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The time course of respiratory parameters and blood pressure was studied in decerebrated
rats (DR), decerebrated rats treated with a combination of thiopental plus urethane (DAR), and
intact brain rats anesthetized with the same combination (IBAR). Moreover, the respiratory
sensitivity to a stimulating dose of amphetamine was tested in the three preparations. DR
exhibited a spontaneous and steady increase of ventilation which was absent in DAR. A steady
increase of ventilation was also observed in IBAR, although of a lesser intensity. Amphetamine
induced a clear respiratory stimulation which was decreased by the administration of anesthet
ics. A tendency to hypotension was seen in all animals. Therefore, the respiratory instability
and the decreased pharmacological response observed in the presence of anesthetics are
important factors to be considered when interpreting results obtained in this kind of
preparations.
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During the last few years, anesthetized
rats have been used to study the effect of
drugs on respiration (5-7). A combination
of thiopental plus urethane has been fre-
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quently used. However, it is well known
that this kind of compounds may produce
respiratory depression. As a conse
quence, the interpretation of data
obtained under the influence of such
agents could be rather misleading. In or
der to attain suitable information about
this topic, in this study respiratory and
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circulatory changes were monitored in
decerebrated rats, decerebrated-anesthe-
tized rats and intact-brain anesthetized
rats. The pharmacological sensitivity of
these preparations was tested in indepen
dent animals by using amphetamine.

Materials and Methods

Male Wistar rats weighing 350-400 g
were used. The animals were allocated in
three groups.

Decerebrated rats (DR). Tracheotomy
and bilateral ligation of the carotid
arteries were performed in 12 rats under
halothane anesthesia. The animals were
placed in a David Kopf stereotaxic ap
paratus and two lateral craniotomies
were carried out on parietal bones. After
ligation of the sinus longitudinalis, this
structure and the sutura longitudinalis
were removed together. Under direct
vision, midcollicular transection was
performed and the brain tissue rostral to
the section removed by suction. At this
moment, halothane was withdrawn and
the left carotid artery and the right jugular
vein were catheterized.

Anesthetized-decerebrated rats (DAR).
Twelve animals were prepared as indi
cated in a) but sodium thiopental (50 mg
kg*1, i.p,) was used instead of halothane as
the induction agent; 45 min after its
administration, urethane (375 mg kg-!,
i.v.) was given. This time was considered
adequate to permit recovery from the
thiopental anesthesia.

Intact brain anesthetized rats (IBAR):
In 11 animals, sodium thiopental (50 mg
kg i.p.) was used as the induction agent
to allow tracheotomy and cannulation of
the left carotid artery and right jugular
vein. Forty five minutes later urethane
(375 mg kg i.v.) was administered.

Three other groups comprised of 10 an

imals each were prepared as indicated
above to study the effects of amphet
amine. This compound (amphetamine
hydrochloride, Sigma) was administered
by i.v. route at the dose of 1 mg kg-'. This
dose had been found to produce a signifi
cant respiratory stimulation in previous
studies (5).

Once prepared, the animals were
placed into a whole-body plethysmo-
graph to study respiration. The volume
changes inside the plethysmograph, as
well as the end-expiratory CO, concen
tration and the blood pressure, were con-
tinuosly recorded on a Gould Brush
dynograph through a Statham PM-15 dif
ferential air pressure transducer, a
Godart infra-red CO2 analyzer, and a
Statham P23Db pressure transducer, re
spectively. In decerebrated rats, one
hour elapsed from the moment of decere
bration to the start of the observations.
All animals were given oxygen-enriched
air to breathe except in the periods of CO2
inhalation. This was carried out at 0, 15,
45, 90 and 120 minutes. At these times an
over-flow (3 1/min) of a mixture of 5 %
CO, in O, was given for three minutes
around the tracheal cannula. Throughout
the experiments the body temperature
was monitored by means of a Panlab
electronic rectal thermometer and main
tained at a constant level of 37.0 ± 0.1° C.
The time course of the following paramet
ers was studied for a two hour period:
respiratory frequency (f), tidal volume
(VT), respiratory minute volume (VE),
end-expiratory CO, concentration, CO,
responsiveness (by plotting end-
expiratory CO2 concentrations against re
spiratory minute volumes at res
ting and under CO, stimulation), and
mean blood pressure.

