cubically packed system represent the maximum possible values
that can be achieved with a model of monosize cubes.

It appears, therefore, that Eq. 9 will satisfactorily estimate the
tensile strengths of the moist, inherently noncohesive sodium
chloride fractions.

CONCLUSION

Two nonporous bulk solids of similar particle size but different
coherences were shown to exhibit, at similar porosities, different
changes in tensile strength with increasing moisture content, The
more cohesive material (potassium chloride) showed similar changes
to the fine sodium chloride fractions studied previously (1), whereas
the less cohesive one (glass) resembled the coarse sodium chloride
fractions.

Mechanisms for the tensile strength changes are suggested, and
the type of change obtained appears to be dependent on the magni-
tude of the inherent coherence of the dry material and not neces-
sarily on its particle size.

The cohesive calcium phosphate differed from the other cohesive
bulk solids studied, however, in that its tensile strength at a fixed
porosity was independent of the moisture content over a wide range.
This finding was attributed either to the porous nature of the par-
ticles preventing location of the moisture at the particle surface or to
a fortuitous balance between the components of tensile strength
which increase with moisture content and those that decrease.
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Effect of Lysergide and Nimergoline on
Glucose Metabolism Investigated on the

Dog Brain Isolated In Situ

G. BENZI4, M. De BERNARDI, L. MANZO, A. FERRARA,

P. PANCERI, E. ARRIGONI, and F. BERTE

Abstract [] The glucose uptake and lactic and pyruvic acid forma-
tion were investigated in the dog brain isolated in sitw during: (a)
control conditions, (b) hypoxia by suppression of blood oxygena-
tion, and (¢) recovery of oxygenation and intracarotid treatment with
saline solution or lysergide (5 X 10~7 M) or nimergoline (5 X 10~
M) at the rate of 0.5 ml./min. for 30 min. The hypoxia induced at
first an increase and subsequently a decrease in brain glucose uptake,
with an increase in both lactic and pyruvic acid formation. The sub-
sequent recovery of blood oxygenation, with intracarotid perfusion
with saline solution, induced only a partial recovery of glucose
metabolism supported by the increase of the depressed glucose
uptake and the decrease of the enhanced lactic and pyruvic acid
formation. No significant difference could be demonstrated versus

the intracarotid perfusion with lysergide. The intracarotid perfusion
with nimergoline induced both an increase in cerebral glucose up-
take and a decrease in pyruvate formation, with statistical difference
with respect to the change induced by saline solution perfusion;
the lactic acid formation remained in the same order of magnitude
induced by saline solution perfusion.

Keyphrases [ Glucose metabolism, isolated dog brain in situ—
effect of lysergide and nimergoline [] Lysergide—effect on glucose
metabolism in isolated dog brain in situ (] Nimergoline—effect on
glucose metabolism in isolated dog brain in siru [] Lactic acid
formation, isolated dog brain in situ—effect of lysergide and nimer-
goline [] Pyruvic acid formation, isolated dog brain in siru-—effect of
lysergide and nimergoline

The predominant source of energy for the brain comes
from carbohydrate metabolism, the glucose being the
major, if not exclusive, energy-yielding substance re-
moved from the blood to the brain. In fact, according to
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Kety (1), the respiratory quotient of the brain is near
one. On the other hand, according to Bloom (2) and
Sacks (3), brain slices appear to catabolize glucose
practically up to the end via the Embden-Meyerhof



pathway. Nevertheless, using a semiisolated calf brain
preparation, Moss (4) maintained that the glucose
ultimately passes for the most part, if not entirely,
through the hexose monophosphate shunt.

In any case, glucose and its metabolites, particularly
lactic acid and pyruvic acid, may play a primary role in
maintaining normal brain metabolism and function.
According to Geiger ef al. (5), in the intact animal it is
practically impossible to single out those blood com-
ponents that are essential to the maintenance of normal
brain metabolism and function. However, perfusion
methods in the isolated brain are suitable for this
purpose, because the composition of the perfusing
blood, the blood flow rate, and the blood oxygenation
may be selected at will.

