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Abstracts (Cont'd)

concentration of sulfur dioxidé"$#°&Pr, either alone or in the présence of NaCl aerosol
(10 mg/m3). When the pollutants were administered via endotracheal catheter and face masl,
an increased frequency, of significant -changes in pulmonary flow resistance in these ani-
mal§%%§gg§5§§§ 3§KI§€§§§E"§§§%racheal-cannula. However, fewer test animals were used in
the fofher dtidles: All"'Altérdtions Yin paramaters of response weré reversible shortly
after exposure ceased. Morphological'examination of lung tissue sections after rapid
freezing with Freon indicated that 'Béasufément of alterations in airway size is not
possible in the range of changes 6f pulmonary flow resistance reported here (< 100%).
Methods and data for all experiments are presented in detail.




SUMMARY

Twenty healthy,_adult male cats were lightly‘anesthetized
(Nembutal), tracheotohized.and were then breathed by a Harvard
pump at a .fixed frequency and tidal volume. Purified Medical
Grade breathing air with or without sulfur dioxide in air or
sulfur didxide-in‘combination with sodium chioride aerosol in
air, was delivered to the animals in predeterminea éxpoSure

‘séquences and for fixed durations of time. Parameters of re-
éponse used to judge adaptation of cats to the inhaled chal-
lenges of pollutants were pulmonary flow resistance and lung
compliance. MeaSUrement‘methods were standard and included
continuous trace'recordingé of air flow, tidal volume, trans-
pulmonary pressure and blood pressure. Each animal acted as
his own control. 1In addition, pollutant mixtures wefeldelivered
to animals via eﬁdotracheal catheter and/or face mask to evalu-
ate thé possible ihfluence of. receptors which may be present in
the nasopharyngeal chamber and in the trachea above the tracheal
cannuia.' After selected exposures, the pleural cavity.was
opened and liquid Freon was used to freeze the lungs. Pro-
cedures were deVéIOped to obtain histological sections in order
to measure changes in airway size.

The major finding of the study was the variability of the
responses of the test animals. Certain subjects showed iﬁcreased-

pulmonary flow resistance at low §0, concentration, and were the



/ .
analogues of the "reactors" in human populations. Approximate-

t

2

‘/ .
in pulmonary flow resistance in “reactors". The majority of

ly 20 ppm SO, in air were required to evoke a significant change
animals showed no response at this concentration of sulfur di-
oxide in air, either alone or in the presence of NaCl aerosol
(10 mg/m3). When the pollutants were administered via endotra-
cheal catheter and face mask, an increased frequency of signifi-
cant changes in pulmonary flow resistance in thecse animals was
suggested, as compared to animals receiving challcnges by tra-
cheal cannula. However, fewer test animals were uscd in the
former studies.

‘All alterafions in parametersfofvresponse were reversible
shortly after exposure ceased.. This finding in cats is similar
to reports of early re&ersal of thése parameters in spontaneous-
ly breathing human subjects exposed to the same pollutants. In‘
guinea pigs, pulmonary flow resistance, which was clcvated by
cxposure to pallutants, returncd to normal after a prolonged
period (at least onc hour) following cessation of exposure.

Morphological examination of lung tissue sections after
rapid freezing with Freon indicated that measurement of alter-
ations in airway size is hot possible in the range of changes
of pulmonary flow resistance reported here (< 100%).

Methods and data for all experiments are prescnted in

detail.
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I. INTRODUCTION

A. Review of Contract Aims and Efforts

This Contract was initiatéd on Jahuary 3, 1957. 1Its aim was
to perform a series of experiments in animals and in man to de-
termine the extent of and the mechanisms ésSociated'with, syner-
gism between inert aerosols and irritant gas in cqmbination after
inhalation. The parameters.used to judge syhergistic response
were to be changes in pulmonary mechanics. Initially, it was our
aim to study humaﬁé.in both the resting state and during exercise.
The departufe from'this laboratory of Dr. Georgé Burton for Loma
Linda University'in 1968 resulted in curtailment of human studies
bécause a physician was not associated with the study, thus pre-
cluding adhetence_tp University guideiings fbr experiments ih-_
volving human subjects. However, studies involving exposures of
human subjects at rest were completed.and a publication entitled
"Response of Healthy Men to Inhaled Low Concentrations of Gas-
Aerosol Mixtures" by Burton, G., Corn, M., Gee, B. L., Vasallo,

C. and Thdmas, A. P. resulted and appeared in the AMA Archives of

Environmental Health 18, 681 (1969). (Appendix I.i__Efforts on
this Contract then shifted to studies of synergism in cats ex-
posed to the same aerosol-irritant gas mixture as was used in the
human studies;"Iﬁ additiqn to the presence or absence of response,
we were interested in the mechanisms associated with thé'response.
Quarterly Progress Reports have been‘subﬁitted since the in-
ception of this Contract. The publication referenced above sum-

marized the work accomplished during the initial 18 months of the



Contract. The purpose of this report is to summarize efforts
during the latter 18 months of the investigation. Progress
during this period was exclusively associated with synergistic
studies utilizing cats as test animals. The work reported here
is scheduled for presentation at the 10th Air Pollution Medical
Research Conference to be held in New Orleans, October 5-7, 1970.
The paper is entitled "Response of Cats to Inhaled so, and 802—
NaCl Aerosol Mixtures in Air" by M. Corn, N. Kotsko, D. Stanton,
and W. Bell. The presentation will be a summary version of data

and discussion presented here.

B. Background for Inhalation Studies Using Cats as Subjects
The biological assay procedure for air pollutants, as origin-

d(l), utilizes guinea pigs as ex-

al;y developed by Amdur and Mea
. perimental animals. The results of work by Amdur and her co-
workers is reviewed in the document Air Quality Criteria for
Sulfur Oxidos(z). The more than a decade of work by Amdur, in
which quinca pigs have been exposed to a varicty of gascous and
particulate pollutants, provides the most extensive body of in-
formation available on the response of an animal species to air
pollutants. The data relative to human response to mixtures of
pollutants, as judged by alterations in parameters of pulmonary
mechanics, have not substantiated the findings in guinea pigs.
The studies on humans are few in number and are contradictory,
as discussed by Amdur in a recent appraisal of sulfur dioxide-
(3)

aerosol mixtures and their effects on animals and man . Becausc

of heavy reliance on the guinea pig assay system and the diffi-



culties inherent in extrapolating these data. to man, or even
in drawing conclusions from these data relative to effects of
these systems on man, it'was considered appropriate to study
the effects of these mixtures on another species.

A reasonable and appropriate question is "why select the
cat as the species of choice in these studies?" A sgries of

(4,5,6) sna nage1!778) delineated

investigations by Widdicombe
the meéhanisms of bronchoconstriction and peripheral airway
constriction.in cats. Thus, studies of respbnse to pollutant

gas and aerosol mixtqres in cats promised to answer whether the
responses reported in guinea pigs occurred in other animai
specieé. Also, if they occurred, the mechanisms of action

could be investigated by isolating previously studied mechanisms
and pathways of response by means of well develoéed experimental
techniques. The iﬁﬁestigation reported herewas a follow-ﬁp to
this reaSOning. We report on theueffeéts of sulfur dioxide
alonce, ana in combination with sodium chloride aerosol, Qn-the
pulmonary flow resistance and lung compliance of cats. 1In ad-
dition, results wiil be reported‘for pathological examination

of lungs initialiy rapidly frozen with lIquid Freon following ex-
posure to pollutant free or to pollutart ladén air. Experimental
méthods_will be described and this will-be followed by results

and discussion.



ITI. EXPERIMENTAL METHODS

A. Pollutant Aerosol and Gas Concentration

Pollutant mixtures for the exposures were produced using a
portable aerosol and pollutant gas supply apparatus designed
and constructed for this study (Fig. 1).

Medical-grade compressed air was passed through activated
carbon and silica ge2l. The stream of air was metered by the
use of calibrated orifices, before entering the Dautrebande
D301 generator or the Venturi tube for mixing with aerosol and
gas. Sulfur dioxide gas was supplied to the Venturi throat by
a syringe driven by an infusion pump. The Dautrebande'D3ol
aerosol generator was filled with isotonic NaCl and placed in
an opening at the base of the Venturi tube. The salt solution
was replaced every 15 minutes to prevent a significant increase
in NaCl concentration due to the evaporation of water.

TThe mixture exited from the Venturi mixing tube into a re-
servoir balloon, wherc it was either exhausted, or withdrawn
by the Harvard pump.

| All components of the system, with the exception of the
balloon, were of stainless steel, rigid plastic, or Teflon.

A three way valve at the entry to the Harvard pump could be
set for pollutant mixture or room air entry to the pump. The
Harvard pump was equipped to permit the setting of tidal volume
and brcathing frequency. The most commonly used settings for
these paraﬁeters were 75 ml and 20 cps, respectively. The in-
spiratory étroke of Lhe pump was under positive pressure. The

animal expired undcr the driving force of lung elasticity.



FIGURE 1

SCHEMATIC OF POLLUTANT GENERATION APPARATUS
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'Schematic of pollutant generation ap-
paratus. A, Valves; B, "catch-all"™
"air cleaner; C, .silica gel; D, Milli-
pore HA filter; E, Critical orifice;
F, pressure gauge; G, SO2 inlet; H,
mixing balloon; I, Herschel-Type Venturi
tube; .J, Dautrebande D3pl; K, Motor
driven syringe; L, Medical grade com-
pressed air: triangle, flowdirection.



B. Pollutant Gas and Aerosol Sampling and Analysis

Samples for measurements of aeroscol and pollutant gas con-
centrations were withdrawn from a stainless steel port in the
exhaust line following the balloon reservoir. It was ascer-
tained that concentrations measured above the tracheal cannula
did not differ from those withdrawn at the former site.

1. Sulfur Dioxide

In order to determine 502 concentration, 0.76 liters/

min. of the pollntant mixture was drawn for threo minutes into
a midget impinger céntaining 10 ml of West-Gaeke reagent. The
samples were then analyzed spectrophotometrically using the

West-Gaeke method(g)
(10;

with the Pararosaniline modification spe-
cified by Pate The high sulfur dioxide concentrations in
the experimental protocol required additional modifications in
the analytical m=thod, as follows.

a) A 1l ml aliquot was removed from the original 10 ml
sample and was diluted with 10 ml of unexposed absorbing re-
‘agent. The 9 ml and 1 ml aliquots were then prepared accord-
ing to the original West-Gaeke procedure(g).

b) A calibration curve was prepared using standardized
solutions of sodium bisulfite, which ranged in concentration from
0.1 to 5.0 ug of 502 per ml. The soluticons were standardized by
the iodometric titration method described by the Intersouciety Com-—
mittee for Ambient Air Sampling and Analysis(ll). A new calibrat-

ion curve was prepared whenever a new stock dye solution was used.

A typical calibration curve is shown in Figure 2. All calibration



FIGURE 2

CALIBRATION CURVE FOR 502 USING MODIFIED

WEST~GAEKE PROCFEDURE
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curves adhered to Beer's Law in the absorbance range less than
0.700. If a 9 ml sémple yielded an absorbance value greater
than 0.700, it was discarded and the 1 ml sampie was analyzed.

'The concentration of 802 in ug'So2 per ml was calculated as

follows:
V,, x Absorbance
80, per ml = T
Hg 2 Slope x Vg
where V,, = total volume of solution, ml
Vp = fraction of original sample analyzed

The total volume of the 9 ml sample was 11 ml, which consis-
ted of 9 ml of the original sample, 1 ml of dye and 1 ml of for-
maldehyde. The 1 ml sample contained é total volume of 13 ml,
which consisted of 1 ml of the original éample, 10 ml of unexposed
absorbing reagent, 1 ml of dye and 1 ml of formaldehyde.

The concentration of sulfur dioxide was converted to Parts Per

Million (ppm) in aixr as follows:

_ 382 x C
PPM 80, = w57

where 382 = Conversion factor for ug/ml to ppm at 25°C, 760 mm.

C = Concentration of SO2 in yg/ml
R = Sample flow rate in cc per minute
T = Sample time in minutes

It shduldvbe noted that whenever sodium chloride was present
in the system, sampling for.sulfﬁr dioxide was performed by first
drawing a sample through HA Millipore filter paper to eliminate
sodium chlbride interference. Several calibration runs indicated

that the loss of sulfur dioxide on the filter paper was negligible.



2. Sodium Chloride Aerosol

The concer.tration of sodium chloride aerosol was deter-
mined by withdrawing the exposure mixture at 21 liters/min. for
20 minutes through HA Millipore paper, leaching the salt by
filter immersion in distilled water,‘and analyzing electrical
conductivity. A ¢a1ibration curve was prepared using reagent-
grade sodium chloride. Because of the length of time required
to sample for the sbdium chloride aerosol, this was done at the
end of the exposure periods. Several nonexposure and postexpos-
ure checks found the concentrations to be very consistent over a
period of several hours.

The particle size distribution»of_the aerosol was determined
by first sampling with an oscillating thermal precipitator onto
a carbon—coated glass coverslip. The carbon film was transferred
to a 200 mesh electron microscope grid'prior to obtaining photo-
graphs with an electron micfoscope. The particles were sized
using a Zeiss TGZ3 pqrticle sizing unit. The particles were-all
smaller than 0.40 um by weigﬁt; the mean size and standard deviat-
ion were 0.25 um and + 0.0l um, respectively. (Figure 3.)

The concentrations of SO2 gas and NaCl aerosols used in these
studies will be cited in the Results and Discussion section of
this repdrt. 'HowéVer, it is appropriate here to indicaﬁe the
variations in concentrations used in these studies. LOW sulfur
dioxide concentrations were 15-25’ppm. HIGH Sulfur‘dioxide_con-
centrations were 30-40 ppm. Sodium chloride aerosol concentrat-

ions were 9-10 mg/m3.
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FIGURE 3

CUMULATIVE PARTICLE SIZE DISTRIBUTION CURVE FOR TEST

AEROSOL SIZED AT 32,000x
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A representative time-concentration diagram for each pollu-
tant during a single experiment is shown in Figure 4 (Cat No.

1610).

C. Animal Handling and Preparation

Upon receipt <¢f animals a routine examination was made to
determine the presence of gross abnormalities. Animals with ab-
normalities were returned to the supplier; all other animals were
weighed and were then injected with feline pneumonitis vaccine.
(Veterinary care or consultation was available when needed.) An
initial isolation period of 2 weeks was observed.

All animals were caged, fed, and attended in accordance with
the rules and regulations of the United States Department of
Agriculture and Federal Act of August 24, 1966 (P.L. 89-544).

A trained technician observed, weighed and kept a daily record
of any changes that occurred. At the conclusion of the isolatior
period animals were permitted to exercise daily.

Food and water were removed from an animal cage 18 hours prior
to inhalation exposure. An examination was performed for symptoms
of diarrhea, diuresis, conjunctivitis, etc. The entire ventral
and cervical region of the cat was then shaved and a vacuum was
used to remove excess hair.

Nembutal (30 mg/Xg, intraperitoneally) was used to anesthatize
adult cats weighing 2-5 Kg. Occasionally additional nembutal was
required. We preferred to keep the cats in a light surgical anes-
thesia (Stage III). A check of the pedal and corneal reflexes
were made to determine if additional nembutal was required. The

booster dose, if required, was given intravenously in d:iluted
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FIGURE 4

TYPICAL VARIATIONS IN POLLUTANT CONCENTRATIONS

DURING AN EXPERIMENT
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caline solution. When an animal did not relax, Gallamine Tri-
ethiodide,'a muscle relaxant, was administered. It produces a
nondepoiarizétion block at the neuromuscular junction. The
ddsage_wasbo;os mg/Kg, infravenously.

Two surgical proceduieé were used. In the first method, a
tracheotomy was periormed by using a Bard Parker #3 holder with
#15 rib back blade. A 1 inch incision was made approximately
20 mm below the larYnx in the center of the ventral regidn of
the thfoatu The muscle was separated by using two small hemo-
stats which were spread in opposite directions until the trachea
was visible. A slichtly larger hemostat was inserted under the
trachea and was then lified on the opposite side, where at this
time a 6" length of suture was attéched.- This hemostat was left
in position.' A small horizontal cut was made between the carti-
lage rings of the trachea and a suitabie size cannula was in-
sérted. The cannulas which were used'wére 6.35 mm.i.d. and 7.98
mm i.d. with 7/16"‘diameter sidé air tube. The hemostat was
withdrawn after bringing 3" of the suture to the opposite side
of the trachea and tying the cannula to hold»it intact. In vago-
tomized cats we tied off the vagus nerve before inserting the
cannula. The side air tube of the cannula was connected to a
Fleisch Pneumotachograph (0), which in turn was connected to a
Model ‘#607 Harvard Animai Bréathing Pump.

-The second method utilized similar procedures, but in this case
an endotracheal tube was placed at the entrance of the larynx. The
epigléttis was sighted with the aid of a laryngscope and was then

held open by a small hemostat. A #16 Foregger endotracheal tube
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(i.d. 2.5 mm, o.d. 5.3 mm), previously interlined with Teflon
and having a built-in cuff, was then placed into the mouth of
the larynx and the hemostat was released from the epiglottis.
The cuff was inflated, clamped with a hemostat, and the tube
was connected to the air pump in the usual manner. Whenevex
excessive mucus was found, suction was used to remove it.

A third and final preparation was used where a tracheotomy
was initially performed, as described in the first method. A
second cannula (same size) was inserted to provide a pathway
to the nasopharyngeal chamber of the animal. The side air tube
of the cannula was connected to an exhaust outlet. A face mask
made of Lucite and anatomically sculptured for perfect fit was
placed on the animal's face and was held in place with adhesive
tape. The Teflon tubing nipple of the mask was connected to a
small pump for flushing.

