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INTRODUC TION:

Central Nervous System Activity of Barbiturates. The use of

barbiturates in clinical medicine began with the introduction of
diethyl barbituric acid (barbital) as a sedative and hypnotic by
Fisher and von Mering in 1903 (Carter, 1950), followed by phenobar-
bital in 1912 (Dundee, 1956; Sharpless, 1970). The success of these
barbituric acid derivatives prompted a search for and clinical use
of other derivatives with the same depressant action on the central
nervous system (CNS) but with slightly different pharmacological
parameters, such as greater potency, shorter duration of action,
and a more rapid induction of anesthesia. Eventually over 2,500
d ifferent barbiturate molecules were synthesized and many were eval-
Juated for pharmacologic activity (Doran, 1959; Sharpless, 1970).
Both clinical experience and laboratory investigation established
that while the predominant CNS effect of the majority of b}arbiturate
analogs was depression, many barbiturates had the potential to
produce excitation as well aé depression and a few had prominent
convulsant activity. For convenience, barbiturates can be grouped
into three classes on the basis of the predominant CNS ’activity.
Structures of representative examples of each class are shown in

Figure 1.

1. Depressants . Barbiturates of this group have been used as

sedatives, hypnotics, or anesthetics. Some depressant barbiturates

may manifest excitatory effects on the CNS, but these are usually



minor, transient, and confined to Stage II of anesthesia. Readily

apparent excitatory effects includé tremors, hyperactive stretch

reflexes, clonus, and rigidity (Etsten and Himwich, 1946; Wynne, 1948;

Dundee, 1956). Typical examples of depressant barbiturates are:
5-ethyl-5-(1-methylbutyl) barbituric acid or pentobarbital;
5-ethyl-5-(1-methylbutyl) thiobarbituric acid or thiopental;
5-ethyl-5-phenyl barbituric acid or phenobarbital;
5-ethyl-5-cyclohexylethyl barbituric ac‘id (Blicke and Zienty, 1941);
a-dl-1-methyl-5-allyl-5-(1-methyl-2-pentynyl) barbituric acid or

methohexital,

2. Convulsants. The barbiturates of this group produce maximal

CNS excitation resulting in a lethal, tonic extensor seizure, similar to

the seizure provoked by electroshock or pentylenetetrazol. D‘ea‘ch occurs

from tonic respiratory arrest, The term ''convulsant barbiturate'' has been

applied to any barbiturate which was unsuitable for clinical use due to exces-

sive CNS excitation. However, in the present context, the term ''convulsant"

will be applied to only th: e barbiturates that produce lethal, tonic extensor

seizures.

The seizure activity of the convulsant barbiturates is manifest at doses
lower than those fequired for CNS depreésion, and animals die of convul-
sions before depressant concentrations can be established (Cain and Kleis,
1959; Downes, Perry, Ostlund and Karler, 1970). Thus under normal condi-
tions, convulsants cause CNS stimulation with little or no sign of depression.

Typical convulsant barbiturates are:



(+)-5-ethyl-5-(1,3-dimethylbutyl) barbituric acid or (+)-DMBB
Downes et al., 1970);

5-ethy1-5-(1,3-dimethyl-2-buten;)r1) barbituric acid or 71DMBB
(Cain and Kleis, 1959);

5-ethy1-5-(2-cyclohexylidene'éthy1) barbituric acid, or CHEB
(Allais and Mathieu, 1951; Downes et al., 1970).

3. Semiconvulsants, Barbiturates with CNS effects intermediate

between those described in the first two categories are contained in
this group. Semiconvulsant barbiturates are arbitrarily distinguished
from depressants in that they produce preanesthetic excitation suffi-
ciently intense to be intolerable in the clinical situation, and they are
+distinguished from the convulsants in that they cannot produce the
lethal, tonic extensor seizure. The semiconvulsants cause CNS exci-
tation accompanied by depression, but as the dose is increased, excita-
tion is replaced by anesthesia. Death occurs by respiratory arrest
in deep anesthesia. Typical semiconvulsants are:
5-ethyl-5-cyclohexyl-O-methyl barbituric acid or CHOMB (Downes
et al., 1970);
5-ethyl-5-benzyl barbituric acid or benzylbarbital (Dox and Yoder,
1922);
(—)-5-ethyl-5-(1,3-dimethylbutyl) barbituric acid or (—-)-DMBB

(Downes et al., 1970).



Although CNS activity has not been demonstrated to depend on
any identifiable chemical characteristic, small differences in chemical
structure are quite important in de’cerrﬁining the predominant action
of the barbiturate; for example, DMBB, a lethal convulsant, differs
from pentobarbital by only one additional methyl group (Figure 1).
Benzylbarbital, a semiconvulsant, and phenobarbital differ by a
single methylene group in the alkane linkage between the barbiturate
and aromatic rings; similarly, CHEB, a convulsant, and 5-ethyl-5-
cyclohexylethyl barbituric acid, a depressant, differ simply in the
presence of an alkane or alkene linkage between the barbiturate and the
cyclohexyl rings. Studies of the separated optical isomers of two
depressants, pentobarbital (Kleiderer and Shonle, 1934) and metho-
hexital (Gibson, Doran, Wood and Swanson, 1959), and the convulsant
DMBB (Downes et al., 1970), have demonstrated that the relative
degrée of CNS excitatory and depressant effects of a barbiturate mole-
cule are also dependent on enantiomorphic configuration.

Theories of Barbiturate Excitation. Traditionally, barbiturate

excitation has been explained on the basis of selective depression of
CNS inhibitory centers, The release from inhibition hypothesis of
barbiturate excitation assumes that all barbiturates have only one
effect, depression, and CNS stimulation produced by barbiturates is
due to a selective depres_sion of centers which control by active inhibi-

tion the activity of other functional units (Guedel, 1937; Etsten and
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Himwich, 1946). Alternatively, barbiturates might have both a direct
stimulant and a direct depressant action on the CNS (Downes etal,,
1970; Downes and Franz, 1971},

Although the selective inhibition hypofhesis is consistent with the
results of many studies and may account for much of the CNS excita-
tion seen with the use of barbiturates (Domino, Fox and Brody, 1955;
Frank and Sanders, 1963), there has been no demonstration of selec-
tive depression by either depressant or convulsant barbiturates of
pre-or postsynaptic inhibition (Esplin, 1963; Eccles, Schmidt and
Willis, 1963; Miyahara, Esplin and Zablocka, 1966; Weakly, Esplin
and Zablocka, 1968). On the other hand, direct excitatory effects of
the convulsant barbiturates have been demonstrated in dorsal root

ganglion cells (Downes and Franz, 1971),

In Vitro Activity of Barbiturates., Much of the previous work,

monitoring either metabolic or contractile activity of isolated tissue,
failed to detect qualitative differences between depressant and convul-
sant barbiturates, Fuhrman, Martin and Dille (1941) reported that
both DMBB and pentobarbital depressed oxygen metabolism in isolated
rat brain slices. Brody and Bain (1956) found that all of the barbitu-
rates in a large series including pentobarbital and DMBB had the same
qualitative depressant action on oxidative phosphorylation of isolated
liver and brain mitochondria. Also Maxwell and Nickel (1954) found
that the depressant barbiturates pentobarbital, phenobarbital and barbi-

tal, as well as the convulsant barbiturate DMBB, stimulated ATPase



activity of rat brain and liver homogenates. Clowes, Keltch and
Krahl (1940) reported that DMBB, as wrell as pentobarbital, depres-
sed the rate of division of sea urchin eggs,and the contractile activ-
ity of isolated frog heart and intestine was also depressed by both
pentobarbital and DMBB (Powell, Lee and Swanson, 1943). A prob-
lem in interpretation of these studies is that a racemic mixture of
DMBB was used, and DMBB was later demonstrated to have both
excitatory and depressant properties separable on the basis of
enantiomorphic structure (Downes etal., 1970). If these systems
had the ability to detect qualitative differences between depressant
and excitatory barbiturates, theyv might have failed to do so because
of a predominance of depressant activity in the racemic mixture.
Not all in vitro systems have failed to detect qualitative differ-
ences between convulsant and depressant barbiturates. Powell et al.
(1943)' reported that racemic DMBB stimulated contraction of isolated
rabbit intestinal strips, while pentobarbital had only a depressant
effect. Schaer (1966), wérking with isolated guinea pig atrial strips,
recorded transient increases in the rate and force of contraction when
racemic DMBB was used at low concentrations, while at higher con-
centrations, depression was observed. In comparison, pentobarbital
had only a depressant action on this preparation. Hupka, Williams
and Karler (1969) demonstrated tha;: the convulsant barbiturates,
(+)-DMBB and CHEB, stimulated isolated aortic smooth muscle,

while (—)-DMBB and pentobarbital had no stimulant action. Analogous



to the activity of these isomers in the CNS, (—)-DMBB blocked

the stimulant action of (+)-DMBB in the aortic strip. Hupka et al.
suggested that ''the E_thr_g_ muscle preparation may serve as a
working model for study of the mechénism of action of the convulsant
barbiturates on the CNS'", While two convulsant barbiturates have
produced contraction of smooth muscle, the depressant barbiturate,
thiopental, also stimulated contraction of isolated vascular smooth
muscle including the aortic strip preparation (Burn, 1959; Price and
Price, 1962). Thus the effect of thiopental contradicts the analogy
between CNS activity of barbiturates and barbiturate activity in
isolated smooth muscle.