A cat brain perfusion method in vivo was described
by Geiger and Magnes (6) and, subsequently, a number
of changes were made (5, 7, 8). White et al. (9) reported
an anatomic isolation of the monkey brain which was
capable of maintaining electrocortical activity for
several hours when the cerebral circulation was pro-
vided by a compatible donor monkey. Gilboe et al. (10)
described the isolation and mechanical perfusion of a
viable dog head and subsequently (11) described the
neurogenic and vascular isolation and maintenance of
the living dog brain. Benzi et al. (12) investigated the
cerebral drug-metabolizing activity by studying the
demethylation, the acetylation, and the glucurono con-
jugation by the in situ isolated dog and monkey brain.
Subsequently, the research (13) was extended to the
newborn dog, and the in situ isolated brain showed a
drug-metabolizing activity related to age. Benzi et al.
(14) found that intracarotid perfusion of ephedrine and
nimergoline, but not lysergide, induces changes in the
drug-metabolizing activity of the dog brain isolated
in situ. This behavior suggests the ability of the quoted
substances to act also on the cerebral metabolism. To
test this hypothesis, glucose uptake and lactic and
pyruvic acid formation were investigated in the isolated
dog brain in situ before and after the induction of a
transient condition of local hypoxia and subsequent
pharmacological treatment.

METHOD

The experiments were performed in the dog using the technique
of the isolated perfused brain in situ.

Animals and Anesthesia—The experiments were carried out on 18
beagle dogs (11.3-15.2 kg. body weight), which were preanesthetized
with urethan (0.4 g./kg. i.p.). Anesthesia was induced and main-
tained by nitrous oxide, cyclopropane, or ethyl ether in closed
circuit. Electrical activity of the brain as portrayed by ECG was
used to determine the degree of anesthesia (15).

The animals were artificially ventilated after tracheal intubation
with a Warne tube following succinylcholine chloride (1 mg./kg.
i.v.) administration. Anesthesia was stopped 30-40 min. before con-
necting the isolated brain to the pump-oxygenator system. The
ECG pattern restoration indicated the time allowed for a “blow-off*
of anesthetic gases before beginning the experiment on cerebral
glucose metabolism.

Operative Procedure—The operative procedure (12) consisted
mainly of the isolation of the external jugular vein and the common
carotid arteries, with ligature of all their branches except the internal
carotid arteries and the right superior thyroidea artery. In addition,
the vertebral vessels were ligated before their entrance into the
transverse foramen of C2 or C3. The numerous muscular branches
arising from the vertebral vessels, the anastomosis between vertebral

and carotid arteries, the anastomosis between vertebral and jugular
veins, the internal jugular veins, the vascular branches of the neck,
the vessels running under the carotid arteries and vagus nerves, and
the zygomatic, maxillary, auricular, and supraorbital vessels were
all occluded by ligature or compression. The occlusions of the sinus
columnae vertebralis and of the anterior spinal artery were made by
opening the rachis in C2, ligating the spinal artery, and compressing
the venous vessels around the spinal cord.

The isolated right superior thyroidea artery was cannulated by a
polystan tube and connected to a perfusor apparatus (Palmer).
Both of the isolated jugular veins were ligated, cannulated, and con-
nected to the venous reservoir of the pump-oxygenator system
(through the gravitational flow). Both of the isolated carotid arteries
were also cannulated and connected to the pump-oxygenator sys-
tem, Arterial blood pressure was measured from a cannula inserted
into a femoral artery, During the experiments, the frontooccipital
electroencephalogram as well as both systemic and cerebral pressure
were recorded on a 12-channel polygraph.

Brain Pump-Oxygenator System—The brain perfusion apparatus
employed consisted of a venous reservoir, an oxygenator with a
gasmeter, a roller-type pump with a flowmeter, two blood filters
(glass wool and Dacron wool), an apparatus to eliminate blood
foam, a perfusion pressure regulator with a manometer, and a blood
exchanger with a telethermometer. Before the extracorporeal
perfusion, the pump-oxygenator system was filled with 500 ml. of
heparinized compatible blood. The blood was obtained 20 min.
prior to use to prevent the accumulation of lactic acid, which would
subsequently require a considerable degree of neutralization.