Prcparation for intrapleural catheter insertion was initiated
by a 5 mm incision in the right lateral thoracic region between
the fourth and fifth rib., We used two small hemostats to probe
and spread in opposite directions until we entered the intra-
pleural space. The hemostat was held in position immediately
upon entry into the thoracic cavity. A #10 Malecot intrapleural
catneter (.089" i.d.) was clamped onto the second hemocstat and
in a concerted movement one hemostat was withdrawn and the other,
with the attached catheter, was inserted. The incision was sealed
with wound clips. The catheter was connected to the side arm of
a Statham differential strain gauge (Transducer Model No. PM 5 4
0.2-350). The othor arm of Lhe strain gauge was connected to an

opening on the side of the tracheal cannula.
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In order to record blood pressure, intramedic polyethylene
tubing (.045" i.d.) was inserted into the femoral artery and
was then connected to a Staﬁham strain gauge (Model No. P23Db
series pressure transducer). The pressure dome of the transducer
was filled with 1/200 solution of heparin and sodium chloride.

The same size catheter was inserted into the femoral vein for ad-
ministering drugs. Blodd loss from surgery was minimal.

At the conclusion of inhalation exposures, the cat wassacri-
ficed by administering an additional dose of nembutal. The thorax
was opened by making a midline incision in thé ventral thoracic
regioﬁ. fhe muscle was separated, costal cartilage dissected,
sternum and eight pairs'of ribs were removed. Portions of all
lung lobes were exposed; We applied a modified Staub freeze tech-

(12) using Preon 12 (Dichlorodifluoromethane). Freon 12 was

nique
chosen because it was not hazardous, it required no extensive pre-

parations for use, and good frozen sections were obtained.

D. Determination of Pulmonary Flow Resistance and Lung Compliance
The surgical preparétiOns described above were followed by the
hook-up of Statham transdﬁcers to the Electronics for Medicine
Model DR-8 amplifiefs.for oscilloscope readout. The signals mon-
itored and their respective transducers are shown in Table 1.
The signals from the DR-8 amplifiers or integiators could be
visually read on an integral oscilloscope or recorded on LW-27,
18 cm photographic paper.  A-second oscilloscope provided. visual
display of R ahd C. loops. These could also be éerménently re-
corded on the photographic paper. Dry records were obtained in

four seconds by means of a Rapid Writer attachment.



TABLE 1

PARAMETERS RECORDED ON THE ELECTRONICS FOR MEDICINE UNIT AND
ASSOCIATED TPRANSDUCERS
Parameter Transducer Pressure
Range
Intrapleural Statham Model No. PM 5 + 0.2-350 + 0.2 psid
Pressure (TPP) Serial No. 12394 :
Air Flow (V) Fleisch Pneumotachograph with Stat- + 0.15 psid

Volume of Air (V)

Blood Pressure

ham Mcdel No. PM 283TC + 0.15-350

Signal from V is electronically in-
tegrated

Statham Model No. P23Db. Serial No.
11680

9T
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Representative sweep and loop tracings from the Rapid Writer
are shown initigure 5.

Figure 6 is a photograph which shows the test cat connected
to the Harvard Pump ané the pneumotachograph in poasition.

In these studies animals were ventilated at 50-80 cc per
stroke at a frequency of 18-21 strokes per minute. Thus, on
the basis of an average tidal volume of 26 cc for the cat, these
animals were hyperventilated.

When using oscilloscope loops, the total lung resistance was
measured by subtracting a voltage proportional to lung volume |
change (and this prbportional to compliance pressure) from the
préssure axis of a pressure flow trace recorded on the oscillo-
scope scrcen‘ls). The voltage subtracted was sufficient to close
the loop. The slope of the line resulting from closing the loop
represonted total lung resistance, which includes airway resist-
ancce and tha viscous resistance of the lung tissue.

Calibration of all transducers was performed at the completion
of each experiment. The correspondence between water or mercury
manometers as primary standards and the LW-27 photographic paper
readout of BP and TPP was recorded. Air Flow (V) was calibrated
by utilizing compressed air and a rotameter calibrated against a
wet test meter. Volume was calibrated by alternately depressing
or withdrawing the barrels of two opposed 100 ml syringes in a
closed air loop witﬁ fhe Fleisch Pneumotachograph; 20 ml increments
of volume yielded a step function on the record chart. Loop signals
‘were calibrated in a similar manner, except that signal deflections

were measured directly on the oscilloscope face.
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FIGURE 5

REPRESENTATIVE SWEEP AND LOOP TRACINGS USING E FOR M

RAPID WRITER AND LW-27, 18 cm PHOTOGRAPHIC PAPER
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FIGURE 6

PHOTOGRAPH SHOWING CAT ARTIFICIALLY VENTILATED BY

HARVARD PUMP
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The dead space of the ‘tracheal cannula and Fleisch Pneumo-
tachograph, i.e. volume ‘from bifurcation above Pneumotachograph
leading to Harvard pUmp inlet or discharge, to the trachea of
the test animal, was 4.7 éc. A correction was subtcacted from
each vélue of total lung resistance in order to correct for the

resistance of the tracheal cannula.

E. Conduct of Experiments
"Each animal acted as his own control with respect to resting
state values of 7TPP, 0, v, Ry

ficant changes in these parameters foilowing inhalation of pollu-

and CL' The criterion for signi-

ted air was that the values of these parameters after exposure
should be different. from the values of these parameters'in‘the

same animal before exposure. This. approach requires that care

be taken to ensure fhat‘fhe animal is in a . stable resting state
_prior to being challenged by a polluted atmdsphere. Another
criterion of these studies was that_following exposure an animal
had to return to his initial, preexposure values of these para-
meters before he was challenged with another polluted atmosphere.
These are stringént'experimental criteria which resulted in long
experiments.

Immédiately following. surgical preparations the animal was
maintained in a resting sﬁate for‘approximately oné half hour.
This Was'followéd by a 15'minute_control period, with recorded
fecords at five minute intervals and continuoué sweep‘visual dis-
play. The animal wés.then tested by me¢hanical stimulus to ensure
the intactness of the vagally médiated reflexes for control of

airway constriction(l4). Initially, the vagii were surgically
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isolated and an electrical stimulus was applied, but the mechan-
ical stimulﬁs was judged to be equally effective and less trau-
matic. _A further ¢ontrol period of 15 to 60 minutes followed

the mechanical stimulus test. If the vagii were not responsive,

as judged by an immediate increase in R then anesthesia was

1’
too deep and the animal remained in a resting state until a pos-
itive test was obtained for intactness of Vagal pathways. This
procedure of testing was repeated prior to the first, and after
each succeeding pollutant challenge.

The order of exposures in these studies was varied in order
to rule out the possibility of a long-term effect due to initial
exppsure;to High S0,, for instance. Thus, certain animals were
initially exposed to High 802 (following control period), and
then to Low S0, or the Soz-aerosol mixture. ‘All orders of ex-

posure were used. After initial exposure to High SC., a 1-2 hour

97
resting period was required to permit the animal to meet the
criterion established for return to initial resting values of
parameters.

Another series of experiments was performed to determine if
receptor$'which could affect airway sizé were being bypassed by
introduction'of pollutant gases (in breathing air) by means of
the tracheal cannula. These tests were made with an endotracheal
catheter. In this qaée} the animal was ventilated by the Harvard
ﬁump and the.traéheal cannula, but room air_(for,éontrol) or pol-
iutant léden_ai:_Was simultaneously flushed through the endotra;

cheal cathefer by means of a small pump delivering 2.4 cc/stroke.
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Only Low SO2 concentrations were delivered in these studies.

In a similar manner, a series of tests was performed to de-
termine if receptors in the nose could cause airway constriction.
The usual procedures were followed, but another cannula was in-
serted-back to back to the cannula flushing upwards into the
mouth. A mask was placed over the nose and mouth. A small pump
ventilated the mask while the second cannula served as the ex-
haust. Thus, the airway above the tracheal cannula was being
flushed via-the nose and mouth. The lower airways received
breathing air or pollutant gas via the original tracheal cannula.

Low and High SO, in air were used in this series of experiments

(Figure 7).

F. Treatment of Data

Values of R, and C,, were calculated from sweep tracings of
V, V and TPP as described in the original method(l), or the
values were obtained from reading recorded loops. RL and CL
values were then graphed as a function of time. Although con-
tinuous records were made, it was necessary to establish the
intervals for transcribing data in order to show experimental
trends. Figure 8 is a representative graphical summary showing
values oszL and c, at five minute intervals. In this case each
point represents a series of breathing cycles from the sweep
record and clearly shows the stability of these parameters dur-
ing contreol periods.

Table 2 contains the numerical results obtained from the ex-

periment on Cat #1610,
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FIGURE 7

CANNULA ARRANGEMENTS FOR EXPOSURE VIA TRACHEAL CANNULA AND FOR

ABOVE AND BELOW TRACHEAL CANNULA
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FIGURE B

GRAPHICAL SUMMARY OF VARIATIONS IN RL AND CL DURING

AN LEXPERIMENT
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Final calculations are based on data from the final fifteen
minutes of the control and exposure periods. Other time periods
were evaluated, but the last fifteen minute period proved to be
the best indication of response. The table shows the mean and
the standard -arithméetic deviations of parameters during this time
period. The percertage change in parameters noted in Table 2 was

calculated from contirol period values as a baseline. Thus,

% Change = {

Value Following Challenge-Control Value) 100

Control Value

Tabular ‘and graphical summaries of individual .experiments con-
ducted during this study are contained in the Results and Discus-
sion section of this report.

Before an animal's response was termed "significant" it was
necessary to compare RL and CL values obtained during the last
fifteen minutes of the control and exposure pcriods. The compari-
son was bhased on a modified Student-t-test for the differcnce of
means. The degrees of freedom (d.f.) for the test was calculated
from the variances and sample sizes. Thus,

X2 7 %1

t = .
3 2
Y5, %/my + 8, ¥n,

[(s,°/n)) + (5,°/n )17

dof'- = - 2

. 2 2 p) 2 ,
(Sl /nl) /(nl + 1) + (52 /nz) /(n2 + 1)
where mean values are designated X1 and x2,-the standard deviat-
ions are Si and 52' and sample sizes are n, and n,.

The level of éignificance accepted as meaningful with the t-

test was P < 0,01 (two tailed test).



RESPONSE TO VARIQUS

STIMsLD EYPRESSED AS PERCENT CHA

TA3LE 2

Cat o, 1610

R3E A

[y

ZLATIVE

T3 COHTRIL VALUES*

Pulmonary flow Resistemc:egvﬂ

Mah, # Low k4 Mech. A SO2+ A Mech, 7
Control Stim. Cha~)= Controal SO, ThemgE Control Stim, Change Controi NaCl Change Control Stim. Change
75.5 195 . 4 A7L T 5.5 7.2 2L 25.5 1443 255.9 25.5 27.6 8.2 25.5 160.4 529.0
272.4 25.5 27z .7 25.5 25.5  28.6 12.2 25.%
25.5 21.2 A% 25.5 0
Maa~i 24,0 1864 25.5 245 25.5 1443 25.5 27.2 25.5 1504
s.D. 2.2 0 3.0 0 2 1.6 g
REFLEX INTACT AK.S. REFLEX INTACT aN.S. REFLEX INTACT
Lung Compliance le)
Mech. 7 Low K ‘ach. # 505+ % Mech, pA
o~troi Suim, Change Contral! 505 Crange Control Stim . Chan3e Control Na(C) Chang: Control Stim, Change !
o
.3 s.b -34.3 3.3 T -7.2 £.3 4.1 -50.6 B.3 7.6 -8.4 8.3 4.2 -Ly .k
=3 3.3 7.7 -7.2 8.3 8.3 7.6 -B.4 8.3
8.3 7.5 . 7.6 -8.4
vez-T =03 5.4 8.3 7.€ 8.3 4.1 2.3 7.6 8.3 4.2
5.2 2 0 o0 0 0.
P<0,01 P< 09,01
Sequence qf
c.raanengj"’) (n (2) (3 (4) (5)
*Control for 15 minutes preceding challenge.
(a} See Figure, ' a N.S. = Difference between means not sigificant (P>0.05)

(b) Pulmonary Flow Resistance, Cm Hp0/1/s=c.
{c) Lung Compirance, ml/cm H,0.

9¢



TASLE 2 (Continued)

tat i#o. 1610

RESPONSE TO VARIQUS STIMULI EXPRESSED AS PERCENT CHAMGE RELATIVE TO CONTROL VALUES*

Pulmonary Flow Resistance )

x- Hech. kS ' High 7 Mech, #
Control NaCl- Change Control Stim., Chanae Control 30, Change Control Stim. Change
25.5 27.6 8.2 27.6 12473533 25.5  39.1 53.3 25.6 132 L17.6
25.5 2.3 1.0 '26.6 25.5 30.7 20.4
26.6 L.3 33 .29.4
vearl 25,6 27.%8 27.1 1247 25.5  34.3 25.5 132
0.0 0.8 0.7 0 (b3
A8, REFLEX INTACT A N.S. REFLEX INTACT
Lung Lompliance {e)
: 74 i vec-. " High % Mech, %
Contrnl NaCl Change €o-trol Stim, {ha-ge Contru! $0p Change Control Stim. Change
3.3 7.5 8.0 7.8 4.2 -8 7.8 7.6 . -2.6 8.1 5.1 -37.0
3.0 7.5 -R.0 7.7 7.8 7.5 -3.8
7.3 -10.b4 - 7.5 -3.8
peant .2 7.4 7.7 4,2 7.8 7.5 8.1 5.1
.D. 0.2 - 0.1 9.1 0 0.1
P< 0,05 P< 0.05
Sequence qf .
Chalange' | (6) (7) (8) 9

*Control for 1§ minutes preceding challenge.

{(2) See Figure. & N.S. = Difference between means not sigificant (f>0,05)
(b) Pulmenary Flow Resistance, Cm H20/1/sec.

{c) Lung Compliance, m!/cm H,0.

Lz
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G. Pathological Procedures

S5ix weeks after fixation tissues were removed from freezer
and Carnoy's fluid poured off. The Storey and Staub(ls) method
was used to process and stain most of the lung tissues except
for a modification as follows:

1. Nitrocellulose embedded tissues were sectioned 75 um
thick on a Reitchert sliding microtome. ©Using Lundy's method,
serial sections were stapled in sequence, approximately 5 mm
apart (by means of an office stapling machine), on a strip of
500 gauge polyethylene film, cut slightly wider than the width
of the sections. The length of the strips was determined by
the size of our staining dishes (Pyrex Baking Dish 5" x 9").
After the tissue was stained, sections were detached from the
film with scissors and mounted in sequence on numbered slides.
Strips of polyethylene film holding sections not immediately
required for staining werce rolled up and stored in 70% alcohol.

In order to obtain thin sections, a small piece of each
lung tissue was put into Bouin's fluid for 24 hours for fur-
ther fixation. A routine manual process was used to obtain
paraffin blocks. Blocks were sectioned 5 um on an American
Optical rotary microtome. Serial sections were staincd with
Harris Hematoxylin and Eosin and mounted on glass slidcs with
permount.

We photeographed serial sections 5 um thick and 75 um thick
with a Zeiss photomicroscope. To obtain a total estimated mag-
nification of 130x, & planachromat: 2.5X objective with an

N.A. = 0.08, optavar = 2.0x, intermediate camera magnification
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of 3.2x and photongraphic enlargement estimated at 8.0x was used.
A calibrated field finder was used in returning to the same
photographic field of each slide in thé series.

Meésurements_were made of the alveoli on the enlarged prints
of thick tissue sections. We noted in our findinés that there
were no significant changes in the sizes of the small conducting
airways of cats which had shown small R, and small C,, changes.

In an attempt to measure the same segment of lung ldbe of
each cat we measured 2 cm from the tip of the third lobe of the
right lung and removed that portion of the lobe for frozen
sectioning and for comparison. Biological factors such as
welght and size of the lungs presented a problem. We questioned
vhether we could be sure that we were in fhe same segmént of
the lobe, when some of the lungs Qere larger than others. De-
spite this obvious flaw, we cut thc same distance from the tip
of thc same lobe of each animal to obtain comparable scctions.
We realized, however, that we had encountered a source of error
in using a method of measﬁrement on a histologic section.

Thin lung $ections were studied, of cats that had been chal-
lenged with So2 in the air and §0, + NaCl aerosol in medical
grade breathing air. The absence of comparable changes
in cell structures suggested that small RL‘changes'and small

Cr changes could not be detected histologically.
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ITI. RESULTS AND DISCUSSION

All calculated results for individual experiments are con-
tained in tabular and graphical summaries in this Section. The
results presented were obtained by extracting datafrom continu-
ous records as described in Section II F., above. Results are
presented for a total of twenty-nine complete experimental pro-
tocols in which twenty-nine different cats were used. A dis-
cussion of this vast amount of data requirces that a simpie sum-
mary be used to present findings. The reader can examine cal-
culated results of individual animal experiments to substantiate
generalizations made in this discussion.

A. Changes in Pulmonary Flow Resistance and Lung Compliance in

Cats Following Pollutant Challenges

Table 3 summarizes the challenge atmospheres which produced
significant changes in pulmonary flow resistance or lung compli-
ance when the pollutant mixture was administered via tracheal
cannula. Table 4 is a similovr summary for pollutants administered
via endotracheal catheter and via double cannula to produce pol-
lutant flushing of the nasopharyngeal chamber and any receptors
above the trachea cannula. First, the data suggest that with the
cat, approximately 20 ppm 50, in air are required before any ani-
mals show significant alterations in RL. Prior to the studies

(7)

reported here, it had been shown that pure 502 delivered into

the lower airways and lungs during a single respiratory cycle in-

creased R. (mean, + .246 percent; P < 0.05). The animal returned

L
(7)

to control .levels within one minute The work reported here
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indicates that with the same physiological preparation approxi-

mately 20 ppm 502 in air are required to trigger this response--
and at this concertration only two animals in twenty responded.

One animal in twenty showed a significant decrease 1in RL at this
concentration.

It is interesting to compare concentrations of S0, in air
required to cause bronchoconstriction in different species.
Frank, et al.(ls) demonstrated a significant increase in resis-
tance to air flow in volunteers exposed to 5 ppm. This finding
is congistent with that-of Burton, et al. (Appendix I) of per-
haps.one out"of tén “hgman reactors" to approximatel} 3 ﬁpm sz

(17}

in éir. Balchum, Dybicki and Meneely exposed ten anesthe-
tized dogs to cohcentrations of SO2 in air rangipg from 1.8 to
148 -ppm for periods from 30 to 40 minutes. Increases in the non-
elastic resistance to breathing ranged from 150 to over 300% and
#hése increases occurred within nine seconds after the onset of
breathing 502; increaseg disappgared as quickly following the end
of eprsure. .Exposureélof guinea pigs £0'soz in air for one hour
results in é 10% increase.in éreliminary flow resistance at 0.16

ppm(la). The'quinea pig, as used by Amdur, "may be the acci-

dental analog of the sensitive segment of the population“(3).

