
EFFECT OF NSITI~ATIO~ Tag IN ~rT~0 
AMINE REL 

YPOSENSITIZATION of the allergic pat,ient to specific antigen produces i(:i2 
changes which can be subjected to critical analysis and quantitative study. 

The appearance of blocking antibody and the rise in hemagglutinating antibod?- 
in the patient’s serum during treat,ment provide US with some objective informa- 
tion, but the relationship of these antibodies to the physiologic effects associated 
with clinical improvement is unclear.l~ ' 

It is now well known that incubation of specific antigen with whole blootl 
from an allergic person induces release of histamine from the white cells into 

t.he plasma. This reaction can be studied quantitat,ivcly. Histamine is released 
in proportion to the antigen concentration up to a maximum of about 4 fog 
protein nitrogen per 100 ml. of blood; higher concentrations, in general, release 
less histamine.3 Because of the physiologic implications of histamine release, 

it seemed appropriate to look for possible changes in this pattern of histamin<> 
release during the course of specific hyposensitization. 

METHODS 

Fourteen patients were studied. Thirteen had pollen sensitivity associatei j 
with clear-cut seasonal hay fever; most were sensitive to grass pollen, the W- 
mainder were sensitive to ragweed or English plantain. One other persoll, :! 
laboratory technician, was sensitive to rat antigen clinically and by skin tesl. 
Prior to treatment of these individuals, and at intervals dlnring treatment, blood 
was collected into silicone-treated centrifuge tubes, and aliquots mere incubated 
for 30 minutes with concentrations of antigen varying from 0.1 to 40 ,~p of 
protein nitrogen (PN) per 100 ml. of blood. Foilowing incuba.tion, the blood 
was centrifuged and the plasma assayed for histamine by the microchemital 
method of Lowry and his co-workers.” More details of this procedure were w 
ported earlier.3 
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The amount of hista,rnirle released into p3asma k~ each study is givu it% 
‘Cable T. The antigen concentrations were somewhat, different for the ~‘agwee~l 
group (0.2, 0.5, 2.0 and 5.0 pg protein nitlaogen per 100 ml. blood) than for the 
rest (0.1, 0.4, 1.0, 4.0). The plasma value was obtained by subtracting the COLT- 
Wol plasma concentration for each patient from the il~llOU~lt found after incnba- 
tion with antigen. There was little variance in control pla,sma histamine levels: 
for the whole group, the mean plasma histamine was 7.2 I 2.7 ,tig per liter. .hEy 
contrast, blood histamine levels in some patients varied widely. Thus it was 

WES. Timolhy 

Antigen Concentrotlon, ,/q P. N./l00 ml blood 

Fig. l.-HistanGne released to plasma in three studies on blood from patient .Wss. Th c 
iwauy line shows the results of the first study, which was done 4 weeks following onset of 
therapy. The numbers with each line give the total accumulated antigen dose in micrograms 
of protein nitrogen (PN). 

EAR Plantain 

Anlrgen Concsntratm, ri: P.N./lOOmi blood 

Fig. Z.-Histamine released to plasma in four studies on blood from patient &XV. 
Xeavy Ziae indicates the pre-treatment values. The numbers with each line give the 
accumulated antigen dose in micrograms of PW. 
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totz! 



HYPOSENSITIZATION EFFECT OF HISTAMINE R,ELEASE 351 

necessary to relate the amount of histamine released to the amount of available 
histamine (whole blood histamine) . Accordingly, many of the plasma values 
were corrected to correspond to the whole blood histamine of the pre-treatment 
studies This was done by the following calculation. For each study: Hista- 
mine released (corrected) equalled 

Observed histamine released x Pre-treatment whole blood histamine 
Whole blood histamine in that study 

It can be seen that the effects of treatment varied considerably among the 
patients studied. Two patients, Wes. and Eur., were unique, since histamine 
release was markedly inhibited early in treatment and the inhibition occurred 
at all antigen concentrations. Figs. 1 and 2 show these impressive changes. 

TOM : Timothy 

04 1.0 4.0 IO 
Antigen Concentration, pg. P.N. 100 ml. blood I 

Fig. 3.--&e legend for Fig. 2. (8) indicates that the study w&s done during the pollen season. 

I MUL.: Timothy 

0.4 1.0 40 IO 
AnMen Concentration, pg. P N /IO0 ml. blood 

Fig. 4.-&e legend for Fig. 2. (s) indicates that the study was done during the pollen season. 