Before the perfusion, the blood was filtered through glass wool
and polyester staple and adjusted to pH 7.35 using 1 M sodium
bicarbonate. The priming blood, which was fully oxygenated and
warmed, was circulated through the pump-oxygenator system. A
flow of a O; + CO, mixture (95:5), maintained at the rate of 5-8
1./min., was passed into the oxygenator during the extracorporeal
brain perfusion. The blood flow rate was kept between 4 and 6
ml./min./kg., the pressure being equal to the initial systemic pressure
of the animal. The time of brain perfusion was limited to 60-90 min.
and was related to the presence of a considerable cerebral electric
activity.

The leakage of perfusate, if any, into the systemic circulation was
evaluated at the end of the experiment by adding either a dye or a
radiopaque substance to the blood of the extracorporeal circuit,

The data reported in the Results section concern only the experi-
ments (# = 18) without valuable leakage of perfusate. In other
experiments (7 = 7), leakage occurred, and the findings on cerebral
glucose metabolism were not considered because of the interference
of the body metabolic pool.

Cerebral Glucose Metabolism—Glucose uptake and lactic or
pyruvic acid formation were calculated in mg./100 g. brain/min.
from simultaneously drawn arterial and venous blood samples. In
fact, according to Gilboe ef al. (16), the rate of lactic acid formation
by the erythrocytes in the perfusion system is sufficiently high to
cause interference with the precise determination of the lactic acid
released by the brain. Such interference is substantially de-
creased by drawing arterial and venous samples simultaneously and
precipitating the blood protein immediately. By continuous addi-
tion of glucose to the venous reservoir, the glucose concentration in
blood was maintained at a constant level.

Study Program—The glucose metabolism was investigated during
three periods: (a) during the 15-min. period of control conditions,
() during and at the end of the 15-min. period of hypoxia induced
by stopping the blood oxygenation, and () at the end of the 30-
min. period of both the blood oxygenation recovery and the saline
solution or drug treatment. The drug perfusion was made through
the superior thyroidea artery (at the rate of 9.5 ml./min. for 30 min.)
with: (a) saline solution; (b) N,N-diethyl-D-lysergamide (lysergide),
5 X 100" M; and (¢) 1,6-dimethyl-88-(5-bromonicotinoyloxy-
methyl)-10a-metoxyergoline tartrate (nimergoline or nicergoline),
5 X 1075 M.

Lysergide and nimergoline concentrations were based on the doses
employed in clinical application to man (0.03-0.04 to 0.2-0.3 mg.
of lysergide and 2-4 to 10-20 mg. of nimergoline).

RESULTS AND DISCUSSION

Glucose Metabolism during Control Conditions—As indigateq in
Table I, the glucose uptake (evaluated in mg./100 g. brain/min.)
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Table I--Glucose Uptake and Lactic and Pyruvic Acid Formation (mg./100 g. Brain/min.) in the Isolated Dog Brain In Situ,
in Control Condition and in Hypoxia, with Subsequent Recovery of Blood Oxygenation with Intracarotid Treatment
with Saline Solution or Lysergide (5 X 10~7 M) or Nimergoline (5 X 107 M), at the Rate of 0.5 ml./min. for 30 min.

