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Background: Acyclovir (9-[2-hydroxyethoxymethyl] guanine),
an inhibitor of the DNA polymerase of the herpes virus, has
been reported to exhibit pharmacologic activity other than
antiviral activity, including antiasthmatic effects.

Objective: This study was designed to investigate the protec-
tive effect of acyclovir on airway responsiveness to the
sulpyrine provocation test and to investigate whether this pro-
tective activity is associated with a reduction in aspirin-
induced excretion of urinary leukotriene E, (u-LTE 4), a mark-
er of cysteinyl leukotriene (LT) overproduction that partici-
pates in the pathogenesis of aspirin-induced asthma.
Methods: We assessed the effects of pretreatment with acy-
clovir on bronchoconstriction precipitated by inhalation of
sulpyrine in 16 adult patients with mild or moderate aspirin-
induced asthma; those who were in stable clinical condition
and were hyperresponsive to the sulpyrine provocation test
were allocated to this study. A double-blind, randomized,
cross-over design was used. u-LTfvas measured by a com-
bined reverse-phase HPLC enzyme immunoassay.

Results: Acyclovir protects against aspirin-induced attacks of
asthma through mechanisms unrelated to its bronchodilator
property but related to the improvement of bronchial hyper-
sensitivity to sulpyrine; protection was nearly complete in all
patients (P < .0001). By contrast, after acyclovir, the maximum
level of u-LTE, in patients was significantly lower than that in
control subjects P < .01).

Conclusion: Our results suggest that acyclovir is not only an
antiviral drug but also an inhibitor of analgesic-induced bron-
choconstriction, probably acting by inhibiting the release of
cysteinyl LTs. (J Allergy Clin Immunol 1998;102:909-14.)
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Abbreviations used
FVC: Forced vital capacity
LT: Leukotriene
PG: Prostaglandin
u-LTE,: Urinary leukotriene E

Acyclovir (9-[2-hydroxyethoxymethyl] guanine) is an
antiviral drug especially effective in herpes virus infec-
tion.1 The antiviral effect of acyclovir is probably achieved
by inhibition of the DNA polymerase of the herpes virus.
Acyclovir has been reported to exhibit several pharmaco-
logic functions other than antiviral activity, such as an anti-
asthmatic effect;# an antirheumatic effeétand efficacy
in improving aplastic anemf&’ In particular, some reports
indicate that acyclovir reduces hypersensitivity to acetyl-
salicylic acid or other nonsteroidal antiinflammatory
agents in patients with aspirin-induced astfifa.

The prevalence of aspirin-induced asthma is close to
20% in the general asthmatic populattdf§,and in the
subset of asthmatic subjects with nasal polyps and sinusi-
tis, its prevalence was shown to be 34% of those subjects
prospectively challenged with acetylsalicylic a&fd.
Although aspirin-induced asthma has been widely recog-
nized as a clinical entity since the beginning of this centu-
ry, the exact pathologic mechanism for the production of
this syndrome still remains obscure. Some possible mech-
anisms have been proposed for aspirin-induced asthma,
such as bronchial overproduction of leukotrienes (LTs)
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production of bronchoconstrictive PGs (eg, RGiztabo-

lite 9a and 1B-PGF,)14.15chronic viral infectior and

some other factors have also been hypothesized to be

involved in the pathogenesis of aspirin-induced asthma.
On the other hand, current evidence indicates that

cyclooxygenase inhibition and increased production of
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reactions. Aspirin sensitivity has disappeared in some
patients with aspirin-induced asthma during acyclovir
treatment for herpes simplex infecti®a.
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TABLE I. Baseline characteristics of 16 patients in a study of the effects of acyclovir in patients with aspirin-induced asthma

Patient Age FEV, FVC) Eosinophils  IgE (RIST)

no Sex (y) Atopy (% predicted) (% predicted (%) (U/mL) Medication
1 M 36 HD, Gr 66 98 8 480 T,B

2 M 32 Cd 60 96 4 118 IS, T,B
3 M 20 HD, C, Gr 77 120 7 560 IS, B

4 M 45 None 54 92 5 149 T,B

5 M 52 None 66 96 2 222 IS, B

6 M 44 None 72 94 3 106 IS, B

7 M 40 Cd 66 98 8 210 IS, B

8 F 38 Gr, HD 70 100 5 153 T,B

9 F 32 C 76 88 4 48 B

10 F 36 None 60 92 6 320 IS, B
11 F 26 Cd 61 104 4 410 IS, B
12 F 48 None 67 94 5 120 T,B
13 F 40 None 68 84 4 115 T,B
14 F 42 None 52 96 6 89 IS, T,B
15 F 54 HD, Cd 74 121 10 620 T,B
16 F 56 None 51 79 11 60 T,B

HD, House dust; C, cat; Gr, grass; Cd, Candida; T, theophylline; B, inBalegonist on demand; IS, inhaled steroids.

