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ABSTRACT

The respiratory response to acute inhalation of hydrogen sulfide (H,S)
and the response of intrapulmonary CO, receptors to this gas were studied in
male White Leghorn chickens. Inhaling low concentrations of H,S (0.05%) for
30 minutes had no effect on ventilation; however, during inhalation of 0.2% |
and 0.3% HES for this time period respiratory frequency and tidal volume
became irregular and variable. All birds that inhaled 0.4% H,oS died within
15 minutes.

H,S, presented in the gas stream of unidirectionally ventilated birds,
caused an increase in the discharge frequency of ipntrapulmonary 002 receptors
and an increase in the amplitude of sternal movements. Because an increase
in the discharge of these receptors normally inhibits the central respiratory
neurons and may lead to apnea, it is clear that H,S has additional actions
that increase the output from these central neurons. The possibility that
HyS may produce its effects on the intrapulmonary CQ, receptors by inhibiting

carbonic anhydrase in these receptors is discussed.



INTRODUCTION

Hydrogen sulfide (H,S) is a noxious, toxic gas produced by organie
decomposition and by many industrial processes (ef. Yant and Sayers, 1927).
Inhalation by dogs and men of only one or two breaths of high concentrations
of HoS (0,18% and more) causes immediate cessation of breathing and death,
and lower concentrations {0.05 = 0,15%) may produce death due to respiratory
failure after longer exposure (Haggard, 1925; 0'Donoghue, 1961; Kleinfeld et al.,
1964). In non-lethal cases the effects of HoS are reversible and noncumulative.
Toxicity depends on the capacity of the blood to oxidize H,S to nontoxie forms
(Haggard, 1921; Evans, 1967). At levels above this capacity, the active form
of this compound, the hydrosulfide ion HS™, is present and inhibits many
enzyme systems including cataleses, peroxideses, dopa oxidase, succinic
dehydrogenase, carbonic anhydrase, dipeptidases, and benzamidase (Smith and
Gosselin, 1966; Evans, 1967).

The systemic action of HES in mammals appears to be not only on the
nervous system (Haggard, 1925), but also on peripheral chemoreceptors in
the cardicaortic region and in the carotid bodies (Winder and Winder, 1933).
With the recent discovery in the lungs of birds of intrapulmonary Coz-sensitive
receptors (Peterson and Fedde, 1968; Fedde and Peterson, 1970; Peterson and
Fedde, 1971) and their possible importance in the control of breathing, it
became apparent that there might be an additional site of action of HpS - one
that could be readily studied. Because of the paucity of information on the
effect of HyS on birds, its effects on the spontaneous breathing pattern and

on intrapulmonary CO, receptors in the chicken have been studied.



METHODS

SPONTANEOQUSLY BREATHING BIRDS

Animal preparation

Male, White Leghorn chickens, Gallus domesticus, (Babcock strain, mean
body weight 2.1 kg) were anesthetized to a light plane (slight response to
comb pinch) with sodium phenobarbital (150 mg/kg), administered intravenously
via a cannulated cutaneous ulnar vein. Thirty minutes after anesthetization,
a tracheostomy was performed approximately 4 cm cranial to the syrinx, and the
femoral artery was cannulated for monitoring blood pressure and heart rate.
The bird was positioned upright, to simulate natural posture, in a specially
designed frame (Fig. 1). A nonrebreathing valve (6 ml dead space; 1.9 cm
H,0/1/sec inspiratory resistance and 2.4 cm Ho0/1/sec expiratory resistance
at 1.2 1/min flow) was attached to the trachea by pulling the traches into a
side arm of the valve. In that way, the tracheal diameter was not decreased
and mucous formation due to tracheal irritation was minimized.

A "bag in a box" ventilation system was used (Fig. 1). The system con-
sisted of a 53.2 liter carboy fitted inside with a large, collapsed air tight
plastic bag., The bird inhaled from the carboy and exhaled into the bag, thus
establishing 8 closed ventilatory system. A sensitive pressure transducer
(statham P23BB, with its dome removed) was placed through a rubber stopper in
the mouth of the carboy to monitor pressure changes as the bird breathed.

Pressure changes within the carboy were recorded on & multichannel pen
recorder (Beckman, type S). The system was calibrated to obtain tidal volume
(VT) by recording the pressure changes when various volumes of air were
injected and withdrawn from the carboy. Respiratory frequency (f) was also
obtained from these records. Minute ventilation (ﬁ) was computed as the

product of Vg and £,
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Fig., 1. Experimental arrangement for studying the effects of hydrogen sulfide

(Has) on the breathing pattern of chickens, P » arterial blood pressure;
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Pcarb’ pressure within the carboy.



(2) Experimental protocol

Experiments were conducted In three tandem 30-minute parts. Each bird breathed
from a carboy containing air during part 1 (pretreatment), another carboy
containing air plus H,S during part 2 (treatment), and a carboy containing

air only during part 3 (post-treatment).

One hundred percent HQS was obtained in a tank from a commercial supplier
(Matheson Scientific). A calculated amount of HES gas at ambient temperature
and pressure was injected into the treatment carboy to obtain the desired
HES concentration in air. The HES concentration in the carboy was measured
(Bendix Unico 400 Gas Detector, accuracy + 10%) Just before and just after
part 2. At the end of each part, the inspiratory gas supply ﬁas tested for
002 with an infrared analyzer (Beckman, LB-1) to insure that diffusion of
CO2 out of the bag had not occurred.

Five groups of birds were tested, each of which inhaled a different HES
concentration during the treatment pericd. Ten birds each were exposed to
0.0%, 0.05%, and 0.2% H,5; five birds each to 0.3% and 0.4% H,5. Although
each individual bird served as its own control, the group receiving 0.0% H,5

served as a control group for all other treatments in that data from this

group reflected the effects of anesthesia, time, and experimental procedures.

(3) Data analysis

VT (m1), £ (breaths-min-l), and 6 (ml-min-l) were obtained during designated
sampling minutes (1, 5, 10, 15, 20, 25, and 30} of each 30 minute part. Vg
was the average tidal volume during a given sampling minute; f was the number
of breaths during each of these minutes; and ﬁ was the minute volume computed
from product of VT and £ for each of these minutes.

The influence of inhaling HoS on ventilation in each bird was determined

by obtaining the difference between mean values of Vp, f and V for all



minutes of part 1 (air breathing only) and Vg, f and V at each sampling
during parts 2 and 3 (HES treatment and post-treatment, respectively).
These differences were tested for significance (P < 0.05) using a paired
comparison Student's t-test (Snedecor and Cochran, 1967). At each sempling,
HyS treated groups were tested against the control group (0.0% HES) using
Student's t-test for analysis of independent samples with unequal variance,
To identify any changes in variability of respiration caused by HpS
inhalaticon, variances of data taken at each sampling minute and varisnces of
calculated differences for all groups were obtained. Variances of H,S-treated
groups were tested for significance (P < 0.05) against respective control
group variances using a test of equality of two variances (Snedecor and

Cochran, 1967).

UNIDIRECTIORALLY VENTILATED BIRDS

Animal preparation

Figure 2 illustrates the experimental arrangement. Adult, Single Comb
White Leghorn roosters were anesthetized as before and secured in dorsal
recumbancy. Body temperature was monitored by a thermistor placed in the
rectum and maintained at 40 + 1°C with a hot water heating pad. In a manner
previocusly described (Burger and Lorenz, 1960; Fedde and Burger, 1962;
Fedde et al,, 1969; Fedde and Peterson, 1970) birds were unidirectionally,
artificially ventilated by flowing gas (4 liters/min) into the trachea,
through the lungs and out incised thoracic and abdominal air sacs., Carbon
dioxide concentration in the ventilating gas was monitored with an infrared
COo analyzer (Beckman, LB-1).

The left vagus nerve was isolated at a midcervical location, and a

mineral oil pool was formed with skin of the neck., The nerve, with its
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Fig. 2. Diagrammatic representation of the experimental arrangement. Gas
was passed unidirectionally through trachea and lungs and out incised caudal
(abdominal and thoracie) air sacs (CA). SM, strain gauge for measuring
vertical sternal movement; I, electrodes for measuring intrapulmonary COp-
sensitive receptor discharge; Tg, ventilatory gas temperature; Ty, body
temperature; Fp , port for measuring % CO, in ventilating gas; HpS-Air,
COp, and NE-OQ,CSgservoirs or tanks of these gases supplied to the bird via

flowmeters and metering valves. N, and Op were heated and humidified before

entering the bird.



connective tissue sheath removed, was placed on a mirror support. Small
fasciculi of the vagus nerve were progressively divided until a single

receptor could be identified.

Recordings

Vertical sternal movement was monitored with a strain gauge attached to
the tip of the sternum. The strain gauge was activated by a Tektronix @ unit
whose output was displayed on an oscilloscope (Tektronix, type 565) and
recorded on an FM tape recorder (Hewlett-Packard, 3960).