Glucose Lactic Acid Pyruvic Acid
nt Uptake Formation Formation
During control 18 4.76 £ 1,23 0.35 & 0.02 0.14 & 0.05
conditions (a)
At end of 18 2.28 = 0.18 0.79 & 0.05 0.91 &+ 0.10
hypoxia (b)
At end of
30-min. period
of treatment (c)4
0. + CO: + 6 3.23 £ 0.50 0.49 + 0.07 0.52 + 0.09
saline (c;)
0; + CO, + 5 3.38 = 0.54 0.44 + 0.07 0.51 £ 0.10
lysergide (cz)
0. + CO, + 7 4.07 £ 0.36 0.54 & 0.08 0.37 = 0.07

nimergoline (c;)

@ The statistical evaluation of the difference between (<) the various experimental conditions was obtained by Student’s 7 test. These calculated

levels of significance are:

Glucose Uptake: a <+ b = p < 0.01

aea=p<0.01 aeb=p<0.01 caerce=p>0.05

Gea=p<0.01 caeb=p<0.01 e =p<0.05

Cse>a =p<0.05 cie b =p<0.01 cgerca=p <0.05
Lactic Acid Formation: a & b = p < 0.01

ae>a=p<0.05 a+b=p<0.05 aqerc=p>0.05

Cte>a=p<0.05 caeb=p<0.05 cte>cs=p> 0.05

cie>a=p<0.05 cseb=p<0.05 c2e>C3 = p > 0.05
Pyruvic Acid Formation:a & b = p < 0.01

Ciea=p<0.01 aeb=p<0.01 aerc=p>0.05

aea=p<0.01 e b=p<0.01 ¢ ercs = p<0.05

CGie>a=p<0.01 cae*b=p<0.01 ccercs = p<0.05

b n = number of isolated dog brain preparations. ¢ Suppression of the Os + CO: flow into the oxygenator. ¢ Recovery of Q; + CO: flow into the
oxygenator and perfusion through the thyroidea superior artery (at the rate of 0.5 ml./min. for 30 min,) with saline solution or lysergide (5 X 10~ M)

or nimergoline (5 X 10-% M)

was 4,76 = 1.23, in agreement with the data of Gilboe et al. (16) in
two groups of isolated dog brains (4.90 = 1.00 and 3.65 + 0.73),
of Geiger and Magnes (6) in perfused cat brain (5.87 + 0.45), and of
Gottsteiner al. (17) (5.30 = 0.96) and of Kety (1) on brain of human
subjects (5 mg./100 g. brain/min.).

The lactic acid formation (in mg./100 g. brain/min.) was 0.35 +
0.02, in agreement with the data reported by Gilboe er al. (16) in
isolated dog brains (0.30 and 0.43) and by Gottstein ef al. (17) in
normal human subjects (0.42). As indicated in Fig. 1, the 7.35% of
the glucose taken up by the brain was transformed into lactic acid.
According to Gilboe et al. (16), the lactic acid formation accounted
for 6.1 %7 of the glucose uptake in the Dacron wool-filtered perfusion
blood (as in the present experimental conditions) and 11.7% in
screen-filtered perfusion blood. Himwich and Himwich (18) ob-
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Figure 1—Formation of lactic acid and pyruvic acid represented as
percentage (ordinate) of the glucose uptake in isolated in situ dog
brain during the control condition (I), the hypoxia (II), and the
recovery of blood oxygenation with intracarotid perfusion with
saline solution (III) or lysergide (5 X 1077 M) (IV) or nimergoline
(5 X 107 M) (V), at the rate of 0.5 ml.[min. for 30 min. The num-
bers below the figure indicate the probability levels of the difference
between the data of 111 in respect to other conditions.
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served 11.8%7 conversion of glucose to Jactic acid; but on the basis of
reports of cerebral glucose and total brain oxygen utilization (1),
Gilboe et al. (16) considered it unlikely that the brain normally
converts more than 5-6% of the glucose to lactic acid. In any case,
even in normal subjects, some cerebral anaerobic metabolism oc-
curs (19, 20).

The pyruvic acid formation (in mg./100 g. brain/min.) was .14 &
0.05, in agreement with the data of Gilboe et al. (16) in one group
of isolated dog brains (0.13 & 0.05) and of Gottstein et al. (17) in
pormal human subjects (0.055 =+ 0.054). As indicated in Fig. 1, only
2.94% of glucose taken up by the brain was found as pyruvic acid.

