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ABSTRACT

Histamina H, recepiors modulste histamine syrihesia al-
thaugh liftle & kiown abowl the Fansductbon machaniems -
volved, To investigate this issue, we hove used a preparation of
rat beain cortical minipeisams inowhich histemine synthesis can
be mocdulated by depolarization and by H, recepior ligancs.
Vimars the minisrsrms word incubaled in presence of lerskoin,
dibutyrd-cAMP, or 3-ischutyd-1-mothykenthine (BAX, hista-
mime syrithess wes strmuleted in 34, 20, and 47%, respec-
iy Thesee sfimulations could De precenied by the sslective
cibdF profen kKinase Dlocker Hp-adencgne 3° 5 -cyclic mono-
phosphothioota retmdaming [Rp-cAMP). Prancubation with
the H, receplor agonist imetit prevented IBMK- (100% block-

ade) ana forskolin- (70% blnckade) Inchiced strmulation of hie-
tamne synibegis. Tha H, inverse agonisl thioperamide on-
henged histaming #mthesis in the presencs of 1 mi IBMX or
30 m potessium [+47 and +45% , respectively). Similary, the
H, aniagonist cobenoropil erhanced nistaming synihesis in
tha prasence of 30 b patassium [+ S9%). Thi cANMP. Sepen
dent proten kinse blockers Ap-cAMPs and PHI14-22 could
irnpair the effects of thicperarnide and dobenpropt, respwes-
tivedy, Than rasults indicals that the adenygdate oy chss-grotsn
kinase & patay = involved in the moculation of histaming
aynthosia by H, awlerecopions proaont in histominergic nerse
terminals,

Histamime (HAN ia one of the aminergie neurctranamifters
playing an imporiant rebe i the regulation of several phys-
iological and pathologieal processes. In the mammalian
brain, histamine is synthesized by o populatisn of neurens
whass ool bodies are restrieted to the tuberomamillary n-
cled of the posterior hrpothalamus (Schwartz e al., 1991
These histamindrgie neurans bove been implicnted i sl
tbrnin funetions le.g., sleepfwakefulness, hormonal secretion,
cardiovasoular control, thermorepilation, fowd intake, and
memory formationl. ln periphoral tissues, histamine is
stored in masl cells, bemophils, and enterochromalMin-like
colls. In theso tisswos, histomine @ consdered one of the
mest imporiant mediators of allergy and inflammatory re-
sponsss aeting through M recoptors (Block ot al., 1872 s
well a5 in gastric aad secretion acting through H, receptors
[Azh and Schild, 1966).

Histanaine Hy receplors wors first identificd as presmaptic
autorecoptors on brain histamine neurons, although they are
alse present in mony other cell types (Schwartz et al, 19910
H; mstoreeeptors contrsd the stimulated relense of histamine
[Arrang ef o, I0EE) e well ns histomine synihesia (Arrong

This weak was ragperied by gravls FI505=1797 freia Fomls de Livestigae
pion ol Banibarian wed BRT10-00 Bom Furdacido La Cuios.

ot al, 1967by, Histamine formation from its presmraoe histi-
dine 15 calalyveed by the enzyme Lhistidine dequlsonsrlase
(HDC; EC 4.1.1.22). The «0ONA of rat HDC {Joseph ot al.,
19500 encodes & protein with s molecular moss of 74 kKD (G55
ammino bl rezidues) that i3 post-translationally procesaed to
oldain an active enzyme of 54 kDn (408 amine acid residoes),
The HIC sequenee has two regions fitting consonsus phes-
pharylation sites for PEA. This suggests the possibality that
PRA may participate in HDC modulation, although very
little is known nbout the mechanisms invelved in the regu-
lation of the enzyme. The dening and functional charmeter
igation of human and rat H, receptor < DNA (Lovenberg et al.,
19550, 2HMY) show that the reorptor belangs ta the Tamily of
G-protein-coupled receplors. In these sbudies, H, receplor
agoniata decronsed eAMP aceumulation slicdted by forakalin
etimulntion of adenylate cvdnse in receplor-transfected cells,
Alsi, it hald been observad previously thed stimalation of
|5 CTPHS] binding through Hy receplor agonists in core-
biral cortisl membranes was presentes] by pertusaiz osin
(Clork ond Hall, 19881, All these resulis demonstrote thot
hiztamine 1, receplors coupled mgatively lo adenylate er-
clmse through O, proteins. Mevertheless, s not known
whether H, suloreceptors in histaminergic newrons regulisle
histamine synithesis through cAMEF formation. IT this hypoths

