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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 tm FEV
ozone exposure) and 5 non-responders (<5% decline in, k£bzone) 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 immediatelysbefore O
exposure. In both the responders and non-responders, pre-treatment with nedocromil sodium subsequent ozone
exposure resulted in greater decreases in £&W 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 Oinduced pulmonary function changes in nonsmoking volunteers. [Journal of Turgut Ozal
Medical Center 1998;5(1):34-39]
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Nedocromil sodium’un ozonun neden oldugu solunum fonksiyon degisiklikleri iizerine etkisi

Hava kirliligi sonucu olusan ozon, akcigerleri etkiler ve solunum fonksivonlarinda akut reverzibl restriktif ve
obstriiktif tipte degisiklikler meydana ¢ikabilir. Bu degisikliklerin havayollarindaki sinir uc¢larindan noropeptid
salgilanmast sonucu olabilecegi diistiniilmiistiir. Nedocromil sodium (NS)'un etki mekanizmalar: arasinda
noropeptid salmim inhibisyonu bildirilmektedir ve ozonun sebep oldugu solunum fonksiyon bozukluklarina karst
koruyucu etkisi olabilecegi diisiincesi ile ¢alismamiz diizenlenmistir. Arastirma; 4’ii ozondan etkilenen (FEV,'de
azalma >%15) ve 5'i ozondan etkilenmeyen (FE® azalma <%5) toplam 9 sigara kullanmayan gondllide
yapildl. Herbirine 2 giin NS tedavisi (14 mg/giin) verildikten sonra ozel olarak hazirlanmig odacik icinde, 30
dakika egzersiz ile  0.25-0.30 ppm ozon uygulandr. Her iki grupta da NS ile tedavi edilen olgularda; ilag
kullanilmadan uygulanan ozon sonucunda olusan solunum fonksiyon degisikliklerine gore ozellikle FEV, ve
FVC’de anlamli azalma saptandr (p<0.05). Sonuglarimiza gore; nedocromil sodium’un ozonun solunum
Sfonksivonlart iizerindeki olumsuz etkilerini arttrdigr kawmisina varildi. [Turgut Ozal Tip Merkezi Dergisi
1998;5(1):34-39]
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Ozone is the major Component of most po||uted’]0rma| subjects are quite responsive (>15% decline in
outdoor environments in the world. This forced expiratory volume 1 second (FGMo ozone
photochemical oxidant is formed by atmosphericeXposure) whereas other subjects can be quite
reactions from other pollutants including volatile insensitive to ozone (<5% decline in FE¥ ozone

organic Compounds and oxides of nitrogen (1,2) exposure). The volunteers first characterized

. according to their response to ozone exposure. This
Ozone exposure can result in significant adverse : . )
: . . . -~ ~eéxposure consisted of 30 minutes of exercise on a
health effects including hypersecretion, inflammation, . :
o . . cycle ergometer (Mijnhardt model Kem-3) in an

epithelial  cell  damage, increased  airway ° . :
. .2 environmental chamber (2.1x1.9x1.1 meter stainless
responsiveness, edema and bronchoconstriction . .
. - steel chamber located at the Methodist hospital) at an

Although the mechanism of these effects isn't well

o . ozone concentration of 0.25-0.30 ppm. An ozone
known, it is suggested that some metabolites of ozone
) : : enerator (OREC model V5AR) was connected to the
like oxygen radicals may stimulate cells or neura . .
; chamber. Ozone concentration was continuously
elements to cause the release of inflammator . . -
onitored with an ozone photometer (Dasibi Model

mediators. Some studies demonstrated these mediattirao8 analyzer). The workload on the cycle ergometer

in the bronchial lavage of subjects after 0z0NSyas adjusted so that each subject achieved a minute
exposure (3-6).

ventilation of 30 liters/min/fh of body surface.
Nedocromil sodium (NS) is a newer and moreSpirometry performed before and after exposure.
potent analog of chromolyn sodium. Both of theseResistance of airways (Raw), total lung capacity
agents may be effective by either stabilizing mast cellsTL.C), expiratory residual volume (ERV), residual
or by inhibiting neuropeptide release from nerveyolume (RV) were determined by using a variable
endings such as C-fibers (7,8). pressure body plethysmograph. Then 5 nonresponders
Nedocromil sodium may act by inhibiting and 4 responders were included to the study.
neuropeptide release and thus could possibly prevent Study was done according to these steps:

ozone induced decrements in pulmonary functions.

The study is planned to show the effect of NS in Step I: Every su_bject exerused_ 30 minutes on a
. . cycle ergometer (adjusted as mentioned above) in the
human pulmonary functions with ozone exposure.

room air.

