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The analeptic doxapram hydrochloride 
(Dopram-Robins) has been described as a 
potent stimulator of respiratory activity (9, 
10). The respiratory stimulating action of 
doxapram has been reported to result from a 
direct pharmacological action at  the peripheral 
chemoreceptors (3 ,  4) and the medullary 
respiratory area ( 2 ,  4). Therefore, Hirsch 
and Wang (3) reported that injection of 
0.05 mg/kg of doxapram into the carotid 
chemoreceptor area may induce ventilatory 
alterations in cats. Funderburk, Oliver, and 
Ward ( 2 )  found that injections of 0.20 mg/kg 
of doxapram iv significantly altered the 
electrical activity of the medullary respiratory 
area. Electrical activity of other portions of 
the central nervous system was altered only 
when doses of doxapram were in excess of 
3.00 mg/kg iv (2 ) .  

Administration of doxapram subsequent to 
barbiturate anaesthesia produced alterations 
in ventilation primarily by elevations of tidal 
volume ( 1, 10). Following bilateral ablation 
of the brain stem pneumotaxic center, decere- 
brate cats exhibited a significant diminution 
of the tidal volume response to hypercapnia 
(8). Confirmation of this observation was 
obtained in decerebrate and barbiturate 
anaesthetized cats (6).  Additionally, uni- 
lateral lesions of the pneumotaxic center were 
found to significantly reduce the hypercapnia- 
induced tidal volume response (6) .  Con- 
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comitant with the reduction in tidal volume 
response to hypercapnia following pneumo- 
taxic center ablation, an augmented frequency 
response has been observed (8). 

The response to hypoxic stimulation of 
respiration following pneumotaxic center 
ablation may not be identical to the respira- 
tory response to hypercapnia. Therefore, 
under certain experimental conditions follow- 
ing pneumotaxic center ablation, the hypoxia- 
induced tidal volume response may be main- 
tained while the hypercapnia-induced tidal 
volume response is eliminated (6 ) .  St. John 
has hypothesized that this difference in 
respiratory response to hypercapnia and 
hypoxia following pneumotaxic center lesion- 
ing is qualitative in nature and reflects differ- 
ent primary chemoreceptor sites for the 
hypoxic and hypercapnic gases ( 7 ) .  

The purpose of this study was to examine 
the effects of bilateral or unilateral pneumo- 
taxic center ablation upon doxapram-induced 
respiratory alterations. I t  is believed that the 
studies described herein may also serve to 
further characterize the respiratory stimulat- 
ing action of doxapram. 

.Methods. Experimental animals and groups. 
Twenty-three adult cats of both sexes of 
mean weight 3.0 kg were utilized in this 
study. Animals were divided into the follow- 
ing experimental groups: Group PC, having 
bilateral pneumotaxic center lesions ; Group 
U, having unilateral pneumotaxic center 
lesions; and Group C, having control brain 
stem lesions. 

Phase I .  Control. Prelesion. All animals 
were anaesthetized with 35.0 mg/kg of sodium 
pentobarbital (Nembutal-Abbott) admini- 
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stered ip. Additional increments of pento- 
barbital were administered as required dur- 
ing the experimental procedure. Endotracheal 
intubation and femoral vein cannulation were 
performed utilizing procedures previously de- 
fined (6) .  Pneumotachograph methods 
utilized for measurement of the respiratory 
parameters of tidal volume (V,) , frequency 
( f )  and minute volume ( V R )  have also been 
described previously ( 6).  Respiratory param- 
eters were recorded with animals breathing 
air. 

Following a period of control respiratory 
parameter measurement (designated “pre- 
drug” in Table I),  the animals were admini- 
stered the following substances in a random 
order: 1.00 mg/kg doxapram iv, 2.75 mg/kg 
doxapram iv or 2.00 cc 0.9% saline placebo 
iv. The respiratory responses observed for the 
first minute following doxapram or placebo 
administration (designated “postdrug” in 
Table I )  are reported. In those animals re- 
ceiving more than one doxapram administra- 
tion, a temporal interval was taken between 
drug administrations until respiratory param- 
e ters approximately “predrug ” values. 

Phase I I .  Lesion placements. Following 
Phase I control testing, electrolytic bilateral 
or unilateral pneumotaxic center lesions or 
control brain stem electrolytic lesions were 
placed using stereotaxic procedures identical 
to those previously described (6).  Following 
appropriate lesion placements, animals were 
retested in response to doxapram or placebo 
administrations in the same manner as in 
Phase I. 

Phase I Z I .  Vagal section. The vagi of all 
animals were bilaterally sectioned at  the level 
of the thyroid cartilage. 