ABEREVIATIONS: HA, histaming: HOC, histidne dacarhoayiaca; PRA, cAMP.deponcent protan knase: AG sdemdate oyclass: dh-cabilP,
dibutyryl AP, IBMK J-scbutyl-1-mathylcaathine; Fp-ofAPS Bp-aderosing 1°.5°-peke monaphoephothicats inetnylameng; HPLG, high
parformance bqusd chromatogeaphy: PR, 5., mymaboylated cAMP-depsndant protein kmass inkibdflor 14-22 ameda; KFM, Kreba-Finger-

cambonae mediam,
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eis 15 true, high cAMP kevels shoudd stimulate histamine
evnthesis. Howover, some ovidense agninst that wns pre-
senbed by Huszti et a] 1154910, wha obeerved that HIM aetiv-
ity eauld be decreased i phespharylating conditions [indad-
ing AT, Mg, CL cAMDP, and cAMMdependent protein kinose
[E¥RCA].

To inveatignte the rele of adervlate evelnas (ACTFPEA path-
war in W, receptor-regulated histamine aynthesis, we pre-
pared rd brodnmind prigmes ae described originally br Arrung
ol gl £18835. In our preparidions, we oonfirmed Lhal [*Hlhi=-
tamine synthesis i stimulated by depolorization amd modu-
laatel by L, pestepar liganids as reported previously by Arrang
el al, (1887a). Subsequently, we studsed the elfects of stim-
ulators and inhibatoes of AC-PEA lml]m'u‘v, swch as forskalin,
dibutvryl-eAMP  (dbeAMP)L  Zdscbutyl:l-methybmnthine
[TEMXD, o Bp-adenssine 370" -cvelic monoplosplothioate tri-
ethylamine (Rp-cAMPS) on hstamine grnthesis in nendepo-
larzang condifions. Finally, we tested the effect of I recep-
tor lignnds on cAMPestimulated histamine synthesis.

Experimental Procedures

Materins. Ring-labekd (2,6 Austidioe stocks (1 oGl 50 CF
i | were cbialned froms Ameraearn Biscssses (LRks Chalfnan,
Buckinghaneshire, LK o were purified by high perfommanos Liouid
chromatography (HMLC) belore thedr use (Ortiz ot ol , 20060k Monrmn-
dlindialmlend histilive, histamine, Uicgerunich: maleade, inelit, clo-
henpropit dibgdrobmdcde, BpcAMPs tdetbhslanine s, octanesnil-
forie mecid, mmd trichiloroacetic el wers oo Sipmey’ EA
[Biginheim, (ermany . PRy, e decAMEP, and |BMX worm cbisinel
froan Calbdadem™endk Edas (hanpedadt, Oenmaonyk Forskoelin
wns smppdlisd feom Alonone:Labs (Jenosalem, Tsrell TBME and
foreienl sy slocke woere propored in demethyl sulfsock. Al obbes -
agonts woro of Lhe maximem ity ovadlablo. A& povorsd -ghuan CLE
HFLC column, 25 5 0086 oo (Tracer Extroasil ODE-2, S.pm particks
wine) enpuipgesd wiith o 2 20 20 men puned eobunn (Upchuech) was
rarchasad T Telonol e [ Haroe e, Spain), Ambeeline | RA- S0
[mosh 16-50) strong ankon exchnnge resin (Bupelool wes aleo from
Telenotrome. Microspin Oler Ultrafeee MO tubes with low béuling
Dairaguas pweadirae of 045-pm pofe siee wore ol aleed Croan Milli-
e CrmbsH | Eschibanrm, Ceermasnyd Ol iFhase =HiSals"3 g scn-
tillotion cocktnil was purchased from PerkinElmer Wallae (Tarlos,
Firlorsd L

