic animél®) at 4 (panels A and B or 6 weeks panels C and D after induction of diabetes. Values represent the

differences between volumés in)ml of PBS- and drug-injected paws. Each point represents the Srigdn. for six rats. In some cases, the error bars
are hidden within the symbols. Significantly different from vehicle-pretreated animBls: 0.05 (two-way ANOVA followed by Bonferroni's tekt .
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using one-way analysis of varianée ANOVYA , followed levels, associated with a severe decrease in body weight
by Dunnett’s test, or with a two-way ANOVA followed by (see Table 1 . As described previously Campos and Cal-
Bonferroni’s test, as indicated® values of less than 0.05 ixto, 1995; Campos et al., 1995, the i.pl. injection of
were considered significant. bradykinin or the selective bradykinin,B receptor agonist
[Tyr8]bradykinin( each at 3 nmgpaw) produced a marked
increase in rat hind paw volume, with peak responses of
3. Results 0.44+ 0.04 and 0.406- 0.01 ml, respectively, 20 min after
injection. The results depicted in Fig. 1A and B show that
The treatment of animals with streptozotocin produced, paw oedema induced by i.pl. injection of bradykinin or
within 1 week, a sustained increase in blood glucose [Tyr®]bradykinin(both at 3 nmolpaw) was significantly
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Fig. 2. Rat paw oedema caused by intraplantar injection of bradykinin panels A, C)and E & Tyr bradykinin panels B)D and F  botipawrirol
control (@) and streptozotocin-diabetic anim#l9) at 8(panels A and B, 10 panels C andl D or 12 weleks panels E)and F after induction of diabetes.
Values represent the differences between volutes )n ml of PBS-and drug-injected paws. Each point representstiSHridafor six rats. In some
cases, the error bars are contained within the symbols. Significantly different from vehicle-pretreated arfmals05 (two-way ANOVA followed by
Bonferroni's test .
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Fig. 3. Rat paw oedema caused by intraplantar injection of substafice P panel A or prostagiandin E ) panel B both d@hrirotontrol(@) and
streptozotocin-diabetic animalsD) at 6 weeks after induction of diabetes. Values represent the differences between v6lumes in ml of PBS-and
drug-injected paws. Each point represents the me8nE.M. for six rats. In some cases, the error bars are hidden within the symbols.

reduced as early as 4 weeks after streptozotocin treatmentontrol and diabetic rats, respectivély Fig. 3 . In addition,
(34+ 8% and 40+ 7% inhibition relative to normo-  transitory hyperglycemia induced by the treatment of ani-
glycemic controls, respectively . The decrease of oede- mals with dextrose 0.028 mmykg, i.p.), which raised
matogenic responses mediated by the activation of blood glucose levels to 298 11 mg/dl, failed to affect
bradykinin B, receptors was maximal after 6 weeks of the paw oedema induced by the selective B receptor

treatment with streptozotocin 666% and 72+ 2% inhi- agonist, [ Tyf] bradykinin( 0.38 0.03 and 0.4 0.035
bition, for bradykinin and Tyt] bradykinin, respectively, ml, for control and dextrose-treated animals, respectively .
Fig. 1C and D . The inhibition of bradykinin- and In naive normoglycemic animals, i.pl. injection of the

[Tyr®]bradykinin-induced oedema remained significant at selective B receptor agonigt, des-Atg bradykinin, caused
8 and 10 weeks of diabetes, but was no longer evident ata very slight increase in paw oedema formation Gt09
12 weekd Fig. 2 . 0.01 m). In diabetic animals, 8 weeks after streptozotocin
On the other hand, paw oedema, in response to i.pl. injection, however, i.pl. injection of des-Aty bradykinin
injection of substance P or prostaglandip E both 10 (100 nmo)/paw) resulted in pronounced paw oedema,
nmol/paw), in diabetic rats was unchanged at 6 weeks corresponding to a 4-fold increase in peak paw volume
after streptozotocin treatment. The responses obtainedwhen compared to that in saline-treated non-diabetic con-
were: 0.28+ 0.04 and 0.27 0.02 ml for substance P and trol animals( Fig. 4 . The increased responsiveness to the
0.23+ 0.03 and 0.24: 0.03 ml for prostaglandin £ , in  selective bradykinin B receptor agonist was maximal 8
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Fig. 4. Rat paw oedema caused by intraplantar injectidn of de8JArg bradykinin 100'pawl in control(@) and streptozotocin-diabetic anim4I9)

