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Normal dogs immunizd Sth ~aguwd antigen pl-oatm a nonprccipitating anti- 
raywed antiserum. l’he nonpwcipitating antibody in the induced canine antiragwecd 
was demon&ratcd by bindiwl of I1~~~-labckd rngwed, by inhibition of pwcipitating 
awtigen-antibody reactions, and autoradiographic immlLnoclcctropho,esis. This anti- 
serum inhibits the reactions of dogs pnssicdy scnsitizcd with canine rcngin to chnl- 
lcnge with ~ngwrd antiigcn. 

S erum from dogs with spontaneous pollen allergy has certain similarities 
to serum from human allergic patients, and will transfer cutaneous, bronchial, 
and anaphylactic sensit,ivity to normal dogs.‘, 2 This provides a model for study 
of pollen sensitivity with techniques which cannot be safely carried out in man. 

The present studies were conducted to determine some characteristics of 
a canine antiserum against ragweed antigen produced by immunization with 
the pollen antigen. A preliminary report2 described the induction in normal 
dogs of an antiragweed serum which inhibited the anaphylaxis resulting from 
canine rcaginic antiragweed serum. The present report describes the demon- 
strat.ion of antibody activity in the canine antiserum by several in vitro im- 
munologic techniques. In addit,ion, t,hc in viva studies have been extended t,o 
demonstrate the inhibiting effect of the canine antiragweed serum on passive 
cutaneous reactions rcsultin g from spontaneous canine antiragweed reagin. 
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Three t!pes of antisera produced by dogs liavc no\v been dcscribcd and 
characterized to some cstont. These include the spontaneous canine rcagin oc- 
curring in spontaneously scnsitivc dogs,’ precipitating and nonpreciI’itating 
antibodies produced against hctcrologous serum protein antigens,“. ’ and the 
induced, nonprecipitating canine antiragwccd strum described herein. Certain 
biologic activities of tlicsc types of antisera rllilp now be compared. 

MATERIALS AND METHODS 

Inznzunizcrtion of days. Three normal clogs of mixed breed were injected 
subcutancouslg biweekly for 6 weeks with 2 ml. of a 15 per cent crude extract;’ 
of short ragweed (Jn~b~sin elatior) pollen in incomplete Freund’s adjuvant.” 
The dogs were bled prior t,o the first injection and 2 weeks after. each of the 
last, 3 injections, and the wr~m from each bleeding tested for hemagglutinating 
antibodv against tanned sheep red blood ~11s coated with ragweed antigen 
(R\V) b-y standard hemagglutination techniques7 Ring and double gel dif- 
fusion precipitin reactions were done with 5 per cent. crude ItW as the antigen 
by standard techniques.” The scra from all bleedings wcrc combined to form 
the pool of induced dog strum (IDS) against R\V. Scra from normal dogs 
were collected to form the pool of normal dog serum (NM). 

Znlmunization of rnhbit.s. Adult albino rabbits ~vcre immunized with sub- 
cutaneous injections of 2 ml. of 15 per cent RW in incomplete Freund’s adju- 
rant every 2 weeks for 2 months. The rabbits were bled 1 week after the last 
injection and serum from individual bleedings tested b,v double gel diffusion 
precipitation reactions for precipitating antibody. Sera demonstrating multiple 
precipitin bands against R\V wcrc pooled and nscd as rabbit precipitating anti- 
ragweed strum. 

Canine reqinic serum (C’KS). Serum containing canine reaginic antibod! 
was collected by monthly bleedings of 3 dogs with clinical raglvced allergy.’ 
A separate pool of strum was made from each dog ((X8-1, CRS-2, and CRS-3). 

Isotope-labeled rqweed antigen. A puritied preparation of ragweed anti- 
gen (Fraction IV-C supplied by 1)r. T. 1’. King, Rockefeller Institute) xas 
labeled with Il”l as previously descrihcd.” Thr characteristics of this purified 
fraction have been rep0rtcd.l” Xorc than one antigcnic component appear’s to 
hc present in the preparation used. 

~lutoradiographic inzmunoelectrophoresis. Autoradiographic irnmunoelectro- 
phorcsis of IDS and normal dog strum (r\‘l)S) was done by the method pre- 
riously described for demon&ration of canine antibodies,” with the LCW of puri- 
fied ragweed antigen labeled with I’,“. 

Coprecipitation of I’“’ RW’ by IDS. The binding of purified 1’“’ RW by 
IUS using rabbit antidog gamma globulin was done by the coprecipitation 
method previously described.!’ 

