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We investigated the effects of formoterol, a new, long-acting, selective j3,-adrenoceptor agonist, 
on the antigen-induced late asthmatic response (LAR) and airway inflammation in guinea pigs. 
Animals were sensitized by exposure to aerosolized ovalbumin (2% in saline). After antigen 
challenge, preceded by administration of an H,-receptor antagonist, specific airway conductance 
was measured with a two-chambered whole-body plethysmograph. An aerosolized solution of 
formoterol, isoproterenol, or saline was inhaled 15 minutes before challenge. Bronchoalveolar 
lavage (BAL) was performed 24 hours after challenge. The provocative concentrations of 
histamine required to decrease specljic airway conductance by 50% were obtained before 
challenge, at 24 hours, and at 72 hours ajier challenge. The LAR (52.7% ? 7.7% of the 
baseline; p < 0.02) was observed 6 to 8 hours after antigen challenge. An increased cellular 
in&x in BAL (mainly eosinophils and macrophages) and an increased bronchial responsiveness 
to histamine occurred 24 hours after antigen challenge. Formoterol completely inhibited the 
LAR and the cellular increase in BAL.; however, isoproterenol failed to prevent either the 
cellular injiltration or the LAR. Formoterol also decreased the antigen-induced increase in 
bronchial reactivity. These findings suggest that formoterol has inhibitory effects on the 
underlying injlammatory processes in antigen-induced asthma in addition to prolonged 
bronchodilation. (J ALLERGY CLIN IMMUNOL 1992;89:858-66.) 
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In sensitized individuals, a variety of pulmonary 
asthmatic response patterns can develop after appro- 
priate antigen challenge. After an IAR, an LAR can 
occur in some allergic subjects with asthma 4 to 6 
hours after antigen challenge. ’ Although the mecha- 
nisms underlying the LAR are not clear, the LAR is 
known to be accompanied by an increase in bronchial 
responsiveness to nonspecific stimulation and by a 
cellular influx into the bronchial lumen.2* 3 Many stud- 
ies have therefore focused on the LAR phenomena. 
Various animal models suitable for the study of the 
LAR have been developed to understand the mecha- 
nisms involved and to establish new methods of di- 
agnosis, prevention, and treatment.4-7 
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Abbreviations used 
pz: P,-Adrenoceptor 

IAR: Immediate asthmatic response 
LAR: Late asthmatic response 
SG.,: Specific airway conductance 
BAL: Bronchoalveolar lavage 

BALE Bronchoalveolar lavage fluid 
PC,,: Provocative concentration of histamine 

causing a 50% reduction in SG., 
OA: Ovalbumin 

HBSS: Hanks’ balanced salt solution 

&Agonists, administered by inhalation, are in rou- 
tine use for the therapy of bronchial asthma. P,-Ag- 
onists are reported to have an in vitro inhibitory effect 
on mast cell mediator release8 in addition to their direct 
bronchodilating effect. These activities can contribute 
to an inhibitory effect on the antigen-induced IAR. 
Conventional short-acting P2-agonists have not, how- 
ever, been demonstrated to inhibit the LAR after an- 
tigen challenge or the accompanying rise in nonspe- 
cific bronchial responsiveness.‘, lo In previous studies, 
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FIG. 1. Two-chambered plethysmograph system used for measuring SG,,. 

&agonists were administered before antigen chal- 
lenge, and their effect of bronchodilation persisted 
from 4 to 6 hours. The protective effect of P,-agonists 
disappeared before the LAR or was essentially non- 
protective more than 6 hours after antigen challenge. 
If a sufficiently long-acting P,-agonist is administered 
before antigen challenge, it may be possible to prevent 
the occurrence of the LAR and the antigen-induced 
rise in nonspecific bronchial responsiveness. 