Site _q_g_Stimulant Action of Barbiturates in Isolated Smooth Muscle.

+In terms of gross morphology, there are two potential sites of drug
action in isolated smooth muscle preparations, muscle and nerve,
Dru.gs; may act selectively as a function of dose, time, or chemical
structure on either site. The characteristic loss of responsiveness
of aortic strips with repeated stimulation by CHEB, which Hupka et al.
(1969) termed "tachyphylaxis'', suggests that the activity of convulsant
barbiturates on smooth muscle might be due to release and depletion
of some vasoactive substance. In isolated aorta, known agonists
which might be released by indirect action on nerve endings are norepi-
nephrine (NE) and acetylcholine (Ach).

The lack of cross-tachyphylaxis between CHEB and tyramine

suggests that CHEB is not acting indirectly by release of NE (Hupka



et al., 1969). Similarly, phenoxybenzamine, which blocks the con-
strictor effect of NE, does not block smooth muscle stimulation by
CHEB (Hupka et al., 1969). However, these studies do not eliminate
the possibility that the convulsants might cause release of some
unidentified agonist.

~Burn (1959) believed that contraction of vascular smooth muscle
by thiopental is an indirect effect mediated by release of catecholam-
ines from nerve endings. However, Price and Price (1962) suggested
that thiopental might be acting directly to increase the sensitivity of
smooth muscle to endogenous catecholamines rather than releasing
catecholamines . Thus, studies with thiopental illustrate the uncertainfy
which prevails with regérd to sif:e of action for barbiturate stimulation

of smooth muscle,
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PURPOSE OF THE INVESTIGATION

The purposes of this investigation were first, to test the extent
of correlation between stimulant activity of barbiturates in CNS and
in smooth muscle and second, to compare thiopental to the convulsant
barbiturates with respect to possible sites and mechanisms of stimulant
activity in smooth muscle. In order to determine extent of correla-
tion between CNS and smooth muscle stimulant activities, a series
of barbiturates, with CNS effects ranging from mild preanesthetic
excitation to maximal (tonic extensor) seizures, was tested for
stimulant and depressant effects in different types of isolated smooth
muscle‘preparations. The series included convulsants (CHEB and
7 DMBB), semiconvulsants (CHOMB and benzylbarb{tal) and clinic-
ally useful depressants (pentobarbital, thiopental, and methchexital).
All seven barbiturates were tested on rabbit aortic strips, tracheal
chains and jejunal segments,

Possible sites of stimulant activity of thiopental and CHEB were
investigated using adrenergic and cholingergic antagonists; however,
the question of whether these drugs act selectively on nerve or muscle
was also examined by meansv of the localized sweat response to intra-
dermal drug injection, Intradermal injection of drugs which stimulate
autonomic nerve terminals produce sweating through an axon reflex
in ‘a large area surrounding the site of {njection (Coon and Rothman,

1941).

An element common to many studies of the mechanism of action
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of smooth muscle agonists (Somlyo and Somlyo, 1968, 1970) has been
the importance of the calcium ion (Ca). Hudgins and Weiss (1968)
and Garrett and Carrier (1971) have demonstrated the different sensi-
tivities of contractions induced by NE and potassium (K) to changes
in extracellular Ca. Also, the dependence of agonist effect on intra-
cellular and extracellular Ca can be distinguished by the use of
’.lantﬁanum. This trivalent cation '"stabilizes' the cell membrane

to prevent the influx of extracellular Ca. Because of the importance
of Ca to the action of other smooth muscle agonists, the relationship
of extracellular Ca and the influence of lanthanum on the constrictor

effects of CHEB and thiopental were studied in this thesis investigation.
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MATERIALS AND METHODS

Apimals » Smooth muscle preparations were isolated from male
-New Zealand white rabbits (2.5 to 3.0 kg) that had been sacrificed by
injection of a bolus of air into the ear vein. The rabbits were purchas-
ed from V-R Research, Newberg, Oregon and maintained on standard
laboratory diet until sacrificed.

Organ Baths and Recording Equipment. An isolated organ was placed

in a 50 ml cylindrical glass chamber filled with physiologic salt solution

(see page 13) and oxygenated by a constant flow of gas through a sintered
glass ‘disc at the bottom of the chamber. Each chamber was surrounded by
an outer jacket perfused with water at 37.5°C by a Lauda K-2/R circulator
and thermoregulator. In order to change bath solutions, a chamber was
drained from the bottom and refilled from the top with new solution previous-
ly brought to 37.5°C in a separate thermoregulated bath.

One end of the smooth muscle preparation was tied to a hooked glass
rod at the bottom of the chamber, and the other end of the preparation was
tied to the lever arm of a Harvard 356 isotonic muscle transducer. Con-
tractions were recorded on paper with a Harvard 350 recorder and 486
chartmover,

Smooth Muscle Preparations. Rabbit aortic strips were prepared by

the technique described by Burchgott and Bhadrakom (1953). The descend-
ing thoracid aorta was excised, cleaned of external fatty tis sue‘, and

spirally cut from right to left into a strip 5 to 10 cm long and 4 to
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6 wide. Th{s was then cut lengthwise into two narrower strips
and these were divided transversely into shorter strips, about 3 cm
long. Aortic strips were mounted under a tension of 2 g,

Jejunal segments were prepared by the procedure described by the
Staff of the Department of Pharmacology, University of Edinburgh (1968).
Segments approximately 2.5 c¢cm long were cut from the small intestine
at a point between 5 to 10 cm distal to the stomach. To mount the
preparation in the chamber, sutures were inserted through one side
of the intestinal wall at each end of the segment. Care was taken in
mounting a segment to insure that its lumen remained open to allow
~ free access of the bath solution., Jejunal preparations were mounted
under lg tension. |

Tracheal chains were prepared by the method of Costillo and
deBeer (1947) as rﬁodified by Akagasu (1959). After excision from the
rabb.it and removal of extraneous fatty tissue, the trachea was cut trans-
versely to isolate a series of cartilaginous rings., These rings were
tied together to form a chain and each ring in the chain was then opened
by a cut through the cartilaginous portion of the ring and the chain
mounted in an organ bath under lg tension.

