
PRIMARY INTERACTION BETWEEN I’“’ LABELED RAGWEED POLLEN 
AND ANTIBODIES IN THE SERA OF HUMANS AND RABBITS 

S EVERAL in vitro immunologic techniques such as the precipitin rCaCtiOntl 
agglutination of antigen-coated collodion particles,’ complement fixation,” 

and hemagglutination-’ have been used to study the antibodies to pollen antigens 
in sera of humans and nnirnals. All of these tests have in common the fact that, 
they are dependent upon a secondary reaction occurrin g subsequent to a primary 
antigen-antibody interaction.j Inasmuch as the secondary reactions do not, 
necessarily reflect the total extent of the primary interactions, there is a need 
for a method which measures the primary binding of pollen antigens by antibody 
in order to compare such results with secondary manifestations in viva or in 
vitro. 

The present study describes what appears to be a feasible approach to the 
problem of measuring the primary interaction between ragweed pollen antigens 
and circulating anti-ragweed antibodies. It is based on the observation that 
ammonium sulfate will prccipitatc I I31 labeled antigen-antibody complexes in 
some immune systems when the antigens in question are soluble in the same con- 
centration of ammonium sulfatc.F Utilizing a partially purified I? labeled 
ragweed pollen extract (I*RW) as the antigen and 40 per cent saturated am- 
monium sulfate (SAS) to precipitate I*RW-globulin complexes, the method 
appears to quantitatively and reproducibly measure the specific binding between 
at8 least some antigenic groups associated with ragweed pollen and antibodies in 
sera from humans and rabbits that have km previously immunized with rag- 
weed pollen extract.’ 

%IbTERlALY ASD METHODS 

Diluents, Reagents and (r’enerrrl Procedures.-The borate buffer (pH 8.3) 
and saturated ammonium sulfate used in this experiment were prepared as pre- 
viously described.” The saline-borate buffer was a mixture of 9 parts of 0.85 per 
cent NaCl in distilled water and 1 part of borate buffer. 

All dialyses, incubation periods, fractionations, and extractions were car- 
ried out at 4” C. unless otherwk noted. 
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Prepamtioa of Ragweed Pollen Extracts.- 

1. Ragweed pollen extract used for clinical hyposensitization: Defatted and 
dried dwarf and giant ragweed pollen were separately suspended in Coca’s 
fluid at a 5 per cent concentration and refrigerated over night at 4” (1. The 
suspensions wcrc then passed through a Seitz filter and the filtrates were tested 
for bacterial sterility. An equal volume of glycerin was added to each of the rag- 
weed extracts (dwarf and giant) and these in turn were combined so that the 
final glyccrinated mixture? contained 400 7 ragweed pollen nitrogen per milli- 
liter.* This extract, in varying dilutions, was used for clinical hyposensitization. 

2. Ragweed pollen extract used for mhbit imnzunization: Ten grams of de- 
fatted ragweed pollen (equal parts of giant and dwarf) were extracted for 24 
hours in 200 cc. of Coca’s fluid. The mixture was filtered and an equal volume 
of borate buffer was added to the filtrate. The resultant mixture was dialyzed 
against frequent changes of saline-borate buffer for 48 hours. This dialyzed mix- 
ture was concentrated by pervaporation so that the final mixture contained 430 y 
ragweed pollen N per milliliter. 

3. Ragweed pollen extract used for inhibition tests: The ragweed pollen 
extract prepared for rabbit immunization was diluted with an equal volume of 
borate buffer and precipitated in the presence of 50 per cent SAX. The super- 
natant was dialyzed against a saline-borate buffer for 24 hours. This final mix- 
ture, when diluted 1: 10 in borate buffer, was used as the unlabeled ragweed 
inhibitor and contained 2 y N per milliliter. No polyvinyl pyrrolidone (PVP) 
or glycerine was used in its preparat,ion. 

Preparation of Iz3’ Labeled RW Extract (I”RW).- 
The glycerinated ragweed extract used for clinical hyposensitization was 

dialyzed against frequent changes of the saline-borate buffer containing 1 per 
cent PVP for 48 hours to clear the glycerin. Subsequently, the sac contents were 
dialyzed against saline-borate buffer without PVP to remove any PVP frag- 
ments. The dialyzed extract was dilut,cd 1: 2 with borate buffer, an equal 
volume of saturated ammonium sulfate added, the mixture incubated for 30 
minutes prior to centrifugation at 2,200 r.p.m. for 30 minutes, and the super- 
natant decanted and dialyzed against saline-borate buffer until the dialysate 
was free of sulfate ions. The dialyzed supernatant was then concentrated by 
pervaporation to the original volume and divided into 1.0 ml. aliquots for 
storage in the deep freeze at -20” C. until used. 

The final extract contained 400 y ragweed pollen N per milliliter and a 0.5 
ml. sample was iodinatcd with 40 millicuries of I?l by the method of Talmage 
and co-workers.8 After iodination, the labeled material was passed through an 
Amberlitc resin columnt and then dialyzed against multiple changes of saline- 
borate buffer for 24 to 36 hours to remove II”* not bound to RW extract. The 
nondialyzable portion contained 15 y ragweed pollen N per milliliter. 