Furmoterol is a new long-acting, selective &-ag- 
onist. Inhaled formoterol is five to 15 times more 
potent than salbutamol in patients with asthma, and 
the duration of action is usually at least 8 to 12 
hours.“-‘3 Formoterol is reported to have a longer du- 
ration of action than salbutamol against bronchocon- 
striction induced by exercise or hyperventilation of 
cold air in subjects with asthma.14’ ” 

We planned this study to examine the effect of 
inhaled formoterol on the LAR in guinea pigs, a model 
of asthma that we have developed. We also investi- 
gated the effects of formoterol on the increase in non- 
specific bronchial responsiveness and the cellular in- 
flux into the airway that accompanied the LAR phe- 
nomena in our guinea pig model. 

MATWAl AND fVlETHODS 
Animal md wmsititation 

Male Hartley guinea pigs, weighing 350 to 450 gm 
(Sasco, Omaha, Neb.) were sensitized by exposure to aero- 
solized OA (2% in saline) for 5 minutes on two occasions, 
separated by 7 days. The animals were positioned in a two- 
chambered, whole-body plethysmograph (Fig. 1) while they 

inhaled aerosolized antigen or drug. The aerosol wa5 gen- 
erated by an ultrasonic nebulizer (model 65, DeVilbiss Co. . 
Somerset, Pa.) with an airflow of 10 ml/set. Seven days 
after the second sensitization, the animals were used for the 
antigen challenge. These protocols were approved by the 
Creighton University School of Medicine Animal Research 
Committee. 

Drug treatment and antigen cha#knge 

The animals were pretreated with pyrilamine maleate ( 10 
mg / kg, intraperitoneally) , an H,-receptor antagonist, 30 
minutes before antigen challenge to prevent let&&y from 
endogenously released histamine. An aerosolized solution 
of formoterol(10 kg/ml in saline), isoproterenol ( 1 mgiml 
in saline), or saline was inhaled for 2 minutes, 15 minutes 
before challenge. The animal was then placed in a two- 
chambered, whole-body plethysmograph. Five minutes after 
measuring the baseline pulmonary function, the animal was 
challenged with 1% OA or saline aerosol for 5 minutes. 

Measurement of pulmonary fwwtion 

Pulmonary function in unanesthetized guinea pigs was 
measured with a two-chambered, whole-body plethysmo- 
graph, previously described by Gerlach et al. ” The con- 
scious animal was placed with its neck extending through 
the partition of a two-chambered, rectangular plastic box. 
The box was separated at the partition for insertion of the 
animal, the two chambers were joined by spring clamps, 
and a foam-latex collar between chamtrers formed a seal 
around the neck. Each chamber was fitted with identical 
wire screen pneumotachographs (2.5 cm in diameter with 
six mesh stainless steel cloth screens) and identical differ- 
ential pressure transducers (model DP-103, Validyne Corp., 
Northridge, Calif.). These transducers were connected to a 
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respiratory analyzer (model 6, Buxco Electronics, Inc., 
Sharon, Conn.). SG,, was measured with a data-logging 
analyzer (model LS-14, Buxco Electronics, Inc.) according 
to the method described by Pennock et al.” with the formula 
below: 

Tan0 = W x R x C 

where 8 equals phase difference between the thoracic and 
head chamber flow signals, W equals 27~ X respiratory fre- 
quency, R equals pulmonary resistance, and C equals com- 
pressibility of lung volume; 

= V/(Patm - 47) x 1.36 

where V equals thoracic gas volume, Patm equals baro- 
metric pressure in millimeters of mercury, and 1.36 equals 
factor to convert millimeters of mercury to centimeters of 
H,O; therefore: 

SG,, = l/R x V = W/(Patm - 47) X 1.36 X tan 8 

The parameters of pulmonary function were averaged 
during 5-second periods and monitored for 5 minutes. The 
mean value of SG, in a steady state was used as a repre- 
sentative of SG,, at the time of measurement. SG,, was 
expressed as the percentage of the prechallenge baseline 
value. The animals were removed from the plethysmograph 
between measurements at each time point. 