Hystopathological examination was
performed in three animals belonging to
DR group in order to detect pulmonary
alterations as responsible mechanism of
the respiratory changes observed in this
group of animals.
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Statistical analysis. Comparison be
tween the values obtained for each time
and those obtained at the start of the
observations were carried out (Student’s
t test). Moreover, the three series were
compared reciprocally (analysis of vari
ance). In the case of the CO2-re-
sponsiveness analysis of variance for fac
torial planes (2 x 2) was effected.

Results

At the start of the experiments the f
values were similar in the three groups.
During the first 30 min a parallel increase
of f was observed; however, after 45 min
the f time course differed in each group.

Thus, a steady increase was observed in
DR, whereas a stabilization was seen in
IBAR. An earlier stabilization followed
by a decrease of f was observed in DAR.
From a statistical point of view, only the
changes noted in DR and IBAR were sig
nificant as compared with the control val
ues (p < 0.05 at 120 min for DR; p < 0.05
from the 60th min in IBAR). As revealed
by the analysis of variance, a significant
difference was observed between the
three series at 120 min (p < 0.01). In con
trast to the similitude exhibited by the
initial values of f at the start of the experi
ments, the VT values were markedly dif
ferent. It was thus shown that, as com
pared with DR, the VT of IBAR and DAR
were lower and significantly different

Fig. 1. Time course of respiratory parameters in intact brain anesthetized rats (circles), decerebrated rats
(squares) and decerebrated-anesthetized rats (triangles).

f = respiratory frequency (breaths/min); end-exp. %CO, = percent concentration of CO, in the end-
expiratory air; VE = minute volume (ml min); V= tidal volume (ml).
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(p < 0.05). Concerning the time course of
this parameter, a steady increase was
observed in DR, although a statistically
significant difference was not reached at
any moment as compared with the values
obtained at 0 time. The animals belonging
to the other two groups showed a steady
time course of VT, although the actual
values of this parameter were always
lower than those observed in the DR
group, as determined by analysis of va
riance. As might be expected from the f
and VT changes, VE modifications were
clearly present in DR. A steady increase
of this parameter was seen in this group of
animals, a statistically significant differ-

Fig. 2. Time course of the relationship between
end-expiratory % CO2 and minute ventilation in de
cerebrated rats (open circles), decerebrated-
aneslhetized rats (closed circles) and intact brain
anesthetized rats (dashed lines), at resting and un

der CO2 stimulation.

ence as compared with controls being
found after 75 minutes up to the end of
the experiment (p < 0.05-p < 0.01).
Likewise, a significant difference was
found between the DR group and the
other two series from 75 minutes
onwards. Concentration of CO2 in the
end-expiratory air was higher and more
stable in both DAR and IB AR than in DR
where a progressive decrease of this
parameter was observed (p < 0.05 from
the 60th minute). As compared with the
other two series, this change was signifi
cantly different after 45 min (p <0.05-p <
0.01). VE : CO2-concentration straight
lines (fig. 2) demonstrate a progressive
increase of the CO2-responsiveness, a
statistically significant difference being
reached at 120 minutes in the DR group
but not in either DAR or IBAR. On the
other hand, a displacement to the right
and a reduction in the slope of VE-%CO2
straight lines in DAR and IBAR were
observed as compared with DR (p <
0.01), as revealed by analysis of variance
for factorial planes (2 x 2). The time
course of blood pressure is presented in
table I. A significant decrease of blood
pressure was found in DAR from the start
of the experiments. In the other two
series there were no changes in blood
pressure at 0 time but they showed a ten
dency toward hypotension.

Tissular changes were not detected in
the lungs of decerebrated rats at the end
of the experiments.

Effect of amphetamine. Amphetamine
caused an increase of f in the three groups
of animals (fig. 3). This effect was particu
larly intense in DR (p < 0.01 from 30 min
to 45 min). A progressive increase of VT
was observed in DR, whereas in the other
two scries there were no VT changes ex
cept for a temporary rise seen at five min
utes. VE changes were similar to those
observed in VT although the increase seen
at five minutes in DAR and IBAR was
slightly more durable. CO.-concentration
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Fig. 3. Time course of the percent changes induced by amphetamine on respiratory parameters.
Symbols as in figure 1 (open symbols: control animals; closed symbols: amphetamine, 1 mg kg"1, i.v.).
Control actual values were:

