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ABSTRACT
Seven feral monkeys with Ascaris hypersensitivity confirmed

by intradermal skin test were challenged with single doses oj
Ascaris extract (105 PNUlnostrif), ragweed extract (103 PNU
Inostril) and diluent; with increasing doses of bradykinin (0.J,
1, and 5 mglnostrif) and histamine (0.1, I, and 5 mglnostrif),
and with repeated doses of PBS diluent. Total mean nasal
resistance (TMNR) was measured by rhinomanometry and
eustachian tubeJunction by the forced-response test. For single
dose challenges, testing was conducted before and 5, 15, 40,
and 50 minutes after the challenge and for multiple dose
challenges before, 5 and 15 minutes after each dose, and 40
and 50 minutes after the final dose. Mean TMNR (em H201
Lisee) was increasedfrom 28.9 ± 9 at baseline to peak at 124
± 46 after Ascaris challenge. In contrast, TMNR was unaf

Jected in six of seven monkeys challenged with diluent and in
all monkeys challenged with ragweed. Progressive TMNR
increases from baseline (25 ± 8) were observedfor bradykinin
(peak = 64 ± 46) and histamine (peak 108.4 ± 59) challenges.
Eustachian tube function data showed no significant changes
alier intranasal provocation with either allergens or mediators.
Provocative intranasal allergen challenge in actively sensitized
monkeys is an effective method for evaluating the pathophys-
iology of allergic rhinitis and the effect of inflammatory me-
diators on nasal resistance.

Intranasal challenge with an appropriate antigen re-
sults in increased nasal resistance, i.e., decreased

Department of Pediatrics, Department of Otolaryngology,
Children's Hospital of Pittsburgh, University of Pittsburgh
School of Medicine, Pittsburgh, PA 15260-000 I

American Journal of Rhinology

nasal patency.l Many substances, such as histamine,
prostaglandins, and bradykinin have been implicated
as mediators of the inflammatory process.2 Both normal
subjects and patients with allergic rhinitis have been
challenged with these mediators and exhibited increases
in nasal resistance similar to those experienced after
antigen provocation.3 In addition to the changes in
nasal resistance, many patients also experienced im-
paired eustachian (ET) function, resulting in an inabil-
ity to open the ET as measured by sonotubometrl or
tympanometry.5

Experiments conducted in passively sensitized mon-
keys showed similar increases in nasal and ET obstruc-
tion after intranasal provocation with appropriate
antigens6 and inflammatory mediators.? The purpose of
this study was to develop an actively sensitized monkey
model for evaluating the changes in nasal patency and
ET function after intranasal challenge with allergens
and inflammatory mediators.

MATERIALS AND METHODS

Seven feral, juvenile Ascaris suum-sensitive cyno-
molgus monkeys (Worldwide Primates, Inc.) were

sedated with ketamine (0.7 ml) and Nembutal (15 mg/
kg) before challenge. Challenges consisted of the admin-
istration of 0.1 ml of the appropriate substance [A.
suum extract: 190,000 protein nitrogen units (PNU),
Greer Labs.; ragweed extract: 4000 PNU, Hollister-
Stier; skin test diluent, Hollister-Stier; histamine di-
phosphate: 0.1, 1, and 5 mg, Sigma; bradykinin: 0.1, I,
and 5 mg, Boehringer-Mannheim; or Dulbecco's phos-
phate-buffered saline (PBS), repeated] per nostril. Nasal
resistance was measured by active anterior rhinoman-
ometry using a computer-assisted system previously
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described, and ET function was measured using the
forced response test and instruments developed in our
laboratory.4,8

For challenges with Ascaris, ragweed and diluent
(single dose challenges) rhinomanometric measure-
ments were made before challenge (3 times) and then
5, 15,40, and 50 minutes postchallenge. In the analysis
presented below, measurements at 5 and 15 minutes
postchallenge were defined as early responses, while
those at 40 and 50 minutes postchallenge were defined
as late responses. Assessments of the passive parameters
of ET function (opening and closing pressures) were
made at baseline (2 times) and then at 10, 20, 30, and
55 minutes. The challenge sessions were separated by
at least 2 weeks.

For dose-response challenges with mediators, rhino-
manometric measurements were made at 5 and 15
minutes and ET function measurements at 10 minutes
after each dosing, and then as described above after
administration of the highest dose.

RESULTS
Significantly increased average total mean nasal re-

sistance (TMNR) was evident when Ascaris-hyper-
sensitive cynomolgus monkeys were challenged intra-
nasally with a single dose of Ascaris, but not with
ragweed (irrelevant allergen) or diluent. Both early (p
<0.0 1)and late (p < 0.00 1)measurements were greater
than those at baseline, the TMNR increasing from 28.1
± 8.7 to 57.1 ± 45.1 and 124.4 ± 46.4 em H20/L/sec,
respectively. Neither ragweed nor diluent caused signif-
icant changes from baseline through late measure-
ments. When compared to ragweed and diluent, Ascaris
early average TMNRs were significantly higher than
the corresponding ragweed TMNR (27.2 ± 10.9; p <

0.05), but not the corresponding diluent TMNR (37.4
± 7.1). However, the Ascaris late average was signifi-
cantly higher than both the ragweed and diluent (29.2
± 15.6 and 34.7 ± 5.6; p < 0.001 for both) TMNRs
(Fig. 1).