Bronchoalveolar lavage 

BAL was performed 24 hours after antigen challenge 
because, in a preliminary study, the increase of total cells 
in BAL reached a peak at 24 hours after antigen challenge. 
Animals were anesthetized intraperitoneally with sodium 
pentobarbital (Nembutal, 50 mg/ kg; Abbott Laboratories, 
Abbott Park, Ill.), and killed by exsanguination from the 
heart The trachea was exposed and cannulated with a poly- 
ethylene tube connected to a syringe. The lung was lavaged 
by flushing with five 10 ml aliquots of HBSS at 37” C 
instilled through the tracheal cannula. The recovered fluid 
collections (usually 85% to 90% of the instilled volume) 
were combined and filtered through surgical gauze. The 
lavage fluid was centrifuged (200 g for 10 minutes at 4” C) 
to remove the supematant. The cell pellet was washed once 
and resuspended in 1 ml of HBSS. Total cell counts were 
done with a hemocytometer with Turk’s stain. Differential 
cell counts were undertaken on cytocentrifuged preparations 
(Cytospin 2; Shandon, Pittsburgh, Pa.) stained with 
Wright’s Giemsa stain. A minimum of 500 cells were 
counted and classified as macrophages, eosinophils, neu- 
trophils, and lymphocytes based on normal morphologic 
criteria. 

Histamine challenge 

The histamine challenge was performed before challenge, 
at 24 hours, and at 72 hours after antigen challenge in the 
control (saline-pretreated), the isoproterenol-pretreated, and 
the formoterol-pretreated guinea pigs. Histamine solutions 
were prepared at the concentrations of 6.25, 12.5, 25, 50, 
and 100 pg/ml. The aerosol was generated with an ultra- 
sonic nebulizer. After the animal breathed spontaneously in 

the aerosol mist for 1 minute, the aerosol was pulled by 
vacuum (- 0.01 cm H,O) through the chamber, and the 
pulmonary function was measured for 3 minutes. The dose 
of histamine was increased until there was at least a 50% 
reduction in SG,,. The concentration of histamine which 
produced PC,, value was then interpolated from each dose- 
response curve. 

Drugs and chemicals 

Pyrilamine, OA (grade III), L-isoproterenol, and hista- 
mine dihydrochloride were obtained from Sigma Chemical 
Co. (St. Louis, MO.), formoterol from Ciba-Geigy Co., 
HBSS from Gibco Laboratories (Grand Island, N. Y.), and 
Nembutal from Abbott Laboratories. 

Statistical analysis 

All the values were represented as mean + standard er- 
ror of the mean. Statistical analysis was performed by a 
one-way analysis of variance and Student’s t test. When 
significant differences were evident (as indicated by the F 
test), comparison of the two values was made with a two- 
tailed Student’s t test for paired or unpaired observations; 
p values CO.05 were considered statistically significant. 

RESULTS 

SG,, was monitored at regular intervals for as long 
as 96 hours after challenge. The baseline values of 
SG,, in the saline-challenge and antigen-challenge 
groups were 0.95 + 0.19 and 0.88 + 0.14 cm 
H,O-’ ‘SC’, respectively. There was no significant dif- 
ference in the baseline SG,, between the two groups. 
As illustrated in Fig. 2, the markedly decreased SG,, 
during the IAR (13.9% + 3.9% of baseline) recov- 
ered gradually and returned to baseline 4 hours after 
antigen challenge. The LAR phenomena were ob- 
served 6 to 8 hours after antigen challenge 
(52.7% + 7.7% and 65.7% + 8.1%, respectively; 
p < 0.02, as compared with that of saline challenge) 
and persisted for about 2 to 4 hours. When an LAR 
is defined as a 25% reduction in SG,, 6 or 8 hours 
after antigen challenge, the LAR was observed in all 
the antigen-challenge group. No significant changes 
in SG,, were found after saline challenge. 

