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Abstract 

 
Two experiments explored the difference in common chemical sensitivity 
between smokers and nonsmokers. The first experiment confirmed and extended 
our previous finding that smokers have a higher threshold than nonsmokers for a 
short-latency, reflex transitory apnea in response to a nasal irritant (carbon 
dioxide). The experiment revealed that even short periods of smoking (6-10 min) 
just before the measurement will further impair the smoker's sensitivity to an 
irritant. Application of the novel scaling technique magnitude matching, whereby 
persons judged the perceived magnitude of various levels of an irritant, odorant, 
and tone in the same session, implied that smokers actually perceive irritation 
less keenly than nonsmokers. The psychophysical functions for pungency in the 
two groups suggested that the insensitivity may arise from conductive factors 
(e.g., thickening of the mucus barrier) rather than from neural factors. The results 
of the scaling and those for the threshold for transitory apnea showed excellent 
quantitative agreement and indicated that the threshold for the reflex occurred at 
a criterion level of perceived pungency. 
 
 
 
Keywords: Common chemical sense, Irritation, Odor perception, Reflex apnea, 

Smoking, Trigeminal nerve 
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Introduction 
 
In various mammalian species, inhalation of an irritant can cause a reflex 
depression or inhibition of breathing [2, 3, 5-8, 32]. In human beings, weak 
irritants may cause no discernible change, but strong irritants may cause a 
momentary apnea of the sort that may make the person say that the inhaled 
agent "took my breath away." Most of us have experienced this phenomenon 
upon accidental inhalation of ammonia or bleach. The agent seems to cause a 
"catch" in the inhalation even before the agent can reach the lungs. Various 
experiments have implicated the trigeminal nerve in irritant-induced disruption of 
breathing [4, 6, 31]. This nerve also mediates the sensations of pungency 
triggered by irritants [11]. 
 
Two previous investigations in this laboratory have explored the threshold for 
reflex transitory apnea in human beings upon inhalation of an irritant. One 
compared the threshold for two nostrils versus one [21]. That experiment implied 
bilateral integration of the effect. That is, the concentration necessary to elicit the 
reflex bilaterally fell below that necessary to elicit it unilaterally. The phenomenon 
exhibited excellent quantitative agreement with psychophysical data on 
perceived pungency. The second study found that smokers were 29% less 
sensitive than nonsmokers with respect to the concentration of irritant necessary 
to trigger the reflex [19]. This marked perhaps the clearest indication yet of a 
chemosensory difference between smokers and nonsmokers for an inhaled 
agent. 
 
In the present paper, we give further attention to the difference between smokers 
and nonsmokers. One question of interest was whether sensitivity to the reflex in 
smokers could be diminished further merely by smoking for just a few minutes 
prior to the test. Another question was whether smokers actually perceive an 
irritant as less pungent than nonsmokers. The newly developed method of 
magnitude matching offered a way to address this question. In brief, the method 
requires participants to judge stimuli numerically in more than one sense 
modality on a common scale of perceived magnitude [29]. Careful choice of 
modalities permits one modality to serve as a kind of standard against which to 
compare numerical judgments of perceived magnitude on another. If, for 
instance, we could assume that smokers and nonsmokers have no differences in 
perception of loudness, then we could use test tones of various levels as the 
standard for comparison of perceived pungency when both pungency and 
loudness are judged on a common internal scale of perceived magnitude. 
Loudness had indeed served as the usual standard in magnitude matching. 
 
We chose to incorporate loudness into the present comparison since it has 
already served well. Nevertheless, some studies have indicated that smokers 
may suffer from slight hearing loss presumably because of alterations in the 
middle and inner ear [15, 25, 28]. This matter is in itself an interesting question to 
ask by means of the method of magnitude matching. Because the bulk of data 
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imply virtually no olfactory loss from smoking [20, 26, 27, 30], smell might then 
serve as a reasonable standard modality. If it is true that smokers possess 
impaired sensitivity to pungency, slightly impaired loudness perception, yet 
virtually normal olfaction, then the phenomena should show up in the relative 
positions of psychophysical functions obtained simultaneously in all three 
modalities. 
 
