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Nedocromil Sodium Worsens Ozone-Induced Lung Function Changes in
Healthy Non-Smoking Subjects
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Ozone exposure can result in acute reversible restrictive and obstructive lung functions changes. The
mechanism for these changes may be related to release of neuropeptides from sensory nerve endings in the
airway. Nedocromil sodium may act by inhibiting neuropeptide release and thus could possibly prevent ozone-
induced decrements in lung function. Four responders (non-smoking volunteers with >15% decline in FEV1 to
ozone exposure) and 5 non-responders (<5% decline in FEV1 to ozone) were exposed to 30 minutes of exercise
in 0.25-0.30 ppm ozone after receiving 2 days of nedocromil sodium with the last dose immediately before O3

exposure. In both the responders and non-responders, pre-treatment with nedocromil sodium subsequent ozone
exposure resulted in greater decreases in FEV1 and FVC than with ozone exposure alone (p<0.05). Nedocromil
sodium which is thought to work in part by inhibiting release of neuropeptides from airway sensory nerve
endings worsened O3

- induced pulmonary function changes in nonsmoking volunteers. [Journal of Turgut Özal
Medical Center 1998;5(1):34-39]
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Table 1. Characteristics of the subjects

Sub No FEV1 diff (%) Race Sex Age Hight Weight
B C M F (Inch) (Lb)

Responder 4 -25.75 1 3 4 27.25 ± 2.36 68.75 ± 7.45 173.0 ± 19.3
Nonresponder 5 -0.8 1 4 4 1 36.8 ± 3.4 70.00 ± 5.09 172.6 ± 20.4

9 p<0.05 p>0.05 p>0.05 p<0.05 p>0.05 p>0.05

Ozone is the major component of most polluted
outdoor environments in the world. This
photochemical oxidant is formed by atmospheric
reactions from other pollutants including volatile
organic compounds and oxides of nitrogen (1,2).

Ozone exposure can result in significant adverse
health effects including hypersecretion, inflammation,
epithelial cell damage, increased airway
responsiveness, edema and bronchoconstriction.
Although the mechanism of these effects isn’t well
known, it is suggested  that some metabolites of ozone
like oxygen radicals may stimulate cells or neural
elements to cause the release of inflammatory
mediators. Some studies demonstrated these mediators
in the bronchial lavage of subjects after ozone
exposure (3-6).

Nedocromil sodium (NS) is a newer and more
potent analog of chromolyn sodium. Both of these
agents may be effective by either stabilizing mast cells
or by inhibiting neuropeptide release from nerve
endings such as  C-fibers (7,8).

Nedocromil sodium may act by inhibiting
neuropeptide release and thus could possibly prevent
ozone induced decrements in pulmonary functions.
The study is planned to show the effect of NS in
human pulmonary functions with ozone exposure.

SUBJECTS AND METHOD

Approval for this study was obtained from the
Human Research Committee of Baylor College of
Medicine. Subjects were between 18-45 yr. of age,
nonsmokers and had no medical condition that would
make exercise hazardous. All subjects underwent an
evaluation of a history and physical examination. The
subjects that had no allergy and pulmonary disease
history and having normal physical examination and
pulmonary function tests were included to the study.
Informed consent was obtained prior to entry.

It is known from the previous studies that there is a
variability of responsiveness among human subjects to
the physiological effects of ozone exposure. Some

normal subjects are quite responsive (>15% decline in
forced expiratory volume 1 second (FEV1) to ozone
exposure) whereas other subjects can be quite
insensitive to ozone (<5% decline in FEV1 to ozone
exposure). The volunteers first characterized
according to their response to ozone exposure. This
exposure  consisted of 30 minutes of exercise on a
cycle ergometer (Mijnhardt model Kem-3) in an
environmental chamber (2.1x1.9x1.1 meter stainless
steel chamber located at the Methodist hospital) at an
ozone concentration of 0.25-0.30 ppm. An ozone
generator (OREC model V5AR) was connected to the
chamber. Ozone concentration was continuously
monitored with an ozone photometer (Dasibi Model
1008 analyzer). The workload on the cycle ergometer
was adjusted so that each subject achieved a minute
ventilation of 30 liters/min/m2 of body surface.
Spirometry performed before and after exposure.
Resistance of airways (Raw), total lung capacity
(TLC), expiratory residual volume (ERV), residual
volume (RV) were determined by using a variable
pressure body plethysmograph. Then 5 nonresponders
and 4 responders were included to the study.

