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ABSTRACT Hi st ami ne coval ent l y bound t o gl ut ar al dehyde- act i vat ed f er r i t i n was pr epar ed as

ei t her monomer s or as smal l aggr egat es of - 0 . 05 t o 0. 15 p, m Di am, sui t abl e f or el ect r on

mi cr oscopi c det ect i on of hi st ami ne cel l ul ar bi ndi ng si t es . The hi st ami ne- f er r i t i n conj ugat es

( MF) mai nt ai n t he hi st ami ne capabi l i t y t o i nduce t he openi ng of endot hel i al j unct i ons i n

venul es . To i nvest i gat e t he di st r i but i on of hi st ami ne r ecept or s i n t he vascul ar endot hel i um,

monomer s or aggr egat es of MF wer e per f used i n si t u ( mi ce) , and var i ous vascul ar beds,

par t i cul ar l y t hat of t he di aphr agm, wer e f i xed and pr ocessed f or el ect r on mi cr oscopy . The

conj ugat e was pr ef er ent i al l y bound on r est r i ct ed ar eas of l umi nal endot hel i al cel l pl asmal emma

especi al l y i n r egi ons r i ch i n f i l ament s, and near t he j unct i ons bet ween endot hel i al cel l s . The

densi t y of hi st ami ne bi ndi ng si t es was char act er i st i cal l y hi gh i n venul es ; i t occur r ed t o a much

l esser ext ent i n ar t er i ol es, vei ns, and muscul ar ar t er i es wher eas capi l l ar i es and aor t a showed

t he l owest val ues . A si mi l ar di st r i but i on was obt ai ned af t er per f usi on of H, or H2 r ecept or

agoni st s coupl ed t o f er r i t i n ( 2- pyr i dyl et hyl ami ne- f er r i t i n [ PF] , or 4- met hyl hi st ami ne- f er r i t i n

[ MF] , r espect i vel y) . The bi ndi ng speci f i ci t y was assessed t hr ough cont r ol exper i ment s wi t h

ei t her nat i ve or act i vat ed f er r i t i n or by compet i t i on wi t h hi st ami ne . The f i ndi ngs suggest t hat

hi st ami ne r ecept or s ar e l ar gel y r epr esent ed i n t he cel l membr ane of t he vascul ar endot hel i um,

par t i cul ar l y i n venul es . Exper i ment s usi ng speci f i c H, and H2 r ecept or agoni st s ( PF and MF)

and ant agoni st s ( mepyr ami ne and ci met i di ne) i ndi cat e t hat t he venul ar endot hel i um cont ai ns

mai nl y H2 r ecept or s .

Hi st ami ne par t i ci pat es i n a number of physi ol ogi cal pr ocesses
par t i cul ar l y t hose of t he car di ovascul ar syst em ( 1, 5, 6, 9, 32,
34) and i s l ar gel y i nvol ved i n i nf l ammat or y and anaphyl act i c
r eact i on ( 3, 4) . As i dent i f i ed on a physi ol ogi cal and phar ma-
col ogi cal basi s, i t s ef f ect s ar e medi at ed by t wo t ypes of r ecep-
t or s : H, r ecept or s, speci f i cal l y i nhi bi t ed by cl assi cal ant i hi st a-
mi nes such as mepyr ami ne, and H2 r ecept or s, bl ocked by
ant agoni st s such as ci met i di ne ( 8, 19, 35) . The di st r i but i on and
pr oper t i es of hi st ami ne r ecept or s ( Hr ) as def i ned f or sever al
cel l s, t i ssues, and or gans, i ncl udi ng bl ood vessel s, i s based
pr i mar i l y on t he t ar get r esponses t o hi st ami ne ei t her al one or
associ at ed wi t h i t s agoni st s or ant agoni st s ( 7, 11- 15, 18, 20, 33,
42, 45) .

Hi st ami ne r ecept or s wer e demonst r at ed t o be l ocat ed on t he
pl asma membr ane of sever al mammal i an cel l s ( 10, 21, 22, 28,
29, 43) . So f ar , t hei r pr esence has been det ect ed by t he bi ndi ng
of var i ous cel l s t o hi st ami ne whi ch was ei t her i nsol ubi l i zed on
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al bumi n- t r eat ed agar ose beads ( 28, 46, 47) , or coupl ed t o
bovi ne ser um al bumi n- f l uor escei n i sot hi ocyanat e ( BSA- FI TC)
( 12) or o- pht al di al dehyde ( 30) . An i ndi r ect det ect i on of Hr was
achei ved by det er mi ni ng t he [ 3H] mepyr ami ne bi ndi ng ( 41) .

The ai m of t he pr esent st udy was ( a) t o pr oduce an el ect r on-
opaque, bi ol ogi cal l y act i ve hi st ami ne conj ugat e, and ( b) t o
l ocal i ze at t he cel l ul ar l evel , t he hi st ami ne r ecept or s of t he
mi cr ovascul ar endot hel i um.

The bi ol ogi cal l y act i ve mar ker obt ai ned was a hi st ami ne-
f er r i t i n conj ugat e ( HF) whi ch coul d be pr oduced as ei t her
monomer s or smal l aggr egat es . Resul t s r epor t ed her e show
t hat , as det ect ed by HF bi ndi ng, Hr ar e pr esent on t he pl asma
membr ane of t he endot hel i al cel l s par t i cul ar l y i n venul es wher e
a r emar kabl e number of hi gh- af f i ni t y bi ndi ng si t es r ender t he
venul ar endot hel i uma char act er i st i cal l y di f f er ent i at ed domai n.
Thi s can expl ai n t he speci al i nvol vement of venul es i n i nf l am-
mat i on .
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MATERI ALS AND METHODS

Mat er i al s

REAGENTS:

	

Chemi cal s wer e pur chased as f ol l ows: hi st ami ne di phosphat e
f r om Si gma Chemi cal Co . , St . Loui s, MO; f er r i t i n, 6x cr yst al l i zed, cadmi um
( r emoved f r om hor se spl een) f r om Mi l es Labor at or i es I nc. , El khar t I N; gl ut ar -
al dehyde, as a 25%sol ut i on pur i f i ed accor di ng t o P. J . Ander son f r omE. Mer ck,
Dar mst adt , Ger many; [ ' 11] ( G) - hi st ami ne f r om New Engl and Nucl ear , Bost on,
MA; Sephadex G25 andSephar ose 6B f r omPhar maci aFi ne Chemi cal s, Uppsal a,
Sweden . 2- Pyr i dyl et hyl ami ne di hydr ochl or i de, 4- met hyl hi st ami ne di hydr ochl o-

r i de, mepyr ami ne mal eat e, and ci met i di ne wer e a gener ous gi f t of Dr . C. Robi n
Ganel l i n f r om Smi t h, Kl i ne, and Fr ench Labor at or i es LTD. , Wel wyn Gar den
Ci t y, Engl and.

