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Abstract. Cerebral blood flow (CBF) and its response to hypercapnia 
were evaluated in  cats with brainstem transected either at rostropontine 
(pretrigeminal preparation) or prepontine (cerveau isole preparation) le- 
vel. Additionally, the effect of pentobarbital on CBF response to hyper- 
capnia and to papaverine were examined. CBF was measured with 

Xe intracaroti'd injection method. Cortical EEG activity was recorded. 
In rostropontine cats cerebral vessels responded with a dilatation to 
hypercapnia. In prepontine cats CBF response to CO, was absent, where- 
as that to papaverine maintained. In rostropontine cats administration 
of pentobarbital, even in very low doses, caused disappearance of CBF 
response to hypercapnia, leaving that to papaverine. Our results support 
the idea that a neu1,ogenic mechanism is involved in chemical regula- 
tion of CBF. The rostra1 part of the pontine reticular formation may be 
responsible for this neurogenic control. 

INTRODUCTION 

Carbon dioxide is regarded as one of the most potent agents regula- 
ting cerebral blood flow (CBF). It has been suggested that effect of CO, 
on CBF is entirely local (10). There is, however, some evidence indicating 
that a neurogenic mechanism is also involved in CBF response to CO, 
and suggesting that the structures responsible for the neurogenic control 



are localized in the rostra1 part of the brainstem (11, 15, 16). These sug- 
gestions are based on the results obtained in anesthetized animals. Anes- 
thetics, however, can modify the cerebrovascular reactivity to CQ2. For 
instance, pentobarbital was found to completely abolish (3) or diminish 
(5) the responsiveness of CBF to CO, in a dose depenident manner. Ad- 
ditionally, barbiturates are known to depress the reticular activating 
system (RAS) of the brainstem (9), which may directly or indirectly 
influence CBF responsiveness to COz. 

The primary purpose of this study was to evaluate CBF response to 
hypercapnia in isolated cerebrum of the unanesthetized cat and to de- 
termine whether it depends on the wstral brainstem neural substrate 
integrity. With this aim the cerebrovascular responses to COP and to 
papaverine were compared in cats having the brainstem transected either 
at rostropontine (pretrigeminal cat) or prepontine (cerveau isol3 cat) 

& 
level. In addition, the effect of barbiturates on CBF response to hyper- 
capnia as well as the relationship between cortical EEG activity and 
CBF were investigated. 

MATERIAL AND METHODS 

The experiments were performed on 20 cats of either sex weighing 
between 2.8 and 3.7 kg. A surgical procedure was carried out under ether 
anesthesia. A tracheotomy was performed and catheters inserted into 
the left femoral artery and vein for monitoring mean arterial blood 
pressure (MABP), collection of arterial blood samples, and intravenous 
administration of drugs and solutions. A thin catheter was inserted cen- 
tripetally into the left lingual artery. The cat was subsequently mounted 
in a stereotaxic frame. The scalp and temporal muscles were detached 
to provide an access to frontal, parietal, and temporal areas of the cal- 
varium. The bone over the cerebellum was removed and the brainstem 
transected with a blunt, flat, and thin spatula guided by a plate attached 
to the stereotaxically calibrated holder. In 14 animals brainstem was 
transected at the rostropontine levell according to the method described 
by Zernicki (19). In 6 animals prepontine transection was performed. 
In the latter case transection procedure was slightly modified (17). The 
anterior part of the cerebellum was removed and 4-th ventricle opened 
in order to prevent an edema. Just after the transection anesthesia was 
discontinued. The cat was paralyzed with intravenous gallamine trie- 
thiodide (Tricuran-Germed) in a dose of 10 mg . kg-' and artificially 
ventilated with room air. MABP was continuously monitored with pres- 
sure transducer (Statham P-23Db). Measurements of arterial C02 ten- 
sion (PaCO,) and pH were performed on blood gas analyzer (Pracitronic 



GK-2) and kept respectively at 34.0 + 1.8 rnm Hg and 7.33 2 0.03 throu- 
ghout the murse of the experiment. Rectal temperature was maintained 
close to 38OC by external warming with heating pad. 

