
Histamine release from leukocytes of 
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I. Use of several antigens 
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Histamine release has been obtained from washed leukocytes of allergic i~naividuals 
after incubation of the cells with a variety of specific antigens. With leukocytes 
from highly sensitive individuals who also had positive cutaneous reactions, a large 
proportion of the cellular histamine was released. Binding of labeled ragweed 
antigen did not appear to 6e closely related to the other parameters studied. Indi- 
,uidual cells may be sens%tive to more than one antigen but they may not be equally 
sensitive to all of the antigens wi,th which they react. Virtually complete lysis of 
crythrocytes by brief suspension in distilled water dots not affect histamine rclcasc 
by the leukocytes. 

H istamine is released from leukocytes of allergic individuals after incuba- 
tion of whole blood with specific antigens. 1s 2 Refinements of the technique by 
Lichtenstein and Osler3 allowed them to st,udy several parameters of the re- 
action including cation requirements, time of incubation, temperature, pII, and 
some aspects of the mechanism. The present study utilizes the improved pro-- 
cedure to confirm and extend the earlier observations of Noah and Brand’ on 
histamine release by multiple antigens. Various systems of experimental stud) 
of atopic sensitivity include skin testing, passive transfer cutaneous testing, di- 
rect aerosol antigenic challenge, in vitro measurement of antibodies in atopic 
subjects, and spontaneously, passively, and actively induced hypersensitivity in 
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animals. Histamine release from sensitive leukocytes has the aclvantagc of bc- 
ing an in vitro specific, reproducible response of cells to an antigen which call 
be determined by quantitative techniques. This system has the same specificit! 
but may lack the sensitivity of cutaneous testing, and it is an atopic antigcn- 
antibody reaction which is probably initiated on the surface of a cell. 

MATERIALS AND METHODS 
Antigens 

Purified ragweed antigen, King fraction IV-C &, was dissolved in 0.15&I saline 
and st,ored in aliquots at -20’ C. Egg albumin, two times crystallized (Pentex), 
was dissolved in 0.15&I saline. A commercially prepared extract of house dust 
(&do Laboratories, Inc.) was used, while other aeroallergens were obtained in 
the dry state (Rollister-Stier Laboratories) and extracted in buffered saline 
containing 0.5 per cent phenol and 50 per cent glycerine.” The stock 2 to 5 per 
cent extracts were diluted in buffered saline just before use. 

Histamine release from human leukocytes 

The procedure was adapted from that of Lichtenstein and Osler.” One vol- 
ume of blood was drawn from allergic individuals who had histories of allergic 
symptoms following exposure to various allergens. It was mixed with one-half 
volume ethylenediaminetetraacetic acid (1.5 per cent. in 0.7 per cent saline). 
One and one-half volume of 6 per cent clinical dextran in saline solution was 
added, and t,he red cells were allowed to settle for 60 minutes. The upper layer 
was removed and centrifuged at 110 g. The packed cells obtained were washed 
twice with a Tris-buEered salt solution3 and resuspended in aliquots of 5 ml. 
each, wit,h the addition of Ca++ and Mg++ to final concentrations of 6 x 10-W 
and lo-%I, respectively. Various antigens were then added to separate aliquots 
of cells. Ragweed antigen was used in serial tenfold amounts from 10-l to lo-’ 
pg and egg albumin in serial hundredfold amounts of 10-l to 10ei pg. Extracts 
of other antigens were added at a final single concentration of 0.0004 per cent, 
but in some experiments further serial tenfold dilutions of antigen were used. 
After incubation at 37’ C. for 45 minutes, the cells and supernatant fluid were 
separated. The quantit.y of histamine in both fractions was determined, and the 
percentage of the total cell histamine that was present in the cell supernatant 
was recorded. Histamine was determined by a modification of the method of 
Shore, Burkhalter, and Cohn.” Five milliliters of a 0.4N perchloric acid solution 
of cell or supernatant. histamine saturated with sodium chloride was mixed with 
0.5 ml. of 7.4N sodium hydroxide, and the mixture was extracted with 5 ml. 
n-butanol. The butanol layer to which 2.5 ml. n-heptane was added was ex- 
tracted with 2.3 ml. of 0.1X hydrochloric acid. Two milliliters of the aqueous 
phase was made alkaline by the addition of 0.1 ml. of 4N sodium hydroxide; 
0.1 per cent o-phthalaldehyde, 0.1 ml., was added and, after exactly 1 minutes, 
0.2 ml. of 3N hydrochloric acid was used to stop the reaction. The fluorescence 
was measured in a Turner photofluorometer. The histamine cont,ent of the sam- 
ples was recorded as the free base, although calibration was made with the 
dihydrochloride. 
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11z5 ragweed binding 

Aliquots of 0.05 ml. of human serum or of 0.25 ml. of the fivefold diluted 
plasma, obtained after removal of the leukocytes used for histamine release, 
were incubated with 1.25 x 10e4 ,LL~ of lY2” ragweed antigen N, and the bound 
antigen coprecipitated by the addition of rabbit antihuman Cohn Fraction II. 
The percentage of labeled antigen bound by each serum was determined. The 
procedure and the calculations used have been described.’ The sera of nonsensi- 
tive controls bound less than 10 per cent of the antigen added. A single point, 
may be used to estimate relative antibody content if the isotope coprecipitation 
curves for different sera are parallel in t,he region of antigen excess and if the 
values are between the maximum and minimum binding levels of 78 and 10 
per cent. Previous experiments with 42 sera showed that the binding curves 
were essentially parallel. 