ANI MALS:

	

164 RAP mi ce, wei ghi ng 20 g each, wer e kept under si mi l ar
st andar di zed condi t i ons of f eedi ng and housi ng f or 10 d bef or e bei ng used f or
t hese exper i ment s.

Met hods

PREPARATI ON OF HI STAMI NE- FERRI TI N CONJUGATE:

	

Fer r i t i n was ac-
t i vat ed accor di ng t o t he met hod of Ki shi da et al . ( 23) sl i ght l y modi f i ed i n t hat a

340- f ol d mol ar excess of gl ut ar al dehyde per ami no gr oup of apof er r i t i n was used:
7 mg ( 0. 1 ml ) of f er r i t i n i n 1 . 7 ml of 0. 1 Msodi umphosphat e buf f er , pH 7 . 3 was
mi xed wi t h 0. 4 ml of 25%gl ut ar al dehyde sol ut i on . The r eact i on was t amed out
at 22' C f or 30 mi n, wi t h st i r r i ng . The smal l amount of pr eci pi t at e f or med dur i ng

t he r eact i on was r emoved by cent r i f ugat i on at 20, 000 g f or 10 mi n . The act i vat ed

f er r i t i n was separ at ed f r omt he unr eact ed gl ut ar al dehyde by gel chr omat ogr aphy

on a Sephadex G- 25 coar se col umn ( 2. 5 x 90 cm) equi l i br at ed andr api dl y el ut ed

wi t h 0 . 1 Msodi um phosphat e buf f er , pH 7 . 3 at 4° C. The peak f r act i ons of

act i vat ed f er r i t i n wer e col l ect ed and concent r at ed- at 4° C- t o - y3 mg/ ml of
pr ot ei n .

Thecoupl i ng was achi eved by i ncubat i ng 10 mg of act i vat ed f er r i t i n ( i n 3 . 2 ml
of sodi umphosphat e buf f er ) wi t h 165 mg of hi st ami ne di phosphat e ( i n 0 . 8 ml of

sodi umphosphat e buf f er ) f or 24 h, at 4° C, wi t h gent l e st i r r i ng. I n some cases, at
t he end of t hi s per i od, 4. 3 mg of NaBH, wer e added t o r educe t he C=Nbonds ;

t he r eact i on was compl et ed i n 15 mi n ( 27, 46) , and t he smal l amount of r esul t i ng

i nsol ubl e pol ymer s was r emoved by cent r i f ugat i on at 8, 000 g f or 5 mi n.

PREPARATI ON OF HF MONOMERS:

	

Thecr ude HF conj ugat e was separ at ed
f r om unbound hi st ami ne by gel f i l t r at i on on a Sephar ose 6B col umn ( 1 . 3 x 80

cm) equi l i br at ed and el ut ed wi t h 0 . 1 MTr i s- HC1 buf f er , pH 7. 5, at 4° C. The

peak f r act i ons of HF conj ugat e wer e col l ect ed and concent r at ed- at 4° C- t o

- 1 . 5- 2 mg/ ml pr ot ei n, and t he pur i f i ed pr oduct was st or ed at 4° Cunt i l used.

The sol ut i on can be st or ed f or a mont h at 4° C. The chr omat ogr aphi c separ at i on

of t he HF monomer s was al so assessed by usi ng [ ' - ] hi st ami ne under condi t i ons

i dent i cal t o t hose pr evi ousl y ment i oned ( Fi g. l ) . The unbound hi st ami ne coul d

al so be r emoved by HF di al ysi s at 4' Cagai nst mor e t han 300 vol of Tr i s- HCl

buf f er , changed sever al t i mes over 48 h .

PREPARATI ON OF HF AGGREGATES: The cr ude HF conj ugat e was di -

al yzed at 4° C agai nst >300 vol of di st i l l ed wat er , changed sever al t i mes over 48

h. Ther esul t i ng opal escent suspensi on was st or ed at 4' C. ( Af t er ext ended st or age,
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FRACTI ON NUMBER

FI GURE 1 Chr omat ogr aphi c separ at i on of hi st ami ne- f er r i t i n con-

j ugat e f r om unbound hi st ami ne, t est ed by usi ng [ 3H] hi st ami ne;

Sephar ose 68 col umn ( 1 . 3 x 80 cm) , equi l i br at ed and el ut ed wi t h

0. 1 MTr i s- HCI buf f er , pH 7. 5, at 4° C. HF monomer s el ut ed as a
r el at i vel y shar p peak ( A) , f ol l owed by f r ee [ 3 H] hi st ami ne ( peak B) .

FI GURE 2 El ect r ophor et i c pat t er n ( PAGE) of nat i ve f er r i t i n, cr ude

HF conj ugat e, and HF monomer s; t he l at t er wer e obt ai ned af t er gel

chr omat ogr aphy of t he cr ude HF conj ugat e on a Sephar ose 613

col umn . Condi t i ons of t he el ect r ophor et i c r un ar e gi ven under
Mat er i al s and Met hods .

t he sol ut i on shoul d be t hor oughl y shaken) . Bef or e use, t he suspensi on was

di al yzed agai nst an excess of 0 . 15 MNaCl and soni cat ed f or 10 mi n. Al i quot s of

HF wer e exami ned wi t h t he el ect r on mi cr oscope t o det er mi ne t hei r aver age
di amet er and si ze di st r i but i on.

Cont r ol of t he Pur i t y of HF Conj ugat e

PAGE:

	

Al i quot s of HF conj ugat e ( cr ude HF, and HF monomer s [ HFm] )

wer e el ect r ophor esed on sl ab gel s cont ai ni ng 5% acr yl ami de i n 0. 6 Mbar bi t al

buf f er , pH8 . 5 t o 8 . 6 . El ect r ophor esi s was car r i ed out i n t he same buf f er f or 8 h
at a f i el d st r engt h of 3 . 5 mA/ cm. Gel s wer e t hen f i xed over ni ght i n a mi xt ur e of
45% met hanol and 45%acet i c aci d, subsequent l y st ai ned f or I h wi t h 0. 03%
Coomassi e Br i l l i ant Bl ue R- 250 i n 24%( vol / vol ) i sopr opanol , and 10%( vol / vol )
acet i c aci d, f ol l owed by a f i nal dest ai ni ng wash i n t he same i sopr opanol - acet i c
aci d sol vent ( 40, 50) ( Fi g. 2) .