Measurement of Drug Effect. After an equilibration period of at

least two and a half hours, aortic strips were contracted with NE to
provide a standard of comparison for subsequent barbiturate-induced
contractions, Norepinephrine was added in cumulative increments to

achieve final concentrations in the bath solution of 10_9, 10—7, 10-5 and
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either 3:':10-5 or 10-4 molar (M). In some experiments NE concen-

trations of 10"8 and 10_6M were also employed, Since 10_5M NE
produced 96% of the response to 10-41\/1 NE, the response to either
3;d0_5 or 10—41\/1 NE was takén as the maximal NE contraction. These
maximal contractions varied in amplitude from 20 to 40 mzn‘depending
prima;rils‘r on differences in length of the strips after the period of
equilibration. Barbiturate-induced contractions were measured and
expressed in terms of the preceding maximal response to NE,

Jejunal segments and tracheal chains were employed primarily
for quali'tative rather than quantitative comparison of effects of
different barbiturates. The parameters of interest were the type of -
response and the drug concentrations needed to elicit the response;
however, ail barbiturates that produced contraction in these prepara-

' -4
tions were subsequently compared to Ach (10 "M) with respect to

amplitude of maximal effects,

Physiologic Solutions. Krebs solution was made up in distilled
H,O and contained the following chemicals in mM concentrations;

2
NaCl, 118.9; KC1, 4.7; CaClZ, 255 MgSO4'7HZO, 0.6; KHZPO4, 1525
NaHCO3, 25.0; glucose, 11,1, The Krebs solution was oxygenated with
a 5% Coz,v 95% O‘2 gas mixture (botained from Liquid Air Inc,). High
potassium (K) Krebs solutions were made by substituting KC1 for NaCl

so that the sum of KC1 and NaCl remained 123.6 rnM. Alteration of

-Ca concentration was accomplished by increasing or decreasing the
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quantity of CaCl2 without compensation for the resulting slight change

in chloride concentration, Krebs solution containing strontium (S‘r)
was made by adding SrCl2 to a Ca-free Krebs solution,

Krebs solution could not be employed in experiments with lantha-
num (La), since a precipitate was formed when La was added to the
solution.‘ Therefore, experiments were conducted using a physiological
solution buffered with 4-(2-Hydroxyethyl)-l-piperazineéthanesulfonic
Acid (HEPES) and containing the following substances in mM concen-

trations; NaCl, 160; KC1, 4.6; CaCl,, 2,5; MgClZ, 1; glucose, 5;

2,

HE;‘PES, 10. The HEPESAbuffered solution (HBS) was adjusted to pH
7.4 with 1IN NaOH and oxygenated with 100% OZ. HEPES is a chemically
stable compound with little detectable‘biological activity and a pKa of
7.3 at ZSOC‘, qualities which make it an excellent buffer for use in
biological experiments (Shipm:—;m, 1969). Solutions containing La were
made by adding LaCl3 te the FIBRS,

Because high concentrations of barbiturate might alter pH of the
bath solutions, pH was monitored with a Beckman 76008 pH metekr and
46850 micro blood pH assembly mounted in a constant temperature
block set at 37°C., A 1 ml aliquot was removed from the bath solution
with a tuberculin syringe and immediately injected into the micro blood
pH assembly. At concentrations of 10-4M or below, the barbiturates

did not alter pH of the HBS or Krebs solution. At barbiturate concentra-

-3
tions of 10 "M, pH was increased by less than 0,08 units. Addition of

IN NaOH in amounts sufficient to increase the bath pH by 0.10 units
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-did not produce an organ response,

Sweat Response to Intradermal Drug Injection, Four Caucasian

males, ranging in age from 26 to 47 years, members of the
Department of Pharmacology, University of Oregon Medical School,
volunteered to be subjects -for these experiments, Just before drug
injection, each forearm was washed with 70% alcohol solution and then
painted with a solution of iodine and alcohgl (3 gm I2 /100 ml EtOH).
After the iodine had dried, 0.2 ml of the sterile test solution was
injected intradermally and the area covered with an indicator of corn
starch suspended in castor oil (50 g starch/100 ml oil; Wada, 1950).

If sweating occurred, the iodine in the pores of sweat glands was
carried by the sweat into the starch suspension and the starch-iodine
reaction (Radley, 1968) caused a dark blue dot to appear directly above
each sweat gland. | To record the response, photographs of the forearm
were taken at 3.0 and 3,2 minutes af:ter the injection, and at later
intervals, if indicated by a more slowly developing response.,

The vehicle for all injected drugs was HBS at a pH of 7.4. Each
of the drug solutions was sterilized by filtration and sterility was
checked by innoculation on blood agar plates and in thioglycolate tubes,
No growth was observed after incubation for 48 hours at 37°C.

Drug Solutions. Pentobarbital sodium (Abbot), thiopental sodium

(Abbot), methohexital sodium (Lilly), phenoxybenzamine (Smith, Kline,
and French), norepinephrine (Sigma), isoproterenol (Winthrop), atropine

(Sigma), acetylcholine (Calbiochem), nicotine HC1 (K&K Laboratories),
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and HEPES (Calbiochem) were obtained from the commercial sources
indicated in parentheses. Benzylbarbital, CHOMB, and part of the
CHEB used in these experimenfs Wére synthesized by the late
Dr. J.K. Williams, Department of Pharmacology, University of Utah
College of Medicine; " DMBB and further CHEB were synthesized by
Dr. J.H. Block, School of Pharmacy, Oregon State University.
In preliminary experiments, m DMBB, CHEB, CHOMB, and benzyl-
barbital were administered by intraperitoneal injection to rabbits to
demonstrate that these compounds produced the same in vivo activity
as described by previous investigators (see introduction), CHEB and
7 DMBB produced lethal, tonic extensor seizures whereas CHOMB
and benzylbarbital caused an exaggerated preanesthetic excitation
without lethal, tonic seizures.

All drug solutions were dissolved in 0,9% NaCl prior to addition
to organ baths. Barbiturates which were not sodium salts were dissolved
in 0,9% NaCl made slightly alkaline with NaOH. Phenoxybenzamine
was initially dissolved in a small amount of glycerol and then diluted
to the desired concentration with 0.9% NaCl. Drug solutions were

added to the bath in volumes of 0.5 ml or less.
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RESULTS

Stimulatory Effects of Barbiturates on Smooth Muscle. The

effects of the seven barbiturates were tested in each of the thfee types
of smooth muscle with a minimum o‘f three different rabbits used for
each combination of drug and preparation. The convulsants, CHEB and
m DMBB, elicited contractions in all three types of smooth muscle
preparation, whereas the semiconvulsants, CHOMB and benzylbarbi-
tal, did not cause contraction in any preparation. Thiopental was
the only depressant barbiturate to stimulate smooth muscle and this
effect was confined to ao-rtic strips. Figures 2 and 3 show typical
responses of aortic strips, tracheal chains and jejunal segments to
increasing concentrations of CHEB and show qualitative effects that
were typical for both #n DMBB and CHEB.

Drug concentration in the bath solution was increased in incre-

6, 1x10'5, up to 10'3M) without

ments of half log units (1x10'6, 3x10°
washout between drug additions. In all three types of preparation,
CHEB and 7"DMBB produced their maximal effects at a cumulative
drug concentration of 4.4x10_5M. Increasing drug concentration to
1.4 or 4.4x10—4M led to a gradual depression of contraction (auto-
inhibition) that is readily apparent in t'he sample traces. Jejunal
segments were the most sensitive of the preparations to CHEB and

T DMBB, with some segments responding to concentrations as low as

-6
10 M (Figure 3B and Figure 7). Tracheal chains were the least -

sensitive and did not usually respond to concentrations of 1 DMBB
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of less than 1.4x10-5M or concentrations of CHEB of less than
4.4x107°M.

In aortic strips (Figure 2A), the response to the convulsants was
slow in onset and in rate of contraction with at least 15 minutes re-
quired to reach the maximal effect of a given concentration. Con-
tractions induced by thiopental occurred slightly more rapidly but
still required from 5 to 20 minutes to reach maximal effect (Figure
5C and Figure 10)., Figure 4 compares the amplitudes of contractions
induced by various concentrations of CHEB, m DMBB and thiopental
and shows the difference in both potency and efficacy between thio-
pentai and the two convulsant barbiturates. In most experiments,
thiopental produced a just detectable contraction at a concehtration
of 1.4x10-4M but the amplitudes of such threshold effects were less
than 1% of the maximal response to NE and too small to plot in Figure
4. Thereafter, amplitude of thiopenta;l-induéed contractions increased
with each successive increment in concentration and autoinhibitory
effects were not seen. -

In tracheal chains, responses to CHEB and tDMBB were also
slow in onset and in rate of contraction (Figure 2B) but the magnitude
of the response was usually much less than in aortic strips and some
tracheal chains showed no response to any concentration of the convul-
sants. Nine tracheai chains were exposed to CHEB, eight were con-
tracted by the barbiturate and, after washout of ’chg barbiturate, four

were subsequently contracted with Ach for comparison of maximal

e,
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effects. The maximal CHEB response varied from 2 to 25% (average
9%) of t.he maximal effect of Ach. A similar variability was also seen
in experiments with wDMBB in this preparation. Of three chains
exposed to 1 DMBB and then subsequently contracted with Ach, one
chain showed no response to 1 DMBB and the remaining two showed
contractions equivalent to 4% and 49% of the Ach effect,

Jejunal segments responded more rapidly to the convulsants than
aortic strips or tracheal chains so that the maximal éffects of a given
concentration of CHEB or wDMBB were achieved in two or three
minutes after drug addition. The convulsants produced two different
types of effect in this preparation. More commonly, CHEB and
TDMBB produced a sustained shortening of the preparatioﬁ with a
reduction in amplitude of phasic contractions (Figure 3A). This type
of effect was similar to that produced by Ach and the extent of con-
vulsant-induced contraction was apprdximat‘ely 50% of the maximal
response to Ach. Less commonly, the convulsants elicited high
amplitude phasic contractions, as shown in Figure 3C, With relatively
little effect on the resting length of the preparation.