Afferent activity from intrapulmonary CO,-sensitive receptors vas
monitored using bipolar hook electrodes (90% platinum = 10% iridium), an
amplifier (Grass Model P-5), and an oscilloscope, and it was also recorded
on 8 second channel of the tape recorder. Receptors were characterized by
their dynamic response to a rapid change in airway CO, concentration and by
their discharge frequency during delivery of static concentrations of airway

2

CO,. The dynamic response was tested by ventilating the bird at a CO, concen-
tration greater than 5% and then by closing a solenoid valve eliminating CO,

from the gas stream. To characterize receptor sensitivity to static CO,
concentration discharge frequency was recorded while flowing gas with various

constant concentrations of COp through the birds lungs.

HoS administration

Ho8 (100%) was added by syringe at embient temperature and pressure to
a 53 liter carboy to produce a desired HpS concentration. The carboy contained
a large evacuated plastic bag which could be filled with air at a controlled
rate to put the HoS-air mixture in the carboy under pressure, The pressurized
HoS-air mixture was metered into the ventilating gas stream so as to produce

the desired HQS concentration to be delivered to the bird. At the end of the



experiment, the concentration of H,6 delivered to the bird was tested using

an H,S detector (Bendex Unico 400 Gas Detector, accuracy + 10%).

Experimental protocol

Prior to and during H,5 treatment 002 was maintained at a static level
(about 5%) that produced ventilatory movements. Receptor response to CO, was
tested in three birds after approximately five minutes of H,S treatment.
Sternal movement and intrapulmonary CO, sensitive receptor discharge were

monitored continuously.

Data analysis

The data recorded on tape were replayed at 1/8 real time and recorded on
a multichannel pen recorder (Brush, Model 481) at fast paper speed in order
to distinguish the discharge from the CO, receptor based on shape and charac-
teristics of the impulse waveform. The effects of acute st exposure on
ventilation and receptor discharge were studied in all six birds by comparison
of immediate pre-exposure data to acute exposure data. In three birds it
was possible to compare receptor sensitivity to COp before and during HoS

exposure.
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RESULTS

RESPONSE TO HpS INHALATION

Table 1 contains the pretreatment group means for f, Vp and V with their
standard errors.

Changes in ventilation due to inhaling Ho5 are shown in figure 3. Birds
inhaling no HES exhibited only a small insignificant fall in f and a small
rise in Vp over the entire experiment. A slight change was seen in this group
when carboys were switched between parts 2 and 3 of the experiment. Similarly,
inhalation of 0.05% HyS for 30 minutes produced no Qignificant effect on
respiration, However, inhaling the three higher H,5 concentrations produced
what appeared to be concentration related alterations in respiration. At
those concentrations respiratory variables in most birds increased within one
minute. Thereafter, although the variables tended to oscillate somewhat,
the values tended to approach those of the pretreatment period, although the
birds were still inhaling HpS. All birds exposed to 0.4% H,S exhibited
struggling, gasping, apnea and intermittant bursts ;f irregular breaths at
various times during the exposure, and they died wiéﬁin 15 minutes of exposure.
Cardiac arrest was taken as the indicator of death in that cardiac function
continued beyond the final apneic periocd.

Within the first five minutes of the post-treatment period, the 0.2% and
0.3% groups responded with increased ventilation, which tended to return to
normal during the remainder of the period.

One primary effect of HpS inhalation was an increase in variability of
both Vp and f (exemplified in figure 4 by the positive standard errors of the
calculated mean differences in f, VT and ﬁ). As concentration of inhaled HyS
increased, so did within group variasbility of respiratory response. That

relationship was seen during both treatment and post=treatment periods, though



TABLE 1

Pretreatment means (:_SE) of respiratory variables for each

of the HpS treatment groups

Mean Vop .

HoS treatment n Body wt. b ig v
(%) (kg) (breaths min=1) (ml) (ml-min=1)
0.0 10 2.13 22,0 + 1.4 25.h + 1.4 561 + 35
0.05 10 2,0k 18.6 + 2.0 20,5 + 2.6 541 + 5k
0.2 10 2.3k 21.8 + 2.9 25.0 + 2.3 516 + 67
0.3 5 1.97 2k.9 + 3.6 18.4 + 3.4 411 + 25
0.k 5 2,08 28.5 + L.k 18.6 + 2.7 490 + sk
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bird pretreatment mean).
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it was most pronounced during HES inhalation. No significant difference in
variability was found between the 0.05% group and control group. However,
at the 0.2%7, 0.3% and 0.4% HoS levels, nearly all variances were significantly

different from those of the control group.

RESPONSE OF INTRAPULMONARY CO, RECEPTORS TO HpS

Identification of intrapulmonary CO, receptors

Identification of an intrapulmonary 002 receptor was based on its response
to rapid changes in airway CO, concentration. Figure 5 is a recording from
a COp-sensitive receptor depicting a typical response to a rapid change in
intrapulmonary CO, concentration. When COp, was suddenly eliminated from the
ventilating gas by a solenocid valve (first arééw), the discharge frequency
rapidly increased to a peak and then slowly decreased to a stable freguency.
The receptor guickly stopped discharging when CO, was suddenly added to the
air stream (second arrow), and after a short silent period regained a
discharge typical for the static CO, concentration. Apnea occurred quickly
when CO, was eliminated from the gas stream.

The sensitivity of a CO,-sensitive receptor was characterized by its
discharge frequency at various static airway CO, concentrations (figure 6).

As airway (O, concentration decreased, receptor discharge frequency increased.

Response to H,S

Each of five birds received one of the following HES concentrations:
0.035%, 0.045%, 0.050%, 0.052%, or 0.055%. Two birds (four receptors) received
0.10% HyS. The birds receiving 0.1% HpS died within five minutes of exposure;
all others survived 30 minutes,

Figure T is a recording of 002 receptor discharge and vertical sternal

movement from a bird that received 0.05% HoS. The first record was made
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Fig. 5. Response of an intrapulmonary 002 receptor to a

sudden change in airway 002 concentration. A. Bird ventilated
with 9.2% CO, until arrow when a solenoid valve halted COp
delivery. B. After adaptation to 0.0% CO, in ventilating gas,
CO, vwas added to gas by use of solenoid valve (at arrow). Note

response of receptor discharge (lower tracings) and ventilating

movements (upper tracings).
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Fig. 7. Response to HéS'exposure. Upper tracings are
vertical sternal movement (inspiration down); lower
tracings, recéptor discharge. Segment A was immediately
prior to H25 exposure. Time above each figure represents

length of time after H,5 administration began.
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immediately before HES exposure, and subsequent records were taken at indicated
times during H,5 exposure. The bird responded within 30 seconds of HES
exposure with increased amplitude of sternal movement and decreased respiratory
frequency. Respiratory change was meximal after 90 seconds of exposure and
respiration ceased after 200 seconds. Receptor discharge frequency began to
increase within 30 seconds of exposure, with peak discharge frequency occurring
at approximately TO seconds.

The results presented in figure T were typical for the majority of the
birds studied. All birds responded to HES with increased sternal movement
approximately 30 seconds after exposure began. Sternal movements ceased
within four minutes in all but one bird (0.04% HES)’ in which they continued
for ten minutes., The increase in discharge frequency was most proncunced
between 20 and 60 seconds of exposure, with peak discharge after L0 seconds
in eight units (Table 2).

Figure 8 compares static sensitivity curves of three COz-sensitive
receptors before and during H,S5 exposure. After five minutes of HpS exposure,
two of the units (b and c¢) discharged less frequently at given 002 concentrations.
The third unit, after ten minutes of Has exposure, discharged more slowly at

0.0% 002 but faster at other CO2 concentrations than before HES.
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DISCHARGE

Fig. 8. Comparison of static CO

sensitivity curves

2

before and during HES treatment. A, B and C curves
were produced before HES treatment; a, b and ¢ during
HoS exposure. Aa bird received 0.05% H,S, and tracing
a was produced after ten minutes of exposure. Bb bird
received 0.045% H,S, and tracing b was produced after
five minutes of exposure. Cc bird received 0.035% HoS,
and tracing ¢ was produced after five minutes of

exposure,

20
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DISCUSSICN

CRITIQUE OF METHODS

Though the birds were lightly anesthetized, the tendency for f to fell
and VT to rise over time (in the pretreatment period and control group) may
have been anesthetic related. Upright posture allowed a more normal VT than
occurs in supine posture (King and Payne, 1964), and use of a nonrebreathing
valve prevented CO, contamination of inspired gas. Group means of VT' I and
v during the pretreatment period (Table 1) corresponded well with expected
values (Frankel et al., 1962).

The procedures used to isolate and identify intrapulmonary CO, receptors
in the chicken have been p:eviously described and discussed (Fedde and
Peterson, 1970; Fedde et al., 19Th).

Although we used lower H25 concentrations during unidirectional ventilation
(0.035% to 0.1%) than during spontaneous breathing (0.05% to 0.4%), the flow
of gas presented was approximately six times more than the average V of the
spontanecusly breathing birds. Thus, the ventilated birds were subjected to
somewhat more HES than was a sponteneously breathing bird at the same HQS
concentration. It could be expected that birds receiving a given level of
HES during spontaneous breathing could survive longer than birds ventilated

unidirectionally with a similar H,S level. That expectation was borme out.