The baseline values of SG,, in the saline-, for- 
moterol-, and isoproterenol-pretreated groups were 
0.98 ? 0.16, 0.72 ? 0.14, and 1.04 ? 0.10 cm 
H,O ’ ‘s ’ , respectively. There were no significant 
differences in the baseline SG, among the three 
groups. The LAR defined as a 25% reduction in SG,, 
was observed in 12 of 15 saline-pretreated animals. 
Formoterol, administered by inhalation, significantly 
attenuated the IAR (5 minutes), inhibited the pro- 
longed asthmatic response after the IAR (2 hours), 
and blocked the LAR phenomena (6 to 8 hours and 
10 hours) (Fig. 3). In contrast, isoproterenol did not 
inhibit the LAR, although it significantly attenuated 
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FIG. 2. Changes of SG., in sensitized guinea pigs after saline (N = 8)- or antigen (OA; N = lo)- 
inhalation challenge; +p < 0.01 and *p < 0.02 compared with that of the saline-challenged group. 
IAR (5 minutes) and LAR (6 to 8 hours) were observed after OA challenge. 
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FIG. 3. Effects of formoterol and isoproterenol on changes of SG, in guinea pigs altar OA 
challenge. Animals inhaled an aerosolized solution of 10 bg/ml of formoterol (Form + OA; 
N = 13), 1 mg/ml of isoproterenol (Iso + OA; N = 8). or saline (Saline + OA; N = 15) 15 min- 
utes before challenge; +p < 0.01 and *p < 0.02 compared with that of the saline-pretreated 
group. LAR was completely prevented by formoterol, but not by isoproterenol. 
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FIG. 4. Total cell counts in BALF 24 hours after saline or OA challenge. Each group consisted of 
eight to nine guinea pigs; ‘p < 0.01 compared with the value in the OA-challenged group. 
Number of total cells in BALF significantly increased in OA-challenged group, compared with 
baseline of sensitized, but not challenged, or the saline-challenged group. Formoterol completely 
inhibited the antigen-induced cellular increase, but not by isoproterenol. 

the IAR and prevented the prolonged asthmatic re- 
sponse after the IAR (2 hours). 

BAL was performed 24 hours after challenge. Some 
animals were killed for the BAL after completion of 
the measurement of pulmonary function (e.g., 9 / 15 
of the saline-OA challenge, 8/ 13 of the formoterol- 
OA challenge, and 8 / 8 of the isoproterenol-OA chal- 
lenge groups). The animals in the saline-OA and iso- 
proterenol-OA challenged groups demonstrated the 
LAR. As illustrated in Fig. 4, the cellular components 
in BALF markedly increased in the antigen (OA)- 
challenged group compared with the baseline of the 
sensitized, but not challenged group, or the saline- 
challenged group. For example, macrophages signif- 
icantly increased from 5.4 + 0.6 ( X lo6 cells; base- 
line group) to 15.1 + 2.4, eosinophils from 
1.4 1?1. 0.3 to 11.2 2 4.3, neutrophils from 
0.1 + 0.03 to 1.3 t 0.5, and lymphocytes from 
0.19 ? 0.04 to 0.4 + 0.1 (Fig. 5). Formoterol in- 
hibited the antigen-induced influx of inflammatory 
cells into the airway completely. After formoterol, the 
numbers of macrophages, eosinophils, and neutro- 
phils in BAL were significantly lower than those in 
the OA-challenged group (Fig. 5). The number of 
lymphocytes was also lower than that in the OA-chal- 

lenged group, but not statistically significant (Fig. 5). 
Isoproterenol failed to inhibit the increase of the cel- 
lular components in BALF after antigen challenge. 

The bronchial responsiveness to histamine after an- 
tigen challenge increased 24 hours after challenge and 
returned to baseline 72 hours after challenge (Table 
I). The PC,, value at 24 hours (20.4 & 2.6 kg/ml) 
was significantly lower than that of the prechallenge 
baseline (26.2 ? 2.6 pg/ml; p < 0.05, with paired 
Student’s t test). Formoterol significantly decreased 
the bronchial responsiveness to histamine 24 hours 
after antigen challenge. The PC,, value at 24 hours 
(46.8 + 7.1 pg/ml) was significantly higher than 
that of the baseline (29.8 + 1.8 pg/ml; p < 0.05), 
that of the saline-pretreated control (20.4 2 2.6 
pg/ml; p < O.Ol), or that of the isoproterenol-pre- 
treated group (24.7 of: 2.3 p,g/ml; p < 0.02). 