Glucose Metabolism during Hypoxia—The hypoxia resulted at
first in an increase of the cerebral glucose consumption (about 329(};
but at the end of the hypoxia period (PaO; = 19.7 + 0.85 mm. Hg),
a significant decrease in brain glucose uptake occurred (Table ).
The decrease of glucose uptake accounted for about 527 of the
control values (Fig. 2). On the other hand, a significant increase of
both lactic acid and pyruvic acid formation was observed (Table [
and Fig. 2). )

At the end of the present condition of experimental hypoxia
following the stopping of blood oxygenation, it was calculated that
lactic acid formation accounted for 34.6% and pyruvic acid forma-
tion accounted for 39.9% of glucose taken up by the isolated brain
(Fig. 1). This shows an essential tendency toward an anaerobic
metabolism of glucose with accumulation of pyruvic acid caused
by the block of the pathways of normal glucose utilization. On the
other hand, Meyer ez al. (21) found that cerebral lactate production
can be increased without any change in cerebral pyruvate produc-
tion. This observation tends to confirm the view that the increase in
lactate production is not due to a total increase in cerebral glycolysis
(22-24),

Glucose Metabolism after Recovery of Blood Oxygenation and
Pharmacological Treatment—Treatment by Saline Solution--The
recovery of Os + CO; flow into the oxygenator and the perfusion
through the superior thyroidea artery with saline solution for 30
min. (Table I and Fig. 2) increased the brain glucose uptake depressgd
by hypoxia and decreased the lactic acid and the pyruvic apld
formation. At the end of the 30-min, period of blood oxygenation
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Figure 2—Change of glucose uptake (1) and lactic (1) and pyrucic
(111 acid formation (represented in ordinate) as a mean percent varia-
tion (with probability levels) from the control values, during the hy-
poxia (A) and the recovery of blood oxygenation with intracarotid
perfusion with saline solution (B) or lysergide (5 X 1077 M) (C) or
nimergoline (5 X 1075 M) (D), at the rate of 0.5 ml.[min. for 30 min.

recovery, the lactic acid formation accounted for 15.2%7 and the
pyruvic acid formation accounted for 16.1%; of the glucose taken
up by the isolated brain (Fig. 1). In any case, the recovery of blood
oxygenation induced only a partial recovery of glucose metabolism
as evaluated during the control conditions. This behavior indicates
that (@) the experimental cerebral hypoxia in the present research
results in anaerobic glycolysis which remains reversible, and (b) the
permanence of a higher than normal tendency toward anaerobic
metabolism of glucose, also after a 30-min. period of blood
oxygenation recovery, shows the presence of an unphysiologic
process.

Treatment by Lysergide—The recovery of O, + CO, flow into the
oxygenator and the perfusion through the superior thyroidea artery
with lysergide (5 X 1077 M, at the rate of 0.5 ml./min.) for 30 min.
induced a change in glucose metabolism of the same extent as that
following the treatment with saline solution. In fact, as indicated in
Table I, the brain glucose uptake depressed by hypoxia was in-
creased without any statistical difference cersus the change induced
by saline solution. The lactic acid and pyruvic acid formation, en-
hanced by hypoxia, was decreased without any statistical difference
versus the change induced by saline solution perfusion.

The lactic acid formation accounted for 13.2% and pyruvic acid
formation accounted for 15.1% of the glucose taken up by the dog
isolated brain (Fig. 1).

Treatment by Nimergoline—The recovery of O, + CO, flow into
the oxygenator and the perfusion through the superior thyroidea
artery with nimergoline (5§ X 107% M, at the rate of 0.5 ml./min.)
for 30 min. induced an increase of glucose uptake depressed by
hypoxia with statistical difference versus the change induced by
saline solution. The lactic acid formation, enhanced by hypoxia,
was decreased without any statistical difference versus the change
induced by saline solution perfusion. The pyruvic acid formation,
enhanced by hypoxia, was decreased with statistical difference versus
the change induced by saline solution. The lactic acid formation
accounted for 13.29] and pyruvic acid production accounted for
9.1% of the glucose taken up by the dog isolated brain (Fig. 1).