The final step in the preparation of the test antigen was to eliminate any 
fractions which would precipitate in the presence of normal serum and 50 per 

*Obtained from Allergy Laboratory of Mont&ore Hospital, Pittsburgh, Pa. 
tResikit, E. R. Squibb & Sons, New York, New York. 
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cent SAS. ljetails of this procedure were as follows: (a) 20 ml. of 1: 10 normal 
human serum (or normal rabbit serum) was mixed with 16 ml. of borate buffer 
and 1 ml. of the iodinated dialyzed ragweed pollen extract; (1)) the mixture was 
refrigerated overnight, 40 ml. of SAX added, and refrigerated again for 30 
minutes; (c) the mixture was centrifuged for 30 minutes at 2,200 r.p.m. and 
the aupernatant decanted; and (d) the supernatant was dialyzed against salinc- 
borate buffer until the dial-sate was free of sulfate ions. 

ITnless otherwise stat,ed, the supernatant was then diluted 1 : 10 with 1: 100 
normal rabbit serum (NRS) in borate buffer and was designated as I”RW. 
1111 1”” labeled ragweed pollen nitrogen determination could not be performed 
on this final product because of the serum protein nitrogen added but, on the 
basis of dilution and volumetric changes durin g dialysis, the final solution proh- 
ably contained approximately 0.04 y I%W N per milliliter. 

Yrepwation and Selection of Xe,m.- 

1.. Kabbit antisera: Ten milliliters of aqueous ragweed pollen extract, pre- 
pared for rabbit immunization as described above, was added to 8.5 ml. of Bayol 
F and 1.5 ml. of Arlacel. The mixture was emulsified by mixing at full speed 
in a Servall Omnimixer for 1 minute. Mature male New Zealand white rabbits 
were injected with a total of 3 ml. (645 y ragweed pollen N) of the emulsified 
antigen into 6 subcutaneous sites over the back. One mont,h later, the rabbits 
were given 0.5 ml. (215 7 ragweed pollen N) of the aqueous extract intra- 
venously via the marginal ear vein and the adjurant immunization repeated 4 
days later. Sera were obtained 2 months subsequent to t,he original antigen- 
in-emulsion injection. 

2. 1Iwwn sew : 
,2. Reference standard serum (RSS) The serum from an individual with 

a negative history for clinical allergy attributable to ragweed pollen was selected 
for USC as a reference standard in all experimental procedures. The donor 
for this serum had a negative intradcrmal test to 0.02 ml. of a 10.0 y N per 
milliliter ragweed pollen extract, and was skin tested on one occasion 7 to 30 
days before several bleedings. 

K. Nonallergic sera. Sera were obtained from 100 patients at the Presby- 
terian Hospital and Falk Clinic of the IJniversit.y of Pittsburgh. In this group 
there were no patients with a history of clinical sensitivity to ragweed pollen, 
asthma, rhinitis, or allergic disease. In addition, patients being treated with 
bronchodilators, steroids, or antihistamines, and those with a positive skin test 
to a 10.0 7 9 per milliliter test solution of ragweed pollen extract were eliminated 
from this study. Eighty-seven patients of this group were hospitalized with a 
variety of acute and chronic medical diseases while the 13 clinic patients were 
medically asymptomatic. 

C. Ragweed-sensitive sera. Sera were obtained from ragweed-sensitive pa- 
tients, both treated and untreated, who attended the Immunology Clinic of the 
Falk Clinic of the University of Pittsburgh, the Allergy Clinic of Montefiore 
Hospital of Pittsburgh, and the Division of Allergy and Infectious Diseases of 
the Johns Hopkins Hospital, or from those seen in private practice. The 
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treated patients had received at least 5 months of aqueous ragweed pollen in- 
jection therapy or one injection of a water-in-oil emulsion of a rapwerd pollen 
extract a month prior to the collection of swum. 

&XS~C Experimental Yrocechre to Test for the Presence of Anti-I*RM’.- 

Human and/or rabbit antiserum were diluted 1: 10 in borate buffer and 

duplicate 0.5 ml. aliquots incubated 18 to 24 hours at 4” (1. with 0.5 ml. PRW. 
In addition, control tubes were prepared with the same I*RW and 1: 10 normal 

serum from t.he same species. After incubation, 1 ml. of 80 per cent SAS iii 
distilled water was added and the tubes irn~~~cdiatcly shaken in a vigorous fashion 
so as to insure complete mixing of the heavy ammonium sulfat,c soluGon with 
the less dense I*RW-sera mixtures. An additional incubation period of 30 
minutes, still at 4” C., was allowed for precipitation of globulins and any .L*RW- 
globulin complexes. Following centrifngatiorr for 30 minutes at 2,200 r.p.m., the 
supernatant was decanted from the precipitate and the precipitate washed with 
40 per cent SAS in borate buft’cr. The precipitate was then counted in a wcll- 
type gamma scintillation counter. The calculation of the per cent precipitated 
was determined by the ratio of the counts per minute in the precipitate to the 
total counts per minute of the I”RW initially added. 

