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1.0 INTRODUCTION

The major theme in this project was to conduct as broad a series
of studies as possible in areas relevant to the manned space effort
utilizing the expertise and facilities avai]éb]e within the Section on
Pharmacology of the Medica) Sciences Proaram in conjunction with
informational input from various NASA sources. Several aspects can be
singled out for specific impetus, such as studies of the effects of
amphetamines (which were accessible during varjous NASA space missions);
examination of brain bjogenic amines systems and stress phenomena

(extremely relevant to the stresses of space flight); and the effects

~of commonly used therapeutic agents on a basic physioloaical drive

such as deprivation-induced fluid consumptioﬁ."ln addition, many of
these projects qenerated spin-off projects in related areas that yielded
valuable data with significant relevance to aspects of the space proaram
or to mankind. |

2.0 EFFECTS OF DRUGS ON DEPRIVATIOM-INDUCED FLUID CONSUMPTION

A number of previous publications from this laboratory had utilized
a étandard test system for examininq the effects of druas on fluid con-
sumption of deprived animals. In this system, rats are deprived of fluid
for 23 hours of each day, then aiven access to an unlimited (but measure-
able) quantity during the remainiﬁq 60 minutes. Temporal drinking patterns
and volume consumed ére recorded; druas are administered 15 minutes prior
to the start of a test session. This test system was used to test a
number of sedative-hypnotic druas and tricyclic antidepressants, as well

as to examine tolerance and taste phenomena.
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2.1 Effects of Various Depressant Drugs on Deprivation-Induced

Water Consumption.

The volume of water consumed in the standardized test system was
significantly increased by barbiturates (amobarbital, hexobarbital,
methohexital, phenobarbital), sedative-hypnotics (glutethimide, metha-
qualone, methyprylon), and anxiolytic agents (chlordiazepoxide, diazepam,
meprobamate), but not by the antipsychotic agent, promazine. This latter
finding confirms earlier studies with promazine and other phenothiazine
derivatives. The results with the depressant druqs sugaests that all of
these agents (including the anxiolytics) are capable of causing physical
dependence in man, since the only other drugs showing a similar dipsogenic
action in rats are the opiate narcotics. (A-2, B-3)

2.2 Taste Phenomena Influences on Stimulation of Deprivation-Induced

Fluid Consumption of Rats.

The dipsogenic action of barbital and chlordiazepoxide weré found
to be selectively influenced by the taste of the consummatory fluid
presented to deprived rats. In the case of barbital, the potency of the
drug (as a consummatory stimulant) is reduced when a more pleasant-tasting
fluid (aqueous saccharin) is substituted for distilled water, while no
alteration of éfficacy is seen wheh the consurmatory fluid is channed
from water to an unp]easant-tastinq»solution (agueous tartaric acid).
Promazine, although its effect is to reduce, rather than increase, flyid
consumption by deprived rats, has a similar effect in that its potency
is reduced when the consummatory fluid is saccharin solution. In contrast,

the potency of chlordiazepoxide as a dipsogenic agent was markedly reduced
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when the taste of the consummatory fluid was altered to either more
pleasant or less pleasant. (B-11)

2.3 Lack of Tolerance Development to the Dipsogenic Actions of

Barbital.

Previous studies had confirmed the dipsogenic actions of barbital
when given in acute dosage to rats in the test system utilized in this
laboratory. Daily dosage of rats with barbital for 14 days produced a
chronic dipsogenic state with severe overhydration. No tolerance could
be seen to this effect; on withdrawal of drug dosage, the water intake of
the rats (when computed on a body weight basis) fell to below normal
levels. In contrast, when the daily intake of fluid was restricted
during the perijod of barbital dosaae, overhydration did not occur and
drinking during the withdrawal phase was increased. These results suggest
that the release of ADH by barbiturates could be a manifestation of an

interaction involving the renin-anaiotensin system. (B-8)

2.4 Interactions of Tricyclic Antidepressant Drugs with Deprivation-

Induced Fluid Consumption by Rats.

A series of tricyclic antidepressant drugs, representing both secondary
and tertiary side-chain amines, as well as four different ring systems,
were examined for their effects on deprivation-induced fluid consumption
in the standardized test system. A1l of the compounds reduced fluid
consumption; the potency rankina was in the order: desipramine > amitrip-
tyline > doxepin > nortriptyline > imipramine > protriptyline. Pretreat-
ment of rats with a-methyltyrosine (in a dosage regimen that lowered brain

norepinephrine by 50% with no effect on brain serotonin) reduced fiuid
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consumption; in such animals, a dose of protriptyline had its usual
effect. Pretreatment of rats with p-ch]orpheny]a]anine had a time-
dependent effect on both brain amines and fluid consumption. At 1 day,
brain serotonin was 40% of normal brain norepinephrine was lowered by
35%, and fluid consumption was reduced. At 8 days after dosage, brain
serotonin was 50% of normal, but brain norepinephrine and fluid consump-
tion had returned to normal. By 15 days after dosage, brain amines and
fluid consumption had all returned to normal. Administration of ;vo-
tripty]ihe had no effect on fluid consumption on day 1, but had its usual
magnitude of effect on days 8 and 15. (B-19)

2.5 Pharmacological and Toxicological Effects of Alkali and Alakline

Earth Metal Ions as Measured by Deprivation-Induced Fluid
Consumption,

Two series of ions were selected: alkali metals (Li+, Na+, K+, Cs+)

and alkaline earth metals (Mg++, Cat++, Sr++, Bat+). The anjonic component
was kept constant as the C1” jon, and all dosages were by i.p. injection
as solutions in distilled water. Dose-response data were collected aver
ranges of 0.02 - 0.06 m moles/kg (Bat++) to 1 - 10 m moles/kg (Nat+, K+)
depending aon the toxicity of each jon. Dose related stimulation of
deprivation-induced fluid consumption was evoked hy Na+, K+, Ca++, and
Sr++, while the other jons, except for Ba++, had varfable actions.

Bat+ showed only a depressant action on deprivation-induced fluid con-
sumption and was the most severely toxic. Differential effects of the |
fons on fluid consumption and overt behavior were clearly observable.

(A-18)
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3.0 STUDIES ON BRAIN BIOGENIC AMINES.

There is little doubt that many druas can influence manmalian behavior
by virtue of interaction(s) with biogenic amine neurotransmitter systems
in the brain. Thus, alteration of these neurctransmitter systems by
adminiztration of combounds with specific actions prior to administration

of a test drug may cause the expected action of that test druq to be

perturbed. In addition, selective alteration of brain biogenic amine systems

by specific agents may yjeld relevant information regarding the systems
themselves or the agents that influence them.

3.1 Differential Effzcts of Monoamine Oxidase Inhibitars,

Daily dosage of rats for 20 days with non-toxic amounts of various
monoamine oxidase inhibitors had clearly differential actions on levels
of brain bioagenic amines and spontaneous motor activity. Open field
activity was initially depressed by isocarboxazid, but was elevated by
the 6th day of treatment and remained up throughout the dosage period.
Parqyline caused increased activity on the 6th and 9th dosaqe days and
Su-11,739 increased activity on the 6th dosaae day; both of these compounds
had no other actions, Tranyleypromine consistently decreased activity
over the entire dosage course. Brain levels of norepinephrine and sero-
tonin {(on day 20) were elevated by a11‘compounds. The effects on norepine-
phrine were: Su-11,739 > pargyline, tranyleypromine > isocarboxazid; the
effects on serotonin were: tranyleypromine > Su-11,739 > paragyline > iso-
carboxazid. Su-11,739 and tranylgypromine decreased brain levels of
6-hydroxyindoie-3-acetic acid, while isocarhoxazid and tranyleypromine

were without effect. (B-10)
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3.2 On the Role of Brain Bioaenic Amines in the Control of Pituitary-

Adrenocortical Activity.

Pretreatment of rats with a monoamine oxidase inhibitor such as pargyline

prevents the metabolic destruction of serotonin and norepinephrine released
from brain stores. Administration of a subsequent dose of reserpine wil}l
thus markedly elevate the ratio of free:bound amines in the brain. Under
these conditions, the ACTH hypersecretion usually evoked by reserpine

does not occur, suggesting that the Towering of brain amine levels by
reserpine is the mechanism of action for that druq's effect. The elevated
levels of brain serotonin and norepinephrine produced by the inhibition

of monoamine oxidase did not cause ACTH hypersecretjon themsejves, nor

did they prevent the ACTH hypersecretion caused by exposure to cold or
administration of sedative doses of chlorpromazine. (B-16)

3.3 Comparative Effects of 5,6-Dihydroxytryptamine and Its Benzo[b]-

thiophene Analogue on Biogenic Amines in the Rat.

Administration of a single i.p. dose of either compound to rats
caused a significant reduction in levels of norepinéphrine in heart and
spleen. In contrast; only 5,6-dihydroxytryptamine reduced spleen levels
of serotonin, and neither compound had any effect on brain norepinephrine
or serotonin. When administered directly into the lateral ventricle of
the rat brain, both compounds reduced the levels of norepinephrine for
a period of less than 24 hours. The 5,6-dihydroxytryptamine caused a
prolonged lowering of brain levels of serotonin and b-hydroxyindole-3-

acetic acid; in contrast, its benzo[b]thicphene analoque was completely

“without effect on Lrain serotonin levels. (A-16, A-24, B-20, C-3)
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3.4 Structure-Activity Relationships in Analogues of 5,6-Dihydroxy-

tryptamine.
Studies of a variety of compounds related to 5,6-dihydroxytryptamine,

including 5-hydroxy-6-methoxytryptamine, 6-hydroxy-5-methoxytryptamine,
5,6-dimethoxytryptamine, and 3-( g-aminoethyl)-5,6~isopropylidenedioxy-
benzo[b]thiophene demonstrated a wide variety of behavioral and biochemical
differences related to specific structural entities. For example, the
key structural factor in selective neurotoxic actions toward serotonergic
systems appears to be the ability to form a quinone-type structure,

while the requisite component for affecting catecholamineraic systems
appears to be the catechol mority. The 1sopropylidenedioxy compound
appears to have extreme biological stability and unique toxicological
actions. (A-20, A-23, D-1, D-2)

4.0 BIOCHEMICAL RESPONSES TO STRESSFUL STIMULI

When the mammalian organism is subjected to stressful stimuli, a
host of mechanisms are activated, providing a diversity of response
phenomena. Many measurable chanaes occur in biochemical parameters,
some of which are directly relevant to the stress imposed, while others

are second order or incidental. In addition, responses may differ

depending upon the type of stress and whether it is of an acute, repetitive,

or chronic nature. Exploration of a number of parameters in response to
different stress situations could lead to a descriptive characterization
of the stress process in animals and indicate appropriate parameters to

measure in man.



4.1 Development of a Model Stress System for Repetitive Daily Ttress.

Usine mice as the test system for three differentially unique stressors
(cold exposure, forced immobilization, drug-induced stimulation), the
effects of single and repetitive stress application were measured on a
variety of biochemical parameters: plasma corticosterone, glucose, and
free fatty acids, and brain norepinephrine, serotonin, and 5-hydroxyindole-
3-acetic acid. In a single exposure, all three stressors elevated plasma
corticosterone; amphetamine elevated plasma glucose, while cold exposure
and immobilizatijon produced a hypoglycemia; plasma fatily acids were
elevated by cold exposure, depressed by immobilization, and unaffected
by amphetamine. When the acute stress was repeated daily for two weeks,
adaptation was seen in plasma corticosterone in the repeatedly immobilized
mice, while amphetamine and cold exposure continued to evoke elevated
levels; plasma gqlucose levels were depressed in amphetamine-treated and
immobilized mice but normal in mice exposed to cold; and plasma fatty acid
1evé1s were normal in all animals. When animals were subjected to an
acute stress after two weeks of repetitive stress, the dearee of responding
was reduced for all combinations; the effect was qreatest for repetitive
cold exposure and least for repetitive amphetamine dosaqe.

Acute amphetamine was without effect on brain bioqenic~am1nes,

although repetitive amphetamine for two weeks caused Joweréd levels of

“pbrain norepinephrine. Acute cold exposure or immobilization elevated

brain levels of serotonin and 5-hydroxyindole-3-acetic acid; on repetitive
exposure, significant decreases were seen in both compounds. No effects

were seen on brain norepinephrine with either cold stress or immobilization
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after single or repetitive exposure, Repetitive cold stress enhanced

the increased serotonin and 5-hydroxyindole-3-acetic acid caused by all

three acute stresses and reduced the effects of acute amphetamine on

brain norepinephrine; repetitive amphetamine enhanced the effects of a
subsequent cold exposure on brain norepinephrine; repetitive immabil-

ization was virtually without effect on subsequent acute stresses. (B-7, D-5)

4,2 Stress Effects on Conversion of Glucose to CO, in Mice.

Administration of !“C-labeled glucose to mice under various acute
stresses leads to differential excretion of ll'COZ. Cold stress increases
the rate of conversion of C-1 or C-U, decreases the rate of canversion
of C-2, and has no effect on C-6, Immobilization stress has no effect
on the rate of conversion of C-1 alucose to COZ’ but causes a decreased
rate for C-2, C-6, and C-ll. Amphetamine stress increases the rate of
conversion for C-U glucose to C02, but results in a decreased rate of
conversion for C-1, C-2, and C-6. (D-6)

5.0 BIOCHEMICAL AND BEHAVIORAL PHARMACOLOGY OF AMPHETAMINES

Amphetamine and a variety of analogues and congeners are extremely

interesting and cogent to this overall research program for several

reasons. First of all, supplies of amphetamine, alone, or in combination
with another agent, were avajlable to the astronauts on space flights

for use as antifatioue and antimotion sickness aaents. Secondly, the
amphetamines represent a class of pharmacological agents with intriguing
actions on a variety of body syéggms that involve biogenic amines such

as dopamine and norepinephrine.. Th}rd]y, the known behavioral and
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pharmaco]ogicaT effects of the amphetamines suggest that these drugs
interact with a number of basic drive systems including arousal, hunger,
and sleep, Finally, the Structure-activity relationships of the amphet~
amines are most amenable to a variety of manipulations and investioative
studies.

5.1 Differential Effects of oMT on Anorectic and Stimulatory Actions

of Amphetamines,

Pretreatment of ratsg With a dosage regimen of aMT (a—methy]tyrosine)
that reduced brain levels of norepinephrine by 40-60% had a s]ight anorectic
effect, but no effect on continuous avoidance»respondinq. Such pretreatment
had no effact on the anorectic action of a single dose (2 ma/kg) of
d-amphetamine op methamphetamine, byt markedly reduced the increased
continuous avoidance responding usually evoked by those compounds, Ip
contrast, simijar Pretreatment with oMT had no effect on the actions of
benzphetamine in either test systen. (B-15)

5.2 Interactions of Caffeine with Various Amphetamines on Rat Food

Consumption and Avoidance Responding.

Pretreatment of rats with caffeine potentiated the actions of the
p-chloro- and p-methy7-analoques of amphetamine and penzphetamine as
depressants of deprivation-indyced food consumptiop, althouah na such
éffects Were seen with the unsubstituted compounds. Similar caffeine
pretreatment completely antagonized the stimulant effect of d-amphetamine
and its p-chloro analogue on continuous avoidance responding., 1In contrast,
pretreatment with caffeine potentiated the ability of the p-methyl analogques

of amphetamine and benzphetamine to decrease avoidance responding,

10



and converted the normally modest stimulatory action of benzphetamine
on avoidance responding to that of a depressant action, (B-18)

5.3 Drug Interactions on Body Temperature Maintenance in the Mouse.

Exposure of mice to an environmental temperature of 4° C leads to
a loss of body temperature and death in 5-6 hours. Intraperitoneal
injection of water or solutions of d-amphetamine exacerbates this effect,
while caffeine has a modest antagonistic action. The combination of
d-amphetamine plus caffeine is syhergistic; a rapid fall in body temper-
ature causes death to occur in less than 3 hours of cold exposure, (C-5)

5.4 Differential Effects of d- and 1-Amphetamine on Spontaneous

Motor Activity in Mice.

The effects of single doses of d- and 1-amphetamine on motor activity
in mice differed in both quantitative and qualitative aspects, At Jow
doses (0.5 mg/kg, i.p.) and at high doses (8.0 ma/kg, 1.p.) both isomers
were stimulants of spontaneous motor activity, differing only in potency.
However, at intermediate doses (2.0 - 4.0 ma/kg, i.p.) the 1-isomer
caused a significant depression of spontaneous motor activity, while
the d-isomer was stimulatory. (A-14, B-9)

5.5 Influence of Drugs Altering Brain Biogenic Amines on the Effects

of Amphetamine Isomers on Locomotor Activity.

In mice, doses of d-amphetamine of 1.0 or 4.0 ma/ka, i.p. both produced
a markedly increased level of spontaneous motor activity. Pretreatment of
the animals with oMT reduced the duration of the stimulatory effect while
pretreatment with pargyline reduced the magnitude of the amphetamfne effect.

Pretreatment with p-chlorophenylalanine reduced the stimulatory effect of

11



the Jower dose of d-amphetamine but increased the action of the higher
dose. Pretreatment of the mice with reserpine amplified the stimulatory
effects of d-amphetamine as compared to animals given only reserpine.
Administration of a sinqle dose of 1.0 mg/kg of 1-amphetamine had
only a transient depressant action on spontaneous motor activity in mice,
while a larger dose (4.0 mg/kq, i.p.) caused a marked depression for
30 minutes. These effects were not significantly changed by the oMT
pretreatment but were altered by pretreatment with p-chlorophenyialanine,
pargyline, or reserpine. The results suggest actions of the amphetamine
enantiomers occur through different biogenic amine systems. (A-14, C-6)

5.6 Differential Pharmacology of Amphetamine Enantiomers.

In rats, a single i.p. dose of 2.0 mg/kq of d-amphetamine induces

a significant increase in navel spontaneous motor activity, while a similar
dose of 1-amphetamine induces a decrease in that activity. Chronic pre-
treatment with oMT blocks the stimulatory effect of the d-isomer blocks

the stimulatory effect of the d-isomer but prolongs the depression induced
by the 1-isomer. Chronic pretreatment with pargyline induces a depression
of spontaneous motor activity that is qualitatively, but not quantitatively,
reversed by d-amphetamine; the parqyline pretreatment has no effect on the
depressant action of a subsequent dose of 1-amphetamine. Pretreatment with
p-chlorophenylalanine has no major influences on the stimulatory actions

of d-amphetamine, but alters the maanitude and duration of the depressant
actions of l-amphetamine. The results suqaest that d-amphetamine influences
only catecholaminergic systems while 1-amphetamine also influences seroton-

ergic systems. (A-22, D-4)

12



6.0 BIOCHEMICAL STUDIES OF ANALOGUES TO BIOLOGICALLY ACTIVE INDOLE
COMPOUNDS

The continuing interest of this laboratory in biologically active
indole compounds and the key roles of tryptophan as an essential amino
acid in mammalian nutrition, a key component in active protein molecules,
and a precursor of the biogenic amines serotonin and melatonin, led to
a number of studies of compounds'structurally similar to tryptophan.

In particular, this area of research was particularly fertile ground for
studies of molecular structure relationships to biological activity,
using the principles of selective molecular modifications;

6.1 Intestinal Transport of Tryptophan and Its Analoques.

A comparative study of the intestinal transport of DL-tryptophan
and its 1-methylindole and benzo[bJ]thiophene analogues was performed
15_31539, using the everted iptestinal sac preparatijon of the rat and
hamster. Both tryptophan and its benzo[b]thiophene analogue were active]y
transported by this preparation, while T-methyltryptophan was not. The
active transport of tryptophan was competitively inhibited by the benzo[b]-

thiophene analogque, but not by 1-methyltryptophan, suggesting little or

~no interactions of the latter with the carrier process, The transport

of tryptophan and its benzo[bJthiophene analogue was depressed by high
concentrations of either compound (> 10 mM); all three amino acids produced
subtle alterations in the barriér properties of the sacs as evidenced
hy increased diffusion rates observed for tetfaethylammonium bromide .

(A-8, B-14)

13
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6.2 Bioisosteric Inhibition of DOPA Decarboxylase.

Using an in vitro test system of purified hog kidney aromatic-L-amino
acid decarboxylase, the benzo[b]thiophene analogue of 5-hydroxytryptophan
was found to be an effective inhibitor of DOPA decarboxylation, with a
potency almost twice that of a-methyl-DOPA. When administered to mice
prior to a dose of labeled L-DOPA, the compound led to siagnificantly
elevated brain levels of DOPA, dopamine, and DOPA metabolites, suggesting
that sufficient inhibition of péripheral decarboxylation had been achieved
to effectively increase the amount of DOPA that entered the brain. (A-4,
A-17, C-1)

6.3 The Metabolic Fate of the Benzo[blthiophene Analogue of Tryptophan

in the Rat.

In mammals, the amina acid tryptophan is metabolically degraded via
a number of pathways, including decarboxylation, transamination, and
ring cleavage via tryptophan pyrrolase. However, when the benzo[bJthio-
phene analogue of tryptophan was administered to rats, no eviden;e was
seen for decarboxylation or ring opening. Instead, » 90% of the excretion
products could be identified as unchanged compound and the benzo[blthio-
phene analogues of indole-3-lactic acid, jndole-3-pyruvic acid, indole-3-

acetic acid and indo)e-3-acetylglycine. (A-19, c-2)

7.0 PHARMACOLOGICAL STUDIES OF ANALOGUES TO BIOLOGICALLY ACTIVE INDOLE

COMPOUMDS .

Following the aspects of biologically active indole analoques discussed

in 6.0 {above) studies have also been carried out of the comparative

14



e

structure-activity relationships of analoques of tryptamine in varjous

in vivo and in vitro systems containing responsive tryptamine receptors.

The results obtained are compatible with a structural specificity for the
unsubstituted indolic nitrogen,

7.1 Pressor Effeéts of Tryptamine Analogues.

Methylation of tryptamine in the 1-position had 1ittle effect on the
potency of the drug as a pressor agent in the intact anesthetized rat,
while the benzo[bJthiophene analogue of tryptamine had a markedly decreased
pressor activity. Pretreatment of the animals with the a-sympatholytic
agent, phenoxybenzamine, reduced the pressor effects of all three compounds,
In contrast, pretreatment of the animals with reserpine reduced the pressov
effects of tryptamine and its benzo[b]thiophene analogue, but increased the
pressor effects of 1-methyltryptamine. (A-9, B-17).

7.2 Contractile Responses to Tryptamine Analoques in Isolated Smooth

Muscle.

Tryptamine and its benzo[b]thiophene and 1-methylindole analogues had
a lower affinity for receptors in rat stomach fundus than did serotoning
the interaction between methysergide and serotonin in this system was
competitive, while the interactions between methyseraide and tryptamine
and its analogques were noncompetitive. In contrast, the affinity of
tryptamine and 1-methyltryptamine for receptors in rat aortic strips was
greater than the affinity for serotonin; all compounds showed honcompetitive,
interactions with methysergide in this preparation. (A-21, c-4)
% 0 STUDIES IN CHEMICAL PHARMACOLOGY - DRUG DISPOSITION AMND DRUG METABOLISHM.

In the course of carrying out a coord1nated program of stud1es in

biochemical pharmacology, a number of occasions arise when studies of the

15



physiological disposition and/or metabolic fate of chemical compounds
is relevant to other aspects of the pharmacoloay of such substances.

8.1 Inability of Rat Brain Homogenate to Oxidize Amphetamine.

Incubation of rat brain homogenate with labeled amphetamine failed
to produce any decrease in the amount of amphetamine or any significant
metabolites. The conversion of neotetrazolium chloride to diformazan
by the tissue extract occurred with or without the presence of amphetamine.
It was concluded that the literature report on metabolism of amphetamine
| by brain homogenate in vitro was erroneous. (B-6)

8.2 Metabolism of 3-(2-Dimethylaminoethyl)benzo[blthiophene In Vitro

and In Vivg in the Rat.
The metabolism of 3-(2-dimethylaminoethyl)benzo[bJthiophene has been

studied in vivo and in vitro in rats. The results indicate the major

pathways of metabolism to be 6-hydroxylation, N-dealkylation, and oxidation
by monoamine oxidase. No evidence for sulfoxidation was found. Metabolites
were identified by combinations of mass spectrometry, nuclear magnetic

resonance spectroscopy, thin-layer chromatography, and liquid scintillation

counting, ‘(A-7, B-4)

8.3 Comparative Physioloqica] Disposition of Melatonin and Its Benzo-

[b]thiophene Analogue in the Rat,

Melatonin and its benzo[b]thioéhene analog were labeled by acetylation
of the corresponding S-methoxyarylethylamines with tritiated acetic
- anhydride. The benzo[blthiophene analoque had a much higher 1ipid solu-
éﬁﬁ ' bility as measured by partition between neutral aqueous solution and

organic solvents. When administered to rats, both compounds disappeared

et i p .
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from plasma and tissues by first-order decay. The dispositions were
similar, with the higher 1ipid solubility of the benzo[b]thiophene analogue
resulting in higher tissue:plasma ratios, especially in adipose tissue,
kidney, and liver, and a longer half-life in plasma and tissues. (A-11,
B-12)

8.4 Physjological Disposition of Atropine in_the Rat.

The physiological disposition of atropine was studied in rats, using
tritium-labeled drug and a specific assay method. At doses of 1.25 to
10 mg/kg, 1.p., the greatest localization was seen in kidney and liver,
with tissue:plasma ratios of > 10:1. Tissue half-lives over the period
0.5 - 4 hours ranged from 40-46 minutes in plasma to 97-106 minutes in
adipose tissue. (A-10, B-5)
9.0 STUDIES IN TOXICOLOGY

Another facet of an overall project in biochemical pharmacology involves
the need for testing various compounds of interest for their toxicological
profiles or examination of specific toxicological phenomena. In some cases,
such studies yield significant data that has relevance in a much broader
scope than merely descriptive characterization of a ccmpdund.

9.1 Pharmacolagical and Toxicological Studies on 1,4-Butanediol.

1,4-Butanediol is a widely used agent in the manufacture of a number of
polymeric materials, The LD50 in rats was found to be 1328 ma/ka, iip.
The compound had a significant sedative effect at dosages > 300 ma/kg.
Effects of the drug on spontaneous motor activity were biphasic; doses of
50-200 ma/kg significantly reduced spontaneous motor activity, while doses

> 300 mg/kq caused loss of the righting reflex. No increase in Tiver

17
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triglycerides was seen even after 14 days of dosage at 1000 mg/kg daily.
(A-15, B-13)
9.2 Hepatotoxic Effects of Iproniazid,

Iproniazid represents a loss of monoamine oxidase inhibitors that are
derivatives of hydrazine and thus have toxic biochemical effects by virtue
of their ability to chemically react with carboxy] groups in the mammalian
organism. Studies in mice chronically dosed with iproniazid indicated
that significant strain differences exist with regard to the ability of
the drug to influence liver triglycerides of animals on normal or pyri-
doxine-deficient diets. The effects of acute iproniazid dosage in Swiss-
Webster mice on a control diet were manifested by hypoglycemia; in animals
on a pyridoxine-deficient diet, the drug induced both hyperglycemia and
and hyperlipemia. In addition, the administration of tryptophan or its
benzo[b]thiophene or 1-methylindole analogues to mice pretreated with
iproniazid led to a marked hepatotoxicity. (A-6, A-12, A-13, D-3)

10.0 CHEMICAL METHODOLOGY

In any project of this type, a variety of situations arise in which
analytical or synthetic chemical methodology is required as a supportive
effort. Several of these efforts resulted in significant productivity
Independent of, but related to, projects described elsewhere,

10.1 Mass Spectra of Carcinogenic 4-Hydroxylaminoquine1ine N-oxides.

The mass spectra of carcinogenic 4-hydroxylaminoquinoline M-oxjde and
some methyl substituted derivatives have been determined. Fragmentation
of the parent compound proceeds from M to M-2, M-16 and M-17. The M and

M-2 ions are particularly valuable. (B-1)
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10.2 Isotopic Procedures in Biomedical Analyses.

The use of radioisotopes in analytical chemistry is widespread,
although the applications to biomedical problems are somewhat 1imited.
Of particular interest is the potential use of radiolabeled derivatizing
agents to permit the quantitative estimation of submicrogram quantities
of organic compounds in biological materials, Several examples may be
cited: (1) the use of 3H-acetic anhydride to determine primary and
secondary amines, and steraids; (2) 1l‘kf:-methw jodide to determine tertiary
amines; and (3) 63Nit3 to determine 3-ethoxy-2-ketobutyraldehydedithio-
semicarbazone. In addition, enzymatic procedures utilizing transferase
enzymes and !“*C-S-adenosylmethionine have heen developed for the deter-
mination of catecholamines, The potentjal applications of these approaches,
using labeled der1vatizatiéﬁ reaqgents of classical semi-micro organic
functional aroup analysis and/or purified transferase enzymes with labeled
cofactors are an almost virgin field of research with tremendous potential.
(A-1)

10.3 Physicochemical Properties of Benzo{b]lthiophene and ]-Methylindole

Analoques of Indoljc Compounds of Biological Interest.

Within a series of structures, i.e., indole, benzo[blthiophene,
1-methylindole, 1ipid solubility was determined by the side chain, ranking
in the order:‘ —CHZCHZOH > -CHZCHZN(CH3)2 > ~CH2CH2NH2 > -CHZCOOH, -CHZCH~
(NHZ)COOH. Within a given series of constant side chains, i.e., 'CHZCHZ'
NHZ’ 'CHQCHZN(CHj)g’ —CHZCH(NHZ(COOH, or -CHZCOOH, the Tipid solubility
ranked in the order: benzo[b]thiophene > 1-methylindole > indole. The

influence of molecular alteration on pK, values of the compounds are correlated
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with 1ipid solubility, The results are significant in relation to the
bioiogical activities and physiological disposition of the various compounds.
(A-5)

10.4 Site-Specific Deuteration or Tritiation of Benzo[b]lthiophene

and 1-Methylindole Analogues of Biologically Active Indole
Compounds . |
The site-specific deuteration and tritiation of 1-methylindole and
benzo[bJthiophene analogues of biologically active indole derivatfves
has been achieved by the use of the facile metalation of these hetero-
cycles with n-butyllithium and subsequent reaction with 2H20 or 3H20’
Metallation occurs at the 2-position and site and extent of deuterium
incorporation was determined by NMR. The use of similar procedures with

3H20 led to ready incorporation of tritium into these heterocycles.

(A"'3s‘ B"Z)
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ABSTRACT e
The mass spectra of carcinogenic 4-hydroxylaminoguinoline N-dxide and
some methyl substituted derivatives have been determined. The diagnostic
value of these fragments may be a facile means to study the metabolism and

mechanism of carcinogenesis of these compounds.

INTRODUCTION

The known chemical carcinogens are composed of a multitude of structural
types, including 4-nitroquinoline N-oxides. This class of chemical carcinogens,
first prepared by Ochiai and co-wokers (1943), was demonstrated to be
carcinogenic by Nakahara et. gli: (1957). Following this demonstration of
Caréinogenicity, a number of papersfhave appeared describing the physical,
chemical, and spectral characteristics of 4-nitroguinoline N-oxide and its
derivatives; this data and the mechanism'of’carcinogenicity has been summarized

in a recent monograph (Endo et. al,, 1971).
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Sugimura et. al. (1966) demonstrated that mammalian cells metabalically

transform 4-nitroquinoline N-oxide to 4-hydroxylaminoquinoline N-oxide, a more
potent carcinogenic moiety considered to be the proximate agent. In an earlijer
paper (Bosin and Majckel, 1972) we reported on the mass spectral fragmentation
patterns produced by carcinogenic methyl substituted 4-nitroquinoline N-oxides.
As a continuation of that problem, we now report the mass spectral fragmentation

patterns produced by methyl substituted 4-hydroxylaminoquinoline N-oxides.

MATERTAL AND METHODS
The structures of the compounds studied in this report are presented in

Table 1.
Table 1
Structures of Compounds Subjected to Mass Spectral Studijes
R3 NHOH
Ry Xk
R NRy
R6 0
Substituent Position Ry Ro R3 Rg | Rg Re
Ring Position # 2 3 5 6 7 8
Compound Name Compound #
4-Hydroxylaminoguinoline :

N-oxide I H H H H H H
2-Methyl-1 Ia CHg H H H H H
§-Methyl-I Ib H H CHy | H H H
6-Methyl-1 Ic H H H CHy H H
7-Methy)-1 Id H H H H CHy | H

i
]
B14
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The precursor methyl substityted 4-pitroquinoline N-oxides were prepared as
Previously described (Bosin and Maickel, 1972) and were reduced to the
corresponding 4-hydroxylamino derivatives by known procedures (Kawazoe
and Tachibana, 1967). Melting points were in agreement with those reported
(Endo et. al., 1971). Analytical purity was confirmed by thin- layer
chromatography on silica gel G plates (Analtech, precoated, prescored,
thickness 0.25 mm) using two solvent systems: methanol, and ch]oroform
methanol (1:4, V:v); visualization was accomplished by ultraviolet light
(350 nm) or alkaline permanganate spray.

The mass spectra were determined on Varian MAT CH-7 and AET MS-9
Mass spectrometers at an jonizing potent1a] of 70 ev. The direct probe

method was used in all cases,

RESULTS AND DISCUSSION

Figure 1 gives the complete spectra and Table 2 selected jons of 4-
hydroxylaminoquinoline N-oxide and some methyl substituted derivatives.
The identification of the aromatic hydroxylamine group by mass spectro-
metry has been reparted (Coutts and Mukherjee, 1970) and the diagnastic
value of M, M-2, M-16, and M-17 emphasized. The diagnostic value of the
M-16 ion, in the present case, is complicated by the possibility fer loss of
oxygen from bath the N-oxide and the hydroxylamino groups. In the mass spectra
of methyl substituted 4-hydroxylaminoquinoline N-oxides, there is no M;17
fragment, in contrast to simple aromatic hydroxylamines ard methyl substituted
4-nitroquinoline N-oxides (Bosin and Maickel, 1972), In the latter case the
M-17 1on was indicative of a methy] group adgacent to either the M-oxide or
nitro group.  Thys, for d1agnost1c purposes, the M and M-2 jons in combination

with the select jons in Table 2 provide ready spectral characterization of these
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Table 2

Selected Ions of 4-Hydroxylaminoquincline N-oxide Derivatives

COMPOUND 1 Ia Ib Ic 1d
Fragment % Relative Intensity

M 16 11 7 0 13

M-1 20 30 19 27 38

M-2 30 58 17 100 N
M-16 35 76 38 68 68
M-18 28 0 53 53 36
M-32 18 37 43 93 62
M-33 0 58 45 43 25
M-47 29 49 36 28 54
M-48 61 70 48 93 89
M-60 62 100 17 68 - 100
M-62 35 47 40 27 46

M-75 67 52 40 73 89

M-87 75 99 17 68 66

Base Peak, m/e .75 130 1585 188 130

compounds. Figure 2 provides a proposed rationalization for the mass spectral
fragmentation of Id via the M-2 pathway.

| This mass spectral characterization described should be applicable to
Vfurther studies of the metabolism of methyl substituted 4-hydroxylamino-

-~ quinaiine N-oxides in relation to their carcinogenic effects.
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SUMMARY

The site-specific deuteration and tritiation of I-methylindole
and benzol bl ~thiophene analogs of biologieally active indole deri-
—vatives has been achieved by use of the facile metalation of
these heteraaqcles with n-butyllithiuwm and subsequent reaction
with H 0 or 3H 0. Metalation occurs at the L-position and site
and ~xtent of deutermum 1ncorparat10n was deteymined by N.M. k.

The use of similar procedures with H 0 led to ready inaorporation

of tritiym into these heterocycles.

INTRODUCTION

The demand for specifically labeled organic molecules has resulted in
the development of selective procedures for the incorparation of deuterium
(3), +ritium (4), and carbon-14 (5) into orgapic compounds. Specifically,
radiolabeled molecules are extensively used in mechanistic and biomedical
research (6); in addition, the application of stable isotopically labeled
molecules to metabolic studies has recently been described (7).