 

Method 
 
Subjects 
 
In the study of reflex apnea to an irritant, 21 smokers (7 males and 14 females; 
average age, 25.4 years; average daily consumption, 15.3 cigarettes ±7.9 (S.D.); 
average years smoking, 9.1±6.6 (S.D.) and 20 nonsmokers (6 males and 14 
females; average age, 25.1 years) participated. In the psychophysical scaling of 
irritation, odor, and sound, 17 smokers (4 males and 13 females; average age, 
24.1 years; average dally consumption, 14.3 cigarettes ±9.4 (S.D.); average 
years smoking, 6.3±4.5 (S.D.)) and 16 nonsmokers (5 males and 11 females; 
average age, 22.2 years) participated. Seven of the subjects employed in the 
scaling experiment also took part on the reflex study. 
 
Equipment 
 
Reflex. An air dilution olfactometer was employed to deliver concentrations of 
CO2 (99.8% purity) to the nostril (right or left). At concentrations above about 
10% by volume, CO2 arouses an irritating pungency, virtually devoid of odor. 
Breathing grade compressed air was used to dilute the CO2 to appropriate 
concentrations. The flowrate delivered by the olfactometer equalled 6 lpm at 
each concentration of CO2. The stimulus flowed from 7 mm o.d. teflon tube 
brought to the nostril by the subject. The participant's contralateral nostril held a 
fine thermocouple (Cu-Constantan) threaded through the wall of a 2-cm segment 
of soft hose placed just inside the rim of the nostril. The thermocouple reference 
lead was placed in an ice-water bath. A single-channel output on a Grass 
Polygraph (Model 7) recorded temperature changes caused by inhalation and 
exhalation through the nasal passage. The changes followed a roughly 
sinusoidal pattern over time, except when the reflex occurred. 
 
Scaling. A two-channel olfactometer was used for the scaling of the pungency of 
CO2 and the odor of isoamyl butyrate (Monsanto, Flavor/Essence). The final 
flowrate in each channel equalled 4 lpm. 
 
A 1,000 Hz tone served as the auditory stimulus for the scaling of loudness. The 
tone was produced by a Heath oscillator and fed through a Hewlett-Packard 
attenuator to a pair of calibrated earphones (Grason-Stadler TDH 39 with MX-
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41/AR ear cushions). 
 

Procedure 
 
Reflex. Participants were seated and instructed to insert the thermocouple 
assembly into one nostril and to breathe through the nose. When given the ready 
signal, the subject inhaled, exhaled, rapidly inserted the end of the stimulus tube 
into the free nostril, inhaled, removed the stimulus tube, exhaled, inhaled, and 
exhaled. In this way, it was possible to obtain three breathing cycles for each 
nostril at each level of CO2: the first normal, the second one with CO2, and the 
third one normal again. The entire procedure was then repeated with the other 
nostril. 
 
The initial trial of a session entailed presentation of 0% CO2 first to one nostril, 
then to the other. The second trial entailed presentation of 20% CO2 successively 
to each nostril. Thereafter, increments occurred in steps of ten percentage points 
(30%, 40%, etc.). Control trials (0%) occurred randomly within the otherwise 
increasing series. The participants were told that the concentrations of CO2 
would be presented in irregular order. Throughout testing, the duration of the 
inspiratory phase was standardized to an interval of two beats emitted by a 
metronome set at 56 beats per minute. 
 
Each session was divided in two parts. The end of the first part occurred when 
the level of CO2 was high enough to disrupt the breathing pattern record, i.e., to 
produce the reflex interruption of inhalation (Fig. 1). Then, the subjects smoked 
(smokers) or rested (nonsmokers) for 6 to 10 min. After this, the second part 
began, and the threshold concentration to elicit the reflex was again measured. 
 
Each participant took part in three sessions. Smokers were asked to refrain from 
smoking at least one hour prior to the session. 
 
