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METHODS AND MATERIALS 
Animals 

Young adult female rhesus monkeys were usc~l in this study. They were in appawnt good 
11~1th :tt the onset of the experiments. The rewtivitv of thest: :rnimals has ten described 
in detail elsewhere,‘. 3 and certain chnrnctc:ristice which were established in previous stutliw 
:trc summ:~rizetl in ‘Table I. Al] of these animals wre selwtvd initially on the basis of the 
Il~~gwC of their cutaneous reartivity to Ascnris antigen. 

Cutaneous testing 

Animnls wcro anwthetized with intr:lvcnous sodium pentot)nrt)itnl. Ow milliliter of 0.5 

lwr w:nt Evans blue clye ww injected intrswnouslp. Skin tests were done tly intracutaneous 
irl~rvtiuns of 0.1 ml. of the test solution as previously dwcribetl.~; C!ut:lneous encl-point titr:i- 
tions w4w donc~ in dupliwte with the uw of seri:il tenfold dilutions of reagents and wvrc 
rc~pro~luvil~lo within thnt. range. 

Respiratory testing 

Animals wcrc anesthetiecti by intravenous il~*jtvtion of sodium pentobarbital. A euffrtl 
W~lol r:cchcxl tube was inwrtrd. A control period of respirxtory function wan wcortled before 
rind :iftrr aero.wl ;l~lministri~tion of O.lJ.\I Sa(‘l. Aerosol c~hallengc with immunologic or 
])ll:irlll:lc,ologic ngcnts WIS tlonv by nebulizntion through th(b rotlotracheal tube with a Bird 
.\lnrk i positiw lnwsurr rwpirator with an in lint nc~bulizrr. The same positiw pressure ant1 
vonirollv~l rwpirntiww wvre uwd in :\I1 c~sprriments by maintaininK constant din1 svttingp for 
illspiratnry prcw4ure xntl inspirntory flow. The wspirictory rate wns vontrollcd at approximately 
20 IlrlS:tthr per minute. Ko respiratory vI~aII~ng~~s wvrc 11ono xl. intrrvnls of lwn than c)n(s \\-wk. 

lung function recordings 

l’hwo wrw obtained before rind :tftcBr aerosnl deliwry of 0.15.\1 Sac! ant1 at. periotli~~ 
intvrv:~ls :tftw :ivrosol challrngc with immunologic* or ]~h:lrmwologi~* :cgcnt5. The lung function 
rrcor~lings wwe m:~de with a pneulnotachograpl~ wrccn cone (25 r,. per minute flow rangr, 
Sauborn, \\‘alth:rm, Mass.! rind 1)~ recording with :L direct-writing ossillograph (Snnborn). 
(‘hnnges in rrspirntnry frequrncy (fj, prrtk rxpirntorp flow rate (YEFH.), :cnd the ratio 
hvtwwn the duration of wpiration and intipiration (E/I) were determined by comparison of 
tllr post-saline wrosol control tracinga with post.c.hallengo trnrings. The results were eapr(gsed 
:I.% thti> per vent of chnngc which occurrtxl following awoaol ch:i]](‘ngc! \vit]l each agent. Criteria 
for ii posit iv0 wspiratory responer are shon n in Table IT. 
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Animal No. 

3 4 5 6 

Persistently positive Positive on initial challcngc!, subse- Prrsistrntly negative Persistently negative 
for 33 months qwntly persistently negative for for 9 months for 24 months 

i Irlontl~s 

TABLE III. Comparison of cutaneous skin titration ond threshold respiratory response of 
Ascaris-sensitive monkeys to standard Ascaris antigen (SAA) 

Animal No. 

Rwctivlty 1 2* 3 I 4 5 6 

( ~Ut:lIlf’Ous t 10-c 10-r JO-5 1 O-3 Ill-2 lo-+ 

Ht%pirnlor?: 10-l 10 -1 IO-1 scg.5 SC& Keg. 