As a result of our study of the chemical pharmacology of tryptophan

and its isosteres, it became necessary to prepare suitably labeled
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benzof{b]thiophene and 1-methylindole analogs of biolegically active indoje
derivatives. The method which was employed utilizes the facile metalation
of benzofh]thiophene (8) and 1-methylindole (9) with n-butyl]ithium and
subsequent reaction with 2H,0 or *H20. Metalation has been shown (8,9)

to occur at the 2-position due to the inductive effect of the heteroatom,
and is therefore the active site for introduction of the deuterium op

tritium atom,

RESULTS AND DISCUSSION

A. Exchange Studies Using Deuterium

The general procedure for deuterium incorporation is as follows:
The compound to be labeled was dissolved in dry, freshly distilled tetra-
hydrofuran (THF) and the resultant solution cooled to 00 for 1-methy]-~
indole and -78° for benzo[b]thiophene derivatives. The reaction solution

was treated with n-butyllithium and allowed to stir for 30-75 minutes at

the Jow temperature prior to reaction with 2H20. The nmr spectra of 1-methyl~
indole and benzo[b]thiophene derivatives possessed a characteristic absorption

for the H-2 praton, and therefore, the decrease or loss of the H-2 absorption

provided-a ready means of determiniﬁg the percent exchange. The compounds

labeled in this study and the nmr data appear in Table I,

Table I

Compounds and Percent Exchange Based on NMR

z
dw)
X

Compound Substituents NMR Data
% H-2
Na. Name X z 6H-25 Exchanged
1 3-(2—Aminoethy])benzo[b]- S CH,CH,NH 7.07 80
H 272
thiophene
I Benzo[blthiophene-3-acetic S CH,COCH 7.26= 70
acijd 7.48*

36




Site~specific deuteration op tritiation of benzo (b) thiophene

TT1 3-(2-Dimethylaminoethy} )- S CHaCHoN(CH3),  7.10
benzo[b]thiophene
) V. J-Methy)-3-(2-dimethylamino-  N-cH, CHaCHN(CH3),  6.71
ethyl)indote

5 These §H-2 values are those for the parent unexchanged compound.
’ * This proton is part of a myltipiet,

The exchange Jabeling of the sulfur analog of tryptamine (]) was
complicated by its extreme sensitivity to air. Preparation of the free

base from its hydrochloride salt ang subsequent handling under an jnert

atmosphere were required,

The metalation of the sulfur analog of indole-3-acetic acid (I1)
with n-butyl1ithium resulted in 70% exchange of the H-2 proton and 35%
exchange of the methylene protons. Increasing the molar ratio of p-

buty1lithium and/or the reaction time failed to significantly alter the

extent of methylene proton exchange.

397
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In order to facilitate the exchange of the H-2 proton in the 1-methy)-

indole derivative (IV) it was necessary to elevate the reactiop temperature

to 0° and extend the reaction time to 75 minutes; further elevation of the

reaction temperature or increase of the reaction time led to degradation

of the compoynd.

B. Exchange Studies Using Tritium

The use of 3H20 as the quenching agent for the metalated heterocycles

allows for the facile preparation of specifically labeled compounds. The

specific activities of the compounds so labeled appear in Table 11,

The

chemical purity of each compound was demonstrated by thin-layer chromato-

graphy using several different solvent systems and the radiochemical

purity was verified by radioscannipng of the thin-layer plates.
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Table 11
Specific Activity of Exchanged Compoundsé

Compound No. Specific Activity (uCi/mmole)
1 518
I 729
19! 43)
v 176

§ Reactions were run as per the experimental using
3Ho0 (2 mCY/mmole).

Compound YI was selected for a study of the effects of the volume and
the specific activity of the quenching 3H20 on the rate of tritium incor-
poration., These data appear in Table lIJ.

The study of the effect of 3H20 volume used to quench 3.0 mmoles of
base reveals the highest rate of tritium incorporation occurred when 1.5
mmoles of 3Hy0 and the Towest when 6.0 mmales of 3H20 were used to quench
the reaction. The decreased tritium incorporation observed upon utilization
of excess 3H20 may reflect a tritium isotope effect and/cr the greater

availability of 1H vs. 3H atoms.

Table 111
Effects of Volume and Specific Activity of the Quenching 3H,0s

3H20 Specific Specific Activity

Volume (ul) mmoles 3H,0 Activity {mCi/mmole) of Compound IT
mCi/mmale
27 1.5 2 2.16
54 3.0 2 1.76
108 6.0 2 0.91
27 1.5 10 5.18
27 1.5 20 11.10

§ Reactions were run using 1.0 mmole of compound II and 3.0 mmoles of
n-butyllithium as per the experimental.
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e ———— e s

Th2 study of the effect of the specific activity of the quenching
3H,0 on the rate of tritjum incorporation was undertaken using 1.5 mmoles
of 3H20. The rate of tritjum incorporation was a linear function of
the speci~ic activity of the 3Hy0. Studies are presently in progress tp
develop appropriate exchange procedures for heterocycles containing NH
groups, i.e., indole, imidazole, thiazole, etc., and should greatly

extend the versatility of this method.

EXPERIMENTAL

Melting points were measured on a Mel-Temp capillary melting point
apparatus, UV data were obtained on a Unicam SP1800 Ultravioiet Spectro-
photometer and concentrations of sotutions used in specific activity
determinations were obtained via UV, Radiocactivity was measured in a
Packard Tri-Carb 4322 Liquid Scintillation System, using the scintillation
solution described by Maickel, et al (10). "Nor spectra were run on a Varian
Associates Madel HA-100 spectrometer using deuterochloroform as the
solvent and tetramethylsilape as the internal stanpdard. Aromatic proton'
assignments were made hy analogy ta compounds previously reported (11,12).
One dimensional thin-layer chromatography was carried out on Analtech
silica gel & precoated plates (Analtech, Inc., Newark, Delaware). The

solvent systems used in thin-layer chromatography were: A, methyl acetate-

e ——

2-proranol-ammonia (45:35:20); B. chloroform-methanol-acetic acid (60:

35:5); and €. methano}-ammania (98.5:1.5). ATl thin-layer chromatograms
were developed 12 cm and visyalized with one or more of the following
reagents (13): Van Urk reagent, alkaline potassium permanganate, ninhydrin,
and jodine vapar. The devé]oped thin-layer plates containing radjoactive
material were scanned on a Packard Model 7200 Radiochromatogram Scanper.,

A1l exchange reactions were conducted with oven-dried glassware which

was assembled and placed under & continuous flow of dry nitrogen gas,
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prior to the introduction of any reaction component.

3-(2-Aminoethyl)benzo[b]thiophene-2-2H or 3H. (I). 3-(2-Amino-

ethyl)benzo[b]thiophene hydrochloride {0.2}3 g, 1.0 mmole) was dissolved

in 15 m1 of 1 N NaOH and extracted with 2 x 25 ml of diethy) ether. The

combined ether extracts were dried over anhydrous MgS04 and the éther removed

under reduced pressure. The free base was unstable in the atmosphere neces-

sitating handling in an inert atmosphere. The free base was dissolved in

60 m} of freshly distilled (from LiAlHg) THF, cooled to -78° in a COp/

acetone bath, and treated with n-butyllithium (1.5 m) of a 2.5 M solutjon,

3.75 mmoles). The solution was stirred for 30 min at -78° prior to quenching

with either 2H,0 {0.7 ml, 5 mmoles) or 3H,0 (0.1 ml, 5.0 mmoles). The quenched

reaction was dried with anhydrous MgS04. The dried and filtered THF solution

was treated with dry HC1 gas to produce the amine hydrochioride. Recrystal-

lization from methanol/ethyl acetate gave 0.176 g (83%) of large coloriess

plates, m.p. 220-2219. TLC ysing solvent systems A, B, and C gave Rf's

0.82, 0.59 and 0.24 respectively. Nmr of 2H-exchanged I: & 1.22-1.60

{m, 2H, NHQ). 2.97 (broad s, 4H, CHZCHg), 7.09 (s, 0.20H, H-2), 7.20-7.46

(m, 2H, H-5,6), 7.62-7.90 {m, 2H, H-4,7). Using 2H,0 (99%) as the quench-

ing agent gave 80% deuterium jncorporation at the 2-position, while using

®H,0- (2 mCi/mmole) gave a specific activity of 518 uCi/mmole.
Benzo[b]thiophene-2-2H or 3H-3-acetic acid. {II)}. Benzo[b]thiophene-

3-acetic acid (0.192 g, 1.0 mmole) was dissclved in 60 ml of freshly distii-
led (from LiAlHg) THF and the reaction vessel cooled to -78¢ in a €0,/
acetone bath and treated with n-butyllithium (1.28 il of a 2.34 M solytion,

3.0 mmoles). The reaction was allowed to stir for 30 min at -78Y and

quenched with 2H,0 (0.108 m}, 6.0 mmoles) or 3H20 (D.108 m], 6.0 mmoles).
Upon removal of the THF under reduced pressure, the residue was dissolved

in 20 m1 of 1 N HCY and the aqueous phase extracted with 2 x 25-m} of ether.
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Removal of the ether and recrystallizatjon of the product fram Ho0 gave
0.155 (81%) of long colorless needles, m.p. 110-1719, TLC using solvent
systems A and B gave Rf's 0.68 and 0.91 respectively. Nmr of 2H-exchanged
I1: 3.8 (s, 1.3H, CHy), 7.25-7.50 (m, 2.3H, H-2,5,6), 7.64-7.94 (m,

2H, H-4,7), 11.50 (broad s, 1H, OH). Using 2H,0 (99%) as the quenching
agent gave 70% deuterjum incorporation at the 2-position and 35% incorpora-
tion at the methylene position. Quenching with 3Hy0 (2 mCi/mmele) gave a

specific activity of 719 uCi/mmole.
3-(2-Dimethylaminoethyl)benza[b]thiophene-2-2H or 3H, (ITI}). 3-(2-

Pimethylaminoethyl)benzo[bJthiophene (0.205 g, 1.0 mmole) was dissolved
in 60 m1 of freshly distilled (from LiAlHg4) THF and the reaction vesse] was
cooled to -780 in COp/acetone prior to treatment with n-buty}iithium (7 m}

of 2.5 M solution, 2.5 mmoles). The reaction was allowed to stir for 30
min at -780 before quenching with either 2H,0 (0.1 m1, 5 mmoles) or

3H20 (0.1 ml, 5 mmales). The THF was removed under reduced pressure, the
free base was dissolved in 50 m1 of diethyl ether and the ether dried over
anhydrous MgSO4 prior to treatment with dry HC1 gas to produce the hydro-
chloride. Recrystajljzation of fhe hydrochloride from methanol/ethy] acetate
gave 0.20 g (83%) of long colorless needles, m.p. 260-2612. TLC using
solvent systems A, B, and C gave Rf's 0.92, 0.42 apd 0.36 respectively.
Nmr of the 2H-exchanged 1I1: & 2.31 (s, 6H, N(CH3)n), 2.52-2,76 (m, 2H,
CHyN), 2.85-3.10 {m, 2H, Ar(Hy), 7.18-7.43 (m, 2H, H-5.,6), 7.63-7.86 (m,
2H, H-4,7).  Using 2Hy0 (99%) as the quenching agent gave 100% deuterium
incorporation at the 2-position, while using 3H20 (2.mCi/mmole) gave a

specific activity of 431 pCi/mmole.
1-Methy1-3-(2-dimethylamincethy])indole-2-?H or3H. (IV). 1-Methyl-

3-{2-dimethyTaminoethyl)indole (0.203 g, 1.0 mmole) was dissolved in 60 m)
of freshly distilled (from LiA1H4) THF, was cooled to 0% in an jce bath,
and treated with n-butyl7ithium (0.8 m1 of 2.5 M solution, 2.0 mmoles).
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The reaction was allowed to stir for 75 min at 0° prior to quenching

with either 2H,0 (0.1 ml, 5.0 mmoles), ar 3H20 (0,7 ml, 5.0 mmoles). The
THF was removed under reduced pressure, the free base was dissolved in 50 m
of diethy} ether and the ether was dried over anhydrous Mgso4 prior ta
conversion to the hydroch]oride with dry HC) gas. Recrystallization from
ethanol/diethy] ether gave 0.176 (74%) of coior]ess needles, m.p. 1698-1700,
TLC using solvent system C gave Rf 0.31. Nmr of 2H-exchanged IV: & 2.30
(s, 6H, N(CH3)p), 2.49-2.74 (m, 24, CHpN), 2.80-3.04 (m, 2H, ArCHy), 3.64
(s, 3H, NCH3), 6.80 (s, 0.25H4, H-2), 6.97-7.26 (m, 3H, H-4,5,6), 7.49-
7.63 (m, 1H, H-7). Using 2H,0 (99%) as the quenching agent gave 75%
deuterium incorporation at the 2-position, ‘while using M0 (2 mCi/mmole)

9ave a specific activity of 176 wCi/mmole.
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EFFECTS OF VARIOUS DEPRESSANT DRUGS
ON DEPRIVATION-INDUCED WATER
CONSUMPTION*

R. P. MaAICKEL and G. J. MALONEY?

Department of Pharmacology, Medical Sciences Program, Indiana University, Blaomington,
Indiana 47401

(Accepied 4 January 1973)

Summary—The volume of water consumed in a 60 min period by rats deprived of water for 23 hr
was increased by a variety of sedative drugs such as barbiturates, glutethimide, methagqualoric
and methyprylon. The antipsychotic agent, promazine, decreased water consumption under
similar conditions, while antianxiety agents such as chlordiazepoxide and meprobamate had g
stimulatory effect similar to the barbiturates. The resulis may be significant in consideration of
the use of liquid reinforcement in punishment attenuation studies,

The role of central mechanisms in the control of fluid intake has been the subject of consider-
able study, as evidenced by a number of symposia, reviews, and books (MILLER, 1965;
GRossMAN, 1967; MORGANE, 1969). Previous work from this laboratory has demonstrated
that a variety of cholinergiv blocking agents, cholinergic stimulants, antihistamines and
amphetamines a|l reduce deprivation-induced fluid consumption by rats (GERALD and
MAICKEL, 1969 ; MAICKEL, Cox, KSIR, SNODGRASS and MILLER, 1970; GERALD and MAICKEL,
1972; MaickeL and WeBB, 1972). In contrast 1o this diversity of pharmacological agents
that reduce deprivation-induced water consumption, one specific group of drugs, the bar-
biturates, have been shown to stimulate fluid infake by deprived rats (SCHMIDT, 1958,
1969). In addition, several antianxiety agents have been reported to stimulate consumption
of fluids that might be considered aversive in taste. For example FALK and BURNIDGE (1970)
reported increased consumption of 159 saline solution by rats treated with chlordiaze-
poxide. Similarly, MARGULEs and STEIN (1967) reported that oxazepam increased the
‘consumption of milk made bitter-tasting by the addition of quinine, ;

The present paper reports on the actions of various sedative-hypnotic drugs, both barbi-
turate and nonbarbiturate, and several antianxiety agents on deprivation-induced fluid con-
sumption by rats, ‘

MATERIALS AND METHODS

Adult (300-350 g) male, Sprague-Dawley rats (Murphy Breeding Laboratories, Plainfield,
Indiana) were ysed in all experiments. The animals were maintained on tap water and Purina
Rat Chow ad lib. for at least | week after arrival in the laboratory. All solutions for injec-
tion were made in glass distilled water such that a dose volume of 01 ml per 100 g body

*Supported by USPHS grants MH-14658 and KO2MF-41083 (to R, P, Maickel) and by NASA grant NGL-
15-003-117. .

tTaken in part from a thesis submitted by G. J. Maloney for the M.S. degree in Pharmacology, Indiana
University, 1972. :
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weiéht contained the desired dose; all injections were given intraperitoneally, 15 min prior
to placing the animals in the drinking cages.

The procedures used to measure deprivation-induced water consumption were basically
those of GERALD and MAICKEL (1969). Rats were placed in cages, 7 x 7 x 14 inches, identi-
cal to the home cages of the animals. The cages were suspended in individual compariments
of a sound-proofed box with uniform fluorescent lighting. Constant circulation of air by
blowers maintained uniform temperature in the compartments; the noise level of blowers
served as a “ white noise”. Each cage contained a drinking tube connected to an external
50 m! buret filled with distilled water at the start of each test run and stoppered. As the
" animal consumed water, the change jn volume was measured visually to the nearest 0:1 ml,
The front door of each compartment was equipped with an eye-piece lens to permit visual
observation of the rats without disturbing their behavioral performance. For at least 1 week
prior to testing drug effects, rats were deprived of water daily for 23 hr prior to testing, then
placed in the *“drinking cages™ and allowed to drink for 1 hr. Food was available ad lib. in
the home cages but was not available in the drinking cages.

Drug trials were started only after the animals demonstrated stable baselines (less than
5% daily variation) of water intake. The schedule for drug studies was arranged so that the
rats were run daily, with drugs administered every fourth day, and placebo doses on the
intervening days. Water intake was recorded at 15, 30 and 60 min of the consummatory
sessions; the greatest proportion of drinking occurred in the first 15 min in all cases.

Groups of 8 rats were run in each test system; an n of <8 rats indicates that a value or
values was discarded because of equipment malfunction. All data are reported as mean
+ S.D. Statistical comparisons were carried out by the correlated stest for paired scores.
The day prior to each drug day was used as the pre-drug value for that drug run. Each
animal served as its own control; per cent of pre-drug values are the mean of values calcu-
lated for each animal.

RESULTS

Effects of barbiturates on deprivation-induced water consumption in rats

The data in Table 1 indicate that the short-acting barbiturates, amobarbital, hexobarbital
and methohexital, had no significant effect on the volume of water consumed by deprived
rats, except for the highest dose of methohexital. With the longer-acting barbiturate, pheno-
barbital, increased water consumption was observed at all dose levels, a finding similar to
that previously reported for barbital (MaickeL and MALONEY, 1972).

Effect of various sedative drugs on deprivation-induced water consymption

The data in Table 2 are those obtained with three sedative drugs, glutethimide, methaqua-
lone, and methyprylon as well as the antipsychotic agent, promazine. With the exception of
the lowest doses of glutethimide and methyprylon, a significant elevation of water consump-
tion was seen with all three sedatives. In contrast, promazine, at all three doses tested,
produced a significant decrease in dzprivation-jinduced water consumption, a finding ‘that
is in agreement with a previous publication from this laboratory (MAICKEL, GERALD, WAR-
BURTON and MAHJIU, 1968) examining several phenothiazine tranquilizers.
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Table ). Effects of barbiturates on deprivation-induced wafer consumption in
rats

Dose (i.p.) Volume consumed

Drug . n (umol/kg)  Pre-drug Drug % of »
(inl) (mt) Pre-drug

19 149416 160416 109+ 13:0
3-8 162439 173443 108 4238
7-6 105+ 34 109434 1114372
36 125421 13-1 434 105-- 209
7:2 161 4:2:7 178+32 1094174
144 157441 168439 10154

Amobarbita) 6
8
8
8
7
8
Methohexital 8 16 119431 1404-42 1204 30-5
8
8
8
8
8
8

Hexobarbital

32 1394£32 151439 1094187
64 1274+29 149425 1214232
195 147425 187425 1294198
39 1354+ 1-6 183433 137246
7-8 1204-19 200433 1584388
156 11-24:2-5 186418 1724405

Phenobarbital

* € # % &

Animals were treated as described in Materials and Methods section; drug was
administered 15 min prior to start of drinking session. Resulis are expressed as
mean 4:8.D. of the values obtained. Statistical comparisons were made by the
correlated -test for paired scores; significant differences from the corresponding
pre-drug values (P < 0-05) are indicated by.*

Table 2. Effects of various sedative drugs on deprivation-induced water con-
sumption in rats

Dose (i.p.) Volume consumed
Drug n (pmol/kg)  Pre-drug Drug % of P
(ml) (ml) Pre-drug
Glutethimide 7 46 158 £2:6 154422 994-11-3
8 92 124 4-1-5 150439 1214263 *
8 184 133434 156434 1214214 *
Methaqualone 8 2:0 151623 171478 116:£201 *
8 40 143 £27 185416 1344231 *
Methyprylon 8 27 1244+ 2.1 132414 1094197
8 54 118428 152431 1424373 =
7 10.8 124422 162432 1334£264 *
Promazine 7 0-78 153 431 129437 854164 ¢
8 1-56 102431 81428 471147 *
8 31 1444+33 63437 401247 ¢

Animals were treated as described in Materials and Methods section; drug was

administered 15 min prior to start of drinking session, Results are expressed as

mean :8.D, of the values obtained. Statistical comparisons were made by the

correlated -test for paired scores; significant differences from the corresponding
pre-drug values (P < 0-05) are indicated by,*

46



780 R. P. MaickeL and G. 1. MALONEY

Effect of various antianxiety drugs on deprivation-induced water consumplion

In Table 3 are presented the data obiained when chlordiazepoxide, diazepam, and mepro-
bamate were administered to deprived rats prior to the start of the drinking session. Except
for the lowest dose of meprobamate, significant increases in water consumption were
observed in all test situations.

Table 3. Effect of antianxiety drugs on deprivation-induced water consumption

in rats
Dose (i.p.) Volume consumed
Drug n (mol/kg) Pre-drug Drug %, of P
(ml) (ml) Pre-drug
Chlordiazepoxide 8 1-1 131424 164428 1254151 *
8 22 107422 15532 1504293 *
8 44 125429 185425 1524311 ¢
Diazepam 8 1-8 14331 184435 1334306 *
8 36 142421 19935 136.£327 *
7 72 1225+ 19 187432 1514260 *
Meprobamate 8 92 126422 134434 1064185 *
8 184 134423 167435 1244177 *
8 368 1006425 137430 132217 *

Animals were treated as described in Materials and Methods section ; drug was

administered 15 min prior to start of drinking session. Results are expressed as

mean +S.D. of the values obtained. Statistical comparisons were made by the

correlated t-test for paired scores; significant differences from the corresponding
pre-drug values (P < 0-05) are indicated by.*

A comparison of the slopes of the dose-response curves for all the drugs tested is seen in
Table 4. The slopes of chlordiazepoxide, phenobarbital, methyprylon, and meprobamate
are similar, as are those of diazepam and glutethimide. Promazine is dissimilar to all others
in sign since it causes a reduction in fluid intake, while amobarbital, hexobarbital and metho-
hexital did not yield dose-responsc curves.

Table 4. Slopes of dose response
plots of drug effects on fluid
' consumption

Compound Slope =

Amobarbital 34 064
Chlordiazepoxide 434 090
Diazepam 299 - 0-93
Glutethimide 365 087
Hexobarbital 83 094
Meprobamate 430 098
Methaqualone 28-2 - 099
Methohexital 17 008
Methyprylon - 354 0-67
Phenobarbital 498 - 099
Promazine -- 147 093
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DISCUSSION

In many reports of the effects of sedative drugs on fluid consumption, a lack of standard-
ization of procedures, dose schedules, and thirst-inducing stimuli has made comparisons
difficult. In the present study, the stimulus was constant (23 hr deprivation of fluids), the
pretreatment time was constant (1 5 min), all drugs were studied in dose-response schedules,
and all experiments were run at the same time of day to minimize the effects of circadian
rhythm variables.

The results obtained are consistent with the hypothesis that sedative-hypnotics and anti-
anxiety agents stimulate water consumption in deprived rats. The sedative acticn of the
barbiturates cannot be responsible for this phenomena since promazine, like other pheno-
thiazine tranquilizers (MAICKEL er al., 1968) decreases fluid consumption in a similar test
system. In addition, previous work from this laboratory has demonstrated that antihist-
amines, despite their having sedative actions in humans, also reduce fluid intake in-a similar
test system (GERALD and MAICKEL, 1972)

In a recent publication (MaICcKEL and MALONEY, 1972) we have shown that careful atten-
tion must be paid to time- and dose-response characteristics in order to separate the sedative
and dipsogenic actions of barbital. Such restriction hold 1rue for all sedative drugs; the
depressed animal may not be able to drink even though the thirst drive is present. In this
regard, the use of combination test system such as actophotometers and water consumption
tests (MAICKEL and MALONEY, 1972) may be a requisite for suitable interpretation of the
data obtained,

The implications of the findings reported in the present manuscript towards the mode of
action of antianxiety drugs merits special attention. According to the hypothesis of Geller
(GELLER and LEIFTER, 1960, 1962; GELLER, HULAK and LEIFTER, 1962), the responsiveness
of rats on a bar pressing schedule for fluid reinforcement is suppressed by punishment.
Administration of chiordiazepoxide, meprobamate, or phenobarbital increases the rate of
responding during the punished period, leading to the interpretation that these drugs have
abolished the effect of punishment. In view of the present findings demonstrating the
increased water intake in response to these drugs, ane must pose the question of whether this
dipsogenic action is sufficient to *““ override” the inhibition of behavior due to punishment.
In view of evidence in the literature on increased food consumption elicited by sedative
drugs (RANDALL, SCHALLEK, HEISE, KEITH and BAGDON, 1960; OpiTz and AKINLAJA, 1966)
and the present findings on fluid consumption, the possibility of a motivational component
in the explanation of consummatory behavior suppressed by punishment should receive
further study.
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ABSTRACT

The metabolism of 3-{2-dimethylaminoethyl)benzo|b|thiophene has been studied in vivo and in
vitro in rats. The results indicate the major pathways of metabolism to be 6-hydroxylation,
N-dealkylation, and oxidation by mnroamine oxidase. No evidence or sulfoxidation was obtained
Metabolites were identified by combinations of mass spectrometry, nuclear magnetic resonance
spectroscopy, thin-layer chromatography, and liquid scintillation counting.

Benzolbjthiophene derivatives  constitute a
growing class of biologically active compounds (1).
Despite the large. number of benzolbjthiophene
derivatives that have been synthesized, metabolic
studies have been reported fer only ane compound,
4-benzo[blthiophene methylcarbamate, o pesti-
cide, in the rat (2). and in dairy goats and a
lactating cow {3). Of particular interest was the
identification, by infrared spectroscopic tech-
niques, of benzo[bjthienyl-4-sulfate-1-oxide, as u
urinary metabolite in the goat and cow (3).

Continuing interest in the biochemical phuarma-
cology of benzo[blthiophene derivatives has led
this laboratory to investigate several compounds
analogous to b:ologically uctive indoles (4-9). No

information is available on the metabolism of
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3-substituted benzo[bjthiophenes, and because
mauny of the naturally occurring indales of phar-
macological inferest are 3-substituted derivatives,
3-(2-dimethylaminoethy benzo[b]thiophene (1,
the benzo|b]thiophene unalog of N.N-dimethy)-
tryplamine (DMT), wus chosen as a model com-
pound for the present study.
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In view of the feported sulfoxidation of 4-ben-
zo|bjthiophene miethy! carbamate (2, 3), it was of
interest to determine whether I might undergo
sulfoxidation. Other metabolic pathways for 1
might be predicled on the basis of the struclura)
analogy between I and DMT.?2 Mectabolites of
DMT result from N-dealkylation, N-oxidation,
aromatic hydroxylation. uand oxidative deamina-
tion (10, 11). Jaccarini and Jepson (12) reported
that the positional specificity of indole hydroxyla-
tion by liver microsomal enzymes was the same
regardless of substrate, species, or atfempted in-
duction. The 6-hydroxy derivative was the only
hydroxylated product formed. When incubated
with the 10,000g supernatant fraction of rat liver
homogenate (no pretreatment with inducing
agent), DMT wus found to vield 1.3 pmol of
6-hydroxy-DMT per g of liver per hr (12).

* The abbreviations used are- DMT. N.N-dimethyltrypta-
mine: NMR, nuclear magnetic resonance. TLC, thin-layer
chromatography:
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We report here the identification of metabolites
of 1 by high resolution NMR und muss spectrome-
try. The quantitative metaholic profile of 1 is
presented in vitro and in vivo in the rat,

Materials and Methods

Liver samples were obtained from adult male
Sprague-Dawley rats, 300-400 g (Murphy Breeding
Laboratories. Plainfield. 1nd.). Rats were fusted over-
night before use.

The following compounds were generously supplied by
Dr. E. E. Cumpaigne, Department of Chemistry. Indiana
Unriversity, Bloomington, Ind.: 3-(2-dimethylamino-
ethyhbenzolb]thiophene - hydrochloride,  3-(2-methyl-
aminocthylbenzolblthiophene hydrochloride, benzolbl)-
thiophene-3-acetic ucid, 3-(2-hydroxvethyl)benzo{bthio-
phene, and 5-hydroxy-3-(2-dimethylaminocthyl)benzo-
{bjthiophene  picrate.  2-Tritio-3-(2-dimethylamino-
ethylbenzo[bthiophene hydrochloride, 8.9 mCi/mmol,
was prepared by the method of Bosin and Rogers (13).
The radiochemical purity of this compound was shown
by thin-layer chromatography to be preater than 99.5%.

Liver Microsomal Incubation. Preliminary studies
were performed with the crude microsomal fraction of
_rat liver prepared and incubated by the method wi' Mazel
(14). Optimum conditions for the microsomal ¢-hydrox-
ylation of indoleatkylumines in vitro were established by
Jaccarini and Jepson (13); these conditions were em-
ployed in all experiments performed for the purpose of
quantitating metubolites. Appropriate buffers (12, 14)

were prepared according to Stauff and Juenicke (15). All
experiments employed the 10.000g supernatant fraction
of rat liver homogenate, Centrifugation was carried out
at 5°C for 20 min in an 1EC model B-20 refrigerated
centrifuge. Incubations were carried out in 25-m! glass
vials at 37°C with an Aminco-Dubnoff shaking incubator
operated at 125 cpm, Reactions were terminated after |
hr by immersing the vials in a Dry lce-acetone bath,
Isolation of Metabolites. Far preliminary TLC studies.
0.5- 1.0 mi of incubation mixture, pH 7.2, was added to a
glass-sioppered 15-m! centrifuge tube containing 6.0 mi
of ethyl ether. Sufficient solid NuaCl was added to
suturate the aqueous phase. Tubes were mechanicatly
shaken for 10 min and centrifuged for 10 min. The ether
phase was then transferred to a disposable culture tube
from which the ether was evaporated under a stream of
N,. The residue was taken up in methanol and subjected
to TLC on Silica Gel G plates (Analtech, precoated,
prescored Uniplate; 0.25-mm thickness) in one or more
of the following soivent systems: A, chioroform/
" methunol/acetic acid (60:35:5); B, methunol/ammonia
(50:0.75); C. methyl acetate/isopropuanol/ammonia
(45:35:20). A spray of 1% potussivm permanganate in
5% aqueous sodium carbonate was employed for visuali-
zation, k
To obtain a giver melubolite in a quantity sufficient
for spectroscopic study, 2.0 m} of incubation mixture
were added 1o each of at least 30 60-ml glass-stoppered
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tubes containing 25 ml of ethvi ¢ther and sufficient solid
NaCl to sgturale the aqueous phuse, Amines were
extracted after adjustment of the aqueous phase o pH 1
with solid Nu,COs Acids were extracted after adjust-
ment of the aqueous phase to pH | with 0.5 ml of 5 N
HCI, After shaking and centrifugation, the pooled ether
extracts were evaporated under reduced pressure. The
residue was taken up as an aqueous solution at appropri-
ate pH (pH 1 for an amine, pH 11 for an ucid),
transferred to a 60-m1 glass-stoppered tube, dituted to a
fina! volume of 6 ml, and washed with 2- 3 10-mi portions
of benzene. The aqueous phase was then adjusted to pH 7
with solid Na,CO, or 0.5 N HCl as appropriate,
saturaled with NaCl. shaken with 30 ml of ethyl ether,
and centrifuged. The ether was evaporated, and the
residue was tuken up in methanol. This methanolic
solution was upplied, by means of a 1-ml glass syringe
and 30-gauge hypodermic necdle, as a streak to a Silicu
Gel H (Brinkmann) layer (20 x 20 cm, 0.75-mm
thickness), which was then developed in one of the three
solvent systems described above. A bund of silica gel at
an appropriate Ry was scraped into a sintered glass filter
funnel and washed with 0.5 N HC1if the metabolite was
an amine or 0.2 N NaOH il the metabolite was an acid.
The filtrate was adjusted to pH 7. suturated with NaCl,
shaken with at least 2 volumes of ethy! ether. and
centrifuged. The ether phase wis transferred to a clean
sample vial and evaporated, The residue was then
exzmined by NMR uand/or mass spectrometfy. NMR
speetri, 220 MHz, were ohtained using a Varian HR-220
NMR spectrometer and, when necessary, wefe time-
averaged with u Nicolet Instrument Corp. 1080 com-
puter, Mass spectra were obtained using a Varian Mat
CH7 muss spectrometer using an jon current of 70 eV,
Quantitation of Metabolites. [2-*H]3-(2-Dimeth-
ylaminoethyl)benzolbjthiophene was used. Radioactiv-
ity was measured in a Packard Tri-Carb model 2425
tiquid scintiflation spectrometer, with polycthylene vials
and a scintitlation medium consisting of 14 g of 2,5-bis-
[2-(5-tert-butylbenizaxazoly)]thiophene and 280 g of
naphthalene in 2 mixture of 2100 ml of toluene and 1400
ml of ethylene glycol monomethyl ether. A counting
system of 15 m! of this medium, 0.5ml of 0.5 N HCI, and
silica gel (vide infra) was used for these determinations.
A 4-ul (Drummond Microcup) -aliquot of incubation
mixture or urine was applied 1o a Silica Gel G- (Brink-
manh) layer {200 x 20 cm, 0.50-mm thickness). The
chramatogram was developed in either one or two
dimensions. as appropriate, with ane or more of the three
solvent systems already described. The layer was then
divided into | x 1-cm squares, and each square was
scraped into u polyethylene counting vial. To each vial
was then added 0.5 m1 of 0.5 N HCH, and after thorough
mixing the counting system was completed with 15 miof
scintiflation medium as described above, This sysiem
gives 24% cfficiency for tritium with a background of 19
cpmi, Results for this procedure allow the construction of
two- and three-dimensional histograms for graphic pres-
entation of the quantitative metabolie profile, Recavery
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of lubeled conpuunds incubated in the absence of tissue
ur in the presence of boiled tissue was = 90 o 4 60-min
incubatien, followed by extraction and TLC as deseribed
ahove

Rudiochramatogram Scanning and | hin-l.ayer Auto-
radiography. When sufficient radioactivity was present.
the location of ‘11 metabolites on thin-laver chronto-
grams (Silica Gel G. Brinkmann NM-Polygram, pre.
casled plastie sheets 5 > 20 em. 0.25.mm laver thiche
ness) was determined using @ Packard model 7200
radiochromatagiam seanner, Thin-layer awtoradiograms
were produced by exposing chromatograms 1o hodak
RP Royal X-Omat medical X-rav film for 4 weehs
Films were processed in o Kodah N-Omat processor

In Vivo Metabolisns. In o typrcal experiment, a rut was
injected with *H-1 (30 mg/kg and 125 pCi/kg ip) und
placed in a metabolism cage (Murylund Plastics. New
York, N.Y.) for collection of urine und feces, At 5. 24,
48. 72, and 96 hr after Injection. urine was collected and
stored under toluente at 5°C, and feces were collecied and
frozen. The animal was killed and exsanguinated. and
samples of plasma. liver, kidney, and brain were col-
lected and frozen.

The volumes of the urine and toluene phases were
measured. Duplicate atiquots (0.1 ml) of each (oluene
phase were counted directly. Duplicate aliguots (0.1 ml)
of each urine phuse were digested by the perchloric scid
method of Kobayashi und Muudsley (16) before count-
ing.

The total Jeces collected were homogenized in 200 m)
of 0.5 N HCL Duplicate aliquots (1.0 ml) were digested
with perchloric acid (16), and 0.4 ml of each digest was
counted

Tissues were homogenized in 3 volumes ol 0.1 N HC.
Duplicate aliguots (0.) ml) of each homogenate were
digested with perehloric acid (16) und counted,

Urine was examined by two methads for the presence
of radioactivity. Aliquots {5.0 ml} of urite al pH 1 (1.0
ml of 5 N HCl added) and pH 11 (solid Nu,CO, added)
were saturated with solid NaCt and shaken with 30 m! of
ethyl ether in a 60-ml glass-stoppered tube, After centrif-
ugation, the ether phases were transferred o disposable
culture tubes, and the cther was evaporated, The residue
was luken up in methdiol and chromatographed on a
Silica Gel G (Brinkmanhn thin layer 0.25 mm). The
chromatogram was then scanned for tadioactivity,

A sccond method entailed the application of 4 pi of
whole urine to a Silica Ge! G (Brinkmann) luyer (0.50
mm). After development in solvent system A. o histo-
gram wes produced as deseribed earlier,

Results

Identification of “the in Vitro Metabolites of
3-(2-Dimethylaminoethyl ibenzo|bjthiuphene (1)
The presence of amine metabolites wus demon-

_strated without the aid of *H-1. Extruction of the
incubation mixture at pH 1, 7,.and 11 followed by
TLC examination of the organic phuse revealed
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twoamines, TLC eharactenistics of in virra metab-
olites ol Fare presert«d in table |

Prepurative TLC 10 sobvent system A yielded
approximately [ mg ol the mugor amine metabolite
from an extract o the incubation nisture. A
time-uveraged 200-3H, NMR spectrum ot the
metabolite wus obtained, and the dromatic regron
is presented in fig. [ The spectrum shows that
either the 5- or the 6-proton of 1 has been repliced.
H one compares this spectrum with the same
region Irom thut of the benzolhthiophene dnalog
ol bufotenine. S-h)dmx_\'-l-(l-dinwth_\Iumino~
cthyl)benzolblthiophene (17), shown in Fig. 2, a
striking dilference s apparent, The chemical
shifts of the 2-protons are uite dissimilar. lead-
ing to the conclusion that the amine metabolite in
guestion is u 6-substituted-3-(2-dimethylamino-
ethyDhenzolblthiophene. The possibility of 4- or
7-substitution was ruled out after a consideration
of the uromatic splitting pattern, 4-Hydroxyla-
tion for example. as seen in the spectrum of the
benzo[b]thiophene analog of psilacin (18). does
not give rise to the well resolved multiplets that
oceur in a 5- or 6-substituted benzatbjthiophene,
The mass spectrum of this sample is presented in
fig. 3. It exhibits u molecular ion mi/e 221. in-
dicating that the metabolite represents the incor-
poration of un oxygen #tom into the pirent com-
pound. Fragments m/e 162 and mie 91 are at-
tributable to this metabolite, but the sumple was
not sufficient to yield a spectrum upon which
meaningful interpretation of mass frugmentation
could be based. This evidence does, however., sup-

TABLE |
TLC characteristics of in vitro metabolites of
3-(2-dintethylaminocth viybenzo[blthiophene

Ry

Compound
A B C

3-(2-Dimethylaminoethyhbenzo- | 038 | 050 —
|bjthiophene”
6-Hydroxy-3-(2-dimethylamino- | 0.20 | 0.42] —
cthylibenzolbjthiophene”
3-(3-Methylaminocthyhbenzo- 0431029 —
{blthiophene”
Benzo|blthiophene-3-ucetic acid’ U.62J 0451 047

SRR SR SR A

“ A, chioroform/methanol/acetic ucid (60:35:5); B,
methanol/ammonia (50:0.75); C. methyl cetate/iso-
propanol/ammonia (45:35:20)

" Determined on Sifica Gel G {Analiech).