For each experiment involving human swum, the reference standard serum 
described a.bove was also tested. 

EXPERIMENTAL PROCEDURES AND RESULTS 

1. Betention of the Biologic Activity of Ragweed Pollen Extract Afta 
Labeling With I131. 

To determine whether the iodination procedure itself had altered the biologic 
activity of the ragweed pollen extract, the iodinated extract was allowed to 
undergo radioactive decay for 2 months, sterilized with a Sweeney filter, and 
diluted with buffered saline so that the final extract contained 1.5 7 N per mil- 
liliter. lntradermal tests with 0.02 ml. of this iodinatcd extract, a buffered- 
saline control, and unlabeled ragweed pollen extract containing 1.0 y N per 
milliliter were performed on an untreated ragweed-sensitive individual and on an 
individual with no history attributable to ragweed pollen. The iodinated ex- 
tract elicited a wheal-and-flare rcsponsc in the ragweed-sensitivo individual which 
was comparable to the response with the unlabeled extract. Both the labeled 
and unlabeled extracts failed to (Ilicit an intradrrmal response in the nonsensi- 
ti\-c individual. The buffered-saline control solution caused no reaction in either 
the sensitive or control individual. 

3. Precipitation of I*RW by Normal cxnd Antiragweed Ra’bbit Sera in the 
Presence of 40 and 50 Per Cent Xaturuted Ammonium Sulfate. 

Duplicate samples of normal rabbit serum and of antiragweed sera were 
prepared according to the basic experimental plan by precipitation with an equal 
volume of 80 per cent SAS and washing the precipitate with 40 per cent SAS. 
Another duplicate set, of these scra were treated in the same manner except 
that they were precipitated in an equal volume of SAS and washed with 50 per 
cent SAX. In Table I, it can be seen that at final concentrations of both 40 and 



50 per cent SAS, the antisera l~)und apl)rosilliatrl~, *50 pt’r cent more of the 
total I”RW added than did the normal rabbit serum. It can also he seen that 
the per cent of T*R\\’ prc4pitated 1)s normal rabbit WIYIILL il1crcasrc-l from 6.:{ 
t.o 26.1 per cent when thct concentration of SXS was increased from 40 to 50 
per cent. Under the same conditions, however, the per cent I%\\ precipitated 
by each antiragwced serum was also increased approsimately ‘LO per cent. Sub 
sequent sc4ons of this rcaport, will dcmonstratt> that the difference betwcWi tlio 
per cent prckpitated by the antiserum and that prr cent prccipitatcd b\- the 
normal serum was due to binding of l”RJY by- antibody, and, sincr this cliflcrcnee 
remained unchanged with the 10 per cent increase in 8X8 concentration, the ad- 
ditional amounts of I*RW precipitated at 50 per ctant SAX, by both normal and 
antiragweed scra were probably due to the solubility characteristics of the IBRW 
per se. Evidence will be presented below (Table IV) which indicat,es that even 
t,he 6 per cent I*Rl\- precipitated by normal serum aft,er the addition of 40 
per cent SAY was due to the inherent insolubilit,y of IXRW in 40 per cent US. 
Hecausc of these considerations, the 40 per cent SAZS was nsctl to precipitate the 
J *It%‘-antibody romplcsrs in all subsequent c~spcriincnts. 

TARLE I. THE PER CENT 01" I*RW PwwrwrATED BY NORMAL AND ,%NTIRARWEED RABBIT SERA 
IN THE PRICS&NCF: OF 40 AXD 50 PER CF,NT HAS 

PER CEP~T 0~1 0.02 y I'Rw s/m. I'RECIPITATEI) 

50% SAS 40% SAS 

TOTAI, TOTAL 50% TOTAT> 
~IISUS MINUS MINUS 

RABBIT SERUM (l-10) TOTAL XKS TOTAT, 1 NRS 40% TOTAT, 

Normal (NRS) 26.4 6.3 20.1 
Ragweed injected 

1030-S 75.9 49.3 56.4 50.1 19.5 
1031-S 74.4 48.0 55.6 49.3 18.8 

3. Efect of I*RW Concentration Upon the Precipitation of I”RW by 
IIum’an Sera in the Presence of 40 Per Cent SLY. 

Whereas Table I demonstrated that it was possible to detect antibody in 
the serum of rabbits immunized with ragweed pollen extract, Table II shows 
it was possible to detect increased binding of PRW by scra from certain selected 
humans also immunized with ragweed pollen extract. The fact that increased 
capacity to bind I”RW was not detected in the scra of nonallergic patients or of 
ragweed-sensitive individuals who had not received parentcral ragweed pollen ex- 
tract, therap>- can also be seen in Table II and will he further shown in Table V. 