THI N- LAYER CHROMATOGRAPHY :

	

The anal ysi s of HF conj ugat es and
t hei r component s was car r i ed out on pl ast i c pl at es pr ecoat ed wi t h Ki esel gel 60

F2~, 250 pi n t hi ck ( E. Mer ck) . The devel opi ng sol vent was a mi xt ur e of 96%
et hanol ( 80 vol ) and 25%ammoni um hydr oxyde ( 20 vol ) . For st ai ni ng, 0 . 3%

ni nhydr i n i n n- but anol ( wt / vol ) sol ut i on was used ( 39) ( Fi g. 3) .

I S0ELECTRI C FOCUSI NG: The met hod was appl i ed t o smal l sampl es of
f er r i t i n, and HF monomer s wi t h or wi t hout NaBH, t r eat ment . The pr ocedur e

was per f or med i n a pol yacr yl ami de gel cont ai ni ng 4. 5%acr yl ami de and 2%

amphol yt e pH 3 . 5 t o 10 ( LKB Amphol i ne, LKB, Br omma, Sweden) . The anol yt e

was 1 MH3P04 , and t he cat hol yt e I MNaOH. An LKBpower suppl y was used

t o gener at e 320 Vat t he begi nni ng of t he exper i ment ; vol t age was i ncr eased t o a

maxi mumof 870 V( 12 Wconst ant power ) . The det er mi nat i on of t he el ect r of o-

cusi ng poi nt was done by usi ng a st i bi um sur f ace el ect r ode . Gel f i xat i on and
st ai ni ng was car r i ed out by t he st andar d pr ocedur e ( 2, 49) .

ESTI MATI ON OF MOLARRATI O :

	

33 mg of hi st ami ne di phosphat e cont ai n-
i ng ' H- hi st ami ne ( f i nal sp act : - I x 106 cpm/ mg) i n I ml of sodi umphosphat e
buf f er was coupl ed t o 2 mg of concent r at ed, act i vat ed f er r i t i n . The cr ude [ ' H] HF
conj ugat e was separ at ed f r omunbound [ ' H] hi st ami ne by gel f i l t r at i on under t he
condi t i ons ment i oned above ( Fi g. 1) . Thef r act i ons cont ai ni ng t he conj ugat e wer e
col l ect ed and t he pr ot ei n concent r at i on of [ ' H] HF peak was det er mi ned by t he
absor bant e at 440 r i musi ng an ext i nct i on coef f i ci ent ( E, . ) of 11 . 6 . The r adi oac-
t i vi t y i n 0 . 5- ni l al i quot s f r omt he col l ect ed f r act i ons was det er mi ned i n an L- 100

C Beckman l i qui d sci nt i l l at i on count er ( Beckman I nst r ument s, I nc. , Ful l er t on,

CA) . Al i quot s f r omt het wo peaks ( A and Bi n Fi g. 1) demonst r at ed an equi val ent

quenchi ng. The amount of hi st ami ne i n t he monomer c peak of conj ugat e ( A)
was cal cul at ed f r omt he amount of r adi oact i vi t y pr esent , based on t he assumpt i on
t hat [ ' I 4] hi st ami ne r eact ed t o t he same ext ent as unl abel ed hi st ami ne . Mol ar
concent r at i ons of hi st ami ne and f er r i t i n wer e cal cul at ed on t he basi s of Mr of 1 I I

and 440, 000, r espect i vel y .



Test s f or t he Bi ol ogi cal Act i vi t y of HF Conj ugat e

CONTRACTI ON OF SMOOTH MUSCLE :

	

I t has been shown by Bl ack et al .

( 8) t hat hi st ami ne st i mul at es t he cont r act i on of smoot h muscl e f r om var i ous

or gans, such as i l eum, ut er us, and st omach. Such bi ol ogi cal ef f ect was assessed

f or HF t hr ough Vane' s met hod usi ng t he f undal por t i on of t he r at st omach ( 44) .

The f undal st r i p was suspended i n a 10- ml bat h cont ai ni ng Kr ebs' bi car bonat e
sol ut i on ( composi t i on i n mM: NaCl , 118. 4 ; KCI , 4. 7 ; CaCI 22H20, 1 . 9; NaHCOa,
25 . 0; MgS07 H20, 1 . 2 ; KM2 PO, 2H2 0, 0. 1 ; gl ucose, 11 . 7) war med up at 37° C and
gassed wi t h 5%C02and 95%02. Af t er a 30- mi n st abi l i zat i on per i od, t he f ol l owi ng

compounds wer e t est ed by addi ng one of t hem, once ever y 10- 15 mi n, t o t he
or gan bat h : hi st ami ne di phosphat e pr epar ed i mmedi at el y bef or e use ( 5 l al ; 2 . 7 x
10- 3Mas base) , HF conj ugat e ( 50 l al ; 0 . 5 mg pr ot ei n) , nat i ve f er r i t i n ( 50 ul ; 0. 5
mg pr ot ei n) and NaCl ( 50 f l ; 0 . 15 M) . The l ast t wo wer e used as cont r ol s . The
cont r act i ons wer e r ecor ded on a pol ygr aph and al l owed t o devel op f or 2- 3 mi n
unt i l r est or i ng t o t he base l evel . Af t er each t est , t he or gan bat h was washed out
by over f l ow ( Fi g. 4) .

VENULAR LEAKAGE : As shown by Maj no et al . ( 24- 26) t he t opi cal or
syst emi c admi ni st r at i on of hi st ami ne i s f ol l owed by vascul ar l eakage char act er -
i st i cal l y r est r i ct ed t o venul es . The capabi l i t y of HF t o i nduce a hi st ammel i ke
ef f ect was assessed t hr ough t wo l i nes of exper i ment s t est i ng : ( a) HF monomer s'
capabi l i t y t o i nduce t he ext r avasat i on of pr evi ousl y i nj ect ed car bon bl ack par t i -
cl es, and ( b) ext r avasat i on at t he l evel of venul es of some of t he i nt r avascul ar l y
admi ni st er ed HF aggr egat es ( HFa) .

( a) Under gener al anest hesi a, RAP mi ce wer e gi ven an i . v . i nj ect i on of 0. 1
ml / 100 g body wei ght car bon bl ack ( Pel i kan Speci al I nk Bl ack Cl 1/ 1431A
Gunt er Wagner , Pel i kan Wer ke, Hanover , Ger many) . Af t er 2 mi n, a HF mono-
mer s sol ut i on ( 0 . 15 mg bound hi st ami ne/ 100 g body wei ght ) was admi ni st er ed
i nt r avenousl y . 30 mi nl at er , t hedi aphr agmwas f i xed i n si t u wi t h 5%f or mal dehyde
and 2%gl ut ar al dehyde i n 0. 1 MHCI - Na ar senat e buf f er , pH 7 . 2 . Under t he
di ssect i ng mi cr oscope, t he di aphr agm was scr eened f or bl ack vascul ar " t at t oo"
and t he l abel ed r egi ons wer e phot ogr aphed f or f ur t her measur ement s ( 38) .