In vivo test systems for binding ‘activity 

Skin reactivity. Serial fivefold dilutions of CRS were made in 0.85 per cent 
NaCl and 0.1 ml. injected in the skin of normal dogs. Forty-eight hours later the 
dogs were injected intravenously with 1 ml. of 0.3 per cent R\V antigen mixed 



CRS-1 CRS-I CRS-3 ~_____ 
Challenging RW Utallrnging RW Challenging RW 

Dog 0.3% 1 3% I 1.5% 0.3% 1 3% 1 15% 0.3% / 3% / 15% 
Local reactions* of dogs to intrarerbous injection of RJV antigen after local sensitization 
with CRS 

A 5 29 25 Undil. 5 5 Undil. - 
B 5 5 25 IJndil. 3 5 Undil. Un:lil. Un& 

Local reactions of dogs to ckalknge with ragweed antigen miwa with 10 ml. IDA’ 
C Neg. Undil. 5 Keg. Neg. Npg. Neg. sq. 
D Neg. Neg. 25 Neg. Neg. Undil. Neg. Seg. U&. 
B Neg. Neg. 5 Neg. Nrg. NPg. Neg. Nrg. SPg. 

CRS, Canine reaginie serum. 
IDS, Induced dog antiragweed strum. 
RW, Ragweed antigen. 
*R,eactions recorded as reciprocal of highest positive fivefold dilution of sensitizing serum 

giving a positive reaction. 

with 2 ml. of Evans blue dye. After 30 minutes, reactions were read and 1 ml. 
of 3 per cent RW injected, followed in 30 minutes by the injection of 1 ml. of 
15 per cent RW. Serially increasing amounts of antigen were injected to demon- 
stra.te the reaction occurring at each level of antigen. When inhibition of a re- 
action by blocking antiserum occurred at one concentration of antigen, the 
administration of a higher concentration of antigen would generally show 2~ 
reaction. The injection of the RW and Evans blue dye resulted in an imme- 
diate type of skin reaction demonstrated by a blue cutaneous reacti0n.l Control 
sites injected with normal dog sera were negative. Pools CRS-1, CRS-2, and 
CRS-3 resulted in positive cutaneous reactions in the skin of normal dogs (Table 
I). Titers of passive cutaneous reactions could be determined in this manner. 
CRS-1 serum had the highest passive cutaneous titer. Passive cutaneous rc- 
actions with CRS-1 in a series of experiments using 20 subjects were positive 
in all recipients. After establishment of the respective titers, t,he experiments 
were repeated with the challenging ragweed antigen mixed with the blocking 
TDS. 

Byo?zchial reactivity. Dogs spontaneously allergic to ragweed sntigcn 01 
normal dogs passively sensitized with 30 ml. of CRS dereloped respirator.\ 
symptoms characterized by dyspnea and tachypnea when exposed by aerosol 
to ragweed antigen. The effect of ITH w-as studied by comparison of the respirn- 
tory response of dogs injected with (‘RS or CRS plus II)S. 

RESULTS 
In vitro demonstration of antibody in IDS 

The tanned red blood cell hemagglutination titers of indiridual sera of dogs 
immunized with RW varied from 1 :200 to 1 400. The IDS pool had a hernag- 
glutination titer of 1:400. 

The coprecipitation of Z Is’ RW by IDS. The method used for demonstration 
of human antibody against 11”‘-labeled, purified RW” was used, with rabbit 
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antidog gamma globulin as the precipitating antiserum. Varying amounts of 
l’“l-RW were added to 0.05 ml. aliyuots of IDS and C’RS-1. After incubation 
at 37’ (‘. for 2 hours, an excess of rabbit antidog gamma globulin was added. 
incubation UYIH continued for 1 hour and the tubes were then centrifuged and 
thtb radio&i\-it?- of the precipitates and supernatant solutions determined. The 
cwws obtained are shown in Fig. 1. A maximum of 86 per cent) of the labeled 
antigen was coprecipitated with the serum of the spontaneously sensitive dog 
(C’RS-1). Additional precipitation of labeled antigen was observed with IDS 
indicating that 99 per cent of the purified labeled ragweed preparation is anti- 
gcnic I’or the dog. These binding data parallel those for the scan ot’ human 
allergic subjects treated with injections of pragweed extract and the scra of un- 
treated allergic individuals. 