In addition, Table II also illustrates that the concentration of I*RW was 
a critical determinant in detecting antibody in the sera from humans immunized 
with ragweed pollen extract. A tenfold diminution in the concentration of 
I*RW from 0.2 y to 0.02 y N per milliliter elicited a significant. increase in the 
per cent of T”RW bound by the sera of the treated ragweed-sensitive group 
while the per ccbnt of I”RW bound by the other two groups and by the controls 
rcxmained essentially unchanged. Although further dilution of I*RW further in- 
creased the per cent of I*R\Y bound lyv the same untiscra, the 0.02 y I’RW N 
per milliliter concentration was used in the subsequent studies becauscl the P’ 
activity of the more dilute solutions was too low for accurate counting. 
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4. Effect of Antiserum Dilution C’pon the t’wcipitation of T*Ellly in the 
Presence of 40 Per Cent X.&S. 

The effect of antisel-unl-dilutions U~OII the per cult of 0.02 y T’H\Y S per 

milliliter precipitatrd by two rcprescutativc autiseva is presented in Fig. 1. 
The sera were diluted 1 : 10 in borate buffri* arid subsequent dilutious wrc made 
in 1: 10 uorrnal rabbit serum-borate buffw. It cm be xm that the per writ oi 
I*RW precipitated decreased with antisc~iwni dilution, but that the inwwttd 
precipit,ation of I”RW was still demonstrable with as little as 0.5 1111. of a 1 : 100 
ragweed-injected human antiswum or 0.5 1111. of a 1 : 2000 ~ag\\‘c‘c’d-iItltnnlli;l.cc~ 
rabbit antiserum 

:i. Failure of Antisera Against L~nrelated Anti,qens to Yrecipitcltc Inct*erwtJ 
Amounts of PRW. 

.A group of antisera directed against apparently unrelated antigeus werr 
st,udied to learu whether increased amounts of l*R1\’ would be precipitated by 

t NORMAL RABBIT SERUM 
Of I I I I I I I I I 

I:10 I.20 I:40 I:80 IN60 1320 I:640 I:1280 I:2560 I:5120 I: 
DILUTIONS OF ANTISERUM IN I:10 NORMAL RABBIT SERUM 

Fig. l.-The effect of antiserum concentration upon the per cent of PRW precipitated by 
40 per cflnt SAS. 

TABLE II. THE EFFECT OF I*RTV CONCENTRATION oh- THE PRECIPITATIO~Y OF I”RW 
BY HUMAN SERA 

I PER CEKT PRK!IPITATE':D WIT11 

HCiVAS SERUX I:10 I 0.2 -)' I*RW N/ML. I 0.02 -/ I*RW N/ML. 

Reference standard 8.3 9.4 

Ragweed-sensitive 
9.1 7.1 

2? 
X.9 
6.7 

#I4 7.4 6.9 

Treated ragweed-sensitive 

g 
#32 

Chest diseases, nonallergic 

#15 

11.9 12.7 11.8 19.3 18.8 16.7 
20.1 31.9 

::“s 
c5.5 

7.0 
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these ant,isera in some nonspecific fashion. Accordingly, Table III demonstrates 
that high titer rabbit antisera against bovine albumin (BSA) and globulin, 
human globulin, and Type 12 strept,ococcal AX-protein did not precipitate more 
l”RJV than did normal rabbit sera. Similarly, sera obtained from patients in 
whom immunologic mechanisms might be operative were also studied and they 
precipitated no more I”R\\’ than did tho human reference standard serum. 

'I'AHLE 111. TIIE FAILURE OF UNRELATED ANTISERA TO PRECIPITATE INCREASED A~~ouws 

PER CENT OF 0.02)’ I"RW 
N/XL. PRECIPITATED 

Rabbit 
Normal (NRS) 
Anti-ragwred 

1030-x 
1031-S 

Antibovine globulin 
Antibovine albumin 
Antihuman globulin 
Antistreptococcal M-protein 

Human 
Reference standard 
‘ i Normal ’ ’ nonallergic 
Penicillin hypersensitivity 
Serum sickness 
Egg sensitivity 
Hyperglobulinemia 

*l Standard drviation. 

26 8.4 + 1.9s 

1 56.4 
1 55.6 
1 
1 1::; 
1 
1 1::: 

9: 
11.0 

8.1 + 1.3* 
3 9.1 +_ 1.4* 
1 13.2 
4 8.4 i: 1.3” 
I 11.1 

6. Specific Inhibition of the PRW-Antiragweed Interaction by the Addition 
of Unlabeled Ragweed Pollen Antigens. 

The specificity of the I*RW-antiragweed antibody interaction was also 
studied by means of an inhibition test utilizing unlabeled ragweed pollen extract 
and unlabeled BSA and streptococcal M-protein. The experimental procedure 
for the inhibition test was a slight modification of the routine method of testing 
for anti-I*RW. Specifically, 0.5 ml. of borate buffer or 0.5 ml. of the unlabeled 
antigen in borate buffer was incubated with 0.5 ml. of the 1: 10 test serum at 
37” (‘. for 2 hours prior to the a.ddition of 0.5 ml. of I’RW. The mixture was 
shaken, incubated for 18 hours at 4” C., and 1.5 ml, of 80 per cent SAX was 
then added to each tube. The rest of t,hc procedure was identical to that pre- 
viously described above for ammonium sulfate precipitation. 