Study was done according to these steps:

Step I: Every subject exercised 30 minutes on a
cycle ergometer (adjusted as mentioned above) in the
room air.

Step II: Every subject exposed to 0.25-0.30 ppm
ozone on a cycle ergometer in the environmental
chamber for 30 minutes.

Step III: Every subject exposed to 0.25-0.30 ppm
ozone on a cycle ergometer in the environmental
chamber for 30 minutes after 2 days of nedocromil
sodium inhalation therapy with the last dose
immediately before ozone exposure (4x2 puff/day, 14
mg/day).

Spirometry was performed before and after every
exercise in the three steps and at least 2 weeks interval
was given between every step.

The characteristics of the subjects were shown in
Table 1. Eight male and 1 female were included to the
study, ages were between 24 and 44 with a mean age



7XUJXWg]DO7ÕS0HUNH]L'HUJLVL���������

&� +DVDQR÷OX YH DUN�1HGRFURPLO VRGLXP
XQ R]RQD ED÷OÕ VROXQXP IRQNVL\RQ GH÷LúLNOLNOHULQH HWNLVL

36

Figure 2. Comparison of pulmonary function tests between
responders and non-responders after NS+O3  and O3

of 32.55±6.89.

The symptoms of the subjects after ozone
exposure and NS+ozone exposure were asked,
inspected and classified as;

0: no symptom, 1: mild, 2: moderate, 3: severe, 4:
very severe.

Wilcoxon paired sample and Mann-Whitney U
tests were used for statistical analysis.

RESULTS

Pulmonary function changes after ozone exposure
and ozone exposure after 2 days of Nedocromil
sodium therapy in 9 healthy nonsmoker subjects were
compared in Figure 1. Pretreatment with NS and
subsequent ozone exposure resulted in greater
decreases in FEV1 and forced vital capacity (FVC)
than with ozone exposure alone (p<0.05). ERV, IC,
TLC was decreased and RV, Raw was increased both
in NS+ozone exposure and ozone exposure alone.

When the responders and nonresponders were
compared FEV1 and FVC were significantly lower in
the responders than the nonresponders after ozone
exposure (p<0.05). Decline of FEV1 and FVC after
NS+ozone exposure was significantly higher than the
decline after ozone exposure alone in the
nonresponders (p<0.05) (Table 2).

FEV1, FVC, IC, and TLC both decreased in the
responders and nonresponders, but more after the NS
treatment+ozone exposure than the ozone exposure
alone. Raw and RV increased both  after the ozone
exposure and NS+ozone exposure in responders; but
in nonresponders Raw and RV increased only after
NS+ozone exposure (Fig. 2).

Cough, chest tightness and throat irritation were
the most common symptoms after ozone exposure
(Table 3). This symptoms worsened after the
nedocromil treatment+ozone exposure (Figure 3).
Symptoms were more severe in the responders than
the nonresponders. The mild and moderate symptoms
healed in  1 or 2 hours, while the effects of ozone
continued   24 or 48 hours in the subjects having
severe and very severe symptoms.

DISCUSSION

Ozone is less water-soluble than other pollutants
and penetrates more peripherally. Ozone
concentration peaks is between 10 AM and 5 PM in
the day time and highest levels are in summer, spring
and higher in urban than nonurban areas (1,2).
Exposure to ozone can result in decreases in lung
function, increases in airway resistance and increases
in bronchial responsiveness, inflammatory responses
and cellular damage in the epithelium of the

Figure 1. Comparison of pulmonary function test differences before
and after ozone exposure and nedocromil sodium + ozone
exposure in 9 subjects
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Table 2. Comparision of pulmonary function test
differences before and after, ozone exposure and
nedocromil sodium+ozone exposure in reponders
and nonresponders.