The aim of this study is to confirm previous observa-  Sulpyrine inhibits cyclooxygenase and thus may share a com-
tions of the protective activity of acyclovir against aspirin- mon mechanism of action with aspirin, although its inhibitory activ-
induced asthma and to investigate the mechanism of thity is less potent than that of aspiffhThe sulpyrine provocation
protective effect. This study was also designed to examintest is now wio!ely used for di‘agnosis Qf aspirin-induced asthma_ in
whether this protective activity is associated with a reduc-Japan. Bronchial challenge with sulpyrine was performed.accordmg
tion in sulpyrine-induced urinary LTHuU-LTE,), a mark- to the standard method of the Japanese Allergology Society as pre-

er of the cysteinyl LT overproduction that participates in Y1us!y described: Fresh pulverized sulpyrine (Astra Japan, Inc,

he pathogenesis of aspirin-induced asthma. Osaka, Japan) was dissolved ee_lch day in sa_hne to produce _reagents.
the p 9 P On the first study day, all patients were given a provocation test
after pretreatment with either acyclovir (Nippon Welcome Co, Ltd,
METHODS Kobe, Japan) or a matching placebo in a double-blind, randomized
Subjects manner. On the second study day, subjects were crossed over to
receive alternative treatment and followed identical the procedure at

the same time of day. Each study day began with measurement of
induced asthma diagnosed with mild or moderate asthma accordin Y y cay bed

10 both the J Al | Society’s criteri 4 the Ameri FEV, and forced vital capacity (FVC) for baseline and then inhala-
'I?h 0 . g a'par?ese't .Z;gso <|ng' OC|e3/|s C.n ena an ed/ mfrllca'tion of nebulized saline to rule out a nonspecific obstructive reac-

(iramc d_ometys crl erlt_. utpy;me andlysine aspirin aqt_ or ok ||tion; FEV; was measured 5 minutes before and 5, 10, and 15 min-
metin sodium provocation 1est responses were positive In all o ¢ qger completion of inhalation. If FEMid not fall more than
patients, and the patients were in stable condition and had been fre . ) .

) . ) 10%, the subject entered the main part of the study. The sulpyrine

of symptoms of respiratory infection for at least 6 weeks (Table I). . . .
No subject had ever received praniukast or other anti-LT drugs thaprovocatlon test was performed at concentrations as follows: 10, 20,
. . . . . 100, 250, 500, and 1250 mg/mL for all but 1 subject who was too
interfere with LT production or responsiveness before this study. All o .
other antiallergic drugs were discontinued for 2 weeks before thissgnsmve to challenge at these doses of §u|pyr|n§ and therefore vyas
study. Other treatments, including inhaled corticosteroids, were algven 4.and 10 mg/mL. Thesg co.ncentr.anons .are n accorqance with
withheld for at least 12 hours before the challenge test, except foour.d_all_y protocol of sulpyrine in an inhalation test to diagnose
slow-release theophylline, which was withheld for at least 24a3[2:||n-|nt(_:iucted azthma. tab hial tion test 2
hours!8 No patient required regular oral steroid medications. The . patien St l:jnber\/\ﬁn atZronc kla Erox;}ca |.ont es f(tm (?C(_:a_'
study was conducted according to the ethical standards of our me(smr_]s, separaled by at least = weeks. '_g y minutes a_ era n_1|n|s-
ical center, which require informed consent from each patient. tration of 2 tablets of 400 mg acyclovir or placebo, inhalation
spirometry was performed followed by the provocation test with
inhaled sulpyrine. Spirometry was performed again and recorded at
5, 10, 15, and 30 minutes after inhalation. The provocation test was

This test was performed with a jet nebulizer driven by com- terminated by the administration of an inhaled bronchodilator if
pressed air (Nihon Shoji Co, Ltd, Osaka, Japan). FEV, fell by more than 35% from baseline. The higher of the first