Ail others in this study had progressive suppression at lower antigen conccvtr*;l- 
r,iorrs during their course of hyposensitizat,ion, but, changes at antigen concentra 
?ions of 4 pig per 100 ml. and above were variable, and usually irrsignificant. 
Figs. 3 and 4 show our findings on the 2 timothy-sensitive individuals who were 
studied most extensively. Continuation of specific antigen therapy t,o a totai 
of more than 100 pg protein nitrogen (IO,000 PNU*) produced little additiona! 
change. Indeed, studies carried out during the pollen season (indicated by 1s i 
in Figs. 3 and 4) showed considerable increase in histamine release; this was 
most impressive in studies on patient Mul. (Fig. 4) who had received maximum 
amounts of desensitization and remained clinically well during the season. 

:a 
/TOM 3.6 

/ 

Antigen Concentration, pg. P.M./ 100 ml. biood 

-Fig. 5.-Seven early studies on patients during hyposensitization treatment (total antigen 
Iess than 10 /~g PN). The data are given as the per cent of the pre-treatment histamine values 
at each antigen concentration, The niunbers with each patient’s name indicate the total antigen 
dose given. 

PLA 33 

-------oHAN 42 

KUM. 107 

AID. 44 

AI-.- ..-. 40- 4.0 50 IO 

Antigen Concentration, pg. P.N, / 100 ml. blood Antigen Concentration, pg. P.N, / 100 ml. blood 

Fig. 6.-Same as Fig. 6, for 7 studies at total antigen duses from 10 to SO pg PN. Only SZIL 
of the two studies on patient Han. is charted. I___ 

“Protein nitrogen units. 
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Interpretation of our observations in toto was best achieved. by considering 
the histamine released during various stages of hyposensitization in relation to 
pre-treatment histamine release. Figs. 5 through 8 summarize this information. 
The corrected values (those in parentheses in Table I) were used, and divided 
by the corresponding pre-treatment value for each antigen concentration. Fig. 
5 shows that marked effects were produced during early hyposensitization at 
antigen concentrations up to 0.5 pg PN per 100 ml. blood in some subjects and 
at all concentrations for the exceptional patients Ear. and Wes. The total anti- 
gen dose (0.9 to 8.4 pg PN, or 90-840 PNU) represented a build-up to amounts 
ranging from 30 PNU to 200 PNU per injection. Fig. 6 (total amount, 10 to 50 

40 

Anilgen Concentration. pg. P.N. /IO0 ml. blood 

Fig. 7.-Same as Fig. 5, for 7 studies at total antigen doses from 50 to 100 #g PN. One study 
(on Ton%. 1, which was done during the pollen season, is not included. 

04 1.0 4.0 IO 40 
Aniigen Concentration, fig. P. N. /IO0 ml. blood 

Fig. 8.---Same as Fig. 5, for 5 studies at total antigen doses over 100 gg PN. Two other studies, 
on patient Mzcl., were done during the pollen season and are not included. 



pg RN) dlows generai suppression of llistatllirlc Wleasc Up I;o an antigen CUli- 
centration of 0.5 log PAN pc~ 100 ml. biootl. This table p~~ctnts those studies !li 
which the amount, ol-’ a:ltigml :fw cw*l~ iujection varied from 250 t.o 600 F’XI.‘. 
Figs. 7 and 8 include all stwllics clone whorl i’uil maintenance dosage (1,000 1:o 
5,000 RNU) was reached. A comparison of Fig. 7 with Fig. 8 will indicate hoit- 
little was achieved relative to histamina xlcase by prolonged maintenance hype- 
sensitization. 

The data from Figs, 5 through ti wePe summarized by observing the foe- 
y~xeney with which the fonr levels of hyposensitization suppressed histamim: 
release to Less than half the pne-tr:eatment values. This information is eha.rt,ed 

*~-----a <IO//g P.N 
x----l( IO-50 P9.P.N 
&-.- -& 50-100/q P N 
o---o 5100 fig PN. 

- - -  --------- l --_--L~I- _ -_i 
0.1 0.4 IO 4 IO 40 

Antigen Concentraimn, pg./l00 ml. blood 

Fig. 9.-The four lines correspond to then four g’roups of studies presented in Figs. i-R. 
The data are presented here as the percentrtge of studies at each antigen concentration with 
histamine release less than half the pre-treatment level. For simplicity, dab for antigen eon- 
centrations relatively close together (e.g., 0.1 and 0.3 pg PN) were pooled and charted at the 
lower concentration. 

