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We developed a model of asthma in conscious guinea pigs in which both early- and late-phase 
reductions in speci$c airways conductance are demonstrable after inhalation challenge. 
Neutrophilia that peaks 17 hours afier challenge was discovered by bronchoalveolar lavage in 
this model, as was eosirwphilia that develops more slowly, peaking at 72 hours. Nedocmmil 
sodium blocked both the early- and late-phase reductions in abjlow, but salbutamol blocked 
only the early phase. Both drugs blocked the neutrophilia when given before challenge, but not 
when given 6 hours aftenoard. This suggests that the neutrophilia is secondary to an intact early 
phase response. Nedocromil sodium, given 6 hours ajIer challenge, reduced the eosinophilia at 
72 hours but not at 17 hours. Salbutamol had no effect on the eosinophilia at either time. 
These results suggest that nedocromil sodium has antiinflammatory properties in the lung that 
are not shared by the &-adrenem’c stimulant drug, salbutamol. (J ALLERGY CLIN IMMUNOL 
1993;92:177-82.j - - 

After bronchial provocation with allergen, sus- 
ceptible asthmatic subjects have two different 
airway responses. One is the early-phase response 
(EPR), which peaks 15 to 30 minutes after chal- 
lenge, and the other is the late-phase response 
(LPR), which occurs spontaneously 6 to 12 hours 
later. Repeated exposure to allergen also leads to 
the development of bronchial hyperresponsive- 
ness to nonspecific bronchial irritants. The EPR is 
mediated primarily by products released from 
mast cell~,~ but the LPR is characterized by the 
influx of inflammatory cells, particularly eosino- 
phils.‘, 3 There is a correlation between the in- 
flammatory events initiated by the LPR and the 
pattern of inflammation observed in biopsy spec- 
imens, and studies of cells recovered by broncho- 
alveolar lavage (BAL).4* 5 This similarity suggests 
that our ability to control the pulmonary inflam- 
mation that characterizes asthma is the key to 
effective treatment. Understanding the mecha- 
nism of the disease process and developing ap- 
propriate therapies requires models of asthma 
that mimic the inflammatory changes of the asth- 
matic lung. Such models have been developed in 
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rabbits,6 sheep,7 squirrel monkeys,’ and guinea 
pigs.‘-” 

THE GUINEA PIG MODEL OF THE LPI? 

In developing a guinea pig model of the LPR,” 
we tried to adhere to atopic asthma. This involves 
challenging and sensitizing animals to allergen by 
the aerosol route and assessing bronchial function 
by plethysmography while they are conscious. We 
recently modified the method of calculating air- 
ways function to include the correction factor 
suggested by Dubois et a1.12 I3 Evidence of inflam- 
matory changes in the lung is obtained by analysis 
of cells recovered by BAL and by histologic ex- 
amination of airways tissue. 

Challenge of sensitized guinea pigs with aero- 
solized ovalbumin results in three phases of air- 
flow reduction (Fig. 1). The early phase is evident 
within 5 minutes, reaches a max.&nun at 2 hours, 
and resolves by 6 hours. The late phase reaches a 
maximum at 17 hours, and a later LPR peaks at 
72 hours.ll These phases are accompanied by 
marked changes in the granulocyte composition of 
the BAL (Fig. 2). The number of neutrophils 
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FIG. 1. The effect of saline solution (open circles) and 2% ovalbumin (closed circles) challenge 
on specific airways conductance (sGawj in sensitized guinea pigs. Each point represents the 
mean ? standard error of the mean of results from 6 to 26 animals. (From Hutson PA, et al. Am 
Rev Respir Dis 1988;137:548-57.) 
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FIG. 2. Total and differential leukocyte counts in bronchoalveolar lavage from sensitized guinea 
pigs challenged with saline solution hatched bars] and 2% ovalbumin (dotted bars). Each bar 
represents the mean +- standard error of the mean of results from six animals. The significance 
of difference between saline solution- and ovalbumin-challenged groups are indicated by 
*p e 0.05 and **p c 0.01. (From Hutson PA, et al. Am Rev Respir Dis 1988;137:548-57.) 

increases rapidly after challenge, reaching a peak that in control animals. In contrast, the number of 
17 hours later when they are 17-fold the number eosinophils rises slowly and reaches a maximum at 
of neutrophils in animals exposed to saline solu- 72 hours, at which time they comprise almost 50% 
tion. By 72 hours, the number of neutrophils falls of the total nucleated cells recovered by BAL. 
to a level that is not significantly different from The number of macrophages and lymphocytes 
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FIG. 3. The effect on specified airways conductance (SGaw) of saline solution (open bars), 0.1 
rng/ml salbutamol (hatched bars), and 10 mg/ml nedocromil sodium (stippled bars) inhaled 15 
minutes before 2% ovalbumin challenge. Each bar represents mean * standard error of the 
mean of data from 6 to 16 animals. * Indicates statistical significance (p < 0.05) between saline 
solution- and drug-treated animals, 
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FIG. 4. The effect of specific airways conductance (sGaw) of saline solution [open bars), 0.1 
mg/ml salbutamol fhatched bars), and 10 mg/ml nedocromil sodium (stippled barsj inhaled 6 
hours after 2% ovalbumin challenge. Each bar represents mean t standard error of the mean of 
data from 6 to 16 animals. * Indicates statistical significance (p < 0.05) between saline solution- 
and drug-treated animals. 

recovered by BAL shows no obvious changes after 
challenge. However, we have recently shownI 
that the number of CD3 +/CD8 - lymphocytes 
rises in the submucosal tissues, which suggests 
that CD4 + helper T lymphocytes maybe involved 
in the inflammatory response after antigen chal- 
lenge. 