Two tablets of 400 mg acyclovir (total dose of 800 mg) or match-2 satisfactory recordings was taken for analysis. If FEWasured
ing placebo were given orally as pretreatment 80 minutes before thafter the inhalation at the time points mentioned above, did not drop
sulpyrine provocation test. A peak acyclovir concentration of 0.94by more than 10% of the initial values, a higher concentration of
pg/mL was reported at 1.31 + 0.75 hours after administration of arsulpyrine was given. The provocation was stopped when, F&N
800-mg tablet® This is a concentration sufficient to treat herpes to 20% or more from the baseline or when the maximum dose of
virus infection in the phase | clinical study of acyclovir. sulpyrine was reached. Dose-response relations for sulpyrine were

We studied 16 adult patients with clinical histories of aspirin-

Sulpyrine provocation testing
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TABLE Il. Bronchial responses in baseline FEV; and FVC affected by inhalation of placebo and acyclovir

Placebo Acyclovir
Before After Before After
FVvVC 3.49+£0.73 3.38 £0.80 3.36 £0.74 3.40 £0.72
FEV, 2.03 +0.68 2.06 + 0.63 2.08 +0.70 2.07 £0.82

constructed and used for calculation of,REor statistical evalua-  TABLE lll. Individual data for PC,q sulpyrine
tion, their PGy values were set as equal to the highest concentration
of sulpyrine given.

PC, sulpyrine (mg/mL)

Patient no Placebo Acyclovir
Measurement of u-LTE, 1 10 100
Urine was collected before pretreatment with acyclovir or place—2 10 100
bo and at 2- and 4-hour intervals thereafter, and it was stored & 10 250
—20°C until assay. 4 20 100
LTE, was measured by a combined reversed-phase HPLC (Clas§ 10 100
LC-10 system; Shimadzu, Kyoto, Japan) enzyme immunoassay a 20 100
previously describe?® 3H-LTE, (168.4 Ci/mmol; NEN, DuPont, 10 100
Dreierich, Germany) was used as the internal standard; antibody t§ 10 1250
LTE, (Cayman Chem, Ann Arbor, Mich) showed cross-reactivity of 20 100
10% to 25% versus LTELTD, and less than 0.01% versus LB 10 100
Creatinine concentration was measured by using a standard ass 20 100
kit (Sigma, St Louis, Mo); results, corrected according to the 20 100
observed recovery, were expressed as the amount QfgdrEmil- 13 250 1250
ligram of creatinine. 14 10 100
15 20 100
Statistical analysis 16 4 20

Statistical evaluation was done with StatView J-4.02 for Macin-
tosh (Abacus Concepts, Inc, Berkeley, Calif). All g@alues were
logarithmically transformed before analysis, and summary statistics
were expressed as mean * SD. Student’s paitest was used to
compare mean differences. Wilcoxon’s signed-rank test was used
for comparison of the 2 treatment groups at the same time poirl_TE4, reaching a maximum value of 2304 + 528 pg/mg
regarding FEY and u-LTE, values. AP value less than or equal to  creatinine (Fig 2P < .05 compared with baseline). By
05 (2-sided) was considered significant. contrast, after acyclovir, the maximum level of u-LTE
RESULTS was 765 + 252 pg/mg creatinine, which was significant-
) ) . ly lower than placeboR< .05) but not significantly dif-
None of the patients had a severe obstructive reaction erent from baseline. Although the total dose of sulpyrine
sulpyrine, and all could be followed for longer than 120,55 higher on the acyclovir day, u-LJ&as significant-
minutes. Bronchial responses to acyclovir are presented ly lower than on the placebo day. No significant correla-
Table 1l. Baseline FEYand FVC were not significantly tjon was observed between the maximum fall in FBV
affected by administration of either acyclovir or placebo.the concentration of sulpyrine inhaled and the corre-
The results showed that we have not confirmed a brorsponding maximum increase in u-Lf Bfter placebo or
chodilator effect with acyclovir in this study. After pre- between the protection afforded by acyclovir on FEV
treatment with acyclovir or placebo, challenge with decrease and u-LTEexcretion.
sulpyrine caused an obstructive reaction in all patient: None of the subjects reported any adverse effect after
(Table 1l1). After acyclovir, PG, values were obviously —acyclovir administration, and they could not discriminate
improved in all patientsFurthermore, all P&, values between acyclovir and placebo.
transformed logarithmically were elevated significantly DISCUSSION
(Fig 1). Mean log Pgowas 2.12 + 0.43 (SD) after acy-  the mechanism of aspirin-induced asthma remains
clovir versus 1.18 + 0.38 before acyclovit € .0001).  uncertain. Szczekl# hypothesized that aspirin-induced
The results indicate that oral administration of acyclovirasthma develops as the result of chronic viral infection.
protects against sulpyrine-induced bronchoconstrictiorPart of the immunologic response to the infection,
almost completely. expressed by specific cytotoxic lymphocytes, remains
Mean baseline u-LTEwas 902 + 242 pg/mg creati- under inhibitory control of PGE Removal of PGEby
nine before acyclovir versus 906 + 274 pg/mg creatinineanticyclooxygenase analgesics turns off this control
on the placebo day (not significant). After placebo, chal-mechanism and allows cytotoxic reactions to proceed.
lenge with sulpyrine caused a significant decrease in uCytotoxic lymphocytes attack and destroy virus-affected
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FIG 1. Individual results of PC,, sulpyrine at baseline period and after acyclovir. Both results are shown in
mean with bar indicating SD. All PD,, values were logarithmically transformed before analysis, and sum-
mary statistics were expressed as mean + SD.
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FIG 2. Mean urinary LTE, before and during the observation period after placebo (open bars) or acyclovir
(filled bars). *P < .05. N.S., not significant.