In vitro demonstration of competitive binding activity of IDS 

Gel dijksion reactions. The 1118 pool did not produce a posit,ive prccipitin 
reaction against ragweed antigen. The bindin g of ragweed antigen by TDS was 
demonstrated by the inhibition of precipitin reactions in gel using a rabbit 
antiragweed precipitating serum. In Fig. 3 the precipitin lines between rabbit 
antiragweed sera (~1) and ragweed antigen (C) extend to t.he well cont,aining 
the NDS (29). These bands are absent in the region of the well containing the 
IDS (B). The reactions shown in Fig. 2 are those occurring at 48 hours. After 
prolonged incubation (7 to l-1 days) there is gradual extension of the bands 
to the II>8 ~~11. This is thought to ho the result. of dissociation of nonprccipi- 

.UG N I’RW ADDED 

Fig. 1 

Coprecipitation of 1131 ragwed by IDS, o-o; and CRS-1, O-----O. 



Fig. 3 
Row A, Equal parts of SDS wnd dilutions of ragweed antipn. AI, 1.5 per cent; Ad, 0.75 pt’~ 
cent; 83, 0.15 per writ; i14, 0.075 per writ ragwwd antigen. Bow R, Rabbit antiragweed 
serum. Row C, Equal parts of I IIS and the same dilutions of ragweed antigen as in Row A. 
Ahsence of bands bctwecw Ii.? ant1 (‘3 and H4 ant1 (‘4 is the result of binding of antigen I)y 
11)s. 

tating arrtibod--antigen coiiiplesrs and prwipitation of antigen by prwipitating 
antibody. A similar rwction with canine nonprecipitating antibod- to pnrifkl 
protein (bovine scrwrn albumin) has previously been described.’ While only 2 
precipitin bands arc scm in Fig. 2, additional bands appear with prolonged 
incubation, as would bc cspectcd with a rabbit antiserwm against crude rq- 
weed antigen. 

A different demonstration of the inhibition of a precipitin reaction by the 
binding of ragweed to TlM is shown in Fig. 3. Incubation of ragweed antigen 
with IDS prior to chui*ging thr wc~lls wsnlts in iritcrfer*cnce with the formation 
01 precipitin bands. This is shown both b.v ahsciicc of prccipit~in reactions bc- 
tween wells B3 and C3 and wells B4 and C1, and the greater distance of bands 
from the antiswum ~~11s B I and B2. The appearxnct of a single prccipitin band 
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Fig. 6 
Autoradiograph of immunoelcc:t~ol,I~oresis of IDS. Ahow, Jnlrnu~~oc~lrctlopllo~c~sis stained fo1 
protein arcs. Below, Autoradiograph of inlmunoelectrophoresis of 111s after addition of 
2131-RW. Tlrv major HPC binding antigen is a faster migrating globulin than y,-globulin. 

antigen excess (Tubes 4 and 5). lntcrfcr~~~ncc wit,lr the RW-rabbit anti-RJ\ 
system by IDS is shown in tubrs 6 to 10 (Fig. 4)) since there is dccrcwwd prc- 
cipitate formed in all t,ubcs as the result of the addition of IDS to the antigcw 
prior to addition of tht prccipitatin, v antibody. The diffcrencc hctwecn the 
degree of precipitation in wch srriw of tubes can lw dctcctcd by dctcrminatiorl 
of I’3’-la.beled ragweed prwipitatcd in each scrics. Fig. 5 shows the inhibition 
of precipitation by the added 1 IX1 tranc>-labclcd r~rgwccd antigen in the tubes 
shown in Fig. 4 and Table 1T. A masimum of 80 pc’r writ of the I”“-lal~clctl 
ragweed was precipitablc by,- the rabbit antiragwccd s~rwm. 

E#ect of heat orb activity of IDS. Ilcating IDS to X0 (1. for 4 lrour~ did not 
significantly alter its ability to inhibit the prwipit,ation of RW by precipitating 
rabbit a,ntiragw-ccd in the gel diffusion or tube preciptation systems. 

Ilutoradiogrnphic inlnz1LnoelCCtro1)hOreSis. Fig. 6 shows the location of the 
major prccipitin band binding tlicl purified I”“-1abcled IXg\VWd antigen after 

Table II. Prepamtion of tubes to demonstrcrte inhibitior~ of precipitntion by 
blocking antiserum 

l’ube 

11613141516171819110 

1% ragweed* antigen 
(ml.) 

IDS (ml.) 
iTDS (ml.) 
0.15M NaCl (ml.) 

0.01 0.025 0.05 0.01 0.2 0.01 0.025 0.05 0.1 0.2 
0.25 0.25 0.25 0.25 0.23 

0.25 0.25 0.25 0.25 0.23 
0.20 0.175 0.15 0.1 0.20 0.175 0.15 0.1 

Incubal(, 57” C”. for 30 minrctcs; theu 4’ (‘. for 60 mi~rwtcs 

Rabbit antiragweed 
(ml.1 0.25 0.25 0.25 0.25 0.25 0.26 0.25 0.23 0.23 0.25 

Incubate 37” C. for 30 minutes; then 4’ c'. for 64 hours. Cmtrif~gcrl 6,.500 RPX for 30 
minutes. Radioactivity of supcmatant solu,ti,on and prcci.pitntc rlrtwmincd. 