Responders
(n=4)

Nonresponders
(n=5)

    p

O3 -0.97� 0.28     0� 0.04 <0.05FEV1 (lt)
NS+O3 -1.23� 0 -0.29� 0.03 <0.05
O3 -0.88�0.30 0�0.04 <0.05

FVC (lt)
NS+O3 -1.25� 0.63 -0.26� 0.05 >0.05
O3 -7� 1.78 -0.2� 0.37 <0.05

FEV1/FVC  %
NS+O3 -7.5� 3.28 -1.2� 2.13 >0.05
O3 1.29� 0.61 -0.52� 0.47 <0.05

Raw cm H2O. 1-1 .s
NS+O3 1.07� 0.44 0.25� 0.21 >0.05
O3 -0.33� 0.08 0.14� 0.14 <0.05

ERV (lt)
NS+O3 -0.14� 0.24 0� 0.05 >0.05
O3 -0.59� 0.25 -0.2� 0.34 >0.05

IC (lt)
NS+O3 -1.18� 0.53 -0.36� 0.09 >0.05
O3 0.23� 0.11 -0.08� 0.16 >0.05

RV (lt)
NS+O3 0.1� 0.2 0.16� 0.09 >0.05
O3 -0.7� 0.18 -0.57� 0.26 >0.05

TLC (lt)
NS+O3 -1.46� 0.45 -0.16� 0.18 <0.05

The values are mean differences before and after exposure � SE

Figure 3. Comparison of the symptoms of 9 subjects after NS+O3

and O3 exposure alone

conductive airways (3,4,9,10-12). These effects of
ozone are more obvious when ozone level is more
than 0.2 ppm (3).

The mechanism responsible from these ozone
induced pulmonary changes are not well understood.
Recent studies have shown that the neuromediator
substance-P and 8 epiprostoglandin F2alpha  (a marker
of oxidative stress) are increased in the conductive
airways in normal subjects after ozone exposure (6).
These results suggest that ozone can activate C-fibers
(sources of substance-P) and there is a correlation

between the presence of substance-P and the degree of
oxidative stress. Other studies have suggested that
certain mast cell mediators may be released after
ozone exposure and could account for some
pulmonary changes noted (9). But one of the studies
showed that cyclooxygenase products of arachidonic
metabolites didn’t increase after ozone exposure (13).

Nedocromil sodium is a potent inhibitor of
mucosal and connective tissue mast cells in primates
and it inhibits antigen-induced bronchoconstriction in
man (8). It is also a potent inhibitor of reflex
bronchoconstriction induced by inhaled sulfur dioxide
and bradykinin both of which may act by stimulating
airway C-fibers (14).

It was demonstrated before that some of the
normal population have sensitivity to ozone, some
others not (15,16). We supposed to inhibit the ozone
effects on pulmonary functions with NS treatment
especially in the responders since some animal studies
showed that NS may inhibit some side effects of
ozone exposure and respiratory resistance can be
diminished by 50% with cromolyn sodium
pretreatment (13). Surprisingly, the results of the
pulmonary function tests revealed that the decreases in
FEV1 and FVC worsened after the NS treatment The
nonresponders in our study who weren’t sensitive to
ozone  became sensitive after two days NS treatment
and showed pulmonary function changes like
responders. FEV1, FVC, IC and TLC decreased
whereas RV and Raw increased. Also the symptoms
of the responders and nonresponders deteriorated after
pretreatment of NS with ozone exposure.

Capsaicin the active ingredient of red pepper, in
animals has been shown to stimulate C-fibers and
causes in man cough and bronchoconstriction (17,18).
Hansson’s study showed that NS treatment failed to
inhibit the cough and bronchoconstriction induced by
inhaled capsaicin (17). Our study results also
suggested that  NS effects  may be from a different
way than the C-fibers. Jackson’s study demonstrated
that inhaled NS do not inhibit but stimulates C fiber
endings (19). This study can help us to understand the
mechanism of NS effects in ozone induced pulmonary
function changes. In the other hand, NS was found
effective in the asthmatic patients troubled by exercise
induced symptoms in many studies (20-22). Rubinchik
and colleagues demonstrated that mast cells activation
can be inhibited by NS in vitro (23). One in vitro
study indicated that NS inhibits IgE synthesis (24).
Also many studies confirmed that NS or cromolyn
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Table 3. Comparison of the symptoms after O3 exposure and NS+O3
Throat irritation Cough Chest thightness Pain Dispne