The data obtained bp this inhibition technique are presented in Table IV. 
It is apparent, that 1 7 h- of unlabeled ragweed pollen extract markedly inhibited 
the binding of IXRW when the unlabeled ragweed pollen was added prior to the 
I*RW. In contrast, 100 y S of Type 12 streptococcal M-protein and 80 y N 
of bovine serum albumin did not interfere with the binding of 1”RW under 
the same conditions. It is also apparent in Table IV that the 1 y unlabeled 
ragweed pollen extract F did not depress the per cent 1”RW bound by normal 
serum controls. This lack of effect is further evidence that the I*RW precipi- 
tated in the presence of 40 per cent HAS was not the result of specific binding, 
but was more likely an expression of the innate solubility characteristics of 
I*RW in ammonium sulfate. 



PER CENT OF 0.0” y I*R\,’ N/Ml,. l’KF:Cll’Il’hTEI~ C~l’ON ADDITION 0,“: 

DTI,lTF.NT KM 1 WEFI) 1 STKln’. nl 12 HSA 
SIUL~ (0.5 Ill..) (1 y N/O.5 Xl,.) ( 100 y iv/o..5 Xl‘.) (X0 y x/o.5 All>.! 

Controls 
ERS 11.0 10.5 
Reference star&n1 11.3 10.5 

RK-lmmunizrd 
Rabbit 

1030-X 39.1 13.0 39.2 39.3 
1031-8 40.7 12.8 40.4 40.0 

Human 
L18 33.6 8.3 33.; 34.0 
1,14 35.8 8.9 .3 7 ‘3 
4.31) 38.1 9.8 38:;) 

36.0 
37.5 

7. I’recipitation of I”KTT’ by Sern Prong Normal, IZii~~rreed-Xenriti~~~, nncl 
Ragweed-Treated Sensitive Humans After the Addition of #I Per Cent RAR. 

In Table II it was shown that the increased I*RW precipitation could bc 
demonstratcd in the scra of 4 sclccted ragweed-scnsitivc patients following 
parenteral administration of ragweed pollen extract. It was necessary to select 
the sera presented in Table II because increased I’RW binding was not detected 
in all sera from the individuals irnnlunizcd with ragweed pollen clstract. It 
was, therefore, of interest to know how man\- of a gmup of mgweed pollcn- 
immunized individuals would indeed produce anti-l*.RJV as measured by this 
method. Furthermore, the question arose as to whcthrr the sera from ragwced- 
sensitix individuals as a group bound mot*c I*RW than did the scbra from a 
group of nonallergic individuals. Accordingly, Table V compares the T”RW 
precipitation by sera from 99 nonallergic individuals, 29 rag~,ccc3-sensitive in- 
dividuals before hyposensitization, and HO ragweed-serlsitivc individuals after 
parcnteral injection of rapwcrd pollen (1st rapt. 

SERA 

Hefrrence standard 
Nonallergic 
Ra~meed-sensitive 

(untrcatcd) 
Ragweed-sensitive 

(immunized) 

20 0.8 7.1-13.1’ 1.6 

t’s 11.8 ‘i-14.9 1.9 
23 18.6 15-20.9 1.9 
32 26.7 21-43 4.9 
80 19.7 7-43 3.4 

It can be seen that the scra of untreated ra.gweed-sensitive individuals 
precipitated no more I*RW than did the sera from the nonallergic group. 
These two groups were similar with respect to the average, the range, and the 
standard deviation of the per cent I*RW precipitated. The data from these 
control groups is presented in its cntircty except for the results obtained with 
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one sw.u~~ from a nonallergic patient who had received 100 mg. digitalis leaf 
per day for 15 months. This swum p&cipitated 17 per writ of the I”R\V, but 
t,he result was excluded from the data of the nonallergic group because ani- 
1l1a]s% 1’1 and nran11 can bc immunized via the oral route and subsec~ucnt 
wperiments hare shown a small dcgrec of shared antigenicity exists b~~twwn 
digitalis leaf c&r-act and ragweed pollen extract.” 