DRUG MODULATION OF THE 
LATE RESPONSE 

Prophylactic treatment with antiallergic drugs 
creates very different effects in the early- and 
late-phase responses to allergen challenge in hu- 
man asthm.a. The EPR but not the LPR can be 
presented by p,-adrenergic stimulant drugs such 
as salbutamol (albuterol in the United States) or 
terbutaline,“’ I6 which are potent inhibitors of 
mast cell mediator release.” Corticosteroids, 
which do not prevent mast cell mediator releaseIs 

but have widespread antiinflammatory properties, 
inhibit only the LPR.lh, I7 Cromolyn sodium and 
nedocromil sodium, however, have effects on both 
phases of the response”. 16. I’), ‘” because they 
modify mast cell mediator release*l and have 
antiinflammatory properties.** 

To examine the effects of nedocromil sodium in 
our ginea pig model, a 10 mg/ml solution of the 
drug was aerosolized and inhaled for 2 minutes by 
sensitized guinea pigs. Inhalation occurred 15 
mintues before allergen challenge, 6 hours after 
challenge, or at both times.*” The effect of 
nedocromil sodium on airway changes after oval- 
bumin challenge differed from results obtained in 
animals who inhaled 0.9% sodium chloride saline 
solution or salbutamo1.24 

When administered before challenge (Fig. 3) 
both nedocromil sodium and salbutamol signifi- 
cantly reduced the early phase of bronchocon- 
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TABLE I. The effect of nedocromil sodium and salbutamol on neutrophil and eosinophil 
accumulation in BAL fluid after antigen challenge of sensitized guinea pigs* 

Neutrophils Eosinophils 

Treatment 17 Hr (X IO’) 72 Hr ( x 105) 17 Hr (x 105) 72 Hr (x 106) 

Sensitized nonchallenged animals 0.5 f 0.1 4.9 + 0.9 
Control (challenge and saline 6.6 2 0.8 1.5 f 0.3 19.6 + 2.7 32.9 k 2.8 

solution treatment) 
Nedocromil 

0 2.4 f 0.3? 1.9 k 0.5 16.9 2 4.2 33.6 4 5.1 
6 4.7 k 2.4 2.0 -+ 0.6 11.6 + 2.9 21.0 f 3.8t 
0+6 2.0 f 0.4-f 1.9 It_ 0.4 17.6 + 5.1 14.9 f 5.3t 

Salbutamol 
0 2.6 + 0.4t 2.2 r 0.6 16.5 f 5.2 27.6 k 5.8 
6 5.3 + 0.6 2.0 k 0.4 19.2 zt 5.5 29.9 k 6.1 
0+6 2.2 k 0.5t 1.9 f 0.5 17.6 f 5.3 29.8 + 6.1 

BAL, Bronchoalvcolar lavage. 
*Solutions of nedocromil sodium (10 mg/ml) and salbutamol (0.1 mg/ml) were aerosolized and inhaled at 15 minutes before 

challenge (0); 6 hours after challenge (6); or at both 1.5 minutes before and 6 hours after challenge (0 + 6). Groups of control 
animals inhaled saline solution at the same times, but because the differences between these groups were not statistically 
different, a single mean result is shown (n = 22). For all other groups, results are the mean of observation in six to nine animals. 

tsignificantly different from control (p < 0.05). 

striction. This result is consistent with the ability 
of both drugs to inhibit IgE-dependent mast cell 
mediator release17’ ” and the ability of salbutamol 
to bronchodilate. However, as in humans, the 
drugs had different effects on the LPR, nedocro- 
mil sodium inhibited the LPR, whereas salbuta- 
mol had no significant effect. When given 6 hours 
after challenge (Fig. 4), after the completion of 
the EPR, nedocromil sodium caused a marked 
inhibition of the LPR at both 17 and 24 hours. In 
contrast, salbutamol had only a small but statisti- 
cally significant effect on the 17-hour LPR. 

Both salbutamol and nedocromil sodium have 
mast cell-stabilizing properties. That they have 
different effects on the LPR suggests that mast 
cell mediators are not responsible for the initia- 
tion of the LPR. This conclusion must carry the 
caveat that the drugs inhibit the generation of 
cytokines by mast cells after activation= in ad- 
dition to inhibiting histamine release and 
eicosanoid generation. Studies demonstrating this 
have not been reported. 

