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Effects of Phenobarbital on Cerebral Blood Flow
and Metabolism in Young and Aged Rats

Verna L. Baughman, M.D.,* William E. Hoffman, Ph.D.,T David J. Miletich, Ph.D.,% Ronald F. Albrecht, M.D.§

The cerebrovascular and cerebral metabolic changes produced by
intraperitoneal injection of phenobarbital (50, 150, and 250 mg/kg)
were studied in young adult (6-month) and senescent (28-month)
Wistar rats. Cerebral blood flow (CBF) was measured using radio-
active microspheres and cerebral oxygen consumption (CMRg,) was
obtained by multiplying cortex CBF by the arterial-sagittal sinus
oxygen content difference. Control values for blood pressure, blood
gas tensions, CBF, and CMRo, were similar in the young and aged
animals during 70% N;0/30% O,. Intraperitoneal phenobarbital
produced dose-dependent decreases in CBF with no significant dif-
ference between young and aged rats at each phenobarbital dose.
At the highest phenobarbital dose (250 mg/kg) CBF was reduced by
49% in the young rats and 52% in the aged rats (P > 0.10). CMRo,
was also depressed in a dose-dependent fashion in both young and
aged animals with each phenobarbital dose. However, the decrease
produced by the highest phenobarbital dose was significantly greater
in the aged rats (55%) than the young rats (43%, P < 0.05), even
though the EEG was isoelectric in both groups. The difference in
CMRo, between young versus aged rats at a time when the EEG is
isoelectric suggests that high-dose phenobarbital may depress no-
nelectrical cerebral metabolic processes more in aged rats. (Key
words: Age factors. Anesthetics, intravenous: phenobarbital. Brain:
blood flow; metabolism.)

IT 1S WELL established that decreases in cerebral blood
flow (CBF) and cerebral oxygen consumption (CMRo,)
produced by barbiturates correlate closely with the degree
of anesthesia and EEG suppression.' CBF and CMRg, are
maximally depressed with barbiturate doses that produce

* Associate Attending Physician, Department of Anesthesiology
Michael Reese Hospital and Medical Center, and Clinical Assistant
Professor of Anesthesiology, Pritzker School of Medicine.

 Director, Anesthesiology Research Laboratory, Michael Reese
Hospital and Medical Center, and Research Associate/Associate Pro-
fessor of Anesthesiology, Pritzker School of Medicine.

 Director of Anesthesiology Research, Michael Reese Hospital and
Medical Center, and Research Associate/Associate Professor of Anes-
thesiology, Pritzker School of Medicine.

§ Chairman, Department of Anesthesiology, Michael Reese Hospital
and Medical Center, and Clinical Professor of Anesthesiology, Pritzker
School of Medicine.

Received from the Department of Anesthesiology, Michael Reese
Hospital and Medical Center, Chicago, Illinois. Accepted for publication
June 13, 1986. Presented at the 1983 American Society of Anesthe-
siologists Annual Meeting, Atlanta, Georgia, and the 1983 Society of
Neurosurgical Anesthesia and Neurologic Supportive Care Meeting,
Atlanta, Georgia.

Address reprint requests to Dr. Baughman: Department of Anes-
thesiology, Michael Reese Hospital and Medical Center, Lake Shore
Drive at 31st Street, Chicago, Illinois 60616.

a quiescent EEG. Nonelectrical cerebral metabolic activity
is resistant to further depression with higher barbiturate
doses."? Little is known about how the cerebrovascular
and cerebral metabolic responses induced by barbiturateg
anesthesia may be altered with aging. Young and ageds
rats were tested using a model that has previously dem-&
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onstrated phenobarbital-induced decreases in CBFT,3
CMRo,, and EEG activity.?

0.

Methods
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Thirty-seven young (6-month) and 32 aged (28-month) s
Wistar rats were anesthetized with halothane and, follow-
ing tracheostomy, were artificially ventilated with 1% in-
spired halothane in 70% nitrous oxide/30% oxygen using 5
a small animal respirator. Catheters were inserted into S
both femoral arteries and a femoral vein for fluid and$
drug administration, blood sampling, and hemodynamic &
monitoring. A catheter for microsphere injections was
inserted into the left ventricle via the right carotid artery.
Proper placement of the left ventricular catheter was as-
sured by observing a change in the pressure tracing from
an arterial to a left ventricular pattern. The animal was
then placed in the prone position, the skull was exposed,
and a small burr hole was drilled over the posterior sagittal
sinus. A needle-tipped catheter was fixed into the hole
for withdrawal of blood samples used to determine cortical
venous oxygen content. Stainless steel screw electrodes
were applied bilaterally over the parietal cortices for con-
tinuous bipolar EEG monitoring. A third screw electrode
over the frontal cortex served as a ground electrode. All
leads were shielded to prevent 60-cycle interference. The
EEG was recorded using a Grass Instruments® P15 dif-
ferential AC amplifier and a Hewlett-Packard® strip chart
recorder. Filter settings were 1 Hz at the low range and
30 Hz at the high range.