Preparation amd Incubstion of Braln Slices, Male Spaaause-
Moy rate of B0 G 250 g (Servel FEaabulor, Universiot S
tonme de Barcelona, Spain) wers kilked by decspitation between @
awwd 10 AM, Braios siore immodiokely jplaccd inle ool maxdifed
FonsteeRinper-bicadonate meslvm (KEM ) ol U comgeosition 129
md NeCL 0.8 mM KO, 286 mM CaCly, 06T mM MgS0,, 1.7 mM
KH. PO, 276 mM NaHO0,, sl 10 mAl gloueoes, pH 74, Workdng in
npold crvironment (47 ), monanges woro removed sl cortical kbos
were dlsseriod withoul white metier. & Mellwain Ussoe duogger
Wikl Latoraery Engineering Co, Gomshall, Surrey, UK was
] B cblaiy eerebral eofles minipricns of 0F 03 mae The
miniprisms were susponcod in KEM ond woshed theoe times with
wewcold BRM to repove el of demaged cella T, the milind-
prieme wepe allowed o secthe and e exoese KEM was remsoved,
Mlicpacts of 100 gl from the sttt led sloe susponsion (asaally contamn-
img 28 mg of peotedn b were distritated (using o yellow pipette tip oot
nt 1 em from te L) o 2-ml palyprepyks hdes, The wibes were
preirculzEed Far 23 min ad 37°C inoa shaking water bath onder 83%
(5% Oy, stmosphere. After preinoabation, preporified | "Hhisti-
i (8.5 i final eoneerd Falbon, 008 @M ) wos addod to all sansgplos
ard the fubes were incubated for § min farther to allow for ["Hihis-
il wpdabe. Then, ndndprisms were Iooubated] for 30 min to sne
thesize ["Hjhistanire in s frsl voleme of 250 gl 17 depolasiming
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vl s were reoguibned, i Dol sl o bring vodurmes to 25340 1l
erwilsilFwn] enrweeriralodd BLOCT 0o modae o M coswsil el bor of 3 0oe B
mdl pobassivam (K7 and NaCl concmntrad on wae decrenssd progor.
tennlly to maintokn the sotonbsty.

Whets dfigs wene Lestod (as orskoles, db-cAMP. IBMX, Fp-
cARFS, PRI, g, nnd Hy I'l'l:l'l'tﬂl'hg'l'-l'ﬂ‘llﬂﬂ'n' wiene i 15 min
beefore the moubetion . Bevoral corcentrstions of esdh oom.
mﬂmmt:-trd.ltw-:ﬂmlﬂﬁ.-nnurwm:ﬂum might b
very differad woross the relatively dense tisue slioe preparakions,
which may sxplain why apparently hiph drog oneentmtione nee
Frnpchind o oaie ol | balar effocte |l s se abogipod Ly
plocing samg bea on oo mnd ndding 35 gl of doproteinizebion mixtare
(ol 28 ul of 10% Lractdoroacstic aohd mized weh 10wl of 10
Ml histamine a intermal starcdard s Then, they wers anicatid B
10 e 30 e o 4°C wwing & Sorde Dismembrator (Dynstech Labs,
Chantillly, VAL Blonk sample incubations were stopped with depro-
Geibeid oy it Do Ui i icion of lbeded histialase, ol ey
were atoned A 4NC during e incehation of the el of samples
Firadly, the snmples wens cortrifuged ot 12,0007 or 10 min ot 490
el mapernntants wore reoverod wel prosomcd s descried below
wigder Fisturvine Pariffcodion by HPLAC,

Protein Guantificoation. To Exloe into oo the varinbdlity of
miniprism smeurts papetted into cach tube, protein was delerminoed
i an aliquet of coch homogEmeate ofler sample sonicalion. Protomn
oorbent was mreasured by the nethod of Lowry of al, (05515, using
bevwbnes sesram mlbuimedn me bl

Purification of [ “H]Histidin:. Alpis of Che e reial
1"Hihéstidire: stonderd =wore purdfiod before thoir use bo ook mpo-
cific mctivity nrd svoed encessive radiclysis (Ovtle o6 al, 20000
Bricily, the HPLD system (Kontron 525 pump) was set to perform o
lireesr graudierd from | b0 8 mdl sosclnm phosphate Budler (pH 30 n
12.5 min ot Mo rate of 1 mbdmin A constont percentoage of meth.
sl (2% ) apel (L1 M octasesulinge sl were preseil Harogd ol
Ulniber thea corclitions, bistidine s eluteal sl @ 10 min aed it
wie cefected ot T8 mm on m UV 432 diestesctor (Kond ron, et namenis,
Watford, Horta, UKL To cabmdate the quantiy of the purifioed
["Hihistidire, o linear regression of renradiolabeled histidine (0.2- to
Dh=rumed stemnbands b versus W= corrsponaling nreas wiss performsd.
Finadly, the sperifie aetiv ity of paorified [*H it icline was determored
by ey tolol dpm oisiined 5 e eetidee frodon by the

T ok s L Pl o b Ly TTPLC 1R it nmdine bevels b ench
sarple were determined by HPLE separacion after elimination o
enoese |"Hlhistidine by ionaoxdhange on Ambsclite 1RA $#00) peen
(Ortie ot ol , 2000 Bricly, 10 o] of resin, previously coulibeated
w ity MuQH, was skl 0 deproteinize] s malags ot e Wy
bl ol 1710w Nl ferospuin ke Thie Bl wene vortemed B 10 min
in A meitigabe shoker ol room temperature, Durng this step, the
reniey Beumd opprosimately 855% of the ["Hlhitsdine Pinadly, the
Eollowms wremre ovr s ol 4, D000 Toar 5 i oaced i me (0K rabes pocoe ped
i b bokbom balf of Bubes were njecterd inkn the HPLC system.

