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Summary
Local exudation at the sites of allergic and histamine-induced cutaneous reactions,
was measured with an in vive double-labelling procedure, based upon local serial
simultaneous measurements of indium-113 m ('*™In) labelled transferrin and techni-
tium-99m labelled red blood cells (***Tc RBC). Analyses depended upon the reaction
index i.e. comparison of the ratio of '"*In/*™Tc counts at the reaction site with the
ratio of '3™In/*mTc at the corresponding unreacted site in the skin of the opposite arm.
Reaction indices were initially signficantly elevated at the sites of histamine and
allergic reactions. After the first hour, there was a progressive reduction at histamine
sites indicating a tapering of the local accumulation of indium-labelled transferrin. By
contrast allergic reaction sites showed a continuing increase in the reaction index after
one hour. During the first hour the curves were comparable, but they diverge and were
significantly different after one hour (0-05> P>0-02). This is consistent with the
known occurrence of late cutaneous responses at the site of allergic but not histamine
reactions.

Introduction

In sufficiently intense cutaneous allergic reactions induced by allergen in allergic
individuals (McCarthy & Pepys, 1971; Dolovich ez al., 1973; Umemoto et al., 1976), or
by anti-IgE (Dolovich et al., 1973; Poothullil e al., 1976), the characteristic weal-and-
flare response evolves into a more prolonged local response involving erythema,
oedema and tenderness which has been termed the late cutaneous allergic response.
These responses have previously received gross visual examination and also micro-
scopic examination with histological and immunofluorescent methods (McCarthy
Pepys, 1971; Dolovich et al., 1973; Solley et al., 1976). These methods demonstrate the
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morphology but do not measure the physiological processes involved in the evolution
of the reactions.

Isotopic methods for the demonstration of increased vascular permeability have
recently become available (Fishman, 1972; Robin et al., 1972; Gorin et al., 1978).
Cutaneous allergic reactions are highly suited to the use of these methods as reactions
in the skin are readily accessible and a number of sites can be studied at the same time.
Moreover, the reactions can be induced at will and followed through their evolution.

The present report describes an isotopic demonstration of cutaneous reactions
induced by allergen and anti-IgE (designated allergic reactions) and a comparison with
the histamine reaction.

Materials and methods

Subjects
Subjects were allergic and non-allergic volunteers from a chest-allergy clinic. There
were three male and three female subjects, all over the age of 45 yrs.

Reagents

Solutions of 5% w/v mixed grass pollen extract and 5%, w/v Dermatophagoides farinae
were purchased from Hollister-Stier Laboratories, Mississauga, Ontario. Sheep anti-
serum to human IgE, which has undergone solid phase absorption to produce mono-
specificity, was purchased from the Central Resource for Immunologic Reagents of
McMaster University.

Indium-113m was eluted in dilute hydrochloric acid from a tin-113 generator
supplied by Union Carbide. Technitium-99m was eluted in normal saline from a
molybednum-99 generator, manufactured by the McMaster Regional Radiophar-
macy.

Skin test methods

Reactions were induced with allergen, or with anti-IgE and regarded as analogous to
allergic reactions. The concentration of allergen or anti-IgE used in allergic reactions
was initially determined with serial 1:10 dilutions of appropriate allergen in allergic
individuals or serial 1:3 dilutions of a 1: 10 dilution of anti-IgE in non-allergic subjects.
The concentration of reagent which induced a reaction with a weal 2-3 mm in diameter
in preliminary observations by the prick (puncture) test method was chosen.

Allergic reactions were induced by the intracutaneous injection of 0-05 ml of
reactant. Histamine reactions were induced by the injection of 0:02 ml of undiluted
histamine phosphate, | mg/ml. One allergic subject received grass pollen extract in a
1:10 dilution. A second allergic subject received the D. farinae extract undiluted.
Anti-IgE in a dilution of 1:30 was used to induce reversed reaginic reactions (Ishizaka
& Ishizaka, 1969) in four non-allergic subjects. In each subject, an allergic reaction was
induced on the ventral surface of the left upper arm 2-3 hours before the intravenous
injection of isotopes. A second allergic reaction was induced at a separate site on the
left upper arm about 1 hr before the injection of isotopes. One-half hour after the
injection of isotopes, a third allergic reaction was induced on the ventral surface of the
left forearm, 5 cm below the crease of the elbow; at the same time, a reaction to
histamine was induced on the ventral surface of the left forearm, 5 cm above the wrist

crease.
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Mean diameters of weal and flare responses were determined at 15 min and mean
diameters of late responses were determined at 6 hr by methods previously described
(Dolovich et al., 1973; Umemoto et al., 1976; Poothullil et al., 1976).