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

Approval for this study was obtained from the  gstep |II: Every subject exposed to 0.25-0.30 ppm
Human Reseaych Committee of Baylor College 0bzone on a cycle ergometer in the environmental
Medicine. Subjects were between 18-45 yr. of ageghamber for 30 minutes after 2 days of nedocromil
nonsmokers and had no medical condition that wouldsgium inhalation therapy with the last dose
make exercise hazardous. All subjects underwent gfhmediately before ozone exposure (4x2 puff/day, 14
evaluation of a history and physical examination. Theng/qay).

subjects that had no allergy and pulmonary disease Spi ; d bef d aft
history and having normal physical examination and pirometry was performed before and after every

pulmonary function tests were included to the Studyfaxeruse in the three steps and at least 2 weeks interval

Informed consent was obtained prior to entry. was given between every step.
It is known from the previous studies that there is g | 1€ characteristics of the subjects were shown in

variability of responsiveness among human subjects t ak()jle 1. Eight malg and 1 ngaledwze ipﬁluded o the
the physiological effects of ozone exposure. Som@&tudy, ages were between 24 an with a mean age

Table 1.Characteristics of the subjects

Sub No FEW 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 70.00t 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
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of 32.55+6.89.

. Ok

The symptoms of the subjects after ozone ey
exposure and NS+ozone exposure were asked,i: s
inspected and classified as; 1L e
0: no symptom1: mild, 2: moderate3: severe4: Sy
very severe. Ve
Wilcoxon paired sample and Mann-Whitney U K Rgicn |
tests were used for statistical analysis. —
l.'l."!“-ﬁ.l-
RESULTS ERVO0 |
PR

Pulmonary function changes after ozone exposure —
and ozone exposure after 2 days of Nedocromil ;; wea|
sodium therapy in 9 healthy nonsmoker subjects were

FEF1O0

compared in Figure 1. Pretreatment with NS and S —
subsequent ozone exposure resulted in greater i e IR Wl DT s oo L KT
decreases in FEVand forced vital capacity (FVC) Liers

than with ozone exposure alone (p<0.05). ERV, IC, Figure 2. Comparison of pulmonary function tests between
TLC was decreased and RV, Raw was increased both responders and non-responders after NS#@d Q

in NS+ozone exposure and ozone exposure alone.

When the responders and nonresponders were FEV1, FVC, IC, and TLC both decreased in the
compared FEYand FVC were significantly lower in responders and nonresponders, but more after the NS
the responders than the nonresponders after ozoH&atment+ozone exposure than the ozone exposure
exposure (p<0.05). Decline of FE\and FVC after alone. Raw and RV increased both after the ozone
NS+ozone exposure was significantly higher than th&XPosure and NS+ozone exposure in responders; but
decline after ozone exposure alone in the" nonresponders Raw and RV increased only after

nonresponders (p<0.05) (Table 2). NS+ozone exposure (Fig. 2).
Cough, chest tightness and throat irritation were

I,-:.!:.Elﬂ - the most common symptoms after ozone exposure
@ U=ang (Table 3). This symptoms worsened after the

04 - BS54 =  nedocromil treatment+ozone exposure (Figure 3).
Symptoms were more severe in the responders than
[0 the nonresponders. The mild and moderate symptoms
healed in 1 or 2 hours, while the effects of ozone

0467 i - - p-. -+ — continued 24 or 48 hours in the subjects having

severe and very severe symptoms.

DISCUSSION

Ozone is less water-soluble than other pollutants
.6 and penetrates more peripherally.  Ozone
concentration peaks is between 10 AM and 5 PM in
l,F A A A——— the day time and highest levels are in summer, spring
FEV) F¥LC 1C RV TLC ERY and higher in urban than nonurban areas (1,2).
Figure 1. Comparison of pulmonary function test differences befonléXposure to ozone can result in decreases in lung
and after ozone exposure and nedocromil sodium + ozditd1Ction, increases in airway resistance and increases
exposure in 9 subjects in bronchial responsiveness, inflammatory responses

and cellular damage in the epithelium of the
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Table 2. Comparision  of ~ pulmonary  function test petween the presence of substance-P and the degree of
differences before and after, ozone exposure antyidative stress. Other studies have suggested that
nedocromil sodium+ozone exposure in reponderscertain mast cell mediators may be released after