The HPLC procedure wos as perforsed as deecribod previoosly
(Ortiz ol al., 30000, In dhort, tho HIMLC system was oopaipged with o
reverse-phss C18 column (Trecer Extrasil ODSE, S.umn particle
sloe; 25 o 046 cml s @ 2 2 20 mm guaned eolamn. The -
o e plhasd was Eado U ol 21% (wiv ) metheessl, L0 @l oot
fonic neiid, and 0.3 M sodiam phosphato bufior, sdjusted to pH 3 with
phosphori: acid The flow rate during sasple rgection was 1 mbfmin
Ui e cornd |Cione, hibstamdne eluted ot 10 te 1] min ard i@ e
dietectod by the indemal starckerd UV absorksesoe ot 326 am. ALl the
ool leoted Trections wers mized with Optiphnee sointillotion socktndl
anl dpm were csated. For el sunple, e ntoms] starsland
bstanaine pisl anen wiis omgmarel wiltlh e exte sl Aarkland his-
Emmine peak pren Bo obain the reoorery during: sample processing
itypheally abowt T8% L To quantily the "Hlhistamne ayntkeata in
eacty rmgle, dpm ol aired o the et o oollected were corrected by
rewvery of the histandne Ebemanl stasdand, Blank dpm vialoes,
greeifie astivay of the Iabelod st ire, peoten sontent, snd sneqle
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|rsonskiat bown £ b Mdoed o Bruges usestd B thds works diel ot Inderfere Lot
hdstarnire pririfieaden presodae esoepe THMY (1 md0), sl bl 5
retarstion time of ~50 man, w0t hoed o b boloen irfo noocund whon
mcmsive samples were irjocted.

Salistical Analysis, Cooiliols-respoase dirves oldasdivsl
with Hy reevplar ljpwsks limeti or thigwecamides in depaolarising
conditione were anabaed by nonlicear regression using  Prism
[iraphPad Softwore, Bon Diego, CA) Ench conceritrat ion.seaprooss
carve was [Weewl b s hwistic Raxdrn of the bepe E - E__L&I™"
MAPT = (BC ", whene |A) (= the ipnd oot ration, £ s the
agonist effect, K. is the maxisal reaponse, &,y i the Hill soeffi-
o, nnad B, i the lpod eoruerdration giving hallmosimnl
respiss,

Stntistical slgnificeence of differmnoes befween vahes ans evnlu-
ated by analysis of varisnoe followed by Dunrett's teal B enuliphe
Eroup oo s, Signifioances wae cetolildxed o P < 104,

Rasults

Potassinm Depolariration Stimulates Histamine
Bymthesis. Te confirm datn reported previously [Arrang of
al , 19ATHI, we studied the affect of depolarization with po-
tassium on histamine synthesis in rad braim cortical mini-
prisms. Polisaium preuced a dese=dependent inosse ol
hiztnmins synthosis, reaching the mooimnol cffoct ot &0 mM
B5 i+ 182 = 1506% versus 2 mM K5 Iistamioe spnthesiz in
sorn ples with 2, 30, e 60mM K* woe 20 = 0.5, 41 = 0.9 and
5 2 LE fmal of HAdmy of proteinty, respectively, All growps
were slatistically difforont from 2 mM K (F < 0.01].

Tnastit ainsl Thiogeramide Medulate Potassiamn-5Stim-
ulated Histamine Synthests, To mesees that presynaptic
Il; receptors were pharmacobogically functional i our prep-
arations, we stiuiied the effects of an agonist or an inverse
negoeist om histnmine arnthesis in potessium-stimulated eon-
ditlons (30 mM KL Tmetit, 5 potent and sebective H; reeep-
tor agontst (Coarbarg ot ol 1992}, inkabited the K'-afimu-
Intesl histimine synibesiz in o dse-dependent manner. The
meuoimnal inkibition (755 ] wos obtained ot of 100 nb oo the
half-madmal inhibitory concentration was 5.8 nM (Fig. 140
Conversely, the H,; antagonist thisperamide (Arrang ot al.,
19670, recently clisaified as H, iverse agonist (Morisset o
al, 200HN, inerensed the K stimulaied histamine synthesis
ima dose-dependent way, Thisperamide maximal stimulation
(506w Feachod ot 10 b and the hall-maximal stimula-
torr concentration was 0.92 ol (Fig. 1B). Similar values
were abtnined in ot lenst two or three pdditional sxperiments
[mot shownb,