VENTILATORY RESPONSE TO HES -

Hydrogen sulfide produced similar ventilatory responses in the chicken
as in other animals studied, (Haggard and Henderson, 1922; Haggard, 1925).
The response is immediate and proportional to the inhaled concentration.
Low concentrations had little or no influence on breathing but higher concen-

trations led to hyperpnea, which could terminate in respiratory failure.
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However, our results suggested that the chicken 1s somewhat less sensitive to
HoS than are mammals since chickens inhaling 0.4% HoS did not die immediately.
Inhaled concentrations of 0.2% HpS5 paralyze breathing in the dog after only

one or two breaths (Haggard, 1925) and pigs die within about 40 minutes after

inhaling 0.12% HpS (0'Donoghue, 1961).

RESPONSE OF INTRAPULMONARY CO, RECEPTORS TO H2S

The discharge patterns of the CO, receptors herein studied were typical
of those previously studied in chickens and ducks (Fedde and Peterson, 1970;
Fedde EE,E&!' 197h§ Osporne and Burger, 197k}, Discharge frequency increased
as intrapulmonary CO, concentration was decreased, and some receptors ceased
discharging when Fp was elevated to slightly more than 5%. In addition,
some receptors decrggsed their discharge frequency when FI wvas 0%.

Most 002 receptors were clearly stimulated by HoS. nggr discharge
frequency increased dramatically in some cases but to a lesser degree in
others. That response sharply contrasted with the lack of response of the

receptors to carbon monoxide (Tschorn and Fedde, 1974) and to the reduction

in discharge produced by sulfur dioxide (Chiang and Kunz, 1976).

EFFECT OF CO, RECEPTOR DISCHARGE ON BREATHING

If intrapulmonary CO2 concentration is suddenly decreased to low values,
receptor discharge increases and output from the respiratory neuronal pool
decreases, quickly leading to apnea (Fedde and Peterson, 1970). The same
response occurs whether or not blood flows through the lungs, suggesting
that other receptors receiving a blood-borne change in COp as a stimulus are
not needed for the response (Peterson and Fedde, 1968; Burger et al., 197T4).
The intrapulmonary receptors thus appear to have a powerful central inhibitory

influence on breathing. It has been clearly shown by Kunz and Miller (197h)
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that breathing in nonanesthetized chickens can be paced by cyclic oscillations
in intrapulmonary CO, concentration, further amplifying the importance of

these receptors on the control of breathing.

ACTION OF HoS

It is paradoxical that both the discharge of intrapulmonary 002 receptors
and the respiratory movements increased when H5S was given in the unidirectional
gas stream. Normally those two events are inversely related. Because the 002
receptor discharge is strongly inhibitory to central respiratory neurcns
(Fedde and Petersom, 1970), it is probable that H,S also acts centrally in an
apparent antagonistic manner either by blocking the peripheral inhibitory
influences and/or stimulating the respiratory neuronal pool.

The first dissociation constant of H,S in water is 0.87 x 10~7 {Loy and
Himmelblau, 1961). Thus at body pH nearly equal gquantities of HoS and HS™
would exist. HS™ appears to bind strongly with the zinc of carbonic anhydrase
and, thus, acts as an inhibitor of this enzyme (Coleman, 1967; Lindskog, 1972).
Carboniec anhydrase is widely distriﬁuted in the body and has been demonstrated
in mammalian carotid bodies (iaurent et al., 1969), the central nervous system
(Giacobini, 1962), in various avian tissues (Gay and Mueller, 1973), and in
amphibian and reptilian lung (Fain and Rosen, 1973). It has recently been
shown that the carbonic anhydrase inhibitor, acetazolamide, causes an increase
in the discharge frequency from intrapulmonary CO, receptors in the Tegu
lizard (Scheid et al., 1977) and in ducks (M. R. Fedde and P. Scheid, unpublished
observations). Furthermore, the lizard and duck CO, receptors became relatively
insensitive to CO, following injection of the drug. These observations suggest
that intrapulmonary CO, receptors contain carbonic anhydrase and that its

inhibition markedly influences the discharge of the receptors. The response
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of CO, receptors to inhalation of H,S is consistent with the hypothesis that
HS™ aects to inhibit carbonic zrnhydrase in these receptors and thus csuses
their discharge frequency to increase.

It is more difficult to explain the increased output of centrel respiratory
neurons vhile the birds inbaled HZS‘ Possibly HS™ or HES directly stimolated
central neurons, either by sn effect of HS™ on carbonic enhydrese in those
cells, or by cther meens to cause an jincresse in their output. It is also
possible thet these central neurons may be stimulated by e secondary effect
of BHS™ on carbonic enhydrase in the red blood cells, The inhibitican of
carhbonic snhydrase by scetezolemide has been shown to produce severe acidosis
in ducks (Anderson and Hustvedt, 1967). The acidosis may have an excitetory
effect on the central respiratory neurons which overrides the inhibitory
effect from the intrapulmonary CO, receptors to produce the ensuing increase

in neursl output to respiratory muscles.
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APPENDIX TABLE 1

RESPIRATORY FREQUENCY (BREATHs-MIN‘l)

BEFORE 0.0% H,S TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

BIRD TIME (MIN)
No. 1 5 _ 1o 15 20 25 30 X

1 21,6 22.6 23.4 21.8 22,0 22.2 22.8 22.3
2 24,2 25.6 25.8 25,0 2h,2 2L, 4 24,1 24.8

18.4 18.0 18.1 18.3 18.0 17.7 17k 18.0

1 24.8 2h.3 23.6 2,2 25.6 2k,6 23.5 2k, 4
5 29.2 29.5 28.6 28.2 28.7 29.3 27.2 28.7
6 32.0 31.7 29.1 25.8 24,0 2k.2 22,7 27.1
T 21.7 22,0 22,4 22,2 21.2 2l.2 210 21.7
8 24,1 21.2 20.1 19.7 19.6 18.6 18.8 20.3
9 14,1 18.5 18,3 19.0 19.0 18,9 18.2  18.0

10 14.6 15.0 15,2 15.4 15,2 15.0 14,5 15.0

22.5 22.8 22.5 22.0 21.8 21.6 21.0 22.0

]|

SE 1.8 1.6 1.k 1,2 1.3 1.3 1.2 1.h



APFENDIX TABLE 2

RESPIRATORY FREQUENCY (BREATHSMIN™Y)

DURING 0.0% HoS TREATMENT

WITH MEANS (i), AND STANDARD ERROR (SE)

TIME (MIN)

BIRD

15 20 25 30

10

No.

22.7
-2.1

22.9
-2.0

6.7
"1|3

1609
-1.1

17.0
-1-0
-0.7

Mean change and standard error of mean change

shown with X and SE.

mean frequency during pretreatment period from frequency at
times 1,5,+..30.

¥Change in frequency obtained by subtracting individual bird



30
17.1
"'3.2

22
17.2
"3.1

20
<1642
"hol
19.

15
17.
19.2
-208

TIME (MIN)
=2,

10
17.9
~2.4
12.2
19.8
"2.2

WITH MEANS (i}, AND STANDARD ERROR (SE)

APPENDIX TABLE 3
AFTER 0.0% HoS TREATMENT

"'2-2
22.2
18.2
"2|l
19.9
-2.1

RESPIRATORY FREQUENCY (BREATHS-MIN=1)
20.1

-1,3%

21.0
"l-
17.
-2
20.3
"107

1

BIRD

No.

1.2
0.7

(1 B
~ O

=~
~ O

O
- o

12 W "a
-~ O

Qo =
~ O

E R
~ O

SE
#*

Mean change and standard error of mean

mean frequency during pretreatment period from frequency at

¥Change in frequency obtained by subtracting individual bird
times 1,5,..+30.

change shown with X and SE.



RESPIRATORY FREQUENCY (BREATHS-MIN"]')

APPENDIX TABLE 4

BEFORE 0.05% H,S TREATMENT

WITH MEANS (-f), AND STANDARD ERROR (SE)

BIRD TIME (MIN)

No. 1 5 10 15 20 25 30 X
1 20,1 21.0 21.1 21.2 211 21,1 21.h 21.0
2 20,9 20.0 19.0 18.1 16.0 12.2 11.b  16.8
3 18.5 18.4 18.4 17.9 18.2 16.9 16.3 17.8
b Tk 8.3 8.0 T-b 9.1 8.3 7.8 8.0
.5 1k.0 13.3 12,8 1.0 13.3 12,0 12,0 13.1
6 34,2 31.0 28.2 27.1 26.2 25.3 23.7 28.0
T 29.0 29.0 27.2 26.8 27.0 27.0 27.0 27.6
8 20.0 19.0  18.k4 18.0 17.9 17.4 16,6  18.2
o 10.9 112 13.0 15,1 16.4 16.0 16.2 1k,2

10 22,5 23.0 21,8 21.1  20.9 19.5  20.0 21,3
f’ 19.8 19.4 18.7 18.7 18.6 17.6 17.2 18.6

SE 2.5 2.3 2.0 1.8 1.7 1.9 1.9 2.0
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APPENDIX TABLE 5

RESPIRATORY FREQUENCY (BREATHSMIN™1)

DURING 0.05% H,S TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

TIME (MIN)

BIRD

15 20 25 30
7.7

19.0

10

No.

17.1
-3-9
13.L
""0.8

-3-3
(]
""0.1

20. 19.0 17.7
-1.0% -0, -2.0 =2.0 =3.3

20.0

1

1-6
1.2

OO
~ o~

~ O
N~

< a
N~

l.a 2.1 200 *
O-T 0-8 0-9 L

SE
#

Mean change and standard error of the mean

mean freguency during pretreatment period from frequency at
change shown with X and SE.