at 8 (panel A, 10( panel B or 12 weeks panel C after induction of diabetes. Values represent the differences betweerf volujnes in ml of PBS-and
drug-injected paws. Each point represents the me8&E.M. for six rats. In some cases, the error bars are hidden within the symbols. Significantly
different from vehicle-pretreated animalsP < 0.05 (two-way ANOVA followed by Bonferroni's tekt .
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Fig. 5. Time-dependent alterations of rat hindpaw volume in response to intraplantar injection of bradiykinin /pamabanel A [ Ty?] bradykinif 3
nmol/paw, panel B of des-Afj bradykinih 100 nriglaw, panel ¢ in vehicle-treatdd hatched columns; pooled cohtrols or streptozotocin-diabetic
animals( open columns . Values represent the differences between vdlumeg in ml of PBS-and drug-injected paws at 20 min. Each column represents thi
mean+ S.E.M. for six rats. Significantly different from vehicle-pretreated animaRx< 0.05 ( one-way ANOVA followed by Dunnett's tost .

weeks after streptozotocin treatmént 0438.05 ml, Fig. lar extents at 6, 8 and 10 weeks ¥2%, 69.3+ 9% and
4A), being reduced 10 weeks after treatment with strepto- 58 + 6% inhibition, respectively . In contrast[ des-
zotocin( 0.22+ 0.03 ml, Fig. 4B , returning to basal values Arg®Joradykinin-induced oedema was unchanged up to 6
at 12 weekg 0.1% 0.03 ml, Fig. 4G (P> 0.05. weeks, was markedly increased at 8 weeks and had par-
The results depicted in Fig. 5 reveal significant differ- tially subsided at 10 weeks. Oedematogenic responses to
ences in the time-courses of changes in peak oedemasall three kinins returned to basal control levels 12 weeks
togenic responses to bradykinifi, Pyr bradykinin and after streptozotocin treatment.
[des-Arg'] bradykinin in streptozotocin-induced diabetic Chronic treatment of diabetic animals with daily injec-
animals. Whereas the inhibition of bradykinin-induced tions of insulin protamine zinc for 7 weeks, starting at 1
oedema was maximal at 6 weeks, was partially reversed atweek after streptozotocin injection, failed to restore the
8 weeks and reinstated again at 10 wedks +6®%o, oedematogenic responses to kinins to normal values. Peak
33.2+ 11% and 5% 6% inhibition, respectively , the  paw oedemas obtained in insulin-treated and non-treated
oedema caused By T8I bradykinin was depressed to simi-8-week diabetic animals, in response to i.pl. injections of
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Fig. 6. Effect of chronic treatment with insulin protamine zim 1-3 U/day/rat/7 week3 on paw oedema induced[by %lyr bradykinin 3 nfpalw,
panel A or[ des-Arg] bradykinii 100 nmabaw, panel B in diabetic rats. Control responé@®) and responses obtained in streptozotocin-diabetic
animals(O). Values represent the differences between volutes Jn ml of PBS- and drug-injected paws. Each point representsttiSefridafor six
rats. In some cases, the error bars are hidden within the symbols. Significantly different from vehicle-pretreated aRimal€5 ( two-way ANOVA
followed by Bonferroni’s test .
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[Tyr8]bradykinin, were 0.1& 0.05 and 0.23- 0.02 ml, Calixto et al., 200D . Furthermore, bradykinin,B
whereas responses fo des-Arg bradykinin were 8.33 receptor-mediated enhancement of vascular permeability,
0.05 and 0.4@- 0.05 ml, respectively Fig.)6 . and hence oedema, is also directly related to stimulation of
sensory fibres and release of oedematogenic neuropeptides
such as substance P, neurokinin A and calcitonin gene-re-
lated peptidd Geppetti, 1993; Campos and Calixto, 2000 .
We now investigated the time-related alterations in Since insulin-dependelft type | diabetes has been shown
oedematogenic responsiveness of the hind paw of strepto+to reduce tissular neuropeptide levels gndreleasd Gar-
zotocin-induced diabetic rats to stimulation of bradykinin rett et al., 1995; Nemeth et al., 1999 , this may explain
B, and B, receptors. The results reveal substantial andwhy we found decreased oedematogenic responses to
distinct changes in oedema triggered by bradykinjn B and bradykinin and[ Ty?] bradykinin, but not to exogenous
B, receptors in this experimental model of type | diabetes. substance P or prostaglandin E in 6-week diabetic rats.
Our results demonstrate that the treatment of animals Thus, the treatment with streptozotocin might affect neu-
with streptozotocin results in a marked decrease of the pawropeptide release from sensory fibres, without alteration of
oedema responses mediated by bradykinin B receptorsthe responses evoked by exogenous neuropeptides. Finally,