Farakinlla, db-cAMP, and TBMX Stimlate Hiaamine
Symthesis. Because HOC has two PEA consensus phosphaor-
ylution sites Gloseph et al, 159000, we siudied the efTect of
soveral drugs increasing cAM F lovels on |*H] histiamine avn-
thesis, Forskolin (1040 oMb, 5 potent setivator of AC that
ayrdheaizos cAMP from ATP (Dkaly et al., 1882; Smmon o4 al.,
19530, elicited an incresss of 34 = 4.3% o U [P lnstamine
avnthesis in nondepolarzed conditions (2 mM K) (Fig. 2
e AMP (1 mM), & cell-parmeatde cAMP anslog that directly
activates PEA (Posternak and Weinnan, 1574), aleo prodsced
am increase of 20 ¢ 0.2% in the [“Thistomine symihesis (Fig.
). Finally, IBMX (1 mMM}, a nonspoecific inhibitor of eAMP
mnal cOIMI phosphodiesternses | Beavo and Reifanyder, 15950;
Morgan ot al,, 1993), olicited sn ["Hjhistamine incresse of
47 = BE% (Fiz. 2i. In addition, we studied the effeclt of
forakalin ( 1060 je M) or db=cAMF (1 mb) on histamine syntho.

H, Poceptors Modulate Histlamine Synthosis through cAMP 241

sis in the: presence of [BAX (1 mAl. IBMX polentinted buth
forskodin: and db-cAMPstimulation, producing indreases of
696 & 1.9 amd 896 & B0, respectively.

Rp-cAMPS Prevents Histamine Syathesis Stim.
lnted by Forskolin and db-cAMP plus IBMX. To confirm
thot cAMPstimulated |*H]histamins svnthesis was medi-
ated throwgh PEA metivation, we examinsd whether the PEA
inhihitor (B p-cAMPS) coubd prevent the stimolatery effects
produced by forskolin (100 LMY or dib-cAMP (1 mM) plus
IBMX {1 mM. .i'l'pmrﬁl'"‘ﬁ { Boted b o ol | 1985 'i'l':lnﬂ' ol
18811 decronscd forskolin-atimulated [*H]histamine synthe-
2ia i a dose-dependent manaer, reaching its maximal iwhi-
bition (451 of o concentrution of 500 uM (Fig, 30, Similary,
the stimulstory effed producs] by drcAMP plus TBMX was

A

= 100
bl 'ﬂ
i
"E 75 4
E .
B
- .
£ 25
: L T L) T
=14k - -8 )
log [hmetit] (M)
B
g 150+
= 85
'! -
i f
¥ E s
§2
=
&%
£ 100
41 A0 & 8 7
log [Thicperamide] (M)

Flg- 1. Effects of H, recoptar lgands on K -stimolied kistamine srn.
thaake A, effect of Imethi Caponkst on PHAistamineg synihesis in 30 mM
B digolarkeed corebml coriex miniprsms. B, «fect of thloperumsds
fimverss mgonist) on "Hihstiamee synthesis in depolarizing condifons
Repwlis are means & 3 E5L of twa ta bur replicates. In both figures,
100% PHThistnmime synthesis corresponds §s the dilferenos between 00
ard 2 mM K+ and results are exproassd ns o percemlage of (ks valas,
I"Hihslamen ayaiboss was 34 + OF agd 48 = 0.3 Imel of HAMg ol
proteia’h in ks presencs ol 2 and 30 mb K*, reapecibvely. Similae results
wWere oblaksed oAt leasl twe or thees addilional expenmsents (ol
ahewanb
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wlse blodkes] dusis dependently by the PHA inhititor. In this
case, Kp-eARPS (500 M) blockad (B06%) the affects of co-
treatment with db-cAMEP plus IBMX. Rp<AMPS alone did
niok statiatically modify histamine synthesls in basal eondi-
trons.