Isotopic methods

One-half hour after the injection for the second allergic reaction, 1 ml of ‘cold’
stannous pyrophosphate, | mg/ml, was injected intravenously. After a 30-min interval,
500uCi of sodium *™Tc-pertechnetate, and 2uCi of '""™In chloride were injected
intravenously, with a 5 min lag between the two isotope injections. There is a known
95% efficiency of in vivo labelling of circulating red blood cells in the first hour after
pertechnetate injection (Pavel e al., 1977). Indium binds almost exclusively to trans-
ferin but not to RBC (Hosain ef al., 1969).

The isotope injections were immediately followed by sequential 1 min measure-
ments of the count rates of “"Tc and ''*™In at each intracutaneous injection site and at
the corresponding control site on the opposite arm. After one-half hour, the measure-
ments were repeated at least every half-hour for up to 5 hr. The count rates were
measured with a calibrated 2 inch thick by 2 inch diameter sodium iodide crystal
interfaced to a scaler and a PDP 11/20 computer. The collumator bore was 3 cm.
Separate single channel analysers were used to separate the ''*™In counts from the
9mTe counts. All the measurements were corrected for the contribution of the '*™In
Compton scatter peak into the *™Tc window. For each measurement, the patient’s
arm was raised to shoulder level and rested on a support. The detector was placed
horizontally such that the centre of the collumator was at the centre of the skin
response and as close to the arm as possible.

For each skin test site and control site and for each measurement, a ratio of the
indium counts/technitium counts was calculated. The reaction index is the ratio of
these two ratios:

1 minute In counts at the reaction site/1 minute Tc counts at the reaction site

1 minute In counts at control site/1 minute Tc counts at the control site.

A reaction index of 1 is expected where no reaction has taken place.

Statistical methods

A ‘repeated measures analysis of variance’ (Winer, 1962) was used to compare the
different reaction sites with control sites on the opposite arm. To eliminate the
exponential quality of the reaction index data obtained from ratios, a log transforma-
tion was initially applied to the data prior to this analysis.

Results
Mean weal diameters ranged from a minimum of 2:6 to a maximum of 6:2 cm. Late
responses ranged from a minimum of 2:6 cm in mean diameter to a maximum, in one
subject, which could not be accurately measured since the two late responses on the
upper arm and the two late responses on the lower arm were sufficiently large to
become confluent. There was no direct relationship between the diameters of the
reactions and the reaction indices.

The mean reaction indices and the standard error of the mean in the six subjects for
histamine reactions are illustrated in Fig 1 and for the allergic reactions, induced after
isotope injection, are illustrated in Fig. 2. The mean weal diameters for the histamine
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and the allergic reactions respectively are 4-8 and 4-5 cm. The data represented prior to
time 0 indicate readings performed prior to the induction of the reactions. In the
absence of reactions, it can be noted that the reaction indices fall close to the expected
value of 1 with an actual mean value of 0:91 +0-37 at the sites which would subse-
quently be the location of histamine reactions and 1-:04 +0-21 at the sites of subsequent
allergic reactions. The mean values for histamine reactions (Fig. 1) and allergic
reactions (Fig. 2) were comparable during the first hour but diverged after one hour
with a diminution in the indices for histamine reactions and continued increase for
allergic reactions. Repeated measurement analysis of variance confirms the absence of
any significant difference between the curves in the first hr (P =0-6); in contrast, there is
a significant difference between the two curves (P=0-002) after 1 hr, showing a relative
persistence of the allergic reaction in comparison with the histamine reaction.
Reactions initiated 1 hr prior to the injection of isotope had a mean weal diameter
of 4:9 cms and reactions initiated 2 or more hr prior to the injection of isotope had a
mean weal diameter of 4-5 cms. Comparison of left (reaction) arm '*™[n/*™Tc ratios
with right (control) arm ratios by repeated measures analysis of variance indicated
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Fig. 1. Histamine-induced cutaneous reaction: the mean reaction indices and standard error of the mean are
illustrated. The number of subjects is indicated in parentheses. The arrow indicates the time of injection of
isotope.
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Fig. 2. Cutaneous allergic reaction: the mean reaction indices and standard error of the mean are illustrated.
The number of subjects is indicated in parentheses. The arrow indicates the time of injection of isotope. The
values for these reactions do not differ from those of the histamine-induced reactions illustrated in Fig. 1
during the first hr: however, after the first hr, these reactions were significantly greater than the histamine-
induced reactions.
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Fig. 3. Cutaneous allergic reaction: the mean reaction indices and standard error of the mean are illustrated.
The number of subjects is indicated in parentheses. The arrow indicates the times of injection of isotope. The
data are for reactions initiated 1 hr before the injection of isotope. There was a highly significant increase in
the In-transferrin/Tc-RBC ratio in the reaction arm by comparison with the control arm. The a¢cumulation
of In-transferrin, indicated by these data coincides with the late cutaneous allergic response which is
observed morphologically to emerge rapidly at this time,
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Fig. 4. Cutaneous allergic reaction: the mean reaction indices and standard error of the mean are illustrated.
The number of subjects is indicated in the parentheses. The arrow indicates the time of injection of isotope.
The data are for reactions which are initiated 2 or more hr prior to the injection of isotope. There was,