* Determined on Silicy Gel G (Brinkmiann): authentic
sumple wis mixed with extract of incubition mixlure
before chromatography.
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FIG. | NMR spectrum (220 M H:) of 6-hydro.ry-3-(2-dimerh,\'Iaminoelhyl)ben:o[b}rhiophene.
Solvent: CDCly: interval ref,: CHCly: Mo. of scans: 61, Chemical shifts of aromatic protons. are presented intable 4.

—vas ey
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FiG. 2. NMR spectrum (220 M H=) Q/'5‘-h_\'a'r0.\'_l'-3-(2’~dim(’lhl'/(lmim)elh_t‘/)b(’n:o[b]lhiuphene‘
Solvent; CDCl,: intervul ref.: trimethylsilyl: No. of scans: I, Chemical shifts of aromatic protons are presented in
. table 4. .

port the conclusion thit the mdjor amine metubo-  from I and 6-hydroxy-l by solvent system B (table

lite - of I is 6-hydroxy-3-(2-dimethylaminoethyl) 1. Preparative TLC of ah extruct of the incubution

benzo|blthivphene, v mixtures yielded 4 sample of mass spectral amaly-
The second amine metabolite was well sepurated  sis. Speciral data were consistent  with 3-(2- -
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(2-dimethylaminocthyl\benzo|blihiophene.

This sample was obtained from a liver incubation mixture.

methylaminoethyl)benzo[b]Jthiophene. This- con-
clusion was confirmed by chromatographic and
spectroscopic comparison of synthetic 3-(2-
methylaminoethyl)benhzolbjthiophene with the in-
cubation mixture.

When *H-I was incubated with the 10.000g
supernatant fraction of rat liver humogenate.
radiochromatogram scans and thin-layer autoradi-
ography revealed the presence of one acidic and
one neutral metabolite. The mass spectra of these
metabolites were consistent with benzo[b]thio-
phene-3-acetic acid and 3-(2-hvdroxyethvl)hen-
zo|bthiophene. These conclusions were confirmed
by comparison with authentic sumples.

Quantitation of the in Vitro Metabotites of *H-1.
The radioactivity present in 4 given incubation
vesse! was determined by digesting duplicate ali-
quots (0.1 ml) of incubation mixture with per-
chiotic acid as described in Materials and Methods
and counting. Aliquots of incubation mixture were
diluted with water and subjected to fractional
distillation to show that the tritium iabel was
biologically and chemically stable. An aliquot (4
pl) of incubation mixture was then chromato-
graphed in two dimensiuns, first in solvent system
A, and then in solvent system B after rotation of
the plate through a 90° angle. Histogram analysis
of this chromatogram provided a direct determina-
tion of the amount of each metabolite praduced.
The results are presented in tuble 2. It was found
that greater than 99% of the radioactivity applied
to the plate was recovered in four spots.

Metabolism of *H-1 i# Vivo. The urinary excre-

tion of radioactivity after an ip injection of 3H-1

(30 mg/kg and 125 piTi/kg) in the rat is presenied
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TABLE 2
Production of
{2-'H}3-(2-dimethylaminoethybenzo|blthiophene
metabolites in vitro

umol
Compound Product?fg | Per Cent’
Liver/hr

34 2-Dimethy liminoethy Dbenzo- — 825
{h|thiophene

6-Hydroxy-3-(2-dimethylamino- 23 8.5
cthylbenzolbjthiophene

3-(2-Methyluminuethyhbenzo- 1.3 4.8
|bjthiophene

Benzo|bjthiophene-3-acetic W] 4.2
ucid

¥ Based on 10 umol of substrute: not corrected for recuvery,
" Percentuge of total radioactivity present.
TABLE 3

Urinary excretion of radioactivity afier ip administration
of [2-*H13-(2-dimethyvlaminoethylybenzolb|thiophene in

the rat
Time Urinary R:ldiouclivil,\mihr-

hr dpm/ml x 10°

5 473
24 564
48 14
72 8
96 1

in table 3. Urine was collected under toluene. and
the possible loss of *H metabolites into the toluene
was considered. The data indicate thit 45% of the
injected dose was excteted in the urine in 96 hr.
From duta derived as described in Materials and
Methods, it was determined that 2% of the injected
dose was excreted in the feces in 96 hr. An
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examination of brain. liver. kidney. and plasma ut
96 hr failed o reveal & cuncentration of radioactiv-
ity in these tissues, Radioactivity was uniformiy
distributed in brain. fiver, und kidnes ta the extent
of 13 x {07 dpm/g. whereus the plasmu level was
6800 dpm/ml.

Radiochromutogram scans of utire extricts
showed that although no radioactivity was ex-
tracted from pH 11 into ether. extraction from pH
| yielded a single acidic metabolite. Its chromuto-
graphic characteristics, based upun previous expe-
rience with benzo[blthiophene-3-ucetic acid in vi-
tro. suggesied that the major in vive metaholite
was identical to the minor acidic metabolite pro-
duced in vitro. TLC comparison in all three solvent
systems (A. B. und C) confitmed the identity of the
urinary acid as benzolb)thiophene-3-ucetic acid.
Histogram analvsis of whole urine confirmed the
presence of [2-*H]benzo|bjthiophene-3-ucetic ucid
as the major metabolite. The Ry by histogram was
identical to that obtuined by a rudiochromatogram
scan.

As described earlier, urine was collected under
toluefie. und in the first 5 hr of collection. 4% of the
excreted radioactivity was found in the toluene.
TLC examination of this toluene fraction reveuled
the presence of {2-°H]-6-hydroxy-1. It accounts for
0.7% of the total radiodctivity excreted in 96 hr,
Alkaline permanganate tevealed a trace of un-
changed 1 that wuas not detected by a radio-
chromatogram scan.

Discussion

This study extends observations of the hepatic
microsomal hyvdroxylation of 3-substituted indoles
to the analogous benzo[bJthiophene ring system.
High resolution NMR and mass spectroscopic
methods were used to investigate hvdroxviation
and other biotransformations of 3-(2-dimethyl-
aminoethyl)benzo|bjthiophene (1}

The production of benzojb]thiophene-3-dcetic
acid reported in table 2 is 4 sum of the amounts of
acid and. 3-(2-liydroxyethyl)benzo[blthiophene
produced. Because the latter is not readily sepa-
rated from the acid by TLC (19), direct quantita-
tion of 3-(2-hvdroxyethyl)benzo[bjthiophene was
not accomplished. 3-(2-Aminoethvi)benzo|blthio-
phene was not detected in this study. This is not
surprising when one considers the comparative
rates of oxidative ‘N-demethylation of tertiary
amines vs. secondary amines (20) and the substrate
specificity of monoumine oxidase (21). 4 contamii-
nant in crude. liver preparations such as the

10.000g supernutant used in this study. Incubation
of 3-(2-methy kiminocthy hibenzo[bjthiophene and
examination hy TLC indicated that this compound
is also hydrosylated. presumably in the 6-position,
but no primary wmine was detected. The occur-
rence of benzo[blthiophene-3-acetic acid as the
major urinary metabolite of 1 is similar to the
case of DMT (22). No sulfoxidation was observed
either in vitro or in vivo.

Failure to account for more than 47% of the
administrated radioactivity in a 96-hr collection of
excrety prompted an - investigation of a limited
number of tissues. Afler 96 hr. radioactivity was
uniformly distributed in brain, liver, and kidney,
The plasma level of tadioactivity was about one-
hatl that of the other three tissues examined.
Fractional distillation of diluted plusma $gggested
that the plusma radioactivity was attributable to
*H,0. A dcfinitive study of the tissue distribution
of 1 und its metabolites has not been complefed.
Compounds of high lipid “solubility are often
sequestered in tissues other than brain. liver, or
kidney (23). Robbins er al. (2) noted that 4-ben-
zo|blthiophene methylcarbamate was highly con-
centrated in rat lung,

Detailed unalyses of the NMR spectrs of a wide
range of benzo|blthiophene derivatives have been
presented (24-26). A background for discussion is
provided by the chemical shift data presented in
figs. 1 and’ 2 und table 4, The entries in table 4
show that when the 5-position of the benzo|bjthio-
phene ring is substituted, the chemical shifts of the
4- and 6-protons are comparable and fairly con-
stant. The signal from the 2-proton occurs down-
field from the center of the 4,6-multiplet but
overlups the 4, 6-multiplet, When the 6- position is
substituted, the chemical shifts of the 5- and
7-protons dre camparable and fairly constant, but
the signal from the 2-proton is now shifted upfield
and well separated from the 5,7-multiplet. This
characteristic of the chemical shift-of the 2-proton
is well iHlustrated in figs. | and 2. The method by
which the 6-hydroxy derivative was obtained is
presented in Mateérials and Methods. The 5-hy-
droxy-3-(2-dimethylaminoethyl)benzo[bJthio-
phene was obtained by liberating the free base
from the picrate according to the method of Fieser
and Fieser (27). From a consideration of the data
presented in table 4, it is cleat that the microsomal
enzymes hydroxylate Iin the 6-position as they do
the analogous indole. Hydroxylation in the 4- or
the 7-position was ruled out in advance by consid-
ering the overall chatacteristics of the aromatic
splittihg pattern (see, for example, the NMR
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TABLE 4

Chemical shifts tin ppey relative to teimethvlalvl ot weomane protons in 3,5- and 3. 6-diubstitured
henzolhlthophene

“

\ - —_—

x
X R M2 H4
5-0H CHZCHN(CHy), 707s) | 7. Md)
5-0D CH,CH,N(CH,), T4K1s) | T30
5.0CH, CH.CH,NHCOCH, TSy b 7.23d)
6-OH CH,CH;NICH, ) 6R4s) | 7.R9(dy
6-OCH CH,CH,NHCOCH;, 693s) | 7.60(d)

6-OCHs CH, 6.70 7.3%

+§,D. Harrison. Jr.. unpublished.

S
H3 H6 H7 ,(’r‘c‘l;f,’:r‘“c’{ Solvent | Ref
i (MHz) T
— 0.90dd) | 7.62(d) 20 CDCH, —
- 7 02dd) | 7.68(d) 100 D,0 17
— 7.00iddy | 7.68(d) 100 CDCl; 17
7 49rm) - 7.49(m) 20 | CbCly -
6 Y6idd) — 7.299(d) 100 cbcCl, 3
6.55 - 1714 100 — —

* A. Dinner. Department of Chemistry. ndians Universify. unpublished.

spectrum of psilocin-S (18), a 3.4-disubstituted
benzo[b]thiophene).

Very little systematic work has been done in the
area of benzo[bjthiophene mass spectrometry. A
briel review has appeared (24). but no work has
been reported on derivatives similar to those of
interest here. and one is forced to draw analogies
with the mass spectrometry of indelealk viumines.
Couch and Williams (28) recently reported work
that provides an excellent summaury of the muass
spectrometry of tryptamines. Qualitative and
quantitative differences in the muss fragmentation
of indoles and benzo[b)thiophenes have been ob-
served and have been -presented: in detail else-
where (29). With few exceptions, the benzo|b]thi-
ophene derivatives pertinent to the present work

conformed to the fragmentation pathways that

would be predicted from a consideration of indole
mass spectrometry (28). The low relative abun-
dance of m/e 163 in fig. 3 represents a possible
exception, but the sample was not sufficient to
yield a -spectrum from which definitive conclu-
sions about the mass frugmentation of 6-hydroxy-
3-(2-dimethylaminoethyl)benzo[b]thiophene  can
be drawn. ‘

Inasmuch as the S-hydroxylation of tryptophan
by a highly specific enzyme (30Yis a widely known

redction. it seems appropridte to consider the
apparently: unigque natdre of the 6-position of

indoles and benzo[bjthiophene, w-Electron densi-
ties (1) at positions 4..5. 6. and 7 of benzolbjthio-
phene decrease in the order 6 > 5 > 4 > 7. The

order for indole is 5 = 6 < 4 = 7. In addition,

evidence drawn from ultraviolet und NMR spec-
tral characteristics of indole and benzolblthio-
phene derivatives suggests that #-electron conjuga-
tion into the ring may be more facile through the

6-pasition thun through any other. Jepson et al.
(31) have reported on the formation of a churucter-
istic red color when & 6-hydroxy-3-substituted
indole reacts with diazotized sullanilic acid, They
found that a free 2-position was hecessary for the
reaction to accut, and it appeared that the reaction
product was a 2-azo derivative, Jaccurini und
Jepson (12) reported absorption muxima for a
series of hydroxytryptamines coupled with diazot-
ized ‘sulfanilic acid, The ubsorption maxima in-
crease in the order (by position of hvdroxyl group)
4 < 5 < 7 < 6 1tis well known (32) that
w-electron conjugation shifts the absorption max-
imum of a given chromophore to a longer wave-
length. The shift to lonper wavelength that is
appatent in the series of hvdroxytryptamines (14)
suggests that r-clectron conjugation is maximum
in the 6-hydroxytryplamine derivative.
Long-runge coupling between the 2-proton and
the 6-proton is a well documented churacteristic of
NMR spectra of benzol[b]thiophenes (24). Our
NMR data revealed another consequence of the
apparent electronic cominunication between the
2- and the 6-positions, Jackman and Sternhell (33)
point out that the local diamugnetic shielding of a
given proton is dependent upon the electron den-
sity about that proton. Ampie evidence supports
the conclusion that, in general, increasing the
clectron density about a proton will result. in an
upficld shift of that proton’s resonance. This is
exactly the behavior -exhibited by the 2-proton
when one progresses from 5-hvdroxy-l to 6-
hvdroxy-1 (figs. | and 2). This upfield shift of the
2-proton resonance in 6-hvdroxy-l may be inter-
prefed as resulting from an increased electron
density at the 2-positioh as 4 consequence of an
electron-donating group in the 6-position.
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The possibility of w-clectron conjugation in
indoles und henzo(blthiophenes suggests u rexson
for hepatic mixed-function oxidation of these ring
systems in the 6-position us opposed to any other.
Resonance stubilization can contribute to a Tower
energy for 6-hydroxylation, This possibility is
illustrated in scheme 1., derived from 4 considera-

tion of the currently Tavored intermediates of

microsomal aromatic hvdroxylation (34). No com-
parable resonance stabilization can be envisioned
for intermediates of S-hydroxylation. Although
electronic considerations may not be divorced
from the steric and kinetic influences of an enzyme
and its environment, the spectroscopic observa-
tions in our study that bear more directly on the
question of positional specificity of aromatic hy-
droxylation are elecironic in nature and are re-
ported with the hope of stimulating further investi-
gations of this question.
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BRIEF COMMUNICATION

Physiological Disposition of Atropine in the Rat'
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HARI.50N, S. D., JR,, T. R, BOSIN AND R. P. MAICKEL. Physiological disposition of atropine in tlie rat. PHARMAC.
BIOCHEM, BEHAV. 2(6) 843-845, 1974. —  The physinlogical disposition of atropine was studied in rats
using ?H-lateled drug and a specific assay methad, At doses of 1.25 to 10 mg/kg. i.p., the greatest localization was
seen in kidney arnd liver, with tissue: plasma ratios of >10: 1. Tissue half-lives over the period 0.5 to 4 hr ranged from

4046 min in plasma to 97—106 min in adipose tissue.

Atropine Tissue levels Physiological disposition

an

ALTHOUGH pute atropine was first isolated in 1931, and
its medical use dates back many centuries, few detailed
studies of the physiological disposition of this compound
have been. published. As mentioned by Evertsbusch and
Geiling {3], suitable analytical methodology did not exist
until the availability of radiolabeled atropine. These authors
used randomly labeled ' ® C-atropine and followed the time
course of radioactivity in various tissues with no attempt to
separate metabolites. Albanus et al. {1] used ®H-atropine
to study the disposition of the drug in mice, with a com-
bination of radioautography and paper chromatography to
correct for metabolites. Werner and Schmidt [12] used a
combination of *H- and ' C-atropine and specific proce-
dures in a detailed study of the disposition and metabolism
in fnice. In addition, Albanus et al. [2] used 3 H-atropine to
study the disposition of total radioactivity in the dog, again
ignoring metabolites.

In addition to these studies, a number of reports have
appeared describing the metabolic fate of atropine in a
variety of animals. As early as 1949, Godeaux and
Tonnesen [5] used a bioassay procedure to confirm the
metabolism of atropine in rabbit blood and by cat, rabbit
and rat liver in situ. Gosselin et al. [7] used 14 C.atropine to
study disposition of radioactivity and excretion of the
iropic acid ~metabolite in mice. Finally, Gabourel and
Gosselin {4] examined the urinary excretion of tac.
atropine in mice and rats, and Gosselin et al. [6] studied
the urinary -excretion of 14 .atropine in man. Most
recently, Kalser-and McLain {9] have examined the excre-

tion of ! C-atropine in man, including studies of the
plasma decay curves.

Despite the fact that atropine is widely used in behav-
joral, research, primarily in rats [8,10], no attempts have
been made to compare blood or tissue levels of the drug
with behavioral effects. Indeed, the physiological disposi-
tion of atropine has not been reported in any detail in the
rat. The present paper réports on the time course of physio-
logical disposition of 3H-atropine in the rat over a range of
doses commonly used in behavioral studies.

METHOD

Adult, male Sprague-Dawley rats (290--350g) were
obtained from Murphy Breeding Laboratories, Plainfield,
Indiana and maintained on Purina Lab Chow and tap water
ad lib for 7—10 days prior to experimental use. Tritiated
atropine (labeled in the para position of the phenyl ring of
the tropic acid moiety) was obtained from New England
Nuclear Corporation.

Groups of rats were stunned, then decapitated and
exsanguinated at various times after i.p. administration of
aqueous solutions of various doses of 3 H-atropine diluted
with unlabeled atropine sulfate so that the dose of radio-
activity per rat was 60 pc of 3H. Blood was collected in
heparin treated tubes and centrifuged immediately. Tissues
were. removed immediately; plasma-and tissues were stored
at —10°C until assay.

Radioactivity was measured in a Packard Tricarb Model

1This research was supported by USPHS Grants MH-18852 and KO2-MH-41083 and by NASA -Grant NGL 15-003-117. A preliminary

report has been presented; Pharmacologist 15: 206, 1973.

2 present address! Southern Research Institute, 2000 Ninth Ave., South., Birmingham. Alabama 352085.
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TABIE |

TIME COURSE OF LEVLLS OF "H-ATROPINE IN VARIOUS RAT VISSUES

HARRISON, BOSIN AND MAICKEL

Dose l1/2
Tissue (mg/kg, i.p.) (.05 2 4 min
Plasnia 1.25 231: 37 (4) 91+ 12(4) 48+ 104) 5.621.9 (4) 43 ]
2.5 430+ 78 (3) 163: 37(3) 93+ 12(3) 112 5(3) 45
5 857+ 41 (4) 423: 82(4) 209+ 36 (4) 2t 5 (4) 46 ?
10 2243 {1 1015+ 96 (4) 3752 71(3) 63 9(3) 40 3
Brain 1.25 329+ 47 (3) 218+ 39(3) 85+ 31 (3) 542 17(3) 82 é
2.5 887: 42(4) 539+ 57 (3) 309+ 37 (3) 145+ 12(3) 79 ’
5 1901+ 76 (3) 12262 109 (3) 794+ 26 (3) 296+ 20 (3) 71
10 3639 mn 28524 191 (4) 1403111 (3) 476+ 28 (4) 71
Fat 1.25 944+111 (4) 4532 91 (4) 4062 47 (3) 209+ 27 (4) 106
2.5 1983:274 (3) 1545+ 194 (3) 974+. 93 (3) 5112 78 (3) 97
5 3742:681 (3) 34441 601 (3) 2191278 (3) 1019« 93 (3) 100
10 8011 (1) 7219+ 697 (4) 4667:494 (4) 23124174 (3) 103
Heart 1.25 601* 93 (3) 257+ 33 (3) 102t 12(3) 39+ 13 (3) 53
2.5 1210+ 97 (4) 508+ 66 (4) 2192 46 (3) 96+ 41 (4) 54
5 25142271 (3) 9971 59 (4) 4301 58 (4) 207+ 60 (3) 56
10 5279 (1) 2360+ 537144) 708+106 (4) 458+ 57 (4) 52
Kidney 1.25 2917+168 (3) 1015+ §57 (4 488+ 57 (4) 199+ 27 (4) 58
2.5 56121409 (4) 2404+ 360 (3) 995+ 93 (4) 411+ 78 (4) 56
5 132062930 (3) 5880+ 397 (4) 19551216 (4) 822+302 (4) 50
10 26645 (H 11681+ 944 (4) 36741378 (3) 14061271 (4) 53
Liver 1.25 2606+ 93 (3) 11784 lll 4) 718+ 76 (3) 346+ 39 (4) 74
2.5 58281306 (4) 2407+ 371 (4) 1631+134 (4) 649 79 (4) 72
5 107512912 (4 4911+ 408.(4) 30792475 (4) 1607+138 (4) 72
10 26544 H 1298841012 (4) 6214:612(4) 32404319 (4) 76
Each value {ng/g+S.D.) is the mean of values obtained from (N) rats.
4322 liquid  scintillation spectrometer, with polyethylene  chromatography ‘using the . system methanol: . NH;OH
vials and a cocktail consisting of 14 g of 2,5-bis2-(5- (100 : 1.5) and silica gel G plates. Under these conditions,
tert-butylbenzoxazolyl)-thiophene and 280 g of naphtha- only a single radioactive spot was found in the extracts,
lene in -a mixture of 2100 m! of toluene and 1400 ml  with an Ry corresponding to authentic atropine. Recovery
ethylene glycol monomethyl ether [11]. A counting system of authentic atropine was 85-- ¥0%.
of 15 ml of this cocktailaand 0.5 m! of aqueous solution
%Jsvecsp’:‘S% efficiency for °H with 4 background of 10 to RESULTS AND DISCUSSION
Atropine was determined as follows. Tissues were The results obtained after administration of > H-atropine

homogenized in 3 volumes of 0.05 N NCl, using a motor
driven Teflon pestle and glass homogenizer. Aliguots of
tissue homogenate (1.0 ml) or plasma (1.0 ml) were added
to glass stoppered (g.s.) 50 m! shaking tubes containing
25 ml of benzene and 2.0 m] of a saturated -aqueous solu-
tion of potassium carbonate. After mechanical shaking for
5 min, the tubes were centrifuged. Aliquots (10 ml) of the
benzene phase were transferred to g.s. 50 ml shaking tubes
containing 2.0 ml of 2.0 N HCl, and the tubes wete stop-

pered, shaken for 5 min, and centrifuged. The benzene

phase was removed and discarded. Aliquots (0.5 ml) of the
acid phase were then transferred to polyethylene vials con-
taining 15 ml of the liquid scintillation cocktail. The
specificity of the method was confirmed by thin-layer

60

in ip. doses of 1.25, 2.5, 5.0 ot 10.0 mg/kg to rats are
shown in Table 1. Half-life values were determined from the
slopes of the decay curves as estimated hy the method of
least squares. Several facets are of particular interest.
Plasma has the shortest half-life (40-46 min) while adipose
tissue (97—~106 min) has the longest, Localization is seen in
all tissues with tissue: plasma ratios relatively constant over
the first 2 hr, then increasing rapidly at 4 hr as piasma levels
continue to fall rapidly. Tissue levels decay at a slower rate,

In fact, the levels of atropine in tissues appear t¢ have a

biphasic decay curve on the basis of selected analyses done
at 8 and 12 hr after the larger doses. Plasma values were
below the level of detection at all doses after the 4 hr time
point.
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1146 ' Short compimcaions

repurted that rabbit aldehyde invidase taldeliyde oy ol ovdoreductase. FC 1230 bas the ability to oxi-
dis¢ allopurinol to oxipurmoel i ciro Furthermor, Huli or gl " shosed that there is & ey difference
of aldehyde oxiduse activity in mree when A -methyvInicotmamide was tsed s substrile. Therefore we are
now investigating the relatiouship hetween allopurmal onidizitig enzyme and aldehyde oudase in mice

Elion ef al. > reported that allopurinol is rapidly ovidized in rire to oxipurinol which also inhibits xan-
thine oxidase. Presiously we reparted that the ' -compounds disappear much stower in male than in
femate mice after labeled ullopurine! treatment. Thus it scems that this sex difference in altopurinol oxi-
dizing actisity muy. to some extent. be concerned with weute woaicity.

Further work is needed to clarify this problem
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Inability of rat brain homogenate to oxidize dmphetamine

{Received 20 July 1973 accepted 17 Seprember 1973)

IN a RECENT series of papers.in this journal Guha and Mitra! 3 hiyve reporied that homogenates of rat
and guinea pig brain-catalyze the reduction of neo-tetrazolium chloride (NTC) in the presence of ainpheta-
mine. The system has been described as an amphetamine dehydrogenase: the most recent repiort sugeests
that tranylcypromine is alsa actively dehydrogenated by this system.® However. the activity of the enzyme
svstent has been estimated by measuring the praduction of diformazan fram NTC, The authors have not
determined that'a degradation product of amphetamine is produced in the course of the reaction. -
Hucker® and Pifli and McMahon® huve recently reported on the metabolism of amphetamineg with
‘no evidence for a.dehvdrogenase pathway, Furlier work fromhis luborafory, using {*H)laheled wmpheta-
mine. had shown that rais convert the drug in riro by p-hadré xyfation and ovidative deamination.” The
present cotiimunication reports on allempls 1o’ meusure the-7.roduction of metabolites of [*HJampheta-

mifrie by the rat brain dehydrogenase system as described by Guha and Mitra !
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Brains were removed from adoly 1300 400 g1 male, Sprague- Diwley rats purchased from Murphy
Breeding Luboratorses, Phaintield. Ind. and homogenates prepared aceording to Mitri and Guha? d-Am-
phetamine phosphite was supphed by the Pennwalt Corp.. [P Hjd-mphetamine sulfate was purchised
fromm the New Frgland Nuclear Corpa NTC fram the Sigma Chemical Co. and diformazan from Nutri-
tional Biochemicals Corp.

Incubitions were perlormed aecarding 1o Mitra and Guba Y Diformazan production was measured by -
the method of Lagnado and Sourkes™ using a Gillord model 2000 absorbance recorder with a Beckman
model DU monochromotor. [YH Jumplietimine was assayed as described by Muickel vt al..* using u Pack-
ard Tri-Carb maodel 2425 liguid scintillation system. Metabolites of [*HJamphetamine were separated by
TLC on Silica pel G plates (023 mn1. Brinhmann MN-Pahygrim) in the system described by Hucker.*
Phenyl-2-propanone was visualized by spraying with 17, KARQ, in 3%, ugueots Na,COQ,, TLC plates
were scanned for radioactive spots in i Packard model 7200 radioduomatogram scanner,

The consersion of NTC to difotmazan in the system of Guha and Minu® occurred with or without
the addition of amphetamine. Inan atiempt 1o prepare a standard curse for the absorbunce of diformazan
al §20 nm. it was found that absorhance is not hinear oser the cancentration range reported by Guha and
Mitra.)* No amphetamine metabolites were observed when the ineubate was extracted with methyiene
chloride and examined by TLC.* Tacubation of [*H Jumphetinune with the homogenate and NTC. fol-
lowed by extraction. TLC and radiochromatagram scanning mdicited that greater than 95 per cent of
the radioactivity present was contained in @ spot corresponding to unchanged [*H)amphetamine, In a
definitive experiment. incubation mixtures were prepared with and withaul homogenate. Duplicate mix-
tures of each 1y pe were either incubited and extracted alter 30 min or not incubated. i.e. extracted atr = 0.
[*H]amphectamine was extracted by a specilic procedure and measured by liguid scintillation spectro-
meltry.® Neither the presence of brain hamogenate nor incubation at 37 [for 30 min resulted in any reduc-
tion it the amount of [2H Jamphetamine thit could he extructed. Based on the rate of diformazan produc-
tion reported by Mitra and Guha.® one would have expected at Jeast 83 per cent conversion of ampheti-
mine. As little as 10 per cent metabolism of amphetamine would have heen casily defected.

Many substances are known to reduce neo-tetrazolium chioride, ranging from simple alkaline pH to
ascorbie acid. reducing sugars and flavoprotein enzymes.® Indeed. it was ohserved that during an eirly
step in the sunphetamine extraction procedure® at which the squeous phase wis made #lkaline, the calor
characleristic of diformazan appeared in mistores containing NTC and homogenate with or withowt
amphetamine: mixiures containing only amphetamine and NTC developed no color. The reduction of
NTC under these conditions appears {o be a function of the presence of brain homogenate and not of
amphetamine concentration,

In summary, an attempl was made to measure the production of [*HJamphetamine metabolites by the
ral brain amphetumine dehy drogenase system of Mitra and Guha * No mefabolic conversion of ampheta-
mine was ohserved,
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1KTRODUCTION

The concepts of homeostasis, which views living organisms as actively
maintaining an optimal internal environment or "millieu interior", was
largely developed from the work of Claude Bernard (1). Since the
development of the various concepts of ngtress" by Selye (2,3), many people
have considered stress to represent any state of the organism in which

reactions to stimuli have distributed the normal homeostasis by perturbation

of biochemical or physiological mechanisms. Stress may thus be considered
as an abnormal state of the organism, and, in the terminology of Selye (4)
proceeds through three sequential phases: shock, rasistance, and exhaustion.
In this framework, shock is the initial phase, in which the organism is
moved into a state of homeostatic imbalance by the action of the stressful
stimuli. The second phase, resistance, is characterized by reactions
of the organism as it attempts to regain its initial homeostatic state.
The final phase, exhaustion, occurs when the organism is exposed to
repeated or continued stressful stimuli, and, because of repeated or
continued attempts to maintain homeostasis, the organism becomes'unab1e to
respond further or otherwise proceeds to a completely non-homeostatic
state. The net result of the exhaustion state is generally expressed as
one or more pathological phenomena; in the most severe case, jrreversible
damage or even death may ensue.

The general charauter1stics of mammalian response to stress include
emergency responding of two body systems: the sympathomedullary system
and the pituitary- adren0cortica1 system. The response of the sympathomedul-
tary system is mani fested 1n increased peripheral sympathetic nervous activity
and consequant biochemical and phys1o1og1ca1 responses to the surging release

of norepinephrine: increased heart rate and resp1rat1on contraction of
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blood vessels, piloerection, heat consevation, and kipolysis in adipose tissue.

{J} At the same time, adrenal medullary discharge of epinephrine evokes a
mobilization of glucose from the 1liver giycogen stores. Meanwhile, the
anterior pituitary is secreting large quantities of ACTH, causing increased
production of glucocorticoids from the adrenal cortex and causing further
imbalances ih normal body functional systems.

In humans, elevated catecholamine outputs have been seen in response
to a variety of psychological (5) or psychophysiological stimuli (6).
Similarly, increased adrenal corticoid secretion has been evoked by fear (7),
perceptual disturbances (8), emotional disturbances (9-10), and competitive
sports (11). These findings seem most appropriate in view of the likeli-
hood of similar types of stressful situations occurring cn a repetitive
basis during space flight - especially since the duration of manned space
flights are getting longer.

Unfortunately, the ideal test system to examine the consequences of
repetitive stresses does not as yet exist. Human test systems are extremely
limited in that only a few measurement parameters can be used; ho tissues
are available, and sam»les other than urine are restricted in terms of
the number that can be obtained. Animal test systems are readily available
and permit ready sampling of almost anything, but, no appropriate animal
model for repetitive stresses has yet been examined in sufficient details.
In addition, while a large number of variables has been measured in a
diversity of stresses and experimental animals, no one has been able to
select the most appropriate variables to measure or the most useful stress
to examine on a dose-response basis.

ﬁjf In this report, wekpresent preliminary studies comparing three
stresses: cold exposure (a predominantly physiological stress), immobiliza-

tion (a predominantly psychological stress), and d-amphetamine (a predominantly
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pharmacological stress). The experimental design permitted comparison of
single stress with repetitive stress on primary (plasma corticosterone),
secondary (plasma glucose, plasma FFA), and tertiary (brain norepinephrine

and serotonin) parameters of the stress response.

METHODS

Adult, male, Swiss-Webster mice weighing 25-30 grams were used in
all experiments. Cold exposure occurred in individual screen wire cages
in a room at 4°C; immobilization was performed by restraining individual
animals in wiré mesh tubes; d-amphetamine was administered by i.p. injection
at a dose of 4 mg/kg. Animals were killed by decapitation and blood was
collected into heparinized tubes. Tissues were removed immediately and
frozen; plasma was also prepared immediately by centrifugation and frozen.
Plasma corticosterone, plasma glucose, and plasma FFA were determined as
described by Maickel, gg_gl-(12); brain 5HT, SHIAA, and NE by the method
of Miller, et al (13). |

RESULTS

Effects of a Single Stress on Parameters. The time course of an acute

stress (4 hours) was measured; the data are shown in Figures 1, 2, and 3.
At a11‘t1mes, and with all three stressful stimuli, the plasma corticosterone
values were significantly elevated (p <.05) above control values (Fig. 1);

cold exposure seems to reach the highest level at 0.5 hr, as well as to

‘produce a longer elevation. The picture of plasma glucose is quite different.

Only d-amphetamine evokes a significant elevation in this parameter, although
this effect falls to non-significant values at the 4 hr. time point. In

contrast; both cold exposure and immobilization show a pattern of an initial
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insignificant rise, followed by a fall to lower than control values (p <.05)
at 2.0 and 4.0 hours. In the case of plasma FFA, cold exposure produces a
significant elevation at 1 to 4 hours, while immobilization causes a
significant depression at 1 hour and amphetamine has no significant effects
although the value at 0.5 hour is almost significantly (.10>p>.05) lower

than control.

Effects of Repetitive Stress on parameters. The data presented in Figure

4 were those obtained by exposing mice to chronic daily stress: 2 hrs

of cold exposure, 2 hours of smmobilization, or 4.0 mg/kg, 1.p.-of d-
amphetamine, for 14 days. The animals were sacrificed at the termination
of the 14th stress session. Control animals were handled daily at the

same times and to approximately the same extent as the experimental mice.
The results indicate that cold exposure and amphetamine were similar in
that plasma corticosterone values were significantly elevated after the
14th session, while jmmobilization animals had normal values. In the case i
of plasma glucose, levels were depressed in chronic immobilization and
amphetamine, but were normal with repetitive cold exposure. No differences
from control were seen in plasma FFA Jevels with any of the stressful
stimuli.

Effects of Repetitive Stress on Response to Acute Stress. In order to

determine whether repetitive exposures to stressful stimuli might influence
the ability df an organism to respond to a subsequent -acute stimulus,
an experiment testing this situation was devised. Animals were repetitively

stressed (as described in the preceeding section) by either cold exposure,

immobilization, or d-amphetamire; on the next day, an acute "challenge"

stress was applied. The results (Figures 5, 6, 7) indicate that the
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repetitive stresses, in general, tend to reduce the ability of the animals

to respond to a subsequent acute stress. This is most noticeable in the

case of repetitive cold stress and least noticeable for repetitive amphetamine
dosages.

Effects of Acute and Repetitive Stresses on Brain Biogenic Amines. In

addition to the plasma biochemical parameters, measurements have also been
made of the levels of brain serotonin (5HT), norepinephrine (NE), and 5-
hydroxyindole-3-acetic acid (SHIAA) in the various stress conditions. The
effects of an acute stress or repetitive stresses on these amines are shown
in Figure 8. The acute cold and immobilization stresses evoke significant
(p <.05) increases in both 5HT and SHIAA, with increases, though not
significant in NE; acute amphetamine fails to cause any significant changes.
Repetitive stress by cold or immobilization evokes significant decreases

in SHT and 5HIAA, with no change in NE; repetitive amphetamine fails to
influence 5HT or 5HIAA, but causes g fall in the level of NE.

