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I nj ect i on of ant i gen i nt o t he der mi s of t he f l ank of an appr opr i at el y i mmu-
ni zed r at , gui nea pi g, monkey, or man r esul t s, 24- 48 h l at er , i n t he f or mat i on of
an er yt hemat ous, i ndur at ed l esi on . Si mi l ar ski n t est i ng of i mmuni zed mi ce
gener al l y f ai l s t o pr oduce such l esi ons ( 1- 3) . The expl anat i on f or t hi s par t i cul ar
di f f er ence bet ween mi ce and men i s unknown but t her e i s r eason t o bel i eve t hat
i t may not st em f r om di f f er ences i n i mmunol ogi cal l y compet ent cel l s . Two
obser vat i ons suppor t t hi s vi ew. ( a) Appr opr i at el y i mmuni zed mi ce exhi bi t ant i -
gen- speci f i c del ayed- t ype hyper sensi t i vi t y ( DTH) ' r eact i ons when t he si t e of
el i ci t at i on i s t he f oot pad ( 4) or t he ear ( 5) . ( b) Mi ce exhi bi t most ot her mani f est a-
t i ons of cel l - medi at ed i mmuni t y, i n a nor mal f ashi on, despi t e t hei r f ai l ur e t o
pr oduce DTH r eact i ons i n t he f l ank ski n . Thus, mi ce must have appr opr i at el y
r eact i ve T cel l s but t her e may be some di f f i cul t y i n del i ver i ng t he cel l s r equi r ed
f or t he pr oduct i on of DTHr eact i ons t o t he f l ank ski n . I n suppor t of t hi s not i on, i t
has been shown t hat i f per i t oneal exudat e cel l s ar e added t o t he el i ci t i ng dose of
ant i gen pl aced i n t he f l ank ski n t he l esi ons t hat r esul t ar e mor phol ogi cal l y
i ndi st i ngui shabl e f r om t hose of cl assi cal DTH ( 2) . Appr opr i at e i mmuni zat i on
and t he i ncl usi on of t he speci f i c ant i gen wi t h t he exudat e cel l s ar e r equi r ed f or
t he pr oduct i on of t hese l esi ons . I t t hus appear s t hat sensi t i zed T cel l s may r eact
wi t h ant i gen i n t he f l ank ski n of mi ce but t hat t he subsequent mi gr at i on of
noni mmune cel l s, whi ch i s r equi r ed f or pr oduct i on of t he l esi ons ( 6- 11) , does not
nor mal l y ensue .

I t has r ecent l y been shown t hat basophi l s compr i se a si gni f i cant por t i on of t he
i nf l ammat or y exudat e i n al most al l t ypes of DTHr eact i ons of gui nea pi gs and
man ( 12) and can pl ay a f unct i onal r ol e i n t hese r eact i ons ( 13) . Si nce basophi l s
ar e i mpor t ant car r i er s of vasoact i ve ami nes, we consi der ed i t possi bl e t hat t he
i mpor t at i on of t hese subst ances t o t he si t e of del ayed r eact i ons mi ght pl ay an
i mpor t ant r ol e i n t he devel opment of t he l esi ons . I f t hi s wer e t r ue, i t coul d
expl ai n why mi ce usual l y f ai l t o exhi bi t del ayed l esi ons i n t hei r f l ank ski n, as
t hi s speci es i s mar kedl y def i ci ent i n ci r cul at i ng basophi l s ( 12, 14) . Pr oduct i on of

* Suppor t ed i n par t by gr ant s f r om U. S . Publ i c Heal t h Ser vi ce no . AI - 12211, AI - 11707, AI - 10947,
CA- 08597, NS- 07436, and f r om t he Amer i can Cancer Soci et y, I nc . ( I M- 70A) .

f Reci pi ent of Al l er gi c Di seases Academi c Awar d no . AI - 70829 .
' Abbr evi at i ons used i n t hi s paper : DNFB, di ni t r of l uor obenzene ; DTH, del ayed- t ype hyper sensi -

t i vi t y ; 5- HT, ser ot oni n ( 5- hydoxyt r ypt ami ne) ; MAO, monoami ne oxi dase ; PCA, passi ve cut aneous
anaphyl axi s .
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l esi ons i n t he f oot pads and ear s mi ght r esul t i f t hese ar eas wer e par t i cul ar l y

r i ch i n mast cel l s whi ch coul d subst i t ut e, at l east i n par t , f or r ecr ui t ed basophi l s .

Ther ef or e, we have exami ned t he r ol e of vasoact i ve ami nes i n t he pr oduct i on

of DTH r eact i ons i n t he f oot pads of mi ce . Our r esul t s show t hat t he ski n of t he

mouse' s f oot pad cont ai ns many mor e ser ot oni n ( 5- hydr oxyt r ypt ami ne) - cont ai n-

i ng mast cel l s, per uni t wei ght , t han does t he f l ank ski n and t hat pr et r eat ment

of mi ce, wi t h t he monoami ne depl et i ng dr ug r eser pi ne, bl ocks t he el i ci t at i on of

DTH. Thi s ef f ect of r eser pi ne can i t sel f be bl ocked by monoami ne oxi dase ( MAO)

i nhi bi t or s, conf i r mi ng t hat t he act i on of r eser pi ne depends upon t he i nt r acel l u-

l ar r el ease and cat abol i sm of monoami nes by MAO. I t i s known t hat t he

monoami ne ser ot oni n i s t he pr i nci pal medi at or of anaphyl act i c r eact i ons i n t he

mouse ( 15, 16) . We suggest t hat t hi s subst ance may al so pl ay an i mpor t ant r ol e

i n t he pr oduct i on of t he l esi ons of DTH, per haps by act i ng on t he endot hel i al

cel l s of t he post capi l l ar y venul es ( 17) and per mi t t i ng t he egr ess of macr ophages

or t hei r pr ecur sor s f r om t he bl ood i nt o t he si t es of del ayed i nf l ammat i on .

Macr ophages whi ch or di nar i l y do not pass t hr ough post capi l l ar y endot hel i um,

and t hus do not r eci r cul at e, ar e t he cel l s pr i nci pal l y r esponsi bl e f or t he swel l i ng

and i ndur at i on of DTHr eact i ons ( 6- 11) .

Mat er i al s and Met hods

Mi ce .

	

Mi ce wer e 6- t o 8- wk ol d mal e BDF, ( C57BL/ 6 x DBA/ 2) f r omt he Jackson Labor at or i es,

Bar Har bor , Mai ne. They wer e r est ed 1 wk i n our ani mal f aci l i t i es bef or e use.

I mmuni zat i ons

SHEEP RED BLOOD CELLS ( SRBC) .

	

Gr oups of f i ve- si x mi ce wer e i mmuni zed, under l i ght et her

anest hesi a by i nt r avenous i nj ect i on of 0. 2 ml of a f r eshl y washed suspensi on of SRBC( 0 . 01%; about

2 x 10 5 cel l s) i n sal i ne, or by separ at e subcut aneous 0. 05- ml i nj ect i ons i nt o t he f our pr oxi mal l i mbs

of an emul si on cont ai ni ng ( i n equal par t s) 10%SRBC and CFA ( H37Ra, Di f co Labor at or i es,

Det r oi t , Mi ch . ) , f or t i f i ed wi t h 3 mg/ ml gr ound mycobact er i umt uber cul osi s .

CONTACT REACTI ONS.