Tachyphylaxis to Barbiturate Stimulation. Figure 5 compares two

successive contractions of aortic strips induced by CHEB, = DMBB,

or thiopental and demonstrates that the second response was reduced

in both rate and amplitude of contraction for all stimulant barbiturates.
This change in responsiveness termed tachyphylaxis (Hupka et al., 1969)

was observed in trachea and jejunum, as well as aorta, and must be
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taken into consideration when evaluating the effect of intervening
treatment on two successive barbiturate-stimulated contractions.

In aortic strips tachyphylaxis did not reduce the amplitude of
contraction during the period of eprsure to the drug and contractions
induced by the convulsants were maintained for an hour or more with
little or no noticeable relaxation. Tachyphylaxis was evident only
when the barbiturafe was washed from the batﬁ, the tissue allowed
to relax and then re-exposed to the barbiturate. Under these condi-
tions four successive exposures of aortic strips to CHEB (3x10-5M)
resulted in the last CHEB response having only 3317% (mean tS.E.M.,)
of thé amplitude of the initial CHEB response.

To insure that tachyphylaxis was drug-specific, and not due to
general deterioration of tissue responsiveness with time or with
repeated contraction, aorﬁc strips were stimulated with K (30mM),
which produced a contraction approximately equal in amplitude to an
initial CHEB (3x10-5M) response. The preparations were répeatedly
contracted for the same period of time that had been necessary to
reduce the last of a series of CHEB-induced contractions to 33% of
the initial CHEB response. In these preparations the amplitude of
the last response to K was 10976% of the initial K response so that
there was no indication of deterioration of the tissue. Figure 5D
shows that two successive K-induced contractions were virtually
indistinguishable.

That CHEB tachyphylaxis was an effect of the drug itself, rather
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than an effect of time or repeated contraction, was also demonstra-
ted by experiments in which aortic strips were initially contracted
with CI.-IEB (3x10_5M), then contracted four times with K (30mM)
and re-exposed to CHEB. The K-indﬁced contractions were all of
equal amplitude; the second CHEB response was 65'.'.’14% of the first
CHEB response, which was not significantly different than that ob-

served in the absence of any intervening treatment (Figure 5A).

Effect of CHEB Tachyphylaxis on Response to Other Agonists.

Aortic strips were initially exposed to one of the agonists, thiopental,
NE, or K, then repeatedly contracted with CHEB (3x10'5M) until the
final CHEB response was about 25% of the initial response, and then |
re-exposed to the agonist. After this degree of CHEB tachyphylaxis,
the responée to K (30mM) was moderately reduced (8315% of initial

K response) and the response to thiopental (10-31\/1) was almost elimi-
nated (9"1'9% of initial thiopental response). In contrast to eitherA K or
thiopental, the résponse to NE was not affected by CHEB tachyphylaxis.
Although there was a shift in the concentration effect curve of NE after
tachyphylaxi's to CHEB or " DMBB, this shift was similar to that which
occurred with repeated exposure to NE without any intervening barbiturate-

induced tachyphylaxis (Figure 6).

Depressant Effects o_f_Ba.rbiturates on Smooth Muscle, In jejunal

preparations depressant activity was considered to be present if there
was (1) an elongation of baseline length, (2) a reduction in amplitude
of phasic contractions, (3) both elongation of baseline length and

reduction in amplitude of phasic contractions. A reduction in phasic
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contractions, accompanied by a shortening in muscle length, was not
considered a depressant effect since the amplitude of phasic contrac-
tions characteristically diminished whenever the muscle was tonically
contracted. By these criteria all barbiturates, convulsants as well
as depressants, produced obvious depressant effects if given in high
enough concentrations (Figure 3). As depressants the convulsant
barbiturates were equipotent with pentobarbital and thiopental

(Figure 7); however, the threshold stimulant concentrations of the
convulsants were an order of magnitude less than their autoinhibitory
or depressant concentrations.

Aortic and tracheal smooth muscle was nearly completely relaxed
under control, resting conditions so that drug-induced relaxation could
not be measured. Therefore, depressant activity of barbitﬁrates
was tested against contractions induced by other agonists. In aortic
strips, contractions were induced by NE (3x10-6M) or K (100mM), which
caused, respectively, contractions of 90% and 100% of the maximal NE
effect. In tracheal chains, contractions were induced with the maximal -
ly effective concentration of Ach (10-41\/1). These agonists produced
well-sustained contractions so that any relaxation of contraction follow-
ing addition of barbiturate was considered to be an indication of depres-
sion. Three separate determinations were made for depressant activity
of each of the barbiturates with each type of induced contraction.
Barbiturate concentrations were increased in cumulative increments

of half log units from 10"6 to 107>M and sufficient time was allowed to
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establish any change before a subsequent increase in drug concen-
tration. The concentration of barbiturate which first produced a
relaxation of induced contraction was considered the threshold
concentration for depression.

The bar graph in Figure 8 shows the range of barbiturate con-
centrations at which depressant effects were first observed. In
the series of barbiturates tested, benzylbarbital was the least potent
smooth muscle depressant, while methohexital was the most potent
depressant. Stimulant concentrations of CHEB or n DMBB when
added to aortic strips submaximally contracted with NE (3x10-6M),
produced more contraction; however, addition of higher concentrations
resulted in relaxation. Addition of the convulsant barbiturates to
aortic strips maximally contracted with K (100mM) or to tracheal
chains maximally contracted with Ach (10-4M) produced only depres-
sant effects. Depressant potency of the cénvulsants was again very
similar to that of pentobarbital and thiopental.

In aortic strips, as in jejunal preparations, the threshold stimu-
lant concentrations of the convulsants were well below depressaﬂt or
autoinhibitory concentrations., In contrast, the concentration of
thiopental required to depress induced contractions of aortic strips
were usually less than the concentrations that produced just detectable
contraction of relaxed preparations. Addition of thiopental to aortic
strips contracted with CHEB or 7DMBB (1 to 3x10-5M) produced

depression, whereas strips submaximally contracted with either
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CHEB or 7DMBB could be further contracted by addition of the other

convulsant barbiturate.

Interaction between Barbiturates and Norepinephrine and Phenoxy-

benzamine. Figures 9 and 10 summarize the results of studies of the
interaction between thiopental, phenoxybenzamine, and NE in the aorta.
Each point in Figure 9 represents the amplitude of a second thiopental-
induced contraction relative to an initial thiopental-induced contraction;
sample traces are shown in Figure 10. As indicated previously

(Figure 5), without any intervening treatment the second of two suc-
cessive thiopental-induced contractions averaged 72% of the initial

9M), added to the

contraction. A threshold concentrationvof NE (3x10°
bath after the initial thiopental response, considerably potentiated the
second response (Figure 9 and Figure 10B), indicating a synergism
between thiopental and low concentrations of NE, As the muscle was
further contracted with higher concentrations of NE the overall effect
of thiopental reversed, so that aortic strips trAeated with NE 3x10"8
to 3x10-7M showed a biphasic response to thiopental with a small
initial contraction, followed by relaxation (Figure 10C). Thiopental
added after contractions induced by higher concentrations of NE
(3x10-6M or greater) produced only depressant effects. Thus the
overall effect of thiopental, stimulation or depression, depended on
the concentration of NE in the bath,

Administration of phenoxybenzamine (IO-SM) for one hour before

the second exposure to thiopental caused a reduction in amplitude,
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but did not completely block, the second thiopental response (Figure 9

and Figure 10A). Although this concentration of phenoxybenzamine
blocked all constrictor response to ‘NE (10-4M), addition of NE
(lO-7 to 10-4M) 15 minutes after phenoxybenzamine, but 45 minutes
before the second exposure to thiopental, restored the second thio-
pental response to control values (Figure 9),

Thiopental was the only barbiturate>which acted synergistically
with low concentrations of NE, Pretreatment with NE (3x10-9M)
did not potentiate the stimulant effects of the convulsants in aorta;
barbiturates that lacked constrictor effects (CHOMB, benzylbarbital,
pentobarbital, and methohexital) also lacked constrictor effects in
preparations pretreated with norepinephrine. Pretreatment with
phenoxybenzamine (IO—SM) had no effect on aortic strip contractions
induced by either CHEB or 7DMBB. Parentheﬁcally, atropine, a
selé;:tive parasympathetic blocking agent, did not prevent the contrac-
tile effects of convulsant barbiturates in the jejunum (Figure 3B).