Scaling. Subjects sat under a continuously ventilated hood and wore a pair of 
headphones. The subjects were instructed to estimate numerically {method of 
magnitude estimation) the perceived intensity of the sensations evoked by three 
types of stimuli: the odor, the pungent stimulus, and the tone. The instructions 
advised the subjects to concentrate only on the intensity of the stimuli, judging all 
stimuli on a common scale of perceived intensity. Participants were told that the 
range from the lowest to the highest stimuli might be different for the various 
modalities (smell, tingling, tone) [29]. The subjects could assign to the first 
stimulus of each session any number deemed appropriate. Thereafter, they 
assigned numbers proportional to perceived magnitude. For subsequent data 
analysis, variability that arose from differences in the choice of the initial 
judgment was eliminated by conventional means [13]. This normalization 
procedure was performed separately for smokers and nonsmokers. 
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Figure 1. Breathing patterns detected 
by changes in temperature of a nasal 
thermocouple before, during, and 
after presentation of CO2 at a 
concentration sufficient to elicit reflex, 
transitory apnea, The upper tracing 
shows a typical response whereas 
the lower tracing shows a particularly 
pronounced disruption of inhalation. 
 
 
 
 
 
 
 

 
CO2 was presented through tubing ending in a green hose, whereas isoamyl 
butyrate was presented through tubing ending in a white hose. When given a 
ready signal, the subjects had to insert the appropriate hose into either the right 
or left nostril (the same throughout the experiment), take a sniff, and then write 
down their estimation on a sheet. A ready signal also preceded the tones. 
 
Five concentrations of each compound and five levels of sound pressure were 
presented in random order. Each subject made two estimates per stimulus level, 
rested for 5 to 10 min and then made two more estimates per stimulus level. 
 
Stimuli 
 
In the scaling experiment, the concentrations of CO2 in air were (% v/v): 21, 27, 
35, 46, and 60; the levels of isoamyl butyrate were (ppm): 3.4, 4.9, 9.6, 24.8, and 
71.9; and the levels of the 1000 Hz tone were (dB SPL): 62, 70, 78, 86, and 94. It 
is important to note that the concentrations of isoamyl butyrate were carefully 
chosen to arouse only olfactory sensations and to cause no discernible 
pungency. 
 
 

Results 
 
The index of interest in the reflex study comprised the lowest concentration 
(threshold) of CO2 necessary to elicit the reflex in either nostril. (The choice of 
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this index eliminated the need to derive an arbitrary combinatorial rule for those 
few subjects, 17% of smokers and 20% of nonsmokers, who exhibited an 
internostril imbalance that exceeded one concentration step.) The thresholds for 
smokers and nonsmokers appear in Table 1. The difference between the groups 
in the initial measurement closely parallels that obtained before [19], 25% vs 
29%. However, the absolute values fall below those obtained previously, 
presumably because of the higher flowrate used here (6 lpm vs 3.5 lpm). After a 
6-10 min respite, nonsmokers exhibited no change in threshold (41.8% vs 
41.1%). After a 6-10 min interval of smoking, smokers exhibited a reliable 
elevation of threshold (52.3% vs 58.6%). In order to examine whether a 6-10 min 
interval without smoking would alter the threshold of smokers, four smokers 
participated in such measurements and showed no change. 
 

 
 
The psychophysical functions for odor, loudness, and pungency appear in Fig. 2. 
As expected from previous investigations, the functions for the odor of isoamyl 
butyrate grew more slowly whereas those for the pungency of carbon dioxide 
grew sharply with concentration [14]. The functions for loudness vs sound 
pressure grew at an intermediate rate and conformed to power functions with 
exponents of 0.60 for nonsmokers and 0.56 for smokers. 
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Figure 2. Upper portion shows psychophysical functions for the pungency of carbon 
dioxide, the loudness of the 1,000 Hz tone, and the odor of isoamyl butyrate in 
nonsmokers (empty symbols) and smokers (filled symbols). The coordinates are 
logarithmic. The points represent geometric means and the bars standard errors. The 
difference in the levels of the functions for the two groups reflects in part differences in 
the choice of modulus (i.e., in the number assigned to the first stimulus of a session). 
Lower portion shows the same functions as above for the nonsmokers. The functions for 
the smokers were transposed upward by a factor that brought the judgments of odor 
intensity from the smokers into coincidence with those of the nonsmokers. 
 
