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The effect of imtnunotherapy by intranasal insufflation of Lotium peretuic allergetis tiiodifted
with glutaraldehyde (Glu-Rye) was tested by a stratified placebo-contt oiled trial in 16 adult
subjects with hay fever. Tbe purpose of this pilot study was to detertnine whether the
treatment could reduce nasal sensitivity to allergen in ptovocatioti tests. Modification of the
allergeti was shown to include polymerization and reduced alletgenicity, but retained
immunogenicity. Nasal sensitivity to untnodified L. peremie allergetis was tneasuted by
threshold-type quantitative nasal challenge and posterior rhinometry for tneasutetnetit of
nasal airway tesistance. In challenge tests after a 10-week course of intranasal pteseasonal
treattnent with Glu-Rye, nasal sensitivity was reduced, but this effect was tiot tnaititaitied
when testing was repeated 9 tnonths after tteatment. Post-seasonal serutii levels of IgE
antibodies to L. perenne wet e also not sigtiificantly affected by the tteatitietit.
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CLINICAL ASPECTS
Polymerized allergens, being less allergenic and equivalent in immunogenicity to unmodified
allergens, can be insufflated into the nose of allergic patients witb only minor side efTects. Tbe
purpose of tbis placebo-controlled pilot study of nasal immunotherapy, given preseasonally 3
times a week to adults witb seasonal allergic rhinitis, was to determine wbetber nasal treatment
witb polymerized perennial rye grass pollen allergens could reduce tbeir nasal sensitivity' to
native rye allergens. Nasal sensitivity, measured by objective methods during quantitative
cballenge tests, was temporarily suppressed by the treatment. Althougb tbis effect could not be
corroborated by symptom scoring, tbe benign nature of the treatment encourages further
study, using extended periods of observation to identify efficacy extending beyond transient
nonspecific desensitization.

Immunotherapy of hay fever by repeated in- (9), using a similar approach, were encouraged
tranasal applications of allergen extracts is po- by symptomatic improvement of their patients,
tentially more convenient than conventional al- However, allergic reactions from nasal treat-
lergen injection therapy. Its possible efficacy ment with unmodified allergens could cause
has been suggested by demonstration of loss of difficulties in the conduct of double-blind trials,
sensitivity to grass pollen allergens in patients and may reduce its general acceptability as an
repeatedly challenged intranasally with thresh- alternative form of immunotherapy. For ex-
old doses of allergens in nasal challenge tests ample, Welsh et al. (17) found that pieseasonal
(16). Cook (2) and Mehta & Morrison Smith intranasal treatment with partially purified but
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unmodified short ragweed extract did so at the
expense of provoking symptoms during the
preceding weeks.

Pollen allergens modified by glutaraldehyde,
having reduced allergenicity but retained im-
munogenicity (10, 13), are potentially more suit-
able for study of local immunotherapy. In an
open trial of intranasal therapy with mixed
grass pollen allergens modified by glutaral-
dehyde and adsorbed to tyrosine, and in a
controlled trial of timothy grass allergens modi-
fled with glutaraldehyde, nasal treatment was
found to be clinically effective (3, 5). However,
reports from controlled studies of intranasal
treatment with polymerized ragweed allergens
have shown conflicting tesults (7, 11).

This report describes a pilot study of glut-
araldeliyde-modified perennial rye grass aller-
gen for intranasal immunotherapy of patients
with hay fever, tested by a stratified double-
blind design. The purpose of the study was to
determine whether preseasonal nasal immuno-
therapy with a polytnerized allergen would re-
duce nasal sensitivity to unmodified allergen in
quantitative, objective, nasal challenge tests.

MATERIAE AND METHODS

Subjects

Twenty subjects, aged between 20 and 53 years
were sttidied with their informed written con-
sent. All had hay fever with symptoms during
the period September to Decetnber, the rye
grass pollination season in Melbourne, and none
had a histoty of asthma requiring tnedications.
One subject had received allergen itijections 25
years ago. All subjects had weal responses of 20
to 120 tnm2 to prick tests with Lolium perenne
extracts at 2 mg di"y weight/ml. Two subjects in
the treattnent group and three subjects given
placebo were also sensitive to other allergens
iticluding house dust tnite (D. pteronyssiriu.s).

Nasal challenge tests

Nasal sensitivity to allergeti was detertnined as
described previously (14), using quantitative
challenges with increasing concentrations of al-

lergen delivered by an electronically controlled
metering systetn. Threshold doses of allergen
were determined from the amount required to
double the level of nasal airway resistance,
tneasured during a control period, using poste-
rior rhinometry. All of the challenge tests were
done with the same batch of allergen, frotn
which a fresh vial was reconstituted each week.