Sweat Response to Intradermal Drug Injection, Each forearm of

the four subjects was used on two successive days to test the ability
of CHEB and thiopental to elicit localized sweating after intradermal
injection. The subjects were distributed randomly to the protocol
(Table I) by drawing a number I, II, III, or IV from a hat. The
protocol was arranged so that two subjects received thiopental and
two subjects received CHEB; both barbiturates were administered

at concentrations of 10‘8, 10'7, 10'6, 10'5, and 10'4M. All four
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subjects also received vehicle (HBS) as a negative control and nicotine
(1 mg/100 ml HBS) as a positive control. Concentrations of barbitu-
rate greater than 10-4M were not injected intradermally in volunteers
because preliminary experiments with intradermal injection of higher
barbiturate concentrations in rabbits produced evidence of pain and
tissue d_amage &

Neither CHEB nor thiopental stimulated sweating (Figure 11A),
whereas nicotine caused sweating at the site of injection and in an area
1-2 cm beyond the radius of the injection wheal (Figure 11B). Nicotine-
induced sweating spread into the adjacent wheal raised by previous
injection of CHEB or thiopental, so that these barbiturates in the con-

centrations employed did not block the sweat response to nicotine.

The Relation of Extracellular Calcium to the Stimulant Activity of

Barbiturates. Aortic strips did not contract when normal Krebs solu-

tion was abruptly replaced with a Ca-free Krebs solution containing a
stimulant concentration of CHEB (3x10'5M) or mDMBB (4:;10'5 ).
However, under similar conditions preparations remained responsive
to K and NE (Figure 12). The response of convulsant treated prepara-
tions returned when the Ca-deficient Krebs solution was replaced by

a series of solutions containing the same concentration of convulsant
barbiturate but increasing concentrations of Ca (0.5, 1.0, 2.5, and
4.0 mM Ca). Figure 12C shows that the amplitude of contraction

increased with each increment in extracellular Ca concentration,

[Ca]o, and the Ca concentration-response relationship in Figure 13
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shows that contraction amplitude in CHEB treated preparations was
a linear function of the log of [Ca]o in the bathing solution, Control
experiments demonstrated thaf these concentrations of Ca did not
elicit contraction in the absence of CHEB . Calcium concentration
could not be increased above 4 mM without formation of a precipitate
in the solution.

In aortic strips that had been bathed continuously in 2,5 mM Ca-
Krebhs solution, CHEB (3x10-5M) produced contractions that were
7213% of the maximal response to NE; however, in those prepara-
tions exposed to Ca-free Krebs solution, the combination of CHEB
(3x10-5M) and 2.5 mM Ca produced contractions whose amplitudes
were only 5313% of the maximal response to NE (Figure 13). The
reduction in CHEB-induced contraction may reflect the effect of pro-
longed exposure to low Ca solutions, since approximately one hour
was required to increase the Ca concentration in steps from 0 to
2.5 mM. In separate experiments with aortic strips that had been
exposed for one hour to a Ca-free solution and then stimulated with
CHEB (3x10-5M) in 2.5 mM Ca solution, CHEB-induced contractions
were 4373% of the maximal NE control.

As in experiments with the convulsant barbiturates, aortic strips
did not contract when normal Krebs solution was abruptly replaced
with a Ca-free Krebs sélution containing a stimulant concentration of
thiopental (10-3M). However, replacement of Ca, while maintaining

the thiopental concentration, did not restore the constrictor effect
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of thiopental.

Effect of Strontium on CHEB Treated Aortic Strips. Strontium

could substitute for Ca and initiate contraction in aortic strips treated
with CHEB in a Ca-free solution, although a higher concentration of
Sr was necessary to produce the same amplitude of contraction. In
seven preparations pretreated with CHEB (3x10-5M) in a Ca-free
solution, washing with ImM Sr solution containing CHEB (3x10-5M)
produced contraction equivalent to 74_'3% of the maximal NE con.trol,
and washing with 10mM Sr solution produced contraction amplitudes
of‘ 61ﬁ0% of the NE control. Four mM Ca produced approximately

the same effect as 10mM Sr (Figure 13).

Lanthanum Blockade of the Constrictor Effect of the Barbiturates.

Treatment of aortic strips (4) for 15 minutes with 5mM La completely
prevented the contractile response to CHEB (3x10-5) or + DMBB
(4xiO-SM). After the same La treatment, preparations remained
responsive to NE (10;4M) but did not respond to K (100mM) (Figure 14).
Thiopental -induced contlractions were not blocked by pretreatment

(15 minutes) with 5mM La,

Effect of Calcium Concentration on the Extent of Tachyphylaxis

to CHEB. To determine the effect of [Ca]o on the extent of tachyphy-
laxis, the dose-response relationship for Ca in a CHEB treated prep-
aration was determined before and after tachyphylaxis to CHEB.
CHEB tachyphylaxis was established in the interval between these

two determinations by subjecting the aortic st rips to four successive
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CHEB (3x10~5M) induced c‘ontractions while [Ca]o was maintained

at one of the following concentrations: 0.5,1.0, 2.5 or 4.0 mM.
Figure 15 shows that the amplitude of contraction elicited by CHEB
with each concentration of [Ca.]o waé considerably less impaired when
tachyphylaxis was established in low Ca solution (0.5 or 1ImM) than

in high Ca solution (2.5 or 4,0mM).
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DISCUSSION

A total of 28 barbituric acid derivatives have been tested for
effect on rabbit aortic strips or intestinal segments in this and pre-
ceding work by Powell et al., (1943) and Hupka et al., (1969). Table II
lists the individual barbiturates with their effects on CNS and smooth
muscle. Within this sample of barbiturates, only those derivatives
that produced maximal (tonic extensor) seizures in intact animals
also had strong stimulant effects on }_r_lﬂr_o preparations of aortic
and intestinal smooth muscle. The convulsant barbiturates used in
the present investigation, CHEB and x DMBB, also contracted tracheal
chains but the extent of contraction was much less than in aortic or
jejunal preparations. Barbiturates with less intense CNS excitatory
effects, the semiconvulsants, failed to produce contra.ctior: in any
smooth muscle preparation,

vThiopental also caused contraction of smooth muscle; however,
this effect was seen only in aortic strips and differed from the effect
of the convulsants in nearly every parameter studied. The doses of
thiopental required to contract aortic strips were very much higher
than those of the convulsants and produced much less intense effects
(Figure 4). Aortic strips that were partially contracted with either
CHEB or 7 DMBB could be further contracted by addition of the other
convulsant barbiturate but were relaxed by addition of thiopental.
Finally, the amplitude of thiopental induced contractions was markedly

enhanced by low concentrations of NE and inhibited by phenoxybenzamine,
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whereas neither NE nor phenoxybenzamine altered amplitude of

contractions induced by CHEB or w DMBB. Therefore the mecha-
nism of constrictor effe;:ct of thiopental in aortic strips seems basi-
cally different from that of the convulsant barbiturates,

In both the CNS and isolated smooth muscle, the convulsant
barbiturates produced stimulant effects at very low concentrations
relative to the depressant effects of other barbiturates, In mice,
the doses of (+)-DMBB and CHEB that produced maximal seizures
in 50% of the animals (CD50) were respectively 3 and 4 mg/kg i.v.,
whereas the dose of pentobarbital that produced loss of the righting
reflex in 50% of the animals (AD50) was 30 mg/kg i.v. (Downes etal.,
1970). The intraperitoneal CD50 of ™" DMBB in mice was only 3 mg/kg
](Cain and Kleis, 1959), whereas the i.p. AD50 of pentobarbital is
about 60 mg/kg (Barnes and Eltherington, 1966). It has been previous-
ly suggested (Downes et al., 1970) that high potency of stimulant
activity is a necessary prerequisite for maximal seizures induced by
barbiturates and that such seizures occur only when the stimulant
effect of a barbiturate is unopposed by depressant effect., In support
of this hypothesis, Downes et al., (1970)noted that the maximal
seizure can be prevented if animals are treated with low doses of
depressant barbiturates prior to injection of a convulsant barbiturate.
Analogously, intestinal preparations treated with pentobarbital did

not contract in response to racemic DMBB (Powell et al., 1943) and
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pentobarbital completely blocked the constrictor effect of CHEB

in aortic strips (Hupka et al., 1969).