Therefore, nimergoline can improve the cerebral glucose uptake
with a significant reduction of the block of the pathways of the
normal glucose utilization at the pyruvic acid stage, without signif-
icant reduction of the enhanced lactic acid production, versus the
control perfusion with saline solution.

This behavior indicated: (a) the interference of nimergoline upon
the oxidative glucose metabolism with a permanence of a partial
tendency toward anaerobic metabolism induced by hypoxia; and
(b) the possibility to dissociate, also from the pharmacological point
of view, the cerebral lactate formation from the total cerebral glv-
colysis, as supported by the quoted physiopathological observations
(21-24).

The formulate interference of nimergoline in the pathway for
glucose oxidation is supported by other experimental data. Accord-

ing to Moretti and Arcari (25), nimergoline partially restored the
mitochondrial phosphorylation efficiency impaired by the admin-
istration of high doses of either epinephrine or norepinephrine to
rats, Furthermore, in dog brain isolated /# situ, according to Benzi
et al. (14), in the absence of hypoxia the drug increased some bio-
transformations (demethylation, acetylation, and glucurono con-
jugation) with an increase in cerebral oxygen consumption. On the
other hand, in the dog cerebral vascular insufficiency during clamp-
ing of the carotid arteries, Cahn' showed that nimergoline increased
cerebral oxygen utilization, decreased the loss of phosphates, and
improved the redox-potential of the lactate-pyruvate system,
which could furnish information on energetic conditions in the
tissues (26).

CONCLUSION

Previous research on the action of some drugs perfused into the
circle of Willis showed that ephedrine and, particularly, nimergoline,
but not lysergide, can improve the metabolizing ability (demethyla-
tion and acetylation of aminopyrine and glucurono conjugation of
oxazepam) of the dog brain isolated in siry (14).

In the present research, it was observed that nimergoline, but
not lysergide, can interfere with the cerebral metabolism of glucose.
This behavior suggests the fitness of specific study on the parallel-
ism between the drug-metabolizing and the metabolic power of the
brain to elucidate the role of carbohydrate metabolism as an
eventual source of energy for drug-metabolizing activity.

Nimergoline can improve the cerebral glucose uptake and reduce
the pyruvic acid formation modified by the experimental hypoxia,
without any reduction of the enhanced lactic acid production, versus
the perfusion with saline solution. Therefore, the drug interferes with
the oxidative glucose metabolism, while the enhanced tendency
toward anaerobic metabolism persists.
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Chymotrypsin Inhibition of Muscular Contraction

ANWAR A. HAKIM

Abstract (] The effects of chymotrypsin and its various pharma-
ceutical preparations on skeletal, smooth, and cardiac muscles
were tested. Chymotrypsin inhibited the development of adenosine
5'-triphosphate-induced tension by glycerol-extracted fibers and
caused the relaxation of contracted fibers. When adenosine 5'-
triphosphate-contracted muscle fibers were exposed to chymo-
trypsin and then washed, the muscle fibers failed to respond to
the addition of the nucleotide triphosphate. 1f added to Tyrode’s
solution containing strips of tensed guinea pig gut, crystalline
chymotrypsin or its various pharmaceutical preparations caused
loss of tone, tension, and peristaltic movements. The enzyme
preparations also inhibited the response of the gut strip to hista-
mine or serotonin. When a perfusing rat heart was subjected
to chymotrypsin, the enzyme caused an immediate short-term
increase in cardiac tone and a series of abnormal contractions.
These changes continued until the heart failed. Ultrasonication of
chymotrypsin increased its hydrolytic activity on low molecular
weight substrates and abolished its effects on muscle contraction.