Preparation of allergens

Partly purified L. perenne allergeti for skin test-
ing and nasal challenge testing was prepared
and stored as described previously (14). Briefly,
L. perenne was extracted, dialysed, and partly
purified by Sephadex G-75 gel filtration and
DF-52 ion exchange chrotnatography. Fluted
material that was active in prick tests of allergic
subjects was pooled, lyophilised, and stored in
aliquots under dry nitrogen at —70°C until re-
quired. To prepare modified allergen for intra-
nasal treatment, a portion of this material was
treated with 100 mM glutaraldehyde for 2 h at
pH 7.0 and 20°C, as described by Moran et al.
(10). No insoluble material was formed by the
glutaraldehyde treatment. The glutaraldehyde-
tnodified rye grass allergen (Glu-Rye) was then
dialysed for 3 days against several changes of
0.05 M NH,,HCO.,. A soludon containing 320 |xg
of Glu-Rye and 20 mg of lactose per milliliter
was serially diluted in 20 mg/ml lactose, lyophili-
sed, and loaded into three sets of gelatin cap-
sules in 20.0 mg portions, to contain 12.8, 64
and 320 (xg of Glu-Rye, respectively. Placebo
capsules contained 20 mg of lactose, tinted with
caramel to match the three strengths of Glu-
Rye capsules.

Characterization of glutaraldehyde-modified allergen

To test the degree of polymerization achieved,
samples of Glu-Rye and unmodified rye were
reduced with dithiothreitol and analysed by
polyacrylamide gel electrophoresis with sodium
dodecyl sulphate and urea (6), and high mole-
cular weight standards (Pharmacia AB). The
major portion of a Glu-Rye sample would not
enter 7.5% acrylatnide running gels, indicating
molecular weights considerably higher than
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500,000 daltons. A minor component of Glu-
Rye had a molecular weight similar to the
major component of untreated rye allergen,
suggesting that Glu-Rye also contained some
unpolymerized material. Free amitio group de-
termination, performed by a fiuorescamine
assay method (1) showed 88% substitution of
free amino groups by glutaraldehyde. End-
point titration of the modified material by
prick testing and nasal challenge testing of al-
lergic subjects showed a 50-fold reduction in
potency. To check for immunogenicity of the
polymerized material, rabbits were immunized
with 1 mg of Glu-Rye in complete Freund's
adjuvant and boosted with Glu-Rye and ad-
juvant on days 34 and 98. Gontrol rabbits were
immunized with unmodified rye allergens,
using the same protocol. Haemagglutinating
antibodies (HA) in the rabbit sera were assayed
in microtiter trays using tanned sheep erythro-
cytes coupled with unmodified rye allergens
(1 mg/ml) at pH 6.4 (4). Rabbits given Glu-Rye
developed HA titres similar to those of rabbits
given unmodified rye (Fig. 1).

Experimental design

Three nasal challenge tests with L. perenne al-
lergen were given before a 10-week course of
nasal treatment with either Glu-Rye or placebo
(Table 1). The three challenge tests were then
repeated during the following 10 months. After
the first three challenge tests, the subjects were

Table 1

Schedule for nasal challenge testing, bleeding and inttanasal
tteatment with modified allergen

Fig. 1. ritl'cs of haetnaggltititiating antibodies to L. perenne
allergen in rabbits itumuuized with Cilu-Rye ( ) and with
unmodified L. perenne allergen ( ). Itijectiotis given at
arrows.

Time Event

October to Decetuber, 1977
October & Novetnber, 1977
January & Februaty, 1978

May &Juue, 1978
[uly toSeptetnber, 1978
October to Decetnber, 1978
October & Novetnber. 1978
January Sc Februaty, 1979
May S;June, 1979

Rye grass polleti seasoti
.Masai challenge test (spring)
Nasal challetlge test atid
R.'KSTisutnmer)
Nasal challenge test (early winter)
Treatment period
Rye grass pollen season
Nasal challenge test
Nasal challetlge test and R.AS T
Nasal challenge test

ranked in 10 pairs accotding to the level of their
nasal sensitivity, and then one tnember of each
pair was randomly assigned to the Glu-Rye or
placebo group by an independent statistician.
Glu-Rye or placebo capsules were then dis-
pensed into containers for each subject by the
statistician. Two subjects, including one who
developed an intercurrent viral infection and
sinusitis, withdrew from the trial during treat-
tnent. Therefore the subjects with whom they
were matched were also excluded from subse-
quent analysis, leaving eight treated with Glu-
Rye, and eight with placebo. The assignment
code was withheld until the sixth nasal challenge
test was completed.