In the case of an acute stress "challenge" tested after the 14th
repetitive stress, the results differ with each stress, Repetitive cold
exposure enhanced the increased 5HT and SHIAA caused by all three acute
stresseé (Figure 9). No effect was seen with NE except in the case of
acute'amphetamine, where the repetitive cold exposures caused the ahimals
to be less responsive. Repetitive immobilization had virtually no effect
on the brain amine alterations caused by a subsequent acute stress (Figure
10), while repetitive amphetamine dosages enhancedkthe effects of a subsequent
cold exposure on NE, and decreased the responsivity of all three brain

substrates to a subsequent dose of amphetamine (Figure 11),
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DISCUSSION

The results presented here should be considered as only preliminary
in that they are studies in a single species of animal, with a minimal
number of variables and parameters. However, several interesting points
for further study have been clearly demonstrated. First of all, the
effects of an acute stress of Timited duration must be considered in the
framework of a subject's prior experience as well as in the light of the
sensitivity of the parameter of interest. Thus, a "classical" stress marker
such as plasma corticosterone, while extremely sensitive and useful as an
indicator of acute stress, becomes almost valueless when the same stress
is applied repetitively (cf. Figures 1, 4, 5). Plasma glucose responds
nicely to cold exposure or immobilization in both acute and repetitive
situations (Figures 2, 4), but is not suitable as an indicator of a
subsequent acute stress (Figure 6). Plasma FFA responds in a useful manher
only to acute cold exposure; however, in the repetitive situation (Figure 7),
the effects are useful only in the cold exposure situation.

In summary, these preliminary studies indicate the need for more
detalled examination of potential stress vmarkers". An animal model would
be most useful; if space flights of long duration are to be successful,
repefitive stress must be considered. However, the search for a suitable
animal model must be expanded to examine new possibilities for measurable
markers.
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¢ r FIGURE 1: Mean values of plasma corticosterone in control mice [:] (N=50),

tg o

RE

at various times of cold exposure E§§ (N=20), immobilization l

(N=10), or after administration of d-amphetamine ESﬂ (N=10).

Vertical bars indicate + S.D.

FIGURE 2: Mean values of plasma glucose in control mice [:] (N=200)

at various times of cold exposure Eéa (N=20), immobilization [[[

~
(N=20), or after administration of d-amphetamine E;: (N=10).

Vertical bars indicate + S.D.

FIGURE 3: Mean values of plasma FFA in control mice (N=200), at

various times of cold exposure (N=20), immobilization J

(N=20), or after administration of d-amphetamine F§§ (N=10).

Vertical bars indicate + S.D.

FIGURE 4: Mean values of plasma corticosterone, glucose, and FFA in control

mice [:] (N=24), or mice after repetitive cold exposure

(N=12), immobilization (N=12), or amphetamine (N=12).

Vertical bars indicate + S.D. Animals were killed 2 hrs after
the last dose of amphetamine or immediately following the final

2 hr immobilization or cold exposure.

FIGURE 5: Mean values of plasma corticosterone response ratios (repetitive

stressed + non-stressed » 100%) to acute cold exposure ‘Eéi (N=12),
immobilization [[D (N=12), or amphetamine E§§ (N=12) 1in

animais subject to repetitive pribr stresses, Vertical bars
indicate + S.D. Acute stress was applied 24 hrs after the 14th

repetitive stress. Animals were killed as in Figure 4.

72



FIGURE 7:

FIGURE 8:

FIGURE 9:

b

Mean values of plasma glucose response ratios (repetitive

stressed + non-stressed x 100%) to acute cold exposure Eﬁ% (N=12),

immobilization [I]] (N=12), or amphetamine |\ (N=12) in
animals subject to repetitive prior stresses., Vertical bars
indicate + S.D. Acute stress was applied 24 hrs after the 14th

repetitive stress. Animals were killed as in Figure 4.

Mean values of plasma FFA reponse ratios (repetitive stressed #

non-stressed x 100%) to acute cold exposure §§§ (N=12),

immobilization (N=12), or amphetamine QY (N=12) in

animals subject to repetitive prior stresses. Vertical bars
indicate + S.D. Acute stress was applied 24 hrs after the 14th

repetitive stress. Animals were killed as in Figure 4.

Mean values of brain 5HT | ] , sHAA [.J . and NE in

animals after a 2 hr acute stress or at the end of the 14th

repetitive stress, expressed as percent of control values of non-
stressed animals. Vertical bars are + S.D.; N=24 (controls),

N=12 (each experimental group).

Mean values of response ratios (repetitive stressed : non-stressed
x 100%) of brain sHT [ | , sHIM [ J . and NE
after a 2 hr acute stress 24 hrs after the 14th repetitive cold

in animals

~exposure. Vertical bars are + S.D. Animals were killed as in

Figure 4.
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FIGURE 10:

FIGURE 11:

-10-

Mean values of response ratios (repetitive stressed : non-stressed
x 100%) of brain sHT | ] . sH1An £

after a 2 hr acute stress 24 hrs after the 14th repetitive

in animals

immobilization. Vertical bars are + S.D. Animals were killed

as in Figure 4.

Mean values of response ratios (repetitive stressed + non-stressed

x 100%) of brain SHT ,sH1aa ] . and NE in animals
after a 2 hr acute stress 24 hrs after the 14th repetitive

amphetamine dose. Vertical bars are + S.D. Animals were killed

as in Figure 4.
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Lack of Tolerance

Development to the

Dipsogenic Actions of Barbital’

. ROGER P. MAICKEL AND GREG J. MALONEY?

Department of Pharmacology, Medical Sciences Program, Indiana University, Bloomington, IN 47401

(Received 19

MAICKEL, R. P. AND G. J. MALONEY. Lack of tolerance

February 1974)

development to the dipsogenic actions of barbital. PHARMAC.

BIOCHEM. BEHAV. 2(3) 431-434,1974. — Chronic dosage of rats with barbital produced a dipsogenic state with
overhyvdration. No tolerance could be seen to this effect in fourteen days; on withdrawal of drugs, the watcr intake of the
rats fell to below normal levels, on a weight basis. When daily intake of fluid wes restricted during the period of barbital
dosage, overhydration did not occur and drinking during the withdrawal phase v-as increased.

Tolerance

Barbital Drug induced drinking

SCHMIDT and co-workers [11=19] have studied the
effects of a variety of barbiturates on water consumption
induced in rats by various means. In general, the com-
pounds had a dipsogenic action, a finding corroborated by
us for a variety of depressant drugs [7]. In addition, this
laboratory recently reported an exhaustive study of factors
involved in the dipsogenic actions of barbital [6].

Schmidt, et al. [16,18] administered phenobarbital to
deprived rats daily for 30 days and measured water intake;
no indication of tolerance to the dipsogenic effect of the
drug was observed. Upon withdrawal of the drug from these
animals, and also upon withdrawal of a group given drug for
14 days, the rats consumed less water than a saline control
group for several days. This was later interpreted as the
development of a hypersensitivity to the dipsogenic effect
after a 15 day phenobarbital treatment and a 10 day with-
drawal [19]. As evidence of hypersensitivity the authors
cited the fact that the response to the second phenobarbital
treatment, that is, after 15 days treatment and 10 days
withdrawal, was greater than the initial response to the
same dose.

The present paper reports on the effects of chronic daily
dosage of barbital on the fluid intake of rats with restricted
or unlimited access to water,

MATERIALS AND METHOD

Adult (280-290 g) male; Sprague-Duwley rats (Murphy
Breeding Laboratories, Plainfield, Indiana) were used in ali
experiments. The animals were maintained on tap water

and Purina Rat Chow ad lib for at least 1 week after arrival
in the laboratory. All solutions for injection were made in
glass distilled water such that a dose volume of 0.1 ml per
100°g body weight contained the desired dose; all injections
were given intraperitoneally, 15 min prior io placing the
animals in the drinking cages.

The procedures used to measure deprivation-induced
water consumption were basically those of Gerald and
Maickel [5]. Rats were placed in cages, 7X 7X 14in,,
identical to the home cages of the animals. The cages were
suspended in individual compartments of a sound-proofed
box with uniform fluorescent lighting. Constant circulation
of air by blowers maintained uniform temperature in the
compartments; the noise level of blowers served as a white
noise. Each cage contained a drinking tube connected to an
external 50 ml buret filled with distilled water at the start
of each test run and stoppered. As the animal consumed
water, the change in volume was measured visually to the
nearest 0.1 m). The front door of each compartment was
equipped with an eye-piece lens to permit visual observa-
tion of the rats without disturbing their behavioral perfor-
mance. For at least 1 week prior to testing drug effects, rats
were deprived of water daily for 23 hr prior o testing, then
placed in the drinking cages and allowed to drink for 1 hr.
Food was available ad lib in the home cages but was not
available in the drinking cages. In the restricted intake
studjes, rats were given only a fixed volume of water,
14.0 ml, ,

Drug trials were started only after the animals demon-
strated stable baselines (less than 5% daily variation) of

1Supparted in part by USPHS Grants MH-18852-and KO2-MH-41083 and by NASA Grant NGL 15-003-117.

2 Faken i part from a thesis submiited by Greg J: ,\jﬁxloney for the

M.S. degree in Pharmacology, Indiuna University, 1972,
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FIG. 1. Effects of barbital on
mean of values obtained from
indicate 1 S.D. Solid circles in

water. intake. The schedule for drug studies was arranged so
that tHe rats were run daily. Water intake was recorded at

15, 30, and 60 min of the consummatory ses

greatest proportion of drinking occurred in the first 15 min

in all cases.

Barbital sodium was used in all experiments, dosages are
reported as weight ©f barbital administered in mg/kg body
weight. Groups of 8 rats were run in each test system; data

are repo-ted as mean S.D.

RESULTS

DAYS

fluid consumption-unrestricted intake. Each symbdl! is the
8 rats as described in Materials und Method. Vertical bars
dicate days of dosage with barbital (80 mg/kg, i.p.): open
circles are placebo dosage.

14 daysof drug treatment, seen when consummatory vol-
ume. was plotted as ml/100g body weight. The animals
gained an average of 100 g of body weight during the
course of this experiment. Substitution of saline for bar-
bital resulted in a decrease in fluid consumption on the
second day after drug withdrawal with a return to normal
on the third and subsequent days. A’ weight loss of 18 g was
also observed during this withdrawal period. Of particular
interest is the fact that administration of a single dose of
barbital on the ninth day after drug withdrawal (Day 33)
gave a normal dipsogenic response (Table 1).

sions, the

Effect of Chronic Daily Dasage of Barbital on Fluid VC"‘On—

sumption of Rats with Uniimited Volume Availab
As shown in Fig. 1, chronic barbital (80:'m

increased daily fluid consumption above ‘baseline for the

duration of drug administration. There is a trend

development of tolerance to the dipsogenic effect over the

Ie Effevi of Chronic Daily Dosage of Barbital on Fluid Con-
e/ke, i.p.) sum?rion of Rats with Limited Volume Available

Figure 2 shows the effect of limiting fluid intake during
the drug treatment period of 14 ml/rat/day. Here, over-

drinking and the weight gain during the drug period are

suggesting
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DIPSOGUENIC ACTIONS OF BARBITAL

TABLE |

DIPSOGENIC EVFECTS OF BARBITAL BEFORE AND AFTER
CHRONIC TREATMENT

Volume Consumed

Day of Schedule Drug totul ml mi/100 g
1—-10 Saline 16.9 + 1.0* 5.3+ 04*
11-24 Barbital 245+ 1.7* 6.7+ 0.6*
25-32 Saline 16.0+1,5*  4.3104*

33 Barbital 23.2 + 1.8% 6.4+ 0.7t

Data are presented as volume consumed by 8 animals. Barbital

(80 mg/kg, 1.p.) was given as described in Materials and Methods.
*mean + S.D. of 8 animals per day for number of days indicated
tmean * S.D. of 8 animals on a single day

433

prevented with the result that now there is no withdrawal
decrease in fluid intake nor weight loss. The period of with-
drawal shows a significantly greater fluid intake by the
animals.

DISCUSSION

From a consideration of the data presented in this paper,
it scems likely that the carlier work of Schmidt and co-
workers [16, 18, 19} suffers from several defects, First, no
recognition was made of the Jarge weight gain during the
period of the study. It is possible that the increased intake
attributed to hypersensitivity after a period of drug trials
119] may merely reflect the fact that heavier animals con-
sume more fluid. When fluid consumption by our animals is
expressed in ml consumed/100 g body weight, the daily
intake decreases slightly over the drug period of 14 days. A
transient weight loss and decrease in fluid consumption are
present during the withdrawal period as previously reported
by others [14,15].

Schmidt er al. [12,15] also considered the chronic over-
hydration of the animals during the drug period as inconse-
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FIG. 2. Effects of barbital on fuid consumption-restricted intake. Each symbol is the
mean of values obtained from 8 rats as described in Materials and Method. Verticyl tars
. indicale 1 S.Du; no S.D. is seen for {otal fluid consumed on Days 11—24 when fluid was
restrcted. Solid circles indicate days of dosage with barbital (80 mgfkg, i.p.); open circles
are placebo dosage-

88




RN

434

queniial to the characteristics of th‘e withdrawal state. In
the preseat study, when overhydration was pre‘vented, the
decrease in fluid consumption and bgdy \’:‘t‘lght during
withdrawal did not occur. The increase in fluid intake over
Faceline on the first day of withdrawal may reﬁef;t the
presence of barbital in the animal since the drug is not
appreciably metabolized and is excreted slowly [6]. It is
unlikely, however, that this drug carryover would explain
the increased consumption on subsequent days.

It is reasonable, in light of the changes in neurosecretory
material in the neurohypophyseal system during overhydra-
tion [1], that prolonged overhydration in itself could lead
to a decrease in fluid consumption upon removal of the
stimulus for overdrinking. The animal is in a state of posi-
tive water balance and will restore his fiuid balance by con-
suming less fluid. The post-drug weight loss appears directly
related to the decrease in fluid consumplion since the ani-
mals did not lose weight if they were prevented from over-
drinking prior to .withdrawal. The dipsogenic response
during the post-drug treatment period by the limited-
volume animals may reflect an alteration in fluid balance
svstems induced by the drug treatment.

“"A direct central action upon neurons involved in the
regulation of water balance may cause the dipsogenic.effe'ct
by depression of inhibiting centers. Animals with lesions in

MAICKEL AND MALONEY

could be due to chemical lesions viw a depression of the
septal area or hypothalamus. Interference with the hypo-
thalamus neurohypophyseal system may also be involved in
the dipsogenic action, Barbiturates are known to release
ADH from the posterior pituitary |3]. The depression of
osmoreceptor cells in the CNS, possibly those near the
ADH secreting neurons, may alter un animals preception of
his actual state of hydration and cause him to continue
drinking longer than usual. The consummatory act itself
may become pleasurable if the drug has depressed inhib-
itory brain areas.

In the rat satiation precedes restoration of the osmotic
imbalance and comes about via impulses from nerves in the
oral cavity traveling along cranial nerves to brain regions
involved in fluid consumption [4]. If drugs were to inter-
fere with the transmission of information as to the nature
and amount of the fluid the rat is consuming, the animal
might ingest larger amounts or cease earlier depending on
the nature of the interference. Evidence for the involve-
ment of the peripheral nervous system [5] suggests that
depression of these neurons may interfere with the regula-
tion of fluid intake. Another peripheral action could be
drug interaction with the renin-angiotensin system. The
release of ADH by barbiturates could also be a manifesta-
tion of the mediation of ungiotensin since angiotensin itself

the septal area and in the anterior hypothalamus show an releases ADH [8]. .
increased fluid consumption [2,10}. These drug effects
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DIFFERENTIAL EFFECTS OF d- AND 1-AMPHETAMINE ON SPONTANEQUS
MOTOR ‘ACTIVITY IN MICE

Roger P. Maickel, Richard M. Levine and Carlos M. Quirce
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Medical Sciences Program
Indiana University
Bloomington, IN 47401

ABSTRACT
The effects of single doses of d- and 1-amphetamine on motor activity
in mice differed both in quantitative and qualitative aspects. At Jow doses
(0.5 mg/kg, i.p.) and at high doses (8.0 mg/kg, i.p.), both isomers were
stimulants of SMA, differing only inApotency. However, at intermediate doses

(2.0, 4.0 mg/kg, i.p.) the 1-isomer caused a significant depression of SMA

while the d-isumer was stimulatory.

INTRODUCTION
’ Since the first reports (Alles, 1933) of the stimulant actions of
amphetamine, a large volume of literature has accumulated on the differential
actions of the d- and 1-isomers. While the generally held opinion is that
they differ merely in quantitative potency (Goodman and Gilman, 1970), several
recent reports support the possibility of qualitative differences as well. For
exanple, Bainbridge (1970) reported that d,1-amphetamine, in doses of 1-5 mg/kg,

had a depressant effect on spontaneous motor activity {SMA) in mice, while doses

M
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of 10 mg/kg or greater were stimulatory. Snyder, et al (1970) and Taylor and
Snyder (1970) reported differential effects of the d- and 1-isomers on norepine-
phrine and dopamine in brain areas. Phillips and Fibiger (1973) showed that
d-amphetamine was seven to ten times more effective than the 1-isomer in inducing
self-stimulation when electrodes were located in the hypothalamus of rats, while
the two isomers were equipotent when electrodes were in the substantia nigra.
The present paper compares the effects of the two isomers of SMA in mice, and

shows both qualitative and quantitative differences.

MATERIALS AND METHODS

Adult, male Swiss-Webster mice (Murphy Breeding Laboratories, Plainfield,
IN) were used in all experiments. Drugs were administered as aqueous solutions
by i.p. injection in volumes such that the required dose was contained in 0.]
m1/10 g body weight. A1l doses were given 5 min prior to placing the animals
(3 per cage) in Woodward Actophotometers. Counts were recorded at 10 min
intervals for 40 minutes. Statistical comparisons were made by multiple "t"

tests.

RESULTS AND DISCUSSION

The data, as presented in Table 1 clearly demonstrate that the actions of
the two isomers of amphetamine on SMA are both qualitatively and quantitatively
different. Thus, d-amphetamine, at all doses tested and in all time periods,
caused a significant increase in SMA when compared to xnimals given distilled
water., The results with. 1-amphetamine were quite different. At the Towest
dose (0.5 mg/kg) and the highest dose (8.0 mg/kg), the 1-isomer significantly
increased SMA over all time points, although the magnitude of the increase was

less. than that seen with the corresponding dose of the d-isomer. At a dose of
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TABLE 1

Effects of Amphetamine lsomers on SMA of Mice

Drug Dose N Counts per Interval + S.D.
mg/kg 0-10 min 11-20 min 21-30 min 31-40 min
Control - 21 RER1147 609+ 60 590+ 58 348+ 42

123241910 7584113 100741615 76441292

d-Amphetamine 0.5 + + + +
117751042 762¥ 622 6341_62d 456+ 55°

1-Amphetamine "

138741568 132041472 1606+1522 1470+2092

d-Amphetamine 1.0 + + + +
756+1429 617+ 81 690_t_60b 451+ 442

1-Amphetamine "

1932+1928  2350+2632 1697+2248 1461+1578

d-Amphetamine 2.0 + +: + +
ssovi07e  395% 87 Aeq¥ioof  06% 81 ;

1-Amphetamine "

1641+2842  1852+3202 1545+2572 1767+2328

d-Amphetamine 4.0 + + +i +
739%185¢  331%109€ a25%123F 480%104b

1-Amphetamine "

1609+2558  1448+2102 1440+14323 1430+1442

d-Amphetamine 8.0 +e + + 4+
1189%210¢  1069%1252 1340%3343 672+ 869

1-Amphetamine "

o o [o =30 ) N> o0

Values significantly greater than control: @ = p <.001, b= p <.005, ¢ = ;
p <.02, 4 = p <.05. :

Values significantly less than control: e = p <.001, f=p<.005,9=p<.05

1 mg/kg, 1-amphetamine caused a significant decrease of activity relative to
control in the first 10 minute period; by the 20-30 minute period, this became
a stimulatory effect. At doses of 2 and 4 mg/kg, the effects of 1-amphetamine
were clearly depressant over the first three 10 minute periods. While the
30-40 minute period showed SMA to be increased relative to control mice, the
activity did not differ significantly from that seen in the 20-30 minute period
with the 1-isomer. At a dose of 8 mg/kg, the 1-isomer was clearly stimulatory

at all time intervals.

From these data it seems evident that the isomers of amphetamine differ
in both qualitative and guantitative characteristics. In view of the recent

report by Phillips and Fibiger (1973) on differential behavioral potencies of
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the isomers, it seems possible that this effect on SMA may reflect actions on
differing neurochemical systems, possibly norepinephrine and dopamine (Snyder, et
al, 1970; Taylor and Snyder, 1970). Other possibilities must also be
considered. For example, Siva Sankar (1970) showed that 1-amphetamine was a
potent inhibitor of liver alcohol dehydrogenase, while the d-isomer was, at
best, a weak inhibitor. In conclusion, the possibilities of pharmacological
differences because of isomeric differences in the amphetamines warrants
further study.
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DIFFERENTIAL EFFECTS OF MONCAMINE OXIDASE INHIBITORS
Roger P. Maickel, Anne M. Rompalo, and Raymond H. Cox, Jr.
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ABSTRACT: Chronic dosage of rats for 20 days with non-toxic doses of
different monoamine oxidase inhibitors had clearly differential
effects on brain biogenic amines and spontaneous motor activity. No
correlation could be seen between behavioral and biochemical effects
of the drugs.

lNTRODUCTION

Although the enzyme monoamine cxidase [MAO, E.C. 1.4.3.4,
monoamine: 0, oxidoreductase (deaminating)] has been known for almost
50 years, the role(s) it plays in various bedy functions are still
only poorly understood, as evidenced by a recent sympsoium (Costa
and Sandler, 1972). The discovery of the antidepressant potency of
iproniazid, and its subsequent introduction into clinical medicine
in the therapy of depressed states was a major pharmacological
development of the 1950's (Pletscher, 1968}, leading to the production
of a host of drugs acting as monoamine oxidase inhibitors (MAOI).

One of the most perplexing aspects of the MAOI drugs has been an
inabiiity to explain their actions on behavioral phenomena in terms
of the changes they produce in brain levels of serotonin (SHT) and
norepinephrine (NE) (Longo, 1972). In the present paper, we have
compared the effects of 20-day chronic dosage to rats of four chemically
different MAOI's on brain levels of NE, SHT, and 5-hydroxyindole-3-
acetic acid (5HIAA). In addition, behavioral activity in an open

field was sampled throughout the dnsage period.

MATERIALS AND METHODS

Experimental subjects were 20 adult, male Sprague-Dawley rats
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(Hormone Assay Laboratories, Chicago, IL) weighing 320-350 grams at
the start of the experiment, and maintained in single cages on Purina
lab chow and tap water ad libitum,

Drugs were administered as solutions in distilled water made to
concentrations such that 0.1 m1/100 g. body weight contained the
dysired dose. Injections were made subcutaneously at the same time
(0930-1030 hrs) each day.

Body weights were recorded daily prior to each dosage. Estimation
of open-field activity was made in 15 minute periods prior to dosage,
using the procedure of Maickel and Johnson (1973). Animals were
sacrificed by decapitation on the 21st day, 24 hours after the lasF
dose of MAOI. Brains were removed and stored at -10° C until assayed
for NE, SHT and SHIAA by the method of Miller et al (1970). All data
is reported ;s mean + S.E.M.; statistical comparisons are by the
student "'t" test.

RESULTS .

The doses of drugs were selected for use based on lack of toxicity
observed in other studies in this laboratory. Body weight measure-
ments over the course of the experiments show no significant effects,
nor did gross observation of the body organs at sacrifice show any
obvious pathology.

Effects of the chronic dosage with MAOI's on open field behavioral
activity are demonstrated by the data shown in Table 1. Animals
treated with isocarboxazid‘exhibited significantly greater activity
than cbntrpl'animals from the 6th day of treatment un;il the end of
the experiment. ‘Pargyline-treated animals showed’elevated activity

on the 6th and 9th days of dosage only, while the animals treated
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with SU-11,739 were unaffected. Tranylcypromine-treated rats showed
a generally decreased activity as compared to controls, significantly
lower only on the 9th and 18th days.

Table 1. Behavioral and Biochemical Effects of Chronic Dosage of
MAOI's to Rats.

Open field activity measured as described in Materials and Methods.
Animals were tested on days 3, 6, 9, 12, 15, 18 prior to daily dosage,
and killed 24 hours after the last (20th) dose of ‘'drug. Values are
mean + S.E.M. of values for 4 animals.

Test Day Control Isocarboxazid Pargyline Su-11,739 Tranylcypromine

3 106+ 7 80+14 105+ 4 103+ 6 88+14
6 79+ 4 110+142 129+102 95+18 86+10
9 77% 4 106% 92 1287152 77% 5 597 2P
12 62+ 8 97%122 69% 5 72% 5 55% 9
15 66+ 8 103+ 52 66+10 69+ 4 54+ 4
18 65+10 98+ 92 66+ 6 73% 4 47% 3°
Brain
NE  0.52+.02  0.71+.04%  0.95+.042 1.04+.09% 0.95+.032
SHT  0.63+.03  1.03+.06%  1.17+.13% 1.77+.182 1.86+.092
SHIAA ~ 0.62+.04  0.62+.03 0.56+.09 0.36%.02° 0.30+.02b

3 - Significant elevation (p <.05) compared to control.
b Significant depression (p <.05) compared to control.

The brain levels of NE, SHT and SHIAA on the 21st day are also
shown in Table 1. Isocarboxazid and pargyline both elevated brain NE
and SHT significantly with decrease in SHIAA. In contrast, both Su-
11,739 and tranylcypromine not only elevated brain levels of NE and
SHT but also significantly reduced the levels of SHIAA. Of particular
interest is the observation that an increase of brain SHT of 60-90%
(as produced by isocarboxazid an& pargyline) is not reflected in a
significant decrease in S5HIAA, while increases of brain SHT of 180-
200% (as produced by Su-11,739 and trahylcypromine) are accompanied by
reductions of 40-50% in SHIAA levels. ‘

DISCUSSION

The behavioral effects of the drugs were quite dissimilar and
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could not be correlated to changes in brain amines. The effects of
jsocarboxazid and pargyline on SHT and SHIAA were not significantly
different; however, pargyline—treated animals had a significantly
higher level of NE. While the increases in NE produced by pargyline,
Su-11,739 and tranylcypromine were virtually identical, the latter two
compounds had a markedly greater effect on SHT. In fact, while iso-
carboxazid and pargyline did cause a significant elevation of brain S5HT,
neither compound showed an associated depression of SHIAA, as did Su-
11,739 and tranylcypromine. Even though the inhibition of MAQ was only
sufficient to reduce SHIAA levels by 50% or less, elevations of as much
as 200% in SHT levels were observed.
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TASTE PHENOMENA INFLUENCES ON STIMULATION
OF DEPRIVATION-INDUCED FLUID
CONSUMPTION OF RATS*

R. P. MaickiL and G. J. MALONEY?

Department of Pharmacology. Medical Sciences Program. Indizna University. Bloomington. Indiana 47401

{Accepted 27 January 1974)

Summary—The dipsogenic actions of barbital and chlordiazepoxide are selectively influenced by
the taste of the consummatory fluid presented to deprived rats. The potency of burbital as a con-
summatory stimulant is reduced relative to distilled water or tartaric acid by the use of a pleasant
tasting fluid, saccharin. The potency of chlordiazepoxide as a dipsogenic agent was reduced by the
use of either tartaric acid or saccharin as a consummatory fluid as compared to water. Promazine
depressed deprivation-induced fluid consumption with a similar potency regardless of the consum-
matory fluid used.

A previous paper from this laboratory (MAICKEL and WEBB, 1972) described the influence
of consummatory fluid taste on the reduction of fluid consumption by deprived rats. Both
(4 )-amphetamine and methapyrilene were less effective in reducing consumption of a
pleasant-tasting fluid (saccharin) and an unpleasant tasting fluid (tartaric acid). compared
with the reduction in consumption of “neutral” tasting distilled water. In contrast, atropine
was more effective against the pleasant taste and less effective against the unpleasant taste
when compared to distilled water. In all cases the drugs had a similar action, that is; a
reduction in the volume of fluid consumed as compared to baseline consumption, regard-
less of the taste of the consummatory fluid.

More recently, this laboratory reported on the effects of a variety of depressant drugs
on deprivation-induced fluid consumption (MAICKEL and MALONEY, 1973). In contrast to
the earlier studies with cholinergic agents (GERALD and MAICKEL, 1969), antihistamines
(GeraLp and MAICKEL, 1972), amphetamines (MAICKEL, Cox, Ksir, SNODGRrAss and
MILLER, 1970), and phenothiazine tranquilizers (MAICKEL, GERALD. WARBURTON and
MaHJU, 1968). the depressant drugs stimulated consumption of water by deprived rats. The
present paper describes studies of the actions of three depressant drugs: barbital, chlordia-
zZepoxide, and promazine, as influenced by the taste of the consummatory fluid.

MATERIALSAND METHODS
Adult male Sprague-Dawley rats (300-350 g) (Murphy Breeding Laboratories, Plain-

~ field, Indiana) were used in all experiments. The animals were maintained on tap water
" and Purina Rat Chow ad lib. for at least | week after arrival in the laboratory. All solutions

for injection were made up in glass distilled water such that a dosage volume of 0-1 ml

* Supported by USPHS grants MH-14658 and KO2-MH-41083 and by NASA grant NGL-15-003-117,
+ Taken in part from a thesis submitted by G. J. Maloney for the M.S, Degree in Pharmacology. Indiana Uni-
versity (1973).
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per 100 g body weight contained the desired dose: all injections were given intraperi-
toneally. 15 min prior to placing the animals in the drinking cages.

Fluid consumption was measured basically as described by GiraLD and MAICKEL
(1969). Rats were placed in cages. 176 x 17-6 x 352 cm. identical to their home cages. The
test cages were suspended in individual compartments of a sound-proofed box with uni-
form fiuorescent lighting. Constant circulation of air by blowers maintained uniform tem-
perature in the compartments; the noise output of the blowers scrved as uniform white
noise. Each cage contained a drinking tube connected to an external 50 ml burette filled
with the appropriate fluid at the start of cach run. As the animal consumed the
fluid. the change in volume was recorded by visual obscrvation to the ncarest 01 ml,
The front door of each compartment was equipped with an eyepicce lens to permit visual
observation of the rats without disturbing their behavioural performance. Rats were
deprived of water for 23 hr prior to testing and then placed on the drinking cages and
allowed to drink for 1 hr. Food was available ad lib. in the home cages, but was not avail-
able in the drinking cages.

Drug trials were started only after the animals demonstrated stable baselines (less than
59 daily variation) of water intake. The schedule for drug studies was arranged so that
the rats were run daily. with drugs administered every 4th day and placebo doses on the
intervening days. Fluid intake was recorded at 15, 30 and 60 min of the consummatory
sessions; the greatest proportion of drinking occurred in the first 15 min in all cases.

Consummatory test fluids were distilled water or solutions of saccharin (0-2%,), or tar-
taric acid (0-5%) in distilled water. Three groups of eight rats were run first on distilled
water. and all three drugs were tested. When a bascline had becn re-established for each
group on one of the other test fluids. the effects of all three drugs were tested on that con-
summatory system. For each drug. n = 6-8ann of less than the maximum value indicates
a malfunction of the apparatus or sickness or death of an animal. All results are expressed
as the mean + S.D. of the volume consumed in the drug test session divided by the volume
consumed on the pre-drug day x 100. i.e. the percent consumption. Thus. each animal
served as its own control.

Dose-response curves were fitted for cach drug on the test fluids by the method of “least
squares”. The slopes of the lines were determined by linear regression and the value of
the RD,; was obtained. This value is an estimate of the dose of a particular drug which
would be required to produce a 25%, change in fluid intake during the test session. Values
for slopes and RD, values and statistical comparisons were Getermined as described by
Cox (1970).

RESULTS
Effects of consummatory fluid taste on barbital action

The data in Table 1 are those obtained when dose-response studies of the dipsogenic
actions of barbital were performed using water. saccharin, or tartaric acid. All three doses
of drug exerted a significant dipsogenic effect. regardless of the consummatory fluid. The
RD, ; values for barbital were similar with values for water or tartaric acid, but were sig-
nificantly higher (P < 0:05) for saccharin. The slopes of the log dose-response curves for
water and tartaric acid were similar: that for saccharin was significantly lower (P < 0:05).

Effect of consummatory fluid taste on chlordiazepoxide action

" In this test system. chlordiazepoxide. like barbital. also had significant dipsogenic action
at all doses tested. The data in Table 2 show that chlordiazepoxide was most effective as
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Table 1. Effect of taste phenomena on barbital effects on deprivation-induced fluid consumption

Barbital Pre-drug Drug Percentage of  RDag

Fluid consumed n  (mg/kg. i.p.} (ml £ S.D) {m! £ S.D) Pre-drug tmg'kgl - Slope

Water 8 20 155+ 1-8 185 + 3.2 119 + 12.2%
8 40 177 £ 241 230+ 26 130 + 84 273 + 784

7 80 146 + 2.7 27+ 15 166 + 12:8*

Tartaric acid 8 20 11-4 £ 2:2 140 £ 117 125 + 180*
(0-5%) 8 40 11-4 4 23 151 + 28 136 + 33-4* 241 +63-)

7 80 102 + 083 165 + 23 163 + 32:3*

Saccharin 8 20 237 4+ 36 285 + 31 1204+ 99
(02%) 8 40 239 + 37 300 & 53 126 + 13-1* 356 +233

7 80 218 + 31 277 4+ 63 134 + 28-5*

Animals were treated as described in Methods section: drug was administered 15 min prior to start of drinking
session. Results are expressed as mean + S.D. of the values obtained. Statistical comparisons were mads by the
correlated t-test for paired scores; significant differerices from the corresponding pre-drug values (P < 0-05) are

indicated by*.

Table 2. Effect of taste phenomena on chlordiazepoxide effects on deprivation-induced fluid consumption

Chiordia-
zepoxide Pre-drug Drug Percentage of  RDag
Fluid consumed n  (mg/kg. ip.) (ml + S.D.) {ml + S.D.) Pre-drug {mg'kg)  Slope
Water 8 375 140 £ 2:4 182 + 40 130 + 18-4*
8 75 148 + 20 2154+ 21 - 145 & 25-8* 26 +38:2
8§ 150 153 + 18 234 4+ 18 153 4+ 21-1*
Tartaric acid 8 375 100 £ 2:5 120 £ 23 120 £ 17-4*
{0-5%) 8 75 104 £ 15 133 £ 20 128 4- 24-1* 55 +33:2
8 150 103+ 18 144 + 3-Q 140 4 13-5%
Saccharin 8 375 218+ 26 268 + 32 124 + 18-0*
(0-2%) 8 75 219 + 56 296 + 62 145 + 149* 47 +91-4
8 15-0 229 + 28 40-6 + 57 179 £ 301*

Animals were treated as described in Methods section: drug was administered 15 min prior to start of drinking
session. Results are expressed as mean -+ S.D, for the values obtained. Statistical comparisons were made by the
correlated t-test for paired scores; significant ¢ifferences from the corresponding pre-drug values (P < 0-05) are

indicated by*.

Table 3. Effect of taste phenomena on praomazine eflects on deprivation-induced fluid consumption

Promazine Pre-drug Drug Percentage of = RD,;
Fluid consumed n  (mg/kg, i.p.) {m! + S.D) (m! + S.D)) Pre-drug {mg/kg) Slope
Water 8 2-5 192 + 2:6 17:0 4 2:3 89 + 85
8 50 192 + 2.2 134 + 26 74+ 0% 47 —48:2
-8 100 167 + 2-2 1041 + 36 60 + 9-&*
Tartaric acid 8 2:5 11-4 4 20 100 £+ 2:8 86 + 144
(0:5%) 8 50 147+ 12 904+ 16 77 £ 14:1* 50 —~399
8 10:0 124 + 22 78 + 14 64 + B-6*
Saccharin 8 25 242 + 41 22:5 4 46 93 + 101
02%) 8 50 244 + 45 207 ¥ 54 85+ 86* 64 —407
8 100 231 4+ 28 145 + 67 62 + 25*

Animals were treated as described in Methods section; drug was administered 15 min prior to start of drinking
session. Results are expressed as mean + S.D. of {he values obtained. Statistical compurisons were made by the
correlated 1-test for paired scores; significant differences from the corresponding pre-drug values (P < 0:03) are
indicated by*.
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a stimulus for water and considerably less effective for soluticns of tartaric acid and suc-
charin. The RD, values for tartaric acid and saccharin do not differ significantly from
each other. but both are significantly different from that of water. As with barbital. the
slopes of the dose-response curves were parallel for water and tartaric acid: saccharin
solutions were significantly different (P < 0-05).