The results reported here suggest that the cat, as used in our
preparation, is an analog of the more resistant segment of the

population.
An aspect of our studies which was stressed by Frank, et al.(ls)
and Burton, et al. (Appendix I) in studies involving human expos-

ures but was. not stressed in studies employing dogs or guinea pigs,

LIBRARY / EPA = =~ rmaee.

Na‘ional Environmental Resoarch Conder
7 20708 W, 25th Strast
Corvallss ™ gona 01330
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is the great variability of response of individuals. 1In our
studies, "reactors® were characterized by large variability
of response in RL and CL and hypersensitivity during preparat-
ion. Examination of graphical summaries of results of expos-
ures will demonstrate the great variability of response for
animals with cervical vagosympathetic nerve conduction intact.
Two other characteristics of response should be noted for
their contrast with guinea pig studies. Our animals returned
to control levels shortly after exposure, although we often
waited for an extended period to reduce the range of variation

about the mean R or C following exposure, i.e. variability

L
about the mean was greater following exposure, which we did

not desire. We chose to permit the animal to settle down. The
guinea pig, on the other hand, returns slowly to control levels
after exposure. As noted above, following exposurc human sub-
ject:i and dogs alsno return rapidly to control vialues of resis-
tance to air flow.

In animals showing changes in pulmonary flow resistance, we
confirmed the effects of cooling the vagii, injectién of atro-
pine or severing tnhe vagii, on blocking these changes, as re-
ported by Nadel, et al.(7)

Table 4 summarizes results collected to focus or the site=x
of receptors responsible for bronchoconstriction or periphe-
ral airway constriction. These results relate to findings
of nearly total uptake of SO2 in air in the nose and upper air-

(19, 20) (21)

ways in animals and in human subjects Less than

1% of the inhaled concentration of SO, in air is estimated to

2
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reach the larynx and more distal airways. in man(zo). The en-

dotracheal catheter and double cannula were used in these
studies to determine if the number of animals responding in-
creased, or the degfee of response increased in respondents
when the pollutant mixtures were administered via these path-
ways in cats. Three animals were exposed with the endotracheal
catheter and two with the double cannula. Unfortunately, these
experiments must be contrasted to findings in twenty cats where
a tracheal cannula was used for delivery of pollutant mixtures.
However, comparison of Tables 3 and 4 suggest that delivery of
pollutant via tracheal cannula did evokevfewer significant re-

sponses in R. or CL’ thus suggesting that certain receptors

L
were bypassed when pollutant was delivered by tracheal cannula.
Thus, our findings suggest that receptors in the nasal pharyn-
geal chamber and p;nximai to tﬁé tracheal cannula used herc can
increase total lung resistance distal to the tracheai cannula.
This finding contrasts with that by Nadel and widdicombe (22}
that mechaniCal irritation of the nasal mucosa did not change
total lung resistance in cats anestheﬁized with chloralose and
urethan. Additional cats should be studied to substanﬁiate our
findings.

Small but insignificant changes in lung compliance were found
in a few animals followingbeach of the challengesupreéehted, in-
ciudihg one animal who showed a significanf decreaSé in CL follow-

ing inhalation of NaCl aerosol. These results suggest that the

physiological mechanisms generally delineated for upper airway
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and for pefi?heral airway constriction by acute challenges of
physical or chemical agents may not be completely independent.
Other investigatores have suggested that a reflex mediated by
vagal efferent fibers could partiélly contribute to peripneral
airway changes(a). Alternately, the small quantiﬁies of pollu-
tants which penetrated the upper airways may be sufficient to
cause peripheral airway constriction, but this possibility, al-
though suggested elséwhere(Zl), seems remote to us as a mechan-
ism for peripheral airway constriction.

Finally, it shculd be noted that while upper airway changes
after inholation of pollutants could be due to mucous secretion,
:cooling of vagii, intravenous atropine or deep anesthesia blocked
these changes, thus suggesting thnt they were due to changes in
airway calibre.

B. Changes in Pulmonary Flow ReSLStance and Lung Compllance in

Gulnoa Plgs Followlng Pollutant Challenges

The rapid return of CL and R, values 1nr:ats, dogs and man
following exposures:to pollutants_used in this study differs
ffom the slow recovery of guinea pig pulmonary flow reslstance
following similar exéosuros. Therefore, we used the exact cox-
perimental preparations described above to study the rosponses
of guinea pigs. Animals weighing appfoximately one kilogram
wgre'used to perﬁit insertion of a tracheal cannula; a difficult
procedure with small animals.

It waslnot‘possible to obtain valid data for guinea pigs

with our preparation. The animals secreted abundant mucous
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TA3LE 3

SUMARY OF R 2 anp CLb RESPONSES (P > 0.01) OF CATS EXPOSED TO POLLUTANT MIXTURES IN THIS STUDY

L {TRACHEAL CANNULA POLLUTANT DEL1IVERY)

{Challenge Low Concaentration of SO in Altc 50,4 and uac1 Aerosol® in Air | NaC) Aerosol in Aire€

High Concentration SOz,in Airl

Cat . Ry, . Cy, : . Ry, : CL RL, .
~umber + - + - + - + - + - 4

CL

+

Ry

+

<L

i

14629

1117

1112 X
1113
1564
1566 x
1144 H

1593
1606
1611
1610 x x
1533
1612 x x
1609
1651 X

33354g9.,1
32135q,1
1486q,i x
1487g,1i
16769, 1

L ]
b

1781h
1801h
1988h x x
1807h X

a

RL = Pulmonary Flow Resistance, Cm HZO/llsec (+ denotes increése, - denotes decrease).
b .

CL = Lung Cchnpliance, ml/Cm H20 (+ denotes increase, = denotes decrease) .
cSo2 in air concentration for all exposures, expressed as Mean + S.D. = 19.0 5.9 ppm.

8.3 ppm.

+
dsoz in air concentrat;on for all exposvres, expressed as Mean + S5.D. = 17.9 :
®NaCl aerosol in air concentration, expressed as Mean +S.p. = 10 £ 0.2 mg/m .

fSO2 in air concentration [{or all exposures, expressed. as Mean 5.D. = 34.6 + 12.3 ppm.

91n the following experiments, the Low Concentration of 50, in air was the first challenge followed by Control Feriod

S03 *yacl kerosol, etc.

hln the following exper;ments, the High Concentration of Scz in air was the first challenge, followed by Control Periocd

tiaCl Aerosol, etc.

i . - . .
These aninals were characterized by extreme values of SOZ concentration.

St



TABLE 4

SUMMARY OF RLa AND CLD RKESPQNSES (P 0.01) OF CATS EXPOSED TO POLLUTANT MIXTURES IN THIS STUDY
(ENXDOTRACHEAL CATHETER POLLUTANT DELIVERY)
Challenge j S0, in Air Via Tracheal Canrula® S0, in Air Via Endotracheal Catheterd 502 in Air via Both Sites®
I
Cat R [ R C R C
Number + L - + - - + L - + L - + L - + L
2984 X X
2206 b
53859 X l X
SUMMARY OF RTa END CLD (NASO-PHARYNGEAL FLUSH WITH DOUBLE CANNULA)
Challenge Low Concentration of €0, in Airf High Concentration SO2 in air9
Cat R C R C
Number + - -+ L - + L - + L -
2393
5674
aRL = Pulmonary Flow Resistance, Cm HZO/l/sec (+ denotes increase, - denotes decrease).
bCL = Lung Compliance, ml/Cm H20 {(+ denotes increase, - denotes decrease).
CSO2 in air concentration for all exposures, expressed as Mean + S.D. = 18.2 + 1.9 ppm.
d302 in air concentration for all exposures, expressed as Mean + S.D. = 17.2 + 0.9 ppm.
eSO2 in air concentration for all exposures, expressed as Mean + S.D. = 17.1 + 0.9 ppm
£
SO2 in air concentration for all exposures, expressed as Mean + S.D. = 14.4 + 1.8 ppm.
g502 in air concentration for all exposures, expressed as Mean + S.D. = 22.5 + 2.9 ppn.

9¢
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which required frequent withdrawal by catheter connected to a
suction source. The changes in pulmonary mechanics which stem-
med from mucous secretion in control animals would have over-
whelmed any changes associated with airway calibre alterations
due to pollutants. Mucous secretion under these conditions
cannot be compared to that which may occur during spontaneous
breathing during'exposgre to pollutants, the conditions for
Amdur's studies(3). However, the slow return to control values
of Rt by guinea pigs strongly suggests mucous secretion as a
contributor to RL,.a hypothesis which could be easily tested
experimentally.
C. Patholpgical Changes in Cats Followihg.Pollutant Exposures
Rapid iunq freezing procedurés and preparation of samples
were described aboveﬁ.'While alterations in airway calibre
could be dctected by this methnd following severe acute pollu-

(8), it was not possible to detocct differcnces

tant challenges
in-airway.calibre.in thick and thin lung sections of control

and exposed animals in the studies reported here. A‘control
animal was‘bne previously exposed to 502 or S0,-aerosol mixture
in air, but whose pulmonary flow resistance subsaquently returned
to the preéxposure value. Figures 9 and 10 show the close corre-
'spondence'between photomicrographs of thick lung sections from a
control and an exposed animal, respective]y.v igure 11 is a
photomicrograph of a typical thin lung scction.

The work of Macklem and Mead(za)

stimulated these attempts
to detect changes in peripheral airway sizc when alterations in

pulmonary flow resistance ware present. Macizlem and Mead
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demonstrated that at high lung volumes, RL increased and this
resistance was almost entirely due to that between airways
1.5-2.5 mm and the trachea in dogs. Thus, large changes in
peripheral airways resistance could go undetected by measure-
ment of R, ., which is insensitive to alterations in peripheral
airway resistance. Our gtudies show that careful morphological
examination of airway calibre are also insensitive to any
changes that may occur in the ranges of RL increases cited

here.
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FIGURE 9

PHOTOMICROGRAPH O A THICK SECTION OF THE RIGHT LUNG LOBE OF A
MALE CAT (NO.. 1112). FROZEN IMMEDIATELY AFTER CAT HAD RETURNED

TO CONTROL STATE FOLLOWING 15 MINUTES PREVIOUS EXPOSURE TO 27

PPM SOZ'



IS - INTERALVEOLAR SEP-
TUM. X130.

AS - ALVEOLAR SAC

A

- MLVEOLUS
AD - ALVEOLAR DUCT

¥

L

39 A

This page is reproduced at the
back of the report by a different
reproduction method to provide
better detail.



40

FIGURE 10

PHOTOMICROGRAPH OF A THICK SECTION OF THE RIGHT LUNG LOBE OF A
FEMALE CAT (NO. 1144). FROZEN IMMEDIATELY FOLLOWING EXPOSURE

170 40 PPM 802 FOR 30 MINUTES.
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FIGURE 11

PHOTOMICROGRAPH OF A THIN SECTION OF THE RIGHT LUNG LOBE OF A
MALE CAT (NO. 1610). . FROZEN AFTER CAT HAD RETURNED TO CONTROL
STATE FOR 15 MINUTES FOLLOWING PREVIOUS EXPOSURES TO 40 PPM

SOZ'
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Response. of ‘Healthy Men to
Inhaled Low Concentrations
of (Gas-Aerosol Mixtures

Grorge G Bariou, M’D Alnricn Com PMJ‘
4. Bernovd Ly Goees MP: Charles : 1m-rfiJo, .MJ’]
and Armand-P. Thowus, BA, Pittshurgh '

Submitted (‘m publicalicn t\nu 2, e awecepled
Oct 15.
Fram the C'radualo Schoel of Public Hon[!ll and

School of Medlcme, University™ of Tittsburgh, Pa,

Dr. Burlon iz, now at the Loma Lind (Imvcrﬂity‘

School of Mccﬁciﬁe,' Toma Yida, Cadif.
Read before ihe ninth AMA Air Pollution Mediral
Research Conlerence, Denver, July 24, 1983
Raprint requests Lo Department of Medivine, Sev
tion on Medical Chest Viscases, Tsma Linda Unl-
versity' School of Melicine, Lo | uuln Calif e
. Mhefond,

EX]STENG kiboretory  stadies  ealing
with the acule effeets of inhaled polintants
in humans and experimental animals have
recontly been reviewed.t These studies had

_,fmlml to demonstrate ehanges in fung me-
_chanics of hm!thy adults exposed lo single

pollutants at concentrations representative
of those in ambient. urban air. LaBelle et al®
nnd Tater Gootz® had suggested 1hat gas-
acresal synergismy might explain the hypothe-
sized adverse effect on hoalth, aned the anind
studies of Amdur of al* mive the weight of

X rnnbulnr.iblv sountd e-xpc nuu‘nl il datn fo Lhe
- eoneepl.

~ Several stodies have ‘i('vn (|u||( 1o date, Lo
determine the presence or ahsenee of g
acposnl synergism in man, and (he resulls are
conflicting. Frank et al? wsing mixtures
which consisled of S0, and a submicron
NaCl aeresol, could demonstrate no syner-
giclic offect in healthy adulis over the range
A1 to 17 ppm SD.. Also, no significnt
changes in pulmonary flow resistomee (R
accnrred duving expostre to 1 to-2 ppm SO,
with or without the added acrosol. =~
Later. Tovoma® studied the offects ot a
wide runge of concontrations of SO, alone
and in eombination with 1 monodisperse
submicronic acrosol of NaCl' (concentra-
tion, 7.4 mg/cu m). He concluded that 2
synorgistic response producing increased dir-
wny resistance Twas  present, even ab low
voncentritions of SO thowah the nnmber of

Arveh Enciran Health—Uad 18, Apeil 1960
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GAS-AEROSOL MIXTURES—BURTON ET AL

Table 1.—Exposure Concentrations ol SO. and NaC1 Aerosol*

Experimental Subjects Mean—
e 1 e e e e e —— e - - - All
Potlutants 6 7 8 10 9 1 2 3 5 4 ‘Sib—i«e_r:_l»s_
1.9 3.0 2.4 3.2 2.1 2.2 1.4 1.2 1.9 1.9 "1
SO2(10 ) +0.0¢c +008 +0.15 =0.13 2000 1000 -0.14 . 0.05 0.6 +0.00 0._lq~
1.9 3.1 2.8 3.6 i.9 2.1 1.2 1.2 1.8 1.7 *
S$02(20 11) +0.13 +0.11 :0.28 +0.00 +0.06 $0.03 +0.03 0.08 0.22  +10.04 ro.r
Aerosol-Mix 1.9 3.0 2.3 3.0 1.9 2.3 1.4 1.2 1.4 il 0
(10 1) <+ 0.09 0.00 :0.10 -0.00 +0.18 +0.10 #0.02 +0.02 ! O.QZ - 0 )4 L 0.22 X
Aerosol-Mix 1.9 3.0 2.4 3.3 1.7 1.9 1.2 1.1 1.8 1.8 .0
20 11) +0.G3 +0.00 40.22 +0.16  +0.1 1 0.03 *0.12 10.08 ' Q__25 +0.08 i '_(.)..2-".)_
INaCt] 2.4 2.0 2.0 0.7 2.1 2.5 2.3 2.1 2.0 2.2 2.2
my/ mg/ my/ mg/ mg/ mg/ myg/ mg/ g/ ny/ 1 0.08
H ciem cum cum cum cum cum cum cum cum Cfl m

* S0, parts per miition; NaCl, mg/cu . Values are mean x 1 SE.

subjects exposed to < 5.0 ppm SO. and acro-
sol was small.

At the sixth annual Air Pollution Medical
Research Conference in 1963, Toyama$
presented studies of eight healthy young
men whom he exposed to SO. concentra-
tions (3 to 40 ppm) with and without inhala-
tions of Kawasaki industrial area dusts
(concentration, 10 to 50 mg/cu m). Again,
he concluded that a synergistic response
could be demonstrated, though therc were
“fairly wide individual differences.”

We decided to cxtend these wntudies hy
measiring afrway resistance (R)—a more
casily performed test of frritant response---
and R,, during precisely controlled and
characterized poilutant exposurns, Further-
more, our studies were designed to detect
possible changes following pollutant expo-
sure at concentrutions which resembled
those found in vrban air.

Materials and Methods

Subject Exposura Procedure and Pulmonary
Mechanics Measuren.ent—~Studies were per-
formed using ten heclthy men voluntecrs rang-
ing in age from 25 to 34 years as subjecta. AN
subjects had no pruvious hislory of, or physieal
findings suggesting «ignificant cardiopulmonary
disease. Five were cizarctic smokers: five were
not,

Pulmonary flow resistance (R,) was mea-
sured with an esophageal balloon and a low
resistance spirometer using the technique of
Mead and Whittenberger.® Recordings of flow,
volume, and esophageal (intrapleural) pressure
were made on a multichanel galvanometric re-
corder. Airway resistance (R,) was measured
usirg the body plethysmograph airwav-inier.
ruption technique of the same authors’? 'T'ho-

Arch

racic gas volume (T'GV) was determined by a
technique medified after Dubois et alll: Appa-
ratus resistance across the R, C; apparatus
was 0.38 cm H,O at 1 liter/sec; across the
tubing of the plethysmograph it was 0.51 cm
H,0 at 1 liter/sec. Since Widdicombe and
NadeD? had suggested that work of breathing
should increase with increasing respiratory fre-
quency () and airflow velocities, particularly if
total airways dead space (V,)) is increased, we
measured compliance (C;) and R, during nor-
mal resting and forced ventilation at airflows
which did not cxceed 2.5 liters/sce.

The subjects wore nose clips and mouth-
hreathed, warmed, huniidified filtered medieal-
prade air from the dilution board schematically
deseribed holow. Air breathinge measurements
were made after five minates, first on the low
registance gpiramicter an¢d then in the bady
plethyamograph. Measurements of Tungr resist-
ance and compliance were complete within one
minute following exposure the plethysmopraph
dita were obtained within the following two
minutes. We felt that carlier measuremenis of
these parametera were unnecessary, and  did
not anttempl to make the exposures in the
plethvsmograph itselfl. Subject comfort during
the hour-long total exposure was a factor in our
decision to proceced in this Tashion.