Cutaneous tests 

Cutaneous tests were performed by standard “prick” type techniques.8 Posi- 
tive reactions were rated from 1 plus to 4 plus, and negative reactions were 
designated by a dash. 

RESULTS 

The clinical histories of the 12 individuals studied are presented in abridged 
form in Table I. Table II shows the maximum percentage of histamine released 
by a variety of antigens from the leukocytes of the 12 subjects. In parentheses 
are the results of cutaneous testing wit,h the same antigen. Also recorded is the 
per cent of Ilz5 ragweed bound by 0.05 ml. undiluted serum with the use of 1.25 

Table 1. Clinical history of aZlergic subjects studied 

hration of Clinical impressio~n 
Rub- symptoms TYPO of Season of of etio1ogic 
ject Age St?X (years) symptoms sywlptom.9* factosst 

Ja 24 M 5 Rhinitis Perennial Ragweed, grass, mold, 
house dust 

Ho 23 M 10 Rhinitis, Con- June to October Grass, ragweed 
junctwitis 

MC 23 M 17 Rhinitis, asthma June Grass, egg 
Fe 28 M 22 Rhinitis August Ragweed 
Hc 25 F 5 Rhinitis, asthma Perennial Cat and dog dander, 

ragweed 
HO 24 M 7 Rhinitis Perennial Ragweed, mold, grass, 

tree 
T,a 2-1 F 4 Rhinitis June Grass 
Al- 23 M 7 Rhinitis Perennial Grass, mold, ragweed 
81) 25 M 8 Rhinitis, Con- June, August Grass ragweed 

junctivitis 
Fa 24 M 20 Rhinitis, Con- April to June Tree, grass 

junctivitis 
Sn 22 M 16 Asthma April to September Tree, grass, mold, 

ragweed 
Ni 23 M 18 Khinitis June to September Grass, mold, ragweed 

*In Chicago, Ill. 
tBy history and correlated skin tests. 
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Table II. Comparison of histamine release, cutaneous reactions, and serum anti- 
body in allergic subjects 

Maximum h,ktamine released (%) 

Sub- 
,ject Ra,qwred / Molds / Timothy / Trees 1 Cat 1 Dust 1 alf!iia Fi$” 

.Ja 10 (2+){ 43 (4+) 18 (4+) 11 (2+) 5s 
HO 45 (4+) “8 (3+) 8 (--, 16 
MC 47 (‘I+) 67 (4+) 24 56 (4+) 34.5 
Fe 63 (4+) 8 (3+) 11 (3+) 10 (2+) 18.5 
SC 40 (4+) 72 (4+) ii (4+) 5 (3+) 10 
HO x5 (4+) 8 (3+) 92 (4+) 54 (3+) 47.5 
TdL 52 (3+) 81 (4+) 3 (4t) 37 (-1 44.3 
Al 35 i-t+) (3+) 68 (3+) 51.5 
Sll 79 (4+) 46 (4+) 
F’a 68 (41) 12 (3+) 76 (4+) 66 (4+) 43 
sn 36 (3+) 67 (4+) 35 53 
Ni 

51(4t) (3+) 
60 (4+) 63 (4+) 24 (3+) 38 

“Per cent T120 ragweed (1.25 x lo-1 g N) ropreeipitated with 0.05 ml. undiluted serum 
or plasma. 

thlaximum lristamine released witlr scratch test given in parentlwses. 

x lo-” ,ug antigen N. In most instances where significant release of histamine 
was demonstrated, cutaneous tests were strongly positive. In 7 cases, a 3 or 4 
plus skin reaction was obtained with antigens other than ragweed in individuals 
whose leukocytes did not release histamine when incubated with the specific 
antigen. In only one instance was a significant proportion of histamine released 
from the cells of an individual who had a negative cutaneous test. Twice re- 
crystallized egg albumin effected the release of histamine from leukocytes of an 
egg-sensitive individual. Not tabulated is the release of 54 per cent of the his- 
tamine from white cells of a tetanus toxoid-sensitive individual using fluid 
tetanus toxoid, and of 75 per cent of the histamine from cells of a horse serum- 
sensitive patient by horse serum albumin. The histamine content of leukocytes 
from 6 nonallergic individuals averaged 0.12 ;LLg per 5 ml. blood sample, and 
less than 0.01 pg or 10 per cent was released in the presence of ragweed antigen. 
This level of histamine in supernatant solutions of control cells is considered 
to be a nonspecific release due to mechanical trauma during handling of cells. 