Effect of consummatory fluid taste on promaczine action

In the case of promazine. the drug depressed deprivation-induced fluid consumption.
regardless of the fluid offered (Table 3). The efficacy for all three consummatory fluids is
basically similar. Slopes of the dose--response curves are parallel. and RD, 5 values are not
significantly different for all three fluids.

. DISCUSSION

A number of previous reports from this laboratory have indicated that a variety of drugs
depress deprivation-induced fluid consumption by rats (MAICKEL et al., 1968: GERALD and
MAICKEL, 1969; MAICKEL. et al., 1970; GERALD and MAICKEL, 1972). More recently. we
have shown that a variety of sedative, hypnotic and anxiolytic drugs have an opposite
effect, i.e. they stimulate fluid consumption by deprived rats (MAICKEL and MALONEY,
1973). In addition, a previous report also described the effect of taste phenomena on the
action of several drugs that depress deprivation-induced fluid consumption.

In the present report. the effects of three drugs are examined for their ability to alter
the deprivation-induced consumption of distilled water, 0-5, tartaric acid or (-2%, sac-
charin. These three consummatory fluids represent a range of tustes rom pleasant {sac-
charin) through neutral (distilled water) to unpleasant (tartaric acid); the volume con-
sumed by deprived rats is increased about 429 (relative to water) by the use of saccharin.
and decreased about 337, (relative to water) by the use of tartaric acid. The drugs chosen
for this study also represent a diversity of pharmacological activities ranging from barbital,
a long acting sedative, through chlordiazepoxide, an anxiolytic agent. to promazine. a mild
antipsychotic.

The results obtained with the various drugs on deprivation-induced consumption of dis-
tilled water are similar to those previously reported, i.e. barbital and chlordiazcpoxide
stimulate consummatory behaviour, while promazine depresses it. When' barbital was
tested with other consummatory fluids, the results (see Table 1) demonstrated that the
effects of the drug were influenced by pleasant taste. Thus. the slopes of the dose-response
curves for barbital with water and tartaric acid solution was similar: the doses required
to elicit at 25% increase in volume consumed were yirtually identical. By contrast. when
the pleasant tasting saccharin solution was used as a consummatory fluid, the dose-re-
sponse curve was much shallower, and consequently the RD, 5 dose was higher. su ggesting
that the stimulatory action of the drug was less effective.

In the case of chlordiazepoxide, the dose-response curves for water and tartaric acid
were again parallel, although the RD; dose required for tartaric acid was more than
double that required for water (Table 2). However, when the saccharin solution was used.
the slope of the dose-response curve was much steeper, although the RDs5 dose fell
between those for water and tartaric acid. In the case of promazine. all three consumma-
tory fluids behaved in a similar manner. with dose-responsc slopes and RD, values not
differing from each other.
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In view of the previous report from this lauboratory on taste phenomena (MAICKEL and
WeBs. 1972). the present work adds a further dimension emphasizing the importance of
standardizing conditions when using behavioural test systems involving fluid consumption
or the thirst drive. While these drug cffects do not delineate gustatory phenomena as
opposed to drug effects on the thirst drive or on satiety centre. they certainly demonstrate
the necessity for uniformity in test systems. GROSSMAN (1967) reported a number of diver-
gent conclusions on thirst-associated phenomena or consummatory behaviour: a variety
of consummatory fluids of varyving tastes were used.

Of particular interest is the observation (Table 2) that chlordiazepoxide works best when
the consummatory fluid is the pleasant-tasting saccharin solution. This must be considered
in discussing the punishment attenuation hypothesis proposed for screcning anxiolytic
agents (GELLER and SEIFTER. 1960. 1962: GELLER. HUKAK and SeirTrR. 1962). In view of
the dipsogenic action of anxiolytic agents (MAICKEL and MALONEY, 1973). and this stimu-
latory effect of chlordiazepoxide on a pleasant tasting fluid. the possibility of a simple over-
ride of the punishment must be considered.

Acknowledgements—The authors wish to thank the following munufacturers for generously supplying the drugs
used in this study: chlordiazepoxide (Librium®} - Hoffmann La-Roche. Inc. and promazine hydrochloride
(Sparixae"‘:‘)«W_\cth Laboratories.
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SUMMARY
Melatonin and its benzo[b]thiophene analog were labeled by acetylation of
the corresponding 5-methoxyarylethylamines with 3H-acetic anhydride,
The benzo[b]thiophene anaiog had a much higher 1ipid solubility. When
administered to rats, both compounds disappeared from plasma and tissues
“by first-order decay. The dispositions were similar, with the higher
1ipid solubility of the benzo[b]thiophene -analog resulting in higher tissue:
plasma ratios, especially in adipose tissue, kidney and liver, and longer
half-lives in plasma and tissues.
Melatonin (N-acety]nS-methoxytryptamjne, MLT) was first identified by
Lerner and collaborators in 1959 (1). It has been found in the pineal
glands of a variety of mammalian and avian species (2) and in the peripheral
nerves and urine of humans (3). More recently, several papers have reported
the fate of exogenously administered MLT in cats (4) and rats(5). In the
present paper, we report on the comparative physiological disposition of .
MLT and its benzo[b]thiophene analog (5-methoxy-3-(g-acetaminoethyl)benzo-

[b]thiophene, MLT-S) in rats.

MATERIALS AND METHODS

MLT and MLT-S were prepared from their respective 5-methoxyapylethylamines

Ta hre]iminary report has been presented. The Pharmacologist 15:257 (1973).
2 This research was supported in part by USPHS grants KO2MH-41083 and NS-09762
and NASA grant NGL 15-003-117. ' : ;
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by reaction with 3H-acetic anhydride as described by Campaigne and Dinner (6);
the specific activities obtained were 4.1 mCi/mmole. The compounds were
administered by i.v. injection in aqueous solution (0.5 ml/rat, containing

50 uCi of 3H and 12 umoles of compound) to 16 adult, male, Sprague-Dawley
rats weighing 300 grams. Four animals were sacrificed at 0.25, 0.5, 1.0 and
2.0 hrs. after dosage, and blood and tissues were collected and frozen until
analysis.

3H-MLT and 3H-MLT-S were determined by a modification of the procedure
described by Kopin, et al (4). Tissues were homogenized in 3 volumes of
0,05 N NaOH; plasma was diluted 1:1 with 0.05 N NaOH. Homogenate or djluted
plasma (2.0 m1) were added to 50 ml g]ess—stoppered centrifuge tubes containing
15 ml of reagent grade toluene. The tubes were stoppered, shaken for 5 min.
then centrifuged for 10 min. The aqueous layer was removed and discarded,
and duplicate 5.0 ml aliquots of the toluene were removed and added to
scintillation vials containing 7 m1 of toluene, 8 ml of ethylene glycol
monomethyl ether, 1.6 g of naphthalene and 80 mg of BBOT. The samples were
counted in a Packard TriCarb'Model 4322 Liquid Scintillation System. Results
were converted to ng/g tissue. Decay curve siopes were determined by Tinear
regression.

Randomly selected aliquots of the final toluene phase from various tissues
and times were evaporated to dryness, the residues were taken up in a small
volume of methanol and applied to Analtech Silica Gel G precoated plates.
‘One-dimensiona] TLC was carried out using the solvent system B as reported
by Bosin and Wehler (7). Radiochromatogram scanning of the plates, using a
Packard Model 7200 Scannher, revealed that >85% of the radioactivity applied
to the plate resided in a single spot corresponding in Re to authentic MLT or
MLT-S. No other peaks of radioactivity were observed that were significantly

greater than the background level of noise.
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Tissue

Plasma

Adrenal

Brain

Fat

Heart

Intestine
(Duodenum)

Kidney

Liver

Lung

Muscle

Spleen

Testes

Comgound
MLT

MLT-S
MLT
MLT-S
MLT
MLT-8
MLT
MLT-S
MLT

MLT-S

MLT
MLT-5
MLT
MLT-S§
MLT
MLT-S
MLT
MLT-S
MLT

MLT-S
MLT
MLT-S
MLT

MLT-S

105

MLT and MLT-S in Rats 1737
TABLE 1
Time Course of Disposition of MLT and MLT-S in Rat Tissues
ng Compound/g TissueiS.D.

0.25 hr 0.5 hr 1.0 hr 2.0 hr  t1/2
min.

1806+ 120  746+121 82+ 14 6.9+ 2.8 12
1650+ 223  731+152 228+ 39 21 + 6.4 18
2036+ 123 1096:?58 294:_42 33 . +1C 18
3970+ 579 19114293 8034159 81 +15 20
1311+ 200 707+ 82 104+ 20 8.2+ 2.6 14
2467+ 218 927+194 348+ 90 34 + 9.1 16
613+ 106 334+ 97 37+ 16 2.1+ 0.5 13
1988+ 354 17134318 7644116 158 +16 29
1840+ 136 8564102 113+ 18 6.9+ 2.3 13
2671+ 490 11564260 4843 97 44 + 9.7 17
2064+ 300 1194+205 285¢ 77 16 +5.0 15
2140+ 281 11674267 628+118 166 +29 20
3606+ 230 2281#390 245+ 41 20 + 5.8 14
1169441713 51684762 2566+440 240 476 19
2270+ 332 12724208 192+ 47 18 + 4.6 16
6313+ 524 2878+367 1097+184 196 +48 35
1388+ 262  B47+125 145+ 11 35 +5.1 18
2736:_361 12014135 505+108 78 1}6 21
2212+ 241 788155 1123 12 5.5+ 2.1 13
1543+ 229 7504132 229+ 37 25 # 3.5 19
1286+ 190 7704241 82+ 16 7.2+ 3.5 14
1350+ 153 662+127 317+ 50 26 + 7.8 19
1687+ 179 1230+ 32 321317 45 +5.6 15
2101+ 379  1487+294 558+ 35 73 +19 22
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RESULTS AND DISCUSSION

The data obtained for the tissues examined are presented in Table 1.
Of particular interest is the fact that the tissue levels achieved by the
benzo[{b)thiophene analog at 15 minutes after dosage are higher for every
tissue except muscle; this is reflected in a lower plasma level at that time.
Kidney, liver and fat show the highest MLT-S/MLT ratios at 15 minutes. The
half-1ife values are longer for MLT-S than for MLT in plasma and all tissues,
Statistical comparison of the slopes of the decay curves for MLT and MLT-S
indicate that fat, 1iver, muscle and plasma are different for the two analog.

These results suggest that both the endogenously occurring indolic compound
and the foreign benzo[bJthiophene analog are handled in a similar manner by
the body, the differences presumably being due to the higher 1ipid solubility
(benzene: pH 7.4 distribution values were MLT = 8.2, MLT-S = 610) of the MLT-S.
Ruffin, et al (8) have shown that MLT can be bioassayed by its ability to

produce distinctive night coloration in the pencil fish, Nannostomus beckfordi

anomalus. More recently, Reed (9) found that MLT-S was about one-tenth as
potent as MLT in this test system, although both compounds had a similar
toxicity. The biological activities of the two analogs have not yet been

examined in mammals.
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ABSTRACT
1,4-Butanediol had a significant sedative effect on rats at i.p. dosages
>300 mg/kg. The LDgy was 1328 mg/kg. Effects of ‘the drug on spontaneous
motor activity was biphasic; doses of 50-200 mg/kg significantly reduced
activity, while doses of 300-400 mg/kg produced loss of righting reflex.
No increase in 1iver triglycerides was seen even at doses of 1000 mg/kg/day

for 14 days.

INTRODUCTION
The compound'1,4-butanediol (1,4-BD) has numerous uses, for example,
in the manufacture of polyurethanes and polyvinylpyrrolidone (Freifeld and

Hart, 1966) as a curing agent in vulcanization (Athey, 1959), as a plasticizer

1A preliminary report of this material has been presented to the Society of
Toxicology (Toxicol. Appl. Pharmacol. 25:461, 1973),

2 Supported in part b5y USPHS grants MH-18852 and K02-MH-41083, and by NASA
grant NGL 15-003-117%. " U,
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for thermoplastic polymers (Farbenindustrie, 1943) as a softener and moistener

for gelatin, cellophane and speciality papers (Aniline, 1964), as a mold-inhibiting
humectant in tobacco products (Drucker, 1962), a component of cigarette

filters (Toney, 1969), and in the preparation of flavoring and perfume solutions
(Levinson, 1968) and suppositories (Kawamura et. al., 1968). In fact, 1,4-BD

has such widespread use that it has been considered by Knyshova as an environ-
mental pollutant (1968).

Despite this widespread usage, the literature contains little information
on the pharmacology and toxicology of 1,4-BD. Sprince et. al. (1966) have
reported the i.p. LDgp in rats to be 1.00 g/kg, while Rowe (1963) reported a
P.o. LD5g in rats of 1.78 g/kg. Hinricks et. al. (1948) reported toxic
effects of 1,4-BD in man, but Sprince et. al. (1966) suggest that this may
have been due to a contaminant, 2-butyne-1,4-diol, the raw material used in
the manufacture of 1,4-BD.

1,4-BD has been demonstrated to have a significant depressant action on
the central nervous system, presumably through the action of a metabolite,
u-hydrqubutyric acid (GHB) (Maxwell and Roth, 1972; Roth and Gairman, 1968);
both the parent compound and GHB have effects on the rat EEG (Sprinée et. al.,
1966). Guidotti and Ballotti (1970) have reported that loss of righting
reflex correlated better with brain concentrations of GHB than 1,4-8D:

‘The present paper reports on some preliminary pharmacological data
obtained with 1,4-BD in rats. The results indicate that 1,4-BD is a unique

sedative drug, quite dissimilar to ethanol.

MATERIALS AND METHODS

Adult, male Sprague-Dawley rats (300-350 g) were obtained from Mutrphy
Breeding Laboratories, Plainfield, Indiana. Animals were maintained for

7-10 days prior to experimental use on an ad 1ib diet of Purina Lab Blox and
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tap water.

1,4-BD (Research Grade) was purchased from Matheson Coleman and Bell
and administered by i.p. injection as the pure compound or as solutions in
distilled water such that the volume of injection was 0.1 ml per 100 g body
weight.

Spontaneous motor activity was measured in Woodard Actophotometers.

Liver triglycerides were determined using Harleco kits.

RESULTS
Preliminary results in the rat indicated the i.p. LDg5g to be 1328 mg/kg,
a value somewhat higher than that reported by Sprince et. al. {1966). ‘No
deaths were seen at doses below 1000 mg; doses of 1600 mg/kg or greater were
an Lbygp-
The loss of righting reflex after a singlé dose was dose dependent, - as
shgwn by the data in Table 1.
TABLE 1

Loss of Righting Reflex in Rats Given Various Doses of 1,4-BD

Dose N puration of L.R.R.
mg/kg,1.p. - mintS.E.M.
250 : 8 0
500 12 105+ 4.6
1000 12 318+21.8

While no loss of righting reflex was observed at 250 mg/kg, a significant .7

‘effect was seen on rotorod performance at doses as low as 200 mg{kg (Table 2).
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TABLE 2

Rotorod Performance in Rats Given Various Doses of 1,4-BD

mg/E%%%.p. N Failures
50 15 37.4
100 1 36.8
200 N 55.4
300 : 6 100.0
400 6 100.0

similarly, significant effects were seen on spontaneous motor activity
at doses as low as 50 mg/kg, 1.p., although the dose-response curve was
clearly biphasic as shown jn Figure 1, with virtually a complete abolition
of activity at doses of 300 or 400 mg/kg.

When rats were dosed with 1,4-BD daily for periods up to 14 days, a
peculiar adaptation to the effects of the drug were observéd (Téb]e 3).
The duration of loss of righting reflex was significantly lower with the
fourth dose; further dosing did not lower the duration of action at ail.

Measurement of 1iver tr1g1ycerides in the rats treated with daily
doses of 1,4-BD as described in Table 3 indicated no significant change
from control levels, a sharp contrast to the actions of ethanol under a
similar dosage regimen. In addition, the effects of 1,4-BD, in .combination
with pentobarbital or chiorpromazine, on'1oss of righting reflex, are merely

additive.
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FIGURE }
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FIGURE 1: Effects of 1,4-Butanediol on S ontaneous Motor Activity of Rats.
acn value 1s the mean o -8 rats; vertical bars indicate + 5.D.

TABLE 3

Variation in Duration of 1,4-BD Narcosis with Repeated Dosage

Duration of Loss of Righting Reflex

Day 500 mg/kg, 1.p. 1000 mg/kg, i.p.
# of doses ‘ mintS.E.M. (N} mintS.E.M, (N}
1 105+ 4.6 (12) 318+21,8  (12)

4 7810.3  (7)* 191 4.5 ( 8)*

7 ' 87+ 5.6 ( 6)* 210+ 6.0 ( 5)*

14 | 79: 5.8 ( 3)* 189+ 8.5 ( 2)*.

* Significantly different from day 1 (p < 0.05)
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DISCUSSION

Although 1,4-BD appears structurally to be a dimer of ethanol, the only
pharmacological similarity between the two compounds appears to be in their
depressant potency. 1,4-BD is active at doses of >50 mg/kg, i.p.; the activity
depends on the parameter being measured. Thus, a reduction in spontaneous
motor activity is seen at 50 mg/kg; retorod performance is imparied at 200
mg/kg; and loss of righting reflex occurs at 250 mg/kg. The dose-response
data for rats treated with 1,4-BD is most intriguing, reflecting a biphasic
type of response {Figure 1). At doses of 50, 100 or 200 mg/kg, 1.4-BD causes
1 significant decrement in activity; at doses of 300 or 400 mg/kg, activity
levels are zero since the animals lose their righting reflex.

Another interesting phenomena was observed when rats were given daily
doses of 1,4-BD for 14 days. Under these conditions, the duration of Toss
of righting reflex was significantly reduced by the 4th dose, although no
further reductions 16 effect were observed over the remainder of the dosage
period. In this regard, it was of interest that no significant elevations of
liver triglycerides were observed over this period of treatment, a striking
contrast to many reports on the actions of ethanol on liver lipids. 1In this
regard, it is also interesting that the effects of combined dosages of 1,4-BD
with pentobarbital or chlorpromazine have a merely additive effect on loss of
righting reflex. Thus, it seems that the CNS actions of 1,4-BD may be sufficiently
unique to justify further examination as a potential pharmacologicul agent.
In this regard, the studies of Sprince et. al. (1966) and Roth and Gairman
(1968) indicating that the CNS depressant effects of 1,4-BD may be mediated
by its conversion to a-hydroxybutyric acid are most interesting. Certainly,
the Therapeutic Index in rafs as a potential anesthetic (LDg5g/ED5q for loss

of right reflex >60 minutes) is intriguing since it appears to be <4.0.
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In combination with the demonstrated lack of hepatotoxicity, even with

chronic dosage; this possibility seems to be worthy of further study.
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Intestinal transport of tryptophan and its analogs
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Bosix, Tawmace R, Davip R. HATHAWAY, AND Rocer P.
MaickeL. Intestinal transport of tryplophan and its analogs. Am. J.
Physiol. 228(2): 496-500. 1975.—A comparative study of the
intestinal transport of pL-tryptophan and its 1-methylindole
(tryptophan-1-Me) and Denzo[b]thiophene (iryptophan-§) ana-
logs has been carried out in vitro, using the everted intestinal sac
of the rat and hamster. Both tryptophan and tryptophan-§ are

. actively transported across the intestine, while tryptophan-1-Ae

is not actively transported. The active transport of tryptophan is
competitively inhibitéd by tryptophan-S, suggesting a similar
carrier, while tryptophan-1-Afe is not an inhibitor of tryptophan
transport, suggesting little or no interaction with the carrier,
The transport of ryptophan and tryptophan-§ is depressed at
concentrations (10 mM), and all three amino acids produce
subtle alterations in the Larrier properties of the sacs, as cvidenced
by increased tetraethylammonium bromide-1*C diffusion.

active transport; aromatic amino acids

FOLLOWING THE REVIVAL by Wilson and Wiseman (22)
of the everted intestinal sac techniques, developed by Reid
(18), a great body of literature has accumulated concerning

- the carriers involved in the active transport of amino acids
across the intestinal cpithelium. Antedating methodology

for elucidating active processes, Berg and Bauguess in 1934
(1) were first to note differences in- absorption aniong

tryptophan isomers and acetylated derivatives in the rat.
‘Wiscman (24),
‘able to demonstrate active accumulation of L-tryptophan
at a concentration of 20 mM. However,
‘Samily (20) showed active transport of L-tryptophan to
‘occur in hamster intestinal sac at low concentrations, with
|uptake dropping off 1o zero at higher concentrations. This
| phenomenon  has
'and attributed to toxicity (20), depression (7), and most
' recently, to a bidirectional flux characteristic of the carrier
j mechanism (16).

using the everted sac technique, was un-

Spencer and

been confirmed by other investigators

Despite 20 yr of study of the active transport of amino

f acids in the intestine, a satisfactory understanding of the
role of structural factors in tryptophan transport has not
" becn forthcoming. At present, investigations have demon-
' strated the primary role of the a-carboxyl and a-amino
groups (19) and have shown rather conclusively that
! highly polar. or charged substitutions on the aromatic
ring reduce transportability (11). These findings prompted

Wiseman (23) to state, in a receny;, revicw of amino acid

| transport, that thg aromatic systemileemgito be -of com-

|
)

paratively little importance, providedithat it doc§ not bear

' 4 charge.

~As part of a continuing study of tryptophan (la) and its

1-methylindole (tryptophan-1-Afe) (I1b) and benzo[b]thio-
phene (tryptophan-§) (Ic) analogs, we have siudied the
role of the indole nucleus in active intestinal transport
in the rat and golden hamster.

. .~ COOH
iJ:—Mr ‘r
) -
L '.\'/ NH.

1a, X = NH

1h. X = NCH;

e, X = R

MATERIALS AND METHODS

Materials. Animals were adult male Sprague-Dawley
rats, 280 g (Murphy Breeding Laboratories, Plainfield,
Ind.) and adult male golden hamsters, 150 g (Engle Lab-
oratory Animals, Inc,, Farmersburg, Ind.). pL-Tryptophan
[side chain-2,3-*H] and tctracthylammonium  bromide-
1-4C (TEA) of specific actvities 1 Ci/mmol and 1 mCi/
mmol, respectively, werce purchased from New England
Nuclear Corp., Boston, Mass. pL-Tryptophan-1-Me and
pL-trypiophan-§ were uniformly tritium labeled by New
England Nuclear Corp., with respective specific activities
of 193 mCi, mmol and 3 Ci/mmol. The purity of all labeled
compounds was confirmed by thin-layer chromatography
(2), scanning the plates with a Packard model 7200 radio-
chromategram . scanner. Unlabeled bpr-tryptophan was
purchased from Sigma Chemical Co., Inc., St. Louis,
Mo., and pL-tryptophan-1-Me and pL-tryptophan-§ were
prepared by standard procedures (4, 25). The purity of all
unlabeled compounds was confirmed by thin-layer and
gas chromatography.

Methods. In all everied sac transport studies a modifica-
tion of the method of Wilson and Wiseman (22) was em-
ployed. Animals were anesthetized with Nembutal (8-10
mg/kg, ip), laparotomy was performed, and 4-cm seg-
ments of ileun beginning 5 cm from the ileccecal valve
were removed sequentially and individually with Jigation
of ncighboring blood vessels to prevent excess blood loss.
The modification insured the climination of temporal in-
cubation differcnces among Sacs, ie., the first sac was
away from an intact blood supply the same length of time
as the last. Typically, five sacs were prepared from cach
anima}. “Eversion of sacs was performed in isotonic saline
at 23°C on a glass rod; any adventitious succus was gently
washed from the mucosal surface. All sacs were filled with
0.4 ml of test solution, ligated, and placed in incubation
vessels containing 5 ml of identical test solution. Incuba-
tions were carried out in an Aminco-Dubnoff metabolic
shaker at 37°C.and 30 oscillations/min. A direct oxygen
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supply was provided for cach incubation vessel by con-
tintous bubbling of 100 7 oxygen through a Pasteur pipeite
at an approximate rate of 20 ml ‘min per vial. Incubations
were carricd out for 30 min.

Everted sacs emploved in viability investigations were
prepared and incubated as above. At 15 min 2 pCi of
tetraethylammonium bromide-1-4C (0.1 ml) were added
10 each vesscl.

All solutions were prepared in a Krebs-Henscleit bi-
carbonate buffer stock, pH 7.4. To various concentrations
of unlabeled amino acid, tracer amounts of the labeled
compounds were added to achieve 0.1 uCi/ml. Nonab-
sorbable phenolsulfonphthalein, at a final concentration of
0.014 mM, was added to the test solution for purposes of
volume corrections. Upon termination of the experiment,
0.2-ml aliquots of serosal and mucosal fluids were removed
and added to counting vials containing the scintillation
solution previously described (12) and counted in a Packard
Tri-Carb model 4322 liquid scintillation system. Aliquots
of serosal fluid, 0.1 ml, were diluted to 2.0 ml with 0.5 N
NaOH and read on a Beckman DU spectrophotometer at
554 nm. Similar spectrophotometric readings were obtained
on the original stock solution, and the ratios of initial and
final absorbance values were used for volume correction.
Tissue accumulation of amino acid was measured and
used only for purposes of determining percent recovery of
the labeled amino acid. Typical recoveries were 96~103 %c.
The rates of transport were calculated as described by Lin
et al. (11).

Slopes were determined by linear regression analysis.
Comparisons of individual values were performed by the
Student ¢ test; slope and intercept comparisons were per-
formed as reported by Cox (8).

RESULTS

The data obtained from studies of the cverted sac of
rat or hamster, using DL-tryptophan and its analogs, are
presented in Table 1. Transport of tryptophan-1-Me was
not observed. For both tryptophan and tryptophan-S§,
the. data do not follow standard Michaelis-Menten kinetics,
primarily due to a drastic fall in transport rate at 10 mM.
This phenomenon has been reported for tryptophan (7, 20)
and for other neutral amino acids at higher concentration
(13, 14).

For iryptophan and tryptophan-S, Km and V. were
determined by the Hofstee method in which the V. is
represented as the y-intercept and —Knp is represented by
the slope. Figure 14 presents results for the rat where a
K. of 1.70 mM and a Vyx of 2.91 gmol/g per 30 min for
tryptophan and K» = 2.03 mM and Vi = 4.10 umol/g
per 30 min for tryptophan-§ were determined. Statistical
analysis of the differences in Km and Vimax values indicated
that they were not significant at the 0.05 level.

A similar plot for the hamster appears in Fig. 1B where
the K, of tryptophan was found to be 1.96 mM and the
Ve was found to be 3.33 pmol/g per 30 min, whereas
for tryptophan-S, K was determined to be 2.49 mM and
\',uax Was determined to be 4.63 pymol/g per 30 min. No
statistically significant difference at the 0.0 level was found
between the K and Viax values or between respective
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canty 1. Tramsport of triptophan and analogs by
everted sac fuepuaations

Tnitial Serosal Transported,
Cancn, mM umol/g per 30 min

Compound Specivs

0.16+0.02
0.65+0.03
1,11£0.03
1.85:+0.21
2.18+0.05
1.904-0.08

p1.-Tryptophan Rat

—

0.194:0.02
0.82+0.05
1.284:0.04
2.5440.14
2.424:0.21
1.67%0.12

pr-Tryptophan-§ Rat

cooow~

s
UI:—O QUWe==OO CSCUE—=O0

oo~

—0.01:£0.003
—0.06:0.02
—0.46£0.14

pL-Tryptophan- Rat
1-Me

0.17+0.01
0.6340.03
1,1540.10
2.02:0.18
2.454:0.09
2.0340.10

pL-Tryptophan Hamster

cooouw—

0.18::£0.01
0.76+0.17
1.302:0.06
2.60+:0.08
2.72:£0.21
1.94+0.13

pL-Tryptophan-§ Harmster

SUw—00 oUW—=O0O

_
o0 WL~

—0.02::0.005
—0.0640.03
—0.88+%0.11

pL-Tryptophan- Hamster

1-Me

&1 e Q
(==

Fach value is the mean == SD of five sac preparations. Transport
(in pgmol/g per 30 min) was calculated as described in MATERIALS
AND METHODS.

MICROMOLES/G/30 MIN

2
(125505876730 1t/ (MiLLIMOLES/L)

Fic. 1. Hofstee plots of transport of tryptophan {-0-) and rypto-
phan-§ (-@-} by isolated everted sacs of rat (Fig. 14) and hamster
(Fig. 18). Each point is mean of 5 sacs; vertical bars are & SD,
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MICROMDLES/G/30 MIN
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(M1cROMOLES/G/30 M)/ (MILLIMOLES/L)

rig. 2. Hofstee plots of transport of tryptophan in presence of
varying concentrations: 0 (-0-), 1 mM (-3-), and 3 mM (-@-) of
tryptophan-§ by isolated everted sacs of rat (Fig. 24) and hamster
(Fig. 2B). Each point is mean of five sacs; vertical bars are £ SD.

1aBLE 2. Transport of tryptophan in the presence of
tryptophan-1-Me in the rat and hamster

Tryptophan-1-Afe Concn

Species Tryptophan

Concn, mM 1 mM, 10 mM,
pmol/g per 30 min umol/g per 30 min
Rat 0.1 0.11 -+ 0.03 0.15 £+ 0.02
Rat 1.0 1.15 & 0.13 1.09 £ 0.10
Hamster 0.1 0.15 % 0.0l 0.14 = 0.02
Hamster 1.0 1.11 £+ 0.10 1.09 &+ 0.14

Each value is the mean == SD of five sac preparations. Transport
{in pmol/g per 30 min) was calculated as described in MATERIALS
AND METHODS.

Kn and Vi values of the tryptophans.when compared
between the two animals.

Figure 24 presents the kinetics of tryptophan transport
in the rat in the presence of tryptophan-S. Competitive
inhibition is observed, with the Vmax remaining constant at
all inhibitor concentrations (indicated by I values on the
graph) while K» changes. Similar results are obtained in
the hamster and appear in Fig. 2B. ,

Tryptophan-1-Me was unable to inhibit tryptophan
transport (Table 2). In the presence of 1 or 10 mM trypto-
phan-1-Me, the rate of tryptophan transport at 0.1 or 1.0
mM does not change. Statistical analysis of these values
compared to tryptophan at zero inhibitor concentration
indicates no statistical difference at the 0.05 level.

Considering the problem of decremental transport at
high initial concentrations, Table 3 lists experimental
velocitics of tryptophan and tryptophan-§ and the cor-
responding predicted values obtained by the use of the
Michaclis-Menten equation. The last column  expresses
the percent predicted value of the cxperimentally de-
termined velocity. It can be scen that deviation from pre-
dicted velocity occurs for tryptophan-§ at 5 mM and for
tryptophan at approximately 10 mM. Statistical compari-
«on of the deviation at the 5 mM and 10 mM points indi-
cated a significant difference (P < .05) between the two
compounds. ' , ‘

Viability studies, at high concentration-induced decre-
mental transport, werc conducted by measuring the percent
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ranLy. 3. Coimparison of exprerimental and
Jedicted transfuort velocilies

Expt] Velocity Predicted
Conen, 'E)

Species Compound M i m(:‘l/!f;.i)cr (‘,:)“‘l‘:j!"gil. g VE/Vi X 180
3U min per 30 min
Rat Tryptophan 5 2.18%0.05 217 100+2.3
Rat Tryptophan 10 1.90+£0.09  2.50 76:3.8
Rat Tryptophan 3 2.54:£0.14 2,46 103%5.7
Rat Tryptophan-§ 5 2 42020 2,92 83.4+6.8
Rat ryptophan-§ 10 1.67%0.12 3.40 49£3.5
Hamster Tryptophan 5  2.4540.09 2.38 103:£3.1
Hamster Tryptophan 10 2.03x0.10 2.78 73:£3.7
Hamster Tryptophan 3 2.6040.08 2.51 104:+:3.2
Hamster Tryptophan-§ 3 2.72+0.21 3.06 846.4
Hamster Tryptophan-§ 10 1.94+:0,13 3.68 533 .4

"Each value is the mean == SD of five sac preparations.

TABLE 4. Transintestinal diffusion of tetracthylammonium-1-1C
(TEA) in the presence of varying concentrations of
triptophan and its analogs

Tryptopban-§

Tryptaphan-1-Me

Tryptophan
Species Conen, “Ter Dose. a7 - €t Das
‘ mM % Dose c,{,"cliﬁiia % Doset 'i;'{,‘!c%’ﬂfa % Dose %Dclzglfiﬁ
Rat o* 0.65 1.0 065 1.0 0.65 [.0
+0.07 +-0.07 +0,07
Rat 1 0.66 1.0 0.64 1.0 0.64 1.0
+0.04 +0.06 +0.07
Rat 5 0.64 1.0 064 1.0 1.03 1.6t
+0.07 +0.05 =+0.09
Rat 10 1.48 2.3% 0.70 1.1 2,01 3.1%
+0.22 +0.13 +0.30
Rat 20 2.31 3.6% 1.67 1.6t 4,13 6.3%
+0.34 +0.11 +0.45
Hamster 0* 3.69 1.0 3.69 1.0 3.69 1.0
+0.89 +0.89 +0.89
Hamster -1 346 1.0 3.63 1.0 3,51 1.0
+1.08 +0.91 +0.80
Hamster 35 3.60 1.0 3.38 1.0 6.56 1.8%
+0.78 +0.64 40.78
Hamster 10 8.29 2.2% 4,02 1.1 10.46 2.8%
£0.77 +1.02 +1.09
Hamster 20 12.85 = 3.5% 5.86 1.6 24.30 6.61
+1.00 +0.95 +2.51
Each value is the mean = SD of five sac preparations. * Con-
trol = diffusion of TEA when amniuo acid concentration = 0.
1 Significant difference (P < 0.05) from control and significant
difference (P < 0.05) from other values in horizontal row. t %

Dose = % total TEA diffusing from mucosal to serosal camnpart-
ment in 15 min.

total dose diffusion of the relatively nondiffusable and
inert compound, TEA, from the mucosal to serosal com-
partment during the last 15-min period of a 30-min in-
cubation in the presence of varying concentrations of the
amino acids. These data were then correlated with histo-
logical evidence of sac disintegration. The premise was that
a nondisrupted lipid cpithelial border should serve as an
effective barrier to transepithelial diffusion of the highly
polar TEA; this has recently been confirmed (17). Similar
methodology has been cmployed by Gibaldi and co-
workers (9) in evaluating cverted sac viability with good

- results.
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Table 4 shows the results of the investigation. The column
percent dose percent control i§ a ratio of the mean values
of TEA diffusion at various amino acid concentrations to
the mean diflusion value at zero amino acid concentration,
the control. Statistical comparisons were made between
the actual percent dose values shown in the first column
under each compound. Ratios greater than 1 indicate a
net increase in difTusion aver the control. For tryptophan-S,
a net increase in diffusion is scen to begin at 5 mM with
progressive increase in direct correspondence to concentra-
tion. Significant diffusion in the presence of tryptophan
does not begin until 10 mM and for the 1-methyl derivative,
increased diffusion is first noted at 20 mM. Histological
evidence of sac disintegration, observed as cpithelial swell-
ing, disruption of cell borders, and sloughing, was noted
only at the 10 and 20 mM concentrations for tryptophan
and tryptophan-S. This will be described in detail in a
future report.

DISCUSSION

Selective molecular alterations might alter transport-
ability in several ways. First, there may be stercochemical
and electronic effects. The replacement of the indole nu-
cleus by benzo[b]thiophene results in a molecule that is
similar sterically to indole but electronically distinct due
to the involvement of 3d orbitals on the sulfur atom (3),
while the l-methylindole analog resembles indole elec-
tronitally but differs sterically due to the presence of the
bulky methyl group. Additionally, indole possesses the
capability of hydrogen bonding at the l-position which is
absent in the analogs.

A second way in which substitution might alter transport
would be through alteration of the acid/base properties
of the a-COOH and o-NH; groups: Studies by Christensen
and Oxender (6) have indicated that modest alterations of
pK, values have slight eflect on transport. Tryptophan and
its sulfur and 1-methyl analogs do not difler greatly with
respect to pK, values of the a-carboxyl and a-amino
groups (5). : .

Finally, transportability may be affected through a
polarity change in the aromatic system,. lcading to differ-
ences in lipophilicity. Partition coefficient determinations
have shown that the order of lipophilicity of the compounds
is in the order: tryptophan-§ > tryptophan-1-Me >
tryptophan (5). ‘

" 'Itis evident that steric bulk at the 1-position of the indole
nucleus differentiates tryptophan and: tryptophun-§ from
tryptophan-1-Me. The fact that tryptophan-§ and trypto-
phan-1-Me are more lipophilic than tryptophan as indi-
cated by their partition coefficients, yet the  1-methyl de-
rivative is not actively transported, gives greatest support
to steric factors in the transport mechanism. These findings
contradict ‘carlier thinking ¢mphasizing the ‘importance

* of aromatic ring system lipophilicity and the unimportance

of nonpolar structural changes in determining transporta-
bility (11). E o
When compared to-the studies of Cohen and Huang (7)
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who found transport of the 4+, 3-, and Gonethv] derivatives
of tryptophan at a single conventration, our results would
tend to suggest the importance of the I-pusition of the
indole nucleus as a site for sieric interaction of tryptophan
with the carrier molecule,

The results of the inhibition studies support the con-
tention that tryptophan and tryptophan-§ share the same
carrier and interact in a competitive fashion. On the other
hand, the absence of any competitive behavior of trypto-
phan-1-Me with tryprophan for transport would suggest a
rather dramatic inertness of this compound with respect
to carrier interaction. It must be remembered that all of
the data reported in the present paper are for the racemic
mixtures. While the p-isomer of tryptophan is presumably
not transported (7), the assumption that it has no effect on
the transport of the L-isomer when both are present cannot
be taken as an absolute phenomenon.