Following surgical preparation halothane was discon-
tinued and the rat was immobilized with 1 mg/kg tubo-
curare and allowed to stabilize for 45 min while being
ventilated with 70% N2oO/30% O,. Arterial Pgo, was ad-
justed to 35-40 mmHg and arterial Po, was maintained
greater than 100 mmHg. Rectal temperature was mea-
sured with a thermistor probe and maintained at 37° C
using an overhead heat lamp. Mean arterial blood pressure
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was recorded continuously from a femoral arterial cath-
eter. Heart rate was measured from arterial pressure
pulses periodically throughout the experiment.

At the end of the stabilization period each rat received
an intraperitoneal injection of one of three phenobarbital
doses (50, 150, or 250 mg/kg) or sham treatment (normal
saline). CBF was measured 90 min later using radioactive
microspheres. Arterial and sagittal sinus blood samples
(0.2 ml each) were taken immediately after the micro-
sphere test for measurement of blood gas tension and pH
using an IL 1303 (Instrument Laboratories, Lexington,
MA) blood gas analyzer and for determination of arterial
and sagittal sinus (venous) oxygen content using an IL
282 co-oximeter. Sagittal sinus samples were drawn over
10-15 s. Because the sagittal sinus drains primarily ce-
rebral cortex, these venous samples reflect cortical oxygen
extraction. Cortical CMR o, was calculated by multiplying
cortical blood flow by the arterial-sagittal sinus oxygen
content difference (AVo,).? EEG was recorded through-
out the 90-min phenobarbital treatment period. Prelim-
inary studies indicated that the maximum effect of ip phe-
nobarbital was produced by 90 min, with little to no ad-
ditional EEG suppression thereafter.

To measure CBF, 15-um microspheres labeled with
cobalt-57 (New England Nuclear, Boston, MA) were sus-
pended in a stock solution of isotonic saline with 0.01%
Tween-80®. After the solution was vortexed, 0.2 ml
(100,000 microspheres) was injected into the left ventric-
ular catheter and flushed in with 0.2 ml isotonic saline
over 20 s. Starting immediately before the microsphere
injection, blood was withdrawn from a femoral artery
catheter at a rate of 0.4 ml/min using a Harvard infusion/
withdrawal pump. A withdrawal period of 45 s was chosen
to ensure the removal of all circulating microspheres. At
the end of each microsphere test arterial and sagittal sinus
blood samples for blood gas tension, pH, and oxygen con-
tent were obtained. Blood pressure was continuously
monitored throughout the microsphere testing to ensure
no hemodynamic changes prior to CMR, determination.
The rat was then killed, and the brain was removed, di-
vided into left and right cortical and subcortical samples,
weighed, and placed in counting tubes for analysis of ra-
dioactivity. The activity of the microsphere label was an-
alyzed in blood and brain tissues with a Nuclear Chicago®
600 multichannel analyzer. CBF was calculated as follows:

Tissueactivity

BF(ml/100 in) =
CBF(ml/ g/min) Blood sampleactivity

B ithdrawalrz
lood sample withdrawa rate 100

Tissue weight

Cerebrovascular resistance was calculated from CBF and
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mean blood pressure measured at the time of microsphere
injection.

When the higher phenobarbital doses produced hy-
potension, methoxamine was infused intravenously to
maintain mean arterial blood pressure higher than 100
mmHg. Separate experiments were first carried out to
ensure that methoxamine had no direct cerebral vaso-
constrictor effect. Cortical and subcortical blood flow was
measured in four rats during 70% N2O/30% Oq using
cobalt-57~labeled microspheres and then during a meth-
oxamine infusion that raised mean blood pressure ap-
proximately 26 mmHg using a second microsphere la-
beled with tin-113.