	

Asi ngl e appl i cat i on of 0 . 1 ml of 3%oxazol one ( 2- phenyl - 4- et hoxymet hy-

l ene oxazol one, Gal l ar d, Schl esi nger Cor p . , Car l e Pl ace, N. Y. ) i n et hanol was made t o t he f r eshl y

shaved abdomi nal ski n of unanest het i zed mi ce ( 5) or 0. 02 ml of 0. 5%di ni t r of l uor obenzene ZDNFB,

East man Chemi cal s, Rochest er , N. Y. ) i n a 1: 4 mi xt ur e of acet one and ol i ve oi l was made on 2

consecut i ve days ( 18) .

Foot Pad and Ear Ski n Test i ng

FOOTPAD.

	

Mi ce i mmuni zed i nt r avenousl y wi t h 0. 01%SRBC wer e t est ed 4 days l at er [ t hi s has

been shown t o be t he t i me of opt i mal del ayed f oot pad r esponses pr oduced by t hi s mode of

i mmuni zat i on ( 19) ] . Separ at e gr oups of mi ce i mmuni zed wi t h SRBC i n CFAwer e t est ed at day 4

and day 10 . Fr eshl y washed 1- wk ol d SRBC ( 20% i n sal i ne) wer e i nj ect ed ( 0 . 03 ml ) i nt o t he vent r al

f oot pad af t er f oot pad t hi ckness had been measur ed usi ng a mi cr omet er ( Br own & Shar pe Mf g.

Co . , No. Ki ngst on, R. I . ) . Subsequent 24- h f oot pad t hi ckness was compar ed t o t he or i gi nal

measur ement and t he per cent change cal cul at ed .

EARSKI N.

	

Cont act r eact i ons of t he ear ski n wer e el i ci t ed by appl yi ng t o each si de of bot h ear s a

dr op of f r eshl y pr epar ed 3%oxazol one i n ol i ve oi l 7 days af t er i mmuni zat i on ( 5) or 0. 2%DNFB i n

acet one- ol i ve oi l 5 days af t er i ni t i al i mmuni zat i on ( 18) . Mi cr omet er - measur ed ear t hi ckness at 24

hs was compar ed t o ear t hi ckness obser ved bef or e cont act t est i ng, and per cent change cal cul at ed .

St udent ' s t t est was used t o comput e st at i st i cal si gni f i cance ( P < 0. 05) .

React i ons of Passi ve Cut aneous Anaphyl axi s ( PCA) ( 20) .

	

Mi ce wer e cont act - sensi t i zed wi t h

oxazol one and boost ed wi t h si mi l ar addi t i onal appl i cat i ons t o t he abdomi nal ski n at days 7 and 14.

Ser umhar vest ed at day 21 was di l ut ed t wof ol d i n sal i ne st ar t i ng at 1 : 20 . 0 . 02 ml of f our separ at e

di l ut i ons wer e i nj ect ed i nt r ader mal l y i nt o t he shaved ski n of gr oups of t hr ee t o f our Swi ss mi ce

anest het i zed wi t h et her . 2 h l at er 0. 2 ml sal i ne cont ai ni ng Evans Bl ue Dye ( 1/ 4%) and 0. 5 mg



734

	

VASOACTI VE AMI NES I N DELAYED- TYPE HYPERSENSI TI VI TY

oxazol one- human ser umal bumi n ( 21) was i nj ect ed i nt r avenousl y . 30 mi n l at er mi ce wer e ki l l ed

and t he ski n r ef l ect ed t o r ead t he di amet er and i nt ensi t y of ext r avasat ed dye.

Dr ugs

RESERPI NE ( 5 MG/ KG) .

	

The ami ne- depl et i ng dr ug r eser pi ne ( 22, 23) ( Ser pasi l f or par ent er al

i nj ect i on, Ci ba, Summi t , N. J . ) was i nj ect ed as a si ngl e dose 6- 12 h bef or e t est i ng of t he ski n or f oot

pad. Reser pi ne has a number of advant ages as an exper i ment al t ool wi t h whi ch t o mani pul at e

monoami nes . I t has a l ong dur at i on of act i on on ami ne st or age, one whi ch out l ast s t he pr esence of

t he dr ug i n t he ani mal . Thi s per mi t s possi bl e di r ect ef f ect s of r eser pi ne t o be di f f er ent i at ed f r om

t he ef f ect s secondar y t o ami ne depl et i ons . Rever sal or ant agoni sm of r eser pi ne' s act i on by MAO

i nhi bi t or s per mi t s a second check on dr ug speci f i ci t y . Mor eover , t he wel l - char act er i zed depl et i on

of ami nes by r eser pi ne i s i nt r i nsi cal l y a mor e speci f i c appr oach t han woul d be, f or exampl e, t he

use of ant agoni st s whi ch may have sever al act i ons, not al l of whi ch ar e known, and whi ch may

bl ock some, but not al l of t he ami ne r ecept or s ; mul t i pl e 5- HT r ecept or s have r ecent l y been

r ecogni zed ( 24, 25) .

MAOI NHI BI TORS. Pheni pr azi ne ( 10 mg/ kg) ( Lakesi de Labor at or i es Mi l waukee, Wi s . ) was i n-

j ect ed i nt r aper i t oneal l y 30- 60 mi n bef or e i nj ect i on of r adi ol abel ed 5- HT ( see bel ow) . Par gyl i ne HCl

( 100 mg/ kg) ( Abbot Labor at or i es, No . Chi cago, I l l . ) was di ssol ved i n sal i ne and admi ni st er ed

i nt r aper i t oneal l y 30- 60 mi n bef or e i nj ect i on of r adi ol abel ed 5- hydr oxyt r ypt ami ne ( 5- HT) ( see

bel ow) . Ni al ami de ( 100 mg/ kg) ( Si gma Chemi cal Co . , St . Loui s, Mo . ) was f r eshl y sol ubl i zed i n 3 M

HCL and t he pH was adj ust ed t o 5. 0 by t he addi t i on of 1 NNaOH. Wat er was added t o br i ng t he

concent r at i on t o 10 mg/ ml and t he di l ut ed dr ug was admi ni st er ed a f ew mi nut es bef or e r eser pi ne

and ever y 6 h t her eaf t er t o bl ock t he MAOcat abol i sm of r el eased monoami nes .

BURI MAMI DE.

	

Bur i mami de ( 500 ) Amol / kg) , a bl ocker of Hi st ami ne- 2 ( 112 ) r ecept or s ( 26) ( gi f t

f r om Smi t h Kl i ne & Fr ench Labs, Wel wyn Gar den Ci t y, Her t s, Engl and) was admi ni st er ed

subcut aneousl y 1 day bef or e f oot pad t est i ng .

6- HYDROXYDOPAMI NE HYDROBROMI DE. 6- Hydr oxydopami ne ( 100 mg/ kg) ( Si gma Chemi cal Co . ,

St . Loui s, Mo . ) , whi ch pr oduces a chemi cal sympat hect omy ( 27) , was di ssol ved i n sal i ne cont ai ni ng

ascor bi c aci d ( 1 mg/ ml ) and i nj ect ed subcut aneousl y t wi ce, 48 and 24 h bef or e t est i ng t he t r eat ed

mi ce .

Det er mi nat i on of t he Upt ake of 5- HT

SCI NTI LLATI ON COUNTI NG.