The total quantity of histamine base found in leukocytes from 5 ml. blood 
of allergic pa.tients was usually around 0.1 pg, but in some instances it asp- 
proached 0.5 ,ug. Assay at different times indicated that the value remained 
relatively constant in untreated individuals. The percentage of the total his- 
tamine released in the presence of varying amounts of antigen was also similar 
in samples taken at different times. 

Since the cells obtained in this study contained 3 to 5 times as many erythro- 
cytes as leukocytes, a leukocyte suspension free of red cells was prepared. 
Washed cells from 5 ml. of blood were suspended for 25 seconds in 6 ml. dis- 
Glled water and restored to isotonicity by the addition of 2 ml. of 3.4 per cent 
saline. This process was repeated as necessary to remove the last grossly visible 
traces of red cells. Washed leukocytes obtained after red cell lysis were as sensi- 
tive to antigen as unt,reated cells. The small reduction in tot,al histamine oh- 
served was probably due to hypotonic destruction of a few leukocytes. 



Snake (Naja naja) venom incubated with human leukocyt.es caused his- 
tamine to be released into the medium in confirmation of the report of Finke, 
Philips, and Middleton.” In white cell preparations containing erythrocyt’es, 
hemoglobin was also released by the venom. In histamine release by antigen, 
however, extracellular hemoglobin has never Been observed with the use of mix- 
Wres of leukocytes and eryt,hrocytes. 

DISCUSSION 

The finding of sensitivity to several antigens of leukocytes from a single 
patient is consistent with the multiple clinical sensitivities and the multiplicity 
of positive skin tests seen in some allergic individuals. With separate aliquots 
of cells, a large proportion of the total cellular histamine was released by each 
of the antigens incubated with leukocytes from one individual (Ho). This is 
possible only if some cells were sensitized to more than one antigen and if they 
were capable of releasing their histamine upon incubation with any of the anti- 
gens. With the leukocytes of most subjects (Table II), few antigens effected the 
release of the same maximal percentage of the total histamine. This means that 
although cells may be sensitive to more than one antigen as shown above, they 
are not equally sensitive to all of the antigens tested. At least two mechanisms 
may account for differential sensit,ivity of white cells. All cells may be sensitive 
to all of the specific antigens used, but the degree of sensitivity to different 
antigens may vary. Individual cells would release histamine in proportion to 
their sensitivity. On the other hand, a heterogeneous population of sensitive cells 
might be present. Some leukocytes might be sensitive to certain antigens and not 
to others. Sensitive cells would release all of their histamine in the presence of 
ant,igen and nonsensitive cells, none. In either case, the differential sensitivity of’ 
leukocytes is probably a reflection of the differences in concentration of indi- 
vidual antibodies in the blood of the allergic patient. 

The variations in I’?: ragweed binding of the plasmas do not closely parallel 
the variations in histamine release. This lack of correspondence may result 
from the presence of heterogeneous populations of antibodies capable of binding 
antigen but not all capable of sensitizing cells. 

Distilled water lysis of red cells under the conditions used resulted in mini- 
mal effect on the leukocytes and did not alter the reactivity of the white cells in 
histamine release. The lysis of both erythrocytes and leukocytes by Naja naja 
venom, presumably through enzymatic action, indicates a lack of specificity of 
the venom in at.tacking cell membranes. Allergen-induced hist,amine release, on 
the other hand, is specific since red cells are not lysed, and all leukocytes do 
not invariably release their histamine. They must be specifically sensitized and 
in contact with sufficient quantities of specific antigen. Leukocytes from non- 

allergic patients do not release histamine in the presence of allergens but do so 
in the presence of venom. The rstracellular action of venom does not appear, 
therefore, to be a good model of a possible enzymatic mechanism in histamine 
release, since the latter process is specifically activated by antigen and, fur- 
t,hermore, it is intracellular. 

The diagnosis of etiologic factors in inhalant respiratory allergic disease 



is largely dependent on the clinical history, with the use of skin tests for con 
firmation. The present study indicates that a strongly positive cntancous IV 
action was usually found in allergic individuals whose leukocytes relcasctl ;I 
large proport,ion of their histamine. II&amine release might, therefore, appear 
to be useful as a confirmatory diagnostic test. However, hist,amine release may 
be less sensitive than the skin test. A low release was found in seven instances 
where highly- positive cutaneous tests were obtained, while in only one instance 
was a significant release observed with cells from a patient with a. negative 
cutaneous reaction. This and the relative ease of performance of the cutaneous 
test make it impractical to determine histamine release routinely. It may, how- 
ever, be an indicator of changes occurring during prolonged and effective hype- 
sensitization.1° 
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