This effect seems to be selective for kinins as, at 6 weeksthe streptozotocin-induced inhibition of bradykinin, B re-
after streptozotocin injection, when oedema induced by ceptor-mediated responses may be related, at least in part,
bradykinin or the selective bradykinin,B receptor agonist, to the impairment of nitric oxidé ND -mediated vascular
[Tyr8lbradykinin, was maximally depressed, oedemato- events, as type | diabetes is associated with a reduced NO
genic responses to substance P or prostaglangin E wergroduction, as well as impairment of the reactivity of
unchanged relative to those of non-diabetic controls. A vascular endothelium to N©O Cellek et al., 1999; Chan et
similar decrease in bradykinin,B receptor-mediated vaso- al., 2000 .
constriction triggered by bradykinin has recently been In sharp contrast to the decrease of bradykinip B
reported in tail arteries obtained from 8-week streptozo- receptor-mediated oedema, we demonstrated that strepto-
tocin-treated rat§ Wang et al., 1998 . zotocin treatment causes a pronounced increase of oede-
Several putative mechanisms could underlie the reduc- matogenic responses to kinin B receptor stimulation with
tion of bradykinin B, receptor-mediated oedema formation a selective agonigf des-Athy bradykihin . The effect only
in streptozotocin diabetic animals, including down-regu- became apparent and actually peaked 4-fold incdease at 8
lation of bradykinin B, receptor expression and alterations weeks of diabetes, was partially reversed at 10 weeks and
in signal transduction mechanisms associated with thesehad entirely disappeared by 12 weeks. Despite the distinct
receptors in the appropriate cellissues, among others. A time-course, this new and interesting finding fits in well
1.8-fold increase in bradykinin B receptor density has with the recent demonstration that rats given streptozotocin
been reported in renal cortex of 12-week diabetic rats display marked cardiovascular responses to intrathecal
(Tschiope et al., 1999a , whereas bradykinin B receptor [des-Ardg] bradykinin at 3 weeks of diabetes Cloutier and
expression in myocardium was unchanged in these animalsCouture, 200D . Thus, diabetes can be included among the
(Tschope et al., 1999b . However, to the best of our various stimuli capable of up-regulating kinin B receptors
knowledge, no studies have yet assessed the influence ofn vivo, which already include tissue trauma, endotoxins,
diabetes on bradykinin B( or B receptor expression in Freund’s adjuvant, many cytokines and bacillus Calmette-
tissuegcells (e.g. endothelial cells, nociceptive sensory Guerin, among otheré Marceau et al., 1998; Campos et
fibores mediating neurogenic inflammatjon implicated in al., 1997, 1998 . The increased oedema, induced through
bradykinin-induced enhancement of vascular permeability kinin B, receptor activation in streptozotocin-treated rats,
and oedema. Another possibility is the uncoupling of might be related to the immunoregulatory role of some
bradykinin B, receptors from phospholipase C-dependent cytokines, especially interleukindl which is implicated in
stimulation of protein kinase C, a phenomenon which the pathogenesis of insulin-dependent diabétes Herold et
results in substantial depression of bradykinin-induced al., 1996; Rabinovitch, 1998 . Indeed, we have shown that
contraction in glomeruli and mesangial cells, isolated from i.pl. interleukin-B or tumor necrosis factor injections into
rats 1 week after streptozotocin treatmént Ouardani et al.,the paw, or systemic treatment of animals with endotoxin
1997 . On the other hand, it is also widely accepted that of Escherichia coli or bacillus Calmette-Guerin are all
vascular changes during diabetes are associated with aleffective to increase the B -selective agonikt des-
tered prostaglandin formation, at least in part via decreasedArg®Joradykinin-mediated oedema formation in the rat
phospholipase 4 activity Subbiah and Deitemeyer, 1980; (Campos et al., 1996, 1997, 1998 . Furthermore, oedema
Hagen et al., 1985 . In this regard, many inflammatory triggered byl des-Arg bradykinin in the paw of rats, treated
effects of bradykinin are critically dependent on stimula- with endotoxin of E. coli, depends to a great extent on
tion of phospholipase A , as well as cyclooxygenase-1 and stimulation of capsaicin-sensitive sensory fibres and re-
cyclooxygenase-2, with the consequent formation of lease of tachykinins and calcitonin gene-related peptide
prostanoids such as prostaglandip E for review see:(Campos and Calixto, 2000; Ferreira et al., 2000 .