	

( a) I n t he ski n : Si x mi ce wer e pr et r eat ed at 48 and 24 h wi t h 6-

hydr oxydopami ne and wi t h t he MAOi nhi bi t or pheni pr azi ne . 30 mi n af t er t he i nj ect i on of pheni -

pr azi ne t he ani mal s r ecei ved 0. 1 mCi of t r i t i at ed 5- HT ( [ 3 11] 5- HT i n 0 . 1 ml sal i ne ; ser ot oni n

bi noxal at e, NewEngl and Nucl ear Cor p . Bost on, Mass . , 1 . 33 Ci / mmol ) i nt r avenousl y . 2 h l at er t he

mi ce wer e ki l l ed by cer vi cal di sl ocat i on and ski n was r emoved f r omt he f eet , f l anks, and ear s . Car e

was t aken t o avoi d i ncl udi ng car t i l age wi t h t he sampl es of ear ski n. Ti ssues wer e qui ckl y wei ghed

and homogeni zed i n 5. 0 ml of 70%et hanol . The r esul t i ng suspensi ons of t i ssue wer e al l owed t o

st and over ni ght at 4° C. Af t er cent r i f ugat i on at 12, 000 g f or 20 mi n, al i quot s wer e r emoved f or

chr omat ogr aphi c anal ysi s and l i qui d sci nt i l l at i on count i ng . Thi s pr ocedur e has been shown t o

ext r act bet t er t han 95%of t he r adi oact i ve 5- HT f r om t i ssues ( 28) . Thi n- l ayer chr omat ogr aphy done

wi t h but anol : acet i c aci d : wat er ( 12 : 3 : 5) or i sopr opanol : ammoni a : wat er ( 10 : 1 : 1) on cel l ul ose ( East -

man Chemi cal s) r eveal ed t hat r adi oact i vi t y measur ed i n t he et hanol i c ext r act s was t aken as an

assay of t he amount of [ 3 11] 5- HT i n t he t i ssue and was expr essed as dpm/ g. Sampl es wer e di ssol ved

i n 15 ml of " Aquasol " ( NewEngl and Nucl ear Cor p . ) f or l i qui d sci nt i l l at i on count i ng and cor r ect ed

f or quench by ext er nal st andar di zat i on .

( b) I n t umor s: Mi ce car r yi ng a mast cel l t umor ( P- 815) wer e i nj ect ed i nt r aper i t oneal l y wi t h 100

mg/ kg of par gyl i ne t o i nhi bi t MAO. 1 h l at er each mouse was i nj ect ed i nt r aper i t oneal l y wi t h 0. 1

mCi of [ 3 11] 5- HT. Anot her t wo mi ce car r yi ng t he mast cel l t umor wer e i nj ect ed wi t h 5 mg/ kg of

r eser pi ne 4 h bef or e i nj ect i on of [ 3 11] 5- HT. One of t hese ani mal s was gi ven par gyl i ne as above and

t he ot her r ecei ved no ot her dr ugs bef or e i nj ect i on of t he i sot ope . 2 h af t er t he i nj ect i on of [ 311] 5- HT

al l mi ce wer e ki l l ed, t hei r abdomens opened and washed wi t h 2 . 0 ml of i ced Kr ebs sol ut i on, and

t he t umor cel l s col l ect ed .

Af t er col l ect i on i n Kr ebs sol ut i on, t he cel l s wer e pel l et ed by cent r i f ugat i on at 1, 200g f or 10 mi n

i n a r ef r i ger at ed cent r i f uge. The super nat e was di scar ded, t he cel l s wer e dr ai ned, and t he pel l et s

wer e wei ghed . 5 ml of 70%et hanol was t hen added t o t he cel l s . The cel l s wer e homogeni zed,
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al l owed t o st and over ni ght , cent r i f uged agai n as descr i bed above, and al i quot s of t he super nat e

wer e t aken f or l i qui d sci nt i l l at i on count i ng and chr omat ogr aphi c anal ysi s .

RADI OAUTOGRAPHY.

	

Exper i ment s wer e desi gned t o det er mi ne i f t he assumpt i on t hat al l of t he

t r i t i at ed 5- HT i n t he ski n was l ocal i zed t o mast cel l s was val i d . Thi s was done by r adi oaut ogr aphy .

Met hods wer e t he same as t hose descr i bed by Ger shon and Ross ( 29, 30) .

Fi ve mi ce wer e i nj ect ed i nt r avenousl y wi t h 5. 0 mCi of t r i t i at ed 5- HT cr eat i ni ne sul f at e

( Amer sham/ Sear l e Cor p . , Ar l i ngt on Hei ght s, I l l . ; spec act 5- 18 Ci / mmol ) . I nj ect i on vol ume was

0. 1 ml . Pheni pr azi ne was gi ven t o i nhi bi t MAO60 mi n bef or e i nj ect i on of t he i sot ope . Segment s of

ski n wer e r emoved af t er 2 h and f i xed i n i ced 6. 25% gl ut er al dehyde made hyper t oni c by t he

addi t i on of 9%sucr ose and buf f er ed t o pH 7. 4 by 0. 1 Mphosphat e buf f er . Under t hese condi t i ons of

f i xat i on, movement of [ 3 H] 5- HT i s abr upt l y hal t ed ( 27, 29) . [ 3 H15- HT i s pr eser ved i n si t u but i t s

met abol i t es ar e not . Af t er f i xat i on f or 2 h i n gl ut er al dehyde, t i ssues wer e washed br i ef l y i n t he

sucr ose- cont ai ni ng buf f er sol ut i on and wer e post f i xed f or 1 h i n 1%OSO4. The OSO. was buf f er ed t o

pH 7 . 4 wi t h 0 . 1 Mphosphat e buf f er cont ai ni ng 9% sucr ose . The t i ssues wer e t hen r api dl y

dehydr at ed and embedded i n epoxy r esi n ( Epon 812) . Sect i ons wer e cut at 0 . 5 Wm, pl aced on gl ass

sl i des, and coat ed wi t h I l f or d L4 emul si on ( di l ut ed 1 : 1) by di ppi ng . The emul si on- coat ed sl i des

wer e exposed f or 1 wk i n a dr y, l i ght - t i ght box under an at mospher e of 100% CO2 . Af t er

phot ogr aphi c devel opment and pr ocessi ng, sl i des wer e st ai ned wi t h t ol ui di ne bl ue f or l i ght

mi cr oscopi c exami nat i on. None of t he pr ocessi ng of t he f i xed t i ssues ext r act s si gni f i cant quant i t i es

of r adi oact i ve mat er i al ( 29- 31) .

Hi st ochemi cal Demonst r at i on of 5- HT .

	

Ti ssue was exami ned hi st ochemi cal l y f or t he pr esence

of 5- HT by t he f or mal dehyde- i nduced f l uor escence t echni que of Fal ck and Hi l l ar p ( see 32 f or r ef s . ) .