cells of the respiratory tract. Active oxygen species, toxicinvolved in the pathogenesis of aspirin-induced asth-
metabolites, and mediators released in the course of theimal1-13The inhibitory effect of acetylsalicylic acid on the
reactions precipitate asthma attacks. However, there is ncyclooxygenase increases formation of bronchoconstrictor
evidence that any virus can cause sporadic cases (LTs by means of shunting of unmetabolized arachidonic
aspirin-induced asthma. acid into metabolism by 5-lipoxygenase. The severity and
It is a widely accepted hypothesis that bronchial over-rapidity of bronchospasm induced by cyclooxygenase-
production of LTs and inhibition of PG synthesis are inhibiting drugs in aspirin-induced asthma are directly
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related to the dose and potency of the drug in inhibiting thbronchoalveolar lavage flLiéthat the main inflammato-
cyclooxygenase. Knapp etZakhowed that excretion of ry mediators associated with aspirin-induced bronchocon-
LTE, was increased during aspirin-induced asthmestriction are cysteinyl LTs that probably originate from
episodes, but the degree of increase for individual patienteosinophils and mast cells in vigb.
did not correlate with the degree of bronchospasm or inhi  Although the exact mechanism of acyclovir in bron-
bition of platelet thromboxane,Bormation. These results choconstriction in aspirin-induced asthma is still unclear,
indicate that although the endogenous synthesis of poteto our knowledge no other article regarding biochemical
bronchoconstrictor LTs increases during aspirin-induce@nd physiologic mechanisms has explained such an effect
bronchospasm, it is unlikely that a direct shunting of unmeof acyclovir. This is the first report that acyclovir has a pro-
tabolized arachidonate into LT synthesis represents thtective effect against bronchoconstriction in aspirin-
mechanism of aspirin-induced asthma. Our results indicatinduced asthma, which may be related to its inhibition of
that pretreatment with acyclovir effectively attenuates analLT production or release. However, inhaled sulpyrine is a
gesic-precipitated bronchoconstriction as previouslyrelatively weak stimulus compared with oral acetylsali-
described:3 cylic acid challenge. The difference between inhalation

We demonstrated that oral administration of acyclovirchallenge with sulpyrine and oral challenge with a full
protects against bronchoconstriction of aspirin-inducectherapeutic dose (650 mg) of acetylsalicylic acid should be
asthma through mechanisms not related to their bronrmade clear. To determine the exact relationship between
chodilator properties but rather related to improvement oacyclovir and LT production or release in aspirin-induced
the hypersensitivity that is evident in almost all patientsasthma, additional studies will be required.
These results accord with the findings reported by In conclusion, we have shown that acyclovir is not only
Nasuhara et 4lthat acyclovir has no direct effect on the an antiviral drug, but also an inhibitor of bronchocon-
function of airway smooth muscle in the guinea pig.striction in aspirin-induced asthma, probably acting by
Okada et &l showed acyclovir inhibits both airway inhibiting production or release of cysteinyl LTs and pos-
obstruction and peribronchial eosinophil accumulation insibly other chemical mediators produced by bronchial
airway smooth muscle. They conclude that the principainflammatory cells. This study raises further interesting
mechanism of the antiasthma effect of acyclovir is inhibi-therapeutic possibilities and warrants further trials of new
tion of the release of chemical mediators from mast &ells.approaches to the treatment of aspirin-induced asthma.

Although it has been thought that acyclovir has no
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an acyclic analogue of the natural nucleotide 2-
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fluid 24 hours after antigen Cha”enge in sensitized guin€:  anti-asthma effect of an antiviral drug, acyclovir: a clinical case and
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