CHEB and 7 DMBB at concentra’cioﬁs between 10"6 and IO-SM
produced just detectable contraction of isolated smooth muscle
preparations, and these concentrations are probably very close to
those present in blood and brain during maximal seizures induced
by these drugs. As the concentration of convulsant barbiturate in
the smooth muscle bath was increased above 10-41\/1, the contraction
induced by lower drug concentrations was depressed (autoinhibition).
The autoinhibitory concentrations of CHEB and 7 DMBB in jejunal
segments were very similar to threshold depressant concentrations
of thiopental or pentobarbital (Figure 3 and Figure 7). In aortic
strips or tracheal chains that had been maximally contracted with K
or Ach, the effects of CHEB and ™ DMBB were purely depressant,
Against such induced contractions, the threshold depressant concen-
trations of CHEB and 7w DMBB were similar to those of thiopental and

pentobarbital and varied in individual experiments from 1.4:x10-5 to

1.4x10_4M. This concentration range is comparable to the CNS con-
centration that has beenv reported during anesthesia with thiopental
or pentobarbital (Goldstein and Aronow, 1960),

From the standpoint of mechanism of action there is no necessary
connection between the maximal seizure pattern in the CNS and stimu-

lant effects in smooth muscle. Tonic extensor seizures simply repre-

sent an expression of intense CNS excitation (Esplin, 1959) and can be
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elicited by many nonbarbiturate drugs with no known stimulant effect
in smooth muscle. The association among barbiturates between
ability to produce maximal éeizures and ability to contract smooth
muscle reflects an excitatory activity, manifest in both CNS and
smooth muscle, at concentrations sufficiently low that it is not
antagonized by the depressant effects of barbiturates.

In smooth muscle, potency of stimulant activity is not, however,
the only determinant of intensity of effect. Thus, in smooth muscle
as in the CNS, wDMBB is consistently a more potent stimulant than
CHEB. Nevertheless, in aortic strips the maximal effect of CHEB is
nearly twice that of "DMBB (Figure 4). Furthermore, the thio-
barbiturates are able to produce feeble contraction of aortic strips
even though the concentration required to produce maximal effect is
much greater than that which depresses smooth muscle response to
othe.r agents,

The failure of barbiturates with less intense CNS excitatory
effects to produce any contraction in these isolated smooth muscle
preparations is open to several interpretations. The structure-
activity relétionships of barbiturates seem much more rigid for CNS
stimulant than for CNS depressant effects (Downes et al., 1970) and
receptors responsible for barbiturate-induced contraction of smooth
muscle may have an even greater structural specificity. Alternatively,
CHEB, 7DMBB and (+)-DMBB may activate excitatory mechanism

that are entirely distinct from those affected by other excitatory
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barbiturates. On the basis of presently available information, these
alternatives cannot be resolved but it is probable that in a group of
drugs as structurally diverse as barbiturates, more than one mech-

anism of excitation may be present,

Site and Mechanism of Action of CHEB in Aortic Strips., Intra-

venous injections of 1 to 2 mg/kg of CHEB in spinal cats produces a
10 to 20 mv depolarization of the dorsal root ganglion cell accompanied
by a decrease in the electricai resistance and firing threshold of the
cell membrane (Downes and Franz, 1971). At the onset of CHEB-
induced depolarization, ganglion cells discharge a burst of action
potentials. CHEB also induces bursts of antidromic action potentials
(dorsal root reflexes) from intraspinal endings of primary sensory
fibers (Downes and Franz, 1971). CHEB might produce similar dis-
charges in the motor nerve terminals of the autonomic nerves, present
in isolated smooth muscle, and thus cause smooth muscle contraction.
Such a stimulant effect would have to be nonspecific, occurring at
both sympathetic and pa.;rasympathetic nerve endings, since CHEB
induces contraction in a variety of smooth muscles, some of which
are contracted by stimulation of sympathetic nerves and others by
parasympathetic nerve stimulation.

Nonspecific stimulant effects on autonomic nerve terminals
should also affect the nerve endings innervating sweat glands, After
intradermal injection, substances that excite autonomic nerve endings

of the sweat glands (Ach and nicotine, Coon and Rothman, 1941;
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tetraethylammonium, Wada, Kikuchi, Tashiro and Takahashi, 1967),

produce sweating by an axon reflex, in an area much larger than the
actual site of drug injection. Neither CHEB nor thiopental, in the
concentrations employed, produced any evidence of sweating after
intradermal injection (Figure 11). CHEB was testgd in the complete
range of concentrations that produced stimulant effects on in vitro
smooth muscle and none of these concentrations produced any evidence
of sweating after intradermal injection. Thiopental also failed to
produce localized sweating; however, only the lowest in vitro stimu-
lant concentration of thiopental (10_4M) could be injected intradermally.
Studies with phenoxybenzamine and atropine further suggest
that neither the convulsant barbiturates nor thiopental produce contrac-
tion through release of NE or Ach from nerve endings. Hupka et al.
(1969) noted that phenoxybenzamine (10-81\/1)01' atropine (10-5M) did not
prevent constriction of aortic strips by CHEB or (+)-DMBB but did
block the constrictor effect of 10-6M NE or Ach lO-SM. In the present
experiments 10_81\/1 phenoxybenzamine did not prevent contraction of
aortic strips exposed to concentrations of NE greater than 10-6M, and
for this reason phenoxybenzamine in 10-5M concentrations was used.
This concentration of phenoxybenzamine completely blocked all con-
strictor responses to NE (10-4M) or Ach (10-4M); high concentrations
(IO-SM) of a-adrenergic blocking agents such as dibenamine and
phenoxybenzamine have also been shown to block the effects of hista-

mine and serotonin (Furchgott, 1954; Cook, 1971), Phenoxybenzamine
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(10-5M) did not impair the constrictor effect of either CHEB or 1t DMBB.
Similarly in jejunal segments, atropine (IO—SM) did not impair contrac-
tion induced by either cpnvulsant barbiturate.

Burn (1959) reported that the constrictor effect of thiopental én
vascular smooth muscle was a consequence of release of NE; however,
Price and Price (1962) suggested that contractions induced by thiopental
resulted from a synergistic effect of thiopental with endogenous NE.
Results of the present experiménts support the latter hypothesis,

After pretreatment with phenoxybenzamine (IO-SM) aortic strips con-
tinued to respond to thiopental although the amplitude of response
was reduced. These phenoxybenzamine treated preparations did not-

o to 10'41\/1)

respond to NE concenfrations as high as 10_4M. If NE (10
was added to the bath solution 30 minutes before exposure to thiopental,
the resrponse to thiopental was restored to normal, despite the pres-
ence of phenoxybenzamine and the absence of any constrictor response
to NE itself. These results suggest that contractions induced by thio-
pental are not a consequence of the g-adrenergic activity of NE, but
that NE does potentiate the effect of thiopental,

Experiments with pharmacologic antagonists of specific agonists
such as NE or Ach cannot exclude the possibility that the convulsant
barbiturates act indirectly by release of some unknown agonist from

nerve endings. Release and depletion of an agonist would be consistent

with tachyphylaxis; however, such an agonist would have to be present
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and pharmacologibcally active in the autonomic nerve terminals of

a number of different types of smooth muscle tissues but not in auto-
nomic nerve terminals innervating the sweat glands. Furthermore,
the decrease in the response to K associated with tachyphylaxis to
CHEB and wDMBB suggests a functional change in smooth muscle
cell‘s rather than depletion of an agonist.