Fig. lO.-The shift in antigen concentration which occurred in 9 patients ia C:SUGX! 
separately for studies done early in treatment (total antigen dose less than 50 fiug i?X) an!! 
those done later (total antigen dose greater than 50 .ug PN). 
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in Fig. 9. The build-up in hyposensitization resulted in a significant inhibition 
of hista.mine release at antigen concentrations up to at least 1 pg PN per 100 ml. 
blood. The least effects were seen at an antigen concentration of 4 pg PN per 
100 ml. blood; suppression was observed more frequently, but with no consistent, 
pattern, at the top antigen concentration of 40 ,.~g PN per 100 ml. blood. 

Another, more subtle, effect was observed in the data from the 9 timothy- 
and plantain-sensitive patients, who were studied more completely than the rest. 
This effect was a progressive rise during treatment of that antigen concentra- 
tion producing the greatest amount of histamine release. Fig. 10 shows this 
shift graphically. The optimum antigen concentrations for histamine release 
before treatment were 0.4 or 1.0 pg PN per 100 ml. blood, similar to those re- 
ported earlier.3 Following hyposensitization, the modal concentration for op- 
timum release was 4 pg PN per 100 ml. blood. 

DISCUSSION 

The mechanism by which hyposensitization is achieved has been attributed 
to neutralization of antigen by blocking antibody, but the correlation of bloek- 
ing antibody titer with clinical improvement has not been impressive.l Our 
su.bjeds have all experienced worth-while clinical relief, but we are unable to 
quanti-tate the clinical effects adequately for correlation with the changes in 
histamine release. 

It was most interesting to observe that the patients Ear. and Wes. experi- 
enced complete clinical remission, since histamine release in their blood was so 
clearly suppressed during hyposensitization at all antigen eon.centrations. We 
have not studied them further, but passive transfer and symptom-provocation 
tests with specific antigen would be of great interest. It is possible that the 
mecha-nism of remission in these individuals is unique, with tr-ue desensitization 
occurring through destruction of the antibody-forming “clones.” If this were 
true, such patients should have no recurrence of symptoms and perhaps no 
increase in in. vitro histamine release after therapy is stopped.. 

The changes seen in the studies on the other patients are consistent with 
the appearance of a blocking antibody, increasing in titer only during an in- 
crease in the amount of antigen injected. Fig. 9 can be interpreted to indicate 
that upward of 1 E;L~ PN (100 PNU) of antigen per 100 ml. blood is neutralized 
at full. desensitization. The shift in the concentration producing maximum his- 
tamine release during treatment (Fig. 10) is also consistent with in vitro antigen 
neutralization of concentrations somewhat less than 4 pg PN per 100 ml. blood. 
Observations at several intermediate antigen concentrations would have allowed 
more significant conclusions from these data. The interesting, but variable, de- 
creases in histamine release at the highest antigen concentration are not ex- 
plained adequately by the neutralizing effect of blocking antibody, and may 
indicate that changes in cellular responsiveness to antigen also occur during 
specifi.c antigen treatment. 

The possibility of a cellular effect is intriguing. Certainly the changes ob- 
served during treatment of patients Ear. and Wes. cannot be explained by the 
mere presence of blocking antibody. It is now known that antigen will release 



histamine from washed leukocytes collected from sensitive persona.” If antigenie 
histamine release from these washed cells is also suppressed daring specific treaf- 
merit, it will no longer be necessary to attribnt,e the clinical effects of hgpo- 
sensitization entirely to the production of blocking antibody. 

Scnl I/ldRY i I 

Whole blood from 14 untreated allergic patients was incubated with various 
concentrations of specific antigen and the amount of hi&amine released into the 
plasma was measured chemically. During the course of specific hyposensitiza- 
tion of these patients, a total of 30 similar studies were carried out., and the 
pattern of histamine release was compared with the pre-treatment data for 
iaach patient. 

Studies on 2 patients showed that treatment was associated with a sup- 
pression of histamine release which was practically complete at all antigen. con- 
centrations. In the remainder, suppression of histamine release occurred only 
a: low antigen concentrations, and was more effective as treatment progressed. 
However, surprisingly little change occurred a.t an antigen concentra.tion of 
4 fig protein nitrogen per 100 ml. blood, even though more suppression was 
often seen at the highest concentration (40 pg PN per 100 ml. blood). 

Some of our observations are explained by the production of serum blocking 
antibody during trea,tment, but other changes are more consistent wit,h an altera- 
cion in cellular reactivity during hpposensit,ization. 
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