Tr eat ment of t he f r ozen- dr i ed t i ssues wi t h par af or mal dehyde was modi f i ed accor di ng t o t he

pr ocedur e of Fuxe and Jonsson ( 33) . Br i ef l y, smal l pi eces of t i ssues wer e quenched i n mel t i ng

Fr eon 22 t hat had pr evi ousl y been cool ed wi t h l i qui d ni t r ogen . Ti ssues wer e f r eeze- dr i ed over ni ght

i n a Pear se- Edwar ds f r eeze dr i er , and t hen exposed at 80° C t o f or mal dehyde gas gener at ed f i r st

f r om par af or mal dehyde equi l i br at ed at 70%and t hen at 90% r el at i ve humi di t y . Ti ssues wer e

embedded i n hydr oxybut yl met hacr yl at e, sect i oned at 3 Wm, and mount ed on sl i des i n nonf l uor es-

cent i mmer si on oi l under quar t z cover sl i ps f or f l uor escence mi cr oscopy . The mi cr oscope was f i t t ed

wi t h a ver t i cal i l l umi nat or ( Lei t z Pl oemsyst em, E. Lei t z, I nc . , Rockl ei gh, N. J . ) . I dent i f i cat i on of

t he f l uor ophor e as t hat of 5- HT was done by mi cr ospect r of l uor ophot omet r y ( Lei t z- Schoef f el mi cr os-

pect r of l uor ophot omet er ) . Act i vat i on maxi ma wer e at 385 and 420 nmand t he emi ssi on maxi mum

was at 520 nm. Cont r ol s i ncl uded t i ssues heat ed as above at 80° C but not exposed t o par af or mal de-

hyde . Hai r s f l uor esced i n t he absence of f or mal dehyde t r eat ment and was t her ef or e due t o

aut of l uor escence and not t o t he pr esence of a monoami ne.

Hi st ochemi cal Demonst r at i on of Hi st ami ne .

	

Ti ssue al so was exami ned hi st ochemi cal l y f or t he

pr esence of hi st ami ne by t he o- phal al dehyde- i nduced f l uor escence t echni que of Ehi nger and

Thunber g ( 34) as modi f i ed by Cr oss et al . ( 35) . Fr eeze- dr i ed t i ssue was embedded i n par af f i n,

sect i oned at 5 j Lm, depar af f i ni zed wi t h xyl ene, exposed t o o- phal al dehyde vapor at 100° C, and

subsequent l y humi di f i ed . Sect i ons wer e mount ed i n Ent el l an ( Mer ck Chemi cal Di v . , Mer ck and

Co . , I nc . , Rahway, N. J . ) and exami ned by f l uor escent mi cr oscopy usi ng a ver t i cal i l l umi nat i on

and a TK 400 di chr oi c beam spl i t t i ng mi r r or and a K430 suppr essi on f i l t er .

Resul t s

Di st r i but i on of Mast Cel l s at Var i ous Ski n Si t es i n t he Mouse .

	

We st udi ed

mast cel l di st r i but i on by sever al t echni ques : ( a) Af t er chemi cal sympat hect omy

f or t he pr event i on of [ 3H] 5- HT upt ake by adr ener gi c ner ves, we measur ed t he

upt ake of [ 3H] 5- HT i n var i ous r egi ons of t he ski n . The r esul t s ( Tabl e I ) i ndi cat e

t hat t he concent r at i on of mast cel l s, as det er mi ned by t hei r abi l i t y t o t ake up

r adi oact i ve 5- HT, i s i n t he or der of f oot gr eat er t han ear gr eat er t han f l ank .

The quant i t at i ve r esul t s obt ai ned by sci nt i l l at i on count i ng wer e checked by

r adi oaut ogr aphy t o det er mi ne wher e i n t he ski n t he 5- HT had l ocal i zed . Mor e

[ 3H] 5- HT was gi ven ( 50 t i mes as much) t o be cer t ai n t hat smal l amount s bound

i n unexpect ed l ocat i ons woul d not be over l ooked . The onl y l abel ed st r uct ur es
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TABLE I

Local i zat i on of I nj ect ed [ 3H] 5- HT at Var i ous Ski n Si t es

P val ues : ear vs . f oot = <0 . 02 ; f oot vs . f l ank = <0 . 01 ; ear vs . f l ank =

<0. 05 .

FI G . 1 .

	

Radi oaut ogr aph of t he subcut aneous t i ssue of a mouse whi ch was i nj ect ed wi t h
r adi oact i ve ser ot oni n ( [ 3H] 5- HT) . Onl y cer t ai n cel l s l ocal i zed [ 3H] 5- HT and wer e heavi l y
l abel ed, whi l e near by cel l s t ook up no l abel . St ai ni ng wi t h t ol ui di ne bl ue showed t hat t he
cyt opl asmof t he heavi l y l abel ed cel l s cont ai ned numer ous l ar ge met achr omat at i c gr anul es .

Var i at i on of t he pl ane of f ocus at l i ght l y l abel ed ar eas of t hese cel l s r eveal ed t hat t he gr ai n

pat t er n cor r esponded t o t he shape and posi t i on of t he gr anul es ( x 950) .

t hat we coul d f i nd i n any of t he sl i des of ski n wer e mast cel l s ( Fi g . 1) . These cel l s

coul d be r eadi l y i dent i f i ed by t hei r met achr omasi a i n t he t ol ui di ne bl ue- st ai ned

sect i ons under t he l ayer of phot ogr aphi c emul si on . The cel l s wer e ver y heavi l y

l abel ed . No evi dence of upt ake of 5- HT by per i vascul ar sympat het i c ner ves coul d

be f ound . I f ani mal s wer e t r eat ed wi t h r eser pi ne ( 5 mg/ kg) 1 day bef or e i nj ect i on

of [ 3H15- HT, no l abel ed mast cel l s wer e f ound . These obser vat i ons suppor t t he

Regi on of ski n dpm/ g ± SE

Foot 173, 000 ± 42, 000

Fl ank 15, 400 ± 1, 500

Ear 47, 200 ± 14, 000
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vi ew t hat mast cel l s account f or t he upt ake of l abel ed 5- HT by t he ski n .

Ther ef or e, t he amount of t r i t i at ed 5- HT f ound i n t he ski n pr obabl y i s a f unct i on

of t he number of act i vi t y of t he mast cel l s i n t he ar ea .

( b) I ndependent conf i r mat i on of t he quant i t at i ve dat a der i ved f r omst udi es of

t he upt ake of [ 3H] 5- HT, suggest i ng t hat mast cel l s wer e most numer ous i n t he

ski n of t he f oot , was sought . Mast cel l s of mi ce and r at s ar e known t o cont ai n 5-

HT and hi st ami ne ( see 14) . Ther ef or e, 5- HT and hi st ami ne was demonst r at ed i n

sect i ons of t he ski n hi st ochemi cal l y i n or der t o vi sual i ze mast cel l s and t o

est i mat e t hei r number s . By means of f or mal dehyde ( 5- HT) and o- phal al dehyde

( hi st ami ne) - i nduced hi st of l uor escence, many br i ght l y f l uor escent mast cel l s

coul d be seen i n sect i ons of t he ski n of t he f oot , especi al l y on t he dor sal sur f ace

cl ust er ed ar ound aut of l uor escent hai r f ol l i cl es ( Fi g . 2) . Far f ewer f l uor escent

mast , cel l s wer e f ound i n sect i ons of f l ank ski n ( Fi g . 3) , whi l e ear ski n had

i nt er medi at e number s . These r esul t s conf i r mt hose above; t hat mast cel l s i n t he

ski n whi ch cont ai n 5- HT ar e f ar mor e numer ous i n t he ski n of t he f eet and

somewhat mor e numer ous i n t he ski n of t he ear s t han of t he f l ank, and t hat

hi st ami ne- cont ai ni ng mast cel l s have t he same di st r i but i on . Mast cel l s i dent i -

f i ed by numer ous cyt opl asmi c met achr omat i c gr anul es i n par af f i n sect i ons

vi ewed wi t h an or di nar y l i ght mi cr oscope af t er Hel l y' s f i xat i on and Gi emsa

st ai ni ng ( 36) wer e si mi l ar l y di st r i but ed .

The Ef f ect of Reser pi ne on t he Upt ake of 5- HT.