After control mensurenients were made, the
subjoct was then exposed to SQ, or an SO.-
sodium chloride aerosol mixture. The order of
exposure to gas or gas-nerosol mixtnre was
rangdomized. The exposures lasted 30 minutes
cach, with measurements being made at 10
minutes and 30 minutes. Sufficient time was
allowed between exposures to allow airway and
total lung resistance to return to contral levels,
if any change had occurred. Of 19 studies
performed, ten successfully fulfilled the com-
plete criteria of the experimental protocol,

Poilutant Aerosol and Gas Gene-ation and
Characterization.—Pollutant mixtures for {he

Fnviron Health—Vol 18. Amril 1969
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Fig 1.~~Schematic of poliutant generation apparstus. A, Valve; B, “‘catch-ail”’ air cleaner; C, silica gel;
D, watting tudbe, E, Millipore HA filters; F, critica! orifice; G, pressure gags, H, SO, inlet, 1, mixing
bailoon; J, heating coll with rheostat control, K, Herschel-Type Vent, in Tube, L, Dautreband D,1, M,
motor driven syringe; N, medical grade compressed air; triangle, flow direction.

Fig 2. —~Cumulstive particle——size distribution curve for test asrosols (NaCt), sized et-32,000 X with
Zeolss TQL.3 electron microssope.
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GAS-AEROSOL

exposures were produced using a portable aero-
sol-gas supply apparatus designed and con-
structed for this study (Fig 1).

Medical-grade compressed air was passed
through activated carbon and silica gell, mois-
tened and warmed, then metered by the use of
calibrated orifices, beforo entering the Dautre.
bande D,,1 generator or the Venturi tube for
mixing with aerosol and gas. Sulfur dioxide gas
was supplied to the Venturi throat by a syringe
driven by an infusion pump. The Dautrebande
D.1 aerosol generator was filled with 0.226%,
by weight solution of NaCl and placed in an
opening at the base of the Venturi tube. The
salt solution was replaced every 16 minutes to
prevent a significant increase in NaCl concen-
tration due to the evaporation of water.

The mixture exited from the Venturi mixing
tube into a reservoir balloon, where it was
either exhausted, or withdrawn by the subject
under test.

All components of the system, with the ex-
ception of the balloon were of stainless steel,
rigid plastic, or Teflon. The aerosol mixture
was dclivered to the subject through a 1-inch
stainless steel Teflon-lined tube. At the end of
the tube was a thrre-way valve. One port was
connected to the “control” air source; the other
port was attached to a two-way “J" valve. An
exhaust line was connected to the outlet side of
the “J” valve. A moulded contour rubber
mouthpiece which fitted inside the mouth of
tho subject was used. Caro was taken during
the exposures {o keep snliva from collecting
ingide of the *J" valve.

Meanurement of pollutant concentration due-
ing cxposures wero made through a stainless
steel tap which was injeeted info the inspirato.
ry side of the breathing valve ns close to the
mouth as possible.

Tn order to detetmine S(), concentration, 2.8
litees/min of the pollutant mixture was drawn
for two minutes into n midget impinger con-
taining 60 ml of West-Gaeke reagent. The sam-
ples were then analvzed spectrophotometricatly
using the modified West-Gneke method. 1

I?uring the first ten-minute exposurc, two
samples were taken, four minutes apart. During
the 20-minute exposure three samples were
taken at six-minute intervals, Whenever sodium
chloride acrosol was present in the system,
sampling wag performed by first drawing a
sample through HA Millipore filter paper to
eliminate sodium chloride interferences. Sover-
al nonexposure calibration runs indicated that
the loss of sulfur dioxide on the filter naper
was negligible.

The concentration of sodium chloride aerosol
was determined hy withdrawing the exposure

MIXTURES—BURTON ET AL

mixture at 21 liters/min for 20 minutes through
HA Millipore paper, leaching the salt by filter
immersion in distilled water, and analyzing by
electrical conductivity. A calibration curve was
prepared using reagent-grade sodium chloride.
Because of the length of time required to
sample for the sodium chloride aerosol, this was
done at the end of the cxposure periods. Sever-
8l nonexposure checks and postexposure checks
found the concentrations to be very consistent
over a period of several hours, ie, 2.2 +0.08
mg/cu m (mean % SD).

The particle size distribution of the acrosol
was determined by first sampling with an oscil-
Jating thermal precipitator onto a carbon-coat.
ed glass coverslip. The carhon film was trans-
ferred to a 200-mesh electron microscope grid
prior to obtaining photographs with an clectron
microscope. The particles were sized using a
particle sizing unit. The particles were all
smaller than 0.40x by weight, the mean size and
standard deviation were 0.25¢ and +0.001,
respectively (Fig 2).

Table 1 is a summary of pollutant concentra-
tions to which subjects were exposed in this
study. Variations are due to operating charac.
teristics of the generation apparatus. As experi-
ence with the unit increased, outward leaks,
and other problems were eliminated and re-
producibility of concentrations improved. These
mixtures of aerosol and gascous pollutant were
generated to specifically simulate the urban
milicu. The concentrations of SO, nrc slightly
higher than those ever recorded in an acute air
pollution episode (London, 1952). During thal
catastrophe, the concenteation of particulate
matter was 0.9 mg/eu m.

Results

The data (Table 2) shown represent the
mean of gix determinations of R, and TGV
in the bady plethysmograph. Other parmine-
ters of pulmonary mechanics ave derived,
Pulmonary flow resistance data js presented
ns an average of inspiratory and expirat-wy
flow resistances based on six o ten breaths,

When compared with individual or mean
group controls, no significant increases in
O, and R, were scen during quict breathing
or during hyperventilation, either after SO,
alone, or after the SO.-acrosol mixture. Sim-
ilarly, no significant changes in R, airway
conductance (G,), or specific conductance
could be demonstrated. Thoracic gas vol-
ume did not change significantly. Thesc
studies confirm those of Frank et a1 Mea-

Arch Environ Health—Vol 18, April 1969



Table 2,—EHect of Exposures on Varlous Pulmonary Mechanlcs Measurements*

A-(8S

P 101t Mix

" Control p 101t SOz p 30 1t SO; Control p 30 it Mix - Qrder
Individual data
Subject 6
R 0.41,1.23 0.91,1.40 0.90,1.23 1.63, 1.80 1.56, 1.90 1.30, 1.87
Cu 0.20, 6.21 0.28,0.22 0.27,0.25 0.27.0.20 0.18.0.18 0.22,0.18
Ra 0.70 — 0.97 -~ 095 1.00 — 096 — 0.95 — Gas, Mix
Ga 1.42 — 1.03 1.06 — 1.00 -— 1.04 — 1.05 -
TGV 3.36 — 3.37 -~ 3.50 -~ 3.40 - 3.24 -~ 3.28 -
. Ga/TGV 0.42 — 0.31 - 0.30 — 0.29 — 0.32 — 0.32 -
Subject 7
Ry 2.02, 1.69 1.20, 1.80 1.33, 1.66 1.50 — 2.00, 1.90 1.80, 1.60
CL 0.25,0.21 0.29, 0.26 0.27,0.24 0.24 ~— 0.28, 0.30 0.35,0.23
Ra 1.12 - 1.8 — 1.03 — 110 — 098 — 1.08 -
Ga 0.83 - 0.85 -— 097 — 091 -~ 1.02 ~— 0.93 -~ Gas. Mix
TGV 5.20 -~ 499 -— §.12 — 510 — 5.27 - 5.0 —
Ga/TGV 0.17 ~— 017~ 0.19 — 0.18 - 0.19 -~ 0.18 -—
Subject B
(% 1.70, 2.30 - — 1.05,2.50 2.02 - 1.90, 2.30 2,00, 2.40
CL 0.21,0.19 - - 0.18,0.13 020 — 0.16.0.18 0.16, 0.15
Ra 1.0 — .11 - 1.25 — 1.02 - 1.23 — .13 —
Ga 0.96 - 0.90 — 0.80 - 098 — 08! — 0.88 —~ - Gas, Mix
TGV 288 — 294 -— 294 -~ 299 - 283 — 2:97 - '
Gal/TGV 0.33 — 0.31 -— 0.27 — 0.33 -~ 0.29 - 0.30 —
Subject 10 .
Rt - 1.84, 2.00 2.03, ¢.90 1.70, 2.00 1.80, 2.00 1.70, 2.50 1.50, 2.10
Ci, T 0.24,0.21 0.31,0.23 0.31, 0.30 0.32,0.22 0.29, 0,22 0.26, 0.14 .
Ra 1.25 © - 1.40 -— 1.09 -— 1.15 - 1.08 — 112 — Gos, Mix
Ga 0.80 .— 0.7y — 092 -— 087 — 093 - 0.89 — i
TGV 5.28 — 5.08 -~ 538 — 4.87 - — 5§25 — 5.16 '—
. Ga/TGV 0.15- = . 0.14 — 0.17 -~ 0.18 — 0.18 — 0.17 =~
Subject 9 . . .
RL 1.60,3.30 2.70,2.80 3.40, 1.70 1.40, 1.80 1.90, 1.80 1.60, 1.50
CL 0.27,0.25 0.30, 0.30 0.36, 0.23 0.25, 0.31 0.27,0.32 0.30, 0.25
Ra “1.04 — 1.05° — 1.04 — 1.03 — 0.97 -— 1.02 — Gas, Mix
Ga - 096 — 0.5 — 096 — 0.97 — 1.03 — 0.98 -~
TGV 4,48 — - 4.58 — 450 — 4.65 —~ 4.82 -— 4.84 —
Ga/TGV 0.21 — 0.21  — 021 — 0.21 — 0.21 — 0.20 —
Subject } - . .
Ry 1.04, 1.25 1.20, 1.10 1.50, 1.70 1.20, 1.60 1.20,1.70  0.96, 1.80
CoL 0.39,0.63 0.36,0.63 0.26,0.23 - 0.28,0.30 0.30 -— 0.23,0.25 :
.Ra 0.69 ~— 074 —~ 0.64 -~ 0.66 ~ 0.B5 — 0.70 ~ -Gas, Mix
Ga 1.45 — 1.3 — 1.56 -~ 1.52 =~ 1.18 - ‘1.43 —
TGV. . 4,40 — -4.20 . — 4.35 ~— 397 - 416 —~ 390 -~
_Ha/TGY 033 — 0.32 = 0.36 -- 038 0.28 — 0.37 -~
Subjuct ? . . . ’
fiL t.80 — 1:60, 1.50 1.40, 1.50 2.G60, 2.40 210, 1.40 1.50, 1.60
CL 0.25 — 0.29,'0.28 0.37,0.42 0.36, 0.37 0.30, 0.52 0.29, 0.40° .
Ra 1,59 — 1.6 — 1.61 -— 1.7 -~ 1.62  — 155 - Mix, Gas
Ga 0.63 — 061 — 062 - 0.64 — 0.62 — 0.65 —
TGV 5.68 — 5.74 — 5.54 — 6.26 — 5.54 .- 5.64 —
Ga/TGV o1 - 0.11 - 0.1t - .10 -~ ¢l - 0.12 —
Subject 3 . - . . -
Ru . 099,200 1.40,1.80 . 1.50,1.90 0.83, 1.30 1.80,2.10 1.30, 2.00
CL 0.74,0.29 0.27,0.25 7 0.27,0.26 0.22,0.22 0.27,0.23 (.28, 0.27
Ra 1.05 = 1.20 - 1.45 — .32 -~ 1.56 -~ 1.42 —~ Mix, Gas
Ga 0,95 = 0.83 ~ 0.69 — 0.76  ~— 0.64 — 0.70 —
oV 3.78° - 368 -~ 3.35 - 3.44 - 3.18 - 338 -—
GA/TGY ~ 0.25 - 0.23 — 0.21 — 0.22 — 0.20 ~ 021 —
Subject 5 ’ S )
Ry 1.41, 1.55 1.10, 1.71 1.78,1.71 2.36, 2.37 1.93, 1.G? 1.41, 1.55
Co 0.27,0.25 0.25,0.18 0.23,0.26 0.15,0.14 0.18,0.213 0.27,0.25
Ra .42 — 147 -~ 1.42 — 1.42 — 1.47 — 1:38 — R
Ga 0.70 — 068 -— 0.70 - 0.70 — 0.68 — 0.72 — Mix, Cas
oV 4,85 — 4,55 ~ 461 — 4.73  — 4.62 -— 4.85 -
Ga/ TGV 0.14, — 0.15 -~ 0.15 — 0.15 — 0.15 - 0,15 —
Subject 4 - )
Ry 1,.97,.2.09 1.89, 2.12 1.89, 2.30 1.82, 1,61 1.47, 2,05 2.28, 2.0t .
CL 0.16,0.15 0.15, 0.13 0.16, 0.15 0.15,0,14 0.15,0.13 0.15,0.13
Ra 1.97 -— 2.05 -~ 206 -— 1.67 -— 2.00 -~ 1.83 — . Mix, Gons
‘Ga 051 <= '0.49 -~ 0.48 - 0.60 — 0.50 — 0.55 -
TGV 285 -~ 276 ~ .2.78  — 3.00 - 2.73 — 2.89 —
Ga/TGV 0.18 - 0.18 —~ 0.17 — 0.20 — 0.19 -~

0.18 —
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Table 2.—E*fect of Exposures on Various Pulmonary Mechanics Measurements*—(Continued)

Control p 10t SO p 30t SO Contral p 10 1t Mix  p 30§t Mix Order
Grouped data
Ry 1.48, 1,93 1.04, 1.92 1.44, 1.82 1.72, .80 .76, 143 1.7, 1.8
CL 0.25,0.27  0.28,0.28 0.27,0.25 0.24,0.24 0.24, 0.6 025,003
A 1.19 — 1.28 - 1.25 — 1.19 - 1.7 1.2 - -
LGA 0.84 — 0.88 — 0.88 — 0.90 ~— o8H - 084 -
TGV 4.27 — 4.18 — 421 — 4.24 — 416 - A0 --
‘Ga/TGV 0.23 — 0.21 -— 0.21 — 0.22 — 0.21  -- 0.0z

* Ri, em H20/liter/sec; Ci, liter per
(spgcilic conductance), sec! cm H20~!,

surements of R, and C,
during rapid breathing were

centimeter H20; Ra. cm H20/liter/sec; Ga. 1/RA; TGV, hters; and GaA/TGV

Table 3.—Effects of Exposures on Lung Resistance

and Specific Airway Conductance

also unaffected by any expo-

% Change vs Control

sure. Sub- Sub.
: : ject Ry GA/TGVY  ject L Ga/TGV
‘Fxgures 3 to5 .1lll}strate P 10'S0; +122.2 —~26.2 "5 Lt 807 - 3.0
the absence of significant P 30'S0y +119.5 —28.6 B 30 SO, + 90
change in group mean val- 6 p ;g' m;* - 28; +;8-§ ! '_'2 'h\:i* —22-;
! - . +10. D20 Mix — 2.
ues of S QP - S_— —
TeéV fI}l“’ .C"’ or G, per B10'S02 — 6.0 0.0 70 s0; 0.0
' ollowmg any expo- p307S0; — 34.2 +11.7 b 20 s0: 0.
sure condition. The R, and 7 B10Mix 4 333 + 95 1 B0 Mix +10.0
C.' data seemed to add little p 30" Mix + 200 0.0 P 307 Mix +20.0
pl0'SO;  — — 6.0 10" S0, — 8.0
to the results, for they follow 530°S0; — 382 — B2 20 s0- 60
the same trends as the more 8 pl0’Mix — 59 —12.1 3 p 10 Mix — u
simply obtained body ple- p30°Mix — 10 -—90 P30 Mix L a5
e p10'S0; + 103 — G.7 ARIEEGE 7
th-y.smogrfzph data. v a p30°50; — 7.6 4133 P30S0 4 70
The wide scatter of indi- 10 p10'Mix — 5.6 0.0 & 1o Mix 00
vidual values and the lack P30 Mix — 167 — o5 P M _n
of significant trend can be p 10780 + 688 0.0 I 107 SO b0
in Table 2 d3 p 30'SO2 — 12,5 0.0 1 307100 - h
scen in Table 2 and 3, and o Fiomix 4+ 357 00 A4 310 Mis - 100
Fig G to 8. One or two possi- P 30" Mix + 143 — 48 §30Mic 4 163 —

ble “hyperreactors” can be  * R
identified here. Control val-
ues are all within reported normal ranges for
these measurements.

Except for subject 10, who complained of
some dryness of the throat, there were no
subjective symptorms associated with any ex-

pOftl re.
Comment

This study confirmg existing ovi-
dence’ 1418 that human exposures to low
concentrations (< 3.0 ppm) of SO, in air do
not result in immediate physiologic effects
on measures of pulmonary mechanics. Wide
subject variability, and hour-to-hour varia-
tion in airway resistance and conductance!®
made detection and interpretation of small
transient changes difficult. Furthermore,
time-series analysis studies in New York!?
and Tennessee!® have demonstrated a 1 to 2
day lag between peak ambient levels of SQ.
and development of cough or worsening of

cm H:0Nliter/sec: GA/TGV, see ! cin HO 3,

asthma. Spicer' has confirmed (his relation-
ship in DBaltimore, using o sophisticated
statistical analysis of  changing SO, con.
centrations and measurermients of pulmonary
airway conduct:aimce and  resislance as n
function of time (2 so-ealled power speclrum
analysis), Such work suggests that the ex
pected effects of low concentration SO ex
posures are delaved unless pulmonary de
fense mechanisms are in some other way
altered.

Tnhaled aerosols nay vet be shown to act
in this fashion, in some way altering the
immediate adaptive mechanisms of the air-
ways and lung, rendering them more suscep-
tible to otherwise ineffective concentrations
of gascous pollutant. Stokinger™ and
Anderson?® have recently discussed the po-
tential of gas-acrosol iuteraction, and the
Timitations of testing adequiitely for its pros-
ence or absence. Tt is unclear whether or not
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Fig 4.—-Lung compliance (C.) changes after exposure (grouped data).
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Fig 5.—Speclfic airway conductance changes after exposure (grouped data).

the acrosols in themselves need to be “irri-
tant” to produco an effect in man, though
they nced not be in animals. Toyama's in-
dustrial dusts may have been more irritnnt
than the NaCl acrosol of Frank et alt and
our own, and this may account in part for
the evocation of response from his SO.-dust
exposed subjects.