Data are reported as mean = SE. The effect of phe-
nobarbital anesthesia on young and aged rats was com-
pared using a two-way analysis of variance. Multiple tests
comparing the means of young and aged rats at each phe-
nobarbital dose were performed using unpaired ¢ tests
with a Bonferroni correction. This correction reflected
the four tests of pairs for each parameter measured.

Results

In preliminary validation studies, methoxamine infu-
sion increased mean blood pressure from 133 + 4 to 158
+ 6 mmHg (mean + SE; n = 4) with no significant change
in CBF. Cortical and subcortical blood flows were 125
+ 16 and 69 = 5 ml/100 g/min, respectively, in control
state and 125 % 7 and 71 = 5 ml/100 g/min, respectively,
during the methoxamine infusion. Based on these data
we concluded that methoxamine could be used to main-
tain blood pressure during phenobarbital treatment with
little effect on cerebral resistance vessels.

The effects of phenobarbital on blood pressure, arterial
blood gases, and pH are shown in table 1. Arterial blood
pressure of young and aged rats was similar during nitrous
oxide control conditions and decreased in both groups
with increasing phenobarbital doses. A methoxamine in-
fusion was necessary to maintain a mean arterial pressure
greater than 100 mmHg in all young and aged rats treated
with 150 mg/kg and 250 mg/kg phenobarbital. Paco,
was maintained between 35 and 40 mmHg with mechan-
ical ventilation, and Pag, remained higher than 100
mmHg in all treatment groups. There were no significant
intergroup differences in blood pressure and blood gas
tensions. Arterial pH and Pg, increased in both young
and aged rats following treatment with phenobarbital.

The effects of phenobarbital on EEG are shown in fig-
ure 1. EEG changed from low-amplitude, high-frequency
activity during nitrous oxide to high-amplitude, low-fre-
quency waves with 50 mg/kg phenobarbital. This activity
was further depressed with 150 mg/kg phenobarbital,
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TABLE 1. Arterial Blood Pressure, Blood Gases, and pH in Phenobarbital-anesthetized Young and Aged Rats
Phenobarbital Blood Pressure Paco, Pag,
(mg/kg) n {mmHg) (mmHg) (mmHg) pH
Young
0 9 138+ 6 37.7+£1.2 121+ 9 7.37%x.02
50 10 126 £ 1 37.8+0.3 155+ 2 7.44x.01%
150 9 122 + 2% 35.2+0.1 173+ 2% 7.43+.01
250 9 115+ 1#* 36.0+0.2 159+ 6* 7.414 .01
Aged
0 7 137 +4 35.8+0.8 116+ 7 7.39£.01
50 8 123 +6 40.2+0.9 148+ 18 7.45+.01*
150 9 127+3 36.9+1.0 181 +13* 7.45%.01%
250 8 118+ 4% 35.8+0.9 181 = 9% 7.41+.01

There were no intergroup differences in any of the parameters
measured.

and the EEG was isoelectric with the 250 mg/kg dose in
both age groups. Little difference between young and
aged rats was seen in the development of EEG changes
over the 90-min phenobarbital treatment period or in the
EEG records at the time of testing.

CBF changes produced by phenobarbital paralleled the
changes in EEG (fig. 2). Control CBF values were similar
in young and aged rats. Phenobarbital produced a dose-
dependent decrease in cortical and subcortical CBF in
both age groups. This depression was significant in both
young and aged rats as compared with nitrous oxide con-
trol values. The maximal decrease in cortical blood flow
was approximately 50%, whereas the maximal depression
of subcortical flow was 83%, with no difference in response
between the two age groups (P > 0.10). Cerebrovascular
resistance (CVR) was also similar between young and aged
rats. Cortical CVR increased from 1.18+0.10
mmHg-ml™ - 100 g™' - min™! under control conditions
to a maximum of 2.08+0.07 mmHg-mi™'-100
g~'-min™" at the highest phenobarbital dose in young
rats. In aged rats, cortical CVR increased from 1.15

YOUNG AGED
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50markg Pb W’UMNNJ\/WM’\/‘W \‘WWW/WWNM

150markg Pb W"\/""'\/“V\/‘f\/\/\m\/\

250mg/kg Pb
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* P <0.05 compared with zero dose control for each age group.