	

Radi oaut ogr aphi c obser va-

t i ons i ndi cat ed t hat pr et r eat ment of mi ce wi t h r eser pi ne t ot al l y abl at ed t he

capaci t y of t he mast cel l s t o t ake up and/ or st or e 5- HT . We al so st udi ed t he

abi l i t y of r eser pi ne t o bl ock t he upt ake of [ 3H] 5- HT by P815 mast ocyt oma cel l s .

As a speci f i ci t y cont r ol f or t he upt ake of t he 5- HT by t he mast ocyt oma cel l s, we

used a di f f er ent mouse t umor , sar coma I . The r esul t s of t hi s exper i ment ( Tabl e

I I ) show t hat t he mast cel l t umor t ook up mor e 5- HT t han di d sar coma I cel l s .

Reser pi ne ant agoni zed t he abi l i t y of t he t umor cel l s t o accumul at e 5- HT and t hi s

ant agoni smwas par t i al l y over come by t he admi ni st r at i on of t he MAOi nhi bi t or

par gyl i ne .

Ef f ect of Reser pi ne Pr et r eat ment on t he Abi l i t y of Mi ce t o Make a DTH

Response t o SRBC. Mi ce wer e i mmuni zed i nt r avenousl y wi t h 0. 2 ml of a 0 . 01%

suspensi on of SRBC. Thei r abi l i t y t o mount a DTHr esponse was t est ed 4 days

l at er by i nj ect i ng 0. 03 cc of SRBC i nt o t he f oot and measur i ng t he i ncr ease i n

f oot pad t hi ckness 24 l i l at er . Some of t he mi ce wer e t r eat ed wi t h r eser pi ne

al one, some wi t h r eser pi ne pl us t he MAOi nhi bi t or ni al ami de, some wi t h 5-

hydr oxydopami ne as a cont r ol f or t he ef f ect s of r eser pi ne on nor epi nephr i ne ( 27) ,

and some wi t h bur i mami de, a bl ocker of hi st ami ne- 2 ( H2) r ecept or s ( 26) [ ant i hi s-

t ami nes whi ch wor k on H, r ecept or s ar e known not t o af f ect r eact i ons of del ayed

hyper sensi t i vi t y ( 37) and i n any case t he mouse i s ext r aor di nar i l y r esi st ant t o

hi st ami ne ( see 16) ] . The r esul t s of t hi s exper i ment ( Tabl e I I I ) show t hat r eser -

pi ne t r eat ment abr ogat ed t he DTHr esponse occur r i ng 24 h af t er chal l enge wi t h

ant i gen, t hat t he MAOi nhi bi t or ni al ami de par t i al l y r ever sed t hi s suppr essi on,

and t hat t he depl et i on of nor epi nephr i ne al one and H2 bl ocki ng wer e wi t hout

ef f ect . We subsequent l y f ound t hat del ayi ng t he i nj ect i on of an MAOi nhi bi t or

unt i l 6 h af t er admi ni st r at i on of r eser pi ne f ai l s t o r ever se t he ef f ect of r eser pi ne

on DTH r eact i ons but does r ever se t he cent r al ner vous syst em ef f ect s .



FI GS. 2 and 3 .

	

For mal dehyde i nduced f l uor escence of ser ot oni n ( 5- HT) i n t he ski n of mi ce .
5- HT- cont ai ni ng cel l s wer e qui t e numer ous i n t he dor sal f oot ski n ( Fi g . 2) , and wer e
l ocal i zed t o t he upper der mi s wher e mast cel l s wer e most numer ous as j udged by l i ght

mi cr oscopy . The cel l s at t he l ower r i ght demonst r at e t hat 5- HT was l ocal i zed t o t he

cyt opl asm( x 100) . Fl uor escent cel l s wer e not ed onl y occasi onal l y i n t he f l ank ski n ( Fi g. 3) .

[ ( o- phal al dehyde- i nduced f l uor escent cel l s ( hi st ami ne- cont ai ni ng) wer e si mi l ar l y di st r i b-

ut ed) . ]
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TABLE I I

Upt ake of [ 3H] 5- HT by Di f f er ent Dr ug Tr eat ed or Cont r ol Tumor

Cel l s

TABLE I I I

Reser pi ne I nhi bi t i on of DTH( 0 . 01 %I nt r avenous SRBC

Reser pi ne I nhi bi t i on of DTH( SRBC + CFA I mmuni zat i on)

Dr ug

TABLE I V

24 h f oot pad t hi ckness

4 days

	

10 days

%i ncr ease ± SE

None

	

23 ± 1

	

42 ± 6

Reser pi ne

	

7 ± 3

	

- 1 ± 3

We t est ed t he possi bi l i t y t hat t he l ow dose SRBC i mmuni zat i on schedul e we

used was not t r ul y r epr esent at i ve of a DTHr esponse . To do t hi s, we i mmuni zed

mi ce wi t h SRBC i n CFA and t est ed t he abi l i t y of r eser pi ne t o bl ock t he del ayed-

hyper sensi t i vi t y r esponse i n t he f oot pad 4 and 10 days af t er i mmuni zat i on. The

r esul t s ( Tabl e I V) show t hat r eser pi ne coul d bl ock t he del ayed r esponse t o t hi s

f or m of i mmuni zat i on as wel l as i t coul d t o t he l ow dose i mmuni zat i on .

Ef f ect of Reser pi ne on Cont act React i ons .

	

We al so t est ed t he abi l i t y of

r eser pi ne t o i nhi bi t r eact i ons of cont act hyper sensi t i vi t y occur r i ng on t he mouse

ear . The r esul t s ( Tabl e V) show t hat r eser pi ne was al so abl e t o i nhi bi t t hese

f or ms of DTH, al t hough t he i nhi bi t i on was not as compl et e as i n t he SRBC

syst em.

Ef f ect of Reser pi ne on Passi ve Cut aneous Anaphyl axi s .

	

Our r esul t s i ndi cat e

t hat r eser pi ne can si gni f i cant l y suppr ess sever al t ypes of DTHr eact i ons and

t hat MAOi nhi bi t i on can par t i al l y pr event t hi s suppr essi on i n at l east one f or m

I mmuni zat i on)

Dr ug 24 h f oot pad t hi ckness

%i ncr ease ± SE

None 57 ± 5

Reser pi ne 4 ± 2

Reser pi ne + ni al ami de 31 ± 6

6- Hydr oxy- dopami ne 64 ± 6

Bur i mami de 64 ± 7

Cel l s ( and dr ug t r eat ment ) dpm/ g ( mean of cel l

pool s)

Sar coma I ( none) 238, 000

Mast ocyt oma cel l s ( none) 1, 110, 000

Mast ocyt oma cel l s ( r eser pi ne) 33, 000

Mast ocyt oma cel l s ( par gyl i ne + r eser pi ne) 346, 000
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Dr ug

TABLE V

Reser pi ne I nhi bi t i on of DTH ( Cont act Hyper sensi t i vi t y)

TABLE VI

Reser pi ne I nhi bi t i on of PCA React i ons

Di amet er ( i n mm) ± SE and i nt ensi t y of bl uei ng ( 0- 4+)

Ant i body di l ut i on

	

1: 20

	

1: 40

	

1 : 80

None

	

13 ± 1 ( 3+)

	

10 ± 1 . 5 ( 3+)

	

8 ± 1 . 5 ( 2+)

Reser pi ne

	

3 -t 2 ( 1+)

	

0

	

0

Reser pi ne +

	

0

	

0

	