Imetit Provents Forsholin: and [BEMYX-Stimolated
Histamine Synthesis. Fecowse activation of pecombinant
H, recaptors decreases intracallular cAMP levela (Lavenbarg
et al., 1809, we sudied whether imetit {H; ngonisi) could
prevent forskaline or [BMX-stimulited ["Hihistsmine syn-
theass, [metit strongly blecked forslolin-atimulnted syntha-
ain in & doase-depemleant manner. In the presenoe of 100 nbd
imetat, forskolin did ned produce o statistically significant
increase of [FHhisbamine h:lnll:l:ﬂls mlup:trr.-d with contruls
without forekolin (Fig. 4. Similardy, the [BMNstimulation
was alsa dose dependently prevented by imetit, whicl at 100

(1m
200 ~

wymthew s
W
=

. (20)
[ Jiefi=
§
=
F ]
P
b} XSS
forskolin (B00N) - . N - ¥ N
o AMIP (ImMy - ] v B " +
HLES B 4] ITIHH - . L L] " -

Fig. 2. Stimuladars of ACPEA pathway increpss hisfamine synihesis
Fordbolin, dbarAMP or TEWY wers sdded 1o the medum 15 sdn previs
wasly o ihe incubatien peried. Besults are meara = S.E.M. Nuwxker of
replicates ks indicafed in Brackots above (bs oolumma, ==, F o< 001
cempeared wilh cvmbrals 02 mM Kk 100% ["HIhistamine syalbesis oorne-
spende fo 30 & (LG fmel of [AmE of prolein

()

e]}

% e sl e gyutheric
g

5 -
Forikelin{l0pdy = = = = =+ + = = . . .
dB AP [Ims) - o I B

BMX{leM) - - = = = = = - % 4 & i
RpcAMPSGA1) - 10 100 800 - 10 100 960 - 18 10k 200

Fiz. 3. The PHA inhlbiier $p-cANPS prevents frskolim: or db-cAMP
plus TIEMX -stimulabed histamane synibesis Rp-cAMPS was added to the
medium § min befers the sfimulaiery drugs, Resulis represead menns =
S E.M., Mumber of replicales 33 indsosled 18 braskels abory Lhe celumns,
@, P 03] compared with captrsks (2 s K o+, P o0 006, =, < 001
eempared will forkehn alissulatien 3, F < 005 88, P < B0 com pare]
Wil AN plas IEMX cotreatmeat. 100% |*H|kislazsing syntheaia is
2 mM K7 owas 30 = b imel of HAMmE of protsin
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ol almolutely Bocked [BAN el Inetit alone (at concen-
trations studiedd did not statistically medify histamine syn-
thesis wnder basal conditions (2 mb Kb,

Thioperamide Inereases [BME. and K -Stimulated
Ilistamine Synthesis. Thioperamide alone (1, inverse ag-
onist) did not incresss histamine synthesis in nomdepelariz-
ing condlitiona (2 mM K7). Thus, we studied whether this
drug enald show effecta in TRMX- of K -atimulated sondi-
tions, In the presence of [BMY (1 mM) and 2 mM K°, thie-
peramide prodoced o dosusdependent inorease af [H] hisia-
mine avntheass, The moamum polontintion by thioporamide
al TBMX elfects was aboul 47% compared with THMX stimu-
lation (Fig. 5. Similarly, thicperamido prodocsd a dose-de-
pemlent incrses of lastamine syonllesis in depolarizing oon-
ditions (P mb K" and no [EAMX). The maximal increase was
af 45% at a coawentration of 100 nM thieperamide, oompared
with K" stimulation (Fig. 5)

Rp-cAMPS Prevents Thioperamide Effecis in [BMX-
and K'-Stimulated Histaomine Synthesic. To confirm
whether the effect of thicperamide in stimulated conditions
ipreacnee of TRMX or K') was mediated through AC-FEA
pathway, we studied whether the PEA inhibitor Bp-cAMPS
conild presvent the efTecl af L inverse agonisl. Pretreatment
with Bp-eAMPS (10 pM} compbetedr blocked the stimulatory
elleet ol thioperamide {100 iy on IBMX -0 mikbed 2amjples
{Fig. 6). Higher concentrotions of the PRA inhdatar (100 and
500 phi alse decreased the stimulistory el produced by
IEMX. In dopalarizing conditions (30 m3 K], the offect of
thisperamide (100 aM) was also prevented by 10 oM Np-
cAMPS (Fig. 6. In contrast to IBMX, higher concentrations
of the PHA inhilbtor (100 and 500 M) were unable to de-
croass the effect produced by K*.