We were able to identify at least onc
possible “hyperreactor” to SO, in the pres-
ent study (subject 3, a 24-year-old nonsmok-
er). Our work suggests, as have other
studies, 1% that there may be only one or
two physiologic “veactors” for ecvery ten cix-
posed subjects. Thi: implication for futurc
exposurc studies is that large numbers of
“normal” subjects will need to be studied to
locate persons who show ceffects of inhaled
poliutants on pulmonary mechanics.

A study which probed immediate gas-
acrosol synergism in paiients already affected
by pulmonary dizease might report positive
results where ours have been negative. Sup-
port for this exists in the literature,®! thouyh
complete acrosol characterization data ure
not given. Medicolegal and cthical consider-
ations make studies of this kind difficult.

Conclusions

In summary, like Frank et al® and the
work recently reported by Snell and Tauch-
singer,2? we could not demaonstrate gas-nero-
sol synergism for SO, and inert acrosols at,
concentrations which approximate those in
urban atmospheres. These experiments suy-
gest that grouped population data may not
be as sensitive an indicator of effect in the
experimental exposure situntion as they are
in the epidemiological sefting. ‘These findings
in humans are in marked contrast {o the
study in animals of Amdur et al.t* where
grouped qata, as well as single responses,
gave cvidence of a svnergistic effect whon
guinea pigs were cxposed to mixtures of
acrosol and gas similar {o those reported
here. (She used the same indicator of re
sponse, namely pulmonary flow resistanee,
in her studics as we did)

While gas-acrosol synergista may vet be
proven an important toxicologic mechanism
in man, we suspect that reactor, characteris-
tics of reactant, and timing and sensitivity
of measurement will have to be more core-
fully considered in future studices if such an
effect is to be demonstrated.
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Resting pulmonary mechanics studies
may not represent the best approach to
problems of acute-effect air pollution toxi-
cology in man. Studies of distribution of
ventilation or chunges in pulmonary me-

GAS-AEROSOL MIXTURES—BURTON ET AL

chanics following exposure during exercise
may possibly be more sensitive indicators of
response.

This study was supported by PuBlic Health Service
grant PHS86-67-73 from the Nalional Center for Air
Pollution.
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TASLE 5
Cat o, 1676

RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHAMGE RELATIVE TO CONTROL VALDES*

Pulmonary f low Resistance (5)
Mech, % Low 4 Mech. % - S0y & % Mech. ;4 '
Coatrol Stim, Change Control 'S0, {hange JControtl Stim. Change [|Control NaCl!  Change Control Stim. Change
9.5 68.2 617.9 ‘8.4 9.5 0 9.5 59.7 - 5284 14,0 15,2 60 10.6° 72.8 - 586.8 -
a.s . 9.5 10:¢ 11,6 10.6° 163 7:.6
9.5 . 12.9 35.8 9.5 - 15.2. 60
MeanZ 9.5 £2.2 9.1 11.0 9.5 59.7 1.4 15.6 10.6 72.8
s.0. © 0.6 1.7 2.3 0.6
REFLEX INTACT LoM.S. REFLEX INTACT A N.S. REFLEX INTACT
Lung Compliance (¢)
Mech, % Low e Mech. % - 50, & % Mech,
‘Control Stim, Change | Control SO0, Change | Control Stim, Change Control! Nall  Change Control Stim. Change
1.5 3.8  -73.8 S15.0 12,3 -13.7 13.2 3.4 -74.2 13.6 1.4 -13.6 12,1 8.3  ~31.b
4.5 15,0 12,4 -16.4 ' 13.2  1t.Lb -13.86 ' .
.5 12,3 -13.9 12.8  11.4  -13.6
‘Meant 14.5 - 3.2 .8 12,7 13,2 3.4 13.2 1.4 12,1 8.3
s.n. O 0.3 2.2 , 0.4 0
<0, D P<0.05
Sequenie . :

1 Cﬁallegsgag) 1) {(2; (3) (4} {5)

{a)

See Figure,

*Controt far .15 minutes preceding challensge.

{b) Pulmonary Flow Resistance, Cm Hy0/1/sec.

(c)

Lung Comptiance, ml/em Hy0,

a N.S. = Difference between means not sig{ficant'(P>0.05)




TASLE 5 (Continued)

Cat No, 1676

RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VALUES*

Pulmonary Flow Resistance (5)

7 Mech. % fdigh % Mech, %*
Control NaCl Change Control Stim, Change [Control 50, Change Control Stim. Change
9.5  12.9 35.3 5.5 9B.é 937.9 9.5  10.6 11.6 3.5 896.3 808.4
9.5 h.o  L7.4 9.5 12,9 35.08
2.9 35.8 9.5 12.9 35.8
Meant 9.5 13.3 9.5 98.6 9.5 12.r 9.5 86.3
s.n. 0 0.6 0 1.
P<0.01 REFLEX INTACT AN.S. RESLEX INTACT
Lung Compliance (c)
7 i Mecth, 7? High % vecb, %
Control NaCl Change Control Stim. Zhange Control SO, Change Control Stim, Change
12.4 11,4 -6.9 11.7 4.1 -3 1.4 16,2 b2y 16,2 4.7 -71
2.1 1.1 -9.4 . 16,2 h2.1
114 -6.9 1.4 16.2 L2.1
‘eant 12,3 11.3 1.7 4.1 M. 16.2 16.2 4.7
$.0. 9.2 .2 0 0
P< 0.05 7 P 0.01
Sequence
Cﬁa”engsqfa) (6) (7 (8) (9)

*Controi far 15 minutes preceding challenge. L.

(2a) See= Figure. ’ o N.§. = Oifference between means not sigificant (P>0.05)
{b) Fulmonary Flow Resistance, Cm Hp0/!/sec.

{c}) Lung Compliance, mi/cm HyO0.
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RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE

TASLE 6

Cat No. 1651

TO CONTROL VALUES*

i Pulmonary Flow Resistance o)
Mech, % Low % Mech, % SO0p+ 4 Mech. %
Contro! Stim. Change Control S0, Chanie Control Stim. Change Control NaCl Changz § Control Stim. Change
14,5 54,4 275.2 14,5 11.9 ~-18.6 4.5 163.9 1030 14,5 13.0 -10.3 10;5 841 572.8
4.5 14,5 13.0 -10.3 14,5 4.6 0 14,8
14,5 11.6 -1B.£& - 14,5 13.0 -10.3
Meant 14,5 544 14,5 12.2 b5 163.9 14,5 13.5 12.5 84,1
5.0, 0 0 0.7 ' 0 0.9 2.8
REFLEX INTACT P<0.05 REFLEX INTACT A N.S REFLEX INTACT
Lung Compliiance (c)
Mech. A Low A Mech. A SOp+ A Mech. %
Control Stim, Chanjs Control S0, Chance Coniro! Stim, Change Control NaCl Change Contro) Stim. Chang:
1.1 7.2 -35.1 i0.5 14,1 30.¢6 1,1 5.3 -62.4 -12.4 15.7 23.7 16.3 5.2 -67.5
P 10. 13.6 25.9 12.1 4.1 15.4 15.7
111 13.6 75.¢ 2.1 151 23.8
reant 11,1 7.2 10.8 13.8 4.1 5.3 12.2 15.90 16.0 5.2
S.D. J 0.3 0.2 0.8 0.4
P<0.0] P<0.05
Segquence ‘ (4) (5)
el | ) (2) (3)

*Cantrol far 15 minutes preceding challenge.

(2) See Figure.

(b) Pulmonary Flow Resistance, Cm Hy0/1/sec.
(c) Llung Compiicnce, ml/cm H,0.

a N.S. = Difference between means not sigificant (P>0,05)




TASLE 6 (Coatinued)
Cat No, 1651

RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VAUJES*

Puimonary Flow Resistance L2
- Mech. - % ‘ High % Mech. %
Control NaCi  Chanjy= Control Stim., Change Control SO0 Changs Cont-ol Stim. Change
13,1 11.7 . -19.3 1.8 1511 1267.4. 4.5 19.3 35.1 9.3 . 119 1179.6
14,6 11,7 -19.3 10.3 . 4.5 22,9 57.3 '
11.8 10,6 19.3 331
Mean? 13.8 11,7 1.1 151 .5 20.5 9.3 119
S.D. 1.0 0.1 1.1 0 2.1
N.S, REFLEX INTACT P< 0.05 REFLEX INTACT
Lung Compliance (c) .
:/: . . Mech. %
Control NaCl  Change Control Stim. Change Contral SD; Change Contro! Stim. Change
W 151 5.2 15,1 3.9 7h.L 13.6 15.7 13.4 15.7 4.9  -68.8
14,6 15 Y 5.2 14,6 14,1 15,7 13.4
15,4 5.2 15.7 13.4
Meant 1L 15,1 .9 3.9 13.9 15,7 15.7 4.9
S.D 0.4 0 0.4 0.4 0
N.S : T
Sequence ’ :

*Control far 15 minutes preceding challenge. ) _ . L N
(8) See Figure. & N;S. = Difference between means not sigificant (P>0.05)

(b) Pulmonary Flow Resistaﬁce, tm Hp0/1/sec.
{c) tung Compliance, m!/cm H,0.
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TASLE 7

Cat No. 1612

RESPONSE TO VARIQUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VAUJES*

Pulmonary Flow Reési stance ')

Mech. K4

Z

_ Low : ] Mech., ¢ bl Y RETH: <
Tomtrol Stim, Change Control 50, Change Control Stim. Change . Control NaCl C(Change Control Stim. Change.
20,9 156  6ub.L 20, 27.1 29.7 S 28,1 103 329.2 20.9 29.2 39.7 20.9 - 119 Lé9.b
20,9 20.9 281 . b 23 . 20,9 25.6 22.5
20.9 30.2 L4.S 20.9 27.1 29.7
Meant 20,9 156 20.9 29.5 24,0 19’5 20.9 27.3 20.9 119
5.0. -0 0 1.6 3.7 0 1.8
REFLEX INTACT +0.05 REFLEX INTACT P<0.05 REFLEX INTACT
Lung Compliance (¢}
, ‘Mech., % ! Low Z Mech. % S0o+ % Mech., %
Control Stim, - Change " Control 3Dy Change Control Stim.Change | - Contro! NaCl Change Control Stim, Chang=
6.3 5.0 - -21.3 ‘7.0 €5  -8.5 6.9 - 6.9 © 7.4 7.1 -1h 7.7 7.7 0
6.4 7.1 &,k -7.0 7.0 7.0 B.4 16,7
7.1 £.4 -9.9 6.9 7.1 -1.4
Eeant 6.3 7.0 £.3 6.9 6.9 7.2 7.5 7.7 7.7
0. 0.1 .1 i 0.1 0.3 0.6
P<2.91 AN.S
.Sequence qfa) :
Challenge (1) (2} (3) (4) (5)

*Cnntro) for 15 minutes preceding challenge.

(a)
(b}
{c)

See Figure,

Pulmenary Flow Résistance, Cm sz/l/seé.
Lung Compliance, ml/cm H,0.

aN.S. = pifference bSetveen means not sigificant (P>0.05)




TASLE 7 (Continued)

Cat rlo. 1612

RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHAMGE RELATIVE TO CONTROL VALUES*

Pulmonary Flow Resistance (%)

—
% Mech. kA High % Mech, %
Contrnl NaCl Change Control Stim. Change Control S0; Change Control Stim, Chang=
20.9 38.7 85.2 20.9 81.6 290.4 20.9 28.1 34,4 20.9 134 54,1
20.9 39 L3.5 20.9 27.1 29.7
33.9 62,2 23 32.2 541
Meant 20.9  34.2 20.9 B1.6 21,6 29.1 20.9 134
S.D. 0 b4 1.2 2.7
P< 9.05 P< 0.05
REFLEX INTACT REFLEX INTACT
Lung Compliance (c)
% Mech, 4 High pA Mech. %
Control NacCl Change Control Stim. Chanze Control SO2 Chang= Control Stim. Change
7.7 8.3 9,2 8.8 8.7 -23.% 7.7 6.4k -13.i 7.1 5.0 -29.6
7.5 9.k 10.5 6.5 8.4 k.0
8.1 6.6 7.9 6.1 -17.2
preant 7.4 2.1 2.7 £.7 7.b4 7.0 7.1 5.0
S.0. 0.1 n.? 5.8 1.3
P<n. 0] AN.S.
Sequence 2){’ *
Challenge 2| (6) (7) (8) (9)

*Crntrol for 16 minutes preceding challenge.

(a) See Ficure. ' o N.S. = Difference between means not sigificant (P>0.05)
(b) Pulmonary Flow Resistance, Cm Hp0/1/sec.

{¢) tung Comapiiance, mi/cm Hy 0.
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TABLE 8

Ccat No. 1633

RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHAMGE RELATIVE TO CONTROL VALUES*

Pulmonary flow Resistance (6}

Mech. ¥ Low # Mezh, % S0,+ %- Mech, %
Control Stim. Change Control S0 Change Control Stim. Change { Control NaCl Change } Control Stim. Change
16.9 122 601 15.9 .0 -11.9 16,8 80.1 389.9 15.9 19,1 20.1 17.9 32 338.5
17.9 15.9 15.6 -1.5 15.9 15.9 17.9 12,6 18.5
15.9 .2 -10.7 15.9 20.8 332.8
Meant 17.4 122 15.9 L6 6.4 80.1 15.9  19.3 18.7 82
S.b. 0.7 0 0.9 0.6 0 1.5 |
REFLEX INTACT NS, REFLEX INTACT &N.S. REFLEX INTACT
Lung Compliance ()
Mech, yA Low ! Mech. % SO+ % Mech, %
Control Stii1. Change Control S0 Chang> Control! Stim, Change Contro! NaCl Change § Control Stim. Change
2.0 3.6 -54.1 7.7 7.5 -2.% 8. 8.1 3.8 7.7 7.0 -7.5 7.7 L.2 -k, 0
7.7 7.7 7.5 -2.% 7.5 7.5 7.1 -6.2 7.3
7.7 7.7 0 7.5 7.3 -3.5
Meant 7.9 3.¢ 7.7 7.5 7.8 8.1 7.6 7.1 7.5 L.2
5.0. 0.2 0 0.1 2.4 0.1 0.2 0.3
N.S. P<.0.05
Sequence -
et iee | ) (2) (3) (4) (5)

*Contro! far 15 minutes preceding challenge.

(a) See Figure.

(b) Pulmonary Flow Resistance, Cm HZO/l/sec.

(e} tung Compliznce, ml/cm Hy0.

a N.S. = Difference between means not sigificant (P>0.05)

0T1-4



RESPONSE TO VARIOUS STIMULI' EXPRESSED AS PERCENT CHAMGE RELATIVE TO CONTROL VALUES*

TASLE ~. 8 (Continued)

Cat Wo. 1622

Pulmonary Flow Resistance ()

Mech, L

% Mech. X High %
Contrnl NaCl .| Change -fontrol. Stim. Change Control! SO02 Change Control Stim. Change
15,9 19.1- . 20.1 17.9 12,5 565.7 15,9 - 16.9 6.3 17.9. 100.3 409.1
15, 9 21.5 35.2 15.9 - E 5.9 14.0 -11.9 l 5 . -
17.°0 9.4 - 15,9 0
Meant 15.9 19,3 6.9  112.5 15.9  15.6 19.7  100.3
S.D. 0 2.1 1.4 0 1.5 2.5
N.S. REFLEX INTACT & N.s. REFLEX INTACT
Lung Compliance (e)
A Mech. - % : High - % Mech. #
Control NaCl Change Control Stim. (Cnange.] <JControl SO Change Control Stim. Change
8.1 6.9 -12.7 7.3 3.3 -5u.2 7.1 8.6 22 7.7 5.4 2.3
7.7 6.9 -12.7 7.1 7.0 7.7 9.2 7.4
6.9 -12.7 7.4 5
Mean? 7.9 6.9 7.2 3.3 7.0 7.9 7.6 5.4
S.D. 0,3 0 0.1 ’ 0.1 0.6 0.2
N.S. & NLS,
Sequence
Challenge Te) (6) (7) (8) (9)

*Cnntrol far 15 minutes preceding challenge
See Figure,
Pulmonary Flow Resistance, Cm H20/1/sec.
Lung Compliance, m1/cm H,0.

(a)
(b)
(c)

o N.S. = Difference between means not sigificant (P>0.05)

Ti-d
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TABLE 9

Cat No. 1606

RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCEMNT CHAMGE RELATIVE TO CONTROL VALUES*

Pulmonary Flow Resistance )
Mech. % Low % Mech. % S0, + % Mech. %
Contro® Stim. Change Control S0, -Change | Control Stim. Change Contro! Na(Cl Change] Control Stim. Change
19.9 127 539 19.9  15.7 -17.2 18.5 87.k 1372.4 17.1  16.6 0.2 W1 112 694.3
19.9 18.5 15.7 -17.2 141 16.6 0.2
18.5 21.9 15.5 18,5 16,6 0.2
Meant 19.9 127 19.0 17.8 18.5 87.4 16.6 16,6 14,1 12z
S.D. 0 0.8 3.6 2.2 0
REFLEX INTACT AN.S REFLEX INTACT AN.S REFLEX INTACT
Lung Compliance (€)
Mech. % Low 7 Mech. % SOp+ % Mech, %
Controal Stim. Change Control 50, Change Control Stim. Chang= Control Na(l Change Contral Stim, Change
9.7 6.9 -27.4 9.1 9.1 -2.2 9.7 L.7 -G).5 9.9 7.6 -20.8 8.4 Lot -51.2
9.3 9.3 9.3 0.0 10.2 7.3 =24
9.5 9.5 2.2 8.7 7.5 -21.9
Meant 9.5 6.9 9.3 9.3 9.7 4.7 9.6 7.5 8.4 L.t
$.0. 0.3 0.2 0.2 0.8 0.2
AN.S P <0.05
Segquence qf A {5)
Che”eng:ta) (1) (2) (3) (%)
*Control far 15 minutes preceding challenge. .
’ a N.S. = pifference between means not sigificant (P>0.05)

{a) See Figure.
(b) Pulmonary Flow Resistance, Cm H»0/1/sec.
{c) Lung Comptiance, m1/cm H,0.