After PBS challenge, average TMNR measurements
were 29.7 ± 11.9,37.9 ± 22.3, 43.4 ± 41.7, and 30.9 ±
21.3, which were not significantly different from base-
line. Intranasal challenge with histamine significantly
increased average TMNR at all concentrations relative
to baseline measurements. Average TMNR increased
from 27.6 ± 6.0 to 61.6 ± 38.7 (0.1 mg, p < 0.02), 85.1
± 56.8 (1 mg, p < 0.01), 108.4 ± 59.0 (5 mg early, p <
0.001), and 99.5 ± 60.1 (5 mg late, p < 0.01), respec-
tively. From a baseline of25.5 ± 7.9 rhino manometric
measurements after bradykinin challenge increased to
28.2 ± 11.8 (0.1 mg), 33.1 ± 14.2 (1 mg), 63.8 ± 46.1
(5 mg early, p < 0.001) and 36.4 ± 21.8 (5 mg late, p
< 0.05). Only the early and late challenge doses were
significantly higher than baseline measurements, but
not significantly different from the appropriate PBS
measurements. Compared to bradykinin average
TMNRs, histamine evoked significantly higher average
TMNRs, except for the 5 mg early measurement (p <
0.0 1) (Fig. 2).

The passive parameters of ET function were not
affected by intranasal provocation with either allergens
(Fig. 3) or mediators (Fig. 4). While the measurements
after histamine challenge were elevated relative to base-
line, the differences were not statistically significant.

DISCUSSION

These studies indicate that provocative intranasal
allergen challenge in hypersensitive monkeys, cou-

pled with computer-assisted rhinomanometry is a pow-
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Figure 1.Average total mean nasal resistance after intranasal
Ascaris (0-0), ragweed (0-0). or diluent (.6.-.6.)
challenge. p < 0.001 relative to both ragweed and diluent.
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Figure 2. Average total mean nasal resistance after intranasal
bradykinin (0-0), histamine (0-0), or PBS (.6.-.6.)
challenge. p < 0.02 relative to PBS.
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Figure 4. Changes in opening and closing pressures from
baseline after intranasal bradykinin (T, 0), histamine (0, +),
and PBS (0, .) challenge.
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Figure 3. Changes in opening and closing pressures from
baseline after intranasal Ascaris (0 e), ragweed (~ .A.), or
diluent (0, .) challenge.

erful tool for evaluating the pathophysiology of allergic
rhinitis and the effects of inflammatory mediators on
nasal resistance. Ascaris challenge in sensitized mon-
keys produced significantly more nasal congestion than
challenges with either diluent or ragweed (irrelevant
allergen). Histamine challenge provoked significantly
greater increases in nasal resistance than either brady-
kinin or PBS. Similar results have been previously
reported for patients with allergic rhinitis after intra-
nasal allergen challenge.4 Nasal conductance ap-
proached a with increasing doses of ragweed. Monkeys
passively sensitized with serum from ragweed or timo-
thy grass allergic individuals also displayed increases in
rhinorrhea and nasal obstruction after challenge with
the appropriate allergen.6 Earlier experiments by Kelly
el al. using rhesus monkeys naturally sensitized to
Ascaris and Patterson el al. using experimentally in-
duced active Ascaris sensitization produced increased
pulmonary resistance after bronchial Ascaris
challenge9

•
,o or histamine.9 Similarly, increased nasal

airway resistance followed histamine challenge in
humansll and rhesus monkeys.s

There were no statistically significant changes in
opening or closing ET pressures; however, complete
nasal obstruction in many of the animals precluded

challenge with higher doses of mediators to better dif-
ferentiate changes in ET function. Both open and clos-
ing pressures increased after Ascaris challenge. Previous
results obtained in humans after intranasal provocative
challenge tests with ragweed or timothy grass pollen
showed that 96% of the ears studied experienced ET
obstruction, manifested by an inability to equilibrate
positive and negative pressures applied to the external
auditory canal. 12 Slight increases in the passive param-
eters of ET function and significant impairment of
active ET function were observed after antigen chal-
lenge in passively sensitized monkeys6. Histamine chal-
lenge of rhesus monkeys produced changes similar to
those found after antigen challenge.7 Although the pres-
ent study shows a trend toward similar passive param-
eter dysfunction, there, again, the changes in ET func-
tion were not statistically significant (p < 0.05).

Evaluation of pharmacological agents is readily ac-
complished with a naturally sensitized animal model.
Experiments conducted in our laboratory showed that
rhesus monkeys orally pretreated with either cetirizine
or chlorpheniramine effectively inhibited histamine-
induced increases in nasal airway resistance.s A natural
extension of these findings would be to evaluate the
effectiveness of various antihistamines in inhibiting
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Ascaris-induced nasal obstruction in sensitized mon-
keys.

Further study utilizing this model may elucidate any
physiologic variants inherent in cynomolgus monkeys
that would account for any differences between them
and rhesus monkeys or humans. On the other hand,
additional study measurement using a larger cohort of
subjects may enhance the observed changes in ET
function to a point where these changes become signif-
icant. Also, the role of allergic mechanisms in the
pathogenesis of otitis media can be assessed through
long-term exposure of the animals to allergen and pro-
spective examination of both passive and active ET
function and middle ear physiology. These advantages
are not currently available using passively sensitized
models.
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