0

ni al ami de

of DTH. Thi s l at t er poi nt was of par t i cul ar i nt er est si nce r eser pi ne i s known t o

act by causi ng st or ed ami nes t o l eak f r om t he gr anul es of mast cel l s i nt o t he

cyt osol , wher e t hey ar e i nact i vat ed by MAO( 38) . Si nce i nhi bi t i on of MAOaf t er

r eser pi ne woul d l ead t o t he accumul at i on of f r ee ami ne i n t he cyt osol of mast

cel l s, t hi s suggest ed t hat some f or m of nongr anul e r el ease of ami nes mi ght be

occur r i ng. We t her ef or e t est ed whet her r eser pi ne coul d i nhi bi t PCA r eact i ons

whi ch ar e known t o be dependent upon exocyt osi s of mast cel l s gr anul es ( 39) and

t o see whet her ni al ami de coul d r ever se t hat f or m of i nhi bi t i on . The r esul t s of

t hr ee pool ed exper i ment s ( Tabl e VI ) show t hat r eser pi ne si gni f i cant l y i nhi bi t ed

PCAr eact i ons, but i n cont r ast t o t he DTHr eact i ons, ni al ami de was nowunabl e

t o r ever se t hi s i nhi bi t i on .

Ef f ect of Adr enal ect omy on t he Abi l i t y of Reser pi ne t o Bl ock React i ons of

Del ayed Hyper sensi t i vi t y . Al t hough our r esul t s show t hat r eser pi ne t r eat ment

af f ect s t he abi l i t y of mast cel l gr anul es t o bi nd and st or e 5- HT, we consi der ed t he

possi bi l i t y t hat t hi s was not causat i vel y r el at ed t o i t s abi l i t y t o bl ock r eact i ons of

DTH but t hat t her e mi ght be an i ndi r ect act i on . We had r ul ed out ef f ect s

secondar y t o r eser pi nes t r anqui l i zi ng act i on by t he di f f er ent i al pr ot ect i on af -

f or ded on behavi or al ef f ect s and DTH by del ayed t r eat ment wi t h MAOi nhi bi -

t or s . Anot her i ndi r ect act i on coul d come f r om st r ess and t he subsequent r el ease

of cor t i cost er one f r omt he adr enal s . We t her ef or e t est ed t he abi l i t y of r eser pi ne

t o i nhi bi t DTHr eact i ons i n adr enal ect omi zed mi ce . The r esul t s of t hi s exper i -

ment ( Tabl e VI I ) show t hat adr enal ect omy was wi t hout si gni f i cant ef f ect on t he

DTH i n ei t her unt r eat ed or r eser pi ne- t r eat ed mi ce . Ther ef or e, nonspeci f i c st r ess

was not a si gni f i cant f act or i n our r esul t s .

Ef f ect of Adopt i ve Tr ansf er of I mmune Spl een Cel l s f r omReser pi ne- Tr eat ed

I mmuni zat i on Reser pi ne
24 h ear

t hi ckness

%i ncr ease ± SE

Oxazol one - 90 ± 9

Oxazol one + 38 ± 10

DNFB - 37 ± 6

DNFB + 15 ± 5
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TABLE VI I

Ef f ect of Reser pi ne on DTH i n Adr enal ect omi zed Mi ce ( 0 . 01 %

SRBC I mmuni zat i on)

TABLE VI I I

DTHTr ansf er i nt o and out of Reser pi ne- Tr eat ed Mi ce ( Donor s

i mmuni zed wi t h 0 . 01 %SRBC)

Mi ce . We per f or med a mor e di r ect t est f or secondar y ef f ect s of r eser pi ne

t r eat ment by doi ng adopt i ve t r ansf er exper i ment s . We i mmuni zed mi ce wi t h

SRBC and t r eat ed some of t hem on day 4 wi t h r eser pi ne . 8 h af t er i nj ect i on of

r eser pi ne, we har vest ed t he spl eens and t r ansf er r ed t he r esul t ant cel l suspen-

si on ( one spl een : t wo r eci pi ent s) t o nor mal noni mmune syngenei c mi ce, some of

whi ch had been pr et r eat ed wi t h r eser pi ne at t he same t i me as t he donor mi ce .

The r esul t s ( Tabl e VI I I ) show t hat t r eat ment of donor s wi t h r eser pi ne abr ogat ed

t hei r abi l i t y t o mount a DTH r esponse ( l i ne 4) . However , spl een cel l s of t he

r eser pi ne- t r eat ed donor s, who t hemsel ves coul d not make a DTHr esponse, wer e

abl e t o t r ansf er DTH t o nor mal r eci pi ent s ( l i ne 3) , as wel l as spl een cel l s f r om

donor s who had not been t r eat ed wi t h r eser pi ne ( l i ne 1) . I f however , t he

r eci pi ent s had been t r eat ed wi t h r eser pi ne, t he t r ansf er of i mmune spl een cel l s

f ai l ed t o convey t he abi l i t y t o mount a DTH r esponse t o t he r eci pi ent ( l i ne 2) .

Ther ef or e, r eser pi ne act s on cel l s of t he host , not on t he i mmunocompet ent cel l s

of t he donor .

Di scussi on

We woul d l i ke t o set f or t h some pr evi ousl y made obser vat i ons and t hose

el uci dat ed i n t he pr esent st udy, and f r omt hemput f or t h a hypot hesi s t o expl ai n

cer t ai n el ement s of del ayed hyper sensi t i vi t y r eact i ons and t hei r r el at i onshi p t o

ot her i mmunol ogi cal phenomena. Per t i nent obser vat i ons made i n pr evi ous

st udi es i ncl ude t he f ol l owi ng : ( a) mi ce ar e r el at i vel y def i ci ent , compar ed t o ot her

ani mal s, i n t hei r abi l i t y t o make DTHr eact i ons i n t he f l ank ski n ( 1- 3) ; ( b) t hey

never t hel ess make excel l ent DTHr eact i ons when t he el i ci t i ng ant i gen i s pl aced

Reser pi ne t r eat ment 24 h f oot pad t hi ckness i n r eci pi ent s

%i ncr ease ± SE

( 1) None 44 ± 4

( 2) Reci pi ent 1 ± 3

( 3) Donor 40 ± 5

( 4) " Donor " 5 ± 2 ( r eact i on i n donor )

Adr enal ex Reser pi ne 24 h f oot pad t hi ckness

%i ncr ease ± SE

_ _ 54 ± 7

- + - 3±1

+ - 62 ± 5

+ + 2 ± 1 . 5



742

	

VASOACTI VE AMI NES I N DELAYED- TYPE HYPERSENSI TI VI TY

i n t he f oot pad ( 3, 4) or on t he ear ( 3, 5) ; ( c) mi ce ar e r el at i vel y def i ci ent i n

basophi l s, ci r cul at i ng cel l s whi ch car r y vasoact i ve ami nes ( 12, 14) , and t hese

cel l s ar e of t en f ound i n t he cel l ul ar exudat e i n DTHr eact i ons of ot her mammal s

( 12) ; ( d) vasoact i ve ami nes al l ow i nt r avascul ar cont ent s t o pass i nt o t he t i ssue

by causi ng t he endot hel i al cel l s of post capi l l ar y venul es t o cont r act and separ at e

( 17) ; ( e) t he pr edomi nant r eci r cul at i ng l ymphocyt e f ound i n t he mouse t hor aci c

duct i s a T cel l ( 40) , i ndi cat i ng t hat t hese cel l s ar e especi al l y equi pped t o l eave

t he bl ood and ent er t he l ymph ; ( f ) T cel l s pl ay an i mpor t ant r ol e i n t he

r ecr ui t ment and/ or ent r apment of cel l s f r om t he ci r cul at i on t o l ymphoi d t i ssues

dr ai ni ng si t es of exogenousl y admi ni st er ed ant i gen ( 41) .