( b) Fr omexper i ment s i n whi ch HF aggr egat es wer e i nj ect ed ( see Exper i men-
t al Pr ocedur e) , r egi ons of di aphr agm cont ai ni ng wel l i dent i f i ed bi pol ar mi cr o-

FI GURE 3

	

Ki esel gel t hi n- l ayer chr omat ogr am f or assessi ng t he ab-
sence of unbound hi st ami ne i n t he HF conj ugat es ( 4 and 5) .
Devel opi ng sol vent : 96% et hanol ( 80 vol ) and 25% ammoni um
hydr oxyde ( 20 vol ) ; st ai ni ng: 0 . 3% ni nhydr i n i n n- but anol ( wt / vol ) .

FI GURE 4

	

Response of t he f undal st r i p of t he r at st omach t o hi s-
t ami ne ( H) and hi st ami ne- f er r i t i n ( HF) added t o t he or gan bat h i n
t he f ol l owi ng concent r at i ons : H2 . 7 x 10 - 7 M as base ( 51x1) ; HF, 0 . 5
mg pr ot ei n ( 50 141) . Nat i ve f er r i t i n ( F) , 0 . 5 mg pr ot ei n ( 501x1) or NaCl ,
0. 15 M( 501d) wer e used as cont r ol s . Ar r owheads i ndi cat e t he t i me-
poi nt of washi ng out of t he dr ug wi t h Kr ebs' bi car bonat e sol ut i on .

vascul ar f i el ds ( BMFs) wer e col l ect ed, pr ocessed f or el ect r on mi cr oscopy, and

exami ned f or opened endot hel i al j unct i ons ( 36, 37) .

Exper i ment al Pr ocedur e

Mi ce wer e anest het i zed wi t h chl or al hydr at e ( 50 mg/ 100 g body wei ght ) gi ven
i nt r aper i t oneal l y; t he abdomi nal aor t awas cannul at ed wi t h a# 7405 pol yet hyl ene
t ubi ng ( I . D. 0 . 38 mm; Cl ay Adams- Bect on Di cki nson & Co . , Shar on, MA)

connect ed t o a Har var d i nf usi on pump secur i ng a 2- 3 ml / mi n per f usi on f l ow.
The caudal vena cava was i nci sed and used as out l et . Bl ood was washed out by

per f usi on of - 20 ml of Dul becco' s phosphat e- buf f er ed sal i ne ( PBS) cont ai ni ng

1 mMCa?' and suppl ement ed wi t h 14 mMgl ucose. Smal l HFa or HFm( 20 mg
pr ot ei n/ 100 g body wei ght ) wer e per f used f or 3 mi n. The unbound conj ugat e
was washed out of vessel s wi t h - 10 ml of t he same buf f er . Fi xat i on was car r i ed
out f or 5 mi n by per f usi on of 2% gl ut ar al dehyde i n 0 . 1 MHCI - Na ar senat e
buf f er , pH 7 . 2 . Al l sol ut i ons used wer e pr ewar med t o 37° C. The obser vat i ons

wer e f ocused pr i mar i l y on t hedi aphr agmat t he l evel of whi ch sequent i al vascul ar

segment s ( ar t er i es, ar t er i ol es, capi l l ar i es, venul es, and vei ns) can be r el i abl y

i dent i f i ed under t he di ssect i ng mi cr oscope . Di aphr agm was col l ect ed, phot o-

gr aphed, and BMFs wer e exci sed and f ur t her pr ocessed f or el ect r on mi cr oscopy

as i ndi cat ed i n r ef er ences 36- 38 .

Cont r ol s

The speci f i ci t y of HF bi ndi ng was assessed by per f usmg t he vascul at ur e wi t h
one of t he f ol l owi ng : ( a) nat i ve f er r i t i n; ( b) act i vat ed f er r i t i n ( bot h sol ut i ons wer e

made i n 0 . 15 MNaCl , at a concent r at i on of 20 mg pr ot ei n/ 100 g body wei ght ,
and wer e gi ven under t he same condi t i ons used f or t he basi c exper i ment s) ; ( c)
compet i t i ve i nhi bi t i on wi t h hi st ami ne: a sol ut i on of 4 x 10- 5 M/ 100 g body
wei ght was made i n 0. 15 MNaCl and per f used f or 4mi nbef or e t he admi ni st r at i on
of HF conj ugat e.

Char act er i zat i on of H, and/ or H2 Recept or s

Usi ng Fer r i t i n- Conj ugat ed Agoni st s

H, and H2 r ecept or agoni st s wer e used t o pr oduce t wo conj ugat es ( as smal l

aggr egat es <_ 0. 1 l m): 2- pyr i dyl et hyl ami ne- f er r i t i n ( PF) , and 4- met hyl hi st ami ne-
f er r i t i n ( MF) . The coupl i ng was achi eved by i ncubat i ng act i vat ed f er r i t i n wi t h

one of t he t wo dr ugs, usi ng t he met hod descr i bed f or t he HF aggr egat es ( see

above) . The t wo conj ugat es st or ed at 4° C pr eser ved t hei r pr oper t i es f or up t o 3

wk . As demonst r at ed by t hi n- l ayer chr omat ogr aphy, t he suspensi ons of PF and
MF di d not cont ai n det ect abl e amount s of f r ee 2- pyr i dyl et hyl amme and 4-

met hyl hi st ami ne, r espect i vel y .

To char act er i ze t he H, and H2 r ecept or s, f i ve gr oups of exper i ment s ( usi ng 2-
3 mi ce f or each exper i ment ) wer e car r i ed out , i n whi ch one of t he f ol l owi ng
subst ances was admi ni st er ed under t he same condi t i ons as descr i bed f or t he basi c

pr ocedur e: ( a) per f usi on of MF ; ( b) per f usi on of PF ; ( c) per f usi on of ci met i di ne

bef or e t he admi ni st r at i on of HFa; ( d) per f usi on of ci met i di ne bef or e MF admi n-

i st r at i on; ( e) per f usi on of mepyr ami ne bef or e admi ni st r at i on of PF . HFa, MF,
and, PF wer e gi ven at a concent r at i on of 20 mg pr ot ei n/ 100 g body wei ght .