 
The upper part of Fig. 2 reveals that smokers gave generally lower magnitude 
estimations than nonsmokers. This outcome has no importance since 
participants could choose whatever numbers they wished at the outset of the 
scaling. In order to allow a meaningful visual and statistical comparison of 
relative perceived magnitudes in smokers and nonsmokers, the three functions 
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for the smokers were transposed upward by a factor that brought the odor 
function for the smokers into coincidence with that for the nonsmokers. This 
transposition reveals that, relative to their perception of odor magnitude, smokers 
found the tones slightly less loud and carbon dioxide less pungent. A statistical 
comparison of the data in the lower part of Fig. 2 indicated, however, that only 
the difference in pungency achieved significance, F(1,31)=4.17, p<0.05, for the 
variable smoker vs nonsmoker. 
 
In a previous experiment [21], it was concluded that the threshold for transitory 
apnea occurred at a criterion level of perceived magnitude. The present results 
offered another opportunity to re-examine this hypothesis. If correct, then the 
threshold concentrations for reflex apnea should have occurred at the same 
perceived magnitude in both smokers and nonsmokers. For nonsmokers, the 
threshold concentration of 41.8% yielded a scale value of 29 (see lower part of 
Fig. 2). For smokers, the threshold concentration of 52.3% yielded a scale value 
of 26, close enough to appear consistent with the hypothesis. 
 
 

Discussion 
 
Cigarette smoking appeals particularly to the common chemical sense, i.e., the 
sense of irritation, piquancy, pungency, feel, etc. in mucosal tissue. The smoker 
seeks a feel or impact as the primary chemosensory event in smoking [12]. Both 
objective (reflex) and subjective (scaling) results now indicate that smokers 
perceive nasally inhaled common chemical stimuli less keenly than nonsmokers. 
In the nose and nasopharynx, common chemical sensations arise from action of 
the smoke on free nerve endings of the trigeminal and glossopharyngeal nerves. 
These endings lie below or between the ciliated respiratory epithelial cells. In this 
regard, the endings differ dramatically from the specialized olfactory receptor 
cells with cilia that protrude directly into the nasal cavity. 
 
Whether the sense of smell escapes deleterious effects of smoking entirely 
remains unclear. Some investigations have implied a rather small effect [9,22] or 
an occasional effect [24], whereas various carefully controlled studies have 
implied no effect [20, 26, 27, 30]. In the present scaling experiment, perceived 
pungency of CO2 in smokers and nonsmokers was viewed relative to perceived 
odor magnitude. Any depression of perceived odor magnitude among our 
smokers would only have diminished the apparent difference in perceived 
pungency between the two groups. That is, if any such olfactory depression 
exists, then the present results would offer a slightly conservative estimate of 
impairment of common chemical sensitivity in smokers. 
 
One reported adverse effect of smoking is ciliastasis [18,23]. That is, habitual 
smoking eventually slows down ciliary motility in respiratory epithelial cells. This 
in turn leads to mucostasis, the development of a deeper, viscid, relatively static 
layer of mucus over the respiratory epithelium. Such a layer may impede the 
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transfer of molecules of inhaled irritants from the air to the free nerve endings. If 
the layer played an obstructive role, it should alter the psychophysical function for 
pungency by a roughly constant factor across concentrations. This did indeed 
occur. In the logarithmic coordinates of Fig. 2, the functions for pungency differ 
by approximately a constant interval. This corresponds to a constant 
multiplicative factor in linear coordinates. 
 
If ciliastasis accounts for the decreased sensitivity of smokers, why should 
common chemical sensitivity decrease more than olfactory sensitivity? It is 
unknown whether smoke may cause ciliastasis in the long, randomly motile cilia 
of olfactory receptors. It has been suggested that the mucus in this region differs 
chemically from that in respiratory epithelium [10]. Chemical differences could 
possibly offer differential protection to olfactory and respiratory cilia. 
 