nevertheless, a significant increase in the reaction arm ratio, by comparison with the control arm ratio,
indicating significant continuing protein (transferrin) accumulation in the reactions.

significant accumulation of protein at both the ‘1 hour’ (P < 0:001) and the ‘2 or more
hr’ (P <0:05) reactions.

Discussion

The isotopic methods used here permit a direct examination of exudation at the sites of
cutaneous reactions. The examination of counts of In-transferrin in relation to counts
for Te-RBC eliminates the possibility of an artefact due merely to changes in blood
volume. Over the period of the study, *™Tc does elute from the red cellsand '*™In does
dissociate from the transferrin. In terms of the analyses, effects from these changes of
concentrations of isotopes in the vascular pool are eliminated by use of the measure-
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ments on the control limb. If there had been no extravascular accumulation of
3mn-transferrin in the reaction sites, the reaction indices would have stayed at 1 as
they were before the reactions were induced.

The anti-1gE reversed reaginic reaction can be considered to be analogous to the
reaction induced by the interaction of antigen with antibody of the IgE class. The
reversed reaginic reaction in vitro is subject to the same control mechanisms as the
antigen-induced IgE-dependent reaction (Lichtenstein et al., 1970). The in vivo reac-
tion induced by anti-IgE involves early weal and flare responses followed by late
cutaneous allergic responses comparable to antigen-induced reactions in the allergic
individual (Dolovich et al., 1973).

The absence of a direct relationship between the size of cutaneous allergic responses
and the magnitude of reaction indices possibly reflects the method of measurement of
the isotope. The diameter of reactions is due to a radial dispersion of reactants and
products in the skin. The local radioactivity measurements used in the reaction index
depend upon sampling with a probe of a fixed diameter smaller than the diameter of the
reactions. It is probable that a probe sufficiently large to encompass the total diameters
of reactions would provide data more directly related to the measured diameters of
reactions.

The direct comparison of histamine-induced reactions with allergic reactions
initiated after the injection of isotopes shows a significant difference in the responses
after 1 hr with a tapering off of the histamine but not the allergic reaction. In
morphological terms, the weal and flare reaction tends to subside after 1 hr but the
allergic reaction then evolves into a late cutaneous allergic response. The allergic
reactions induced prior to the injection of isotope provide a separate demonstration of
these prolonged responses.

It is thought that the previously reported accumulation of fibrin at the site of the
late cutaneous allergic response (de Shazo er al., 1978) with its hygroscopic property
might contribute to the local swelling characteristic of late cutaneous allergic res-
ponses. This would imply a role for the reduction in the drainage of fluid and
presumably solute, at least in part, in the fluid accumulation in late cutaneous allergic
responses. The present data do not permit a conclusion as to whether the accumulation
of In-transferrin is due to an increased rate of local exudation or a reduced rate of
removal or both. Nevertheless, isotopic methods should make possible the examina-
tion of this question.
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