4, Discussion
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Earlier studies by our group have shown tHat des- ies are required to clarify this point. In addition, it is so far
Arg®Joradykinir{ 100 nmal -induced rat paw oedema in not possible to determine if the alterations of kinin-media-
LPS-treated rats seems to involve the activation pf B , but ted oedematogenic responses are due to the diabetic state,
not B, kinin receptor§ Campos et al., 1996 . This conclu- or if they are related to a particular effect of streptozotocin.
sion is based on consistent experimental evidence of our Taken together, the results of the present study clearly
group, demonstrating thaf des-Rlg -bradykinin 100 demonstrate substantial and long-lasting changes, in oppo-
nmol/paw) -mediated oedematogenic responses are signifi-site directions, of oedematogenic responses to selective
cantly inhibited by B selective receptor antagonists des- bradykinin B, and B receptor agonists in the paw of rats
Arg®-[Lel?]-bradykinin and NPC17785 , while,B antago- treated with streptozotocin. These findings reinforce the
nists( HOE 140 and NPC 177B1 had no effect. The sameview indicating that kinins seem to have an important role
profile has been found in other models of functional B during inflammatory disorders, and they also might con-
receptor up-regulation, including the complete desensitisa-tribute towards a better understanding of the effects played
tion with B, agonistg Campos and Calixto, 1995; Campos by kinins in the pathophysiology of streptozotocin-induced
et al., 1993 , after treatment with BCG Campos et al., diabetes.

1997 or with the pro-inflammatory cytokines Il3land
TNFa (Campos et al., 1998 . Therefore, in all the studies
mentioned, the oedema formation induced by intraplantar
injection of [ des-Ard] bradykinin is likely to have been This work was supported by grants from CNPq, CAPES,
mediated by activation of B and not of ,B receptors. FINEP, PRONEX and by Vitae Foundatién Brazil . M.M.
Streptozotocin-diabetic rats display increased plasma lev-Campos, D.A. Cabrini and A.H.M. Cardozo are PhD
els of high and low molecular weight kininogens and Pharmacology students, and they thank CNPq and CAPES
bradykinin, as well as of plasma prekallikrein activity for financial support.
(Tschope et al.,, 1999b; Rothschild et al., 1999 . It is
therefore plausible to speculate that long-term enhanced
activation of the plasma kallikrein—kinin system, during
streptozotocin-induced diabetes, may play a key role in the Bhoola, K.D., Figueroa, C.D., Worthy, K., 1992. Bioregulation of kinins:
desensitization of bradykinin B receptors and up-regu- kallikreins, kininogens and kininases. Pharmacol. Rev. 44, 1-80.
lation of B, receptors controlling vascular permeability Boyce. S. Rupniak, N.M.J., Carlson, E.J., Webb, J., Borkowski, J.A.,
. . . Hess, J.F., Strader, C.D., Hill, R.G., 1996. Nociception and inflamma-
and qedemg I!’l the rat hind paw. Further studies Sho,UId tory hyperalgesia in B bradykinin knockout mice. Immunopharma-
examine this issue more closely. Another aspect which  cojogy 33, 333-335.
remains unresolved is what mechanisms operate to restorecalixto, J.B., Cabrini, D.A., Ferreira, J., Campos, M.M., 2000. Kinins in
the bradykinin B and B receptor-mediated oedemato-  pain and inflammation. Pain 87, 1-5.
genic responsiveness of 12-week diabetic rats back toCampos, M.M., Calixto, J.B., 1995. Involvement of B and B receptors