DR DAR IBAR
f (b/min) 66.25+5.06 65.50+5.44 70.00+2.47
YT(ml) 1.69+0.15 1.27+0.11 1.21+0.14
Vg (ml/min) 111.72± 11.52 80.14+6.07 85.91+9.12
End-exp. % CO2 4.21+0.18 4.72+0.16 4.98+0.16

in the end-expiratory air was modified
according to the VE changes. Thus a pro
gressive decrease of this parameter was
observed in DR whereas a transitory de
crease was only seen initially in the other
two series. As compared with DR, a dis
placement to the right and a reduction of
the slope of the VF-%CO2 straight lines
were obtained in DAR and IBAR (fig. 4).

Discussion

The time course of the physiological
parameters analyzed in the present study 

was clearly altered by all the experimen
tal maneuvers employed. Thus, DR ex
hibited a steady increase of ventilation
accompanied by a steady decrease of
blood pressure these results confirming
those obtained by other authors (5). The
production mechanism of such a respira
tory stimulation is unknown at the mo
ment. Pulmonary embolism, which is a
frequent complication after cranial
surgery, would be ruled out in view of the
results provided by the hystopathological
study. By taking into consideration
the steady increase in the CO2-
responsiveness and the respiratory
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end-exp%co2

Fig. 4. Effect of amphetamine (1 mg kg-1, i.v.) on
the time course of the same parameters shown in

figure 2.

stabilization produced by urethane
anesthesia, it may be suggested that a
central mechanism would be involved in*
this phenomenon. In contrast to our own
observations and those reported by
MEDIAVILLA et al. (5), a long lasting re
spiratory stability in decerebrated rats
has been reported by Sapru and
KRIEGER (8), who moreover found that
both pentobarbital and urethane did not
produce VT changes. Nevertheless, re
view of data presented by these authors
reveals that the f, VT, VH and blood pres
sure values exhibited by their prepara
tions were quite similar to those observed
here by 120 min, that is, when the re
spiratory parameters had significantly in
creased as compared with 0 time values.
On the other hand, report of the exact
time their values were obtained was omit
ted. In these circumstances it is clear that
a correct comparison with our own re

sults would be difficult. Regarding the
absence of respiratory depressant effects
after the administration of some anesthet
ics, as demonstrated by the same authors
(9), it must be taken into consideration
that parallel controls were not employed
in their study and, therefore, the lack of
effects would actually correspond to de
pressant effects. Indeed, no differences
were found between the pre-anesthetic
and the post-anesthetic respiratory pa
rameters in the anesthetized-decer-
ebrated rats used in our own experi
ments. However, if the time courses of
the respiratory changes in DR and DAR
are compared, a respiratory depression
(respiratory stabilization, apparently) is
clearly seen in DAR. Therefore, in view
of all these data it is evident that further
studies are required in order to ascertain
better characterization of the respira
tory behavior of the decerebrated rat.
Nonetheless, until definitive data are
available, pharmacological tests per
formed in decerebrated rats without
suitable parallel control must be in
terpreted with caution.

IBAR exhibited a slight and steady
increase of ventilation. This was proba
bly owing to the slow recovery from
anesthesia, since the values of respira
tory parameters observed by the end of
the experiments were aproximately simi
lar to those seen early on decerebrated
rats. By this time these latter animals are
presumably not yet under the effect of
halothane.

The results obtained in both DAR and
IBAR clearly indicate that the anesthetic
association used here caused respiratory
depressant effects. In this respect, the
central depressant effect of barbiturates
is wellknown and does not merit fur
ther comments. However, the fact that
thiopental has a short lasting effect
prompts the question of w hether or not
urethane was mainly responsible for the
depression seen in these animals. The re
spiratory effects of urethane have been 
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studied only by a few authors. No change
in CO2-responsiveness after urethane
administration was initially reported by
WANG and NIMS (10). Likewise,
CHVALOVA and PALECEK (3) found no
changes in the breathing pattern of rats
anesthetized with urethane. In the same
way, no modifications in either spontane
ous or neurotransmitter-evoked brain
stem mononeuronal potentials in the rat
were found by BRADLEY and DRAY (2),
who proposed urethane as a satisfactory
anesthetic agent. On the contrary,
FLbREZ and BORISON (4) demonstrated
that this agent produced a reduction in VT
in the decerebrated cat accompanied by a
decrease in the slope of the log ALco-.A'e
lines, mainly when the respiratory
centres were electrically stimulated.
Although this experimental technique
was not performed in the present work,
our results fully agree with those of the
latter authors. In discussing the above
mentioned discrepancies it is worthwhile
to consider that, as indicated by BORISON
(I), in the experiments carried out by
WANG and NIMS (10) urethane actually
produced a decrease in the resting venti
lation. On the other hand, BRADLEY and
DRAY (2) did not refer to the exact brain
stem nuclei where the electrodes were
placed; therefore, the possibility exists
that the potentials of neurones belonging
to the respiratory centres were not re
corded. Concerning the observations of
CHVALOVA and PALECEK (3), no conclu
sions could be drawn because quantita
tive data about pattern of breathing were
not presented.