Mepyr ami ne mal eat e ( as speci f i c H, r ecept or ant agoni st ) was pr epar ed i n i sot oni c
sal i ne and per f used bef or e PF ( exper i ment e) at a concent r at i on of 4 x 10 - 5 M/
100 g body wei ght ( as base) f or 2 mi n . Ci met i di ne ( as speci f i c H2 r ecept or

ant agoni st ) was pr epar ed by di sol vi ng 252 mg i n 1 . 10 ml of 1 MHCI , neut r al i zed

wi t h 2. 0 ml of 0. 1 MNaOH, and br ought t o t he desi r ed di l ut i on wi t h i sot oni c

sal i ne: t he sol ut i on was per f used bef or e HFa ( exper i ment c) and MF ( exper i ment

d) at a concent r at i on of 4 x 10- ' M/ 100 g body wei ght f or 2 mi n .

Ti ssue Pr ocessi ng f or El ect r on Mi cr oscopy

Aor t a, vena cava, r enal ar t er y, and t he di aphr agm wer e f i xed i n si t u by
per f usi on of 2%gl ut ar al dehyde i n 0. l MHCI - Na ar senat e buf f er , pH 7. 2, war med
t o 37° C. Af t er 10 mi n, l ar ge vessel s as wel l as bi pol ar mi cr ovascul ar f i el ds of t he
di aphr agm ( 36- 38) wer e exci sed under t he di ssect i ng mi cr oscope and f ur t her
i mmer sed i n t he same f i xat i ve f or an addi t i onal 80 mi n, and subsequent l y
pr ocessed f or el ect r on mi cr oscopy as i ndi cat ed i n r ef er ence 36. Sect i ons cut wi t h
a di amond kni f e on an Amer i can Opt i cal Ul t r acut mi cr ot ome ( Amer i can Opt i cal
Cor p . , Buf f al o, NY) or Rei cher t Ul t r ami cr ot ome wer e st ai ned wi t h ci t r at e and
exami ned wi t h a Phi l i ps 400el ect r on mi cr oscope oper at i ng at 80 kV. Mi cr ovessel s
wer e i dent i f i ed accor di ng t o t he cr i t er i a used i n r ef er ence 36 .

RESULTS

HF Conj ugat es

El ect r ophor et i c anal ysi s showed t hat t he nat i ve f er r i t i n and

t he cr ude HF conj ugat e ar e r esol ved i n t hr ee si mi l ar bands,
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whi ch i n t he case of t he f or mer compound wer e named a, , 8,
and y, and consi der ed t o cor r espond t o apof er r i t i n monomer ,
di mer , and t r i mer , r espect i vel y ( 48) . HF monomer s chr omat o-
gr aphi cal l y separ at ed on Sephar ose 6B ( peak A i n Fi g . 1) , and
subsequent l y checked by el ect r on mi cr oscope, appear ed t o
consi st of t wo anal ogous component s ( Fi g . 2) : a f ast movi ng
component ( a- band) cont ai ni ng >90%of t he pr ot ei n i s r epr e-
sent ed by HF monomer s, and a sl ower movi ng const i t uent
( , B- band) cont ai ni ng <1001o of pr ot ei n i s f or med by HF di mer s .

As i ndi cat ed by t he chr omat ogr aphi c anal ysi s of t he cr ude
[ 3 HJHF conj ugat e, t he mol ar r at i o of [ 3H] hi st ami ne t o f er r i t i n
i n t hi s conj ugat e i s - 60: 1 t o 80 : 1 . Fer r i t i n act i vat i on wi t h mor e
t han a 340- f ol d mol ar excess of gl ut ar al dehyde' di d not i ncr ease
t he hi st ami ne/ f er r i t i n mol ar r at i o .

As demonst r at ed by t hi n- l ayer chr omat ogr aphy, t he sol ut i on
of HF conj ugat es di d not cont ai n a det ect abl e amount of f r ee
hi st ami ne ( Fi g . 3) . As compar ed t o t he pl 4. 6 of nat i ve f er r i t i n,
t he i soel ect r i c poi nt of HF monomer s i s 5 . 3- 5 . 5 when t hey
have not been t r eat ed wi t h NaBH4 : such t r eat ment br i ngs t he
pl t o 6 . 8 .

HF conj ugat es, i n ei t her monomer i c or aggr egat e f or m,
st or ed at 4° Ccoul d be used f or at l east 2 wk wi t hout si gni f i cant
l oss of bound hi st ami ne or bi ol ogi cal ef f ect s . '

HF aggr egat es pr oduced by exhaust i ve di al ysi s agai nst wat er ,
and soni cat ed f or 10 mi n, r epr esent a r el at i vel y het er ogeneous
popul at i on of smal l cl ust er s r angi ng f r om- 0. 05- 0 . 151í m; t hey
sedi ment easi l y at 3, 000 g. The avai l abi l i t y of t hese smal l
aggr egat es al l owed a much l ar ger sampl i ng of vessel s l abel ed
by HF conj ugat e, especi al l y t hose vascul ar segment s pr ovi ded
wi t h hi gh- af f i ni t y bi ndi ng si t es f or hi st ami ne. The HF aggr e-
gat es obt ai ned onl y by di al ysi s agai nst di st i l l ed wat er pr esent ed
l ar ge di amet er s r angi ng f r om - r 0. 2- 0 . 5 , um. By per f usi on of
such HF l ar ge aggr egat es, one coul d pr oduce f al se l abel i ng due
t o ar t i f act ual pl uggi ng of mi cr ovessel s ; t o avoi d t hi s, t he HFa
suspensi on was agai n di al yzed agai nst 0 . 15 MNaCl and soni -
cat ed f or 10 mi n bef or e use .

Bi ol ogi cal Act i vi t y of HF Conj ugat e

HF conj ugat e mai nt ai ned i t s capabi l i t y t o i nduce a hi st a-
mi nel i ke ef f ect , namel y t he cont r act i on of smoot h muscl e f r om
r at st omach ( Fi g. 4) . The pr epar at i on was sensi t i ve nei t her t o
nat i ve f er r i t i n nor t o 0 . 15 MNaCl added t o t he or gan bat h.

At hi gh doses, bot h HF monomer s and HF aggr egat es
mai nt ai ned t hei r capabi l i t y t o i nduce venul ar l eakage at t he
l evel of whi ch open endot hel i al j unct i ons al l owed ext r avasat i on
of car bon bl ack or HF aggr egat es . The subsequent i nt r amur al
deposi t s devel oped pr ef er ent i al l y i n venul es of 15- t o 30- 1í m
Di am. I n el ect r on mi cr oscopi c pr epar at i ons, t he af f ect ed ven-
ul es showed t ypi cal f ocal separ at i ons of endot hel i al j unct i ons
t hr ough whi ch t he i nj ect ed HF aggr egat es gai ned access t o
subendot hel i al spaces ( Fi g. 5) . I n cont r ol exper i ment s, af t er
t hei r syst emi c i nj ect i on, nei t her t he nat i ve f er r i t i n nor act i vat ed
f er r i t i n i nduced det ect abl e vascul ar l eakage.