The depression of transport observed at high concentra-
tions of tryptophan has been reported by several groups

(7, 16, 20). Our results confirm this pghenomenon for:

tryptophan and tryptophan-§ as well. In addition, by com-
parison of actual and predicted velocities, we have shown

that depression of transport tends to occur carlier for the

sulfur analog. Spencer and Samily (20) first speculated that
damage to sacs might account for the inhibition of transport.
Cohen and Huang (7), on the other hand, thought it
represented some sort of depression but did not suggest a
specific mechanism, Most recently Munck (16) has re-
opened the issue, and based on the theoretical work of
Wilbrandt and Rosenberg (21), has attributed the decline
in transport of tryptophan” at high concentrations to a
bidirectional flux characteristic of the transport mech-
anism- (15).

In support of the data presented here, Laster et al. (10)
reported light and electron microscopic evidence of cellular
damage to hamster everted sacs incubated in vitro with 40
mM vr-tryptophan. These lesions neither occurred with the
p-isomer nor with 11 other amino acids tested at the same
concentration (10). While we also examined histological
samples and noted gross evidence of destruction at 10-20
mM pr-tryptophan and pL-tryptophan-§ in both the rat
and hamster, the measurement of TEA diffusion over.a

range of concentrations, when compared to a control,.
“indicated that a more subtle alteration in the barrier
properties of the sacs was occurring at tryptophan-§ con-

centrations as low as 5 mM and tryptophan-1-Me con-
centrations as low as 20 mM. This we take as evidence of
toxicity, although the exact nature- of the toxic effect is
at the present time unknown. '
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ABSTRACT

Pretreatment of rats with a dosage regimen of oMT that has no effect on
the anorectic action of a single dose of 2 mg/kg of d-amphetamine or meth-
amphetamine causes a marked reduction in the rate of continuous avoidance
responding evoked by that same dose. . Similar pretreatment followed by a
dose of 8.0 mg/kg of benzphetamine was without effect on the drug's action
on both systems.
INTRODUCTION

S

Since ‘the first studies of the action of d-amphetamine on anorectic
and central stimulatory behavior (Lesses ;nd Myerson, 1938; Prinzmetal and
Alles, 1940), a large amount of research effort has been placed in attempts
to separate the two actions of drugs in the amphetamine series. A recent
symposidm contains a variety of papers reviewing various aspects of this

problem (Costa and Garattini, 1970). In addition, Cox and Maickel (1972)

havé reported a detailed comparison of the two activities of a large number

*Present Address: Mead Johnson Research Laboratories
Evansville, Indiana 47721
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of phenylethylamines, using reduction of deprivation-induced food consumption
as a measure of anorectic potency and increase of continuous avoidance respond-
ing as a measure of central stimulatory potency. Since Miller, et al (1970)
had reported that oMT pretreatment could reduce the stimulatory effect of
d-amphetamine, it seemed reasonable to do a comparative study of several
amphetamines in animals pretreated with oMT.

MATERIALS AND METHODS

Adult, male Sprague-Dawley rats (Hormone Assay Laboratories, Chicago)
were used in all experiments. Details of animal handling, drug dosage,
behavioral testing, and statistical processing of data may be found in the
paper by Cox and Maickel (1972). Treatment with oMT was as reported by
Miller, et al (1970). Brain NE and 5HT were determined as described by
Maickel, et al (1968).

TABLE 1

Effect of oMT Pretreatment on Brain Levels of NE and 5HT

Each value is the mean + S.D. of results obtained from 4
animals given 150 mg/kg (i.p.) of aMT as a suspension in
peanut oil at 48, 36, 24 and 12 hours prior to the zero

time point.

Hours After Last Injection Brain NE Brain SHT
ng/g ©9/g

Control ‘ 0.46 + .05 0.63 + .06

6 0.28 + .09* 0.70 + .09

2 0.20 + .03* 0.68 + .09

24 o 0.21 + .00 0.64 + .04

48 0.30 + .03* 0.62 + .07

*Significantly different from control (p < .05) as determined
by the Student "t" test.”
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RESULTS

. The effects of pretreatment with aMT in the dosage regimen described by

Miller, et al (1970) are shown in Table 1. As can be seen from the data, a
maximal reduction (to approximately 45% of control values) was maintained
over the period 12-24 hours after the last dose. Accordingly, all behavioral
testing was performed during this time period.

TABLE 2

Effect of oMT Pretreatment on Anorectic Action of Amphetaminés

Drugs were administered 12 hours after the final dose of aMT.
Each value is the mean + $.D. of values obtained from 6 animals,

each animal serving as its own control.

Compound (dose-mg/kg) No Pretfeatment oMT Pretreatment :
Saline 100 _f; 8 AR ’,,
d-Amphetamine (2.0 mg/kg) 60 + 7* 58 + 12% 5
Methamphetamine (2.0 mg/kg) 53 + 13* 55 + 157
Benzphetamine (8.0 mg/kg) 66 + 16* 68 1‘12#

*Significantly different from saline (p < .05) as determined by the
Student "t" test.

#No signigicant difference from non-pretreated animals (p> .05) as :
determined by the Student "t" test. ]

No significant difference from non-pretreated animals (p> .05) as

determined by the Student "t" test, but significantly different
from saline with oMT pretreatment (p < .05?

When animals were pretreated with oMT, then given a single dose of
- d-amphetamine, methamphetamine, or benzphetamine, the results obtiined on

deprivation-induced food consumption are shown in Table 2. It is c¢lear that

the oMT pretreatment had no effect on the anorectic activity of the amphet-
amings. The pretreatment itself had a slight, but non-significant, action

on food consumption.
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TABLE 3 i

Effect of oMT Pretreatment on Stimulatory Action of Amphetamines . '

Drugs were administered 12 hours after the final rnse of oMT.
Each value is the mean t S.D. of values obtained from 6 animals,

each animal serving as its own control,

Compound (dose-mg/kg) No Pretreatment oMT Preatment
Saline 100 i 7 94 i%n
d-Amphetamine (2.0 mg/kg) 259 + 49* 67 1-20#
Methamphetamine (2.0 mg/kg) 287 + 51% 63 + 23# oo
Benzphetamine (8.0 mg/kg) 97 + 12 93+

*Significantly different from saline (p < .05) as determined by the ¢
Students "t" test. i

#Significantly different from non-pretreated animals {p < .05) as i
determined by the Students "t" test. .-

In sharp contrast to these results are those obtained for continuous
avoidance responding. The data obtained (in response to amphetamines) when
animals were pretreated with oMT are presented in Table 3. Pretreatment
with oMT had no significant effect on the rate of avoidance responding per
se, but such pretreatment compietely abolished the increased responding
usually evoked by d-amphetamine and methamphetamine. Benzphetamine did not

evoke stimulation in control animals; oMT pretreatment did not alter these

results.

DISCUSSION
The ability of amphetamines to produce two different pharmacological
effects: appetite depression and central stimulation, has been known for

many years. The precise role(s) of norepinephrine in these actions of
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amphetamines has also been a continuing area for research. Weissman, et al
(1966) have shown that oMT pretreatment antagonized the effect of amphetamine
on conditioned avoidance behavior. Moore, et al (1967) in a subsequent publi-
cation, attributed some effects of aMT to non-specific toxicological phenomena
of the agent, especially when given in massive single doses. A previous
publication from this laboratory (Miller, et al, 1970) has shown that use of

a multiple-dosage schedule of more modest doses of “MT permits marked reduction
in brain NE levels to be achieved, with no toxicity and only a slight perturba-
tion of normal behavior.

The possible role(s) of brain NE in mechanisms related to food consumption
have also been the subject of some study. Many-of the studies have been
reviewed in the publications by Morgane (1969), Grossman (1967), and Myers
(1974). In this regard, it is of interest to note that the actions of amphet-
amine on food consumgtion can be altered by hypothalamic lesions (Cole, 1966)
and that oMT treatment can reduce the rate of lever pressing for food by rats
(Beaton and Crow, 1969), although this latter effect may be confounded by a
concommitant decrease in motor activity.

The data presented herein show that a pretreatment regimen of oMT that
lowers brain NE by approximately 55% has clearly separable effects on the
anorectic and stimulatory actions of several amphetamines.  Under these condi-
tions, the central stimulatory actions of d-amphetamine and methamphetamine
are completely abolished, while benzphetémine, which has no stimulatory acti-
vity at the dose tested, is not influenced by the oMT treatment. In contrast,
the lowered brain NE levels have no effects on the anorexigenic acticns of all
three agent;. The obvious question to be raised with regard to‘these results
is whether they point to the possibility of developing new anorectic agents

making use of this differential effect. -
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ABSTRACT
Pretreatment of rats with the MAO-inhibitor pargyline prevents the
metabolic destruction of 5HT and NE released in the brain by a subsequent
dose of reserpine, and high levels of the amines remain in the brain. Under
these conditions, the hypersecretion of ACTH usually evoked by reserpine does
not occur. The elevated ]eve1§ of brain 5HT and NE produced by MAQO inhibition
do not cause ACTH hypersecretion nor do they prevent the ACTH hypersecretion

caused by exposure to cold or administration of sedative doses of chlorpromazine.

Previous reports have indicated that sedative doses of reserpine evoke
a hypersecretion of ACTH in rats, similar to that produced by exposure to low
environmental temperatures (Maickel et al, 1961; Westermann et al, 1962). The
characteristic response includes decreased adrenal ascorbic acid and increased
plasma corticosterone, 1iver tryptophan pyrrolase (TPO) and adrenal gland weight.
Similar effects were produced in rats by sedatiVe doses of the Rauwolfia alkaloids
raunescine and rescinnamine, the reserpine analogue syrosingopine, or the
benzoquinolizine Ro 4-1284 (2-hydroxy-2-ethyl-3-isobutyl-9, 10-dimethoxy-1,2,~-

3,6,7-hexahydrobenzo(a)quinolizine). Ip contrast, isoreserpine, the

vpharmaco]ogica]]y inactive sterebisomer of reserpine, failed to evoke a

pituitaﬁy-édrenal response. |
The ACTH: hypersecretion evoked by reserpine was shown to be independent
of the sedatidn caused by the drug (Martel et al, 1962). For example, pretreat-

ment of animals with desmethy11m1pram1ne antagon1zed the reserpine-induced

‘sedation without preventing the dec11ne in bra1n amines or the hypersecretion

of ACTH. The current paper explores the antagonism of reserpine-induced ACTH

hypersecretion by the monoamine oxidase (MAQ) inhibitor pargyline (MO 911,
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N-methy1-N-benzyl-2-propyny1amine). Evidence is presénted that this antagonism
is related to the level of brain biogenic amines maintained during the course
of action of the drug. Pretreatment with MAQ inhibitors does not affect the
ACTH hypersecretion evoked by cold-exposure or chlorpromazine, lending further
support to the hypothesis that reserpine-indu;ed ACTH hypersecretion is related

to brain amine changes.

MATERIALS AND METHODS

Experimental procedures were performed with unanesthetized adult male
Sprague-Dawley rats (250-300 g). The animals were allowed food and water ad
1ib. and maintained as previously described (Maickel et al, 1961). Reserpine,
as the 1yoph11ized phosphate salt, was dissolved in 0.5 ml water and injected
tnto.the tail vein. Chlorpromazine, pargyline, and Ro 4-1284 were dissolved

in distilled water and injected intraperitoneally. Control animals were

~1njected with saline or distilled water. Animals were stunned and then

immediately decapitated. Blood was collected into beakers containing heparin,
transferred to tubes, and centrifuged immediately. Plasma samples for corti-
costerone asséy were stored at -10°C. For the assay of liver TPO, adrenal
ascorbic acid, and brain 5HT, NE and MAO, tissues were removed and stored at
-10°¢, |

Chemical methods. Adrenal ascorbic acid was determined by the method

of Maickel (1960); plasma corticosterone by the method of Gu111em1n (1959)
and 11ver TPO Knox (1951); brain 5HT and NE by the method of Maickel et al
(1968); and brain MAQ activity by the method of Weissbach et al (1960).

Parameters of pituitarv-adrenal stimulation. The following indices of

pituitary adrenal stimulation were measurad; a fall in the level of adrenal

ascorbic acid, a rise in the level of plasma corticosterone, and an increased
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activity of Tiver TPO. The limitations and advantages of each of these indices

have been discussed in a previous paper (Maickel et al, 1961). In scme

experiments the changes in plasma corticosterone levels were used as the sole

index of pituitary-adrenal hyperactivity.

RESULTS

Effects of pargyline on brain levels of 5HT and NE and on pituitary-
adrenal system. The administration of a single dose of pargyline (25 mg/kg,

i.p.), of two doses 18 hours apart, did not affect the levels of adrenal
ascorbic acid, plasma corticosterone? or liver TPO (Table 1). Brain levels
of SHT and NE were markedly increased and brain MAQ activity was inhibited
6y’>95%, as determined by the method of Weissbach et al (1960).

© Effects of pretreatment with pargyline on reserpine-induced ACTH hyper-

secretion. A previous communication reported that pretreatment of rats with

pargyline prevented both the sedation and the ACTH hypersecretion induced by
reserpine {Martel et al, 1962). The results in Table 2 show that administration
of reserpine to rats pretreated with pargyline (25 mg/kg, 1.p.) caused little
change in brain S5HT and NE levels jn 6 hours. The animals did not show the

sedation characteristic of reserpine and there was no evidence of ACTH

hypersecretion.

‘When rats were pretreated with smaller doses of pargyline, the subsequent

admihiétration of reserpine produced a variety of results (Table 3). In some
animals, MAO inhibition was not sufficient to prevent the immediate metabolism

of the aminés released by reserpine. These animals became deeply sedated in

3 hours. At that time, brain levels of SHT and NE had fallen markedly and

there was a pronounced hypersecretion of ACTH. In other'animals, the MAD

inhibitor was only partially effective in protecting the released amines;
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in these animals, the sedative action of reserpine was delayed. In 6 hours,
sedation was apparent; nowever, the brain levels of SHT and HE had not fallen
to minimal values and no ACTH hypersecretion was observed. Finally, a

third group of animals was observed in wh1ch the MAO inh1b1tor protected
most of the released amines from destruction; 6 hours after reserpine, the
animals showed only a slight sign of sedation. In these animals, reserpine
had no signlficant effect on pituitary-adrenocortical activity.

Dose- response relationship of pargyline antagonism of reserp1ne -induced

ACTH hypersecretion. Previous papers have shown that a number of reserpine-

11ke compounds lower brain amine levels and cause ACTH hypersecretion in rats
(Maickel et al, 1961; Westermann et al, 1962). One striking similarity in
these data is that the brain levels of amines must be depleted below 50% of

the normal level in order to observe hypersecretion of ACTH. When rats pre-

‘treated with varying doses of pargyline were given reserpine, only those

animals in which the level of brain amines fell below 50% of the control animals
showed ACTH hypersecrec1on (Table 4). If the dose of pargyline was sufficient
to protect the reserpine- -released amines to the extent that the levels of SHT
did not fall to values below 50% of norma], there was no measurable pituitary-
adrenal stimulation.

‘Lack of effect of pargyline pretreatment on ACTH hypersecretion induced

gx_other stressful stimuli. Previous papers from this laboratory have described

the ACTH hypersecretion evoked by cold-exposure or administration of chlor-~
promazine (Maickel et al, 1961; Smith et al, 1963). From the data in Table 5
it is evident that pretreatment of rats wifh'pargyline had no effect on the
ACTH hypersecretion induced by cold-exposure or chlorpromazine. This‘is in
striking contrast to the antagonism of reserpine action produced by pargyline

and lends further weight to the hypothesis that‘the action of reserpine on

the pituitary—adrenocortital system is mediated through an effect of the drug
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on brain amines.

DISCUSSION
The studies presented in this paper lend further evidence that the

ACTH hypersecretion caused by reserpine and reserpine-like drugs is related
to the effects of the drugs on brain monoamine storage. A previous
paper (Westermann et al, 1962) has noted that these drugs produce ACTH hyper-
secration only when given in doses that lower the amine stores below 50% of
normal, regardless of whether this was achieved by administration of a single
large dose or repeated smaller doses. In animals pretreated with pargyline

(in doses which block brain MAO activity by 95%) administration of reserpine
| does not lower the level of brain amines. Although reserpine impairs the
‘ storage of SHT and NE, the liberated amines are protected from the degradative
action of MAO; due to their poor lipid solubility they can diffuse across the
blood-brain barrier into the blood stream only very slowly. Thus, high levels
of free amines remain in the brain for a long period of time.

fhe relationship of pituitary-adrenal hyperactivity to depletion of brain

amines to values below 50% of}norma1, first noted with reserpine alone, has
also been observed in pargyline-treated animals. The possible significance
of this is hot immediately apparent. In the rat, the who]g brain is used for
the determihation of SHT and NE; the asSay method measures the amines és if
they were un1form1y distributed throughout the entire brain. Perhaps this
level of amines in a brain homogenate is equiva]ent to a complete depletion
of the amines in one or more specific areas of the brain, or perhaps it is
related to an imbalance of aminésfand consequently of neural function in some

specific neuronal circuits.
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The observation that pretreatment of rats with an MAQ inhibitor does not
prevent the stimulatory effects of cold-exposure or chlorpromazine on the
pituitary-adrenal axis may also suggest that the hypersecretion of ACTH

evoked by reserpine is due to interference with storage processes for brain

biogenic amines.
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TABLE 1

Effects of Pargyline on Brain Levels of SHT and NE and On Pituitary-Adrenal Parameters

Numbers in parentheses represent number of animals studied. A11 values are means + S.D.;

underlined values are significantly different from controls (p < .05). Measurements were made

18 hours after the last dose of pargyline.

' Adrenal Plasma ‘ Brain
Ascorbic Corticosterone Liver TPO . -
Acid SHT NE
mg/100 g ug/ml umo1/g Tiver/hr ug/g ug/g
Control (20) 447 + 4 0.15 + .05 3.2 + .36 0.45 + .04 0.46 + .04
Pargyline (13) 451 + 40 0.16 + .05 2.9 + .38 0.69 + .06 0.60 + .04
one dose —_—
25 mg/kg
Pargyline (15) 453 + 46 0.19 + .04 3.0 + .27 0.80'# .06 | 0.72 + .07
two doses
25 mg/kg i.p.
18 hours apart




TABLE 2

Antagonism of Reserpine-Induced Sedation and ACTH

Hypersecretion by Pargyline

Numbers in parentheses represent number of animals studied. Al11 values
are mean + S.D.; underlined values are significantly different from controls
(p -<.05). Animals were pretreated with pargyline (25 mg/kg i.p.) at 36
and 18 hours prior to administration of reserpine (1 mg/kg i.v.). Brain

amines and plasma corticosterone were measured 6 hours after reserpine.

Plasma Brain
Corticosterone SHT NE Sedation

ug/ml ug/g ug/g
‘Control (20) 0.15 + .05 0.45 + .04 | 0.46 + .04 -
Pargyline (15) 0.19 + .04 0.80 + .06 | 0.72 + .07 No
Reserpine (11) 0.44 + .04 0.08 + .02 | 0.07 + .03 Yes
Pargyline + 0.12 + .03 0.76 + .03 | 0.55 + .05 No

Reserpine (9)
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Numbers in parentheses represent number of animals studied.

1ined values are significantly different from controls (p <.05).

of pargyline, 18 mg/ke i.p., 18 hours before administration of reserpine (1 mg/kg i.v.).

‘TABLE 3

Effect of a Borderline Dose of Pargyline on Reserpine-induced Sedation

. were killed 6 hours after reserpine.

and ACTH Hypersecretion

A1l values are mean *+ S.D.; under-

Animals were given a single dose

A1l animals

Sedation Plasma Brain
3 hours after 6 hours after Corticosterone S5HT NE
Reserpine Reserpine
ug/mi ug/g ug/g
Control {20) - - 0.15 + .05 0.45 + .04 0.46 + .04
- Pargyline (6) - - 0.16 + .03 0.62 + .03 | 0.57 + .04
Reserpine (1) Deep Deep 0.44 + .04 0.08 + .02 | 0.07 + .03
Pargyline ;
+ Reserpine ;
I (10) Deep Deep 0.39 + .03 0.20 + .03 0.19 + .04
I (10) Slight Deep 0.18 + .05 0.40 1_.03 0.34 + .03
III (11) None STight 0.17 + .05 0.53 + .03 0.45 + .05
* Groups I, II and III were selected by visual observation of degree of sedation at 3 hours after reserpine



TABLE 4

Dose-response of Pargyline Antagonism of

Rgserpine-induced ACTH Hypersecretion

Numbers in parentheses represent number of animéis’studied. A11 values
are mean + S.D.; underlined values are significantly different from controls
(p <.05). Reserpine was administered 18 hours after pargyline. Animals

were killed 6 hours after reserpine.

- . Plasma '
Pargyline ‘Reserpine | Corticosterone SHT 1 NE Sedation
mg/kg, T.p. | Wo/kg, 1.v. |  wo/ml_ 1979 ug/9

- - (20)] 0.15+ .05 |0.45 + .04 | 0.46 + .04 -

10 - i 6} 0.14 + .03  [0.58 + .03 | 0.50 + .02 -
10 1 6)| 037 £.03 |0.2T£.02 |0.T6£.02| Yes
25 - - (13)} 0.13+.03 [0.69 # .04 | 0.60 % .02 -
25 1 (9)] os¥.04 |o57%.03 |0.492.03| No
25 x 2 days - (15)| 0.4+ .04 |0.80+ .06 |0.72+ .07 -
25 x 2 days 1 (9)) 012%¥.03 |076%.03 |0.552.05| No
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TABLE 5

Failure of Pretreétment with Pargyline to Block

L.? » ACTH Hypersecretion Induced by Cold-exposure

or Chlorpromazine

Numbers in parentheses represent number of animals studied. A1l values
are mean i.S.D;; underlined values are significantly different from
corresponding’controls (p ?.05). Animals were exposed to cold (49C) or given
chlorpromazine (15 mg/kg, i.p.) 18 hours after pretreatment with pargyline
(2 doses, 25 mg/kg, 1.p., 18 hours apart), then killed 3 hours after chlor-

promazine or after 2 hours of cold-exposure.

Plasma
Corticosterone

ug/ml
Control (20) 0.15 + .05
" + Cold-Exposure  ( 7) 0.4 £ .04
" + Chlorpromazine (10) 0.39 £ .04
Pargyline (15) 0.14 + .04
" + Cold-Exposure (13) 0.40 £ .03
" + Chlorpromazine (9) 0.38 £ .03
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PRESSOR E-FFECTS OF TRYPTAMINE ANALOGUES

T.R. BOSIN, E. JANE HIXSON & R.P. MAICKEL

Department of Pharmacology. Medical Sciences Program, Indiana University,

Bloomington, indiana 47401, US.A.

1 Methylation of tryptamine in the 1-position had little effect on the potency of the drug as a pressor

agent in the intact anaesthetized rat.

2 In contrast, substitution of a benzolblthiophene ring system for the indole ring decreased the

pressor activity.

3 Pretreatment of the animals with reserpine redu~ed the pressor effect of tryptamine and its
benzolblthiophene analogue while increasing the effect of the 1-methylindole analogue.

4 Pretreatment with phenozcybenzarnine reduced the pressor effect of all three compounds.

Introduction

Since the effects of tryptamine on guinea-pig isolated
jleun were not inhibited by atropine of antihistamines,
and, since a strip desensitized by tryptamine was
insensitive to 5-hydroxytryptamine and vice versa,
Gaddum (1953) concluded there must be ‘a specific
tryptamine receptor. Rocha e Silva, Valle & Picarelli
(1953) defined a 5-hydroxytryptamine receptor in
guinea-pig ileum differing from those for acetylcholine,
bradykinin, histamine, nicotine and pilocarpine.
Gaddum & Hameed (1954) reported similar receptors
in rat uterus and in the vasculature of the rabbit
isolated ear. Gaddum & Picarelli (1957) defined two
types of tryptamine receptor in the guinea-pig ileum,
one blocked by morphine and the other by phenoxy-
benzamine. ‘

The effect of tryptamine on blood pressure was first
noted by Laidlaw (1912). The effects of tryptamine as
a pressor substance have been compared to those of 5-
hydrothryptamineby Reid (1951), Reid & Rand
(1951) and Page (1952) and ourselves (Hixson, Bosin,
Zabik & Maickel, 1973).. More recently, Winter,
Gessner & Godse (1967) examined the effects of a
series of amines on the rat isolated fundus preparation,
and found that tryptamine and its benzo[b]thiophene
analogue had higher relative intrinsic activities but
lower affinities than 5-hydroxytryptamine.

Methods

Adult, male Sprague-Dawley rats (300350 g) were
obtained from Murphy Breeding Laboratories,
Plainfield, Indiana, U.S.A. and maintained on Purina
Lab Chow and tap water ad lib for 7—10 days before
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experimental use. Pentobarbitone sodium (Nembutal),
reserpine (Serpasil), heparin, and tryptamine
hydrochloride were purchased from commercial
sources. Phenoxybenzamine hydrochloride
(Dibenzyline) ‘was kindly - supplied by Smith-Kline
and French Laboratories. 3-(2-Amino-
ethyl)benzolblthiophene (tryptamine-S), and 1-
methyl-3-(2—aminoethyl)—indole (tryptamine-1 -Me)
were synthesized and supplied by Dr E. Campaigne,
Department of Cheraistry, Indiana University.

Surgical procedure

Animals were anaesthetized with pentobarbitone, in-
traperitoneally .as follows: controls—60 me/kg;
reserpine pretreated—50 mg/kg; phenoxybenzamine
pretreated—45 mg/kg. When pinching the tail elicited

' no response, the rats were placed on their backs on &

small animal operating board (Interex Corp.). The
trachea was cannuliated to insure a free airway and the
common carotid artery was ligated 4t the superior end
then clamped at the inferior end. A cannula of PE 50
tubing was inserted into; the artery through a small
incision, attached to » 23 gauge needle, and connected
via a three-way stopcock to a Statham strain gauge
model P23AA and to the pressure bottle of a mercury
manometer system, The system was filled with 0.93%
w/v NaCl solution containing heparin 1000 u/ml The
strain gauge wvas connected to the coupler of an Offner
Type RB Dynograph (Beckman Instrument, Inc.), or,
via a Bridge Preamplifier (Narco Biosystems, Inc.) to
a Physiograph model PMP-4A (Narco Biosystems,
Inc.). The system was flushed briefly with the
heparin/saline solution, and blood pressure recorded
to confirm the intact system.
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Figure 1 . Pressor effects of tryptamine and analogues. Basefine blood pressure values were 110+ 5 mmHg
in control rats, 60+4 mmHg in reserpine-pretreated rats, and 8615 mmHg in phenoxybenzamine-pretreated
rats. (a) Effects of tryptamine and analogues in control rats; (b) effects of pretreatments on Pressor responses
to tryptamine; {c) tryptamine-S, and {d) tryptamine-1-Me. Vertical bars indicate s.e. mean.

The external jugular vein was then exposed for a
distance of 1 to 1.5cm. A cannula of PE 50 tubing
was inserted, attached to a 23 gauge needle and
connected via a three-way stopcock to a 3 ml syringe
containing a flushing solution of the heparin/saline
solution used above, and a1 ml syringe containing the
test drug.

Testing method

Test drugs were made up in the heparin/saline solution
such that a volume of 0.1 ml contained a specific dose
of the drug. Each of four animals was given four doses
of drug four times, in a Latin square design, over a
period of 1—2 hours. In addition, a Latin square was
designed based on the sequence of the four cycles, so
that each animal received a different sequence of
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cycles. Reserpine (10 mg/kg i.p.) was given 22--26h
before testing. Phenoxybenzamine (5 mg/kg i.p.) was
given 1.5 h before testing.

Results

In control animals tryptamine caused a significant
PreSSOr response Over a range of 125-1000 pg/kg.

Both of the analogues also showed a pressor effect;
tryptamine-S was less potent than tryptamine, while
tryptamine-1-Me had a similar potency to tryptamine
(Figure 1a). Transitory respiratory paralysis was seen
occasionally after 500 ug/kg and usually after
1000 pg/kg of tryptamine and tryptamine-S.
Tryptamine-1-Me was more toxic; 1000 and
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500 ug/kg invariably caused a fatal cessation of
respiration.

Pretreatment of rats with a single dose of reserpine
reduced the pressor effects of typtamine and
trypamine-S significantly (Figures 1b,c). Respiratory
paralysis of brief duration occurred after the higher
doses with both tryptamine and tryptamine-S. In
contrast, the pressor responses to the doses of
tryptamine-1-Me given to reserpine-treated animals,
62.5, 125 and 250 ug/kg, were greater in the same
doses than in normal animals (Figure Ic).

In animals pretreated with phenoxybenzamine, the
pressor effects of all three compounds were
significantly reduced when compared to their actions
in control animals (Figures 1b,c,d). Of particular
interest is the fact that respiratory paralysis due to the
pressor agents was a rare Occurrence after phenoxy-
benzamine pretreatment.

Discussion

The scientific literature contains a variety of references
to the existence of tryptaminé receptors (Erspamer,
1954). However, it is difficult to extrapolate from
responses of isolated preparations to those of the
vasculature in the intact animal. While tryptamine
may interact with its own specific peripheral
receptor(s) to increase blood pressure, one cannot rule
out the possibility of a centrally-mediated component.

Since the dose-response curves were not parallel the
relative potencies of the analogues depended to some

extent on the dose. Tryptamine-S was less potent than
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Summary—Pretreatment of rats with caffeine potentiated the actions of the p-chloro- and p-methyl
analogues of amphetamine and benzphetamine as depressants of deprivation-induced food consumption,
although no such eflects were seen with the unsubstituted compounds. Similar cafleine pretreatment
completely antagonized the stimulant effect of amphetamine and p-chloroamphetamine on continuous
avoidance responding. In contrast, combined dosage of caffeine polcnlialed the actions of p-methyl-
amphetamine, or benzphetamine, drugs normally showing decreased avoidance responding. Caffeine,
in comhination with benzphetamine, caused a slight decrease in aveidance responding.

Caffeine is generally considered to be a stimulant
drug, with actions not too dissimilar in man from
those of the amphetamines (Weiss and Laties, 1962).
Since caffeine is chemically a member of the structural
series known as xanthines, it also has the ability to
inhibit the phosphodiesterase enzyme known to be
responsible for the degradation of cyclic 3'5'-adeno-
sine monophosphate (cyclic AMP) (Robison, Buicher
and Sutherland 1971a; Robison, Nahas and Triner,
1971b). A previous report from this laboratory (Cox
and Maickel, 1972) compared the effects of a variety
of phenylethylamines on deprivation-induced food
consumption and continuous avoidance. responding
in rats, Substitution of a chlorine atom in the para-
position of amphetamine increased the anorexigenic
potency with little cffect on avoidance responding. A
p-methyl group reduced anorexigenic potency  and
changed the effects on avoidance responding from
stimulant to depressant, Substitution of cither a
chlorine or methyl group in the para-position of benz-
phetamine reduced the anorexigenic potency and con-
ferred significant depressant activity on the com-
pound. Thus, it scemed of interest to examine the
effects of the combination of caffeine and several
amphetamines on the dual test system of deprivation-
induced food consumption and continuous avoidance
responding.

MATERIALS AND METHODS

All experiments were performed using adult, male

Sprague-Dawley rats (Hormone Assay Laboratories,
Chicago) weighing 250-300 g and muintained on a
diet of Purina laboratory chow and tap water ad lib.
for at least 10 days prior 1o the beginning of exper-

* Supported in part by NASA grant NGL 15-003-117.
+ Present address:- Mead Johnson Research Center,
Evansyville, IN 47721,

imental use. The behavioural methods and statistical
procedures used were identical to those previously
reported (Cox and Maickel, 1972).

Free-feeding

The rats were housed in individual metabolism
cages (203 x 241 x 17.8 cm) with continuous access
to water. Rats were deprived of food for 22 hr; thus,
being required to consume their tota) daily ration in
the remaining 2 hr. Dry Purina chow was available
during this time in spill-proof jars and the rats were
required to put their heads through a small hole in
order to obtain the food, This feeding schedule was
used for the duration of a particular experiment (8-10
weeks). The establishment of a consistent day-to-day
intake (15-20 g) took 10-14 days, during which time
the rats lost 15-20%, of their initial body weight. After
base-line weights were attained, the weight of the rats
did not change significantly for the duration of the
experimental session.

Groups of 24 rats were conditioned to the feeding
schedule as described above. After base-line weights
were established, the rats were divided into four
groups of six rats each. Each group was tested with
four doses of a single drug. All drugs were adminis-
tered by intraperitoncal injection in volumes of 0.1
ml/100 g of body weight. 30 min before the scheduled
feeding time in order to allow sufficient time for onset
of action of the drugs. Solutions of the drugs were
prepared in distilled water in concentrations such that
0.1 ml/100 g of body weight resulted in the correct
dose in terms of milligrams of free: base per kilogram
of body weight.

Results were calculated in terms of percentage of
control with each animal serving as its own control.
The control value was the mean intake for the three
sessions immediately prior 1o drug administration.
Dose-responses curves were determined with each
data point representing mean + SEM. of five or six
animals.
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Continttous aroidunce

Experiments were carried out in four boxes with
sides. back and lop of metal and a Plexiglas door
to permit viewing of the subject. Each box had a grid
floor 28.0 cm long and 26.7 tm wide with 1.0 cm
grids placed 2.0 cm apart (centre to centre) for deliver-
ing shock to the feet and was equipped with two
levers on the wall at one end. mounted 7.6 cm above
the floor and 14.0 cm apart {centre to centre). Pressing
the lever near the front wall postponed shock {avoid-
ance response); pressing the fever near the back wall
terminated the shock (escape response). Shock (350
Vv and 0.6 mA short-circuit current provided by a
Grason-Stadler E-1064 GS shock generator) was deli-
vered to the grids, walls and levers via a shock
scrambler circuit. The boxes were enclosed in insu-
Jated shells to isolate them from external visual stimu-
li. Extraneous auditory stimuli were masked by con-
tinuous ‘white’ noise in each box and in the room.
Programming and recording of experiments were
accomplished by automatic switching and timing cir-
cuits, cumulative recorders and electrical -impulse
counters.

The response-shock interval was 40 sec: shock
onset was delayed for 40 sec each time the rat pressed
the avoidance lever when the shock was not on.
Whenever the lime since the last avoidance response
exceeded 40 sec, shock came.on and remained on
until the rat pressed the escape lever or until the
shock terminated automatically after 3 sec. The
shock-shock interval was 20 sec: after a shock further
shocks were presented at 20-sec intervals until the
rat once again pressed the avoidance lever, when the
shock was not ongoing, to return to the response-
shock interval, 7

Individual rats were trained and tested at five-day
intervals at the same time of day and in the same
experimental box. The duration of each session was
4.5 hr with the initial 30 min serving as a ‘warm-up’
period. Approximately 30% of the rats were discarded
because they failed to acquire the appropriate re-
sponses; ie. escape and avoidance by the third ses-
sion. The performance of the remaining rats was
stable enough for drug testing after six sessions, which
included two saline treatment sessions, Base lines
were considered stable when the avoidance rate was
consistent: (160 + 30 responses/hr) for each animal
over the period t = 1 hrto t = 3 hr of three consecu-
tive sessions. All drugs were administered by intra-
peritoneal injection, in solutions as described above,
immediately following the 30 min ‘warm-up’ period.

Dose-response curves were determined; each curve

"was based on four rats with each data point. repre-

seniting mean S.EM. of four or five replications.
The dose for cach rat on a particular session was
dictated by a balanced 4 x 5 Latin square. With this

technique, cach rat received each dose of the drug

in a different sequence. As a result, carryover effects
could be determined if they existed. The resulls were

“calculated as percentage of control avoidance rate
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with each animal serving as its own control. The con-
trol avoidance rate was the mean of the avoidance
rates for the three sessions immediately prior to the
drug administration, The period of time sclected was
that equivalent to the time in the frec-feeding situa-
tion (i.e. 30 min-2.5 hr after drug).

Statistical methods

With the determined data points. linear dose-res-
ponse curves were fitted for each drug, in both the
free-feeding and the continuous avoidance situation,
by the method of least squares.