Cortical EEG activity was recorded with silver ball electrodes being 
in contact with dura mater. For this purpose two pairs of small holes 
were drilled in the skull over the frontal and occipital lobes and ele- 
ctrodes fixed with dental cement. For description of the cortical EEG 
activity the terms previously proposed (19) were used: type I-almost 
continuous low voltage activity, type I1 - high voltage Activity along 
with low voltage activity in different prmoportions, type I11 - high voltage 
activity (mainly spindles) along with a small amount of low voltage ac- 
tivity, and type IV-high voltage activity with almost continuously 
occurring delta waves. Cortical EEG activity was quantified by means 
of the manual frequency analysis (18), which gives the possibility to 
obtain the percent time frequency histogram for representative, artefact- 
free EEG sample. On the basis of this histogram a frequency index cor- 
responding to the mean frequency was calculated. This approach was 
used to analyse the relationship between the cortical EEG activity and 
CBF. 

CBF was measured by the i33 Xd clearance technique (2). A bolus of 
the physiological saline (0.1 ml) containing 0.2-0.3 mCi of i33Xe was 
injected rapidly into the lingual artery. Gamma-scintillation detector to 
measure radioactivity was positioned close to the cranium over the left 
occipital region. In order to minimize extracranial contamination the 
temporal muscles were extensively removed and lead screening used. 
CBF was estimated by the analysis of initial slope of the semilogarithmi- 
cally plotted clearance curve (14) and expressed in ml min-' . 100g-I. 

Control CBF measurement was started 40-80 min following comple- 
tion of the surgical procedure, after the cat had recovered from anesthe- 
sia and surgical shock. Subsequently, hypercapnia was induced by ele- 
vation of CO, content in the inspiratory air to 7O/o, which resulted in 
PaC02 of 55-66 mm Hg and pH of 7.18-7.21. CBF was measured 5 min 
after induction of hypercapnia. To study the effect of barbiturates on 
CBF response to hypercapnia, pentobarbital (Nembutal-Abbott) was ad- 
ministered intravenously in a dose of 2 mg - kg-' 1 to 2 times in each 
experiment. Each administration of pentobarbital was followed by two 
successive CBF measurements performed under conditions of normo- and 
hypercapnia, respectively. To assess CBF response to hypercapnia an in- 
dex of chemical CBF regulation (CI) was used (5). The latter was defined 
as a ratio of CBF increase to the change in PaCO, evoking this CBF 
increase and expressed in ml . min-I . 100g-I . mm Hg-l. At the end of 
each experiment cerebrovascular reactivity to papaverine was evaluated. 
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CBF was measured before and 3 min after intravenous administration 
of papaverine (Polfa) in a dose of 1 mg . kg-l. 

All values presented in this paper are means with their standard 
deviations (SD). Statistical significance of the differences was assessed 
by the paired and unpaired Student's t-tests. 

RESULTS 

Effect of carbon dioxide 

Rostropontine cats. In rostropontine cats mean resting CBF amounted 
to 43.0 -t 5.3 ml . min-I 100g-l. Hypercapnia resulted in an elevation of 
mean CBF to 69.1 -t 7.3 ml . min-I 100g-I (Fig. 1). The change was sta- 
tistically significant (t,, = 16.56, P < 0.001). Index of chemical regula- 
tion of CBF amounted to 1.20 -t 0.20 ml . min-I . 100 g-l mm Hg-I 
MABP was not changed significantly during hypercapnic trials and am- 
ounted to 110.4 + 11.8 and 117.5 + 7.5 mm Hg under conditions of normo- 
and hypercapnia, respectively. 