' The excess of gl ut ar al dehyde used f or f er r i t i n act i vat i on pr event s t he
f or mat i on of f er r i t i n- f er r i t i n pol ymer s dur i ng t he f i r st st ep of t he
r eact i on ( 23) .
' The st abi l i t y of t he HF conj ugat e may be expl ai ned by t he ext ensi ve

cr oss- l i nkage i nt r oduced by gl ut ar al dehyde, as a r esul t of st abl e Mi -

chael - t ype addi t i ons f or med bet ween ami no gr oups and a, , ß- unsat u-

r at ed al dehydes ( 23, 31) .

360

	

THE JOURNAL OF CELL BI OLOGYzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" VOLUME 93, 1982

FI GURE 5

	

Mouse di aphr agm, 3 mi n af t er per f usi on of HF aggr egat es

( a) : muscul ar venul e di spl ayi ng f ocal openi ng of an endot hel i al

j unct i on ( " ) wi t h HF aggr egat es ( ar r ows) sequest r at ed wi t hi n t he

subendot hel i al space ( ss) , agai nst t he basal l ami na ( bl ) . e, , and e2 ,

t he adj oi ni ng endot hel i al cel l s, l , l umen . x 90, 000 .

HF Bi ndi ng on t he Lumi nal Aspect of t he

Mi cr ovascul ar Endot hel i um

The exi st ence of BMFs i n t he mouse di aphr agm al l owed t he
exami nat i on of t he di st r i but i on of hi st ami ne r ecept or s i n wel l -
i dent i f i ed sequent i al mi cr ovascul ar segment s: i . e . ar t er i ol es,
capi l l ar i es, and venul es ( 36) .

HF MONOMERS:

	

I n speci mens obt ai ned f r om ani mal s per -
f used wi t h HFm, t he conj ugat e was f ound on r est r i ct ed ar eas
of t he l umi nal f r ont of endot hel i al cel l pl asmal emma . The
conj ugat e appear ed as monomer s and, occasi onal l y, as di mer s
( Fi gs . 6 and 7) . The HF bi ndi ng occur r ed most l y on t hose
r egi ons of t he endot hel i al cel l s r i ch i n f i l ament s, especi al l y t he
par aj unct i onal ar eas ( Fi g. 8a, b) . Occasi onal l y, t he HF mono-
mer s wer e f ound associ at ed wi t h pl asmal emmal vesi cl es and
coat ed pi t s, a pr ocess t hat was not si gni f i cant l y i nf l uenced
ei t her by t he hi st ami ne ant agoni st s or by hi st ami ne. I n t he
BMFs of t he di aphr agm, HF bi ndi ng was par t i cul ar l y pr omi -
nent i n venul es, speci al l y post capi l l ar y ( per i cyt i c) venul es, t o a
much l esser ext ent i n ar t er i ol es and al most i nconspi cuous i n
capi l l ar i es . Aor t a, vei ns, and muscul ar ar t er i es f r om r andom
speci mens showed a l ow HF bi ndi ng af f i ni t y .

HF AGGREGATES:

	

I n exper i ment s wi t h smal l aggr egat es,
t he el ect r on mi cr oscope exami nat i on of t hi n sect i ons f r om t he
ar t er i ol ar and venul ar l evel of BMFs speci mens r eveal ed t he
same l ocal i zat i on of HFa as obser ved i n t he HFmexper i ment s .
The smal l aggr egat es appear ed bound par t i cul ar l y t o t hose
par t s of t he venul ar endot hel i al cel l s whi ch cont ai ned a r el a-
t i vel y l ar ge number of cyt opl asmi c f i l ament s or wer e l ocat ed
next t o t he par aj unct i onal ar eas ( Fi g. 9) . I n speci mens i n whi ch
r el at i vel y l ar ge aggr egat es ( 0. 2 t o 0. 5 Am Di am) have been
used, t he bi ndi ng of t he l at t er t o venul ar endot hel i umpr oduced
a shar p decor at i on whi ch coul d be det ect ed by l i ght mi cr oscope
exami nat i on of cr oss sect i ons ( Fi g . 11) . The densi t y of such
l abel i ng, however , was not al ways suf f i ci ent t o r ender t hese
vessel s vi si bl e wi t h t he di ssect i ng mi cr oscope . I n cases i n whi ch
such decor at i on occur r ed, i t was f r equent l y due t o a combi na-
t i on of speci f i c bi ndi ng and, i n addi t i on, a par t i al pl uggi ng of
t he vessel l umen by l ar ge aggr egat es . For t hi s r eason we f ocused



our obser vat i ons on exper i ment s wi t h HF monomer s and HF
smal l aggr egat es .

Cont r ol Exper i ment s

Nei t her t he nat i ve f er r i t i n nor t he act i vat ed f er r i t i n bound
speci f i cal l y t o endot hel i al cel l pl asmal emma . Pr el i mi nar y est i -
mat es i ndi cat ed t hat t he number of HF monomer s ( or di mer s)
bound t o t he l umi nal aspect of vascul ar endot hel i um i s - 12-
t o 15- f ol d mor e numer ous t han t he nonspeci f i c at t achment of
nat i ve or act i vat ed f er r i t i n. Ar t i f act ual aggr egat es of nat i ve or
act i vat ed f er r i t i n di d not bi nd conspi cuousl y t o t he endot hel i al
cel l membr ane . Pr evi ous per f usi on wi t h 4 X 10- 5 Mhi st ami ne
r esul t ed i n t he i nhi bi t i on of HF conj ugat e bi ndi ng t o venul ar
( hi gh- af f i ni t y si t es) and ar t er i ol ar ( l ow- af f i ni t y si t es) endot he-
l i um.

Char act er i zat i on of H, and H2 Recept or s

The bi ndi ng of PF and MF conj ugat es ( as smal l aggr egat es)
on endot hel i al cel l membr ane of di f f er ent mi cr ovessel s ( i n
BMFs) was r ecor ded as t he aver age number of bi ndi ng si t es
per squar e mi cr omet er ( Tabl e I ) . PF and MF di st r i but i on was
f ound t o mi mi c t he l ocal i zat i on of HF conj ugat e on t he l umi nal
f r ont of t he endot hel i al cel l pl asmal emma: post capi l l ar y ( per i -
cyt i c) venul es pr esent ed char act er i st i c hi gh- af f i ni t y si t es f or t he
t wo speci f i c H, and H2 r ecept or agoni st s ( Fi g . 10) . I n venul es,
MF bi ndi ng ( 6 . 6 ± 0 . 94) was appr oxi mat el y t wi ce as i nt ensi ve

as PF bi ndi ng ( 3 . 1 t 1 . 38) . The per cent age of MF and PF
bi ndi ng, out of t he sumof MF and PF bi ndi ng, was 68. 0 and
31 . 9, r espect i vel y, pr esumabl y cor r espondi ng t o t he f r act i onal
di st r i but i on of H2 and H, r ecept or s i n venul ar endot hel i um.