After isoproterenol, PC,, had a tendency to decrease 
after antigen challenge but did not reach statistical 
significance (p < 0.07). 

DISCUSSION 

Guinea pigs have been used as a model of human 
asthma because similarities exist between the two spe- 
cies in the response to a variety of contractile and 
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FIG. 5. Differential cell counts in BALF 24 hours after saline or antigen challenge. Each group 
consisted of eight to nine animals; +p < 0.01 and *p < 0.05 compared with the value in OA- 
challenged group. All cellular components in BALF significantly increased in OA-challenged 
group compared with that of baseline or of saline-challenged group. Formoterol completely 
inhibited antigen-induced cellular influx (except lymphocytes), although isoproterenol did not 
inhibit airway inflammation. 

relaxant substances and in the putative involvement 
of chemical mediators in antigen-induced pulmonary 
response. I8 Sensitized guinea pigs clearly demonstrate 
an LAR. Iijima et al. 6 demonstrated the LAR in guinea 
pigs sensitized to Ascaris sum, and Hutson et al7 in 
guinea pigs sensitized by inhalation of aerosolized 
OA, under cover of mepyramine to avoid an imme- 
diate fatal anaphylaxis. In this study, we developed a 
model of the LAR in guinea pigs similar to that de- 
scribed by Hutson et al.’ The LAR defined as a 25% 
reduction in SG,, was observed in 88% of the antigen- 
challenged animals (10110 in the OA-challenged 
group and 12/ 1.5 in the saline-pretreated OA-chal- 
lenged group). There are, however, differences in the 

time of occurrence of the LAR between the two stud- 
ies. The LAR occurred 13 to 24 hours after antigen 
challenge in the model of Hutson et a1.,7 whereas we 
observed the LAR 6 to 8 hours after the challenge, 
which is similar to the LAR observed in human 
asthma. The so-called “late” LAR, which has been 
reported in the model of Hutson et al. 7 to occur more 
than 24 hours after antigen challenge was not observed 
in our model. Although it is hard to determine the 
source of these differences, it might be, in part, due 
to the differences in the methods of sensitization and 
challenge between the two models. 

A question has been raised if airway conductance. 
as measured with a whole-body plethysmogmphl 
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TABLE I. The effect of formoterol on 
the antigen-induced 
bronchial hyperresponsiveness 

PC, (pglml of histamine) 

Saline lsoproterenol Formoterol 
Pretreatment (N = 8) (N = 8) (N = 81 

Before 26.2 k 2.6 28.4 + 2.5 29.8 k 1.8 
24 hr after 20.4 -I 2.6" 24.1 t 2.3 46.8* ? 7.lt 

72 hr after 27.3 k 3.9 21.9 f 3.1 37.9 + 5.3 

*p < 0.05 compared with the prechallenge baseline with paired 
Student’s t test. 

tp < 0.01 and p < 0.02 compared with the saline- and isopro- 
terenol-pretreated groups, respectively (with unpaired Student’s 
t test). 

whereas the animal breathes through the upper air- 
ways, truly reflects the patterns of pulmonary response 
of the lower airways. Johns et al.” observed the LAR 
18 to 24 hours after antigen challenge in 28% of guinea 
pigs with a whole-body plethysmograph according to 
the method described by Hutson et al.,’ whereas the 
LAR was observed in only 10% of animals with a 
measurement of lung resistance through a tracheos- 
tomy. The values of SG,, as measured by our system, 
have been previously demonstrated to be reasonably 
accurate and reliable when these values are compared 
with values measured by a pleural catheter tech- 
nique.16 We agree, however, that our method may be 
measuring changes in total respiratory tract conduct- 
ance, including the upper and lower airways. The 
increase in cellular constituents in BALF after antigen 
challenge strongly supports the significant participa- 
tion of the pulmonary component to the total respi- 
ratory tract involvement in our system. Therefore, we 
propose that our guinea pig model is a useful animal 
model to investigate the mechanisms of the LAR phe- 
nomena. 