Histological evaluation of lesion placements. 
The electrolytic lesions in the brain stem were 
localized according to the histological method 
of Powell ( 5 ) .  

Statistical evaluation of data. Data ob- 
tained in this study compare the doxapram- 
induced respiratory responses in surgically in- 
tact animals with the responses elicited in 
these same animals following the placement 
of brain stem lesions. Statistical evaluation 
of data may therefore be performed by 
“paired” comparisons. For comparison of the 
absolute value of respiratory parameters, a 

paired t test wits utilized. A Wilcoxon 
Matched-pairs Signed-ranks test was em- 
ployed for comparison of percentage altera- 
tions of ventilation. For evaluation of certain 
unpaired observations, a Student’s t test was 
used. 

Results. Phase I .  Control. Prelesion. The 
respiratory parameters of tidal volume (V,)  , 
frequency ( f ) ,  and minute volume (Vn)  for 
the various animal groups breathing air before 
and after administrations of doxapram or 
saline are reported in Table I. Examination 
of the alterations of ventilation subsequent 
to doxapram administrations (Fig. 1) con- 
firms previous observations that doxapram 
stimulates respiratory changes primarily 
through tidal volume elevations in barbiturate 
anesthetized animals. Data reported in Table 
I also evidence the rather large variations in 
respiratory response to doxapram admini- 
s tration . 

Phase I I .  Lesion placements. Bilateral re- 
moval of the brain stem pneumotaxic center 
(Group PC) effectively eliminated the doxa- 
pram-induced tidal volume elevation (Fig. I ) . 
Concomitant with this absence of the tidal 
volume response, these Group PC cats ex- 
hibited a signisficant elevation in the dosa- 
pram-induced frequency response. A signifi- 
cant reduction in the tidal volume response 
to doxapram administration was likewise ob- 
served following unilateral pneumotaxic center 
ablation (Group U) (Fig. 1). The Group U 
cats, however, did not display the significant 
elevation of the frequency response com- 
parable to that observed in Group PC ani- 
mals. Following control lesion placements 
(Group C) , doxapram-induced respiratory 
changes did not differ significantly from pre- 
lesion values. 

Examination of Table I reveals that a 
significant elevation of the respiratory tidal 
volume and a significant diminution of the 
respiratory frequency resulted concomitant 
with bilateral pneumotaxic center ablation. 
Upon unilateral pneumotaxic center lesion 
placement, the elevation of tidal volume was 
not significant; however, the frequency of 
respiration was significantIy Iess in the post- 
lesion phase. Administrations of doxapram 
subsequent to bilateraI or unilateral pneumo- 
taxic center ablation resulted in tidal volumes 
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which were slightly in excess or not signifi- 
cantly different from those observed in the 
prelesion phase. The Group PC and Group 
U cats exhibited frequencies and minute 
volumes of respiration which were sign%- 
cantly less than prelesion values following 
doxapram administrations in the post lesion 
phase. 

Phase I I I .  Vagal section. Upon bilateral 
vagotomy, all animals having bilateral pneu- 
motaxic center lesions (Group PC) exhibited 
apneustic respiration. In  three of the eight 
Group PC animals, this inspiratory apnea 
persisted without expiratory interruption. 
After these three cats had maintained in- 
spiration for 120.0 sec, artifical respiration 
was administered in an attempt to prolong 
survival. Upon cessation of the artificial 
ventilation, these Group PC cats returned to 
inspiratory apnea which then persisted until 
death. For purposes of statistical comparison, 
the inspiratory duration time of these three 
cats was considered to be 120.0 sec. The mean 
inspiratory duration time exhibited by the 
eight Group PC cats was, therefore, 70.9 
sec. Respiratory activity of Group U or 
Group C animals in the post vagotorny 
phase was not characterized by any signifi- 
cant pause of respiration in the inspiratory 
position with the exception of one Group U 
cat. The one exceptional animal displayed 
apneusis with an inspiratory duration time 
of 50.0 sec following bilateral vagotomy. The 
inspiratory duration times of Group PC ani- 
mals were significantly different from those 
of Group U and Group C cats with p < 
0.005 (Student’s t test). 

The tidal volume of respiration of Group 
U animals averaged 46.0 ml in the post 
vagotomy phase while that of Group C cats 
was 39.1 ml. As noted above, in three of the 
eight Group PC animals, inspiratory apnea 
persisted without interruption; hence, no 
accurate measure of tidal volume was possible. 
In the remaining five Group PC animals, 
tidal volumes averaged 98.0 ml following bi- 
lateral vagotomy. I t  is of interest to note 
that the tidal volumes exhibited by Group 
PC and Group U animals following vagal 
section were significantly greater ( p  < 0.025, 
paired t test) than the maximal tidal volumes 
exhibited by these same animals upon doxa- 

pram administration in the post lesion phase. 
Tidal volumes of Group C cats in the post 
vagotomy phase did not differ significantly 
from the maximal tidal volumes exhibited up- 
on doxapram administration in the post lesion 
phase. 