Ovalbumin challenge of sensitized guinea pigs 
in the absence of drug treatment induced a 
marked neutrophilia (Table I), which coincided 
with the lowest point in specific airways conduc- 
tance measured at 17 hours. This response was 
suppressed by both salbutamol and nedocromil 
sodium given prophylactically, but not by either 
drug given 6 hours after challenge. 

Two conclusions can be drawn from these ob- 
servations. The first is that the neutrophilia is 
induced probably as a direct result of the actions 
of mediators released during the EPR. This con- 
clusion is supported by reports that neutrophil 
chemotactic factor is released after allergen chal- 
lenge in both human and guinea pig lung.‘@ 27 
Further support comes from clinical observations 
that pretreatment of patients with either cro- 
molyn sodium or nedocromil sodium prevents the 
release of both histamine and neutrophil chemo- 
tactic factor.27-29 The second conclusion is that 
although there is a temporal association between 
the neutrophil rise and the LPR at 17 hours, these 
events do not appear to be linked functionally. 
This was suggested by the fact that abolition of 
the neutrophilia by salbutamol was not accompa- 
nied by a reduction in the LPR. The lack of a 
functional relationship was also supported by ex- 
periments in which we have depleted the neutro- 
phils with a specific anti-serum. This treatment 
failed to modulate the early- or late-phase 
changes in specific airways conductance.13 

The eosinophil has been attracting a great deal 
of attention as a possible mediator of the LPR 
and the acquisition of bronchial hyperresponsive- 
ness.+ 3o Asthma is characterized by marked 
eosinophilia; large numbers of these cells are 
present in the sputum and bronchial biopsy spec- 
imens. When appropriately stimulated, eosino- 
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phils have th.e capacity to secrete a range of 
preformed cytotoxic proteins, including major ba- 
sic protein, e.osinophil cationic protein, eosino- 
Phil-derived neurotoxic protein, and eosinophil 
peroxidase. They also release newly generated 
mediators such as leukotriene C,, platelet-activat- 
ing factor, and active species of oxygen.31 

In our guinea pig model of asthma there is no 
temporal relationship between the degree of 
bronchial eoinophilia, which increases progres- 
sively over the 72 hours after challenge, and the 
LPR to allergen challenge. Furthermore, a single 
dose of nedocromil sodium given either 15 min- 
utes before or 6 hours after challenge ablates the 
17-hour LPR without significantly reducing eo- 
sinophil accumulation at this time (Fig. 3, Fig. 4, 
and Table I). In contrast, a significant fall in 
bronchial eosinophilia accompanied the inhibition 
of the 72-hour LPR produced by nedocromil 
sodium when given either as a single dose 6 hours 
after challenge or as two doses, before and after 
challenge. Clearly, further experiments are neces- 
sary to define the role of eosinophils in the two 
phases of nonimmediate bronchoconstriction.32 
These experiments do show, however, an anti- 
inflammatory effect with nedocromil sodium that 
was not seen with salbutamol in the same 

model.*‘~ 24 

CONCLUSIONS 

With use of a model of asthma in the guinea pig 
we demonstrated the ability of nedocromil sodium 
to inhibit both the early and late phases of reduc- 
tion in spec.ific airways conductance after allergen 
challenge. lnhibition of the early phase is likely to 
represent an effect on mast cells, whereas the 
influence on the LPRs appears to be the result of 
antiinflammatory properties. These results agree 
with Arty’s description of nedocromil sodium as a 
drug to treat airway inflammation.” They also 
demonstrate the usefulness of the guinea pig 
model of asthma to study the mechanism of action 
of antiasthmatic drugs. 
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Effect of nedocromil sodium on airway 
sensory nerves 

Peter J. Barnes, MA, DM, DSc, FRCP London, United Kingdom 

There is increasing evidence that the sensory nerves of the airway play a role in the asthmatic 
response. Nerve endings are exposed by the epithelial shedding that occurs with asthma. lhey 
may become sensitized and activated by inflammatory mediators and may release neuropeptides 
that then spread and amplify the inflammatory process in the airways. Nedocromil sodium 
may prevent the sensory nerves from becoming sensitized and inhibit their activation. This 
possibility is suggested because nedocromil is highly effective against several indirect challenges 
that involve sensory nerve stimulation. Nedocromil sodium was able to inhibit the 
bronchoconsm’ction induced in patients with asthma by eqmsure to bradykinin, sulfur dioxide, 
metabisul’te and ultrasonically nebulized water. Cough, which is a prominent symptom of 
asthma, is believed to be a result of sensory nerve activation. In several long-term clinical 
studies, nedocromil sodium reduces the severity of cough among patients with asthma. Studies 
are needed to define how nedocromil sodium acts on the sensory nerves. (J ALLERGY CLIN 
hUhKJNOL 1993;92:182-6.) 

Neural regulation of the airways is a complex 
process, and there is increasing evidence that 
neural mechanisms may contribute to some of the 
features of asthma.’ For example, hyperalgesia is 
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a common feature of inflammation at many sites 
in the body and may well be present in the 
inflamed airways of patients with asthma. Until 
now, this aspect of asthma has not been empha- 
sized. 