PRI, s Prevents Clobenpropit-Stimulated Hista-
milne Synthesis in B -Depalarized Samples. To further
confirm the aquﬁﬁl:llt of the effects obeerved in Fig. &, we
lpokest mt ther elfectz on histamine synthesiz af o dilferent
histamine H, antogonist (cdebenpropit; Kathmonn of ol.,
18530 and & different eAM P-depenident protein kinase inhil-
itar (PKL,, o Gloes ot al., 1968, As expocied, clobsenpropil
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(10 ki) stimulisled histaomie synthisis in e presence of 30
mil K" (=5 compared with 30 mM K' stimulation) {Fig.

71 Similarly to thioperamide. cobenpropit lad ne effects in
the atbence of depolarization by K. Finally, PEI , ., (10
phll prevented clobenpropt potentiation of histamine syn-
thesis in K" «aepolarized snmples (= T2% compared with clo-
berpropit stimulationd (Fig. T,

Discussion
Thi= is the first stwdy of the signal transduction pathwar

v by Hy mutoraeeptors o regulate histhmine synthegis in
histamincrgic mrarsns. The reeont cloning of histamine H,
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revepiors by Lovenkery ef al. (150890 showed thiat T, receplor
agonists decreased cAMP accumulation slicited by forskalin
stimulation of adenvlate evelase in recsmbinant receplor-
teansfocted eells. Taking inte ascount that H, recoptor agoe-
nists inhibit histamine synibesis (Armrang e al., 1963 and
that the histamine-synihesizing enzyme (histidine decarbse-
vlase) s PEA phosphorylntion sites Gloseph et ol 19908, it
wielil b ensy to hypothesize a connection amang H, reosp-
tors, the AC-PEA pothwoy and histamine syvotheeis, Mever-
thebiess, this fiet had never been demonsteted. For dbese
rempon, the gonls of this study wors 1) to study the involve-
mvenid of AC-PEA patlwas o the histam ine synihesis and 2
Lo pzaee whethor thie i the signal traneduction mechaniem
wsed by T, siudoreceplors bo regulule histamine synthesis,

Thi presant atwdy clearly demanstratoes that the sdenylato
exvclase-PHA pathway modulates histanioe symthesis. This
eomeluaion ia baded on reanlia obtained with different kinda of
drugs: ["Hlhistanuime synithesis was inoreased by forskalin
{directly activating AC), dhacAMP idirectly activating FEAS,
or IBMX (increasing introcellular eAMI* lovels throwgh ini-
bition of phoaphodicaterases) treatmenta. Om the ather hand,
the PEA inhitutor Ap-cAMPE prevented forskolin- and db-
cAMP plus IBMX-stimulated histamine srathesis. Beoause
Kp-eAMPE is o highly speeific PKA inhibitor { Botelhe of al.,
1968, Wang oL al., 1991) all these pesuliz demonsteale that
the increment of cAMI® lovels and the subsequent activation
of PEA stimulates hastamine synthesis, Nevertleless, fur
thor studies are necossary to clarifly whothar PEA-stimulstod
listamine sviithesis is mediated theough a dired plieaplor-
yiatien of hiztidine decarboyylaze mte the PEA phogphory-
lation consensus sites described by Joseph et al. (12200, Al-
termatively, an indirect offect of PEA through modulation of
other protein kinonse casendes could alsa be possible.

In apparent disagresment with eur data, resulta published
previously by Husetd of ol (1900 suggested that PEA sheould
negatively modulnte histidine decartwescrlies. In Lheir work,
the nctivity of crude histidine deenrboxylnso obtomined From
hypochalamus and lung was decressed by phosphoeylating
conditions. However, their resulis are difficuli to interpret
beciause of the low seleclivity of thee conditions used. [n adidi-
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244  Gomoz-Bamiroz o al

tron, their resulis might nol be mediated by PEA because the
mldition or omission of exogenous PEA into the phoesphory-
lation medinm lad ne significant effects,

Oipee we demenstrated that the AC-PEA pathway mode-
lates histamine synthesis, we wanbed to clanfy whether no-
tive H; sutoreceptors regulate histamine synthesiz through
this ensemle, As hypothesized, the H, agonist imedit pre-
venited hoth forskelin- and TBMX-atimulated |*H]histamine
symdheais. Conversely, the H; imverse ogorist thupcn.um-ﬂ-r
poLendimled the offects of TRMX. Furthermore, in depolsarie-
ing conaitiona, tha effects of twe H, nntagenistafinverso ngo-
nizts (ehibenpropit amd thioperamided were Dlecked by differ-
enb PEA inhibitors. Thie clearlr confirme that hastamine H,
receplors. use Lhe AC-PEA pothway to moduliste histamine
eynthosis. A similar mechaniem hos been doscribed for the
regulation of the tyrosine hiydroxylase activity by dopamine
[y, autorecepters (Bl Meatikawy ot al,, 19830, 5 thia ease, 10,
autoreceptors are negatively coupled fo AC modulating in-
trneellular cAMEF lovels and PEA aetivity, which sulsmes
guently regulates trrosine hydroxvlose through direct phos-
phorslation (Arita and Kimura, 1586; Salah ot al | 1986,