¥Change in frequency obtained by subtracting individual bird
times 1,5;...30.
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APPENDIX TABLE 6

AFTER 0.05% HoS TREATMENT

RESPIRATORY FREQUENCY (BREATHS MIN~1)

WITH MEANS (X), AND STANDARD ERROR (SE)

TIME (MIN)

BIRD

No.

30

25

20

15

10

16.9
-h,1

16.7
=Y, 3%

1

19. 20,0 19.0 19.4 18.0
"'Bc "8;0 -9.0 —8.6 -10.0

20,0
_BI 0

21.0
-7.0

25.h
-2,2
1kh.6
-3-6
11.k
""306

26.0
13.2
"'5-0
12.0
-5.0

14,9
"30}"
12,
"30

12.7
-2.h

15.8
-anh

17.0
-1.2
12.7
-1.2

18.1
"D.l
12.7
—0-1

-0.9

-0.9
12.9-
18.h

17.3

19.0
0.3

10

-2,9

~ O

2.
1.

SE
¢

ge and standard error of the mean

Mean chan

¥Change in frequency obtained by subtracting individual bird

mean frequency during pretreatment pericd from frequency at

change shown with X and SE.

times 1,5,...30.



RESPIRATORY FREQUENCY (BREATHS.MIN™1)

APPENDIX TABLE T

BEFORE 0.2% HoS TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

BIRD TIME (MIN)
No. 1 5 10 15 20 25 30 v
1 13.4  1k.0 15,0 15,6 1T.1  16.0 16.1  15.3
2 17.8 1k.5 15.1 15:1 15:7 1L.6 1k, T 15.4
3 3.2 29.0 28.9 25.3 23.5 23.5 2k,2 26.5
4 1.6 12,0  13.0 140 1.6 15.0 15.0  13.6
5 20,6  18.4  17.7 16.2  16.9 16.9  15.5  17.5
6 23.6 21.6 21.6 21.b 21.2 21,4 20,2 21.6
T bs.0 ba.7 L7.5 h5.3 k5.6 k3.3 L6.9 k5.2
8 23.8 23.7T 25.5 26.5 27.5 26.6 24,3 25
9 22.3 20,2 20.0 20.8 22,0 21.3 20.7 21.0
_10 8.4 17,1  16.8  17.4  16.9 16,1 16,2  17.0
X 23.8 21.3 22,1 21,8 22,1 21.5 21.4  21.8
SE 3.0 2.8 3.2 3.0 2.9 Rl 3:d 2.9
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APPENDIX TABLE 8

RESPIRATORY FREQUENCY (BREATHS®MIN™1)

DURING 0.2% HpS TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

TIME (MIN)

BIRD

30

23

20

15

10

No.

13.3
=2.1

4.2
—1.2

15.6
"10 L 9 "1

15.0
-11.5

18.9
_706

19.7
=2.2

20.7
-1,2

37.5
12.1

35.8
10.4

*¥Change in frequency obtained by subtracting individual bird

mean frequency during pretreatment period from frequency at

times 1,5,..+30.

Mean change and standard error of the mean

change are shown with X and SE.
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APPENDIX TABLE 9

RESPIRATORY FREQUENCY (BREATHS-MIN-l)

AFTER 0.2% HpS TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

TIME (MIN)

BIRD

No.

30

25

20

15

10

1.7
-0-7

15.2
-0.2

33.8
16.8

36.3
19.3

35.7
18.7

1.2

21‘.5

10

Mean change and standard error of the mean

mean frequency during pretreatment periocd from frequency at
change are shown with X and SE.

¥Change in frequency obtained by subtracting individual bird

times 1,5,...30.



APPENDIX TABLE 10

RESPIRATORY FREQUENCY (BREATHSMIN™1)
BEFORE 0,3% HpS TREATMENT

WITH MEANS (X}, AND STANDARD ERROR {(SE)

BIRD TIME (MIN)
No, 1 5 10 15 20 25 30 X

I 19.3 18.7 18.0 b & (B 16.0 15.1 15.9 17,8
2 35.0 34,0 26.5 30.6 31.0 25.2 30,2 30.4
172 13.6 14.5 15.1 15.4 15.6 16.8 15.5

= W

28.0 29.0 30.0 29.2 29.4 28.2 P 28.7

s 39'0 3503 33-3 33‘0 31-9 29'0 29.0 32.9

s<f

27.7 26.1 24,5 25,1 24,7 22.6 23.8 24.9
SE h,2 h.3 3.6 3.6 37 3.0 3.1 3.6
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APPENDIX TABLE 11

RESPIRATORY FREQUENCY (BREATHS-MIN 1)
DURING 0.3% HoS TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

BIRD TIME {MIN)

No. 3 5 10 15 20 25 30
1 170 15.5 18.4 VAR L8. 4 13.1 11.3
-0.2% 1.7 1.2 0.0 31.2 -h.1 -5.9

2 33.8 38.0 33.9 31.2 27.8 25,2 21.7
3oh T.6 3.5 0.8 “'2.6 -5¢2 "'8.7
3 22.0 13,3 9.0 10.0 18.8 18.9 15.0
6-6 -2.2 -6'5 "'5-5 303 & 3.1" -0-5
i 32.5 36.0 24,7 22.0 26.7 26.3 26.0
3.8 Te3 -h,0 -6.7 -2,0 -2.k -2.7
5 32.0 25.0 5.5 9.0 110 17.0 20.0
-0.9 -7.9 -27.4 -23.9 -21,9 -15,9 -12,9
X 27.5 25,6 18.3  17.9 26.5  20.1 18.8
* 2-5 0.6 -606 -Tcl 106 -ll.e -601
SE 3.4 5el 5.2 b1 6.2 2.6 2.6
* 1.4 3.0 5.5 bk 8.6 3.1 2.2

#¥Change in frequency obtained by subtracting individual bird
mean frequency during pretreatment period from frequency at
times 1,55.¢+30. Mean change and standard error of the mean
change are shown with X and SE.
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APPENDIX TABLE 12

RESPIRATORY FREQUENCY (BREATHS-MIN™1)

AFTER 0.3% HpS TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

TIME (MIN)

BIRD

10

30

22

20

15

No.

16.2

1

26.7
-6.2

18.1
-lhne

>

Mean change and standard error of the mean

mean frequency during pretreatment period from frequency at

times 1,5,...30,

#Change in frequency obtained by subtracting individual bird
change are shown with X and SE.



APPENDIX TABLE 13

RESPIRATORY FREQUENCY (BREATHS*MIN™)
BEFORE 0.4% H,S TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

BIRD TIME (MIN)
No. 1 5 10 15 20 25 30 X

1 30.5 30.4 32,1 32.3 30.9 29.6 31.0 31.0
2 b, 1 43.5 43.3 k2,2 41.0 41.9 41,8 k2.5

3 20,2  15.7 4.3 14,0 15.4 176 16.5 16.2
L 34.3 32.0 32.8 33.0 28.8 -26.3 27.0 30.6
5 22,7 20.0 _ 21.2 _ 23.1 _ 23.0 _ 23.3 23.7 22,4
X 30.4 28,3 28.6 28,9 27.8  27.T 28.0  28.5

SE 4.3 k.9 5.0 4,8 4.2 4.0 k.2 L.k
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APPENDIX TABLE 1k

RESPIRATORY FREQUENCY (BREATHS-MIN™1)
DURING 0.L4% H,S TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

BIRD TIME (MIN)
No. 1 5 10
1 32.0
1,0%
D k7.0 3.0
L.5 -39.5
3 <5 I | 11.5 3.0 .
k.9 =b.7 =13.2
N 31.2
0.6
5 31.0 38.0 11.0
8-6 15-6 "'ll.l-l-
x 32,5  1T.5 7.0
* 3-9 -9'5 "‘1203
SE L1 8.2 2.5
* 1.5 16.1 0.9

¥Change in frequency obtained by subtracting individual bird

mean frequency during pretreatment period fram freguency at

times 1,5,+..30. Mean change and stendard error of the mean
change are shown with X and SE.



APPENDIX TABLE 15

RESPIRATORY TIDAL VOLUME (ML)
BEFORE 0.0% H,S TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

BIRD TIME (MIN)
No. 1 5 10 15 20 25 30 X

1 33.8 33.1 33.9 32.3 32.1 32.0 32.4 33.2
2 2k.9 25.6 271 28.5 28.0 30. 4 30.6 27.2

3 29.2 29,2 29.1 31.7 30.5 31.8 32.9 30.2

1 23.0 26.9 23.2 25.6 26.8 26.9 28.2 25.4
5 20.9 20.9 22.3 2h.2 23.2 23.3 23.7 22.1
6 1.9 16.5 16.0 21.3 23.7 21.3 22.5 18.6
T 23.4 24.8 25.2 25.0 27.7 26.5 25.2 25.0
8 7.6 21,5 21.8 20.5 23.8 21.8 21.5 20.6

9 21.4 24,2 25.1 25.1 25.5 25.7 26.2 24k

10 22. 7 27.3 28.T 28.8 27.7 27.8 28.9 27.6

23.5 25.1 25,2 26.3 26.9 26.8 27.2 25.4

»|

SE 1.7 1.5 1.6 de3 0.9 1.2 1.3 1.4
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APPENDIX TABLE 16

RESPIRATORY TIDAL VOLUME (ML)

DURING 0.0% H,S TREATMENT

WITH MEANS (i), AND STANDARD ERROR (SE)

TIME (MIN)

BIRD

No.