The data in Table \’ cwnccrrwd with the scra from tlw itnmunized ragweed 
patients has bwn subdi\-ided into tlnw p~oups according to the arnount of I”R1ir 
precipitated after the addition of 40 per cent SM. It wn bc seen that 55 01 
the> 80 sera had mow capacity to bind I’*R\V than did th(> nonallergic or rag- 
weed-scnsitivc wntrols. Of the> 25 scra frwm the imtnuni;zcd group that prwipi- 
tated less than 15 per cent of I*R\T’, 8 were obtained fwm patients who had 
received a single injection of only 193 protein nitrogen units (PXI:) ragweed 
pollen extract in iIdjUT-ilnt. The f>rilu~(~ of these st’rir to pwcipitate additional 
I”RV ma\- bc a Icflwtion of the small antigwic stimulation. On the other* 
hand, at least 10 of the 25 scra with less than 15 per cent binding came Prom 
patients who had rccriwd aqueous ragweed pollt~r (Istract for more than a yeax 
follow-cd b- 500 to :i?OOO I’NL of ragweed pollen estrart in adjurant. Tt, swms 
likely that this latter group of patients wcw unable to p~~oduc~~ antibody against 
t,lic I”RW antipcwi as measnwd by this method. Alli1 lagous nri~esporisivc~nctss 
t,o other antigens in amounts which stimulate detectable antihod>- pwduction 
in most subjects has been previously described in humans’” and in experimental 
aninials.14 .1 detailed prrsrntation of this and other data as related to cliniCa 
observations will 1x2 the subject of a snbsrqucnt report.‘” 

During the course of thcsc experiments a pair of selected control swa were 
r+epeatcdl\- st,udied in order to det,ermine the reproducibility of data obt~aincd 
using different preparations of I*RJV. Table VI compares 3 diff@er*cnt prcpara- 
tions of I*R\T on 8 separate occasions with respect to the per cent precipitated 
by the refcrencc sbandard scrutn and by a singlo sample of swum from a rag 
weed-scnsit,ivc immunized patient. Tt can be seen that, the antiragwccd wrum 

bound an avcragc of 39.0 + 1.3 per cent with a maximum spread of 8.2 per cent; 
under the same conditions the refcrenrr standard serum bound only 11.0 t 1.8 
per cent with a maximum spread in the data of 6.4 per cent. Of greater im- 
portancc than the per cent l*RK precipitated 1)s a given antiserum, homcvcr, is 
the difference between the per cent I”RJV precipitated by the antiserum ant1 
the per cent, precipitated by the reference standa.rd swum when deterx~ined 
concomitantlp with the same preparation of 1”RW. This difference wprcscnts 
the sprcific binrZing of I*RW by t,he antiserum which can bc attributed to the 
presence of antibody. It can be sern in Table VI that the specific 6i&iq of 
this patient’s antiserum, studied on 8 occasions, averaged 28.0 5 1.8 per cent. 
Thus, employing 3 diffcrcnt preparations on 8 occasions of l*RW, the rncthod 
appears to bc rqwoduciblc to & 1.8 parts in 28.0 or a StillltlaIYl dwiation of 
approximately 6.5 pw writ of the spwific l)iritling of the antiserum. .1dditional 
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data collected over a period of 9 months are also available for the Rcfercnce 
Standard serum alone. mith 9 preparations of I*R\V and on 20 separate oc- 
casions, the RSS precipitated 11.0 t 1.5 per cent with a range of 8.7 to 13.9 
per cent. In addition, the data indicate that thr ragweed pollen extract antigens 
labeled with Il”l, and the human antiragweed antiserum used for testing the 
antigens, remained stable at -20° C. for 3 months. The stability of the data 
from the repeated tests of the Reference Standard strum suggests that the PS- 
t.ract may remain stable for a longer period of time. 

TABLE VI. REPRODUCIBILITY OF SPECIFIC I~INUING OBTAXEI~ USING T*R\V PREPARED ON 
DIFFERENT OCCASIONS 

% OF 0.0% y I*RW N/MI,. PRECIPITATED 
RAGWEED POLLEN REFERENCE STANDARD SPECIFIC 

IJIMUXIZED SERUM SERuM BINDIXG 
PREPARATION (43D) (RSS) (‘&SD-RSS) 
A-l 38.3 11.4 26.9 
R-l 35.3 
B-2 40.9 
B-3 39.3 
c -1 39.0 
c -2 38.0 
c -3 43.5 
c -4 37.8 

Average 39.0 + 2.3* 
"1 Standard deviation. 

7.4 27.9 
9.3 31.6 

10.4 28.9 
12.0 27.0 
11.8 26.2 
13.8 29.7 
11.9 25.9 

11.0 2 1.8” 28.0 + 1.8” 

9. Lack of Ejfect of IIeat-Labile Xerum Gonzponerds Upon the Specific Bind- 
ing I*RTY by Antisera. 

To learn whether heat would effect the PRW-antibody interaction as 
rneasured by this method, samples of sera from nonallergic, untrcatcd ragweed- 
sensitive, and immunized ragweed-sensitive pat,ients were divided into t,wo ali- 
quots: one aliquot of each was kept as a control and one was heated in a water- 
bath at 56’ C. for 2 hours. It was found that heating neither enhanced nor 
inhibited the precipitation of I*RW by any of the sera frorn the three groups 
of patients tested. 