*Containing trace 11:31-labeled purified ragweed antigen. 



immunoelectrophoresis of IDS. This is consistent with a globulin migrating as a 
y,-globulin. A faint band seen in the autoradiograph indicates that some of the 
ragweed is bound by a slower migrating y,-globulin. 

In vivo demonstration of binding activity 

Inhibition of cutaneous reactiom. The alteration of the passive cutaneous 
reactions resulting from CRS as a result of prior incubation of RW with IDS 
is shown in Table I. All 3 pools of CRS gave passive cutaneous reactions with 
the lowest concentration of RW used for intravenous challenge. The final titer 
depended on the concentration of the RV used for challenge. When the chal- 
lenging RW was mixed with the IDS prior to intrarenous injection, inhibition 
of react,ions occurred as demonstrated by the absence of or by diminished reac- 
tions at 0.3 per cent or 3 per cent RI!’ concentrations. JVhen 15 per cent RW 
was injected, positive reactions occurred in most skin sites which had not reacted 
to challenge with lower concentrations of R,W. The skin sites which did not 
react to challenge with 15 per cent, RW (for example, CR’S2 in Dog C, Table I) 
may have been neutralized slowly bJ7 R\Y in escess of or dissociated from 
antibody in IDS with which it had been incubated. The neutralization may have 
occurred too slowly to produce a typical blueing reaction. The IDS did not 
sensitize normal dog skin for passive cutaneous reactions of the t,ype occurring 
with canine antiragwced reagin. 

I)lhibition of anaphylaxis. Anaphylaxis as a result of sensitization of normal 
dogs with CRS followed by challenge with ragweed was inhibited by IDS as 
previously reported.” 

Inhibition of bronchial reactizdy. Three dogs passively sensitized with 10 
ml. CRS-1 and 10 ml. IDS and challenged by 3 per cent RW aerosol did not 
have dyspnca and tachppnea previously observed in dogs actively or passively 
sclnsitized with CR’S1 The results suggested inhibition of passive bronchial 
reactivity in dogs receiving IDS. Because the end point of this type OS reaction 
is not as dcfinit,e as that of others such as passive cutaneous reactions or passive 
anaph~lasis, thcsc results are considered suggestive but, not conclnsivc. 

DISCUSSION 

Canine reagin occurring in dogs spontaneously srnsitivc to ragweed pollen 
is heat, labile at No C., nonprecipitating, and skin sensitizing.’ When dogs 
without demonstrable spontaneous a.llergic disease were immunized with bovine 
strum albumin in incomplete Freund’s adjutant, two types of antisera were 
produced. 3, 4 These were a precipitating type which included a mixture of 
precipitating and nonprecipitating antibodies wit,11 different, rates of electro- 
phoretic migration (precipitating : yZ, nonprecipitating: yl) and a nonprecipi- 
ta.ting antiserum cont,aining an antibody which migrated electrophoretically as 
a yl-globulin. The precipitating antibovine serum albumin sera resulted in 
Arthus but not immediate passive cutaneous reactions ; the nonprecipitating 
antiserum resulted in neither. The canine antiragweed serum produced by im- 
munizat.ion has characteristics similar to those of the nonprecipitating canine 
antilxxkc swum allnlmin”~ 4 since it is a nonprecipitating, heat-stablr antiserum 



Dogs passively scwsitiactl with (IRS setwn \vct~~ itsc~l in t~ltcsc ~~spe~itttctits, 
rather than dogs sl’otttitttc~ousl;\- sutsitiw to pollen, for two wasons. Tltc &rct 
of the inhibiting atttiwtxttt could 1w stndird ttttdv~ mot-e rontrollcd conditions 
in the passiwly wttsitizcd twipitwt, and the ttatut-ally smsitiw dogs RL’C trot 
uyailahle in wfficicnt ttrmtlwix to 11s~’ (‘or clitltct* the ittttttuniz;ltiott or the 
challenging csptt~itttcttts dcwrittctl. 

The tcchniquw dctttottstt,atirt~ in G\o and itt vitro inhihitiun of wactions 
of pollen antigen \vitlt twgittica ittttittodv or with :I ptwipitating antibody must 
hc considwed qttalitativc until ltollcn antig(lns of sttfficicnt purity arc a\-ailal-)lc 
in snfficicnt quantity to pet-tttit tltv ttw of :I rngvwd :trltigCrl whirh is idcntifictl 
as a single lllOlWlllil~ spwiw. 
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