30

22

20

12

10

32.6
-0.6

32.5
-0.T*

1

Mean change and standard error
of the mean change are shown with X and SE.

bird mean tidal volume during pretreatment period from tidal
volume at times 1,5,...30.

¥Change in tidal volume obtained by subtracting individual
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APPENDIX TABLE 17

RESPIRATORY TIDAL VOLUME (ML)

AFTER 0.0% HoS TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

TIME (MIN)

BIRD

30

25

20

15

10

No.

d
10

Mean change and standard error

bird mean tidal volume after HoS treatment period from tidal

volume at times 1,5,...30.
of the mean change are shown with X and SE.

*Change in tidal volume obtained by subtracting individual



APPENDIX TABLE 18

RESPIRATORY TIDAL VOLUME (ML)
BEFORE 0.05% HES TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

BIRD TIME (MIN)
No. i 5 10 15 20 25 30 X_

1 23.8 25.8 26.4 26.3 26.6 27.5 26,7 26.1
2 30.9 33.7T 35.8 39.7 48.0 58.2 55T 43.1

3 35.5 34,6  35.8 35.8  38.4  38.4 39.9  36.9
b 20,5 261 28.8  27.5 28.2  27.5 21.5  26.6
5 1545 17.4 18.8 19.1 16.1 20.8 20.3 18.7
6 22.6 26.4 28.3 27.0 27.9 28.0 28.0 26.9
T 18.8 22.7 21.6 23.8 26.7 23.5 25T 23.3

8 26.2 28.5 29.3 30.9 30.9 31.8 31.1 29.8
9 k7.2 Lg.9 8.k L3.5 39.7 3T+ 37.5 43.3

10 27.2 27.2 29,4 30.8 30.8 31.6 32,4 29.9

26.8 29.2 28.3 30.4 31.6 32.4 35.5 30.5

|

SE 2.9 2.8 2.5 2.4 2.6 3.4 4,9 2.6



u8

30

20

15

TIME (MIN)

10

WITH MEANS (X), AND STANDARD ERROR (SE)

APPENDIX TABLE 19

DURING 0.05% HpS TREATMENT

RESPIRATORY TIDAL VOLUME (ML)

k1.5
36.1
-0.8

37.8
-5.3
33.7T
&3.2

1
2

BIRD

No.

k2.1
-2.8 -1l.2

40.5

39.2
=41

m o

o)
™

o

2.
1.

E
#

Mean change and standard error

bird mean tidal volume during pretreatment period from tidal

*Change in tidal volume obtained by subtracting individusl
volume at times 1,5,...30.

of the mean change are shown with X and SE.
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APPENDIX TABLE 20

RESPIRATORY TIDAL VOLUME (ML)

AFTER 0.05% HoS TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

TIME (MIN)

BIRD

30

22

20

15

10

No.

k2.2

42,1

O~

2e
1.

SE
*

Mean change and standard error

bird mean tidal volume during pretreatment period from tidal

volume at times 1455:4430.
of the mean change are shown with X and SE.

*Change in tidal volume obtained by subtracting individual



APPENDIX TABLE 21

RESPIRATORY TIDAL VOLUME (ML)

BEFORE 0.2% HpS TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

BIRD TIME (MIN)

No. 1 5 10 15 20 25 30 X
1 25.1 2h.9 23.8 2u.h 22.4 25.3 26.9 24.7
2 23.8 26.7 27.2 28.2 29.0 29.8 29.1  27.T
3 36.0 37.8 39.4 bL.3 Lk, 5 42,5 41.3 41.0
L 29.8 30.9 29.2 29.6 29.6 27.9 33.1 30.0
5 22.8 26.2 26.6 26.6 26.8 26.8 26.8 26.1
6 18.9 19.3  19.0 18.4 19.3  18.4  19.3 18.9
7 15.3 1k.9  13.9 13.9 13.8 13.9 13.1 14,0
8 18,5 19.6 19.6 20.8 19.4 20.5 22.0 20.1
9 24,0 2L, L 2h. L 25.1 23.4 2k.5 2k,5 24.3

10 21.6 22,0 23.3 24,3 240 24,3 2h.2  23.4
% 23.6 2k.7 246 25.6 25.2 25,4  26.0 25,0

SE 1.9 2.0 2.1 2.6 2.6 2.4 2.4 2.3
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APPENDIX TABLE 22

RESPIRATORY TIDAL VOLUME (ML)

DURING 0.2% H,S TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

TIME (MIN)

BIRD

15 20 25

10

No.

L6.5
16.5

21.5 19.5
11k ~8.5 =10.5

kl.h

26.6
"3-14

ge and standard error

bird mean tidal volume during HpS treatment period from tidal
Mean chan

volume at times 1,5,...30.

¥Change in tidal volume obtained by subtracting individual
of the mean change are shown with X and SE.
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APPENDIX TABLE 23

RESPIRATORY TIDAL VOLUME (ML)

AFTER 0.2% st TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

TIME (MIN)

BIRD

30

22

20

12

10

No.

36.7
—l‘. 3

39.9
-l-l

37.8
-3’2

30.4
10.3

16.5

36.6
#Change in tidal volume obtained by subtracting individual

ge and standard error

bird mean tidal volume after H,5 treatment period from tidal
Mean chan

of the mean change are shown with X and SE.

volume at times 1,5,...30.



APPENDIX TABLE 2k

RESPIRATORY TIDAL VOLUME (ML)
BEFORE 0,3% H,S TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

"~ BIRD TIME (MIN)
No., A 5 10 15 20 25 30 X

1 18.5 23.2 24.5 29.3 28.1 21.1  28.1  25.5
2 15.h4 14.3 14,6 15.T 16.6 16.0 16.3 15.6
3 29.3 27.3 231 253 27.3 27T.3 29.8 271.1
4 14,5 13.4 13.2 13.4 13.k 15.5 1k.7 14.0
5 10.4 8.5 9.6 9.4  10.h  10.2  10.h4 9.8

17.6 17.3 17.0 18.6 19.8 19.2 19.9 18.4

bt

SE 3.2 3.4 2.9 3.7 3.6 3.4 3.8 3.k



S5k

30
24.5
~1s10

22
25.0
“0.5

20
12.8
-12.7
7.7
=0.T

TIME (MIN)
1.5
22.5
-3,0
13.5
1.9

10
22.5
-3-0
16.5
"'lig

APPENDIX TABLE 25

WITH MEANS (X), AND STANDARD ERROR (SE)

RESPIRATORY TIDAL VOLUME (ML)
DURING 0.3% HpS TREATMENT

Neo.

BIRD

=0

2.
3.

£
#

Mean change and standard error of

bird mean tidal volume during HpS treatment period from tidal

volume at times 1,5,¢..30.
the mean change are shown with X and SE.

*¥Change in tidal volume obtained by subtracting individual
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APPENDIX TABLE 26

RESPIRATORY TIDAL VOLUME (ML)

AFTER 0.3% H,S5 TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

TIME (MIN)

BIRD

15 20 25

25.4
"O.l

10

No.

23.7
-10 8

o2 O §
1.6

31.7
6.2%

Mean cggnge and standard error of the

mean tidal volume after HoS treatment period from tidal volume

mean change are shown with X and SE.

¥Change in tidal volume obtained by subtracting individual bird
at times 1,5,...30.



APPENDIX TABLE 27

RESPIRATORY TIDAL VOLUME (ML)

BEFORE 0.4% H,S TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

BIRD TIME (MIN)
No. 1 5 10 15 20 25 30 g
1 20.6 21.3 23.7 23.2 23.0 23.5 24,2 22.8
2 10.4 9.2 11.6 10.2 10.9 9.9 11.6 10.5
3 23.2 25.4 29.5 21.1  2hkM  23.7 23.T 25.3
L 14.8 14,0 14.3 1k.3 1k.3 1k.5 16.0  1h.6
5 i7.4 21.0 2.3 19,8 19.8 20.1 19,1  19.8
X 7.3 18.2 20,1  18.9 18.5 18.3 18.9  18.6
XE 2,2 2.8 3.2 3.0 2.6 2,7 2.k 2.7



o7
APPENDIX TABLE 28

RESPIRATORY TIDAL VOLUME (ML)
DURING 0.4% H,S TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

BIRD TIME (MIN)
No. 1 5 10
1 30.9
8.1%
2 14.8 40,5
4.3 30.0
3 26,2 14.3 22,6
0.9 =11.0 2.9
h 19.0
L. Y
5 15.9 14,5 33.3
-3.9 -5.3 13.5
X 21.4 23.1  28.0
# 2.8 4.6 5.4
SE 3.1 6.7 3.4
* 2,0 12.8 8.1

¥Change in tidal volume obtained by subtracting individual
bird mean tidal volume after HpS treatment period from tidal
volume at times 1,5,...30. Mean change and standard error
of the mean change are shown with X and SE. All birds died
during HpS exposure.