Keyphrases [J Chymotrypsin—inhibition of adenosine 5’-tri-
phosphate-induced muscular contraction, effect of ultrasonifica-
tion on physicochemical and pharmacological properties [] Mus-
cular contraction, adenosine 5'-triphosphate induced—inhibition
by chymotrypsin [] Ultrasonication—effect on physicochemical
and pharmacological properties of chymotrypsin

Chymotrypsin, a proteolytic enzyme, is of thera-
peutic interest as an anti-inflammatory agent. It is ex-
tensively employed to reverse inflammation, resorb
edema, and liquify or localize suppurative exudation
(1-6). For intramuscular administration, it is used as a
suspension in sesame oil or as an aqueous solution.
For oral administration, a purified enzyme concentrate
is incorporated into tablets. The action of chymotrypsin
has been attributed to the catalytic conversion of pro-
fibrinolysin to fibrinolysin (4, 5), a characteristic re-
action of both chymotrypsin and trypsin (6).

Studies from these laboratories led to the isolation of
a toxic glycoprotein from in vitro scalded human skin,
which was shown to inhibit specifically the formation
of adenosine 5’-triphosphate-induced contraction by
glycerol-extracted rabbit muscle fibers (7, 8). This in-
hibitory activity of the glycoprotein was destroyed
by incubating the glycoprotein with collagenase. The
enzyme itself did not influence the development of
adenosine 5’-triphosphate-induced tension. To extend
these studies, the effects of chymotrypsin and trypsin
were investigated. In these experiments, crystalline
chymotrypsin and its various pharmaceutical forms
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were tested in vitro on the physiological properties of
glycerol-extracted rabbit psoas muscle fibers, guinea pig
gut, and isolated rat heart. When added to the bathing
medivm, chymotrypsin or its various pharmaceutical
forms inhibited the formation of adenosine 5’-triphos-
phate-induced tension by muscle fibers. If added to the
medium with adenosine 5’-triphosphate-contracted
fibers, chymotrypsin or its various pharmaceutical
forms caused immediate loss of tension. They also
inhibited the response by guinea pig gut strips to hista-
mine or serotonin and resulted in loss of tone, tension,
and peristaltic movements. If perfused into the rat
heart, they caused an immediate short-term increase in
cardiac tone, a series of abnormal contractions, and an

enhanced heart failure.

Sonication of the enzyme increased its hydrolytic
activity on low molecular weight, synthetic substrates
and abolished its effect on muscular contraction.

EXPERIMENTAL

Materials—e-Chymotrypsin! was crystallized (9) three times to
obtain a preparation with an activity of 1200 units/mg. on N-acetyl-
1-tyrosine ethyl ester and of 25 units/mg. on N-benzoyl-1-arginine
ethyl ester. A sterile solution® was obtained containing 5000 units
of purified chymotrypsin/ml. of 0.9% sodium chloride. A purified
enzyme concentrate® containing a chymotrypsin mixture with a
potency on hemoglobin of 3065, on N-acetyl-1-tyrosine ethyl ester of
495, and on N-benzoyl-1-arginine ethyl ester of 2625 units/mg. was
employed as supplied. Trypsin4, with a potency of 4067 units/mg. on
N-benzoyl-1-arginine ethyl ester, was used.

The glycerol-extracted rabbit psoas muscle fibers were prepared
according to the method of Szent-Gyorgyi (10). The guinea pig gut
strips were obtained from freshly sacrificed animals, cleaned, and
washed thoroughly with Tyrode’s solution. The toxic glycoprotein
was prepared as reported earlier (7, 8).

Methods’>—An assay system was developed to measure the
action of drugs on muscular activities. For the skeletal muscle, the
system employed glycerol-extracted rabbit psoas muscle fibers.
The fibers were suspended from a 0.3-force transducer in 62 mM
tromethamine-phosphate buffer of pH 7.5 containing 2.5 mM
MgCl. In this chamber the fibers were allowed to incubate at 26 ° for
60 sec.; then adenosine 5’-triphosphate was added in 0.10-ml
aliquots of 3 X 10-2 M solution to induce tension. The tension was
maintained for 2 min.; then chymotrypsin was added in the amounts
stated for each experiment.

1 Armour lot K450038.

2 Chymar injectable, Armour Pharmaceutical Co.

3 Armour lots 582 and 583.

4 Armour lot K152045.

5 In all these experiments, the tension developed was monitored with
a model Grass polygraph with 7 P 1 preamplifier and recorded,