. . . . in bradykinin-induced rat paw oedema. Br. J. Pharmacol. 114, 1005—
normal non-diabetic levels, despite the maintenance of a ;5

3-fold increase in b_looq glucose levels. Campos, M.M., Calixto, J.B., 2000. Neurokinin mediation of edema and
An unexpected finding was that long-term treatment of  inflammation. Neuropeptides 34, 314—322.
streptozotocin-diabetic animals with insulin for 7 weeks Campos, M.M., Mata, L.V., Calixto, J.B., 1995. Expression of B
(starting at 1 week after streptozotocin injecDion . at a dose receptor's mediating paw qedema and formglln induced-nociception:
. . . . modulation by glucocorticoids. Can. J. Physiol. Pharmacol. 73, 812—
regimen sufficient to fully reverse the hyperglycemia and 819
body weight loss, entirely failed to counteract the changes campos, M.M., Souza, G.E.P., Calixto, J.B., 1996. Up-regulation of B
. . . . . . 1
in oedema triggered by selective agonists of bradykinin B mediating des-Ar§bradykinin-induced rat paw oedema by systemic
and B, receptors at 8 weeks. The same doses and schedule treatment with bacterial endotoxin. Br. J. Pharmacol. 117, 793-798.
of insulin treatment used in the present study have beenCampos, M.M., Henrlqugs, M.G.M.O., Call'xto, J.B., 1997. The role of
h t letel t itri id diated B, and B, receptors in oedema formation after long-term treatment
S Own_ o_comp etely restore nimc oxide-mediale ne_urof with Mycobacterium bovis bacillus Calmette-Guerif BCOG . Br. J.
trans_mlssmn in anococcygeus muscle of _streptozotocm-dl- Pharmacol. 120, 502—508.
abetic rats( Way and Reid, 1905 . Insulin treatment has cCampos, M.M., Souza, G.E.P., Calixto, J.B., 1998. Modulation of kinin
also been shown to reverse in vitro the decrease in B, receptor-mediated rat paw oedema by [k-4nd TNFux. Peptides
bradykinin-induced contractions of mesangial cells isolated _ 19 1269-1276. .
from 1-week streptozotocin-diabetic rats Ouardani et al Cellek, S., Rodrigo, J., Lobos, E., Férnandez, P., Serrano, J., Moncada,
F’ ) ) ) o " S., 1999. Selective nitrergic neurodegeneration in diabetes mellitus—a
1997, as W?” as in vivo, _the Increase in plasma k_m'nOgen nitric oxide-dependent phenomenon. Br. J. Pharmacol. 128, 1804—
levels seen in 12-week diabetic animéls Rothschild et al.,  1812.
1999 . On the other hand, as seen from our current study,Chan, N.N., Vallance, P., Colhoun, H.M., 2000. Nitric oxide and vascular
treatment with insulin also failed to counteract the de- _ responses intype | diabetes. Diabetologia 43, 137-147.
. in th hold of diabeti ts t diant heat i Cloutier, F., Couture, R., 2000. Pharmacological chracterization of the
creasg Ir,] pain threshold or diabetic rats to radiant heat in cardiovascular responses elicited by kinip B and B -receptor agonists
the tail-flick model( Lee and McCarthy, 1992 . The reason in the spinal cord of streptozotocin-diabetic rats. Br. J. Pharmacol.

for such discrepancies remain unclear, and additional stud- 130, 375-385.
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