Pattern of cortical EEG activity was not consistent in these prepa- 
rations. In 2 cats it was defined as type I, in 6 cats as t p e  11, and 
in remaining 6 animals as type 111. The mean frequency index was * 
8.3 + 2.5 c .  s-I. Hypercapnia was accompanied by desynchronization of 
cortical EEG alctivity (type I) in all animals, resulting in an increase in 
the mean frequency index to 11.0 5 1.2 c . s-l (t13 = 3.84, P < 0.01). 
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Fig. 1. Responses of cerebral blood flow (CBF) to carbon dioxide in rostro- and 
prepontine cats. Note a significant (P< 0.001) increase in CBF in rostropontine 8 

cats under hypercapnic conditions. In contrast, CBF in prepontine cats did not 
respond to hypercapnia: Con, control conditions; CO,, hypercapnic conditions. 
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Prepontine cats. Mean resting CBF in prepontine cats amounted to 
28.2 & 3.1 ml.min-l.lOOg-l and was lower than that in rostropontine 
cats (t,, = 6.34, P < 0.001). Under hypercapnic conditions mean CBF va- 
lue was 27.8 rt 4.3 ml . min-le 100g-I. Thus, elevation of PaCO, did not 

. increase CBF in these preparations (Fig. 1). Mean index of chemical 
CBF regulation was very low and amounted to - 0.04 + 0.32 ml . min-I 
. 100g-l.mm Hg-l, being significantly different from that found in 
rostropontine cats (t,, = 14.32, P < 0.001). MABP did not change signi- 
ficantly after elevation of PaCO, and amounted to 115.0 4 13.8 and 
120.8 + 9.7 mm Hg under conditions of normo- and hypercapnia, res- 
pectively. 

Patterns of cortical EEG activity were defined as type I11 and IV. 
Mean frequency index amounted to 4.2 * 1.1 c and was lower than 
that in rostropontine cats (t,, = 8.25, P < 0.001). Hypercapnia did not eli- 
cit changes in cortical EEG activity. Mean frequency index, found under 
hypercapnic conditions, amounted to 3.8 * 1.0 c .  s-I and did not differ 
from that observed under resting conditions. 

Effect of pentobarbital 

The effects of pentobarbital were studied only in the rostropontine 
preparations since in the prepontine cats resting CBF was significantly 
reduced and did not respond with an elevation to hypercapnia. Admi- 

Pentobarbital rng . kg-' 

Fig. 2. Individual changes in index of chemical CBF regula-tion (CI) in 10 rostro- 
pontine cats before and after administration of pentobarbital in a dose of 
2 mgskg-1. It is see* that this dose of pentobarbital was sufficient to abolish 
CBPresponse to hypercapnia. Additionally, 4 cats received the second dose of pen- 
tobarbital (2 mg-kg-I), which was not followed by any significant changes in CI. 



nistration of the first dose of pntobarbital to the rostropontine cats de- 
creased CBF from 43.0 +- 5.3 to 36.5 f 3.2 ml . min-I- 100g-I (tu = 5.39, 
P C  0.001). During hypercapnia CBF was not changed significantly and 
amounted to 38.0 +- 5.1 ml. min-I. 100g-I. The index of chemical CBF 
regulation was reduced to 0.02 f 0.26 ml . min-l. 100g-I* mm Hg-', being 
lower (tI3 = 10.40, P C 0.001) than that found before barbiturate admi- 
nistration. Changes in CI after pentobarbital administration in individual 
experiments are shown in Fig. 2. In four cats application of pentobarbital 
was repeated bu# this was not followed by a further decrease in CBF 
or changes in CI. Induction of hypercapnia' did not influence MABP sig- 
nificantly, which amounted to 110.7 f 12.5 and 114.6 f 12.3 mm Hg 
under conditions of normo- and hypercapnia, respectively. 