It is possible to conclude, therefore,
that anesthesia by urethane in combina
tion with thiopental, as the induction
agent, may cause respiratory depression
in the rat. The experiments in which the
response to amphetamine was tested con
firm this conclusion. Indeed, amphet
amine produced respiratory stimulation
in all tested animals, these results con
firming those previously reported by

Mediavilla et al. (5), but its effect was
clearly lower in the animals treated with
the anesthetic combination. On the other
hand, as compared with IBAR, the effect
of amphetamine was more intense in
DAR, at least for the first 30 min. This
again shows the exquisite pharmacologi
cal sensitivity of decerebrated prepara
tions. In fact, if one takes into considera
tion its durable respiratory stability, DAR
would be proposed as an appropriate ex
perimental model for pharmacological
studies on respiration. However, it is not
possible to assure that its sensitivity is
maintained at a constant level throughout
the experiments. Why did DAR not re
cover from anesthesia in a way similar to
that seen in IBAR? A satisfactory answer
is not available at the moment, but it is
likely that an increased concentration of
urethane in the central nervous system of
DAR as compared with that of IBAR de
pending on the lessened amount of brain
mass in the former may play a role in the
occurrence of such a difference.

Blood pressure was also affected by the
experimental maneuvers here used. All
animals were prone to hypotension. The
decrease of blood pressure was more in
tense in DAR than in the other groups,
mainly because the pressure values of
DAR were low at the start of the observa
tions. The time courses of the blood pres
sure changes in the whole of animals
roughly coincided with those described
for respiratory modifications. Therefore,
an interrelationship between both phe
nomena appears to exist. On the other
hand, the hypotensive effect produced
by amphetamine, which seems to be
mediated by the activation of central
alpha-adrenergic receptors (5), was more
marked in DAR than in the other groups.
Although the study of the blood pressure
changes was not the aim of the present
paper, the conclusion could be drawn that
the anesthetic combination may also alter
the circulatory responses to pharmaco
logical agents.
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In conclusion, in neuropharmacologi-
cal studies carried out in rats submitted to
thiopental-urethane anesthesia, the re
spiratory, and probably the circulatory,
depressant effects caused by such an
anesthetic combination must be taken
into account in interpreting results
obtained, emphasizing once more the
need to include parallel control animals in
the experimental design. On the other
hand, decerebrated preparation in rats
must be improved in order to achieve
a suitable respiratory and circulatory
stability.
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Resumen

Se estudia en ratas el curso temporal de varies
parametros respiratorios y de la presion arterial en
animates descerebrados, en descerebrados tratados
con una combinacion de tiopental y uretano, y con
cerebro intacto anestesiados con dicha combina
cion, asi como la sensibilidad respiratoria de estas
preparaciones frente a una dosis estimulante de
anfetamina. Las ratas descerebradas exhiben un au-
mento espontaneo y constante de la ventilacidn. el
cual no se observa en las ratas descerebradas y
anestesiadas. Tambien se aprecia un aumento cons

tante de la ventilacidn, aunque de menor intensidad,
en las ratas con cerebro intacto y anestesiadas. La
anfetamina produce una evidente estimulacidn res
piratoria que disminuye en presencia de la combina
cion anestesica. En todos los animates existe ten-
dencia a la hipotensidn.

Por lo tanto, la inestabilidad respiratoria y la dis-
minucion de la respuesta farmacologica observadas
en presencia de anestesicos, son importantes fac-
tores a considerar en la interpretacion de los resul-
tados obtenidos con este tipo de preparaciones.
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