Treatment protocol

During a 10-week period in late winter and
early spring (July—Sept., 1978), each stibject was
giveti either Glu-Rye or placebo with a Ryna-
crom® intranasal insufflator. Three times a
week, the contents of one capsule wete insufflat-
ed into the nose, evenly divided between both
nostrils, 45 tnin after two sprays of 2 % w/v
disodium cromoglycate into each nostril to mini-
tnize symptoms that could be attributed to aller-
gens. The Glu-Rye capsules given initially con-
tained 12.8 fig of allergen, and doses were
increased during the second and third week, as
tolerated. Five of the subjects given allergen
could tolerate the highest strength (320 \ig)
during the third week. After maintenance doses
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Table 2

Nasal sensitivity to unmodified L. perenne allergen before and after nasal treatment with Glu-Rye*

Subject

JW
JQ
MWo

RT
JS
MWa
PA

RF

Total
dose of
Glu-Rye

(mg)

3.75
5.36
2.80
5.11
2.93
3.62
2.87
3.00

1

Spring
1977

5.91
5.91
5.91
3.0
1.16
3.0
1.16
1.16

Threshold doses of L. perenne allergen (|xg) in nasal challenges
2

Summer
1978

147

5.91
29.4
5.91
5.91
1.16
5.91
0.26

3

Winter
1978

29.4
5.91
1.16
5.91
1.16
1.16
1.16
1.16

4

Spring
1978

ND

5.91
5.91
ND

1.16
1.16
5.91
ND

5

Summer
1979

29.4
ND

5.91
29.4
5.91
5.91
5.91
0.26

6

Winter
1979

29.4
5.91
5.92
1.16
1.16
1.16
1.16
0.26

* Glu-Rye = glutaraldehyde-modified L. perenne allergen given in late winter, 1978, after challenge # 3.
ND; not done.

Table 3

Nasal sensitivity to L. perenne before and after nasal treatment with placebo*

Subject

PT

AC
SL

RD

CJ
DH
MN
MT

1

Spring
1977

29.4
29.4
3.0
5.91
29.4
3.0
0.3
1.16

Threshold doses of L. perenne allergen (jxg) in nasal challenges
2

Summer
1978

29.4
5.91
29.4
29.4
1.16
5.91
0.26
1.16

3

Winter
1978

29.4
5.91
5.91
5.91
0.26
1.16
29.4
0.26

4

Spring
1978

1.16
29.4
ND

5.91
1.16
0.26
5.91
1.16

5

Summer
1979

5.91
5.91
5.91
5.91
0.26
5.91
29.4
1.16

6

Winter
1979

147
1.16
29.4
29.4
5.91
5.91
29,4
1.16

* See footnote to Table 2.
ND: not done.

were achieved, it was necessary to reduce the
treatment strength for two subjects (R.T. and
P. A.) because of sneezing and rhinorrhoea after
each treatment. The average total dose of Glu-
Rye given over 10 weeks was 3.68 mg of protein
(range 2.80 to 5.63 mg). The Glu-Rye group
subjects used slightly fewer maximum strength
capsules than did the placebo group, but this
was not statistically significant.

Radioallergosorbent tests (RAST)

Sera collected in January and February of
1978 and 1979 were stored at -70°G until
asayed for IgE antibodies to L. perenne by
Phadebas® RAST. Results were calculated as
percentages of radiolabelled anti-IgE bound.
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Symptom scoring

The severity of sneezing, nasal obstruction,
nasal discharge and eye irritation was scored
and recorded by the subjects daily during the
pollen season after intranasai treattnent as fol-
lows. Scores for each symptom persisting for
less than 2 h: mild = 1, moderate = 2, se-
vere = 3; symptoms persisting for more than 2
h: mild = 2, moderate = 4, severe = 6. Scores
for all symptoms were added to give total daily
and weekly scores.

Statistical methods

Wilcoxon signed rank sum tests for matched
pairs were used to compare logarithms of nasal
sensitivities and IgE antibody levels before and
after treatment. Significance of differences be-
tween symptom scores of the Glu-Rye and pla-
cebo treatment groups was determined by the
Mann-Whitney U test. Both of these nonpara-
metric ranking tests are applicable to small
samples and are independent of distribution
(15).