‘Respiratory reactivity no longer present. Response determined prior to Ions of reactivity. 
Cutaneous reactivity remained unchanged. 

tHecorded as the highest dilution of SAA giving positive skin reaction. 
:Rworded as the highest serial tenfold dilution of RAA giving positive respiratory reaction. 
$Undiluted L3.U used as highest concentration testrd. 

obtained as tletermined 1)~ criteria previously established (Table 11). Results of 
these studies are shown in Table III. The threshold respirator\- reactivity of 
Nonkey 2 was determined clllring the long pcnistcnt respiratory responsiwncss 
which subsequently disappeared (Table I). All 6 animals had marked cutaneous 
reactivity since they were select,etl on tht? basis of their skin reactivity. 

The 3 animals with respiratory reactivity appeared to have a somewhat 
greabcr drgret: of cutilIlWLlS reactivity, but no consistent, difference in the dcgrcc 
of cutaneous reactivity of animals with positive respiratory reactivity to SAA 
and those without respiratory reactivity was demonstrated. The minimal wn- 
ccntration of SAA rcquiretl to produce a definitive respiratory response in the 
respiratory reactors was 1,000 to 100,000 times the thrcsholtl cutaneous dose. 
The characteristic patt.ern of a respiratory response to SAA is ~~KWI~ in Fig. 
1, 21. This is the response of Animal 1, Table JII. 

Threshold respiratory and cutaneous response to histamine 

The results of cutaneous and acrosol challenge of rhesus monkeys to hista- 
mine are shown in Table IV. A relative: consistency of response to cutaneous 
testing with histamine is shown with 3 animals reacting to a dilution of lo-” and 
3 reacting to lo-“. The animals with respiratory responsiveness to SAA (Table I) 
were! the most reactive to eutancous testing. rn POlltrilSt, t,hcre was 110 significant 
correlation between the respiratory responw of these animals to histamine ant1 
the respiratory response to SAA. There were 2 animals in each group not react- 
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TIME : MINUTES AFTER CHALLCNCE 

FIG. 1. Respiratory responses of rhesus monkeys to pharmacologic or immunologrc chal- 

lenge. Breathing frequency, 0; peak expiratory flow rate, A; ratio of expiratory to 

inspiratory time, 3. A, Response to aerosolized Ascoris antigen (.066 mg. per milliliter); 
B, response to aerosolized histamine (2.5 ,tg per milliliter): C, response to Intravenous 
compound 48-80 (1,000 ,Lg); 0, response to aerosolized anti-IgE (1:2 dilution). 
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TABLE IV. Threshold cutaneous ond respiratory response of monkeys to histamine 

I Animal No. 

Reactivity 11 12 13 i 4 ) 5 16 

(‘ut:lIlrous’ 10-t Ill- 1 10-t II, ‘: 1 I)-:i 10-J 

Rwl~ir:itory t 2.5 srg. 3 I .n 23 SC& 

‘Ilighest wri:il tenfold tlilutiou of 10 pg Ilist:lmine 1wr niillilitw producing a potiitive 
cutnncaous ronction. 

+I,owest conwntrntion of histamine cxprwwd :LS microgrwns per millilitrr producing n positive 
rwpiratory rcsponsc ; highed concc~nt ratio11 used IYXS 10 fig per millilitc~r. 

TABLE V. Cutaneous and respiratory response to compound 48-80 after cutaneous, aerosol, 

and intravenous administration 

I Animal No. 

Reactivity 11 12 13 14 15 ) 6 

(‘rIt:cnc~oux’ 1 .o 0.1 Il.1 0.1 1 .o 0.1 

I<(+]airiltOryt Sqyt ivc Sq.y t iw Nvg:itivc! Srpl ivc Nqttivc: Nccativc 

Respiratory: sug Ncgat ive ND Positive Positive Ncgat ive 

l F:xl~rwsetl as the lowest concentration of’ wni~~ound 4840 i,microgr:imr pw milliliter) produc- 
iug 11 positive CUtilIlcOUS reaction. 

t Ihpome after aeronol challenge with a solution of 10,090 pg per milliliter. 
tRcnpons;c after intravenous injection of 1,000 pg. 
$-AT) = not done; see text. 

to tlcmonstrate no significant difference in response to histamine challenge in 
those animals with a respiratory response of long duration to SAA. The animals 
which rcspontlctl to acrosolizccl histamine required a concentration 1,000 to 
10,000 more than the minim;11 reactive cutaneous close. The respiratory response 
01’ -4nim;ll 5 (Tahlc I\‘) to histamine is shown in Fig. 1, 11. 