Obser vat i ons made i n t he pr esent st udy i ncl ude t he f ol l owi ng : ( a) mast cel l s

whi ch cont ai n vasoact i ve ami nes ar e par t i cul ar l y numer ous at ski n si t es i n t he

mouse wher e DTH r eact i ons ar e most easi l y el i ci t ed ; ( b) vasoact i ve ami ne

depl et i on by r eser pi ne sever el y i nhi bi t s var i ous DTH r eact i ons ; ( c) t he t ech-

ni ques used f or depl et i on of vasoact i ve ami nes do not al t er t he abi l i t y of T cel l s of

t r eat ed mi ce t o adopt i vel y t r ansf er DTH r eact i ons t o nor mal r eci pi ent s . Thus,

t he si t e of act i on of vasoact i ve ami ne depl et i on i s not at t he l evel of t he ef f ect or T

cel l ; ( d) phar macol ogi cal t r eat ment s whi ch cause depl et i on of vasoact i ve ami nes

f r om mast cel l s gr anul es, but whi ch f avor accumul at i on of f r ee ami ne i n t he

cyst osol , ( r eser pi ne pl us MAOi nhi bi t or s) el i mi nat e r eact i ons of passi ve cut a-

neous anaphyl axi s but not t hose of del ayed hyper sensi t i vi t y .

To account f or t hese obser vat i ons, we pr opose t hat T cel l s ar e especi al l y

equi pped t o t r aver se t he endot hel i um of post capi l l ar y venul es, whi ch t hey

cont i nual l y do . I f t hey ar e appr opr i at el y i mmune and meet t he speci f i c ant i gen

out si de of t he ci r cul at i on, t hey r el ease a f act or t hat causes near by mast cel l s

and/ or basophi l s t o r el ease t hei r vasoact i ve ami nes . I f basophi l s ar e absent ,

mast cel l s acqui r e added i mpor t ance . The r el eased ami nes cause t he endot hel i al

cel l s of t he post capi l l ar y venul e t o separ at e, al l owi ng t he r api d egr ess f r omt he

bl ood of cel l s whi ch do not nor mal l y r eci r cul at e . Nonr eci r cul at i ng cel l s comi ng

f r om t he bone mar r ow ar e t he pr edomi nant cel l t ype t hat causes t he swel l i ng

and i ndur at i on of a del ayed hyper sensi t i vi t y r eact i on ( 6- 11) . Ther e pr obabl y i s

an addi t i onal el ement of a T- cel l - r el eased chemot act i c subst ance or subst ances

whi ch at t r act t he appr opr i at e cel l s t o t he si t e ( 42) . However , t he r el ease of t hese

chemot act i c subst ances i s i nsuf f i ci ent i n i t sel f t o per mi t t he secondar i l y ar r i vi ng

cel l s t o ent er t he r eact i on si t e, unl ess t he wal l s of t he post capi l l ar y venul es have

been act ed upon by vasoact i ve ami nes .

Thi s T cel l - t o mast cel l - t o post capi l l ar y venul e r eact i on i s al so pr obabl y ver y

i mpor t ant i n t he gener al r egul at i on of l ymphocyt e t r af f i c . [ We have evi dence

t hat depl et i on of 5- HT f r omt he mouse abr ogat es t he ant i gen- dr i ven t r appi ng of

l ymphocyt es i n t he l ymph nodes but not i n t he spl een ( Ger shon and Kondo,

unpubl i shed obser vat i ons) . ] Thi s may be why wor ker s st udyi ng t he mode of

ent r ance of l ymphocyt es i nt o nonant i gen- st i mul at ed l ymph nodes f i nd t hat cel l s

go t hr ough, r at her t han bet ween, endot hel i al cel l s ( 43) . Those who st udy t he

mode of ent r ance i n l ymphoi d t i ssue of t he gut wher e t her e i s const ant ant i geni c

st i mul at i on have f ound t hat t he cel l s go bet ween t he endot hel i al cel l s of t he

post capi l l ar y venul e ( 44) . Ther e may be a cont i nui ng ant i gen- t o T cel l - t o mast

cel l r eact i on goi ng on i n l ymphoi d t i ssue dr ai ni ng t he gut , whi ch account s f or

t he di f f er ent mode of ci r cul at i on .
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Al t hough our r esul t s do not bear di r ect l y on t he mechani smby whi ch T cel l s
cause mast cel l s t o r el ease t hei r vasoact i ve ami nes, t hey do suggest t hat t he
mechani smi s di f f er ent t han t hat of PCAr eact i ons, whi ch i nvol ve exocyt osi s of
ami ne st or age gr anul es ( 39) . MAOi nhi bi t i on shoul d not af f ect any r esponse
whi ch i s medi at ed sol el y by gr anul e r el ease because oxi dat i ve deami nat i on
t akes pl ace i n t he cel l cyt osol r at her t han i n t he gr anul e ( 22, 23) . Reser pi ne

causes 5- HT t o l eak out of gr anul es i nt o t he cyt osol wher e i nact i vat i on by MAO

t akes pl ace ( 22, 23, 38, 45) . Thus, MAOi nhi bi t i on i n t heor y shoul d onl y pr ot ect
r eser pi ne- i nhi bi t ed r eact i ons i n whi ch t he cyt osol as wel l as t he gr anul es i s
r el eased . Si nce MAO i nhi bi t i on par t l y pr ot ect ed t he del ayed r esponse of mi ce

t r eat ed wi t h r eser pi ne and f ai l ed t o pr ot ect t he PCAr esponse, i t seems pr obabl e

t hat mast cel l cyt osol i s r el eased i n del ayed r eact i ons . Cyt osol r el ease woul d

occur i f t he mast cel l was ki l l ed or damaged by t he T cel l . T cel l s of appr opr i at el y
i mmuni zed mi ce ar e known t o mi gr at e t o t he ski n and t o r el ease cyt ot oxi c

f act or s i n t he pr esence of speci f i c ant i gen ( 2, 46) . These r el eased f act or s ar e t oxi c
f or macr ophages and may be r el at ed t o t he l ymphoki ne cal l ed l ymphot oxi n ( 47) .
I f l ymphot oxi n was t oxi c f or mast cel l s i t coul d be t he i mpor t ant l i nk bet ween
t he T cel l and t he f i r i ng of t he mast cel l . Anumber of poi nt s r ai sed i n t he above
hypot hesi s ar e easi l y t est abl e . Some of t hem have al r eady been conf i r med and
ot her s we ar e i n t he pr ocess of t est i ng .