Ci met i di ne ( H2 r ecept or ant agoni st ) per f used bef or e HFa
admi ni st r at i on, i nhi bi t ed al most compl et el y t he bi ndi ng of t he
l at t er t o t he venul ar ( and ar t er i ol ar ) endot hel i um. When gi ven
bef or e MF per f usi on, ci met i di ne abol i shed compl et el y t he
bi ndi ng of t hi s hi st ami ne agoni st conj ugat e t o t he venul ar
endot hel i um. The same r esul t s wer e al so obt ai ned when me-
pyr ami ne was used bef or e PF per f usi on.

These f i ndi ng suppor t t he i dea t hat , at l east i n mouse di a-
phr agm, t he r esponse of venul ar endot hel i um i s medi at ed by
bot h t ypes of r ecept or s, t he H2 r ecept or s bei ng pr edomi nant .

DI SCUSSI ON

HF conj ugat e r esul t s f r omt he coupl i ng of t he ami no gr oup of
hi st ami ne t o t he gl ut ar al dehyde- act i vat ed ami no r esi dues of
f er r i t i n. I n t he conj ugat e, hi st ami ne pr eser ves i t s vasoact i ve
act i vi t y pr obabl y by conver si on t o a secondar y ami ne .

HF bi ndi ng capaci t y cannot be ascr i bed t o i t s sl i ght l y mod-
i f i ed pI ( 5 . 6 as compar ed t o 4 . 6 f or t he nat i ve f er r i t i n) because,
on t he one hand, at t hi s pI , f er r i t i n i t sel f does not bi nd t o t he
endot hel i um, and on t he ot her hand, i t has been shown t hat
bot h f r ee hi st ami ne and hi st ami ne bound t o a car r i er di spl ay
equi pot ent vasoact i ve ef f ect s i ndependent of t he char ge char -
act er i st i cs of t he conj ugat e ( 46, 47) .

Fi cUREs 6 and 7 Post capi l l ar y ( per i cyt i c) venul es of mouse di aphr agm, 3 mi n af t er per f usi on of HF monomer s . The l at t er
( ar r owheads) ar e bound t o t he l umi nal aspect of t he endot hel i al cel l , especi al l y i n i t s par aj unct i onal zone ( Fi g . 6) as wel l as on t he
per i pher al ar ea ( Fi g . 7) . Occasi onal l y, HF monomer s ar e t aken up by pl asmal emmal vesi cl es ( v) . bl , basal l ami na, e, endot hel i al
cel l , j , i nt er cel l ul ar j unct i on, / , l umen, p, per i cyt e . Fi g . 6 : X 123, 000 ; Fi g . 7 : X 94, 000.
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FI GURE 8

	

Venul es of t he mouse di aphr agm, 3 mi n af t er per f usi on of HF monomer s . The conj ugat e i s bound t o a r el at i vel y hi gh
densi t y on t he l umi nal endot hel i al cel l membr ane i n t he par aj unct i onal ar ea ( ar r owheads) of bot h per i cyt i c ( a) and muscul ar
venul es ( b) . bl , basal l ami na, e, endot hel i al cel l , j , endot hel i al j unct i on, 1, l umen . ( a) x 125, 000; ( b) x 138, 000.

FI GURE 9

	

Per i cyt i c venul e of a mouse di aphr agm, 3 mi n af t er per f usi on of HFa: aggr egat es of r el at i vel y smal l si ze ( a) ar e bound
t o t he endot hel i al cel l membr ane, of t en cor r espondi ng t o cel l r egi ons cont ai ni ng f i l ament s ( ar r owhead) . bl , basal l ami na, e,
endot hel i um, 1, l umen . x 116, 000.

FI GURE 10

	

Per i cyt i c venul e i n a BMF of mouse di aphr agm, 3 mi n af t er per f usi on of 4- met hyl hi st ami ne- f er r i t i n conj ugat e : smal l
aggr egat es of t he conj ugat e ( ar r owheads) , bound at r el at i vel y hi gh densi t y, on t he l umi nal endot hel i al cel l membr ane . bl , basal
l ami na, l , l umen, ps, per i vascul ar space, m, muscl e, e, endot hel i um. x 104, 000.
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Fi cURE 11 Thi ck sect i on acr oss t he venul ar r egi on of a BMF ex-
ami ned wi t h t he l i ght mi cr oscope . HF aggr egat es ( ar r owheads) l abel
speci f i cal l y t he l umi nal endot hel i al sur f ace of t he venul e ( v) ,
wher eas t he capi l l ar y l umi na ( c) ar e unl abel ed . x 1, 075 .

The f act t hat HF pr eser ves t he bi ol ogi cal act i vi t y of t he
hi st ami ne suggest s t hat t he i mi dazol por t i on of t he mol ecul e-
whi ch i s cr i t i cal f or r ecogni t i on by r ecept or , par t i cul ar l y H2
r ecept or ' - was not changed by t he coupl i ng .

The r esul t s obt ai ned i ndi cat e t hat t he l umi nal aspect of
vascul ar endot hel i um cont ai ns membr ane r ecept or s f or hi st a-
mi ne . They ar e especi al l y wel l - r epr esent ed i n venul es ( bot h
per i cyt i c and muscul ar ) , at t he l evel of whi ch t he aggr egat e
ar ea of hi st ami ne r ecept or s r epr esent s a hi ghl y di f f er ent i at ed
domai n of t he pl asma- l emma . Hr ar e pr ef er ent i al l y l ocal i zed
i n cel l r egi ons r i ch i n f i l ament s, i ncl udi ng t he par aj unct i onal
zones . Thi s mi ght conf i r m Maj no' s or i gi nal assumpt i on t hat
t he openi ng of t he venul ar j unct i ons i nduced by hi st ami ne i s
due t o t he cont r act i on of i nt r acyt opl asmi c f i l ament s ( 24- 26) .
The possi bl e i mpl i cat i on of ot her f act or s ( e . g . t he cont r act i on
of per i cyt es and smoot h muscl e cel l s) has t o be demonst r at ed .
The sear ch f or Hr on t he abl umi nal f r ont of vascul ar endot he-
l i um ( pr esumabl y t he f i r st t o " see" t he hi st ami ne r el eased by
mast cel l s) wi l l show whet her t he hi gh densi t y of Hr det ect ed
on t he l umi nal pl asmal emma r esul t s at l east i n par t f r om t hei r
mi gr at i on i n t he pl ane of t he membr ane, wi t h subsequent
aggr egat i on at t he si t es of hi st ami ne st i mul i .