In smooth muscle, as in striated muscle, intracellular free Ca
activates the contraction process (Bohr, 1964; Daniel 1964), However,
the mechanisms by which different agonists increase activator Ca may
be unique fo;' each agonist as well as each type of smooth muscle
(Somlyo and Somlyo, 1970). Anatomically, the total tissue Ca is
dispersed in a heterogenous milieu and includes extracellular Ca in
the interstitial si)aces, Ca bound to the surface of the cell membra.rlle
and Ca sequestered within the cell. Functionally, total tissue Ca can
be divided into various fractions with different importance to the
effects of individual agopists. These fractions can be depleted at
different rates when tissues are bathed in Ca-free solutions (Hudgins
and Weiss, 1968),

NE-induced contractions involve a source of activa‘cor‘ Ca that is
tightl;f bound and not rapidly depleted by bathing in Ca-free solution.
Acute exposure of aortic strips to Ca-free solutions caﬁses little
decrement in the response to NE and four hours in Ca-free solution
are necessary to completely block the NE response (Garrett and

Carrier, 1971). In contrast, the amplitude of K-induced contractions
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is immediately reduced in Ca-free solution and is almost completely
eliminated within 45 minutes (Garrett and Carrier, 1971). Thus, K-
induced contractions are dependent on a source of activator Ca that
is quickly depleted and probably includes extracellular Ca in the bath
solution and interstitial spaces and Ca loosely bound to the cell mem-
brax}e. Ca flux studies (van Breeman and McNaughton, 1970) have
demonstrated that K-induced contractions of aortic strips are accom-
panied by an increased cellular uptake of Ca from the bath solution.
CHEB-induced contractions are even more sensitive to acute Ca
depletion than contractions induced by K, Taking into account the lag
period which is normally observed between the time of exposure to
CHEB and the abpea;ance of contraction (Figure 2 and Hupka _fe_f_ai.,
1969), aortic strips became completely unresponsive to CHEB in less
than a minute a.fte‘r exposure to Ca-free solution. Free extracellular
Ca is the most probable source of an activator Ca that could be so
quickly depleted .' In the short time involved, it is unlikely that Ca in
the interstitial space or bound to cell membranes would be sufficiently
reduced to account for the loss of all response to CHEB, |
The slow orAlset‘and rate of rise of CHEB -induced céntractions is
consistent with the time neceésary for extracellular Ca to diffuse into
the cell and initiate contraction. The proportionalify of CHEB effect
to extracellular Ca concentration is also consistent with this explana-
tion. A similar relationship between extracellular Ca concentration

and intensity of effect has been observed for contractions induced by
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K (Godfraind and Kaba, 1972), ‘

La, a trivalent cation, has been shown to prevent the influxlof
extracellular Ca associated with VK-induced contractions, possibly
by binding to fixed anionic sites in the cell membrane which control
Ca permeability (van Breeman et al., 1972), In contrast, the release
of intracellular bound Ca during NE induced contractions is not sig-
nificaﬁtly altered by La ({ran Breeman et al., 1972). The ability of
La to block CHEB -induced contractions (Figure 14) indicates that the
CHEB effect in aortic strips is primarily, if not completely, dependent
on extracellular Ca which rhust pass through the cell membrane to
activate thé contractile mechanism.

Ca also appears to be intimately involved with the development of
tachyphylaxis to barbituréte effect in aortic strips, as the rate of
tachyphylaxis is much greater in higher Ca than in lower Ca solutions
(Figur‘e 15). Possibly the loss of responsiveness with repeated CHEB
stimulation is a reflection of an accumulation of sequestered Ca within
the cells. Some of this C‘a might act to limit further accumulation of
Ca by stabilizing the permeability of the cell membrane and preventing
or retarding Ca-influx with subsequent CHEB stimulation. Such an
effect might also explain the reduced response to K in preparations

which have undergone tachyphylaxis to CHEB,
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SUMMARY AND CONCLUSIONS

Although there is not an exact parallel between intensity of CNS
excitation and intensity of constrictor activity in smooth muscle, all
barbituric acid derivatives which produced maximal seizures also
stimulated isolated smooth muscle. Other barbiturates with less
intense CNS excitatory effect, semiconvulsants, did not elicit smooth
muscle contraction. The maximal constrictor effect of the convulsant
barbiturates was limited by the onset of depression as the convulsant
barbiturates had smooth muscle depressant potencies similar to
those of other barbiturates. The association between the ability to
produce maximal seizures and to stimulate smooth muscle suggests
that the convulsant barbiturates have a stimulant action which is
manifest in both the CNS and smooth muscle at sufficiently low concen-
trations that it is not antagonized by the depressant activity of higher
drug concentrations.

The constrictor activity of thiopental in aortic strips is basically
different than that of the convulsants and is synergistic with NE. How-
ever, both thiopental and the convulsant barbiturates probably produce
contraction by an action directly on smooth muscle cells rather than
on autonomic nerve terminals,

Both the amplitude of CHEB -induced contraction and the extent
of tachyphylaxis to CHEB effect are determined by the concentration

of Ca in the bath solution suggesting that the constrictor effect of the



convulsant barbiturates in aortic strips probably represents an entry
of extracellular Ca into smooth muscle cells. The relationship of
extracellular Ca to effe‘ct of CHEB 1is similar to that described for
K-induced contractions; however, the effect of CHEB is much more

sensitive to acute changes in the concentration of extracellular Ca.
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Figure 5: Comparisoh of first and second responses of rabbit aortic

strip stimulated by CHEB, » DMBB, thiopental, or K.

Each pair of illustrations, as indicated by the subscripts 1 and 2,
show two successive drug-induced contractions in a single preparation.
After the initial contraction, the preparation was washed and allowed
to rélax. The time of drug addition is shown by an arrow and the
molar drug concentration is given beneath the arrow. The scale
below each trace represents 10 minutes. The mean 1S,E.M. of the
ratio of the amplitude of the second response to that of the first response
is given to the right of each pair of traces. Eight experiments were

used to determine mean values for AL/AZ’ B /BZ’ and CI/CZ and five

1

experiments for Dl /D2 :



(ADJOJ) uO1}DIJUBIVOY IN

,-Ol ;-0l 4-Ol (-0l ¢-Ol 6-0l

f T T T i o

R & ;
T #0g

mzr\\\\\m g

00l

ol

021

0¢l

UONIDLU0Y) TN WHIXDW %



54

* SUOTIOBIJUOD PIINPUL-gHHD SA1s§59I0Ns INOJ

7o juswleaa} SUlULAIIIUT UB JI93F8 N JO SuOljeIjuaduod Sulseaaour o} ainsodxd puodas ayj3 o3
ssuodsal oy} s3u9s9ador (meeeeecoen) SOUL] POJ3OP pue sorenbs uado ur umoys ‘diysuoile]ad 309]79
-UO1}BJIJUIOUOD Y], °SUOIIDRIJUOCD padnpul-ggNL SAISS9IONS INOJ JO jJudWIIRa I} SULUSAISIUL UBR
I93Je YN JO SUOBIJUIOUOD Fulsessdul 03 ainsodxs puodas ayj 03 asuodsas 9y} sjuadsaadag
(Veeveees.y) saul] poj3op pue sajsueli} uado ul umoys diysuolje]ed }09JJ9~UOIFRIJUIDOUOD YT,
*JUSUWIIER I} SUTUSAIIIUL AUB JNOYILM FN JO SUOLIRIJUSOUOD SulseaIdul 0} 9Insodxd puodas

Y3} UC pauUIe}qO SBM (O -======- 0) soulf usoIq pue s3[2I11d uado ul umoys diysuolje[sd 30939
-UOI}BIJUIOUOD 3YJ, °*Xe[2Jd O} pomo[[e pue paysem aIom suoljeaedsad syj suoiloeIJUOD JBIJIUL 3Y}
I93JY °HN JO SuoleIjusouod Juiseaadul 0} ainsodxo 3sI1] 9Yj uO pauleiqo sem (@ ————e)

SOUlL] PI]OS pu® s$9[DJ1D PITOSs Ul umoys diysuUCIjB[a I }09JJ2-UOL}BIJUSDOUOD Y], °*ULIW 933}

3O xoxxe paepuels ayj snid uesawI SYj 33EOIPUL S} OBJIQ 9} PUB SUOIJRUTUIIGSP djeaedas

99Jyj} JO WnWIUIW ® JO ueaw ayj sjusasaxdax julod yoey ° (N _0T) AN 03 uoldeIjuod Tentul

¥

973} JO SIs®q 9} UC pazipiepur}s 9I9M FHN JO SIUSWISIOUL 9APBRINWUND O} sdsuodsad ayL