Name O3 NS+O3 O3 NS+O3 O3 NS+O3 O3 NS+O3 O3 NS+O3

GN 4 4 2 4 2 4 2 4 4 4
EB 1 1 2 2 0 1 2 2 0 0
AW 0 2 0 2 0 3 0 2 0 1
KJ 1 1 0 0 1 2 1 2 0 0
AH 2 3 0 2 1 2 0 0 0 0
MK 1 2 0 2 0 2 0 1 0 1
CM 0 1 0 0 1 3 0 2 0 1
JL 0 1 0 1 1 1 0 1 0 1
JL 2 2 1 3 1 3 0 1 0 1

R
E

S
P

O
N

S
E

Total 10 17 5 16 7 21 5 15 4 9

sodium are both  significantly effective for treatment
of mild to moderate asthma (25-27).

According to our study results, NS didn’t inhibit
the bronchoconstriction and restrictive pulmonary
effects of ozone. Controversy, NS increased these
effects of ozone and also provoked the ozone response
in nonresponders and they also became sensitive to
ozone.

In conclusion; nedocromil sodium which is
thought to work in part by inhibiting release of
neuropeptides from airway sensory nerve endings that
is known to be released after ozone exposure,
worsened O3

- induced pulmonary function changes in
nonsmoking subjects. The mechanism  is uncertain but
will be studied further by measuring neuropeptides in
the airway lining fluid after O3 exposure with and
without pretreatment with Nedocromil sodium.

REFERENCES

1. Committee on biologic effects of environmental pollutants.
Chemical origin in : Ozone and other photochemical oxidants.
Edited by committee on biologic effects of environmental
pollutants. Washington, DC National academy of sciences
1977; 13.

2. Kinney PL, Ware JH, Spengler JD. A critical evaluation of
acute ozone epidemiology results. Arch Environment Health
1988; 43: 168-73.

3. Folinsbee LJ, Bedi JF, Horvath SM. Pulmonary function
changes after 1 hr continuos heavy exercise in 0.21 ppm
ozone. J Appl Physiol: Respirat Environ. Exercise Physiol
1984; 57(4): 984-8.

4. Brunekreff B, Hoek G, Breugelmans O, Leentvaar M.
Respiratory effects of low-level photochemical air pollution in
amateur cyclists. Am J Respir Crit Care Med 1994; 150: 962-
6.

5. Ying RL, Gross KB, Terzo TS, Eschenbacher WL.
Indomethacin does not inhibit the ozone-induced increase in
bronchial responsiveness in human subjects. Am Rev Respir
Dis 1990; 142: 817-21.

6. Hazbun ME, Hamilton R, Holian A, Eschenbacker WL.
Ozone-induced increases in substance P and 8-epi-
prostaglandin F2α in the airways of human subjects. Am J
Respir Cell Mol Biol 1993; 9:568-72.

7. Dixon M, Jackson DM, Richards IM. The action of sodium
cromoglycate on ‘C’ fiber endings in the dog lung. Br J
Pharmac  1980; 70:11-3.

8. Miller PD, Ainsworth D, Lam HF, Amdur MO. Indometacin
and cromolyn sodium after ozone-induced changes in lung
function and plasma eicosanoid concentrations in guinea pigs.
Toxicol Appl Pharmacol  1988; 93: 175-86.

9. Kleeberger SR, Seiden JE, Levitt RC, Zhang LY. Mast cells
modulate acute ozone induced inflammation of the Maurine
lung. Am Rev Respir Dis 1993; 148: 1284-91.

10. Koren HS, Devlin RB, Graham DE, Mann R, McGee MP, et
al. Ozone-induced inflammation in the lower airway of human
subjects. Am Rev Respir Dis 1989;139:407-15.