Pentobarbital elicited synchronization-of cortical EEG activity (type 
I11 or IV) and diminished mean frequency index to 5.2 f 1.2 css-l 
(t13 = 6.50, P < 0.001). Hypencapnia did not change the pattern of cortical 
EEG activity and the mean frequency index amounted to 4.8 5 1.3 c . s-I. 

Effect of papaverine 

Papaverine elicited a dilatation of the cerebral vessels in both experi- 
mental situations in which CBF response to hypercapnia was abolished, 
i.e., in the prepontke preparations and in the rostropontine preparations 
treated with pentobarbital (Fig. 3). In the prepontine cats administration 
of papaverine elicited an increase in CBF from 26.2 2 3.3 to 49.2 f 4.2 ml 
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Fig. 3. Responses 'of cerebral blood flow (CBF) to papaverine in prepontine cats 
and in rostropmtine animals treated with pentobarbital. Increases in CBF (P < 
< 0.001) were noted after administration of papaverine despite a loss of CBl? res- 
ponse to hypercapnia in both experimental situations. Con, control conditions-(im- 
mediately before aldministration of papaverine); Pap, CBF response to papaverine. 



min-I- 100g" (ts = 36.95, P<0.001). In the rostropontine animals 
treated with pentobarbital CBF increased after administration of papa- 
verine from 30.0 + 3.2 to 51.0 + 6.2 ml .  min-l. 100g-l (ti3 = 28.50, 
P < 0.001). ~dministration of papaverine caused a slight, but significant, 
decrease in MAMP from 119.2 +, 10.2 to 105.8 & 9.7 mrn Hg (t5 = 8.00, 
P C 0.001) in prepontine cats and from 116.1 + 13.8 to 101.1 & 14.2 mm 
Hg (t,, = 12.80, P < 0.001) in rostropontine cats. 

Papaverine did not change cortical EEG activity. 

DISCUSSION 

, Although cerebral vasodilatatory effect of carbon dioxide is a well 
known phenomenon, mechanisms underlying its action are still not defi- 
nitely established. Kontos et al. (10) have postulated that CO, exerts en- 
tirely local effect on cerebral vessels. An increasing amount of evidence 

-- suggest, however, that a neurogenic control may be essential for cerebro- 
vascular reactivity to COz. Ingvar (8) has proposed that the reticular 
activating system of the brainstem is involved in chemical CBF regula- 
tion. He suggested that desynchronization of EEG accompanying CO, 
induced activation fo RAS causes further dilatation of the cerebral ves- 
sels, in addition to that evoked by local COz action. This assumption was 
based on a well known phenbmenon of adjustment of the cerebral blood 
flow to the brain metabolism (enhanced during EEG desynchronization). 
Accordingly, Scremin et al. (15) have demonstrated that the responsi- 
veness of CBF to CO, depends on the pattern of EEG activity. Subse- 
quent study of Shalit et al. (16) have revealed that high medullary, pon- 
tine, and mesencephalic lesions diminish or even abolish the cerebrovas- 
cular reactivity to,CO, in dogs. Furthermore, it has been shown in cats 
that the transections performed either at mid- or rostropontine level 
abolish CBF responsiveness to COZY whereas those performed at the le- 
vel of medulla are ineffective (3). Koiniewska et al. (11) have demon- 
strated that bilateral lesion of locus coeruleus in the rat elicits about 
2-fold decrease in cerebrovascular reactivity to CO,. 

In the present study mean resting CBF value and the mean frequen- 
cy index were lower in the prepontine cats in comparison with those 
observed in rost~opontine animals. Also, the ocular following reflex was 
not observed in prepntine cats. These findings may indicate that the 
acute prepontine cats are comatose and their cerebral metabolic rate is 
reduced. Measurements of CBF response to hypercapnia revealed that 
it was maintained in the rostropontine preparations being significantly 
impaired in the prepontine cats. 