RESULTS

Nasal sensitivity to allergen

As seen in Table 2, nasal sensitivity to native
rye allergens in subjects treated intranasally
with Clu-Rye decreased significantly when chal-
lenge tests in winter 1978 (before treatment)
and summer 1979 (4 months after treatment)
were compared (P < 0.05, one-tailed). In con-
trast, subjects given placebo showed no change
in nasal sensitivity during this period (Table 3).
However, reduction in sensitivity of subjects
treated with Glu-Rye was not maintained, be-
cause their sensitivities in challenge tests re-
turned to pretreatment levels within 9 months
of the treatment period.

Nasal symptom scores

The eight subjects given Glu-Rye and seven of
the eight subjects given placebo completed
symptom score forms. During the pollen season

Table 4

Symptom scores during the rye grass poiien season (October 8
to December 3i, 1978) following treatment with Giu-Rye or

piacebo

Placebo treatment Giu-Rye treatment

Average Average
Subject , , " Subject

•' weekiy score weekiy score

PT
AC
RD
CJ
DH
MN
MT

50.6
2.6

32.4
41.8
23.9
30.9
45.6

JW
JQ
MWo
RT

JS
MWa
PA

RF

41.1
35.5
61.4
80.5
17.6
84.7
38.8
54.0

Table 5

L. pererme-spedCic IgE antibodies in summer-time sera before
and after nasal treatment

Subject

PT
AC
SL
RD

CJ
DH
MN

MT

Percent binding*

before
treatment

39.4
14.9
28.1
31.3
39.5

8.2
38.8
19.2

after
treatment

45.0
9.4

38.3
33.0
38.6

9.1
40.5
22.5

Subject

JW
JQ
MWo
RT

JS
MWa
PA

RF

Percent binding*

before
treatment

3.1
46. i
42.9
28.8
33.1

7.4

40.5
43.8

after
treatment

6.3
47.9
44.1
32.5
34.3

8.4
40.9
44.7

' Percent 1251-labelled anti-IgE bound to paper discs.

that followed the course of nasal treatment, the
averages of the weekly symptom scores of sub-
jects given Glu-Rye (range 17.6—84.7) were
higher than scores of subjects given placebo
(range 2.6—50.6), but the differences were not
significant at the 5% level (Table 4). When the
eight subjects given Glu-Rye were asked to iden-
tify their treatment, five were correct. However,
three of eight subjects given placebo also be-
lieved that they had been given Glu-Rye. During
the 2-h period after most of the treatment
doses, sneezing and rhinorrhoea occurred in
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live subjects given Glu-Rye, ol whom three cor-
rectly identified their treatment. Only occasional
mild symptoms followed placebo treatment.

Serum IgE antibody levels

IgE antibody levels specific for L. perenne in
paired sera taken in the summers of 1978 and
1979 (12 months apart), before and after treat-
ment, increased slightly in both the group
treated with Glu-Rye and the group treated with
placebo (Table 5). However, the changes were
statistically significant only for the placebo
group (P = 0.01).

DISCUSSION

This study ditfers Irom the published investiga-
tions of nasal immunotherapy in that its prin-
cipal objective was to determine whether this
form ol therapy could induce a long-lasting
suppression of nasal sensitivity to allergen, as
measured objectively by quantitative nasal chal-
lenge. Perhaps unique to this study was the
objective measurement of nasal sensitivity using
a quantitative allergen delivery system and mea-
surement of nasal airway resistance, performed
repeatedly for 10 months befoie treatment and
for 9 months after treatment. Ibis was done to
determine whether any effects of na.sal im-
munotherapy were limited to transient desensi-
tization, as seen in "rush" treatment (8).

Using this approach, it was shown that there
was evidence of decreased nasal sensitivity to
allergen when pretreatment challenge tests
were compared with tests done after the grass
pollen season that immediately followed the
preseasonal treatment. These results agree with
the findings of Johansson et al. (5) who found
that patients treated with a glutaialdchyde-
mcjdilied timothy grass extract were less sensi-
tive to allergen immediately after treatment.
However, continued testing of our subjects
showed that desensitization to rye allergen was
only a temporary phenomenon. Nickelsen et al.
(11), who treated subjects intranasally with
glutaraldehyde-polymerized short ragweed ex-

tract, were not able to show any significant
change in nasal sensitivity to unmodified aller-
gen, even in tests done immediately after treat-
ment.