In order to compare the various drugs. a response
"dose 50 (RDso) has been estimated for each drug
This is the estimated dose of a particular drug which
would be required to produce-a 50%, decrease in food
intake or a 50°, change in avoidance rate. The more
familiar term is the effective dose 50 (EDsg) which
is an estimate of the dose which is effective in 50%
of the animals. The EDj, estimate is based on quan-
tal data and is therefore amenable to statistical mani-
pulations. However, the RDs, estimate is based on
a graded response and cannot be compared directly
to determine significant differences. However, it does
permit comparison of the relative potency of the
drugs being studied.

Caffeine (free base) was dissolved in 1.0 M aqueous
solutions of sodium benzoate (both obtained from
commercial suppliers and of reagent grade) such that
injections of 0.1 ml of the resulting solution per 100
g body weight resulted in the appropriate dose in
mg/kg. The effect of caffcine on food intake was deter-
mined by administering the drug intraperitoneally, 30
min prior to the point of food access. In the con-
tinnous avoidance situation, caffeine was adminis-
{ered immediately after the 30 min ‘warm-up’ period.

RESULTS
Effects of caffeine on food intake and avoidance res-
ponding

The data obtained on food intake with doses of
caffeine over the range 12-108 mg/kg are presented
in Figure 1A. As can be seen, caffeine had no signifi-
cant effect on food intake at doses Jess than 60 mg/kg;
above this dose, a rapid decrement in food consump-
tion was observed. In the continuous avoidance situa-
tion, no evidence for stimulation (in the form of in-
creased avoidance responding) was scen at_intraperi-
toneal doses of caffeine as low as 8 mg/kg (Fig. 1B).
In fact, doses of less than 16 mg/kg significantly
reduced the rate of avoidance responding in a dose-
dependent manner. This effect was not accompanied
by decreased escape responding, or gross overt seda-
tion as would be expected for a typical depressant
drug.

Effects of caffeine pretreatment on anorectic action of
amphetamines '

An intraperitoneal dose of caffeine of 45 mg/kg was
chosen as the interaction dose since it had no signifi-
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Fig. 1. Dose-response data for caffeine on food consumption (A) and avoidance responding (B) test
systems. Each point is the mean value of 5-6 rats treated as described in the text; vertical bars are
S.E.M. Lines drawn are those obtained from linear regression analysis.

cant action on food consumption while causing a sig-
nificant reduction (approx. 50%7) -in avoidance res-
ponding. This dose was administered to groups of
rats 60 min prior to exposure to food in the consum-
matory system previously described (Cox and
Maickel, 1972). The amphetamines were given 30 min
after the caffeine at 3 dose levels, in the ratio n:2n:4n.
This permitted comparison with noncaffeine-pre-
treated animals over a similar dose-response range.
The results obtained. presented in terms of RDso
values and slopes of the dose-response curves, are
shown in Table 1. For both amphetamine and benz-
phetamine, caffeine pretreatment had no significant
effect on anorectic activity. However, in the case of
all four para-substituted compounds. the caffeine pre-
treatment produced a significant potentiation of anor-
ectic activity. Pretreatment with a dose of caffeine (9
mg/kg, ip) that was ineffective on both food con-
sumption and avoidance responding had no effects
on the actions of a subsequent dose of any of the
agents. Pretreatment with intraperitoneal doses of caf-

feine larger than 45 mg/kg could not be tested due
to obvious signs of toxicity.

Effects of caffeine pretreaimeni on avoidance respond-
ing action of amphetamines

Pretreatment of rats with a dose of 45 mg/kg of
caffeine prior to administration of the amphetamines
was also tested on continuous avoidance responding.
This dose of caffeine alone would cause an approxi-
mately 50¢, reduction in the rate of avoidance res-
ponding (see Fig. 1). The results obtained with the
drug combinations are shown in Table 2. These
results are more complex to interpret than the anorec-
tic data, since the slopes change significantly for all
of the compounds. Both amphetamine and its
p-chloro analogue increased the rate of avoidance res-
ponding, and these actions werg completely anta-
gonized by caffeine pretreatment. 1n contrast, p-meth-
ylamphetamine caused a decreased rate of avoidance
responding, an effect that was slightly potentiated by
cafleine.

Table 1. Effects of caffeine pretreatment on anorectic action of amphetamines

RD3o (95% C.L)

Treatment n (mg/kg) Slope + S.E.
Amphetamine 6 1.9 (1.7-2.0) ~84+ 6
Amphetamine + Cafleine 6 1.4 (1,0-2.0) —103 £ 23
p-Chloroamphetamine 6 1.5 (13-1.7) —178 + 26
p-Chioroamphetamine + Caffeine 6 0.6 (0.4-0.8)1 ~93 + 23
p-Methylamphetamine 5 8.8 (7.3-10.6) ~111 1 16
p-Methylamphetamine + Caffeine 6 2.7 (2.2-3.3)* -125 4+ 20
Benzphetamine 6 12.5(108-13.9) - —103+ 8
Benzphetamine + Cafleine 6 122 (6.7-18.2) —-93 427
p-Chlorobenzphetamine 5 19.7 (16.0-23.7) ~138 4+ 20
p-Chlorabenzphetamine + Cafleine 6 34 (28-39)* —~103 £ 12
p-Methylbenzphetamine 6 27.8(19.4-39.7) - =106 1 22

* p-Methylbenzphctamine + Caffeine 5 15.3(10.8-21.8)* —85 4 13

* Caffeine pretreatment significantly different from no pretreatment (P < 0.05) and slopes

are paraliel.

+ Siopes of drug and drug + caffeine: arc not parallel. Student t-comparison of all three
doses with und without caffeine pretreatment were significant (P < 0.05).

Drugs were adminisiered -as indicated in the text. RDgq values, 95%, confidence limits
{C.L.) and slopes & S.E. were determined as described by Cox and Maickel (1972).
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Tuble 2. Efects of calfeine pretreatment on avoidance responding action of umphetantines

RDs, (957 C.L)

Treatment n {mg/kg) Stope + S.E.
Amphetamine s 08 (0.3-2.3) 4232 ¢+ 82
Amphetamine + Cafleine s 32.5(27.2-31.7) ~334+ 12
p-Chloroamphetamine s 08 (0.7-0.9) +186 + 41
p-Chloroamphetamine 4 Caffeine 5 20.6(17.7-23.3) -945
p-Methylamphetamine 5 24 (1.34.5) 123 + 39
p-Methylamphetamine + Caffeine 4 18 (1.3-2.9) —66 + 20
Benzphetamine 5 >320 0
Benzphetamine + Cafleine 4 62 (5.1-74) +58 + 17
p-Chlorobenzphetamine 5 25.1(22.3-28.1) ~246 + 35
p-Chlorobenzphetamine +- Caffeine 4 16.0(11.1-21.1) 17411
p-Methylbenzphetamine 4 38.5(20.3-72.9) -70 + 15
p-Methylbenzphetamine + Caffeine 5 24 (1.7-3.0) —-17+9

Drugs were administered as indicated in the text. RDgq values. 957, confidence limits
{C.L.). and slopes + S.E. were détermined as described by Cox and Maickel (1972)

In the benzphetamine series. the parent. compound
had no effect on the rate of avoidance responding
at doses up to 32 mg/kg. Pretreatment with caffeine
caused a decrement in avoidance response rate: how-
ever, the positive slope creates the possibility for two
RD,, values. one of 6.2 mg/kg for a 509, decrease
in responding and a theoretical additional one of
326 mg/kg for a 50°%, increase in responding. Both
p-chlorobenzphetamine and p-methylbenzphetamine
depressed avoidance responding rates themselves:
these effects were potentiated by the caffeine pretreat-
ment. As with the food consumption studies, attempts
to utilize a Iower dose of caffeine (9 mg/kg ) were
ineffective. Similarly. the combination of ampheta-
mines with doses of caffeine of 60 mg/kg o i.igher
caused severe toxicity and some deaths.

' DISCUSSION

The mechamism(s{) by ~which phenylethylamines
suchk as amphetamine and benzphetamine produce
anorexia in-man and animals has been the basis for
an exlensive amount of research in recent years
(Costa and Garattini, 1970). In particular, much
emphasis has been placed on the possible role of
brain norepinephrine in control of feeding behaviour
(Morgane, 1969) and the likelihood that ampheta-
mines may act by interacting with brain noradrener-
*gic function (Modell, 1960). In addition. any consider-
ation of biochemical phenomena related to catechola-
mines must consider the possibility that the adenyl
cyclase-cyclic AMP system is somehow involved
(Robison et al., 19714, b).

With this background in mind, the present paper
reports on the interactions of cafleine and several
phenylethylamines with deprivation-induced food
consumption and -continuous avoidance responding.
The former may be consideted as a measure of anore-
tic activity (Cox and Maickel, 1972: Heise, 1964), and
the latter ‘as a measure- of central stimulatory and
depressant activity (Heise and Boff, 1962).

Caffeine itself is anoretic. - although the doses
required are so large that the action of this drug may

146

be considered as related, not to a specific depression
of appetite, but, to a general depression of activity.
This conclusion is supported by the data in Figure
1 which show that intraperitoncal doses of cafleine
greater than 12 mg/kg caused a significant reduction
in avoidance responding. This depressant action on
responding resembles that of chlorpromazine rather
than a barbiturate, since there is no concurrent im-
pairment of escape responding (Heise and Boff, 1962).
Cafleine has also been shown to have a depressant
effect. alone or in combination with ethanol, on other
behavioural test systems (Alstott and Forney, 1971).

The two parent compounds chosen for this study
were amphetamine and benzphetamine (N-methyl-N-
benzylamphetamine), both of which are clinically used
as anoretic agents (Costa and Garattini, 1970). In
addition, the p-chloro and p-methyl analogues of
these compounds were also studied. The results
obtained in the deprivation-induced food consump-
tion test are clear cut. Caffeine pretreatment, at a dose
which was, by itself, ineffective was without effect on
the activity of the parent compounds while markedly
potentiating the effects of the para-substituted ana-
logues (Table 1). ,

The actions of amphetamine and its p-chloro ana-
logue, normally stimulants of avoidance responding,
were completely antagonized by caffeine pretreat-
ment, while action of the p-methyl analogue, normally
a depressant of avoidance responding, was slightly
potentiated (Table 2). Benzphetamine, normally with-
out effect on avoidance responding at doses up to
24 mg/kg, showed significant depression of avoidance
responding at low doses (< 16 mg/kg) in caffeine pre-
treated animals. Extrapolation of the dose-response
line would suggest that doses greater than 200 mg/kg
would cause increased avoidance responding. A pre-
liminary test of 45 mg/kg of caffeine plus 72 mg/kg
of benzphetamine led to severe toxicity and death of
2 out of 6 -animals. The p-chloro and p-methyl ana-
logues of benzphetamine are both depressants of
avoidance responding of themselves: caffeine pretreat-
ment- significantly potentiated this action (Tuble 2J.
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The results are both interesting and complicated,
The lack of effects of caffeine on the non-para-substi-
tuted amphietamine and benzphetamine (in terms of
appetite depression) is in sharp contrast to the actions
of caffeine on all four para-substituted compounds
where the dose-response curve is shifted markedly to
the left. The effects on continuous avoidance respond-
ing suggest a preponderance of the caffeine effect to
negate the potent stimulatory effect of amphetamine.

Alternatively, one may consider that amphetamine
was able to partially overcome the depressant actions
of caffeine. Attempts to confirm cither of these
hypotheses with other doses of caffeine were unsuc-
cessful, This dissociation of avoidance and anorectic
actions lends further credence to the hypothesis that
they are under separate controlling systems. The spe-
cific differences between the amphetamine (primary
amine) series and the benzphetamine (tertiary amine)
series will obviously require additional study. In the
case of the para-substituted compounds. the marked
potentiation of their anorectic action by caffeine sug-
gests a possible role for cyclic AMP and such a possi-
bility also deserves further study,
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SUMMARY

six tricyclic antidepressant drugs, representing both secondary
and tertiary amines and four different ring systems, were examined for
their effects on deprivatioh-induceo fluid consumption by rats in a
standardized test system. A11 compcunds reduced fluid consumption with
a potency ranking of: desipramine > amitriptyline > doxepin > nortrip-
tyline > imipraminé > protriptyWine. In a similar test situat{on,
pretreatment with PCPA markedly reduced fluid consumption at 24 hours;

fluid consumption 1eve1skhad,not returned to normal by 15 days after

‘ dosdge.
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IN"RODUCTION

J;ﬁ The tricyclic antidepressant drugs have become very popular clinical
agents since their introduction inte therapeutic use some twenty years ago.
Their clinical activity has often been attributed to interactions with central
noradrenergic mechanisms, since they potentiate +he peripheral response to
exogenous catecholamines (Sigg, et al, 1963) and sympathetic nerve stimulation
(Theenen, et al, 1964). In addition, the trieyclic compounds have been shown
to inhibit the uptake of exogenously administered,NE (Hertting, et al, 1961).
‘In this regard, Lahti and Maickel (1971) have shown that this effect is also
shown by several phenothiazine trarcuilizers and correlates with;chemical
structure rather than pharmacelogical activity. |

A variety of behaviora]kactions nave been shown to occur with tricyclic
kant1depressants For examp1e, Stein and Seifter (1961) showed that imipramine
increased, in both magnitude and duration, the methamphetam1ne -induced increase
in the rate of response of rats work1ng for rewarding hypothalmic stimulation.
In thisktest system, ch1orpromazine had an opposite effect. Previous studies
from this laboratory had demonstrated that phenoth1az1ne tranqu1]1zers
(Ma1cke1, et a] 1968a), as well as cholinergic b]ockers and cho]wnergic
st1mu1ants (Gerald and Ma1cke1 1969) were effect1ve in reduc1ng the volume of
vf1u1d consumed by depr1ved rats. S1nce some of the widely observed clinical
’ s1de effects. of the tr1cyc11c antidepressants represent anticho]inergic actions
such as blurred v1ston, dry mouth, and ur1nary retentwon, 1t seemed'of interest
© to test a vartety of‘thesefagents for the1r effects on f1u1d consumpt1on In
addition, ‘the poss1b111ty of exam1n1ng the ro1e of b1ogen1c am1nes in the

actions of the tr1cyc11c ant1depressants by us1ng drug 1nteract1on stud1es

Lois

CRLE e a]so seemed a feas1b1e route for exper1menta1 deswgn.
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MATER1/S AND METHODS

Adult (300-350 g) male, Spraguc-Dawley rats (Murphy Breeding Laboratories,
P1ainf1e1d, Indiana) were used in ail experiments. The animals were maiotained
on tap water and Purina Rat Chow ad 1ib. for at least 1 week after arrival in
the Taboratory. A1l solutions for injection were made in glass disti]]edk
water such that a dose volume of 0.1 m] per 100 g body weight contained the

desired dose; all injections were given intraperitonea11y, 15 min prior to

placing the animals in the drinking cages.

The procedures used to measure deprivation-induced water consumption
were basica]Ty those of Gerald and ilaickel (1969). Rats were placed in

cages, 7 x 7 x 14 inches, identical to the home cages of the animals. The

- cages were suspended in individual compartments of a sound-proofed box with

~uniform fluorescent Tighting. Constant circulation of air by blowers main-

tained uniform temperature in the compartments; the noise Tevel of blowers

served as a "white noise". Each cage contained a Arinking tube connected

to an external 50 ml buret filled with distilled water at tac start of each

test run and stoppered. As the animal consumed water the change in vo1ume

was measured v1sua11y to the nearest G.1 ml. The front door of each compart-

‘ment was equ1pped with an eye p1ece Tense to perm1t v1sua1 observat1ons of

the rats without d1sturb1ng their behaV1ora1 performance For at least 1

week prior‘to test1ng drug effects, rats were deprived of water dai]y for~

. 23 hr pr1or to testing,-then p1aced in the "dr1nk1ng cages“ and a11owed to

dr1nk for 1 hr Food was ava11ab1e ad 11b in the home cages but was not

ava11ab1e in the dr1nk1ng cages

,fi]5]f |




‘Drug trials were started only :fter the animals demonstrated stable
baselines (less than 5% daily va}iation) of water intake. The schedule

for drug studies was arranged so that the rats were run daily, with drugs

'administered every fifth day, and piacebo doses on the intervening days.

" Water intake was recorded at 15, 30 and 60 min of the consummatory sessions;

the greatest proportion of drinking occurred in the first 15 min in all:
cases.
Brain levels of serotonin (5HT) and norepinephrine (NE) were determined

in'whole brain as reported by Maickel, et al (1968b). p-Ch]oropheny]a]anine

s(PCPA) and a- methy]tryos1ne (oMT) were purchased from Regis Chemical Company.

Groups of 8 rats were run in each system an n of < 8 rats indicates
that a value or values was discarded because of equ1pment ma]funct1on. Al

data are reported as means * S.D. Stat1st1ca1 comparisons were carr1ed out

by the oorrelated t-test for paired scores. The day prior to each drug day

‘was used as the pre-drug value for ~hat drug run. Each anima1 served as

1ts own contro1, per cent of pre drug va]ues are the mean of va]ues ca]cu]ated

'for each animal. Dose-response curves were determlned by 11near regression
“analysis and slopes and RD50 values vere ca1cu]ated as descrwbed;by Cox

- (1970) and Maickel and Webb (1972).

KESULTS

Effects of Tr1cyc11c Compounds n‘DeprivationQIhduced Fluid Consumption.

The resu1ts obta1ned from dose -response stud1es of single acute dosages of six

,Atricyc11c ant1depressants are presented in Tab]e 1. With the except1on of

;the 1owest doses of nortr1pty11ne and protr1pty11ne, all doses of each drug

Qtested s1gn1ficant1y decreased the vo]ume of fluid consumed by the deprived '
| "rats When the data were sub]ected to 1inear regression ana]ys1s, sem1]o- E

: garithm1c plots y1e1ded stra1ght 11nes w1th s]ope and- Rdso va1ues as presented
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in Table 2; several striking relat:.aships can be seen. First of alt,
although the potency ranking for the RDSO va]ues shows a tenfold range

(from 31.6 umoles/kg for desipramine to 300.3 pmoles/kg for imipramihe)

the compounds fall into two groups. Four of the drugs (desipramine, amitrip-
tyline, doxepin, nortripty1ine) have molar RD50 values in the’'range of 31.6
to 59.7. 1In contrast the molar RDg values'for protriptyline and tmipramine
are much higher, 158, 2 and 300.3 umo,es/kg, respectively. Secohd]j, when

the slopes of the dose-response curves are compared the compounds fa]]

into three distinct groups: imipramine and protr1pty]1ne (the most shallow),

“amitriptyline and desimpramine (1ntermed1ate), and doxepin and nortr1pt/11ne

(the steepest's1opes). Tests for slope para11e11sm indicate that the

'groups are significaht1y different from‘eaCh'other‘a1though the curves

‘_w1th1n a group are not s1gn1f1cantay non-parallel.

In add1t1on to these f1nd1ngs, one other aspect shou]d be ment1oned

- On the post-drug day, a s1gn1f1canc_'arryover effect, 1. e. , @ reduct1on in

fluid consumption, was seen with desimpramine (at the 20 mg/kg dose) and w1th

protriptylinev(at;the 20 and 30 mg/kg doses).

Effects of aMT Pretreatment on Actions of Protripty]ine

In order to assess the effects of a]terat1ons in brain norep1nephr1ne

(NE) on the actions: of protr1pty11ne rats were pretreated with oMT (150

mg/kg, in 011, i p at 12 hour 1nterva1s) w1th the ]ast dose 6 hrs pr1or to

test1ng, as reported by M111er,__§ 1 (1970) Thms reg1men reduced bra1n

NE va]ues by 66%, the an1ma1s also ‘howed a s1gn1f1cant1y redUCed f1u1d

,r1ntake as compared to pre- drug base11ne (Tab]e 3) Adm1n1strat1on of pro-
putr1pty11ne had no effects on brawn NE or 5HT levels. The reduot1on 1n .
"f1u1d consumption in oMT and protr pty11ne rats was approx1mate1v add1t1ve

Jfor the effects of the 1nd1v1dua1 drugs o
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Effects of PCPA Pretreatment ¢» Actions of Protriptyline

The situation with PCPA was more complex, since Miller and Maickel
(1969) have shown that differential effects on brain 5HT and NE with respect
to time after dosage. Rats were treated with PCPA (400 mg/kg,bi.p., in
0i1) as described by Miller and Maickel (1969) then dosed with protriptyline
on days 1, 8, and 15. The results QTeble 4) show that on day 1 there was
a significant reduction in fluid consumption; this response was essentially
normal on days 8 and 15 after PCPA treatment. The effects of protriptyline
in the PCPA-pretreated animals were not significantly different from those
seen in controls. On day 1, this means that the effect of protriptyline

were antagonized by the PCPA. The effects of PCPA on brain biogenic amines

were similar to those previously reported, namely a reduction in both SHT

~and NE on day 1, a reduction in 5HT on1y on day 8, and a return of both

amines to normal values by day 15.

DISCUSSION
The resu1ts presented herein Tznd further credence to the conc1u51on
that the effects of drugs on depr1vat1on induced fluid consumpt1on ref]ect
the complexity of the th1rst consumpt1on system. . Certa1n1y, the data
presented in Tab]es 1 and 2 clearly demonstrate that a]] of the tr1cyc11c

ant1depressant drcgs tested are able to produce a dose- dependent decrement

~in the volume of water consumed by depr1ved rats. Several facets of the
',data, however are d1ff1cu1t_to exp.a1n on the bas1s of known phdrmaco]Ogica1

actions of’the drugs.' For example' the dose-response curves for imipramine

and protriptyline are para11e1 to each other, the dose- response curves for

: am1tr1pty11ne and des1pram1ne, and for. doxep1n and nortr1pty11ne represent

_-similar para11e1 pa1rs

The 1ack of overall para11e1tsm makes 1t d1ff1cu1t to draJ potency
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comparisons within the series as hu+ been done for cholinergic blockers by

Gerald and Maickel (1969) or antihistamines (Gerald and Maickel, 1972).

Nonetheless, the RDgqy values preserted in Table 2 indicate that imipramine
and‘protriptyline are considerably iess potent than the other four compounds
tested. In this regard, it should Be noted that, in these acute studies, no
correlation could be observed betwesa the three compounds that are tertiary
amines (amitriptyline, doxepin, 1mjpramine) or the three that are secondary
amines ‘(desipramine, nortriptyline, protriptyline) in terms of slope or RDgq-
| Pretreatment of rats with PCPA caused a time-differential alteration
of;brain biogenic amines similar tc that reported’by Miller and Maickel
(1969), that is, a s1gn1f1cant reduction of both brain 5HT and brawn NE
at one day after adm1n1strat1on of PCPA, a reduction only of brain 5SHT at

e1ght days, and normal brain levels df,both amines at 15 days after PCPA.

~ Tests of deprivation-induced fluid consumption over this period showed a

marked reduction (to 58.9% of pre-drug levels) in fluid intake on the first
day post PCPA, fb]]owed by a return to levels approaching normal (80-90%

of pre-drug) by the third day postkPCPA’and a plateau efféct at these levels
through the ]7th'day~(Tab1e 4); Administration of protriptyline (20 mg/kg,

i.p.) on days 1, 8, or 15 after PCPA evoked no additional reductions in

fluid consumption; however, the va1ues observed were not significantly

»'d1fferent from protr1pty11ne alone.

Pretreatment of an1ma1s w1th aMT led to a reductxon in bra1n NE similar

“to that*reported by Miller, ,et a]~(1-70), and a;concomm1tant reduction in ’
,depr1vat1on 1nduced fluid consumpt1on (Table 3) Administration of protrip- '

: ty]1ne (20 mg/kg, i.p.) to these anima]s caused a- further reduct1on 1n the

vo1ume of f1u1d that was s1gn1f1cant1y greater than that seen W1th e1ther >
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o«MT or protriptyline alone. In faci, the reduction observed with the
drug combination seemed to approxinate what might be expected on the basis
of a simple additive action of the two compounds.

Based on these studies, one may infer that the actions of protriptyline

on deprivation-induced fluid consumption are not greatly influenced by

modest alterations in brain NE caused by «MT, The results with PCPA are

. difficult to interpret. It does, hcwever, seem that the PCPA effect is

manifested by a reduction in the ability of protriptyline to reduce fluid
consumption on day 1, that is, when both brain 5HT and brain NE are decreased.
.Sevefa] recent reviews of the general area of thirst and fluid cbn-
sumption have dis¢ussed the overall problems of drugkeffects on these systems
(Epstein, et al, 1973; Fitzsimons, 1972). If one assumes that the deprivation
scheQuie used has produéed an eXtrace11u1ar dehydration with a consequent A
drinking elicited by the hypertensive response produced by the angiotensin

system; subsequent administration of agents elevating blood pressure might

“be expected to increase fluid consumption, while hypotensive agents should

cause a reduction in consumption. This might-explain the reduced consumption

- caused by the aMT pretreatment, since lowered.body NE stores should result
in a modest hypotension. However, the effects of the tricyclic antidepreséants'
" should be hypertensive; nevertheless, thesekcompOUnds also depress fluid

~consumption. The effects of PCPA at 1 day after dosage could also reflect

decréased central and peripher&] NE and a'consequeht hypdtensive state.

By 8 and 15 days, this would be.expected to disappear as NE 1eve1s return
: f‘to normal vaiues._iThe inability to find simple éxp]anationS'for the actions

~ of the tricyclic antidepressants alone and their interactions With aMT and

PCPA'wdqufseemvto,confifm the'complex1ty of thirst mechanism(s), especia]ly;

; in terms of their neural ;ontb01; as cohcluded by Fitzsimons (1972).
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Effects of Tricyclic Antidepressants on Deprivation-Induced Fluid Consumption.

Animals were treated as described in Materials and Methods section;
drug was administered 15 min prior to start of drinking session.
Results are expressed as mean i S.0. of the values obtained. Statis-
tical comparisons were made by the correlated t-test for paired scores;
significant differences from the corresponding pre-drug values

(P < 0.05) are indicated by*. :

: Volume Consumed

-
o
BRS |
‘-v

Drug N Dose Pre-drug Drug % of Pre-drug
mg/ kg ml ml

Amitriptyline 8 5 20.1 + 2.1 14,9 + 3.0 74.2 + 15.6%
15 16 22.6 + 3.4 © 13.9 & 3.8  60.5 & 17.9*
16 20 20.6 + 4.4 7.1 5.1  36.7 +27.1*

Desipramine 16 5 21.9 + 3.0 13.1 + 4.9  66.2 + 18.5%
16 10 21.0%2.9 87 =41 40.8 : 16.8*
8 20 20,3 = 2.7 5.8 2.0 29.1 + 11.8*
Doxepin -8 5 19.2 + 3.0  15.2 + 3.5  80.8 % 17.0%
8 10 22.7 3.8 16.0 x 4.1 70.3 = 10,6
g 20 22.0 + 3.2 10.8 = 5.1 48.3 £ 17.1*
3 30 21.2 + 3.0 4.7 £3.5  21.7 £ 14.7%
Imipramine . 16 5 211 +3.8  17.6 4.3  83.8 + 14.4%
o 15 10 C19.7 % 3.4 13.1 = 3.1 72,7 £ 11.3%

| g8 20 19.2 3.9 12.0 £ 2.1 62.4 % 11.7%

Nortriptyline 16 5 20.5 + 2.1 18.0 3.6  88.7 + 11.3

6 10 21,1 :3.8 14.8+2.4  70.7 £ 11.0%

8 20 22.4 + 4.3 7.9 2.5  39.0 + 16.2%
Protriptyline 8 5 18.8 + 1.9 19,2 + 3.1 102.7 % 12.5
- | 8 10 19.2 + 2.5 16.2 + 1.8 84.1 £ 10.1*
g 20 18.0 « 4.4 12.8 % 1.8 73.9 & 16.1*
8 30 15,1 ¢ 4.6 2.3 69.5 & 13.4%
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TABLE 2

Analysis of Dose-Re@ponse Effects of Tricyclic Antideprassants

On Deprivation-Induced Fluid Consumption

Slopes were determined by linear regression analysis of
the data presented in Table 1. RDgg values represent
the dose estimated to cause a 50% reduction in fluid
“consumption and have been derived mathematically from
the linear regression analysis.

] RD5g
Drug Slope mg/kg umoles/kg
Desipramine -61.6 8¥4; 31.6
Amitriptyline -62.3 13.0 48.0
Doxepin -78.3 15.5 55.6
Nortriptyline . -B2.5 15.7 : 59,7
Imipramine -35.5 44,3 158.2
Protriptyline  -41.6  79.0 3003
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TABLE 3

Effects of oMT on Action of Protriptyline on Deprivation—lnduced

Fluid Consumption

} Animals Were pketreated with oMT as described in the text. Results are expressed as mean
- = S.D. of the values obtained. Statistical comparisons were made by the correlated t-test for
~paired scores; significant differences from the corresponding control values (p < .05) are indicated

) by *-,'A

VVAnTma1s were killed at the termination of the drinking session for brain amine determinations.
| Volume Consumed Brain Amines
Treatment I = Treatment IT N Pre-Drug Qggg' % of Pre-Drug S5HT NE
R ml + S.D. mi = S.D. " mean % * S.D. ug/g ug/g
Hater  t - Hater 8 21.7:2.9 21.442.1  « 97.428.5 0.70+.06 0.49+.05
wétér, ;: : Protriptyline 8 19.3£3.6 13.1£1.5 ©67.6413.3% 0.68+.06 . 0.50£.04
, : i (20 mg/kg) ,
CaMT Water 6 20.8+2.0  16.1=2.7 77.0£13.4* 0.714.08 0.24£.05%
:MTv ~ Protriptyline 6 17.9+1.8 9.2:3.6 44.8+14,5% 0.69x.04 0.23&.65*

(20 mg/kg)
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TABLE 4

Effects of oMT on Action of Protriptyline on Deprivation-Induced

Fluid Consumption

Tf'AhimaIs were pretreated with PCPA as described in the text. Results are expressed as mean *

5.D. of the values obtained.

“Treatment 1
'PeanUtfoi1' 
kPeanJi 011
PCPA-1
pCEA-8
PCPA-15
PCPA-1
PCPA-8

PCPA-15

Protriptyline =~ 6

Treatment II N Pre-Drug
~ - ml. £ S.D.
Water 8 19.3+1.9
Protriptyline 8 19.6:3.1
(20 mg/kg) -
Water 8 17.0&3.4
Water - 8 19.9:2.9
Water 8 20.223.1
~ Protriptyline 6 14.323.1
(20 mg/kg)
‘Protriptyline 6 20.8:1.
(20 mg/kg)
$22.1+3.8

Volume Consumed

mi

19

12.

13.
19.
18.

9.

13.

12,

Drug
+ S.D.

2.7

8x2.1

1x2.7
242.5
9+2.3
1+2.0

515.1

6+4.6

% of Pre-Drug

mean % = S.D.
101.2+12.0
65.8+10.7%

79.2+20.4%
97.0£10.4
94.9:+06.4
66.7:19.7

65.3:24.8

57.9+22.1*

.69

' Statistical comparisons were made by the correlated t-test for paired
scores; significant differences from the corresponding control values (p < .05) are indicated by *.
 Animals were killed at the termination of the drinking session for brain amine determinations.

Brain Amines

SHT

ug/g

AT
T3,

.29+,
.37+,
.67+,
.30:.

.39+,

1+

04
08

05*
03*
07
05

04*

.08

o O

~NE
ug/g

.32:.06%
47,08
.51+.05
.312.07%

.462.06

.47£.03



STRUCTURE-ACTIVITY RELATIONSHIPS IN COMPOUNDS
ANALAGOUS TO 5,6-DIHYDROXYTRYPTAMINE

Roger P. Maickel, Talmage R. Bosin, Alan C. Donelson
Section on Pharmacology
Medical Sciences Program
Indiana University School of Medicine
Bloomington, IN 47401

Ernest Campaigne, Richard B. Rogers
Department of Chemistry
Indiana University
Bloomington, IM 47401
The disruption of normal neuronal transmission by interference
with some aspect of neurotransmitter synthesis, uptake, storage,

release, or metabolism is considered an imporiant mode of drug action.

Indeed, the use of drugs which block peripheral nervous transmission

was ind1spensab1e in first estab11sh1ng, then proving the very nature

of neuromuscular transmission (1-3), as well as in the study of the

~autonomic nervous system (2,4). The method of blocking transmitter

utilization has also been used in attempts to clarify the specific

fUﬂCt1unS of putative neurotransm1tters in the brain, and to substan-

- tiate hypotheses linking the effects of psychoactive drugs to their

1nteract1ons with neurochem1ca1 systems (%, 6)

Of greatest interest centra]ly have been the monoamines serotonin

'(5 HT) and norep1nephr1ne (NE). L1tera11y thousands of pub11cat1ons
‘ have covered their occurrence in nature: the1r d1str1but1on in var1ous

,‘:systems of vertebrate and invertebrate spec1es, the nature of their

nervous function, and the subce11u1ar aspects of their ut11izat1on by
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nerves (7-9). Their role, individually or together, in the neural

processes underlying behavior remains controversial and largely unresolved

v(]D). Present-day monoamine research seeks to provide the final, direct

evidence confirming the status of NE and 5-HT as brain neurotransmitters,
a goal heavily dependent on technological advances; and to link directly
the central function of monoamine-containing neurons to behavior.

Hypotheses which emphasize the role of NE and 5-HT as neurotrans-

~mitters in the'nOrma1 function of the CNS are of two varieties:

1. Those wh1ch attempt to show evidence of this role, f.e., fu1f111

cr1ter1a necessary for the complete recognition of the compounds as

" neurotransmitters; and I1. Those which, assuming NE and 5-HT to be

neurotransmitters, postulate aberrations in their metabolism or neuronal

release mechanisms as causes for mental disorders or drug effects.

The techn1que of selective depletion of central monoamines as

a means by WhTL. ‘their functional role in behavior may be stud1ed presum-
ably has 1ts origin in traditional biology. The surgical destruction
or extirpation of an orqan as a method of 1nvest1gat1ng its physio1og1ca1

significance in a body has- been a mainstay in b1o1oq1ca1 research The

pract1ca1 1aboratory d1ff1cu1t1es assoc1ated with surq1ca1 denervation
“in an organ as complex as the central nervous system encouraqed a shift
" to the use of chemical means of d1fferent1at1ng~the roles,of~the neuro-

e.*transm1tters (11).-

1In 1959 Senoh and co-workers (12-14) reported that the adm1n1s-

‘ trat1on of DA to. rabb1ts resu1ted 1n the auto-ox1dat1ve and enzymat1c t

: ~'format1on of 6- hydroxydopam1ne (6 HDA) The peripheral adm1n1strat1on j:v o




of 6-HDA in the mouse led initially to the discovery that the compound
i;k produced a long-lasting depletion of NE in the heart (15). Further
studies showed that while 6-HDA had a lower E050 than either reserpine
or metaraminol, its NE-depleting effects lasted considerably longer |
than those of the other compounds tested (16). It was originally
suggested that 6-HDA damaged amine storage sites (15,17); electron-
microscopic studies indicated that the long-term loss of NE resulted
from the destruction of adrenergfc nerve terminals (18) and concomitant
1oss of activity of NE-synthesizing enzymes was also found (19). 6-HDA's
effects have been termed "chemical deher;ation" (20)3 the compound has
been widely used in studies concerned with the synthesis,‘uptake, storage,
andkfunctiona1 aspects of both peripherai and central catech01amines
(21). |
Following central administration Of 6-HDA,‘10ng-1asting, selective
decreases in catecholamine levels were observed without'significant
effect on’5 HT or GABA levels (19,22, 23) General]y, behavior of
animals given 6-HDA did not d1ffer s1gn1f1cant1y from contro] (19,22 23)
‘However, injections of 6-HDA into localized bra1n reg1ons have been
used to induce spec1f1c lesions of central monoam1ne neurons (24).
Spontaneous rotational behav1or was observed in rats w1th un11atera1
6-HDA lesions in the niqro str1ata1 DA system (25 26). B11atera1 1nJect1on
of 6 HDA 1r 23 the lateral hypotha1amus caused ad1ps1a and aphaq1a,
o wh11e animals 1es1oned in the substantia nigra showed marked hyperact1v1ty
‘w1th behavioral reversa] after one veek (27)

~In,1971 the apparent discovery of a “serotonerg1c 6- HDA“ Was
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reported; intraventricuiar administration of 5,6-dihydroxytryptamine
(5,6-DHT) resulted in the Tong-lasting depletion of brain 5-HT with
only transient effects on the levels of DA and NE (28,29). The perCent-
age loss of 5-HT and the dose-dependency of the effect varied in
different brain regions Subsequent fluorescent histochemical and electron-
microscopic studies revealed selective degeneration of indoleamine
terminals and axons similar to the cytotoxic effects of 6-HDA on adrenerq1c
neurons (30 ,31). The tendency of 5-HT 1eveis to recover after the
initial phase of depletion led to the discovery of axonal regenerat zion
by the damaged serotonergic neurons (32,33).