£1-9



RESPONSE TO VARIOUS STIMUL] EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VALUE’i

TABLE 2 (Continuad)

Cat No, 1606

Pulmonary Flow Resistance (5)
7 Mech. 7 High % Mech, %
Control NaCl Change < Contro! Stim. Change Coatrol SO02  Change Control Stim. Change
1 1.7 -31.3 19.2 96.3 401.6 19.9 22.3 17.6 18.5 61,1 .230.3
8.5 11.6  -31.9 18.5 25.3 23.h4
.5 8.4  -50.7 18.5 19.9 4.9
Meant 17.0 10.6 19.2 95.3 19.0 22.5 18.5 61,1
§.D. 2.5 1.9 0.8 2.7
P<0.05 REFLEX INTACT A N.S REFLEX INTACT
Lung Compliance (c)
p Mech. 4 High % | Mach. %
Contro! daCl Change Control Stim, Change Control S0  Change i Control Stim. Change
9.3 7.6 -4, 6 8.5 L -51.8 6.7 3.2 16.5 7.9 8.5 7.6
8.9 7.6 -14.6 7.2 7.2 2.4
R.5 7.7 -i3.5 7.2 7.1 0.9
Meant R, O 7.6 8.5 L. 7.0 7.5 7.9 8.5
S.D. 0.4 0,1 0.3 0.6
P<0,05 AN.S.
Sequence qf
caanengja) (&) (7 (8) (9)
*Cantrol far 15 minutes preceding challenge. . .
(a) See Figure. : a N.S. = Difference between means not siyificant (P>0.05)

(b) Pulmonary Flow Resistance, Cm Hp0/1/sec.
(c) Lung Comp!iance, ml/em H,0.

b1-4d9
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TASLE 10

cat No. 112

RESPONSE TO VARIOQUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VALUES*

Pulmonary Flow Resistance b}
Low % Mech. % S0p+ % Mech, % %
Control SO, Change Control Stim. Change Control NaCl Change Control Stim. (Change] Control NaCl Change
18,1 27.6 57.1 19.7 65.7 233.5 18.1 25.9 431 18.9 49.8 156.2 18.9 14,9 -23.3
18,1 29.2 66.2 19.7 18.1 3.4 90,1 19.7 19.7 20.3 4,5
16.5 27.6 57.1 19.7 18.1 28.8 59.1 19.7 19.7 23.1 18,9
Meant 17.6 28,1 19.7 65.7 8.1 29.7 19.4 49.8 19.4 19.4
S.D. 0.9 0.9 0 0 L.3 0.5 0.5 L. 2
t-test P=< 0.1 REFLEX INTACT p< 0.0% REFLEX INTACT & N.S.
Lung Compliance (e)
Low # Mech, A S0, + # % %
Control 50y Change Control Stim, Change Control NaCl Change Control Stim. Change Control- NaCl Change
15,5 12.9 4.2 11.5 11.5 +0.0 11.3 12.8 13.6 1.5 16.0 47.7 11.5 9.2 =151
12.9 13,2 1.2 11.3 11.0 14,5 287 10.5 10.5 10.0 -7.7
11.8 12,8 -4.2 11.8 1.5 12,5 10.9 10.5 10.5 9.2 -15.1
Meant 13.4 12,9 11.5 11.5 11.3 13.3 10.8 16.0 10.8 9:5
$.0. 1.9 0.2 0.3 0.3 1.1 0.6 0.6 0.5
t-test 4 N.S. A N.S, -0.05
Sequence qf,) (n (2) (3) (4) (5)
CRallenge
* . .
Control f 15 miriutes preceding challenge. Lo
(ar)m ;Ze F?;ure.m e P s : a N.S. = Difference between means not sigificant (P>0.05)

(b} Puimonary Fiow Resistance, Cm Hp0/1/sec.
(¢} tung Compliance, mi/cm Ho0.

9T1-d



TABLE 10 {Continued)

Cat No. 1112

RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VALUES*

~ Pulmonary Flow Resistance \°)

High

. # Mech. %
Control S0, Change Control Stim, Cha-ge
16.5 41 1491 20.3 37.3. 82
16.5  37.3 12&1 290.3
16.5 Lh. 9 172.1 20.9
Mean* 16.5 41.1 20.5 37.3
S.D. 0 3.8 0.3
t-test P<Q.01
- REFLEX INTACT
Lung Compliance (€)
High # : _i-
Control 503 Change Control Stim. Change
10.5 17.2  63.8 1.5 14,0 29.¢
10.5° 15.0 k2.9 1.0
10,5 18.6 77.1 10.0
Meant 10.56 16.9 10.8 14.0
s.n.. 0 1.8 0.8
t-test P<0.05

Sequence
Challen ?%)-

(6)

(7)

*Control far ‘15 minutes preceding challenge.
(a) See Figure. ‘
(b) Pulmonary Flow Resistance, Cm Hp0/1/sec.
(c) Llung Compliance, ml/cm H,0.

o N.S. = Difference between means not sigificant (P>0.05)

LT-9
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TASLE 11

Cat No. 1609
RESPONSE -TO VARIOUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VALUES*
Pulmonary Flow Resistance 5y
Mech. fA Low 4 Mech., % S0+ % Mech. #
Control Stim. Change Control = SO2 Thange Control Stim, Change Control NaCl Change] Control Stim. Change-
19.3 114 483.6 201 19,3 £.6 8.1 162 795 18.1 18,1 0 15.8  72.5 398.3
20.5 18.1 20.5 3.3, 18.1  20.5 13.3 13.3
18.8 8.1 20.5 3.3 17.0 15.8 -12.7
Meant 19.5 114 19.0  20.1 18,1 162 17.7 18.1 4.6 72.5
s.D0. 0.9 1.0 o 0.6 2.4 1.8
REFLEX INTACT AN.S. REFLEX INTACT aN.S. REFLEX INTACT
Lung Compliance (€)
Mech. % Low 4 Mech, ¥ S0+ % Mech. #
Contro! Stim. Change Control ™ S0, Change Control Stim. Change Control NaCl Change} Control Stim. _Change
8.9 5.0 SLUNR 9.4 B.5 -4.6 9.7 4.5 -53.6 9.7 9.4 -5.1 10.6 7.9 ~2h4.4
9.1 9.2 9.4 1.1 10.1 9.4 =5.1 10.3
9.2 9.2 8.9 4.3 9.9 9.4 -5.1
Mean? 9,1 5.0 9.3 8.0 9.7 4.5 9.9 . 9.4 10.5 7.9
$.D. 0.2 0.1 0.5 0.2 0 0.2
A NS s N.S.
Sequence \
caﬂ‘,"{’en Te) (1) (2 (3) () (5)
*Control far 15 minutes preceding challenge
(a) See Figure, a N.S. = pifference between meens not sigificant (P>0,05)

(b) Pulmonary Flow Resistance, Cm Hp0/1/sec.
(c) Lung Compliance, ml/cm H,0.

6T-¢



TASLE 11 {Continued)
Cat No. 1609

RESPONSE TO VARIQUS STIMULI EXPRESSED AS PERCENT CHAMGE RELATIVE TO CONTROL VALUES*

Pulmonary Flow Resistance (0]

0cd

High A Mech. #
Control 50, Change Control Stim. Change
17.0 17.6 -2.8 15.8 122.7 €7°.¢
18.1 22.8  26.90 :
18.1 21.7 19.5
MeanZ 17.7 20.7 - 15.¢ 122.7
.0, 0.6 2.7
t-test A N.S. REFLEX INTACT
Lung Compliance (¢)
High % Mech. #
Control S0;3 Change Control Stim. fChange
9.9 9.2 -7.7 9.9 5.3 -46.5
9.9 9.k -5.7
10.1 8.2 -7.7
peant 10.0 8.9 9.9 5.3
5.0 0.1 0.6
t-test A N.S,
Sequence <
c,“me“ge"t‘a) (6) (7)

*Control far 15 minutes preceding challenge. o

(a) See Figure. ' a N.5. = Difference between means not sigificant (P>0.05)
(b} Pulimonary Fiow Resistance, Cm H0/1/sec.

{c) tung Compliance, m1/em H,0.



Pulmonary Flow Resistance, cm H,0/ L /sec
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TABLE 12

Cat No. 1564

RESPONSE TO VARIQUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VALUES*

Pulmonary Flow Resistance )
Mech. A Low 4 Mech. % SO, + % Mech., %
Cont->! Stim. Change Control SO, Change Control Stim. Change Control Nall Change | Control Stim. Change
1.1 768 L5 6 a./ 7.1 -29.9 8.4 121,7 1337.4 1.0 9.5 8.8 11.0 29.5 237.8
9.° a7 8.4 -17.1 7.1 7.6 8.8 0.8 7.6
9.9 11.0 Q.5 -6.2 9.9 7.6 8.3 0.8 7.6
Meant 13.3  76.9 10.1 8.3 8.5  121.7 8.7 9.0 8.7  29.5
.0. 3.7 0.8 1.2 1.4 2.0 0.4 2.0
REFLEX INTACT N.S REFLEX INTACT N.S REFLEX INTACT
Lung Compliance ()
Mech. % Low % Mech. % S0,+ pA Mech, %
Control Stim. CThange Gontrol S0, Change Contro! Stim. Change Contro! NaCl Change | Contr2l Stiim. Zhange
9.9 6.3 -36.4 4,6 4.2 1.2 20.1 9.9 -Lg.5 11.2 i12.9 19,1 11.2 8.1 -25.2
9.9 14,2 12.9 -8.1 17. 11.2 12.2 12.2 11.2
9.9 13.3 13.2 -5.2 211 1.1 23.4 116.0 10.1
bean? 9.9 6.3 4.0 13.4 19.6 9.9 10.8  16.2 10.8
F.0. O 0.7 0.7 1.8 0.5 6.3 0.6
& N.S. N.S.
Sequence
Challengqu) (n (2) (3) (4) (5)

*Cantrol far 15 minutes preceding challenge.

(a)
{b)
(c)

See Figure,

Pulmonary Flow Resistance, Cm Hp0/1/sec.
Lung Compliance, ml/cm Hy0.

o N.S. = Difference between means not sigificant (P>0.05)

¢i-9



TASLE 12 (Continued)
Cat No. 1564

RESPONSE TO VARIOUS. STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VALUES*

‘Pulmonﬁry Flow Re!istance'(p)

eant 151 L9
.D. .2 1.3

A N.S,

High %
Contvrol SO0y Change -
9.7 7.1 -234
8.4 5.2 -43.9
9.7 5.8 -37.4
Meant 9.3 6.0
5.0. 0.9 1.9
P< 0. 01
_ Lung Compliance (€)
High # ' '
Control 309 Changa
19.2  16.3 7.9
10.¢ 13.7 -9.3
15,2 4.6 -3.3

Sequence: ‘
Ghatienge')

(6)

®Control far 15 minutes ﬁreceding challensge.

(a) See Figure.

{b) Pulmonary Flow Resistance, Cm H20/l/§ec.
(¢} Lung Compliance, ml/cm Hy0.°

aN.S. = Difference between means not sigificant (P>0.05)

£Z-4
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TABLE 13

‘sg-4

Cat No. 1593
"RESPONSE TO .VARIOUS - STIMULT -EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL vAwes”*
o ' Pulmonary Flow Resistance \°
Mech, = % . Low % Mech. . % : SO+ . % Mech, %
Contro! St1m.' Change Control $§0, Change . Control Stim, Change Control NaCl Change } Control Stim. -Change
. 8.2 110 1298 EIR 6.4 -33.1 Il.l 'jao.l 731 .5 "'9 0 10.1 3.8 10,1 82.8 719.8
Q.0 : 8.8 11,2 17.1 9.0 : 10.1 12 L. 27.4
6.4 8.8 's5.8 -39.4 9.8 - 10.1 8.8 -9.0
Mean® 7.9 110 9.6 7.8 9.6 80.1 9.7 10.4 10.1  82.8
s.0. 1.3 1.3 3.0 1.3 0.6 1.8
t-test peciex INTACT AN.S. ___REFLEX INTACT A N.S. REFLEX INTACT
- Lung Compliance (€)
Mech. % Low £ Mech. % : S02+ % Mech, %
Contro! Stim. Change Contro! SO0 Change | Contro! Stim. Change Control NaCl Change | Control Stim. Change
10.4- 6.0 ;55.h' 15.2 17.3 1.4 17.3 4.9 -73.8 4.7 18 22.2 20.2 6.4 -68.3
10.4 15.2 16.7 7.5 19.4 15.2 15,2 3.2
19.4 16.2 17.3 - 1.4 19.4 14.3 15.7 6.6
Meant 13.5 6.0 15.5 - 17.1 18.7 4.9 .7  16.3 20.2 6.4
s.0. 5.3 0.6 0.3 1.2 0.5 1.5 :
t-test P<0.05 AN.S.
- Sequence P .
cﬁa”engj (i) (2) (3) (4) (5)

*Contro! far 15 minutes pfecnding challenge.

(a) See Figure.

(b) Pulmonary Flow Resistance, Cm Hzo/l/kec
{c) Lung Compliance, ml/em H,0.

o-N.S. = Difference betvween means not sigificant (£>0,05)



TABLE lg(Continued)
Cat No. 1593

RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VALUES*

Pulmonary Flow Resistance (®)

9¢~-4d

High % ‘Mech. %
Control 509 Change Control Stim. Change
1.1 13,5 . 19.8 1.1 67.4 L4648
8.9 4.3 23,2 8.8
15,9 14,7 13.1 15.9
Mean? 11.9 14,2 1.9 67.4
S.0. 3.6 0.6 3.6
t-test A N.S. REFLEX INTACT
Lung Compliance (c)
High # Mech. 4
Control S0, Change Control Stim, (Change
18 15.2 -4k 138 b 6 -7h 2
19 15.2 LA 18
17.3 15.2 -17.3 17.3
Mean® 17.8  15.2 17.8 4.€
5.0. 0.4 0 2.4
t-test P< 3.01
Sequence 6)
Cﬁalleng;¥;) (6] (7

*Cantrol far 15 minutes preceding challenge, L.

(a) See Figure, a N.S. = Difference between means not sigificant (P>0.05)
(b) Pulmonary Flow Resistance, Cm Hy0/1/sec.

(c} Lung Compliance, m1/cm Hy0.
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TABLE 14

Cat No. 1566

(Continued)

RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VALUES*

Pulmonary Flow Resistance (b}
Mech. % Mech, % High %
Control Stim. Change Control Stim. Change Control 802 Change Control
9.6 175.1 1724 10.7 201 1613 15.0 18,5 32.1 4.8
9.6 - 9.2 13.5  11.3 -19.3 16.9
9.6 15.3 13.5  12.2 -12.9
Meant 9,6 175.1 1.7 201 .0 14,0 15.9
s.b. © 3.2 0.9 3.8 1.5
t-test REFLEX INTACT REFLEX INTACT A N.S.
Lung Compliance (c)
Mech, / Mech. % High %
Control Stim. Change Contro! Stim. Change Control 502 Change Control
7.5 k.5 -35.7 8.5 4.5 -46.2 8.1 7.9 0.9 8.1
6.7 5.5 7-9 7.5 -4.3 7.7
6.9 1.1 7.5 7.5 -4.3
leant 7.0 4.5 8.4 4.5 7.8 7.€ 7.9
S.b. 0.k 2.8 0.3 0.2 0.3
t-test & N.S
Sequence qf
Chal Tange ®) () (7) (8) (9)

*Control far 15 minutes preceding challenge.

{a) See Figure.

(8Y Pulmonary Flow Resistance, Cm H20/1/sec.
(c) tLung Compliance, ml/em HyO.

a N.S. = Difference between means not

sigificant (P>0.05)

gz-d



TABLE 14
cat No. 1566

RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VM.UES*

Puimonai'} Flow Resistance 'O/

_Mech. - % Mech. % " Low % , Mech. % ' $0p+ - %
Control Stim., Change ° Control Stim. .Change | -Control SO, Change Control Stim. Change _(_:ontrol N;Cl Change
211,90 93,5 66 8.8  232.2 2318,8. ] 9.2. 10.0 8.7 1.9 12,2 984kt | 9.6 13.5 = 40.6
13.6 ° o e 0 9.2 10.2 10.9 8.8 . ; 9.6 1.1 15.6
2.1 9.2 10.4 13.0 9.6 15.0 36.3
heant 12.5 ° 03,5 9.6 232.2 9.2 10,2 10,6 112.2 9.6 13.2
5.0, 0.9 1.1 . 0 0.2 2.2 0 2.0
E-test  REFLEX INTACT REFLEX INTACT . P<0.05 REFLEX INTACT A N.S.
A ) _' ' ) Lung .Canpliance (e) 7
Mech. % ) Mech. y 4 Low . % . -Mech, A : soé+ e .
Control Stim, Change Control! Stim. Change .| Control S0, Change Control Stim. Change | Control NaCl Change
5.9 6.6 11.9 9.1 3.3 -62.1 9.4 6.9 -23.9 7.2 41 <438 | 7.5 5.7  -18.6
5.9 ' 8.3 8.9 6.8 -25 7.4 6.7 6.8 -2.9
5.9 8.9 6.8 .25 6.8 5.8 -17.1
Heant 5.9 6.6 8.7 3.3 9.1 6.8 7.3 k.l 7.0 6.1
0 0.6 0.3 0,1 0.1 0.k 0.6
t-test P<.01 A NS
Sequence .
: ‘Challeiagﬁ) (1): - (2) (3) (4) (5)

*Control far 15 minutes preceding challensge.