In our guinea pig model, we demonstrated an LAR 
(6 to 8 hours) and an increase in nonspecific bronchial 
responsiveness after antigen challenge, both of which 
are associated with a cellular influx into the airway. 
The change in bronchial responsiveness to histamine 
after antigen challenge was smaller than we expected. 
We suspect that we failed to find much difference in 
PC,, after antigen challenge because the animals used 
in this study were very sensitive to histamine and the 
baseline P&, was very low. The main components of 
the cellular influx in our model are eosinophils and 
macrophages. The cell component predominantly re- 
sponsible for airway inflammation after antigen chal- 
lenge is likely to depend on species, antigens used, 
and the method of sensitization. de Monchy et a1.2o 

demonstrated the increased numbers of eosinophils in 
human BALF during the LAR (6 to 7 hours) after 
house dust-mite inhalation. Metzger et al.*’ demon- 
strated increases in eosinophils, neutrophils, and lym- 
phocytes in human BALF 48 hours after antigen chal- 
lenge (mainly Alternaria). Murphy et al.** described 
that, in rabbits, the LAR and the subsequent increase 
in airway reactivity are dependent on the presence of 
neutrophils, since the chemical depletion of neutro- 
phils decreased the LAR and airway reactivity. In 
guinea pigs, as reported by Hutson et al. ,’ leukocytes 
(especially eosinophils) probably play an important 
role in the development of the airway inflammation. 
This is consistent with our findings. 

The LAR and the accompanying rise in nonspecific 
bronchial responsiveness are inhibited by pretreatment 
with sodium cromoglycate or corticosteroids, but not 
by short-acting P,-agonists.‘, lo P,-agonists were be- 
lieved to treat only the symptoms of asthma without 
affecting the underlying inflammatory processes. In 
this study, however, formoterol completely suppressed 
the appearance of the LAR and the antigen-induced 
airway inflammation, although isoproterenol, a con- 
ventional short-acting P,-agonist, failed to do either. 

Both formoterol and isoproterenol attenuated but 
did not completely suppress the IAR. It might be 
speculated that the IAR (14.4% + 2.5% of baseline 
SG,,) observed in our model was too severe to be 
completely protected by &-agonists alone. Formoterol 
also decreased the antigen-induced increase in bron- 
chial hyperresponsiveness, as measured by histamine. 
This is based on the finding that formoterol inhibited 
the antigen-induced cellular influx into the airway, and 
the effect of formoterol on bronchial responsiveness 
might be due to the inhibition of airway inflammation. 
After isoproterenol, the PC,, value was lower than the 
prechallenge value, but was not statistically significant 
(p < 0.07). This finding might be derived from the 
low baseline value of PC,, because of animals highly 
sensitive to histamine, as previously described. 

Formoterol, by inhalation, was reported to decrease 
the airway responsiveness to methacholine in children 
with asthma, even at 12 hours,23 and improve the 
bronchial hyperresponsiveness to histamine and cold 
air after long-term administration.24 Palmqvist et al.25 
reported that formoterol , administered before antigen 
challenge, attenuated the LAR in subjects with 
asthma. These clinical observations support our find- 
ings. Recently, salmeterol, a new long-acting &-as- 
onist, has been reported to inhibit the LAR and the 
antigen-induced rise in nonspecific bronchial respon- 
siveness in subjects with asthma.26 It is interesting that 
long-acting P,-agonists, such as formoterol and sal- 
meterol, but not short-acting P-,-agonists, can inhibit 



VOLUME 89 
NUMBER 4 

the LAR and the accompanying rise in bronchial re- 
sponsiveness. The pertinent question is whether the 
inhibitory effects of formoterol on the LAR and airway 
inflammation are due to the persisting long action of 
P,-agonists stimulation. If mast cell activation con- 
tinues for several hours after antigen challenge and 
mediators released from mast cells attract inflamma- 
tory cells into the airway,27 the persisting action of 
formoterol in suppressing mediator release may have 
an important advantage in inhibition of the LAR and 
airway inflammation. There are studies that I&ago- 
nists significantly attenuated the antigen-induced LAR 
when they were administered at a frequency to main- 
tain their maximum effect.“‘. 29 In contrast, formoterol 
may have beneficial effects on the airway inflamma- 
tion by means other than its long-acting bronchodilator 
action. Indeed, salmeterol is reported to inhibit me- 
diator release from activated macrophages in the pres- 
ence of l3-blockers.30 Additional studies are necessary 
to clarify the exact mechanisms of the inhibitory ef- 
fects of formoterol on the antigen-induced LAR and 
airway inflammation. 