10. Comparison of I*RW-Ammonium Sulfute and Hemagglutination l’ech- 
niques. 

Representative sera were selected and studied with both the I”R\V-am- 
moniurn sulfate and the bisdiazotized benzidine (BDB ) hernagglutination tech- 
niques in order to learn if the two methods were measuring the same antibod> 
rrsponsc to ragweed pollen extract. The I*R\V binding as measured with 40 
per cent SAS was determined on 6 scra and these sera sent as unknown samples 
to the laboratory of Dr. Alec H. Sehon who performed the BDB hemagglutina- 
tion det,erminations. The ragweed pollen extract used for the hrmagglutination 
test was similar to the extract used for the preparation of I”R\V except for the 
fractionation with 50 per cent SAS prior to P1 labeling. Three of the sera 
were sent as duplicate samples and it can be seen in Table VII that the paired 
data obbained from the 3 sets of quplicatrs did not vary more t,han 1. tube. 

It can also be seen in Table VII that (a) neither rncthod was able t)o dis- 
t,inguish between the sera of two untreated ragweed-sensitive individuals with1 
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positive intradermal tests (16A and 33A) and the Reference Standard serum 
(RSS), and (b) both methods could detect increased antibody activity in the 
serum from a single individual (16B compared to 16A) 1 month after a single 
injection of 500 PNU of ragweed pollen extract in adjuvant. 

TABLE VII. COMPARISON OF ~~IVIO~I~M SULFATE AND HE~IAGGLIJTINAYWX TECHNIQIJES 

4070 SAS BDB HEblAGGLUTINATlON 
% OF 0.02 y I'RW N/XL. RECIPROCAL OF DILUTION 

HUMAN SERA PRECIPITATED TITER 

Reference Standard RSS#l ’ 10.8 80 
RSS#2 160 

Ragweed-sensitive 13.1 40 
9.5 10 

Treated ragweed- 16B 29.7 160 
sensitive 7B-#1 20.2 160 

lE$ 30.0 1,280 160 

18B-it2 2.560 

It is not of particular significance that all 3 post-immunization sera (16B, 
‘7B, and 18B) had high binding by the SAS method inasmuch as they were 
selected on that basis for evaluation by the BDB method. It is of significance, 
however, that the two methods do not appear to have measured the same anti- 
body response because (a) the BDB method was unable to distinguish between 
the nonallergic reference serum (RSS) and 2 of the 3 post-immunization sera 
(16B and 7B), and (b) the SAS method was unable to differentiate between 
the two post-immunization sera with the highest binding capacity (16B and 
MB), whereas the BDB method indicated a high titer for one (18B) and a low 
titer for the other (16B). 

Thus, it appears possible to further characterize a human antiserum against 
ragweed pollen by considering data obtained by these two techniques. 

DISCUSSION 

The use of ammonium sulfate to precipitate soluble complexes formed from 
the interaction of antibody and some of the I I31 labeled antigens in ragweed 
pollen extract offers a sensitive and quantitative method for detecting cir- 
culating antibody produced by humans and rabbits after the parenteral ad- 
ministration of ragweed pollen ext,ract. That the technique measures antibody 
has been demonstrated by the specific inhibition of I*RW binding following the 
addition of unlabeled ragweed pollen antigens (Table IV), by the failure of 
unrelated antigens to inhibit this interaction (Table IV), and by the failure 
of antisera against unrelated antigens to bind I*RW (Table III). The antigens 
and antisera used to demonstrate the specificity of this method were purposely 
selected so that the possibility of shared or similar antigenic groups was remote. 
However, as mentioned in association with the data presented in Table V, rag- 
weed pollen extract probably contains antigenic groups similar to antigens 
derived from other plant sources, such as digitalis leaf, grasses, and trees.‘” 
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It is apparent from Table T’ that the method of measuring anti-R\1’, as it, 
is described in the present report, does not detect the amounts of skin-sensitizing 
antibody J)I’CX’Ilt in the scra of rrorrinrrrr~rrrixetl r,aa~~erd-srrwitivt~ individuals. 
Tlr~r~l a~ at least t hrce different irrtcl’l’l.c’tatiorrs as to why the method failed 
to dift’rrcntiate bctwcYn YCI’il of nonat tciyic. individuals and those of nonin- 
munizcd ~ag\\~cetl-sc~rrsitive individuals : (I) There> is evidenctr to indicate that 
skin sensitizing antihodS-pollerr interxctiorl i.cyuircs t tic prcsencc of ~~11s”’ or 
particulate mater*iaW’ bcfoYc it can be tlonionstrat~d in vitro. For example, 
(Gordon and his associates” were able to show spclcific in vitro absorption of skin- 
sensitizing ;Irrt~ibocl>~ to ragweed with red blood cc~lls coated with ~agwcc~d 1~) 
the BL)B method. This observation suggclsts that it should be possible to detect 
skin-sensitizing antibod,v with a red blood cclll-ragweed pollen conjugate. How- 
cvcr, in a careful statistical study which cnrplo~ccl both the BI)B and the tanned 
cell lien~apglutination techniques, Arbcsnran and Co-workcrs’i w~rc unable to 
distinguish for the most part between the scrw of normal and nonimmunized 
ragweccl-sensitive individuals. (2) AltllOllgll t,ll(> 11’” labeled l'i1~VJWd pollen 
extract was capable of eliciting a positive intradermal wheal-and-flarae reaction 
when tcst,ed on a r+agweed-sensitive indi\-idunl, it is possible that the I”‘l label 
was not affixed to those components of ragw& pollen (Istract which clicaited t,hc 
positive test. This probtc~m might be r~olved by the USC of purified fractions 
of ragweed pollen extract labeled by means of growing ragweed plants in an 
st.rnosphcre containing C14.l” (3) It is entirely possible that there is too small 
an amount of skin-sensitizing antibody present in the sera of nonimmunizcd rag- 
weed-sensitive individuals to be detected by this mct~hod. Some of the increased 
binding observed in sctra from immunized ragweed-sensit,ive individuals may bc 
due to an incrc>ascd amount of skin-sensitizing antibody shown to he present in 
such seyn by Sherman.“’ This consideration woul~l bc cxtrcmely important if a 
ragweed pollen skin-sensitizin, 0 antibody interaction involved easily dissociated 
or non-avid bonds. ITnder these conditions small amounts of antihod- are 
difficult to detect,.” 