Although the nasal treatment did lead to
some reduction in nasal sensitivity after the
grass pollen season, this was not reflected in a
signillcant difference between the seasonal
symptom scores of the treated subjects and the
scores of the placebo group. Fhis finding
agrees with results of Matthews et al. (7) and
conflicts with findings of symptomatic improve-
ment in three other studies (5, 11, 17). It is
acknowledged that symptom scoring as em-
ployed in our trial has only limited validity,
because the patients were not stratified accord-
ing to their pretreatment symptom scoies.
Stratification according to the patients' levels of
nasal sensitivity to allergen was required by the
primary objective of studying effects of treat-
ment on challenge test results.

A further problem in basing controlled nasal
immunotherapy trials on results of symptom
scoies, aside from the imprecision of cjuanti-
fying stibjective sensations, lies in the possibility
that the reported studies may not have been
truly double-blind. In at least two reports (5,
12) it was conceded that all of the treated
subjects had allergic symptoms following each
nasal treatment: in our study we cotild not
prevent some treatment reactions by concomi-
tant u.se of nasal crotnoglycate. Nickelsen et al.
found that unmodified allergen, given intra-
nasally and preseasonally, restilted in more
severe adverse reactions than reactions from
polymerized allergens, but was more effective
than polymerized allergen in reducing .seasonal
symptoms, fhis is consistent with findings of
Welsh et al. (17) who showed that reduced sea-
.sonal symptoms followed preseasonal occur-
rence of symptoms caused by treatment, sug-
gesting that nasal immunotherapy may work by
a mechanism dependent on depletion of mast
cell mediators. If this hypothesis is correct, we
may have rendered our treatment clinically in-
effective by combining it with nasal cromo-
glycate therapy.

Another possible explanation of lack of clin-
ical efficacy in our study may be an insufficient
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total dose given to each subject, which was be-
tween 2 and 6 mg of ptoteiti. Johansson et al.
(5) gave approximately 6 times this amount, but
the extract ttsed in that study was IVom a diffe-
rent species of grass, which, unlike our prepara-
tioti, was not chtotnatographically purified, and
allergenic potencies of the two preparations
were not available for comparisoti. Comparisons
between doses of grass allergetis and doses of
tagweed allergens tised iti apparetitly successful
U.S. studies (11, 17) ate even more speculative.
Inadequate polytnerizatioti of tnaterial used in
the pre.sent study was not a likely explanation,
becattse polymerizadon of the major proportion
of the material was demotistrated iti analytical
studies and imtnutiogenicity was tetaitied in the
face of reduced allergetiicity, as described for
glutataldehyde-modified titnothy polleti extract

(10).
Post-seasonal IgE antibodies to L. perenne in

serum wete not significantly chatiged by nasal
treatment with Glu-Rye. This agrees with other
studies (5, 12) in which polytnerized allergen
giveti intranasally did tiot affect the post-sea-
sotial rise of serum IgE antibody. IgG and sec-
retory IgA antibodies wete tiot studied in nasal
sectetions in this investigation, but it appears
that these antibodies do not correlate well with
clinical tespotise to nasal immunothetapy (12).
It is suggested that in future studies of nasal
immunotherapy, carefully performed tiasal
challenge tests should be done lor extended
periods belore and after nasal tteatmetit, to be
certain that loss of sensitivity is maintained. It
may also be necessary to consider use of hist-
amine and tnethacholine in placebo prepara-
tions, to ensute that a sytnptotn scoritig study is
properly controlled by adequate blinding.
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uol, 64. 202-208, 1979,

15, Siegel. S.: Nt)nparametrie statistics: tor the beha\io!'al



248 M. J. SCHUMACHER ET AL.

sciences. McGraw-Hill Kogakusba Ltd., Tokyo, 1956. Address:
Hi. faylor. G. & Sliivalkar. 1'. R.: Local nasal desensitizaiton

in allergic rhinitis. Clin. Allergy 2, 12.5-136, 1972. M.J. Schumacher, M.B., F.R.A.C.P.
17. Welsb. P. W., Zimmerman, E. M., Yunginger. J. W., Dept. of Pediatrics

Kern, E. B. He Gleich, G. ].: Preseasonal intranasal im- LInivcrsity of Arizona Healtb Sciences Clenter
inunotherapy witb nebulized sbort ragweed extract. J. Tucson, Arizona 85724
Allergy Clin. Immunol. 67, 237-242, 1981. U.S.A.