11. Horvarth SM, Gliner JA, Folinsbee LJ. Adaptation to ozone:
Duration of effect. Am Rev Respir Dis 1981; 123: 496-9.

12. Kreit JW, Gross KB, Moore TB, Lorenzen TJ, D’Arcy J,
Eschenbacher WL. Ozone induced changes in pulmonary
function and bronchial responsiveness in asthmatics. J Appl
Physiol  1989; 66(1):217-22.

13. Fouke JM, DeLemos RA, Dunn MJ, McFadden ER JR. Effects
of ozone on cyclooxygenase metabolites in the baboon
tracheobronchial tree. J Appl Physiol  1990; 69(1):245-50.

14. Dixon CMS, Fuller RW, Barnes PJ. Effect of nedocromil
sodium on sulfur dioxide induced bronchoconstriction. Thorax
1987; 42:462-5.

15. Gerrity TR, McDonnell WF, House D. The relationship
between delivered ozone dose and functional responses in
humans. Toxicol Appl Pharmacol  1994; 124:275-83.

16. McDonnell WF, Muller KE, Bromberg PA, Shy CM.
Predictors of individual differences in acute response to ozone
exposure. Am Rew Respir Dis 1993; 147:818-25.

17. Hansson L, Choudry NB, Fuller RW, Pride NB. Effect of
nedocromil sodium on the airway response to inhaled
capsaicin in normal subjects. Thorax 1988; 43:935-6.

18. Collier JG, Fuller RW. Capsaicin inhalation in man and the
effect of sodium cromoglycate. Br J Pharmacol 1984; 81:113-
7.

19. Jackson DM, Norris AA, Eady RP. Nedocromil sodium and
sensory nerves in the dog. Pulmonary Pharmacology  1989; 2:
179-84.



Journal of Turgut Özal Medical Center 5(1):1998

Nedocromil sodium worsens ozone-induced lung function changes+DVDQR÷OX &� et al.

39

20. Cavallo A, Cassaniti C, Glogger A, Magrini H. Action of
nedocromil sodium in exercise-induced asthma in adolescents.
J Invest Allergol Clin Immunol 1995; 5(5): 286-8.

21. Del Bono L, Dente FL, Patalano F, et al. Protective effect of
nedocromil sodium and sodium cromoglycate on
bronchospasm induced by cold air. Eur J Respir Dis 1986; 69:
268-70.

22. Morton AR, Ogle SL, Fitch KD. Effects of nedocromil sodium,
cromolyn sodium and placebo in exercise induced asthma. Ann
Allergy 1992; 68: 143-8.

23. Rubinchik E, Norris A, Levi Schaffer F. Modulations of
histamine release from mast cells by interleukin-2 is affected
by nedocromil sodium. Int J Immunopharmacol 1995 Jul;
17(7): 563-70.

24. Loh RK, Jabara HH, Geha RS. Mechanisms of inhibition of
IgE synthesis by nedocromil sodium: nedocromil sodium
inhibits deletional switch recombination in human B cells. J
Allergy Clin Immunol  1996; 97(5): 1141-50.

25. Schwartz HJ, Blumenthal M, Brady R, Braun S, Lockey R,
Myers D, Mansfield L, Mullarkey M, Owens G, Ratner P,
Repsher L, van As A. A comparative study of the clinical
efficacy of nedocromil sodium and placebo. How does

cromolyn sodium compare as an active control treatment?.
Chest 1996; 109(4): 945-52.

26. Pujet JC, Braunstein GL. Comparative study of the
acceptability of Tilade Syncroner and Tilade Standard by
mildly asthmatic patients. Syncroner Trial Research Group.
Allerg Immunol Paris 1995; 27(10): 377-83.

27. Marin JM, Carrizo SJ, Garcia R, Ejea MV. Effects of
nedocromil sodium in steroid-resistant asthma: a randomized
controlled trial. J Allergy Clin Immunol  1996;97(2):602-10.

Correspondence :+� &DQDQ +$6$12ö/8� 0'
øQ|Q� 8QLYHUVLW\ 6FKRRO RI 0HGLFLQH

Department of Internal Medicine
  44069     Kampüs, MALATYA

Fax : + (422) 341-0610
E-Mail Address  :  ahasanoglu@ihlas.net.tr