(a) See Figure,

(b) Pulmonary Flow Resistance, Cm HzD/l/sec.
{c) Lung Compliance, m1/em Hy0.

a N.S. = Difference between means not sigificant (P>0.06)

6c-d
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TABLE 15

€Cat No, 1113

RESPONSE. TO VARIOUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VALUES*

'Pplmonary Flow Resistance \°)

] “Mech, % tow % Mech. % S0,+ % High. %
Contro! Stim. Change - Control SO, Chanjyz .} .Control Stim, Change } Control NaCl Change Control $0, Change
UL 23302 1368 ] 61 19.2799.3 7 15,2 129.3 718 6.1  10.8 -32.9 6.1 21.2 317 |
16,1, 5 16,1 17.8  10.6 16.1 - , : 16.1 18.8 16.8 6.1 19.5. 31,1 -
_ 16.1° 16.1 24,6 :52.8 16.1 : 8.8 -45.3 16,1 17.8 10.6°
Meant 16.1  233.2 16.1  .20.5 15.8 .129.3 - 16.1 12.8 16.1 19.5
Is.0. o . 0 3.6 0.5 0 5.3 0 1.7
REFLEX INTACT AN.s. REFLEX INTACT AN.S. AN.S.
- Lung Compliance (€)
Mech., % Low % ' " Mech. % . SO+ % High % -
_ Contro' 5tim, Change Control SO0y - . Change LControl Stim. Change Contro! NaCl Change Control S0, . Change
S b7 <603 | 11,0 12,0 6.2 1.4 5.0 -55.5 0.8 9.1 -20.2 1.4 10.8 -9.9
12 1.1 1.4 0.9 . 1.1 12.0 10,2 -10.5 1.1 10.8 -0.9
1.1 1.7 . 12.4 9.7 1.1 : 9.1 -20.2 10.5 10.5 -3.7
Meant 11.8 4.7 1.3 11,3 1.2 5.0 1.4 9.5 10.9  10.7
s.0. 0.7 ’ 0.3 0.5 0.2 0.8 0.6 0.3 ° 0.2
AN.s, ANS. A N.S
" Sequence -
'ca.nel.,;f‘” (1) (2) (3) (4) (5)

*Control for 15 minutes preceding challenge,

(a) See Figure.

(b) Pulmonary Flow Resistance, Cm H

(c) Lung Compliance, m1/cm H,0.

20/1/sec.

a N.S. = Difference between means not sfgificant (P>0.05)

1e-49
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TABLE-i
Cat No. _1_14:32_

RESPONSE TO VARIOUS STIMULI ‘EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VAWES"

Pulmonary Flow Resistance \°/

te-4d

Mech., % - low - % s0,+ % . . High- %
Control Stim. Change '} Control $03. Change -} Control Nall Change "§ Control SOj Change Control
49.0 70 .88.7° 20,8 - -20.1 -1 24’.,6‘ 22,1 7.1 -20.5  11.8  -42.7 18.4
35.9 . 23.9 . 21.6 R 19,1 23.3 12.9 23.3 10 ~ =51.5% A
26.5' _ 23.1 19,1 - -15.5 18,2 26.7 29.4 ,18. T 13.9 --32.5
Meant 37.1 70 22.6 20.3 ' . 20.6 24,0 20,6 11.9 15.1
Ss.0. 11.3 . ' 1.6 1.3 . 3.5 2.4 . ‘2.7 2.0 L.7
REFLEX INTACT _ 4 NS, A N.S. P< 0.01
' l - Lung Compliance ()
Mech. % Low L% S0g+ % ~ High 7
Control Stim. Change Control S0, Change Control NaCt Change. Control $0, Change } Control
.4 - 17.6 74.3 © 9.9 10,1 0.7 4,1 4.6 11,5 13.3  10.4 -11.6 8.4
9.3 ' : 9.3 1.8 17.6 1.5 14,6 11.5 10.5 8.4 -28.6 10,1
-12.8 10.9 1.2 11,6 -13.7 12,9 -1.5 11.5 8.4 -28.6
Eeanflo.l 17.6 - 10.0  11.0 13.1 140 1.8 9.1 9.3
D 2.2 .o 0.8 0.9 . 1.4 . 1,0 1.4 t.2. 1.2
' LR T A NS  P< 0.05
Sequence ¢ 1 2 ~ b (5)
_camem%). (1) (2) 3 (®) | | (5)

*Control far 15 minutes preceding challenge. :

(a) See Figure, o N:S. = Difference between means not sigificant (P>0,05)
(b) Pulmonary Flow Resistance, Cm H20/1/sec.

{c) tung Compliance, ml/em Hy0.
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RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE

TASLE 17

Cat No, 1611

TO CONTROL VALUES™

Pulmonary Flow Resistance

Mech, % Low Z Mech. % S0, + % Mech, %
Contro! Stim, Change S02 Change Controt Stim, Change NaCl Change | Control Stim, Change
17.7  135.6 666.1 24,6 35.9 17.7 167.4 845.8 25.7 b5.2 17.7 97.0 LL8
17.7 21.2 17.1 22.2 25.4
- 22.3 23.2 22,3 . 26.0
eant 17.7  135.6 22.7 17.7  167.4 23.4 7.7 97.0
.D. 0 1.7 2.0
REFLEX INTAZT P<D. 05 REFLEX INTACT P< 0.05 REFLEX INTACT
tung Compliance (c)
Mech, % Low 4 Mech. % 507+ % Mech, %
Control Stim, Change S0s Change Control Stim., Change NaCl Change Control Stim. Change
2.5 L. 5 -52.6 1.1 -8.6 9.1 4.8 -47.3 8.6 -11.9 9.8 4.6 ~53.1
Q.5 B.6 -3.0 0.0 8.2 -16.0
8.4 -5.3 8.8 8.6 -11.¢9
Mean? 9.5 L.s5 8.7 8.4 9.1 4.9 9.8 8.5 9.8 4,6
S.D. 0 0.1 0.3 0.9 3.2
LN,S LN.S
Sequence qf
Cﬁallggg;%a) (n (2) (3) (&) (5)

*Control for 15 minutes preceding challenge.

{a) See Figure,

(b) Pulmonary Flow Resistance, Cm Hp0/1/sec.

{¢) tung Compliance, ml/cm H,0.

o N.S. = Difference betwean means not sigificant (P>D.05)

SE-4
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RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENY CHANGE RELATIVE

TASLE 18

Cat No., 1478

TO CONTROL VALUES*

Pulmonary Flow Resistance 5)

Mech, % Low % Mech, % SO0y + % Mech, %
Control Stim. Change Control SOz Change Control Stim,. Change Control NacCl Change | Control Stim. Change
22.4 115 L13 17.5 21,2 19.8 17.3 104 19 19 0 17.7 89 4o3
16.9 17.3  -2.3 19 21,2 11.6
18.7 21,2 19.8 19 17.3  -8.9
Mean? 22,4 115 17.7 19.9 17.3 104 19.0  19.2 17.7 89
5.C. 0 2.0
t-test REFLEX INTACT & NS, REFLEX INTACT 4 N.S. REFLEX INTACT
Lung Compliance (e}
Mech. A Low A Mech. % SOz+ % Mech, %
Control Stim. Change Control 50, Change Control Stim. Change Control NaCl  Change Control Stim. Change
22.6 33.5 4.2 22.6 20.3 -10.2 19.4  12.8 22.6 17.7 -21.7 20.3 12,2 -39.9
22.6 20.3 -10.2 22.6 17,7 -21.7
22.6 20.3 -10,2 22,6 17.7 -21.7
poant 22.6 33.5 22.6 20.3 19,4 12,8 22,6 17.7 20.3 12.2
S.0. ’ o 0 0 0
t-test P<«0.01 P<0.01
Sequence
e X | () (2} (3) (8) (5)

*Contro! far 15 minutes preceding challenge.
(a) See Figure, ’
() Pulmonary Flow Resistance, Cm Ha0/1/sec.
(c) tung Compliance, ml/cm H, 0.

& N.S. = Difference between means not sigificant (P>0.05)

Le-¢g



RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCEMT CHAMGE RELATIVE TO CONTROL VALUES*

TABLE 18

(Cont inued)

Cat WNo, 1478

Pulmonary Flow Resistance (b)

Cig. o " Mech. Z High %
Control Smoke Change Contro! Stim. Change Control S0, Change
7.4 13,1 -25.8 15.2 77.9 321 23.4 21.3 -6.0
17.9 13,6 -22.9 20.1 21.2 18.3 -19.3
2.3 -30.3 20.1 23.4 14,3 -36.9
Meant 17.7  13.0 18.5  77.9 22.7 18.0
S.D. 0.4 0.7 2.8 1.3 3.5
t-test REFLEX INTACT A N.S.
Lung Compliance (c)
Cig. A Mech. 7 High %
Control Smoke Change Control Stim., Change Control $0, Change
2.4 2104 0 20.3 17.7  -7.3 16.3 L6 -4
21,4 18,5 -13.6 18.5 17.7 1h.5 -t
1R,5 -13.6 18.5 1L, 1 =17
Meant 21.4 19.5 19.1 7.7 17.0
S.D. 0 1.0 1.0 4.4
0.3
t-test L N.S.
-gcquence f (6 8
caa”enge‘ia) 8) (7) (8)

8e-4g

*Cnntrol far 15 minutes preceding challenge.
{a) See Figure, '

(b) Pulmonary Flow Resistance, Cm Hz0/1/sec.
{c) Lung Compliance, m1/cm H,0.

o N.S. = Difference Setween means not sigificant (P>0.05)
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TABLE 19

Cat No.32135

RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VALUES*

Pulmonary Flow Resistance %)

Elec. VA . Low S Elec. % Elec. % S0o+ #
Control Stim. Change Control SO, hange Control Stim. Change Control Stim. Change | Control Na(l Change
19 30,7  61.6 1.6 11.8 7.6 11.8 9.9 -8.3 11.2 104 -2.8 9.7 13.2 361
9.7 12,5 1.0 9.8 9.8 11,8 21.6
9.2 12.5 4.0 1.1 tz. 25.3
veant 19 30.7 10.2 12.3 10.8 9.9 10.7 10.4 9.7 12,4
$.0. 1.3 D.bL 1.4 0.8 0.7
REFLEX REFLEX
REFLEX INTACT &oN.S. QUESTTONABLE QUESTIONABLE P<-0.05
Lung Compliance {c)
Elec. % Low P Elec. % Elec. % S0,+ %
Control Stim, Change Control S0, Change Control Stim. Change Control Stim. Change | Control NaCl Change
13,1 10.2 -22.1 13.6 4.5 18.2 12.7 4.5 2.5 12 13.1 9.2 12 10.5 -12.5
1.6 14,9 th1 15.6 12 12 0 9.7 -19.2
11.6 12.7 13.5 12 12 0 10 -16.7
reanf 13.1 0.2 12.3 13.7 10,2 14.5 12,0 12.4 12.0 10.1
S.C. 1.2 0.8 2.1 0 0.6 0 0.4
t-test A N.3S P< 0.05
Sequence of
Challenge °) (1) (2) (3) (4) ()
* . .
Control far 15 minutes preceding chaltlenge, o
(a) See Figure, ' o N.S. = Difference Setween means not sigificant (P>0.05)

(b) Pulmonary Flow Resistance, Cm Hz0/1/sec.
fc} tung Compliance, mi/cm H50.

0b-4



TABLE 20 {Continued)
Cat No.32135

RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VAUUES*

Puimoﬁary Flow Resistance o)

‘Cﬁallenge

Elec. % . %
Contro! Stim. Change Control NaCl Change
1.7 14.8 31 1.7  11.3 0
1.7 . 11.7 4.4 27.4
10.5 10.5 2.1 7.1
Meant* 11,3 14,8 11.3 12.6
S.D. 0.7 0.7 1.6
REFLEX
t-test QUESTIONABLE A N.S
Lung Compliance (€)
Elec. % 74
Control Stim, Change Control Nall Zkange
12.7 11.6 -7.2 12.7 10,7 -14.2
12.7 12.7 10.7 -14.2
12.0 12.0 10.7 -14.2
Meant 12.56 11,6 12.5 10.7
S.D. 0.4 0.4 0
t-test P<0, 05
'Sequence qf ‘
Tl (e (7

*Control for 15 minutes preceding challenge.

(a)
{b)
{c)

See Figure.

Pulmonary Flow Resistance, Cm Hp0/1/sec.

a N.S., = Difference between means not sigificant (P>0.05)

Lung Compliance, ml/Em HZO.

1v-4d
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RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VALUES*

TABLE 21

Cat No. 35354

Pulmonary Flow Resistance (bﬁ

Elec. . % % SO,+ % Elec. %
Controi Stim. Change . Contro! S0; Change } -Control ‘'lall Change Control Stim. Change
20.3 51.6 154 -21.8.  27.9 18.7 19.2 264 21.7 18.4  19.6 -10.1
' S 25.5  27.9 18.7 . 21.6 20.5 -5.5 23.0
23.2  27.9 8.7 2.4 20.8 -b.1 24,0
Meant 20,3 §51.6 23.5 .27.¢9 21.7  22.6 21.8 19.6
s.D. ‘ 1.9 0 2.6 3.3 3.0
t-test REFLEX INTACT 4 N.S A N.S, q_)gg;;éﬁimg
Lung Compliance ()
Elec. % p A S0,+ % %
Control Stim. Change Contro! 302 Change } Control NaCl Change Control Stim, Change
10.9° 10.5 -3.7 9.5 9.5 1.1 10.7 10.0 -6.5 10.5 10.5 1.0
9.3 9.5 = 1.1 10.7 10.0 -6.5 10.1
9.3 9.9 5.3 10,7 lo.4 -2.8 10.7
Mean? 10.3 10.5 9.4 9.6 10.7 10.1 10:4 10,5
S.D. 0.1 9.2 0 0.2 0.3
t-test 4N.S. A N.S
Sequence .
-caanemctf“) (- 12) (3) (4)
*Control far 15 minutes preceding challenge, : :
{a) See Figure.’ ’ & N.S. = Difference between means not sigificant {P>0.05)

(b)
{c)

Pulmonary Flow Resistance, Cm Hp0/1/sec.
Lung Compliance, m1/cm Hy0.

18 Al
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TASLE 22

cat No, 1807
RESPONSE TO VARIOUS STIMULI .EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VALUES®
Pulmonary Flow Registance (o)
Mech. % . High % Mech. - %. % Mech. %
Control Stim, Change Control SO = Change } Control Stim, Change Control NaCl Change Control Stim, Change
15.4 55,1 +24Lo,1 -16.6 -9.7 -41.6 - 12.2 17.0 .38.8 10.8 13;7 7.6 12.3 31.8 158
"16.6 C 16.6 12.3 <25.9 12.3 13.7 12.2 -4,2 . .
- 16.6 16.6 7.1 -57.2 3.7 13.7 7.6
fMean® 16,2  55.1 16.6 9.7 12.5 17.0 12.7  13.2 12.3  31.8
s.0. 0.7 : 0 ‘2.6 0.1 1.7 0.9 :
- REFLEX
t-test REFLEX INTACT P<-0.05 - . QUESTIONABLE A N.S. REFLEX INTACT
Lung Compliance (€)
Mech, % High %z Mech. % % Mech, %
Contro! Stim, Change Control - SO2 Change Control Stim. Change Control NaCl Change | Control Stim. Change
9.9 5.6 -L3.4 9.9 14,2 L2.5 9.5 7.7 -1&2.-8 14,2 11.7 -4 b 12,0 10.6 =11.7
9.9 - 9.9 4.6 Lé.5 17.4 13.4 11.4 -16.6
9.9 10.1 15,1 51.5 13.4 1.4 -16.6
fHeant 9.9 5.6 10.0 146 13.5 7.7 13.7  11.5 12.0  10.6
S.0. ' 0.1 0.5 5.6 0.5 0.2 :
P<0.01 P<-0.01
Sequence ) .
CRallenge ' (1) (2) (3) (4) (5)

*Control far 15 minutes preceding challenge.

(a) See Figure.’
(b)
(c)

Pulmonary Flow Resistance, Cm HzO/l/sec.
Ltung Campliance, m1/cm H,0.

Q‘N.S. = pifference between means not s‘igificanf (P>0.05)

ap-g



TABLE 22 (Continued)
Cat No. 1807

RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VALUES*

9b-9

Pulmonary Flow Resistance B)
Control
13.6
16.3
13.7
Meant 14,5
S.D. 1.5
tung Compliance (e)
Control
1.4
111
11.4
Meant 11.3
c.D. 0.2
Sequence qf 6
ca.anengja) ©)

*Control for 15 minutes preceding challenge.
(a) See Figure, '

(b) Pulmonary Flow Resistance, Cm Hp0/1/s=sc.
{c} iung Compliance, m!/cm Hy0.

a N.S. = Difference between means not sigificant (P>0.05)
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TABLE 23
Cat No. 1486

RESFONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VALUES*

8y-9g

Puilmonary Flow Resistance o)
Mech, % S0, + % Mech., &% Low %
Control! Stim, Change Control NaEl Change Control Stim, Change Control SO, Change | Contro!l
25.6 128 376 23.2 32.2 7.3 28.5 117 302 35.9 24.7  -31.2 26.9
27.0 31.0 33.8 12.7 29.2 26.9  -25.1 24,2
27.9 29.8  30.2 6.7 26,4 -26.5
Mean? 26.9 30.0 32.1 29,1 117 ‘ 35.9 26.0 25.5
s.0. 1.2 0.9 1.8 0.2 . 1.2
t-test REFLEX INTACT A NS, REFLEX INTACT P< 0.0
Lung Compliance (€}
Mech, % S0,+ % Mech. # Low %
Contro! Stim., Change Control Na(l Change Control Stim., Change Control SO» Chanje Control
5.3 3.8 -24.5 5.0 L.s -10.0 5.3 3.6 -Lo 8.1 6.2 -23.5 6.3
k.9 5.0 4.6 -8.0 6.5 6.0 -25.9 6.3
4.9 5.0 L.6 -8.0 5.6 -30.9
Meanl 5.0 5.0 L.s 5.9 3.6 5.9 6.3
s.0. 0.2 0.0 0.1 0.8 0.3
t-test P<0.01 P< 0,01
Sequence qf
ch,,enge‘ia) (m (2) (3) (4) (5)

*Control far 15 minutes preceding challenge.

(a) See Figure, ' a N.S. = Difference between means not sigificant (P>0.05)
(b) Pulmonary Flow Resistance, Cm H20/1/sec.