Thcrc is no evidence in the present data to favor one or any of the three 
alternatives just presented as possible reasons for not detecting increased I*RW 
binding by the scra of the nonimmunized rngweed-sensitive group. The failure 
to alter I’RW binding bp heating scra to .56 o (‘. does not help to answer the 
question, despite the fact that human scra containing skin-sensitizing antibody 
loses its capacity to evoke a. positive Puausrrit,z-Kiistrrcr (P-K) reaction under 
these conditions. It, is not known whether. 56’ (‘. destroys the capacity of skirr- 
sensitizing antibody t,o interact with ragwc,ed pollen antigens or whebhcr heat 
changes some other quality of the antibody molecule so that a positive P-K 
reaction can no longer be elicited. For example, heating normal skin in vitro 
for half an hour at 60° C. destroys that attr*ibut,e of skin which is capable of 
binding skin-sensitizing antib0dy.l” Similarly, it is possible that heat could 
alter the capacity of skin-scnsitizin, v antibody to fix to skin without altering the 
antigen-binding capacity per se. Becansc of these considerations and until 
more is known about how skin-sensitizing antibody interacts with skin and 



antigen to cause a positive I’-h: rcartion, it, dots not seem justified t,o us11 the 
thermostability of an in vitro antibody test, as a criterion to decide whether or 
not the method in question can detect skin-sensitizing antibody. 

The ragweed pollen cstract used in the present chxtracts is a complex anti- 
gcnic mixture which, in a similar form, has bc~n used by (Gordon* and Arbes- 
inan1S and their co-workers for the hemagglutination method. Although the 
I”R\\’ extract was further fractionated with ammonium sulfate, it undoubtcdl> 
remains a complex mixture of antigens. Jlorc rc>cently, methods to preparc’ 
highly purified fractions of raqvccd pollen are becoming available.‘l. “3 “’ It 
will be of interest to repeat the prcscnt studies using those fractions which can 
bc labeled with P1 and whirl1 have the necessary solubility characteristics in 
ammonium sulfate. In addition, nnlabclcd purified fract,ions will be of assist- 
ance in elucidating the antigenic mosaic of the relatively crude I”RW usrd in 
the present study. This can be done by determining the inhibition activity pel 
microgram of purified material when employed in the inhibition test illustrated 
in Table IV. 

1. Ragweed pollen extract was fractionated with 50 per cent saturated am- 
monium sulfate (SAS) and t,hc supernatant labeled with I’“‘. 

2. When 0.02 y N of this heterogenous mixture (I”RW) was incubated wit,11 
normal human or rabbit sera, approximately 10 per cent was nonspecifically pre- 
cipitated with the globulins after the addition of 40 per cent SAS. 

3. After incubation with sera from humans or rabbits immunized with rag- 
weed pollen extract as much as 40 to 60 per cent of the I*RW was precipitated 
in 40 per cent SAX. 

1. Lesser degrees of increased precipitation of I*RW were demonstrated 
with as little as 0.5 ml. of a 1 :lOO ragweed-injected human antiserum or 0.5 ml. 
of a 1 2000 ragweed-immunized rabbit antiscrmn. 

5. That the increased I*RR precipitated by immune scra after the addition 
of 40 per cent SAS was due to bindin g br specific antibody rather than non- . 
specific co-precipitation was cl\-idenccd by : (a) rabbit antisera of high titer for 
bovine albumin, bovine globulin, human globulin, and Type 12 streptococcal 
M-protein precipitated no more I*RW than did normal rabbit serum; (1)) excess 
unlabeled ragweed pollen antigrns completely inhibited the binding of PRW 
by human or rabbit anti-ragweed s~r’a: and (c) apparently unrelated antigens 
did not inhibit the reaction. 

6. Determinations of the precipitation of I”RF on different occasions b;\ 
a pair of selected control sera denlonstrated the reproducibility of the method 
and the stability 01’ the labeled extract. 
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