Cutaneous and respiratory responses to cutaneous, aerosol, and intravenous 

administration of compound 48-80 

The cwtancous reactivity of the 6 monkeys to iiitracutanoous testing with 
cwnpound 4X-80 is shown in Table \‘. All animals reactecl cither to 1.0 or 0.1 
pg of cwmpountl IX-X0 per milliliter. Thtbrc was no correlation hctween reactivity 
ol’ animals to c~mipow~~l 4X-X0 (Table I-) antI reactivity of animals to SAX 
(T;lldcs 1 a11d Ill). The animals ww cl\i~llenge(l 1)~ aerosol with compound 
48-N iultl MI~C rcwtccl, coca with the highest wIlcentration (10 mg. per 
rnillilitc~r) usccL This concentration was 10,000 or 100,000 times the minimal 
(.onccntration resulting in a positivcl cutaneous reaction. Because of the ncgativc 
wsl)ir;ltory rcsponscs to tlic highest. cwncentrat ion ot’ compound 48-80 usctl by 
iI~‘IYW~l. t hc wspiratory response to increasing intravenous doses of compountl 
4WO was cvaluatecl. Two monkeys hacl rcspirabory responses aft.er the intro- 
~~wous injection of 3,000 ,LL~ of cw~r~pouncl 48-80 (Table V). The respirator) 
rcsponsc of Animal 5 to intr;lvt~nous injection of cor~lpoantl 48-80 is shown in 
Fig. 1, C. The response of AniIn;ll 4 was similar in pattern. Although l)oth 
A~~im;tl 4 ill)<1 Anim;ll 5 ;Ippr;lrecI to rwnwr from the ;tcutc rcsprmse to corn- 
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Cutaneous and respiratory responses to cutaneous and aerosol challenge with 

bradykinin 

Respiratory response to anti-IgE 

Animal 1 \Vils ~*l~aIlr~lgcc.l 1)~ :lCrosUli~~d anti-1glS with a 1 :2 tlilutiun. This 
co,icciitratioIl wils l~ii0~~11 t’rxmn pw\.ious studiw to 1~rotlucc~ a 1wsitive respirator> 
wsponsc. Tlw rrsuItiIlg respiratory waction is s110wn in b’ig. I, D. The similarit? 
of rcspir;itory Iwpo~lscs in time of onset antI (luxation to acrvolizetl Ascaris 
;i.nt.igcii, IliStill1liIle. illl(I ;Illti-1gR ;ltltl to intravenous c0In~~ol1ll~l 48-80 arc sllo~vll 

in Fig. 1. 

DISCUSSION 

It was considwotl pvssildt~ tIl;lt t11c 3 monkeys with long clur;ition of ma~krcl 

wspiratory wacBtivity^ and wspiratory c~osinophilia” following aerosol challenge 
lo Ascaris antigen might constitute i l group of ;inimala mow responsive to 
pliarmacoIogic agents dcmonst~rable ly immediate-type cutaneous or respirator) 
reactions. This was not dcmnnstrated, since no c1efinit.e pattern of incrcwcd 
rcsponsivcncss to histaminr, compound 48-80, or hraclykinin was found in the 
3 animals with a hidor\- of immc>tliatc-type respiratory reactivity to SAA. The 
different clegrcc 0 f respirator> reactivity to Ascaris in the twn groups of 
Inonke,w is prwumc~(l to he the rwult of tliffercnt. clcgrecs of wnsitivity. 
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The patterlls of respiratory response in tim of onset and dUratiOI1 appeared 
siI]Iilar (Fig. 1) whether these were induced 1)~ Ascaris antigen, anti-IgE, 
histamine, or intravenous compound 48-80. Thus, an wutc rcspiratorg reaction 
01’ similar onset, severit.y, and duration C;III 1~: protlucetl in primates with an 
antigen, rabbit. anti-IglS, histamine, anfl a mast cell &granulating agent--oOnl- 
polllIcl 48-80. 