{c) Lung Compliance, m!/em H,0.
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TABLE 24

Cat No, 1144

RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VALUES*

Pulmonary Flow Resistance b}
- e —
Mech, Percent Low Percent : Mech., Percent S0,+ Percent Mech, Percent
Control s¢im, Change Contro! S0, Change Control Stim. Change § Control Nall C(Change Control Stim, Change
30.2 131 326.7 3.6 1.8 19,5 35.2 99.3 182.1 L7.9 s 1.7 L3.s 84,7 94.7
31.2 33.8 L40.5 15.8 36.5 Ls 1.7
36.5 Lo.s5 15.8 36.5 45 1.7
Mean® 30.7 131 35.0 40,9 35.2  99.3 40,3 45.0 43.5 84,7
5.0, 0.7 1.4 0.8 6.6 0
t-test REFLEX INTACT P<0.01 QEFLEX INTACT A N.S REFLEX INTACT
Lung Compliance (€)
Mech. Percent Low Percent Mech. Percent S0+ Percent Mech. Percent
Contrs!™ Stim, Change Control SO, Change Control Stim. Change } Control NaCl Change Control Stim. Change
5.8 L2 -28.%9 6.4 6.7 3.1 7.8 L.o -48.7 6.4 5.9 -6.3 6.4 L4 -31.3
6.0 6.6 6.4 -1.5 6.3 5.9 -6.3
6.6 6.4 -1.5 6.2 5.9 -6.3
ean? 5,9 4.2 6.5 6.5 7.8 .0 6.3 5.9 6.4 Lok
0.1 . 0.1 0.2 0.1 0
f -test A N.S P<0.05
Sequence
Cﬁalle29;¥;)
* . .
Control far 15 minutes preceding challenge.
(a) See Figure. ’ a N.S. = Difference between means not sigificant (P>0.05)

(b)
{c)

Pulmonary Flow Resistance, Cm Hp0/1/sec.
Lung Crmpliance, ml/cm HyO0.

0s-4



TABLE 24 {Continued)
Cat No. 1ihb

RESPONSE TO VARIOUS STIMULT EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VALUES*

.Pulmonary Flow Resistance 5)

High  Pércent
Control 502 Change

bo.s 55.3 . 46,2
36.5 L7.1 24,5
36.5 4s 18.9

Meant 37.8 Lo,
5.0, 2.3 5.4
-test . P<0.05

Lung Compliance (?)

1s-49

High Percent
Control 50, Change

6.0 2.
0.
0.

O O\

Hean:
5.0,

own wviviwn
-0 Www P
owm  wnwn
~ \D NolVe)

F-test A NS,

Sequénce R
.Caa”enjjfa)

fcnntrol far 15 minutes preceding challenge. . .

(a) See Figure. ‘ a N.S. = Difference between means not sfglficant (P>0.05)
(b) Pulmonary Flow Resistance, Cm H20/1/sec.

(¢} Lung Compliance, ml/cm Hy0.



TABLE 25
tat Ho. 2393

RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VALUES*

Pulmonary Flow Resistance O

Low Percent High Percent
Controt 30, Change Coatrel S0, Chany= Contro!
L7. 4 31.8 -25.; L5.3 Ls. ¢ 4.8 L8.9
32.5 3,9 -18,3 Ly, 2 L3.9 11,9
boot 36.4 -14.38 1.1 k7.3 8.2
Meant Lo 7 3L.4 43.7  47.3 48.9
S.D. L. 2.3 2.4 1.6
t-test P<D. 05 INLS,

Lung Compliance (c)

26-4d

Low Percent ! High Percent
Control SO, Change Control SO0 Change Control
7.8 8.2 -4.7 8.6 8.7 -0.8 9.5
9.2 8.7 1.2 8.7 8.6 1.9
8.8 8., -2.3 9.0 9.5 8.4
Meant 8.6 8.4 8. 8.9 9.5
S.D. 0.7 0.3 0.2 0.5
t-test A NS, ZoMNLS,
Sequence
Cﬁallengéwg)

*Control far 15 minutes preceding challenge. Lo

(a) See Figure, ' o N.S. = Difference between means not sigificant (P>0.05)
(b) Pulmonary Flow Resistance, Cm H20/1/sec.

{¢) Lung Compliance, m1/cm HyO.



TASLE 26

Cat No. ﬂ

RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VALUES*

Pulmonary Flow Res{stance b}

Mech, ‘Percent

: High Percent -+ - Mech, Percent Percent . Mech, Percent. -
:Control Stim, . Change } Control . S0, “"Change §Control Stim. Change § Control NaCl Change Control Stim. Change
642 130.5 112.0 53.1  31.8 -39.4 27.7  73.7 166.1 | 22.1  18.2 .-33.2 22,7 49.3 -117.2
58,9 51.1 35.6 -32.1 - . 29.8 18,2 -33.2
_ 53.1 31.8 -39.4 29.8 24,0 -1.9
Mean? 61.6 130.5 ° 52.4 . 331 27.7  73.7 27.2 20,1 22.7  49.3
$.0. 3.7 1.2 2.2 : L.b 3.3
t-test REFLEX INTACT P< 0,01 . REFLEX INTACT A N.S. REFLEX INTACT
Lung Compliance (€)
Mech. Percent High Percent Mech. Percent . Percent - Mech. Percent .
Control Stim. ~Change | Control S0, Change | Control Stim. Change{ Control NaCl Change Control Stim. Change
3.9 3.3 -15.4 4.3 5.2 20.9 6.1 3.3 -bs5.9 7.6 7.6 2.7 7.4 L3 -k1.9
3.9 ' 4.3 5.4 25.6 ‘ 7.4 7.2 2.7 '
‘ b.3 8.k 95.3 7.2 7.2 -2.7
Hean? 3.9 3.3 4.3 6.3 6.1 3.3 7.4 7.3 7.8 4.3
0.0 0.0 1.8 0.2 0.2
t-test LAY & N.s
Sequence qf
Challenge?a}

*Control for 15§ minutes preceding challenge.

{(a) See Figure.

(b) Pulmonary Flow Resistance, Cm Hz0/1/sec.
(c) Lung Compliance, m!/cm H,0.

a N.5. = Difference between means not sigificant (P>0.05)

£9-49



TABLE 26 (Continued)
Cat No. 1988

RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VALUES*

Pulmonary Flow Resistance (b}

$Qp+ Percent Mech, Percent Percent Mech, Percent

Control NaCl Change } Control Stim Change Control SO, Change § Control Stim. Change
27.9 27.8% -2.1 24,7 33.1 34.0 26.2 26,2 -1.9 29.8 97.6 227.5
29.5 27.8 -2.1 27.7 30.7 15,0
27.8 31,2 9.9 26.2 31.8 19,1

Meant 28.4 28.9 24,7 33.1 26.7 29,6 . 29.8 97.6

S.0. 1.0 2.0 0.9 3.0

REFLEX
t-test LN, S, QUESTIONABLE A N.S. REFLEX INTACT
Lung Compliance (c)
SOp+ Percent Mech. Percent Percent Mech. Percent

Control NaCt Charge | Control Stim. Change Coptrol S0, Change | Control Stim. Change
7.4 5.4 -22.9 5.9 5.4 -8.5 5.4 b.9 -10.9 5.7 L,3 -24.6
7.0 5.u -22.9 5.6 b9 -10.9
6.6 5.2 -25.7 5.6 5.0 - 9.1

Meant 7.0 5.3 5.9 5.4 5.5 k.9 5.7 L.3

S.D 0.4 0.1 0.1 0.1

t-test P< 0.01 0.01

Sequence

Cﬁal!eng;¥;)

*Control far 15 minutes preceding challenge.

(a) See Figure. ' a N.S. = Difference Setween means not sigificant (P>0.05)
(b) Pulmonary Flow Resistance, Cm Hy0/1/sec.

(c) Lung Compliance, ml/cm H,0.

rS-€




TABLE 27
cat No., 1801

RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL \ml.‘l.lE!i"r

Pﬁlmonary Flow Resistance o)

So-4

Mech. % High % Mech, % 4 : _ Mech, %
Control1-Stim. Change - Control SOy Change | Controt! Stim. Change § Control NaCl  Change Control 3tim. Change
23.3 337 437 18.1 18,1 - -16.8 23.6 &S 90.7 - 22,0 45,8 93.8 L6,6 89.6 92.3
23,6 ’ 23.6- ° 25.3  16.2 : _ . 23.6- 56,4 133.6 : _ :

o : 23.6 . 22,0 .. 1.1 25.3 61.1&_ 159.8
Mean? 23.5  33.7 21.8  21.8 23.6  45.0 23.6 545 b6.6 89.6
$.0. 0.2 3.2 - 3.5 ' - 1.7 = 8.0
REFLEX_INTACT 1 A NS, REFLEX INTACT P<0.05 REFLEX INTACT
- Lung Compliance (c)
Mech, r High A Mech, % % ‘ Mech, %
Control Stim, Change Controt $S02 . Change " Control Stim,Change Cont-ol NaCl Change | Control -Stim. Change
6.3 L.9 -21.6 5.2 6.0 12,5 6.0 5.7 -5.0 5.7 4,7 -15.6 L8 4.8 0-
6.2 _ 5.4 5.7 6.9 5.6 4.6 -17.4 :
c.h c.h4 1.3 s.4 &5 -19,2 .
eant 6.2 4,9 - 5.3 5.7 " 6.0 5.7 5.6 L.6 4.8 L.8
.0, 0.1 2.1 0.3 0.2 0.1 C-
AN.S. } <o, 0 _

S £ ' — _
Chatlenge ™ | (D) (2) o | (W (5)

*Contro! for.lSVminutes preceding challenge. S '
(a) See Figure, & N.S. = Difference between means not sigificant (P>0.05)

(b) Pulmonary Flow Resistance, Cm H20/1/sec.
{¢) tung Compliance, ml/cm Hy0.



TABLE 27 (Continued)

Cat No. 1801

RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VALUES*

Pulmonary Flow Resistance (5)
SOp+ % Mech, A % Mech. %
Contro! NaCl Change Control Stim. Change Contro! S02 Change Control Stim, Change
23.6 25,3 -2.7 25.3 §7.0 125.3 22.0 25.3 15.0 21, 64,5 201.4
23.6  23.9 -8.1 22,0 28.6 30.0
30,8 21.0 -19.2 22,0 32.6 48.2
Mean? 26.0 23.4L 25.3 57.9 22.0 23.8 21.4 6L, 5
S.0. L.2 2.2 0.1 3.7
4 NS REFLEX INTACT A N.S. REFLEX INTACT
Lung Compliance (e)
S0+ % Mech. % % Mech., %
Control NaC! Change lontrol Stim. Chang Control SO, Change Control Stim, Change
5.9 4.3 -20.4 5. 5.2 2.0 5.0 L.2 -12.5 L.9 L.9 0
5.6 4.3 -29.4 L7 Lo -16.7
L,7 L.3 -20.4 L.7 4.2 -12.5
Meant 5.4 L3 5.1 5.2 4.8 L L.9 L.9
2.6 0 0.2 0.1
A NS P=0.01
Sequence
Cﬁallenﬂqu) (6) (7) (8) (9)

*Control far 15 minutes preceding challenge.
See Figure, ’
Pulmonary Flow Resistance, Cm H20/1/sec.
tung Compliance, m!/cm HaO.

(a)
(b)
{c)

o N.5. = Difference between means not

sigificant (P>0.05)

96-4



TABLE 28

Cat No, _23'_1_

RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VALUES*

Pulmonary Flow Resistance b)

Mech. - % Hi gh % o Mech. %
Control Stim, Change Control SC2 Change Contro! Stim. Change
26:1 80,6 177.9 17.4 Q.6 -42.1 16.1 L4 4 175.8
31.9 16,6 .18.7 12,9 | .
: 15.7 -18.D 3.7 :
Meant 29.0  80.6 16.6 5.4 16,1 Gh.b
s.D. L. 0.9 £t
t-test REFLEX INTACT A N.S REFL.EX INTALCT
Lung Compiiance (€)
Mech, %. High. % - Mech, %
Control Stim, Change Control SO, Change Control Stim. Change
6.7 6.0 -1, 9 7.3 6.6 -8.8 6.7 5.6 -16.4
7.4 7.3 . 6.6 -8.8
7.1 6.7 -7.b
Meant 7.1 6.0 7.2 6.€ 6.7 5.6
0.5 - 0.1 C 0.1 :
t-test ' p<d, 01
Sequence .y
Challmﬁ? o M (ey ‘ (3)

*Control far 15 minutes preceding challenge,

(a) See Figure.

: a N.S. = Difference between means not sigificant (P>0.05)

(b) Pulmonary Flow Resistance, Cm H30/1/sec,
{c) 1Lung Compliance, ml/om H,0.

LG-4



TABLE 29

Cat No, 22056
RESPONSE TO VARIOUS STIMULYI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL VALUES*
. Pulmonary Flow Resistance o)
U7
Both Percent S0y Percent 50, Percenq
Contrnl Sites Change | Control! Mouth Change Control Trachea Change j Control
4L 6 37.3 -16.4 LL, 6 34,9 -21.7 L4h,6  32.5 -27.1 L2.2
Lt 6 42,2 -5.4 LhL. 6 37.3 -16.4 Lh. 6  27.3 -38.8
LL.6 42,2 -5.0 b 6 34.1 -z3.5 L6  30.0 -32.7
Meant LL. 6 40.6 Lt 6 35.4 44,6  29.9 42,2
5.0. 0.0 2.8 0.0 1.7 0.0 2.6
t-test AN,S, p< J3.05 P< 0,05
tung Compliance ()
U2
Both Percent S0, Percent S0, Percent
Control Sites Change Control Mouth Change Control Trachea Change} Control
5.3 L.6 -16.L 5.2 5.8 8.8 5.6 5.0 ~10.7 5.0
5.6 4.5 -18.2 £.5 5.3 -0.6 5.6 4.8 -14.3
5.6 5.0 - 9.1 5.3 5.6 5.0 5.6 5.0 ~10.7
Mean= 5.5 4.7 5.3 5. € 5.6 5.0 5.0
5.0, 0.2 0.3 0.2 0.3 0.0 0.1
t-test P<0.01 4N.S. F<.0.01
Sequence
Cﬁal'lenge?fa)

*Control far 15 minutes preceding challenge.

(a)
("
{c)

See Figure,
Pulmonary Flow Resistance, Cm H20/1/sec.
tung Compliiance, m!/cm H,0.

a N.S. = Difference between means not

sigificant (p>0,05)

8s-4



TABLE 30
Cat No. 53869
RESPONSE TO VARIOUS STIMJLY. EXPRESSED AS PERCENT CHHﬂGE RELATIVE TO CONTROL VALUES*

Pulmonary Flow Resistance ‘°/

S0

65-4

’ Both  percent } Sdz Percent S0, Percen -
Control Sites change ] Control Mouth Change | Control Trachea Changd Control
9.6 13.5 k4.6 9.6 . 13.6 L1.7 10.9 13.5 - 23.9 | 12.3
8.8 ulh.Z 52.1 9.6 11.8 22.9 10,9 14.2 30.3
9.6  13.5 Lh.6 3. 12,0 25.0 10.9 12,9 = 8.3 |
Meanl 9.3  13.7 9.6 12.5 10.9 13.5 : 12.3
S.D. 0.5 . 0.4 0.0 1.0 0.0 0.7
t-test P<0.01 © P<0.05 P< 0.05
' Ldng Cunpﬂan&e (¢}
S0, . ' : ’ S
Both  Percent 50, Percent $0, Percenf
Control Sites Change Control Mouth Change Control Trachea thngg Control
22.7 19,4 -14.5 22.7 18.1 -20.3 9.4 15,9 -19.2 | 18.7
22.7 19.4 -i4.5 22.7 19.4 -14,5 19.4 16.4 -16.6
22.7 20,2 " -11.0 22.7 1R.7 -17.6 20.2 15.9 -19,2
Meant 22.7 19.7 22.7  18.7 1 19.7 16,1 18.7
0.0 0.5 0.0 0.7 0.5 0.3
t-test P< 9.01 PY.OT P<D.01

Sequence 9
‘Chel Ienj;tfa)

~ - ———— -
Control far 15 minutes preceding chaltenge, »
(a) See Figure. - e S a N.S. = Difference between means not sigificant (f>0.05)

(b) Pulmonary Flow Resiﬁtance, tm Ha0/1/sec.
(c) Lung Compliance, ml/cm H,0.




TABLE 31
Cat No, 2984

RESPONSE TO VARIOUS STIMULI EXPRESSED AS PERCENT CHANGE RELATIVE TO CONTROL \#’\I.IJES"r

Puimonary Flow Resistance (&)

SVU2
S0 Percent " §02 Percent Both Percent
Contro] Trgchea Change | Control Mouth Change Control Sites Change ] Control
42,2 25.7  -39.1 42.2  39.4 -6.6 42.2  23.0  -45.5 | 36.7
42.2  23.0 -45.5 42,2 hkz.2 o 42,2 21.9 =481
42.2  23.0 -4g.5 42,2 b2.2 0 bz.2  25.3 -4o.0
Meant 42,2  23.9 b2.2 L1.3 2.2 23.4 36.7
$.8. 0.0 1.6 0.0 1.6 0.0 1.7
t-test P< .01 4N.S, P<0.0])

Lung Compliance (€)

09-49

SO
50, Percent S0 Percent Bofh Percent

Control Trachea Change | Control Mouth Change Control Sites Change| Control
5.3 5.6 0.6 5.3 6.7 k4.9 6.0 5.8 -8.9 8.2
5.4 5.6 0.6 6.4 6.9 18.3 6.4 5.6 -12.0
6.0 5.6 0.6 5.8 6.7 4.9 6.7 5.8 -8.9

Mean?t 5.¢ 5.6 5.8 6.8 6.4 5.7 8.2
0.4 0.0 0.6 0.1 0.b 0.1

t-test LN.S. ANS. AN.S.

Sequence qf

Cha?lengéqa)

*Control far 15 minutes preceding challenge.

(a) See Figure, ' ] a N.S. = pifference between means not sigificant (P>0.05)
(b) Pulmonary Flow Resistance, Cm Hp0/1/sec.

{c} Llung Corpliance, m1/em HyO.
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