Sever al r emar ks of cl ar i f i cat i on ar e i n or der . Al t hough al l t he evi dence we
have pr esent ed suggest s t hat 5- HT i s t he mai n vasoact i ve ami ne i nvol ved i n t he
medi at i on of t he r eact i ons of DTH i n t he mouse [ as i t i s i n anaphyl act i c
r eact i ons ( 16) ] , we wi sh t o st r ess t hat par t i ci pat i on by ot her ami nes or f act or s
has not been r ul ed out . Ther e i s ampl e evi dence t o i ndi cat e t hat di f f er ent
vasoact i ve ami nes can i nt er act wi t h one anot her i n t he pr oduct i on of vascul ar
al t er at i ons ( 48) . I n addi t i on, t he r ol e of 5- HT car r yi ng pl at el et s ( 49) i n t hese
r eact i ons must be consi der ed . Cl ear l y, a gr eat deal mor e wor k i s r equi r ed bef or e
t he chemi cal basi s f or our obser vat i ons can be soundl y and t hor oughl y el uci -
dat ed . The pr esent r epor t ser ves si mpl y t o i mpl i cat e t he i mpor t ance of vasoac-
t i ve ami ne r el ease i n DTH. Thi s f act has her et of or e not been f ul l y appr eci at ed,
al t hough t he ear l y wor k of Voi si n was hi ghl y suggest i ve i n t hat i t showed t hat
vascul ar per meabi l i t y changes occur r ed dur i ng t he evol ut i on of DTH r eact i ons
( 50) . Per haps one r eason t he est abl i shment of t he r ol e of vasoact i ve ami nes i n
DTH has been del ayed i s t hat t he ami nes and t he i nt er act i ons bet ween t hem
and t hei r var i ous cel l r ecept or s ar e so compl ex . For exampl e, t he nat ur e of
hi st ami ne ( 26) and ser ot oni n ( 24, 25) r ecept or subt ypes has onl y been r ecent l y
r ecogni zed . The mouse i s pr obabl y an except i onal model f or t hese st udi es si nce
hi st ami ne medi at i on of vascul ar r eact i ons i n t hi s speci es i s so much l ess i mpor -
t ant t han i n ot her s ( 16) , al l owi ng us t o mani pul at e t he r esponse by af f ect i ng t he
st or age of 5- HT . Obvi ousl y, we must t r y t o dupl i cat e our r esul t s i n ot her speci es
but , f r omour pr el i mi nar y at t empt s t o do so i n t he gui nea pi g, i t seems t hat t hi s
wi l l be a mor e f or mi dabl e t ask t han i t was i n t he mouse . We shoul d al so poi nt
out t hat t her e have been a number of r epor t s on t he ef f ect of r eser pi ne on t he
i mmune r esponse ( see 51) . These pr evi ous st udi es, however , al l used mul t i pl e
i nj ect i ons of r eser pi ne, whi ch l ed t o cachexi a and st r ess ; t her ef or e i t i s di f f i cul t
t o r el at e t hem t o t he f i ndi ngs we have made .

Fi nal l y, we woul d l i ke t o comment on what r el at i onshi p our f i ndi ngs may
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have t o ot her ar eas of cel l ul ar i mmunol ogy such as t umor r ej ect i on . I t has been

shown t hat some t umor s can el i ci t a ver y st r ong cel l - medi at ed i mmune r esponse

agai nst t hemsel ves and yet cont i nue t o gr ow pr ogr essi vel y i n t he f ace of t hi s

i mmune r esponse unt i l deat h of t he host ; a phenomenon r ef er r ed t o as concomi -

t ant i mmuni t y ( 52) . Al t hough t he pr i mar y t umor i s not r ej ect ed, subcut aneous

or i nt r avenous gr af t s of i sol at ed t umor cel l s f ai l t o t ake i n t he ani mal wi t h t he

pr ogr essi vel y gr owi ng t umor . I n addi t i on, t he concomi t ant i mmuni t y i s abl e t o

pr event vi abl e ci r cul at i ng t umor cel l s i n t he t umor - bear i ng host f r om f or mi ng

met ast at i c deposi t s . Al t hough quant i t at i ve f act or s ar e cer t ai nl y i nvol ved, i t has

been shown t hat , over and above t hese, t he t umor acqui r es r esi st ance t o t he

host s i mmune r esponse when i t becomes st r omat i zed ( 53) . We suggest t hat a

possi bl e mechani smaccount i ng f or t he phenomenon of concomi t ant i mmuni t y i s

t hat t umor s may l ack ( a) mast cel l s, or ( b) post capi l l ar y venul es and t hus may

be i sol at ed t o some degr ee f r omt he i mmune ki l l er cel l s t hey have engender ed i n

t he host i n whi ch t hey ar e gr owi ng . A par al l el si t uat i on has been r epor t ed i n

exper i ment s on al l er gi c encephal omyel i t i s ( 54, 55) .

The wor k we have pr esent ed hi ghl i ght s an i mpor t ant , under - i nvest i gat ed

ar ea of i mmunol ogy : del i ver y of cel l s t o si t es of r eact i on . The f i ndi ng t hat t umor -

bear i ng host s cont ai n l ymphocyt es whi ch ar e abl e t o ki l l t umor cel l s i n vi t r o but

whi ch have not been demonst r at ed t o have i n vi vo ef f ect s, i ndi cat es t hat t he

pr obl em of del i ver y may be of br oader i mpor t ance i n heal t h car e t hen has

her et of or e been gener al l y r eal i zed .

Summar y

The ski n si t es of t he mouse wher e del ayed- t ype hyper sensi t i vi t y ( DTH) r eac-

t i ons ar e most easi l y el i ci t ed ( f oot pads and ear s) ar e par t i cul ar l y r i ch i n 5-

hydr oxyt r ypt ami ne ( 5- HT) - cont ai ni ng mast cel l s . Si nce mi ce ar e def i ci ent i n

ci r cul at i ng basophi l s, whi ch pl ay a r ol e i n at l east some DTH r eact i ons, we

i nvest i gat ed t he possi bi l i t y t hat t he mast cel l s wer e pl ayi ng an i mpor t ant r ol e i n

t he evol ut i on of t he ski n r eact i ons of DTH i n mi ce . We f ound t hat r eser pi ne, a

dr ug whi ch depl et es mast cel l s of 5- HT, abol i shed t he abi l i t y of t he mouse t o

make DTH r eact i ons i n t he ski n . The suppr essi ve ef f ect of r eser pi ne coul d be

par t i al l y bl ocked by monoami ne oxi dase i nhi bi t or s whi ch pr event t he degr ada-

t i on of 5- HT i n t he cyt osol of t he mast cel l . Spl een cel l s of i mmune, r eser pi ne-

t r eat ed mi ce t r ansf er r ed DTH r eact i ons t o noni mmune mi ce nor mal l y, i ndi cat -

i ng t hat t he r eser pi ne t r eat ment di d not af f ect i mmune T cel l s . DTH r eact i ons

coul d not be t r ansf er r ed i nt o r eser pi ne- t r eat ed mi ce .

We suggest t hat T cel l s ar e cont i nual l y emi gr at i ng f r om t he bl ood, t hr ough

post capi l l ar y venul e endot hel i um, by a mechani sm whi ch does not depend on

vasoact i ve ami nes . I f t hey ar e appr opr i at el y i mmune and meet t he homol ogous

ant i gen i n t he t i ssue, t hey i nduce mast cel l s t o r el ease vasoact i ve ami nes whi ch

cause post capi l l ar y venul e endot hel i al cel l s t o separ at e, al l owi ng t he egr ess

f r om t he bl ood of cel l s whi ch or di nar i l y do not r eci r cul at e . The secondar i l y

ar r i vi ng vasoact i ve ami ne- dependent cel l s ar e r esponsi bl e f or t he mi cr o- and

macr oscopi c l esi ons of DTHr eact i ons . Chemot act i c f act or s may al so be i nvol ved

i n br i ngi ng cel l s t o t he DTH r eact i on si t es but we pr opose t hat T- cel l r egul at i on

of vasoact i ve ami ne- cont ai ni ng cel l s al l ows t he ef f ect or cel l s t o pass t hr ough t he

endot hel i al gat es af t er t hey ar e cal l ed .
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