Otliw stntlics of eompountl 18-10 with the use of live respiratory mast cells 
fmn these animals haw tlcmonstratctl &granulation ol’ these mast cells in 
vitro.’ Tllc nunllwr of cells tlrgranulating increawcl as the conccnt.rations of 
c~mipoun~l 4X-80 increasctl from 5 to 50 pg per milliliter, and at the latter wll- 
wntration over 90 per rchnt of respiratory mast cells dcgranulatctl.~ 111 the 
vrIrIvIIt stutlies, it was espwtctl that iwosolizcd w~iipou~Itl M-80 moulcl rcwlt 

in i111 acute respiratory wadion. yet this (lit1 not owur cvcn at a concentration 
of 10,000 pg per milliliter. ~Vhcther the absence of a respiratory responw to 
acrosolizcd compound 48-80 is due to inability of the compound to reach reactive 
wllx l~~ausc of poor ahsorption through respirator\- mwosa or clue to rapid 
local mcta1~olism of the agent is u~dc~~ow~~. That compn~~ncl -48~60 can procluce 
an acute respiratory reaction in monkeys was tlcmonstratetl 1)~ the responses 
in 2 of the 4 monkeys test4 1)~ intravenous challcngc. T-sing intracardiac injrc- 
t ion of compound 48-80, (lolehntcli ant1 ilssO&ltCS” shonc~l that acute respirator! 
I’cspoIlscs, including incrrasetl resistant, owurrccl in cats. Their espcrimcwts 
usc~l clost~ of 0.!!3 to 3 mg. of compound 18-80 per kilogram 1wtly weight, whic,h 
is higher than those usc(1 in the current study. The monkey wighctl approsi- 
Inatcl>- 4 kilograms, and the intravenous dose of 1,000 p*g woul(l result ~II a 

c*onwntration of compountl 48-80 ipi ihe plasma spaw similar to the cnllceIItril- 

tion which rcsnlts in tlcgranulation and wl~asc of hist.aminc: from rat prritonwl 
Itlast wlls” a1Ic1 the tlcgranulation of 1~rimate respiratory mast ~~~11s.~ A 
significantly higher c~oncrntration of wmpoun(l -WSO appcarecl necessary to 
wlwsc the majority of histamine from human peripheral leukoq-tcts.1” 

Alarktd \-ariability in cutaneolw cn(l-point, titrations with hrwlykinin ~1s 
ohsc~rvctl in different monkey. xn rcspil-,ltory rcspo~~scs to ac,I*o,solized coIIcp~1- 

tratinns of bratlykinin 100 to 100,000 times those giving the minim;ll cutaneous 
t*cbilc.tion wrt: nbscrvcd. Bradykinin cnntrwts guinea pig trachea in vitro.” 
Xlthough it has hcen rrportrd to rc(luce the vital wp:i&y of humall patients 
\villi ilSthlllil,‘~ it cl0c’S IIOt 1Wlllt. iI1 coIltr;lc~tinll of thp isol;ltvt] ]~l~I~)il]l hrnjl- 

c’lllls.‘:’ 

The crit.cria I’or a positive iInnlcdiatc-t?-pc~ rcsljiratory response in rhesus 
monkeys arc the result of multiple experinlcnts.‘.y’ JNSS marke(1 respiratory 
resl)onses occur as nianifcst:it.ions of inime(liate-typo reactions in these animals. 
;111(1 it is likc1.v that minor acute ~hangcs in the ainra~-s owur which arc: mt 

apparent 1)~ the recording mcasurcments uwl. The criteria for positive responses 
(T;rl,lc II) shown in Fig. I haye Hun adopted because they int1icat.e uneq\iiywal- 
ly pnsitivc reactions whirh may bc applietl to a v;1rict!- of test systenls. For 

wrt;iin applications of the monkey respir;ltory rcspnnsc s.vs!eln. lvss m;jrkc(l 

iv5pir;ctor.v wadinns Inay hv atlcqiutc. 
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