APPENDIX TABLE 29

RESPIRATORY MINUTE VOLUME (MLeMIN™3)
BEFORE 0.0% H,S TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

58

BIRD TIME (MIN) .
No. L 5 10 15 20 25 30 X
i 730.1 T61.6 793.3  To0k.1 T06.2  T10.4 738.7 73k.9
2 602.6 655.4 699.2 712.5 677.6 Th1.8 737.5 689.5
3 537.3 525.6 526.7 580.1 549.0 562.9 572.5 550.6
4 570.4 525.6 526.7 580.1 549.0 562.9 572.5 550.6
5 610.3 616.6 637.8 682.4 655.8 682.7 6LL.6 648.6
6 476.8 523.0 465.6 549,5 568.8 5155 510.8 ST T
T 507.8 545.6 56k.5 555.0 587.2 561.8 529.2 550.2
8 Lak,2 455.8 438.2 403.8 466.5 L05.5 Lokh,2 L28.3
9 301.7  LuB8.T 459.3  476.9  48h.5  LB5.7 L76.8  4L7.5
10 375.2 _ 351.0  h4ok.o  %19.8  Lo9.5  L36.,2  L43.5 k21,0
x 513.6  559.7  556.8  572.7  581.3  57h.5  569.6  561.2
SE 39.7 35.2 38.1 3h.h 32.1 38.2 38.7 35.4



APPENDIX TABLE 30

RESPIRATORY MINUTE VOLUME (ML-MIN™21)
DURING 0.0% HpS TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

BIRD TIME (MIN)
No. 1 5 10 15 20 25 30

1 757.2 782.4 T77.6 T21.6 70k4.1 676.0 669,5
22.3* ths hE-T -13-3 —3008 -58-9 -Gsch

2 T71.2 724, 5 672.7 776.8 729.3 715.9 T12.8
81.7 35.0 -16.8 87.3 39.8 26.4 23.3

3 586.5 562.8 567.8 530.9 584,5 607.2 605.2
35-9 1202 .17.2 ‘1917 ‘33.9 56¢6 5&.6

I 602.6 681.4 575.0 631.6 620.2 623.2 665.8
-26.6 52,2 -54,2 2.k -9.0 -6.0 36.6

5 T9k4 .2 T37:1 803.7 816.7 783.0 812.2 788. 4
14s5.6 88.5 155.1 168.1 13k. 4 163.6 138.8

6 489.6 528.8 52k 4 501,6 L91.8 496.8 80.0

-26.1 13+1 8.7 -1k.1 -23.9 -18.8 -35.7

7 575.4 601.3 556.9 547.2 522,0 558.8 sh2.1
25.2 51.1 6.7 -3.0 1.8 8.6 -8.1

8 380.2 366.0 329.6 337.0 325.5 329.2 330.3
-48.1 -62,.3 -98.T -91.3 -=102.8 -99.1 -98.0

9 435.0 457.3 L448,.9 457.3 L86.5 565.4 k52,0
-12.5 9.8 1.4 9.8 39.0 17.9 Lk,s5

10 391.2 372.1 393.0 381.4 37k b 3k2,2 333.7
-26.1 -45.2 -35.3 -35.9 -42.9 -75.1 -83.6

X 578.3 581.4 56k .4 570.2 566.9 562.7 558.0
* 17.3 20,2 3.7 9.0 4.0 1.5 =3.2
SE Lg. L LT.7 48.8 51.6 h8.1 Lkg.6 49.8
#* 18.8 14,5 21.0 22.5 20.1 23.7 22.8

¥Change in minute ventilation obtained by subtracting individual
bird mean minute ventilation during pretreatment period from
minute volume at times 1,5,...30. _Mean change and standard error
of the mean change are shown with X and SE,



APPENDIX TABLE 31

RESPIRATORY MINUTE VOLUME (ML-MIN‘l)

AFTER 0.0% H,S TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

BIRD TIME (MIN)

No. 1 5 10 15 20 25 30
i 602.7  639.2  682.1  679.4  T03,.0 737.0 718.2
""132.2* -9507 -5208 -5505 -31!9 2.1 -1607
2 612.8 634.9 666.8 651.4 672.6 686. 4 709.7
-7607 "'5’*.6 ""2.7 "38.1 ""16|9 "301 20.2
3 551.8 547.2 575.1 565.2 573.2 602.6 617.5
1.2 -3.h 2k,5 14.6 2.6 52.0 66.9
L 619.2 606.5 627.1 559.4 624,8 639.5 581.1
-10.0 "22.7 -2-1 -6918 "80!" 10.3 —hB.l
5 720.0 758.9 728.8 T45.9 T69.6 T47.0 768.0
6 415.8 L27.0 413.6 389.0 L457.5 418,5 466.9
-99.9 -88.7 =102.2 -117.T -58.3 -97.2 -48.8
T 52k .7 535.7 529.6 503.0 520.8 507.8 510.6
-25.5 -14.5 -20.6 ~UT.2 -29.h =L2,4 -39.6
8 377.6 LoL.0 381.3 397.8 356.4 383.6 395.0
"59-7 -2h03 -hT-O -30-S -71'9 -hh-T ""3303
-6?.0 "3.2 14.9 1509 13.1 1509 16:0
10 398.6 Lok, 2 393.1 453.6 391.0 390.9 L21,2
-18.7 6.9 "3’*-2 36;1 "2603 "26.h 319
X 520.4 542,2 546.0 541.7 553.0 5577 571.2
* -40.8 -19.0 ~15.2 -19.5 -8.2 -3.5 4.0
SE 38.3 37.3 k2,1 38.1 43,9 k5.0 1.9
* 18.2 18.3 15.6 19.4 17,0 17.2 17.3

#Change in minute volume obtained by subtracting individual bird
mean minute volume during pretreatment period fram minute volume

at times 1,5,...30. Me
change are shown with X and SE,.

Mean change and standard errcor of the mean



APPENDIX TABLE 32

RESPIRATORY MINUTE VOLUME (MLeMIN-1)

BEFORE 0,05% HpS TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

61

BIRD TIME (MIN)

No. 1 5 10 15 20 25 30 X
1 L78.4 541.8  557.0 557.6  561.3  580.2  571.h4 552,95
2 645.8 6TL.0  680.2 718.6  TOL.O 710.0 635.0 681.1
3 656.8  636.6  658,7 6L0O.8  698.9  649.0  650.4  655.9
L 151.7 216.6 230.4 203.5 256.6  228.2 21k,5 21k.5
5 25110 231.4 240.6 267.h4 254.0 2k9.6 243.6 2L3. b
6 772.9 818.4 798.1 731.7  T731.0 708.4 663.6 646.3
T sk5,2  658.3  587.5  637.8  720.9  634.5  693.9  639.7
8 524.0 541.5 939.1 556.2 55341 553.3 516.3 540.5
9 51k.5 558.9  629.2  683.0 651.1  607.5 593.6  605.4

10 612.0 _ 625.0  640.9  649.9  643.7  616.2  648.0  633.8
X 511.8  550.3  556.2  564.6  5T7.5  552.3  Suh.k 5h1.3

SE 61.2 60,2 58,2 58.1 57«1 54.7 54.9 54.0



APPENDIX TABLE 33

RESPIRATORY MINUTE VOLUME (MLeMIN™Z)
DURING 0.05% HoS TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

BIRD TIME (MIN)

No. 1 5 10 15 20 25 30
1 4ok.0 h96.5  L497.8 499.7 483.2  L81.k 412.0
~-58,5% =56,0 -5k, T =52.8 -69.3 -T1.1 -80,5
2 6L2.6 672.3 659.6 641.9 612.4 645.8 633.6
“38-5 -808 "'23-5 "'39'2 -68-T ‘3503 ""‘7-5
3 532.5 599.6 542,0 535.8 530.9 486.0 450,1
-123.4 -97.3 -113.9 -120.1 =125.0 =169.9 -205.8
4 289.8 262.4 267.3 274 .2 270.3 250.2 292.6
T5.3 47.9 52.8 59.7 55.8 35T 78.1
5 204.9 192.7 17h.3 180.9 178.3 172.1 163.0
-38.5 =50.7 -69.1 -62.5 -65.1 ~71.3 -80.4
6 730.8 672.8 639.0 662.5 656.0 672.7T 60k4.0
84.5 26.6 =Te3 16.2 9.7 26.4 -42.3
T 633.6 657.0 653.6 661.0 665.3 626.0 609.3
6.1 17.3 13.9 21.3 25.6 ~13.7 -30.4
8 511.3 5Th. b 589,3 603.5 626.6 619.4 609.0
-29,2 33.9 L8.8 63.0 86.1 78.9 68.5
9 620.9 627.2 615.6 597.8 554,.1 555.5 586.9
15.5 21.8 10.2 "706 _5103 "hg-g ""18.5
10 616.6 593.5 639.8 637.2 660.6 668.8 661.5
«17.2 -40.3 6.0 3.1t 26.8 35.0 27.7
X 527.7 530.8 527.6 5294 523.8 517.8 508.2
# -13.6 =10.5 ~13.7 ~11.9 =Ta5 =23.5 =33.1
SE 52.2 53.6 ch.l 5345 53.9 558 52,2
# 19.4 15.1 16.7 18,1 21.3 22,8 26.1

¥Change in minute volume obtained by subtracting individual bird
mean minute volume during pretreatment period from minute volume
at times 1,5,...30. Mean change and standard error of the mean

change are shown with X and SE.