and nonresponders. ozone exposure and could account for some
Responders| Nonresponderd pulmonary changes noted (9). But one of the sj[udigs
(n=4) (n=5) P showed that cyclooxygenase products of arachidonic
FEV; (It Os -0.97+ 0.28 G 0.04 |<0.05 metabolites didn't increase after ozone exposure (13).
NS+0; | -1.23+ 0 | -0.29+ 0.03 [<0.05 . . _ N
05 0.8820.30 0£0.04 |<0.05 Nedocromil sodlu_m is a potent |nh|_b|t0r_ of
FVC (It NS+0s |-1.25: 063 | 026 0.05 [50.05 Mucosal and connective tissue mast cells in primates
EEVIEVE % Os -7+ 1.78 -0.2£ 0.37 [<0.05 and it inhibits antigen-induced bronchoconstriction in
1 0 NS+Qs | -7.5+ 3.28 -1.2:2.13 |>0.05 man (8). It is also a potent inhibitor of reflex
Raw cm HO. T . |2 129+ 061 | -0.52£ 0.47 |<0.05 pronchoconstriction induced by inhaled sulfur dioxide
"7 PINS+0s | 1.07+ 0.44 0.25- 0.21 [>0.05 i i i i
5 535003 oia 01 200z and bradykinin both of which may act by stimulating
3 -0.33= 0. . . <0. . .
airway C-fibers (14).
ERV(D NS+Q; [-0.14+ 0.24 0= 0.05 [>0.05 y (14)
ic (i O3 -0.59+ 0.25 -0.2- 0.34 [>0.05 It was demonstrated before that some of the
NS+Q; [-1.18+ 0.53 | -0.36: 0.09 |>0.05 normal population have sensitivity to ozone, some
Os 023+ 011 | -0.0&0.16 |>0.05 others not (15,16). We supposed to inhibit the ozone
RV NS+0; | 0.1+ 0.2 0.16- 0.09 [>0.05 i i
— : : : effects on pulmonary functions with NS treatment
- -+ - . . . . .
TLC (It Os 0.7=018 | 052026 |70.09 especially in the responders since some animal studies
NS+0; [-1.46+ 0.45 | -0.16- 0.18 |<0.05

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
FEV; 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. FEY 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.

The values are mean differences before and after expasgke

Crispren

Pain
Chest 1.

Congh

Capsaicin the active ingredient of red pepper, in
J ; animals has been shown to stimulate C-fibers and
0 & 10 15 2 a8 causes in man cough and bronchoconstriction (17,18).
Hansson’s study showed that NS treatment failed to

Figure 3. Comparison of the symptoms of 9 subjects after NS+O inhibit the cough and bronchoconstriction induced by
and Q exposure alone inhaled capsaicin (17). Our study results also
suggested that NS effects may be from a different

conductive airways (3,4,9,10-12). These effects ofvay than the C-fibers. Jackson’s study demonstrated

ozone are more obvious when ozone level is moréhat inhaled NS do not inhibit but stimulates C fiber
than 0.2 ppm (3). endings (19). This study can help us to understand the
The mechanism responsible from these ozonBechanism of NS effects in ozone induced pulmonary
induced pulmonary changes are not well understoodunction changes. In the other hand, NS was found
Recent studies have shown that the neuromediat§ffective in the asthmatic patients troubled by exercise
substance-P and 8 epiprostoglandigyf (a marker induced symptoms in many studies (20-22). Rubi_nch_ik
of oxidative stress) are increased in the conductiv8nd colleagues demonstrated that mast cells activation

airways in normal subjects after ozone exposure (6fan be inhibited by NS in vitro (23). One in vitro
These results suggest that ozone can activate C-fibepldy indicated that NS inhibits IgE synthesis (24).

(sources of substance-P) and there is a correlatidfSC many studies confirmed that NS or cromolyn

Throat 111,
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Table 3.Comparison of the symptoms aftes €posure and NS+0

Throat irritation Cough Chest thightness Pain Dispne
Name [e7] NS+Oz O3 NS+Oz O3 NS+0; O3 NS+0; O3 NS+0;
GN 4 4 2 4 2 4 2 4 4 4
EB 1 1 2 2 0 1 2 2 0 0
w AW 0 2 0 2 0 3 0 2 0 1
%’ KJ 1 1 0 0 1 2 1 2 0 0
O 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
Total 10 17 5 16 7 21 5 15 4 9

in nonresponders and they also became sensitive
ozone.

sodium are both significantly effective for treatmente'

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 responge

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 @ induced pulmonary function changes in
nonsmoking subjects. The mechanism is uncertain but
will be studied further by measuring neuropeptides in 1
the airway lining fluid after @ exposure with and
without pretreatment with Nedocromil sodium.
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