Despi t e t he l ar ge r epr esent at i on of HF bi ndi ng si t es i n t he
venul es of var i ous vascul ar beds, t he di st r i but i on obser ved i n
mouse di aphr agmmay not r epr esent a ubi qui t ous pat t er n ; t he

3 At aut omer i c r i ng syst emcapabl e of pr ot on exchange i s a r equi r ement
f or H2 but not f or H, r ecept or st i mul ant s ( 19) .

TABLE I

Speci f i c Bi ndi ng of HFa, MF, and Pf i n t he Mi cr ovessel s

( BMFs) of t he Mouse Di aphr agm

Conj ugat e Tot al Ar t er i ol es Capi l l ar i es Venul es
( as aggr e-

gat es)

	

( %J ( %) ( %)

HF 17. 7±1 . 24 1 . 2t 0. 66* 4. 5±0. 85 12. 0±2 . 20
( 6 . 8) ( 25 . 4) ( 67 . 8)

MF 11 . 5±0 . 52 1 . 4±0 . 25 3. 5t 0. 38 6. 6±0. 94
( 12 . 2) ( 30 . 4) ( 57 . 4)

PF

	

6. 4±0 . 82

	

1 . 3

	

2. 0±0. 26

	

3. 1 t 1 . 38
( 20 . 3) ( 31 . 3) ( 48 . 4)

MF+PFf 17 . 9±0 . 67 2 . 7

	

5. 5±0 . 32 9. 7±1 . 16
( l 5 . 1) ( 30 . 7) ( 54 . 2)

Measur ement s wer e made on 6 t o 9 BMFs f or each exper i ment al condi t i on .
I n each BMF, t he aver age number of vascul ar pr of i l es exami ned wer e: 2- 4

ar t er i ol es, 4- 12 capi l l ar i es, and 6- 12 venul es. I n each vascul ar pr of i l e, t he
endot hel i al cel l sur f ace ( l umi nal f r ont ) exami ned was i n t he r ange of 0. 3- 3 . 0

pi n' . The bi ndi ng was expr essed as t he aver age number of hi st ami ne bi ndi ng
si t es per squar e mi cr omet er .

* Mean t SEM; i n br acket s, t he per cent age of bi ndi ng i n a gi ven t ype of
vessel , out of t he t ot al r ecor ded f or t he mi cr ovascul ar bed of t he BMF.

$The val ues r epr esent t he sumof t he bi ndi ng f i gur es r ecor ded separ at el y i n
MF and PF exper i ment s ( see Mat er i al s and Met hods) .

par t i cul ar s of t he det ai l ed Hr di st r i but i on i n ot her vascul at ur e
i s nowunder i nvest i gat i on.

At l east as r eveal ed by t he pr esent f i ndi ngs, t he r ecept or -
medi at ed cont r ol of ar t er i ol es by hi st ami ne coul d be r el at ed t o
t he endot hel i um but onl y by l ow- af f i ni t y si t es.

The mar ked chemi cal di st i nct i on bet ween Hl and H2 r ecep-
t or agoni st s ( 9, 13) and t he consi der abl e r ecept or sel ect i vi t y of
t hei r ant agoni st s ( 8, 33, 35) al l ows a r el i abl e i dent i f i cat i on of
t he t ype of Hr pr esent i n vascul ar endot hel i um. Our r esul t s
i ndi cat e t hat hi st ami ne ef f ect s on t he car di ovascul ar syst emar e
medi at ed by bot h t ypes of Hr ; i n vent i l es t he pr evai l i ng t ype i s
t he H2 r ecept or s . The mechani smof t he cooper at i on bet ween
Ht and H2 r ecept or s and t he r el at ed cycl i c AMP or GMP
changes dur i ng t he bi phasi c hi st ami ne ef f ect s on venul es i s st i l l
uncl ear . However , our obser vat i ons i ndi cat e t hat hi st ami ne
act i on on venul ar endot hel i umi s r ecept or - medi at ed and t hat
t he H2 r ecept or s appear t o be an i mpor t ant component of t he
i nf l ammat or y condi t i on . The openi ng of endot hel i al j unct i ons
i n venul es, as a pr er equi si t e of ext r avasat i on and di apedesi s,
may be a compl ex pr ocess i n whi ch hi st ami ne par t i ci pat es by
i nduci ng t he cont r act i on of f i l ament s ( pr obabl y f ol l owed by
r el axat i on) ( 4) whi ch r epr esent a common denomi nat or i n
endot hel i al cel l s, per i cyt es, and smoot h muscl e cel l s .

Per f usi on of speci f i c hi st ami ne r ecept or ant agoni st s i mpeded
t he bi ndi ng and t he subsequent f or mat i on of pl ugs of HF l ar ge
aggr egat es . These f i ndi ngs suppor t t he i dea t hat t hi s ki nd of
massi ve decor at i on i mpl i es an i ni t i al speci f i c bi ndi ng of HF
conj ugat e . Apr ocedur e f or t he cont r ol l ed decor at i on of vas-
cul ar segment s i n mouse di aphr agm ( as a bi ol ogi cal or phar -
macol ogi cal t est f or assessi ng t he ant i hi st ami ni c act i vi t y of
di f f er ent dr ugs) i s nowunder i nvest i gat i on ( 16, 17) .

Pr el i mi nar y account s of some of t he f i ndi ngs r epor t ed i n t hi s paper
wer e pr esent ed at t he Second I nt er nat i onal Congr ess on Cel l Bi ol ogy,
West Ber l i n, August 1980, and at t he Annual Meet i ng of t he Amer i can
Soci et y f or Cel l Bi ol ogy, Ci nci nat t i , OH. , November 1980, and pub-
l i shed i n abst r act f or m i n Eur . J. Cel l Bi ol . ( 16) , and J . Cel l Bi ol . ( 17) .

The aut hor s ar e par t i cul ar l y i ndebt ed t o Dr . C. Robi n Ganel l i n of
t he Smi t h, Kl i ne, and Fr ench Labor at or i es Lt d . , Engl and, f or t he
gener ous suppl y of 2- pyr i dyl et hyl ami ne di hydr ochl or i de, 4- met hyl -
hi st ami ne di hydr ochl or i de, mepyr ami ne mal eat e, and ci met i di ne used
i n t hese st udi es .
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