= 0.16 to 2.00 £ 0.10 mmHg-mI~'-100 g~ min~",
Analyses of variance indicated that cortical and subcortical
CVR increased significantly during phenobarbital treat-
ment (P < 0.01) and that these increases were not signif-
icantly different between age groups (P > 0.10).
Cerebral metabolism was also depressed in both young
and aged rats following phenobarbital administration (fig.
3). As with CBF, phenobarbital-induced metabolic
depression reached a plateau in both young and aged rats
at the 150-250 mg/kg doses. Analysis of variance indi-
cated that significant decreases in CMR o, were produced
with phenobarbital in both age groups (P < 0.01), and
this depression was greater in aged (55%) as compared
with young rats (43%; P < 0.01). A difference in response
to phenobarbital in young versus aged rats was also sug-
gested by changes in AVq,. AVq, was not significantly
different between young and aged rats during 70% N3O
or following 50 mg/kg phenobarbital (70% N,O, young
= 5.8+ 0.4 ml Og/100 ml, and aged = 6.0 £ 0.9 ml Oy/
100 ml [P > 0.10]; 50 mg/kg phenobarbital, young = 5.9
#+ 0.1 ml Oy/100 ml, and aged = 5.9 £ 0.6 ml Oy/100

FiG. 1. EEG changes during phenobarbital
(Pb) treatment in young and aged rats (mV
= millivolts). Each EEG strip represents a sep-
arate rat and treatment condition. Phenobar-
bital produced dose-related depression of EEG
activity in both young and aged rats and com-
plete suppression of electrical activity at the
250 mg/kg dose. The time sequence of EEG
changes, not shown here, was also similar be-
tween young and aged rats.
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mi [P > 0.10]). Cerebral oxygen extraction increased in
young compared with aged rats with 150 and 250 mg/
kg phenobarbital (150 mg/kg, young = 7.3 + 0.1 ml Og/
100 ml, and aged = 5.7 + 0.3 ml Oy/100 ml [P < 0.05];
250 mg/kg, young = 6.8 £ 0.1 ml Oz/100 ml, and aged
= 5.5 + 0.3 ml Og/100 m! [P < 0.05]).

Discussion

Twenty-eight-month-old rats have been physiologically
characterized as senescent in previous studies, approxi-
mately equivalent to a 70-yr-old human when the life spans
of rats and humans are equated.>® The 6-month-old rats
used in this study may be considered as a young adult.?
In these studies, ip phenobarbital produced similar dose-
and time-related EEG suppression that reached a maxi-
mum in 90 min in young and aged rats. This suggests
that brain uptake of the barbiturate was similar between
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FIG. 2. Cortical and subcortical blood flow in young and aged phe-
nobarbital-anesthetized rats. Analysis of vartance indicates significant
blood flow depression with increasing phenobarbital doses (P < 0.01)
in both young and old rats as compared with control. There was no
significant difference in CBF between young and aged rats at control
or any phenobarbital dose (P > 0.10).
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FIG. 3. Cortical CMRg, changes during phenobarbital anesthesia in
young and aged rats. Significant differences between young and aged,
as determined by ¢ test and indicated by %, are shown at 150 and 250
mg/kg phenabarbital doses. Analysis of variance indicates a significant
decrease in CMRg, in both young and aged rats as compared with
control with increasing phenobarbital doses (P < 0.01), with a greater
decrease in the aged vs. young rats (P < 0.01).

the two age groups over the 90-min interval. This agrees
with the report of Kapetanovic et al.® that plasma and
brain phenobarbital concentrations peak at approximately
90 min and are similar in young and aged rats up to 2 h
after ip injection. CBF was decreased in a similar manner
in young and aged rats following phenobarbital, but
CMRo, decreased more in aged rats with higher pheno-
barbital doses. Because EEG was isoelectric at the highest
phenobarbital dose, a difference in neuronal electrical ac-
tivity between the two age groups is not likely.

Nitrous oxide was used as the control anesthetic because
it provides analgesia in rats with no depression or stim-
ulation of CBF or brain metabolism.”® Aithough the work
of Seyde and Longnecker” suggests that CBF in unanes-
thetized rats may be lower than values reported here with
N,O, others have reported that cortical CBF in unanes-
thetized rats is not different from NyO-ventilated animals €
and is similar to our values.” N,O apparently produces g
little stress in rats because CBF and CMRg, are not ele-é
vated compared with unstimulated adrenalectomized rats &
or rats pretreated with beta blockers.'® Withdrawal of 8
N,O from paralyzed rats results in stress-related increases ©
in both CBF and CMRy,."? It is also possible that NoO
may alter the cerebrovascular or metabolic response to
phenobarbital. In a recent report, Sakabe ¢/ al.'! found
in rats that NoO attenuates the decrease in cerebral glu-
cose consumption produced by pentobarbital (30 mg/
kg), but it does not alter cerebral metabolic depression
or EEG flattening produced by 125 mg/kg pentobarbital.
This suggests that NyO may produce a small stimulation
of CMR, in rats during low-dose barbiturate anesthesia;
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however, NoO probably has little effect on cerebral me-
tabolism and EEG depression produced by high-dose
phenobarbital.