Histological evaluation of lesion place- 
ments. In  a previous report (6 ) ,  identical 
methods to those of the present study were 
utilized for the placement of brain stem 
electrolytic lesions and for the histological 
localization of these lesions. In  that study, the 
pontile pneumotaxic center, that area of the 
brain stem in which the placement of bilateral 
lesions resulted in apneusis upon vagotomy, 
was defined. All Group PC animals in the 
present study had bilateral lesions within this 
pneumotaxic center; likewise, all Group U 
cats had unilateral lesions which encroached 
on this area. Lesion placements in Group C 
animals were anterior and/or ventral to pneu- 
motaxic center. Histological illustrations 
of lesion sites comparable to those of the 
present study may be seen in an earlier pub- 
lication (6) .  

Discussion. Subsequent to bilateral or uni- 
lateral pneumotaxic center ablation, the tidal 
volume is “reset” a t  a higher level while the 
frequency is 3-eset” at  a lower level. Potential 
tidal volume deviations from this “reset” 
level are minimized following pneumotaxic 
center lesions, whereas potential frequency 
elevations are enhanced. Therefore, doxapram 
stimulation of respiration following pneumo- 
taxic center ablation results in only minor 
alterations of tidal volume. In  contrast, the 
doxapram-induced respiratory frequency al- 
terations are augmented following pneumo- 
taxic center lesioning. 

Tidal volumes which would have sup- 
ported a “normal” response to doxapram 
administrations following pneumotaxic center 
ablation lie well within the physiological 
limits. Evidence for this conclusion is pro- 
vided by the observation that, in the post 
vagotomy phase, animals receiving no pharma- 
cological stimulation exhibited tidal volumes 
greatly in excess of the maximal tidal volumes 
observed following doxapram administration 
in the post lesion phase. 

The dosages of doxapram utilized in this 
study provide stimulation of respiratory 
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PERCENTAGE GROUP 
ALTERATION PC 

"T f 

*O0 r 
I 

150 t + 

200 

I5O 1 n 

SROUP 
U 

GROUP 

f f CE 
l 
I "T 

I 
$E I "T 

I I 
I I 

I 1 '  i 
SALINE 

PLACEBO 

200 

150 1 
100 

50 c 
FIG. 1. Percentage alterations of respiratory tidal volume (VT), frequency ( f )  and minute 

volume ( P E )  upon iv administration of 1.00 mg/kg doxapram-HCI, 2.75 mg/kg doxapram-HC1 
or 2.00 cc 0.9% saline placebo. Values reported are for Group PC animals prior to and following 
the placement of bilateral pneumotaxic center lesions, GTOUP U animals prior to and following 
the placement of unilateral pneumotaxic center lesions, and Group C animals prior Ito and fol- 
lowing the placement of control brain stem lesions. All animals were anaesthetized with pento- 
barbital. Open bars signify prelesion values; filled bars signify post lesion values * = p < 0.025 
compaired to prelesion value (Wilcoxon test). 

activity through both peripheral chemore- 
ceptor ( 3 )  and medullary respiratory area 
( 2 )  activation. Results of this study suggest 
that doxapram-induced stimulatory influences 
arising from one or both of these areas are 
integrated by the pontile pneumotaxic center. 

The data reported in this study do not 
distinguish between the components of 
respiratory activity induced by peripheral 
chemorecep tor and medullary respiratory area 
stimulation by doxapram. Moreover, these 
data do not provide direct information as 
to the mechanism of action of doxapram in 
producing the respiratory stimulation. These 

data do indicate, however, that the respira- 
tory stimulating action of doxapram is in- 
tegrated by the same neural structure which 
serves to regulate the respiratory responses 
elicited by the neural chemical stimulation of 
carbon dioxide. 

Summary. Doxapram-HC1 effects ventila- 
tory alterations in pentobarbital anaesthetized 
cats primarily by tidal volume elevations. 
Bilateral or unilateral ablation of the brain 
stem pneumotaxic center significantly reduces 
these doxapram-induced tidal volume eleva- 
tions. Following bilateral pneumotaxic center 
lesions, the frequency responses elicited by 
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doxapram administrations are significantly 
elevated. Apneusis is obtained in animals 
having bilateral pneumotaxic center lesions 
upon bilateral vagal section.. I t  is concluded 
that the pontile pneumotaxic center plays a 
fundamental role in the regulation of doxa- 
pram-induced respiratory a1 tera tions. 
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