Other possible ways to account for a differential action of smoke on olfaction and 
the common chemical sense include a pharmacological explanation and an 
explanation based on the mere locus of the receptors in the nasal cavities. 
Otorhinolaryngologists routinely anesthetize the nasal mucosa with cocaine. This 
eliminates common chemical sensitivity in the region of application. When one of 
us (W. S. C.) sought, in conjunction with an otorhinolaryngologist, to eliminate 
olfaction through cocainization the effort failed entirely. It appeared that olfactory 
receptors resist the pharmacological effects of the drug far more strongly than do 
the free nerve endings that mediate common chemical sensations. Such 
differential sensitivity might also manifest itself in any direct pharmacological 
desensitization induced from the active constituents of tobacco smoke. Finally, 
the locus of olfactory receptors in the upper reaches of the nasal cavities may 
essentially protect them from constant stimulation by smoke. As we all know, the 
best way to obtain clear olfactory sensations is to sniff. This act creates the 
turbulence necessary to bring a stimulus into contact with these rather remote 
receptors. Sniffing plays no customary role in the act of smoking. 
 
The present results on loudness perception seem to hint that smokers have slight 
impairment of auditory functioning. Though not verified statistically in the small 
sample of persons studied here, such an impairment did reveal itself in an 
audiological study of 250 smokers and nonsmokers [33]. The reasons for the 
impairment remain unspecified, but the influence of smoke on the auditory 
vasculature and on ciliated epithelial cells in the Eustachian tube and middle ear 
have seemed likely causes [15,25]. 
 
In the present application of magnitude matching, we chose to compare 
perception of pungency primarily to odor perception because this particular 
comparison seems quite natural. That is, both pungency and odor arise in the 
nose and the perceptual distinction between them is often ignored. It would have 
been possible to choose a perceptual continuum other than olfaction, e.g., 
cutaneous pressure. As research on the method of magnitude matching evolves, 
it might eventually become clear that some modalities will serve better than 
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others for intersensory comparisons. 
 
The smokers in the present study refrained from smoking at least one hour prior 
to the measurement of the reflex. Some smokers refrained for much longer 
durations on some occasions. For approximately 40% of the tests, the smokers 
had refrained overnight and were tested before their first cigarette of the day. An 
analysis uncovered no systematic relation between the threshold for the reflex 
and duration of abstinence. This outcome suggests that the smokers have a 
chronic relative insensitivity to pungent stimuli. Within the sample studied here, 
we could find no significant correlation between the threshold and such nominal 
parameters as years of smoking, consumption rate, "tar" delivery of current 
brand, or any simple combination of these. Nevertheless, differences in style of 
smoking often obscure correlations between such nominal parameters and the 
physiological and pharmacological effects of smoking [1, 16, 17]. 
 
The effect of smoking during only a short interval caused a rather sizeable 
increment in the threshold. This period of smoking increased the difference in 
threshold between smokers and nonsmokers by 67%. Quite possibly a 
measurement taken mere seconds, rather than minutes, after smoking might 
have revealed an even larger elevation, whereas a measurement taken, say, 10 
minutes later might have revealed a much smaller elevation. In short, the 
modulation of the smoker's sensitivity during and after smoking may prove much 
larger than that shown here. In order to discover the time-course of any chronic 
or acute effects, it would seem necessary to chart the sensitivity of individual 
smokers closely during periods of heavy and light smoking and during periods of 
abstinence. Furthermore, in order to decide whether any chronic insensitivity 
derives from smoking rather than from the self-selection that occurs in the 
decision to become a smoker, it would seem necessary to study former smokers 
or some youngsters who have yet to develop the habit. The threshold for reflex 
transitory apnea and the method of magnitude matching appear to be suitable 
conjoint tools in this endeavor. It would seem worthwhile to apply them also to 
the question of whether long-term exposure to irritants in the workplace impairs 
common chemical sensitivity. 
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