In summary, we demonstrated that the antigen-in- 
duced LAR and the increased bronchial responsive- 
ness associated with the airway inflammation in 
guinea pigs were inhibited by formoterol, a new long- 
acting &-agonist. It is suggested that formoterol has 
inhibitory effects on the underlying inflammatory pro- 
cesses in asthma in addition to its prolonged bron- 
chodilation, although the exact mechanisms of for- 
moterol in inhibiting the LAR phenomena remain un- 
known. 

We thank Mrs. Rosemary Batts for her editorial assis- 
tance, and Miss Nanette A. Royle for her assistance in the 
preparation of this manuscript. 
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Antigenic and allergenic analysis of psyllium 
seed components 

Larry G. Arlian, PhD,* DiAnn L. Vyszenski-Moher, MSc,* 
Ann T. Lawrence, PhD,** Karen R. Schrotel, BS,** and 
Harry L. Ritz, PhD ** Dayton and Cincinnati, Ohio 

The outer portions (husk) of psyllium seeds are a concentrated source of natural fiber used in 
some bulk-fiber laxatives and cereals. They are known to elicit respiratory allergic reactions 
after inhalation or ingestion among sensitized individuals. Antigenic and allergenic 
characterization of three psyllium-seed fractions (husk, endosperm, and embryo) was conducted 
with crossed immunoelectrophoresis (CIE), crossed radioimmunoelectrophoresis, and sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis to determine the source of psyllium 
allergenicity. Homologous CIE demonstrated psyllium endosperm and embryo extracts contained 
seven and four antigens, respectively. Husk extracts were too gelatinous to react by CIE. 
However, heterologous CIE profiles of endosperm or embryo extracts, reacted with antihusk 
antibodies, resulted in antigen-antibody precipitin peaks that matched the heavy staining 
precipitin lines of homologous reactions for endosperm and embryo, respectively. These results 
indicated that commercial-grade husk, endosperm, and embryo contained similar antigens. 
Extracts of all three seed components contained antigens that bound IgE antibodies in the sera 
of I1 psyllium RAST-positive individuals, as determined by crossed radioimmunoelectrophoresis. 
The few prominent husk proteinlpeptide bands resolved by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis were common in either embryo or endosperm. 
Immunoblots revealed common IgE reactive bands in all three seed fractions. Microscopic 
examination of the powdered commercial-grade psyllium (95% pure) revealed it contained 
endosperm and embryo particles. These immunologic, biochemical, and microscopic findings 
suggest that other contaminating seed components are primarily responsible for the allergenic&y 
of commercial-grade psyllium-husk powder rather than the husk itself. (J ALLERGY CLIN 
IMMUNOL 1992;89:866-76.) 

Key words: Psyllium, psyllium husk, allergenic&y, laxatives, cereals, fiber 

The outer coat (husk) of psyllium seeds (Plantago 
ovata) is a concentrated source of natural soluble fiber 
used in some bulk-fiber laxatives and cereals because 
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Abbreviations used 
CIE: Crossed immunoelectrophoresis 

CRIE: Crossed radioimmunoelectrophoresis 
SDS-PAGE: Sodium dodecyl sulfate-polyacryl- 

amide gel electrophoresis 
BSA: Bovine serum albumin 

of its laxative properties and, recently, its demon- 
strated effect in reducing serum cholestero1.‘-4 This 
fiber has the potential for eliciting respiratory allergic 
reactions in some sensitive individuals after inhalation 
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