High forakolin concentrations may also have non-AC me-
inted efTects §Lanmrencs el ol |, 19890, such = thie madulstion
of several fon channcls. Part of the forskolin offects we ob-
served may nol be pelated te AC. This would explain why
Rp-cAMPS and imetit prevented forskolin etimulation saly
purtially. In contrast, Bp-cAMPS wwl imetil completely im-
pedred dixecAMP and IBMX offects. Thus, our resulis are
strengthenesd by the fact that different drags stimulated his-
tamine ernthesis acting at different lovels of the AC-PEA
pathway (11, receptors, AC, PEA, and cAMEP degrodationd.
Furthermore, different compounds inactivating the pathway
ot twio levels (neting on M, receptors or bleeking PRAT re-
virasd thess effecta

H; lignmds did not modifr basal 2 mM K*) histamine
symilhusiz. However, thay had effects in the ey af’ &G
PKA stimulators tluﬂ-hnlm., IBMX) or in depolarized condi-
tions (30 mM K*) This suggests that histamine synthesis
neede Lo be stimulabed to be regulated by Hy receplore. Al
present, we do ned know what mechanizms are involvesl in
K" stimulation of histamine synthesis. Thus, furibor work
will b necessary o assess whether K -stimulation and AC-
PEA activation eonvorge at some polnt on histamine aymthe-
sis regulation.

The cheervation that H; recoptors use the ACPEA paths
way to exoert their fundction on neurolransmitler synthesis in
histaminergie neurons doss not exelude the posaibility that
mlditionnl signal trmnsduction mechanismes are invalved in
this or other Hy receptor-meddinted ovents. Severn] reporis
deseribe on internetion of H, recoplors with enleium related
procesaes, For instanee, Takeshita et al, (15580 reported that
H; recoplar eould modulate veltoge-sensitive calcum chn-
nels in pewrons dissociabed from de ol oberomamillasy
nucleus. Bchlicker ot al. (1994] indicated that H,; recopior-
medigted inhilition of porsdrenaline releaze was dependent
of Ca® " indlae, Also, Blamdizzi ot al, (20000 suggested that H,
receptor-inhibition of intestinal acetylcholine release could
b medinted br modulstion of Notype enleium channels. A
direet coupling of G probein Sy complexes to Ca™" chanmels
might produsce these effects of T, receplors an veltage-depaen-
derit enderum chanmels {Diverse-Merhasar of al., DT and
A 1t hag nlzn been describyd that Hy receptors cnn mods
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uliates the effects of o mboum iooplore on armchidonic acid
reloase (Morsest ot al., 20000, On the other hand, other
reporis of signal transdsction mechanisms related to Hy re-
ceplors have been publizhed, Cherify ot al. (19920 deseribed 5

negative coupling of histomine 1, receplor to phosphalipase
C in human intestinal HGT-1 «cells. Finally, Drutel ot al.
(2001) poported that activation of soveral rat H, receptor
innforme led do setivation of the MAPF kinase signaling eas-
cude vin pertussis boxinecnsitive G proteins, Several H,
receplor isolirms vairving in the length of their thind intm-
ecllular leops have been identified (Tordivel-Lacombe of ol.,
2004, Drotel ed al., 20010 Decause s is the molecukar

demiin thought to be reeponsible for coupling to U proteine,
it is pessdlle sl different 1, tsoforms have differences in
their signaling pathwaye. [t should be mentioned that woe
Isawe eiiaimed results on the involvement of AC-I'RA path-
way in histamine avnthesis in the absence of depolarization
This fact gives more consistency to our conclusions, bemuse
the effects obwerved in depolarizing conditions involve gons
oral nevrotransmittors roleose, which could compliente the
interprotation of the reaults obsereed,

In concluston, we hive demonstrated Lthud brain histamine
synthezis can be stimulatsd by sdivators of cAMP-depens
dent protein kinnse, Subsequently, we hove shown that this
prodein Kinase particpates jn the B, receplor trns duetion
micchaniem moedulating histamine exnthesis. Howecor, the
involvement of vilwer siynading pathwiars o ook be excuded,
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