62



APPENDIX TABLE 3k

RESPIRATORY MINUTE VOLUME (ML-MIN'lj
AFTER 0,.05% H,S TREATMENT

WITH MEANS (i}, AND STANDARD ERROR (SE)

BIRD TIME (MIN)
No. 1 5 10 15 20 25 30

1 hek.3  k73.2 473.0 483.6 L68.2 435.1 hsk.T
-88-2* -79-3 -79-5 "68-9 -85I3 -llT-h '9708

ho

567.6 612.1 645,0 579.6 620. 4 626.2 636.3
-113.5 -69.0 -36.1 -101.5 -60.7 -54.9 =44 .8

3 koo,.2 423.7 Lyt.2 k25,7 4sk.5 Li12,.3 49,0
-235.7 =232.2 -208.7 =-230.5 -201.k -243.6 -206,9

L 170.0 183.2 162.2 173.4 171.8 169.2 178.4
=4l 5 ~31.3 -52.3 =41.1 ~42.7 -45.3 -36.1

5 156.1 147.2 158.4 151.7 14k, 0 167.3 155.6
-87.3 -96.2 -85.0 -91.7 ~99.4 -76.1 -87.8

-62,5  -88.3  -6k.2  -14,3  -7T3.T  -54.6  -59.5

T 680.4 674.8 681.6 677.0 691.7. 665.6 693.4
bo.T 35:1 41.9 373 52,0 25.9 53.7

8 520.T 483.3 WTT.7 bk, 0 49T7.7 L8L . L 546.0
-19.8 -57.2 -62.8 -66.5 -42.8 -56.1 5.5

9 517+3 529.6 509.3 534.7 514.8 522.0 510.7
-88.1 -75.8 -96.1 ~T0.7 -90.6 ~83.4 -94.7

10 61k.6 604,.2 629.2 612.T 626.0 624 .4 615.9
-19o2 -29.6 -hos —21.1 -7-8 "9-l+ -1709

b3 469.5 468.9 576.6 LTk, b U76.2 4L69.8 L82,7
* -71.8 -T2k -64. T -66.9 -65.1 =T1.5 -58.6

SE 56.2 55.8 58.4 575 58.2 56.9 58.0
* 23.2 21.6 20,6 22.4 20.8 22.8 22.3

¥Change in minute volume obtained by subtracting individual bird

mean minute volume during pretreatment period from minute volume
at times 1,5,...30. Mean change and standard error of the mean
change are shown with X and SE.



APPENDIX TABLE 35

RESPIRATORY MINUTE VOLUME (ML-MIN™1)

BEFORE 0.2% HpS TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

64

BIRD TIME (MIN) N
No. 1 5 10 15 20 25 30 X
1 336.2 348.1 356.3 381.0 383.% Lok.9 k32.5 377.6
2 523.6  387.2  L10.7  Lk25.8  U55.3  435.1  h27.8  L23.6
3 1123.2 1096.2 1138.7 1120.8 1045.8  998.8 999.5 107k.7
b k3s5.7 370.8 379.6 hik.h k32,2 418.5 496.5 ko8.2
5 469.7 482.1 470.8 430.9 k52,9  bs52,9 415.4 453.5
6 LL6.0 L16.9 410.4 393.8 kog9.2  393.8  389.9 L08.6
7 688.5 636.2 660.2 629.7 629.3 601.9 61k, 4 637.2
8 440,3 Leh.5 499.8 551.2 skL.5  545,3  534.6 509.9
9 535.2 492.9 488.0 522.1 514.8 521.8 507.2 53T
10 397.4 376.2 3§1.h 422.8 405.6 391,2 392.0 396.7
s 520.6 507.1 520.6 529.3 526.2  516.h  521,0 516.2
SE 74.2 70.8 Th.1 70.4 62.3 58.2 57.8 67.4



APPENDIX TABLE 36

RESPIRATORY MINUTE VOLUME (ML-MIN™1)
DURING 0,2% H,S TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

BIRD TIME (MIN)
No. 1 5 10 35 20 25 30

1 580.4 547.9 403.1 385.9 406.3 L19.6 563.9
202,9% 80.k 25.6 8.4 28.8 hao,1 186.4

Ls52.6 508.4 345.8 543.8 413.4 479.2 581.9
29.0 84.8 =77.8 120.2 -10.2 55.6 158.3

n

3 860.5 1139.2 1188.8 892.1 697.5 652.1 387.9
-21k.2 64.5 190.1 =-182.6 -377.2 =k22.6 -686.8

F —

372.4 679.0 258.0 191.1 897.4 688.5 580.1
-35.8 270.8 -150.2 -217.1 L89.2 280.3 171.9

5 294,0 k72.0 233.0 40T7.9 Los.0 304.9 376.6
-159.5 18.5 -220.5 344 -48.5 -148.6 -76.9

(=5

61L4.6 Ly7.2 314.6 437.0 394.0 Ly, 7 510.4
206.0 38.6 -94.0 28.4 -14,.6 36.1 101.8

T 500.9 728.% 790.6 800.1 868.8 1945,k  1055.4
-136.3 91.2 153,k 162.9 231.6 4o8.2 418.2

8 925,.2 B66. 4 937.5 768.0 859.3 383.7 Lok, 2
415.3 356.5 L27.6 258.1 3494  -126.2 -85.7

-9 812.0 479.4 hlih,1 L7h 4 4L66.3 L99 .4 535:1
300-3 -3203 "'67-6 ""3703 -hs.s -12-3 23-h

10 499.5 635.7 792.0 558.8 526.6 279.4 329.8

X 501.2 6L1.b 570.2 574.,9 593.5 519.7 5345
% 71.0 121.2 50.1 53.8 T2.3 -~0.5 1k.k
SE 6T7.2 70.9 1044 70.2 67.8 TLaT 6.8
* 66.6 39.4 70.0 57.2 76.5 73.2 92,1

#Change in minute volume obtained by subtracting individual bird
mean minute volume during pretreatment period from minute volume
at times 1,5,...30. Mean change and standard error of the mean
change are shown with X and SE.



APPENDIX TABLE 37

RESPIRATORY MINUTE VOLUME (MLeMIN~1)
AFTER 0.2% H,S TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

BIRRP TIME (MIN)
No. 1 S5 10 15 20 25 30

1 518.9 677.1 569,.2 5774 533.3 235,0 511.8
1h1.4% 299.6 191.7 199.9 155.8 -=142.5 13L4.3

)]

420.8 440,0 L456,0 458,6 428.8 591.5 506.6
-2.8 16.4 32.4 35,0 5.2 167.9 83.0

3 10642 915.8 1135.2 110hk.6 102u4.k 981.5 8uk,1
-'1005 -15809 60-5 29-9 "‘50.3 "93-2 ‘230.6

L 364.9 L426.3 507.9 L468.0 L16.5 453.9 429,.3
-43.3 18.1 99.7 59.8 8.3 5.7 21.1

5 598.5 667.8 379.1 328.L 354.0 3T7.4 315.8
145.0 214.3 -Th. 4 -125.1 -99.5 =116.1 =137.7

6 883.0 Lh2.8 478.0 52,7 ko, L 432,.5 k32.3
47h 4 3k,2 69.4 bh.1 38.8 23.9 23.7

7 1238.3 1001.0 984.1 960.4 887.9 857.T 770.1
601.1 363.8 346.9 323.2 250.7 220.5 132.9

8 9khk.3 1124.8 1091.5 1016.7 833.3 913.2 860.8
4344 614.9 581.6 506.8 323.4 403.3 350.9

9 618.0 660.1 665.7T 683.6 6k3.2 532.8 527.0
106.3 148, 4 154.0 171.9 131.5 = 21.1 15:3

10 T12.5 679.7 692.6 695.3 695.0 T709.2 637.8
315.8 283.0 295.9 298.6 298.3 312.5 2h1.1

X 736.3  703.5 695.9  6Th.5  625.9  60k.5  5hl.0
* 216.2 183.4 175.8 1544 105.7 84,3 63.4

SE 90.9 76.8 87.6 85.2 T2.7 80.2 51.9
£ T1.7 69.9 59.9 58.2 L7.2 58.9 53.5

¥Change in minute volume obtained by subtracting individual bird
mean minute volume during pretreatment period from minute volume
at times 1,5,...30. Mean change and standard error of the mean
change are shown with X and SE.