*N 03 sdiij}s D}IO® }IqQel

jo asuodsax oyj uo g L pue gHHD 03 sixeldyd4iyse) jo 309339 oyJ, :9 aandig



1444 144]

IDION ¢ _OI X UO1DI}UIIUO)
A4 1

buipuodssy 9

06

00l



55

* (L) Tearqaeqrizusq pue ‘(9) rejiqieqojued ‘(g) reyuadolyy ‘(z) TBIIXPYOyIOW

‘(1) GINOHD ‘sojeaniiqieq I9Yjo jO 5309379 juessadop 9y} JuesoIdoI (Oceveeesves0)

S9UI] pa330op pue s912I10 uedo Ul UMOYS SIAIND 309J}9-UOLIRIJUSIOUOD YT, °*(§) FHD pue (¥)
gd9gNg L 0] suoljeajusdouod Axojiqiyuilojne 1o juessatdep ayj jusssiader (0--------- 0) soull
U9 0Iq pPuB SITJI10 uddo Ul UMOYS SIAIND JI9JI9~UOLIBIJUSOUOD 9YT ‘' gHNCL PuUR gTHD JO
§3093]39 JURINWIS JUSS9IdOd (@ —————0) SOUL] PI[OS pPU® SIDI1D PI[OS Ul UMOYS SIAIND }DIIJd
-uoljeIJULOUOD Y], °9d91de suopeiedaid g ul sojeiniiqieq I9Yyjo [[e pue suopesedsad
Teunfal g1 ut pe3sa} sem gEHD °©SS1DSQR 9} UC PIjBRIIPUL SUORIIUSOUOD 3} 3@ S109J]9

juessoadap 10 jueinwiys Jummoys suoljesedsad jo jusoaad ayj s9jeI1pUL 9jeUlpPIO 3YJ,

*suojeredaad feunfef j31qqes uo s309330 juessaadep pue jueinUILS

(pToYysaiy)) o1qe3oa3ap 3snfl 107 saaInd 309JJ0-uol}eIJULOUOD Tejuenb ayy :) 2indig



Methohexital

[0 0

Thiopental | | '

[

Pentobarbital

[H

CHOMB 2
R
TDMBB | - , 1
A |
. =)
CHEB ]
Wz -
(=2 S
Benzylbarbital e ;
] 1 |
4 14 44 144 444

Concentration x 107 Molar



56

Figure 8: Barbiturate concentrations required to produce just detectable

depression of induced contractions.

Each bar indicates the range of barbiturate concentrations required
to produce depressant effects in three separate experiments. The solid
black bars show the depressanf concentrations for NE (3x10-6M)—induced
contractions of aortic strips, The hatched bars show depressant con-
centrations for K (100mM)-induced contractions of aortic strips. The
open bars indicate depressant concentrations for Ach (10-4M)-induced

contractions of tracheal chains.



® ® o ® -)
=
T
=
—~@ ©00 0o O —E
o
3 a.
=
7
o
[ X} O.—m
O
o.
e
‘ %0 @ ¢ s B=
=
L 1 1 | | |
(=] e o, 0 o 0 o

asuodsas [pyuadoty) 1)/ asuodsss (pjuadory) puz jo 0110y

NE (3x107°M)

+NE

Intervening Treatment



57

*Tejusdoly; o3 sxnsodxs ayj ax0jaq 3snf

N 3O UOHBIIUSOUOD S1Y} Y314 PI3OBIUOD 2I13M (N, 0TXE) AN, Po1929e] 9s0y; ‘esuodsaa
123uadolyz puooss ayj o3 xotad sojnutw 6% 107 Qéw..oﬁ Io0 hnou AN Yts pejeaal ‘uonippe ul
‘pue inoy auo 10y sutwrezusqdxouayd o} pasodxs alem ,, TN + AEmuoc d0d, pPa12qe] 250y}
rasuodsaa (ejuadoly} puooss ays o3 1o1ad Inoy suo 1o surwrezusagAxousyd o3 pasodxs azom
::Zm«oc g0d. PI[2qe] 950y} juswuiesai FUlUSAISIUL OU peY ,,duUoU,, pelaqe] sjuswiiadxy
* sjuswitradxs jo dnoal yoes Mmo0[oq pajeDIPUl 9I® SUOI}OBRIIUOD paonpui-Jeiuadoiy} puodas

PU® 3SI1] 2y} UeoMm}a( FUIUSAIIIUL SJUSURDL], ° sjuswiiiodxe [BNPLALPUL UL paule}qo

G\/Hmuoc Tejuadoryy o3 esuodsar 3sI1y pue puoodas usomlaq o13eI 3y} smoys julod yoes

*dia3s o13I0® j1qqes oYy ul rejusdoryy

JO uolO® sY) uo YN pue dutwrezuaqixousyd jo s3osyre oy jo Arewrwung 4 2andig



c-0l ¢_0I%g
dl 3N

BRI st g

¢-0l

e
dl

L-01xXe
3N



58

*sojnulu 0] sjuasaxdag aulg
swrty 9y, huoﬁxmv AN Yyiiss pejoeijuod A[snotasxd uoyesedsad e o} poppe

uaym (N m-oc Teruadolyy Jo 309339 Y3 smoys D * (N, 0TXE) AN JO UOLBIIUSOUOD

PIoyseIy3 ' YilM pajdoeajucd usaq sey uoneiedsrd ayy 1938 uUO13ORIIUOD PIONPUL

=(IN_._0T7) Tejuedolys puod9s & sMOYS Nm Tanoy 2uo J0J (A 0]) euituezusqixouayd

€ G-

03 aansodxs I9}J® UO1}DBIIUOD mwusmuﬂ«#uzm-oc Tejuadoly} puodas B sMOYs N<

‘Xe[Sd 0} pOMOT[® pu® paysem dIam suoljesedsad 9y3 uol}dOBIIUOD [RIIIUL Y} ISV
*( o 01) Teruadoly} o3 asuodsal TeI}IUL 9Yj 93BDIpUL Hm pue _4 *M0T9q peojedlpul

UO\RIIUSOUOD SNIP 9Y3} Y34 UOL}Ippe Snip 93BO1puUl SMOIIR 9y, -uoneaedsad a13uls

® Ul SUOT}DBJIJUOD pOINpul-3nip S4168900NS 0M} MOYS suoleI}sni[l jo Ited yoer

‘EN pue ‘outwrezusqdxouayd ‘Teiusdoiy} usemjiaq uoljoeIsiul i 9AnSi g



N et

o P

e e o T T Bt i,




59

Figure 11: Localized sweating in response to intradermal drug

injection,

Photograph A shows an area approximately 2.5 cm wide and 5 ¢m
long surrounding the wheal caused by intradermal injection of CHEB
(10"5 ). The wheal is indicated by the arrow labeled C, The area
immediately over and around the wheal was covered with the indicator
and the dark spot at the top édge of the wheal was caused by fluid leaking
out of the wheal along the needle track. The picture was taken 3.2
minutes after the injection. The area was observed for an additional
5 minutes without any evidence of sweating. At this time nicotine
(5xi0-5M) was injected intradermally at the site indicated by the arrow
labeled N. Photograph B shows the same area as A,3.2 minutes after

the injection of nicotine. The black dots in the area surrounding and

directly over the wheals indicate sweating pores,
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Figure 12: The effect of Ca-free Krebs solution on the response of

rabbit aortic strips to NE, K, and CHEB.

Each pair of illustrations show two successive drug-induced con‘-
tractions in a single preparation. The- arrows indicate either drug
addition or a ''wash'' in which the normal Krebs solution was replaced
with an altered Krebs solution. Al and Bl indicate the resp-onse of
aortic strips bathed in normal Krebs solution (2.5mM Ca) when
stimulated with either NE (3x10_9 to 10—41\/1) or K (30mM), AZ indicates
the response of aortic strips to NE. (3x10_9 to 10-4M) after the prep-
aration was equilibrated for 10 minutes in Ca-free Krebs solution.

B2 indicates the response of a preparation when it was washed with

a Ca-free solution containing K (30rﬁM)o C indicates the response

of ; preparation when it was washed with a Ca-free solution containing
CHEBRB (3x10-51\/1) followed by a series of Krebs solutions containing
CHEB (3X10—5M) and increasing concentrations of Ca (0.5, 1.0, 2,5, and

4.0mM). The time line represents 10 minutes.
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