Fujishima et al. (5) have found-that a positive correlation between the 
level of cerebral oxygen metabolism (CMRO,) and cerebral vascular re- 
activity to C02 exists. Similarly, Shalit et al. (16) have reported that CBF 
and its responsiveness to CO, depend on the level of CMRO,, However, 
at the same time they demonstrated that the correlation between CMRO2 
and responsiveness of CBF to CO, was lost after high brainstem lesions. 
Additionally, Meyer et al. (13) have found that electrical stimulation in 
some brainstem regions in~creases CBF and CMR02. They postulated that 
some structures within the brainstem may be involved in regulation of 
CBF and CMR02. Therefore, an abolishment of the cerebrovascular re- 
activity to CO, after prepontine transection may be related to depression 
of the cerebral metabolism and coma. However, it may be also due to 
elimination of the neuronal connections with the brainstem structures 
influencing cerebral blood flow and metabolism. 

Our experiments were also aimed at examining the effects of pento- 
barbital in isolated cerebrum of the unanesthetized cat. These effects 

L . were studied only in rostropontine preparations since in the prepontine 
cats the cerebrum was comatose and CBF response to hypercapnia se- 
verely impaired. Administration of pentobarbital to rmtropmtine cats 
elicited a fall in resting CBF and abolishment of its responsiveness to 
C02, while cortical EEG activity was characterized by patterns of marked 
synchronization. Thus, after application of pentobarbital the rostropon- 
tine preparation became in many aspects similar to the prepontine one, 
i.e., comatose. 

It is well established that barbiturates decrease cerebral blood flow 
and metabolism (6, 12) and depress the activity of RAS (9). Since RAS 
was postulated to be one of the brain structures controlling CBF and 
CMR02 (7, 13), it may be suggested that the observed effect of pento- 
barbital on CBF and its responsiveness to COz in the restropontine 
cats might have been mediated by inhibition of the activity of RAS. 

Our results point to a high sensitivity of the rostropontine cats to 
pentobarbital. The dose of 2 mg - kg-l, sufficient to abolish the respon- 
siveness of CBF to CO,, was lower by a factor of 3-15 from that which 
had to be administered to intact cats in order to obtain a similar respon- 
se (3). The low doses of pentobarbital, used in the present study, were 
also sufficient to markedly change the pattern of cortical EEG activity. 
With regard to the latter finding, Capon and Castiau (4) found in cats 
with pontine transection that pentobarbital administered in doses com- 
parable to those used by us is able to abolish an arousal reaction in EEG, 
following temporal occlusion of the lower thoracic aorta. The machanism 
responsible for the high sensitivity of the rostropontine cats to pentobar- 
bital remains to be elucidated. It is likely that the rostropontine transec- 



tion, resulting in destruction of the neuronal interconnections within 
RAS, accounts for this phenomenon. 

The loss of the cerebrovascular reactivity to C02 in the prepontine 
preparations and in the rostropontine cats treated with pentobarbital ap- 
pears to be specific. Administration of papaverine elicited a dilatation 
of the cerebral vessels in both experimental situations. Papaverine is 
a well known potent inhibitor of the phosphodiesterase, directly affecting 
cerebral vessels (1). Thus, the results demonstrate that the cerebral ves- 
sels are able to dilate in response to directly acting vasodilatatory agents, 
despite the marked depression of the functional state of the cerebrum 
accompanied by the lack of CBF response to hypercapnia, observed in 
both experimental situations. 

In summary, the present study reveals that the cerebral vessels in 
rostropontine cats are able to respond to hypercapnia, whereas in pre- 
pontine preparations cerebrovascular reactivity to C02 is abolished, 
although that to papaverine maintained. In rostropontine cats administra- 
tion of pentobarbital, even in very low doses, causes disappearance of 
CBF response to hypercapnia, leaving, however, that to papaverine. Thus, 
our results support the idea that integrity of the neurogenic mechanism 
is necessary for a proper expression of the cerebrovascular responsive- 
ness to CO, and suggest that the rostra1 part of the pontine reticular 
formation may play an essential role in this mechanism. 
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