Both young and aged rats showed dose-related de-
creases in CMRo, that were not different under control
conditions and with 50 mg/kg phenobarbital. These re-
sults were consistent with EEG changes and suggest that
sensitivity to phenobarbital was similar between the two
age groups. This agrees with reports that the brain sen-
sitivity to thiopental does not change with age.'* The aged
rats, however, showed more cerebral metabolic depression
than young rats at higher phenobarbital doses. Because
electrical neuronal activity is absent with the highest phe-
nobarbital dose in both age groups, the lower CMRg,
observed in aged rats may represent a decrease in meta-
bolic activity devoted to nonelectrical neuronal function.
This suggests that elderly patients may be more sensitive
to barbiturates, based not only on pharmacokinetic dif-
ferences such as decreased drug clearance, changes in
body composition, and drug volume of distribution,'®'?
but that there may also be a pharmacodynamic effect of
greater cerebral metabolic depression at high doses.

There are two ways to interpret the cerebrovascular
effects of phenobarbital observed in this study. The first
is to analyze the direct cerebrovasoconstrictor effects as-
sociated with increasing doses of the drug. By this analysis,
phenobarbital decreased CBF and increased cerebrovas-
cular resistance to the same extent in both young and
aged rats. The second way is to relate decreases in CBF
during phenobarbital treatment to simultaneous decreases
in CMRo,. Since the early report of Roy and Sherring-
ton'* it has been generally observed that both regional
and global changes in CBF are tightly coupled to changes
in brain metabolism. However, it has been observed pre-
viously® as well as in this study that CBF decreases more
than CMRo, in young phenobarbital-treated rats, pro-
ducing an increase in cerebral oxygen extraction. This
may be interpreted as an additional cerebrovasoconstric-
tor effect, which is greater than that required by the de-
crease in brain metabolism.

There are two possible mechanisms by which pheno-
barbital could mediate the additional cerebrovasocon-
striction that is seen in young but not aged rats. The first
is by a direct vasoconstrictor effect of the drug on cerebral
resistance vessels, which has been suggested previously.'?
This appears unlikely since in vitro experiments on rat
aorta strips by Altura and Altura'® and on isolated cere-
bral vessels by Marin ¢t al.'” and Edvinsson and Mc-
Culloch'® have shown that barbiturates produce vascular
smooth muscle relaxation, not constriction. Recently,
however, Fukuda et al.'® reported that thiopental poten-
tiated alpha-adenoreceptor-induced vasoconstriction in
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artery smooth muscle preparations. Similar vascular ad-
enoreceptors have been identified in human and rat ce-
rebral vessels.2 It is also possible that the in vivo effects
of phenobarbital do not correspond to in vitro actions.*!

The second possible mechanism by which barbiturates
may produce vasoconstriction is by decreasing the sensi-
tivity of vascular smooth-muscle receptors to encogenous
mediators of local vasodilation, such as potassium, H*, or
adenosine.?* Such an effect would decrease local cerebral
perfusion and increase oxygen extraction requirements
for the perfused tissue, as was observed in young rats. If
phenobarbital produces cerebrovasoconstriction by one
of the earlier mentioned mechanisms, a lack of this effect
in aged rats may be due to a change in sensitivity to this
phenobarbital-induced vascular action.?*#* This may oc-
cur independently from the direct cerebral metabolic de-
pressant effects of phenobarbital in young versus old an-
imals.

In summary, while both young and aged rats show dose-
related decreases in CBF and CMRg, to phenobarbital,
specific differences are apparent. First, aged rats show
more cerebral metabolic depression to large doses of phe-
nobarbital than young rats. Second, young rats decrease
CBF more than CMRg, during phenobarbital treatment,
a relative vasoconstrictor effect which was not seen in se-
nescent rats. These effects represent an age-induced
change in responsiveness to the cerebral metabolic and
cerebrovascular actions of phenobarbital that may be me-
diated by separate mechanisms.

The authors acknowledge the technical assistance of Susan
Anderson, B.S.
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