APPENDIX TABLE 38

RESPIRATORY MINUTE VOLUME (MLeMIN™1)

BEFORE 0.3% HoS TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)
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BIRD TIME (MIN) o
No. 1 5 10 15 20 25 30 X

1 357.0 433.8  441.0 518.6  Wk9.6  L09.2  LL46.B  1436.6

2 539.0 486.2 386.9 LBO.b 520.8 Lo3,2 492.3 k72,7

3 50k4.0 371.3 335.0 382.0 420.4 L25,9 300.6 419.9

b Lo6.0 388.6 396.0 391.3  39k.0 437.1 399.8 401.8

5 405.6 300.0 319.7 310,2 3317 2k5.8  301.6 323.5

X k2.3 396.0  375.T  416.5  L23.,3  39h.2  L28.2  Lk10.9

SE 34.0 31.2 21.9 37.2 312 25,3 36.4 24.8



APPENDIX TABLE 39

4

RESPIRATORY MINUTE VOLUME (MLeMIN
DURING 0.3% H,S TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

BIRD TIME (MIN)
No. 1 5 10 15 20 25 30

1 527.0 430.9 bih.0 387.0 619.5 327.5 276.8
90. 4# -5.7 ~22,.6 =L9.6 182.9 <109.1 -159.8

2 966.7 10LD.2 664 .4 564.7 Lok 8 L63.7 399.3
ok, 0 568.5 191.7 92.0 22.1 -9.0 -73.5

3 550,0 548.0 33.5 30.0 530.2 430.9 34k2.0
130.1 128.1 -397.4 -389.9 110.3 11.0 ~77.9

N 932.8 583.2 48k ,1 346.L4 L4o3.2 341.9 319.8
531.0 181.4 82.3 =L5.k Tl -59.9 ~82.0

5 Lgg,2 162.5 100.1 70.2 162.8 314.5 328.0
175.7  -161.0 ~-223.,4 -253.,3 -160.T -9,0 b5

X 695.1 553.2 337.0  281.7 hh2,1 375.7 333.2
% 294 .2 1k2.3 -73.9 -129,2 31.2 -35.2 ~TTT

SE 10L4.b 1k2.6 120.2 101.2 78.0 30.0 19.8
* 9h,2 121.7 105.8 85,2 57.8 21.8 25,9

¥Change in minute volume obtained by subtracting individual bird
mean minute volume during pretreatment period from minute volume
at times 1,5,...30. Mean change and standard error of the mean
change are shown with X and SE.



APPENDIX TABLE L0

RESPIRATORY MINUTE VOLUME (ML-MIN )
AFTER 0.3% HoS TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

BIRD TIME (MIN)
No. 1 5 10 15 20 25 30

1 513.5 669.4 613.8 596,9 554.8 609.0 5Th.1
76.9 232,8  177.2 160.3 118.2 172.4 137.5

2 583.1 sLh,0 4s57.9 k11,6 388.8 385.9 306.6
110. 4 T1.3 =14,8 -61.1 -83.9 -86.8 <=166.T

3 539.k4 766.7 856.4 Th2.6 T13.6 685.9 683.6
119.5 346.8 436.6 322.6 293.7 266.0 263.7

230.0 L20.3 393.8 Loo. b4 358.1 409.1 337.7

5 195.5 616.8 L98.0 383.5 47h.6 3Th.T 343.8
-128.0 293.3  17k.5 60.0 51:5 51,9 20.3

X k92,7  683.8 6Lk 587.4  558.3  567.6  529.4
* 81.8 272.9 233.5 1765 b7 162.5 118.5

SE 77.0 50.1 T9.1 84,5 79.8 84,7 87.8
% 58.3 59.0 82.1 84,0 80.3 85.3 89,4

*Change in minute volume cbtained by subtracting individual bird
mean minute volume during pretreatment period from minute volume
at times 1,5,...30. Mean change and standard error of the mean
change are shown with X and SE.



APPENDIX TABLE L1

RESPIRATORY MINUTE VOLUME (MLeMIN~1)

BEFORE 0.L4% HES TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

70

BIRD TIME (MIN)

No. 1 5 10 15 20 25 30 4
il 628.3 64T7.5 T60.T T4o.k 710.7 695.6 750.2 706.1
2 458.6 4oo.2 502.3 430. 4 L46.9 L1k.8 L8k.9 448.3
3 L68.6  398.8 k22,2  379.4  376.4  L1T.h 391.0  %07.7
" 506.3 499.3 468.3 L71.9 L11.2 381.9 431.2 Lhs5,7
5  395.5 421.1  453,6  LU58.k L56.4 468.0 453.1  LL3.7
X k91,5  463.4 521,k L97.9  L80.3  W75.5  502.1  490.3
SE 38.6 46.9 61.2 64.8 59.3 56.7 63.9 59.5



T

APPENDIX TABLE 42

RESPIRATORY MINUTE VOLUME (MLeMIN %)
DURING 0.4% HpS TREATMENT

WITH MEANS (X), AND STANDARD ERROR (SE)

BIRD TIME (MIN)
No. T 5 10
1 088.8
282, 7%

2 695.6 121.5
2h7-3 "326-8

3 5524k 16h.2 67.8
lhh.? -2‘43- 5 "339-9

L 594 .0
1Lk8.3

5 Lok.3 551.7 366.5
jU.G 108.0 -77'2

X 665.0 279.1 217.2
* 174.7T -15hk,1 -208.6

SE 87.4 136.8 1k9, 4
* bi.1 133.2 131.4

¥Change in minute volume obtazined by subtracting individual bird

mean minute volume during pretreatment period from minute volume
at times 1,5,...30. Mean change and standard error of the mean
change are shown with X and SE.
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APPENDIX TABLE Lh

CHANGE IN INTRAPULMONARY 002 RECEPTOR
SENSITIVITY TO STATIC AIRWAY CO,

DURING HES EXPOSURE

PRE H,S5 EXPOSURE DURING HpS EXPOSURE
FI DISCHARGE FI DISCHARGE
CO2 FREQUENCY 002 FREQUENCY
% (IMP/SEC) 2 (IMP/SEC)

UNIT 1: Data taken after 5 minutes of 0.035%
HE‘S exposure

0.0 7.0 0.0 X2
1:1 5.3 2.2 0.1
2.1 2,6 3.1 0.1
% 2.3 i § 0.0
' 1.8 5.5 0.0
6.5 (V" 6.1 0.0
9.0 0.0

UNIT 4: Data taken after 10 minutes of 0.050%
HES exposure
0.0 11l.2 0.0 T.8
1,0 10.5 1.0 20.1
2.2 T+5 2.0 17.6
3.0 L.o 5.0 16.2
k.5 2.3
5.6 0.5
8.0 0.0
UNIT 8: Data taken after 5 minutes of 0.0LS%
H,5 exposure
0.0 17.8 1:3 5+3
1.9 14,3 25 8.2
3.3 10.1 3.8 6.1
L.2 TT 10.0 0.0
5.k 5.6
9.2 140
10.0 0.0
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ABSTRACT

The effect of hydrogen sulfide gas (HES) on spontaneous ventilation and
intrapulmonary CO,-sensitive receptors was studied in chickens., Two sets of
experiments were conducted on White Leghorn type chickens (Babcock strain)
anesthetized with phenobarbital sodium. In the first set of experiments,
ten spontaneously breathing birds each were exposed to 0.0%, 0.05% or 0.2%
H,8; five each to 0.3% or 0.4% HES' Experiments consisted of three tandem
30 minute parts - pretreatment, treatment, post-treatment = during which
tidal volume (V., ml per breath), frequency (f, breathsemin~1) and minute
volume (ﬁ, ml-min'l) were measured. Mean f, Vgp and V for each bird during
part 1 served as individual controls to evaluate the effect of H,S on
respiration, Birds receiving 0.0% and 0.05% H,S displayed no significant
slteration in respiration. At the higher concentrations, respiration
increased within one minute and oscillated throughout the treatment period.
During HZS treatment and post-treatment Vp, £ and v were mostly significantly
different from values established during the pretreatment period. There was
a concentration related, significant increase in variability within treatment
groups while exposed to H2S at the higher levels.

In the second set of experiments, birds were unidirectionally, artificially
ventilated with warmed, humidified gas at a flow of U 1/min into the trachea
throﬁgh the lungs and out incised thoracic and abdominal air sacs. Intra-
pulmonary 002 sensitive receptor afferents in the left vagus nerve were
isolated at a midcervical location. Receptors were first identified and
characterized as to their response to dynamic change in airway 002 concen=
tration and to static airway COp leve}s. Afferent receptor output along

with vertical sternal movement were recorded. H2$ was delivered and effects



studied in six birds on eight receptors while a static airway CO2 was main=
tained. Each of five birds received 0.035%, 0.045%, 0.050%, 0.052% or
0.055% HES' Two birds received 0.10% HES. Imediate pre-exposure data and
acute exposure data were compared. In three cases, an effect on COp sensi-
tivity was demonstrated by comparing CO, sensitivity pre-exposure to sensi-
tivity during HpS exposure. The two birds receiving 0.1% HyS died within
five minutes of exposure while all others survived 30 minutes of exposure.
All birds responded to Hes with increased sternal movements after approxi-
mately 30 seconds of exposure. OSternal movements ceased within four minutes
in all but one bird which continued to ten minutes. Receptor discharge
increased in all cases within 30 seconds, peaked after approximately Lo
seconds and continued at an elevated level for a variable length of time.
The paradoxical increase in respiratory vertical sternal movement and
receptor discharge during HoS treatment implied that some central action of
HES is overriding the normally inhibitory influence of the intrapulmonary
CO, receptors. The possibility that HS™ anion produced by the dissociation
of H,5 at body pH may be inhibiting carbomic anhydrase within intrapulmonary

002 receptors to produce the increased firing is discussed.