In contrast to S-HDA, the intraventricular injection of 5,6-HDT
caused dramatic behaviorai changes (34). The acute disturbancesrhave
been described as "sedation during the first two hours after the injection
k(ether anesthesia), an increased irritability and hyper-reactivity against
any“type of sensory stimulation and bizarre social behavior (fighting
in a‘stereotyped position and manner), and increased copulatory activity
when kept in the same cage inbetween the lst and 3rd day after 5, 6-DHT."
(35) Frequent fightinq episodes as well as increased muricidal behavior
have been reported and decreased food consumption and ioss of weiqht
have also been observed. Intraventricuiar 1nJect10n of 5,6~ DHT produced
, Significant hypothermia thirty minutes after administration (36)
The advent of a seiective neurotox1c agent such as 5,6-DHT opens

;fresh avenues for the functionai differentiation of central monoamines,

o kand for p0551b1e discernment of their role 1n mediating behav1or The

avaiiability of such chemica]s offers an alternative to the non- selective
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destruction of brain regions with heterogeneous cell populations, e.g.,
by electrocoagulation or surgical lesioning. In addition, the functional
significance of_the,depression of monoamine levels by selective synthesis
inhibitors may be resolved through the use of cytotoxic agents. The use
of chemicals to destroy monoamine nerve terminals may supplement brain
amine concentrations as criteria for relating monoamine function to
behavior.

The synthesis and pharmacological testing of structural analogues
commdnly emp1oyed to identify structural features responsible for a
‘primary effect; to elucidate mechanisms of action; and/dr to establish
a rational basis for the deve]opment of more spec1f1c agents The
recent synthesis (37) of 3-( g-aminoethy1)-5,6- d1hydroxybenzo[b]th1ophene
(5,6-DHT-S), the sulfur 1sostere of 5,6-DHT, offered the opportunity
- to investigate the relative importance of the indolic nitrogen in the
action of 5,6- DHT. Benzo[bJthiophene isosteres of biologically act1ve
indoIes have beenfstud1ed previousTy by this 1aboratory in an attempt
to estimate the pharmacological contribution of the 1ndo1ea1ky1am1ne
ring nitr09en’(38-41).‘_The availability of benzo[b]thiopheneaand 5,6~
d» disubstituted tryptam1nes, permitted a study of thefcontributions of

 the chemica1 sub-groubings present 1nd5,6-DHT,to its monoaminergic
activ1ty and genera] effects on behavior. The parallel neurochemica]

and behaV1ora1 structure activity re1at1onsh1ps make 1t p0551b1e to
o specu1ate on the re1ation of monoaminerg1c act1v1ty to behav1or in the e ’
rat. : |

CONTRASTING BIOCHEMICAL EFFECTS OF 5,6~ DHT AND 5,6-DHT-S IN THE RAT

NE 1eve1s in the heart and spleen were decreased s1an1f1cant1y

: .]6V7" 3
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male rats. Minimum Tevels in ti2 heart were reached by the second hour;
each compound produced a 55-60% depletion of NE. Va]ues refurned to
control levels by 16 houygl In the spleen, NE levels were similarly
reduced, differing only fn that 5,6-DHT caused a longer lasting reduc-
tion (up to 16 hours) than in the heart. &5-yT Tevels’in the spleen were
reduced to 50% by 5,6-DHT at 16 hours, and were stil} decreased at 24
%durs. 5,6-DHT-S,}however, actually increased levels of 5-HT by 50%

two hours after injéction, No decrease in 5-HT levels was observed in

- the 24-hoyr pefiod after 5,6-DHT-S. The data on spleen 5-MT and NE

of the‘compound; were most‘dramatic. 5,6-DHT sighificantIy decreésed

the 5-HT content of the three brain regions:v’cerebral hemispheres,
terebe]ium, and brainstem. The dec1ine dfffering only in the time course
df'the effect. A rapid drop of 25-35% was bbserved‘fn the éerebral

hemispheres by 4 hours after dosage; this persisted for at least 16 days.

Bkainstem 5-HT was lowered by 20-30% in a;similar fashion, while cerebellar

5-HT showedvé‘ZS% dec?éase only over,the'period 16 hours -:4 days after o

doSége. The daté for ﬁhe éffects'of~5,6-DHT and 5,6-DHT-Skon brafhstem"

S-Hf;and NE‘are Shbwn7in Figure 2, . '
In;cdntbast to”their,ef%ects on 5-HT, Qg;ﬁ’tompﬁUhdS'decreased

levels of”NE in the‘fhrée‘brain‘regiOns. The‘dec]ineiin the cerebra],
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hemispheres of approximately 30% was less sharp and more prolonged than
in the brainstem, where similar decreases were Jast observed at & hours.
Decreased levels of NE in the cerebellum reached 75% of control briefly,
at 1 - 2 hours post-injection. (Figure 2).

Both 5,6-DHT and 5,6- DHT-S produced a transient increase in S-HIAA
levels. By eight hours, 5,6-DHT had reduced 5.HIAA levels 20-30% of

control in all three brain regions, paralleling sim11ar reductions of

5-HT. 5,6-DHT-S, on the other hand, demonstrated an ability to increase

5-HIAA levels, which returned to control values by 24 hours. 5,6-DHT's
effects on 5-HIAA paralleled its decrease of 5-HT in the brainstem and
cerebral hemispheres, and likewise in the cerebellum, Where 5-HIAA levels

returned to contro] Tevels after the 4th day. 1In contrast, 5,6-DHT-S

caused a significant e1evat1on in 5-HIAA 1eve1s 2 - 4 days after 1n3ect1on.

v Maximum increases of 40-50% were observed in the brainstem and cerebral

hemispheres, 12-20% in the cerebe11um 5-HIAA levels. returned to near

normal levels by the 16th day. Lower doses (20 ug/rat or 40 ug/rat) of

both 5,6-DHT and 5,6~ DHT-S had s1m11ar effects though lesser in magnitude

and durat1on

BEHAVIORAL EFFECTS OF 5,6-DHT AND 5, 6-DHT-S 'IN THE RAT -

Per1phera1 1n3ect1ons of 5, 6 DHT and 5,6~ DHT-S 1n the rat elicited

‘51m11ar behav1or. when adm1nistered 1ntraper1tonea]1y (30 mg/ka) s both

-compounds produced periphera1 s1gns such as exophtha]amous, p110erect1on,

rigid alert stance, and 1ncreased 1rr1tab111ty, indicating sympathetic ”

;autonomic st1mu1ation. No increase in motor activ1ty,y1nd1cative of

‘centra1 act1v1ty, was observed.
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When administered centrally, 5,6-DHT and 5,6-DHT-S differed in
their behavioral effects. Injection of 80 pg 5,6-DHT-S into the lateral
ventricle produced a behaviorally depressed animal; the sedated state
could be described as a semi-conscious stupor, lasting 30-45 minutes.
After recovery, animals could not be distinguished from controls. Central
administration of 5,6-DHT in doses of 80 ug caused initial behavioral
depression which, after 40 - 120 minutes, was usually succeeded by a
period of sudden, intense activity. |

The distinctive behavior after 5,6-DHT was characterized by explosive
jgmgigg_(rats at times 1eapt through covered cages to heights of 18

inches); erratic running behavior, in which the back legs, in a flipping

motion, propelled the rat in large circles in open space, or along the
wa11s of an enclosure (the animal eppeared to ignore barriers in its
frantic'movement and at times bloodied its head and cut its feet); vocal-
jzation was often present as’high-pitched squeals or shrieké; convulsions
during which the animal literally behaved as a fish out of water, unable
to breathe or make sound; and death in 25-35% of the rats entering into
this type of behaviqr. Each such outburst 1asfed about 30-90 seconds

in confined spaces, but ccu1d’continue much longer in open spaces.
”Mi1der episodes were interspersed among the more intense, and consisted
of compulsive runn1ng and leaping at barriers, appear1no to be a form

of escape behavior. After each outburst the animal lay still, breathing
deeply, but was alert and hyper-respon51ve to external st1mu1at1on As
many as thirty mild and 1ntense outbursts have been recorded in the two‘

hours fo11owing inJect10n of 5, 6 DHT ;- the period of 45-75 minutes after
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injection contained the greatest frequency of such episodes. It was
observed that those rats which did not enter into the second phase of
behavior, but which remained behaviorally depressed and stdporous, were
less 1ikely to recover than those animals which underwent the violent
behavioral spasms and lived.

rk Long-term behavioka] effects were observed after central adminis-
tration of 5,6-DHT, but not 5,6-DHT-S. Following the period of intense
activity, rats giﬁéﬁ 5,6-DHT either recovereq sufficiently to feed and
water themselves, or remained adipsic and apﬁégic, dying within 2 -4
déys post-injection. Those whith‘reCOVered,ténded to weigh less than
control animals, and were often irritab]e‘and defensive when approached
or handled. The 1ong—term behavioral effects of S,GFDHT vere character-
ized by more freqdent vocalization; unusual social interactions between
cage-matesj and fighting episodes. One particular form dffbehavior was
‘especially striking; two rats, standing-on’hind 1égs fating each other,
;wou]d squea], "h1ss, vor "sp1t" at each other, but wou]d not make physical

contact. At times, this behav10r lasted as 1ong as an hour or more.

BIOCHEMICAL AND BEHAVIORAL EFFECTS OF 5~ HYDROXY 6 METHOXYTRYPTAMINE (5HEMT )

~~ ‘AND 5- METHOXY 6 HYDROXYTRYPTAMINE (5M6HT) IN RATS

-~ Each of fnese ana]ogues was adm1n1stered 1nto the lateral ventr1c1e
'kof rats at a dosage of 100 ug/rat No sign1f1cant changes were seen
1n 1eve1s of 5- HT or: NE 1n any of the brain regions over the per1od

: 1 - 24 hours after: dosage 5H6MT d1d cause a s1gn1f1cant 1ncrease (20- }uw
_' ‘725~) 1n 5HIAA 1evels at 2 hours after dosage, while SHEMT did cause a -
'b-, signif1cant 1ncrease (2u~25%) 1n SHIAA 1eve1s at 2 hours after dosage,_f‘
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while 5M6HT caused a significant decrease (25-35%) in 5-HIAA Tevels at
1 hour post dosage.

Within 15 minutes following intraventricular injection of SHEMT,
a behavioral syndrome identical to that caused by 5,6-DHT was manifested.
Brief, periodic (3 - 8 minute), convulsive episodes were combined with
erratic running behavior and vocalizations. The behavioral effects
differed from those of 5,6-DHT in that they were quicker in onset and
lasted less than one hour. There was evident an increased alertness
over control animals following this syndrome, then the animals could
not be differentiated behaviorally.

In contrast, SMG6HT produced no dramatic behavioral effects. ‘Some
increased exploratory activity soon after injection was observed, as
well as increased motor activity and alertness. ’However, these effects

were slight, and the animals could not otherwise bevdifferentiated

. from controls.

BIOCHEMICAL AND BEHAVIORAL EFFECTS OF 5,6-DIMETHOXYTRYPTAMINE (5,6-DMT)
AND 3-(B-AMINOETHYL)-5,6-ISOPROPYLINDENDIOXYBENZO[b]THIOPHENE (IPST) IN

THE RAT L |

Each compound was inJected 1ntraventr1cu1ar1y at a dose of 100 ug/
rat. 5,6- DMT apparent]y e]evated 5-HT levels, with no swgn1ficant effect
on | 5-HIAA or NE. However, since 5,6- DHT is act1ve in the method for
.‘the determ1nat1on of 5-HT (42) the 1ncreased fluorescence persist1ng
to 24 hours, suggests a cont1nued presence of 5,6-DMT 1n s1gn1f1cant
_amounts IPST, which does not interact with the assay methods, elevated

5 HT 1evels at 2 hours (33%) and 24 hours (44%) 1n the cerebral hem1spheres,,
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by 48 hours, however, these levels had declined to 59% of control. Brain-
3 | stem levels of 5-HT were increased by 20-30% at 24 hours post-injection |
with a concommitant decrease in 5-HIAA. In the cerebral hemispheres, 5-HIAA
levels were depressed for 48 hours after injection. Levels of NE remained
essentially unchanged throughout the 48 hour period after administration
of IPST.
Both IPST and 5, 6-DHT-S were behaviorally active. 1PST, in contrast
to its parent compound 5,6-DHT-S, increased motor activity; the most
'prominent feature of the behavioral effect was compulsive cage circling
interrupted by brief pauses. The effect commenced shortly after injection
and lasted nearly two hours. Paradoxica11y, IPST when administered
périphera]Iy (40 mg/kg, i.p.) depressed all behavior. The rat given
e IPST wou]d lay prone and stuporous, but would Tick a water bottle spout

brought near to its mouth

| Rats given 100 ug 5,6-DMT intraventricularly exh1b1ted a d1sor1ented, ;
- groping behavior, while ro11ing over and over. The latter behov1ora1
‘?:effect could be elicited upon moving the animal's cage. This behaviorv

1asted up to 2.5 hours after injection, after which the animals could

not be d1st1ngu1shed from controls. No convu]sive behavior similar

to ‘that produced by 5 6-DHT was observed. |

COMPARATIVE EFFECTS OF 5,6~ DHT AND ANALOGUES IN THE RAT

A summary of the blochem1Co1 and behavioral effects of the var1ous
compounds tested is presented in Tab1e 1.
A1though 5, 6 DHT 1s genera]]y considered as a se1ect1ve dep]etor 8

}eof bra1n 5 HT, the resu1ts obta1ned from both per1phera1 and bra1n




0

tissues demonst}ate an ability of the compound to lower both NE and

5-HT. That 5,6-DHT might share properties of both monoamines, and there-
fore have the potential to interact with either catecholaminergic or sero-
tonergic systems, may be deduced readily from its structure. 5,6-DHT
itself is the 6-hydroxy derivative of serotonin; the o-dihydroxyphenyl
portion of the 5,6-DHT molecule is isomeric with catechol, a sub—groupk

shared by the catecholamines norepinephrine and dopamine. In fact,

L prior to the discovery of its neurotoxic properties, 5,6-DHT was found

to be as active at 5-HT in the contraction of smooth muscle preparations
(43) as well as a potent releaser of heart NE (44). The diploid nature
of 5,6-DHT's monoaminergic activity in vivo has therefore been confirmed
here for peripheral anéfbrain tissues.

Using 5,6-DHT's structure as the basis for making comparisons,

the relation of chemical structure to monoaminergic activity may be

sumwarized as follows. Replacement of the indolic n1troqen by sulfur

abo]1shes 5-HT depleting act1v1ty in sn]een and in brain, but does not
alter NE dep]et1ng act1v1ty in the heart, spleen, or brain. Methylation
of either the 5- or 6 hydroxyl groups of 5,6-DHT removes monoam1ne
depletion activity. However, 1ncreased and decreased levels of 5-HIAA

soon after 1n3ect1on indicate serotonerg1c 1nteract1ons are not comp]ete]y ‘

- absent. Methy1ation of both hydroxyls on 5 6- DHT resu]ts in a comp]ete

abolition of monoam1nerg1c depleting activity, although cons1derab1e

behav1ora1 activity 1s retained. In contrast, convers1on‘of 5f6-DHT-S

,to its isopropy11dene der1vat1ve produces a comp]ex action on bra1n 5- HT

 and NE systems “and causes a genera11zed st1mu1atory behaV1ora1 effect.
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CONCLUSIONS

PSS TR

The indolic nitrogen of S,E-DHT appears to be an absolute require-
ment for the 5-HT neurotoxic effects of the compound, at least insofar

as substitution of a sulfur atom is concerned. Similar specificity

appears to be demanded in terms of the 5- and 6-hydroxyl groups both

existing in the phenolic state. In contrast, the simiiar ability of 5,6-
DHT-S to lower stored NE levels for a transient period appears to be
related oh]y to the catechol characteristics associated with an
arylethylamine. The overall behavioral actions of the compoundé are
compiex and suggest a multiplicity of effects including amine release/

depletion and direct receptor interactions.
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- TABLE 1

("” EFFECTS OF 5, G-DHT AND ANALOGUES ON BRAIN BIOCHEMISTRY AND BEHAVIOR IN THE RATF\

| COMPOUND

HO TR
,HO ’ N 2

‘ H
5,6-DHT

BIOCHEMICAL EFFECTS

Prolonged (20-30%) decrease in  SHT; initial

. increase, then prolonged decrease in SHIAA;

brief initial decrease in NE.

BEHA VIORAL RESULTS

Initial behavioral depression, 30-45 min., then

. explosive jumping and erratic running behavior,

convulsive episodes, vocalization.

~ 56-DHT-S

No effect on 5HT; incfeased 5HIAA levels at -
2-4 days post-injection; brief initial decrease

in NE.

Behavioral depression lasting up to 30 min.
post-injection; sedation, animal lying prone.

- HO® :
RS dwe
CH;0~ NN NH,

28l

H

SHEMT

No effect on S.H'T; brief initial increase in 5HIAA;

no effect on NE.

Srief, periodic (3-8 min:) convulsive episodes
within 15 min. injection, associated with er-
ratic running behavior, vocalization; followed
by period of increased alertness and responsivity.

No-effect on 5HT brlef initial decrease in SHIAA;
no effect on NE

Some increased exploratory activity within 15
minutes of injection, but otherwise no differ-
ence from contro! animals.

' No significant effects on SHT, SHIAA or NE.

Disoriented, ‘groping behavior; animals exhibit
much rotational behavior and hyperreactivity
to sensory stimulation.

Initial increase, then prolonged decrease in
5HT;: generally decreased SHIAA; brief mmal
decrease in NE

Increased  motor activity; cage circling with
periodic. pauses, lasting two hours following
injection.
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LEGENDS

FIGURE la. Levels of 5-HT in rat spleen at various times after a single

dose (30 mg/ka, i.p.) of 5,6-DHT (——) or 5,6-DHT-S (--O---)-

Each value is the mean of 4 animals; cqntro1 values (N = 8) were 1.40 =

.09 (SD) wug/a.
FIGURE 1b. Levels of NE in rat spleen at various times after a single
dose (30 mg/kg, i.p.) of 5,6-DHT (-———) or 5,6-DHT-S (--{:)—e—).

Each value is the mean of 4 animals; control values (N = 8) vere 0.42 =

.07 (SD) wa/g.
FIGURE 2a. Levels of 5HT in rat brainstem at various times after a single

dose (80 ug/rat, intraventricularly) of 5,6-DHT (—@D—) or 5,6-DHT-S

' (—-{:)---). Each value is the mean of 4 animals; control values (N = 8)

were.1.13 + .17 (SD) ug/g.

FIGURE 2b. Levels of NE in rat brainstem at various times after a single

dose (80'pg/rat, intraventricularly of 5,6-DHT (-4@@}——) or 5,6-DHT-S

(;-4::y--). Fach value is the mean of 4 animals; control values (N = 8)

viere 1.01 ¢ ;11’(SD)yug/g.
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ABSTRACT

In an in vitro system of purified hog kidney aromatic-L-amino acid
decarboxylase, the benzo[bJthiophene analogue of 5-hydroxytryptophan was
found to be an effective inhibitor of DOPA decarboxylation, with a |
potency almost twice that of a-methyl-DOPA. Vhen administefed to mice
prior'to a dose of 3H-L-DOPA, the benzo[b]thiophene analogue of 5HTP led
to significant elevations in brain levels of DOPA, dopamine, and metabo-

lites one hour later.
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INTRODUCTION

Aromatic-L-amino acid decarboxrylase (EC 4.1.1.26) has been
characterized as the enzyma responsible for the conversion of 3,4~
dihydroxyphenylalanine (DOPA)'to 3,4-dihydroxyphenylethylamine (DA), a
reaction first demonstrated by Holtz, gg_gl_[l] in 1938 with kidney ex-
tracfs of rabbits and guinea pigs. The enzyme has subsequently been
shown to be widely distributed in vérious mammalian tissues, and to
require pyridoxal phosphate as a co-enzyme [2]. The enzyme has been
partially purified from hog kidney by Christenson, et al [3] and character-
ized in terms of optimal cofactor and substrate concentrations as well |
as medium pH by these authors and by Werle and Aures [4]. In addition,

a variety of aromatic-L-amino acids (both natural and unnatural) have
been shown to héve activity as substrates for the enzyme [3,5-7].

One of the more inﬁeresting aspects of this’enzyme has been the
controversy surrounding its ability to act as the decarboxylation system
for 1ndo1ea1anihes such as fryptophan as well as for pheny1alanines [8,10]¢
There is no doubt that aromatic-L-amino acid decarboyx]ase preparations

purified from hog kidney [3] have considerable activity towards a variety

of aromatic-L-amino acids, i-zluding analogues of tryptophan [3,9,11-13].
~ Some ana1ogues of tryptophan that are poor substrates for decarboxylation
have been‘shown, not unexpeciedly, to be inhibitors of the decarboxylation

of tryptophan, as well as other amino acids [13,14].

The finding of Ehringer and Hornykiewicz [15] that patfents'with
Parkinson's disease had sub-uuwiial levels of DA~in'the substantia nigra

and the subsequent discovery and deverpment of L-DOPA as a therapeutic
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agent have stimulated interest in inhibitors of the decarboxylation

of this amino acid [16-18]. A variety of compounds have been found to

be inhibitors of the decarboxylation system'jg_!izgg, including hydrazine
derivatives [18-201, a-methyl amino acids [10,21], and by hydroxycinnamic
acids [22-24]. A recent report from this laboratory has indicated that
the benzo[bJ]thiophene and 1-methylindole analogues of tryptophan are
effective inhibitors of the decarboxylation of tryptophan and phenylala- .
nine ig_gigrg.[13]. The present paper reports on the activity of several

analogues of tryptophan as inhibitors of the decarboxylation of L-DOPA.

MATERIALS AND METHODS

Materials

D,L-DOPA-2-14C(256 uCi/mg) and DA-2-14C(300 uCi/mg) were purchased
from Amersham/Searle Corporation. Chicago, IL and L-DOPA-3H (general label,
30 mCi/mg) and DA-3H (general label, 61 mCi/mg) were purchased from New
England Nuc1ear Corp.,kBoston, MA. DL-DOPA and DL-tryptophan ang ,yridoxal
phosphate were purchased from Sigma Chemical Co., St. Louis, MO, DA was
purchased from Nutritional Biochemical Corp., Cleveland, OH, and 5-hydroxy-
tryptophan, a-methyltryptophan, L-DOPA, 3,4-dihydfoxypheny1—acetic acid,
3,4-dihydroxyphenylethanol, 3-methoxy-4-hydroxyphenylethanol, and hemo-
van1111c ac1d were purchased from Regis Chemical Co., Chicago, IL. The
benzo[b]th1ophene analogues of tryptophan, 5- hydroxytrvptophan and a-methyl-

tryptophan and the 1-methylindole analogue of tryptophan were supp11ed

as racenmates by Dr. Ernest Campaigne, Chemistry Department, Indiana University.

Pargyline hydrochloride was kind]y}sUpp1ied by Abbott Laboratories.
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A11 chemicals and reagents used were purchased from commercial sourees.
Ion exchange resin (CG-50, Type 2, 200-400 mesh) was obtained from Mallin-
ckrodt Chemical Co., St. Louis, MO. Adult, male, Swiss-Webster mice
(18-25 g) were purchased from Murphy Breeding Laboratories, Plainfield,
IN. Hog kidneys were obtained fresh from the Winterlein Meat Packing
Co., Bloomington, IN.

Enzyme Preparation

The procedure of Christenson et al [3], was followed through the
second ammonium sulfate prec1p1tat10n with modifications. A11 work was
done at 4° C. Defatted hog kidney (300 g) was homogenized w1th 900 ml
0.005 M NaH2P04 pH 7.2 containing 0.01 M 2-mercaptoethanol in a Sorvall

Omnimixer at high speed for one minete.e This homogenate was centrifuged

at 10,000 rpm (16,000 x g Sorvall RC2-B refrigerated centrifuge, rotor

type GSA) forl30 min.  The supernate was decanted and was brought to 37%
saturation by the dropwise addition of pH 8.0 saturated ammonium sulfate

solution. After stirring for 20 min., it was centrifuged as above for

20 min. The supernate was again decanted and was brought to 55% satura-

tion with saturated ammonium sulfate. After stirring for a further 20
min., the solution was‘centrifuged under the above conditions for 20

min. The supernate was d1scarded, and the prec1p1tate was dissolved in

150 m1 of 0.01 M Z-mercaptoethanol The enzyme was d1a1yzed overn1ght
agaxnst 0. 01 M 2-mercaptoefﬁanol and then frozen until use. Enzyme protein

was determ1ned by the method of Lowry, et al [25].

“Incubation Procedure

‘The frozen enzyme was a]]owed to thaw at room temperature prior to
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use. A1l incubations were done in triplicate, using an incubation mixture
modeled after Creveling and Daly [26] and consisting of: 0.2 ml 0.5M

NaH PO4 buffer (pH 7.0), 0.1 ml pyridoxal-5- phosphate (final concentration
107 M) 0.01 m1 pargyline HC1 (final concentration 1.25 x 10° M) 0.02

ml enzyme,O 01ml DOPA, and d1st111ed water or inhibitor to a final volume
of 1.0 ml. A1l incubations were done at 37° C for 10 min. under air 1n

an Amihco constant temperature shaking incubator. The mixture was pre-
incubated for 3 min. before addition of substrate. Each incubation

vessle contained 0.2 uCi DL-DOPA-Z-I“C. Inhibitors, when used, were

added in 0.5 m1 volume 1 min. prior to the addition of the substrate;

0.5 ml of H20 was deleted from the original reaction mixture to allow

the final volume to remain at 1 ml. The enzyhatié reaction was stopped

by the addition of 0.1 ml 50% TCA. After addition of 0.1 ml of 1 X 10°°

M DA as a carrier plus 10 mg ascorbic acid, 2 ml of 0.5 M KH2P04 (pH 6.5)
and NH,O0H to obfain’a pH of 6,5vwas then added. The mixture was trans;
fefred to centrifuge tubes and spun at 37,000 rpm in a IEC Model HN centri-

fuge for 15 min. One ml of the incubate was then added to the ion ekchange

‘columns. Zero time points were prepared by the addition of 0.1 ml 50%

TCA just prior to substrate addition.

Ana1ytica1 Procedures

The columns were 1 ml d1sposab1e p1pets cut to 12 cm in length W1th

~al2cc disposab]e;syr1nge used as‘a reservoir. A three-way plastic
"Stopcockkconnected the reservbir to the pipet.,iThe resin (Ambeflife €G-50)
:  150 mg/cd1umn was prepared by the methbdvof Hirs, g;_gl;tzzj and used in
; the;Na# form at pH 6.5. - |
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After the 1 ml sample loading, the columns were washed with 8.0 ml
of distilled water, then with 1 ml 2N HC1 and 0.5 ml of the eluant was
pipetted into a polyethylene vial containihq 15 ml scintillation fluid.
Each sample was counted twice for 10 min. in a Packard Tricarb Liquid
Scintillation Spectrometer, Model 2425. Scintillation fluid was prepared
by mixing 14 g BBOT (2,5-bis-2—(5-tert-buty1benzoxazo]yl)-thiophene, 280 g
napthalene, 2000 ml toluene and 1400 m1 2-methoxyethanol.

The ability of the ion exchange columns to separate DOPA from DA
was tested by adding aliquots of DOPA (14C) to one set of columns and
DA (14C) to another set at concentrations of 1 x 10'“ Mtol x 10'7 M
The columns were then eluted and aliquots were collected and counted as
described above. Recovery of DA over the range 10'7 - IO'kM was 82 - 93%
under these conditions.

In Vivo Studies

For in vivo experiments, drugs were made up in 0.5% methyl cellulose

suspensions. Pretreated mice recaived 300 mg/kg of inhibitor i.p. 1.5 hrs.

prior to a dose of 200 ma/kg L-DOPA (spec. act. 1.97 mCi/mmole) p.o.
" control mice received only 200 mg/kg L-DOPA (3H-G) p.o. A1l mice were

sacrificed by decapitation 1 and 2 houfs after DOPA administration.
TiSsue samples were removed, rinsed with saline and frozen immediately.
The samples were assayed by a procedure modified after Taylor and Laverty
[28] Tissues were homogenized (Sorvall Omn1m1xer) for one minute in4 ml

0.4 M HC104 with 0.1 ml 10% EDTA and 5 2 mg ascorbate. The homogenate

Uwas centrifuged for 10 min. (IEC Model B-20) at 4° C and 10 000 rpm. The

'precipitate was then washed with -2 ml of 0.4 M HC104,,centrifuged, decanted
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and then washed again with 2 ml HCIQ4. The two washes were combined

with the first centrifugation and the pH was brought to 6.5 with 5N
'KOH. The sample was then centrifuged (1EC Model HN) for 5 min. at 3,700

rpm to remove KC104 precipitate. An aliquot (8 ml) was then added to an
jon exchange column prepared as described above. The 8 ml 1oad was col-
Tected forfurther analysis.

The column was washed with 8 ml HZO and the rinse combined with the
liquid collected from the load. This fraction contains DOPA, and its

acid and neutral (alcohol) metabolites. This was taken to dryness and

. dissolved in 2 ml 0.01 N HCI. Sufficient 2 N HC1 was added to bring

the pH to 1 pr1or to washing with 3 volumes of ch]oroform. Aliquots of.
0.5 ml of the aqueous phase (DOPA)were then pipetted to scintillation
vials and counted.

The'remaininq aqueouys phase‘was aspirated off and the chloroform
phase containing the alcohol and acidic metabolites was taken to dryness
and reconst1tuted in 2 ml of 0.01 N HC], 0. 5 ml of this fraction was

counted. The rinsed columns containing the DA and NE were eluted with

1 ml 2 N HC and 0.5 ml was transferred and counted

This extraction process was tested with authentic DOPA, 3-methoxy-

4- hydroxypheny]ethano] was chosen to represent the neutra] (alcohol)

: metabolites, and homovani]1ic acid (HVA), chosen to represent the ac1d1c

class. Concentrated samples of each phase described above were spotted

‘adJacent to these spots The papers were deve1oped using two solvent e
systems, butano]/acetic acid/H 0 (25:4:10) and isopropanol/2N HC1 (65: 35)

"and scanned (Packard Mode1 7200 Radio chromatogram Scanner. Authent1c
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compounds weré detected with iodine vapor. The scan from the water
fraction contéined one major peak at Rf ~ 0.5 while the scan from the
chloroform phase also showed one peak but of much less intensity at

Rf ~ 1. Authentic DOPA ran in the butano1/acetic;acid/H20 solvent

system at an Rf of 0.29 and at an Rf of 0.85 in the isopropanol/HC1 system.
Authentic 3-methoxy-4-hydroxyphenylethanol and HVA ran at an Rf of 0.93

in both solvent systems.

Data Processing

Km, Vmax, and Ki were calculated using linear regression analysis
of unweighted double reciprocal (1/V vs 1/[S1) data, using computerized

procedures.

RESULTS

Initial Studies of DOPA Decarboxylation

Using this system and purified hog kidney enzyme, initial studies
shbwed‘the reaction for the decarboxylation of DOPA to be linear over the
period of 2 - 10 minutes Qf incubation. The Km ranged from 1.96 X 10‘“ |
to 2.38,x,10'“ when derived from data obtained ovér a range of substrate

R , -5 co.3 , ;
concentrations of 5 x 10 to 1 x 107 M. Using a substrate concentration

-~ of 5 x 10 Mand inhibitor concentration of 10" M a preliminary series

of 1nhibition studiés was performed. The resu1ts, presented in Table 1,

show that the‘benzo[b]thiophenefana]ogué of‘5-hydroxytryptophanrWas the

most potent inhibitor of the test series, almost twice as effective as

q;methyl DOPA.'wh1Ie S-hydroxytryptophan itself was on1y,slight1y'1ess |

‘potent.:,,
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Inhibition of DOPA Decarboxylation In Vitro

Detailed kinetic studies were performed with 5-hydroxytryptophan,
a-methyl-5-hydroxytryptophan, and the benzo[b]thiophene analogues of
these two compounds. The results, presented in Table 2, indicate that
the benzo[b]thiophene analogue of 5-hydroxytryptophan was the most potent
inhibitor of DOPA decarboxylation in the test system. In the case of
a-methyl tryptophan, replacement of the indolic nitrogen with a sulfur
atom led to a slight decrease in potency. The Lineweaver-Burke plot
for the inhibition of DOPA decarboxylation by the 10'3 concentrations
of the various compounds is shown in Figure 1.

Studies of In Vivo Inhibition of DOPA Decarboxylation

In an attempt tp further test the efficacy of the most potent in vitro
inhibitor, mice were pretreated with the benzo[bJ]thiophene analogue of
5-hydroxytryptophan prior to the administration'of L-DOPA, and brain and’
kidney were removed at 1 and 2 hours for the assay of DOPA, DA and metabo-
lites as described in Materials and Methods. Brain levels of total radio-

activity were 44% higher after 1 hour in mice pretreated with the inhibitor;

,th\S was reflected in significantly elevated levels of DOPA, DA, and

metabolites (33%, 58% and 32%, respectively). No s1qn1f1cant e1evat1ons

were seen in brain levels of radioactivity at 2 hours, nor were any of

the kidney levels sighificantly elevated.

DISCUSSION
The 1n1t1a1 screening results presented in this paper indicate that

the benzo[b]thiophene ana1ogue of 5-HTP s the most potent inhibitor of
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DOPA decarboxylation (Table 1), followed in order by a-methyl1-DOPA, the
benzo [b]thiophene and 1-methylindole analogues of tryptophan, and trypto-
phan itself. These results are consistent with previous findings that a
5-hydroxy function considerably increases the affinity of tryptophan for
the enzyme [5,16,29]. OUne can also compare this to the relative rates

of decarboxylation of 5HTP, tyrosine isomers and tryptophan. 5HTP and

tyrosine isomers are decarboxylated at a rate of 10 - 40% that of DOPA

~while tryptophan is decarboxylated 1 - 10% that of DOPA [5]. On this

basis, the benzo[b]thiophene analogue of SHTP shou1d have the highest
affinity fo11owe% by a-methyl DOPA, tryptophan, and derivatives not having
the 5-hydroxy group. }The fact that the benzo[blthiophene analogue of |
tryptophan is considerably more 1ipid-soluble than tryptophan [30],

combined with the fact that it is sterically similar to tryptophan may

facilitate binding to the active site of‘the enzyme.
- Lipid solubility would also exp1ain why a-methyl tryptophan has
more affinity for the enzyme than tryptophan. 1-Methy1tryptophan is

practically as lipid soluble as the benzo[b]th1ophene analogue which
‘would also faci11tate‘bind1ng to the enzyme. The fact that the bulk of
 the methy]ated indole nitrogen may prevent the compound from being as
’_,’strong1y bound to the enzyme probably d1ctates the order of affinity
,tind1cated in Table 1.

From the kinet1c studies presented in Figure 1 and Table 2, it 1s

c]ear that subst1tut1on of sulfur for the 1ndo11c nitrogen 1ncreases the
:‘ aff1n1ty of the enzyme for the 5 hydroxylated compounds with v1rtua11y
~ the opposite effect for aemethy]tryptophan The bulkiness of the o-methyl
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aroup may greatly effect the positioning of the structure within the
active site thereby limiting the interaction of the benzo[b]thiophene
aucleus with a specific area of the protein. Therefore, when looking
at a-methylated compounds steric hinderance may be the limiting factor
rather than the 1ipid solubility of the compounds.

The'sma11 duration of effect seen when the benzo[bJthiophene analogue
of SHTP was used as an in vivo pretreatment prior to administration of
L-DOPA is somewhat disconcerting in view of the potency of this compound

as an in vitro inhibitor. However, only a single dose combination was

tested, and nothing i< known of the rate of degradation and excretion of

the inhibitor. FUrther‘studies are needed to explore the possible signifi-

cance of these cdmpounds as inhibitors of DOPA decarboxylation.
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T A R o et

TABLE 1

Inhibition of DOPA Decarboxylation by Various Compounds

Purified hog kidney enzyme was used as described in Materials and
Methods. Inhibition values were calculated on the basis of 4 - § replicate
runs with 10 mins. of incubation.

Compound - % Inhibition

Tryptophan | 0.0%
1-Methyltryptophan ‘ | 10.8%
B-(3-Benzo[bJthienyl)--alanine . 31.1%
5-Hydroxytryptophan ' | , 83.2%
B-(4-Hydroxy-3-behzo[b]thieny])-a-a1anine ' 93.5%
a-Methyl DOPA | | 5172
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TABLE 2

i Inhibition of DOPA Decarboxylation by 5-0H and u-CH3 Analogues

Values for KI were determined as described in Materials and Methods,
using substrate concentrations from 5 x 1075 M to 1073 M and inhibitor
concentrations of 10°% and 1073 M. Each point was derived from 4 - 6
replicate runs with 10 min. incubation.

Compound KI
a-Methyl DOPA | 7.7 x 10_%
g-(3-Benzo[b]thienyl)-a-alanine " 1.9 x 10'3
a-Methyltryptophan 3.7 x 10'“
a-Methy1-g-(3-Benzo[b]thienyl)-a-alanine 7;0 X 10'“
- 5-Hydroxytryptophan | 2.1 x 10'“
g-(5-Hydroxy-3-benzo[b]thienyl)-a-alanine ' 5.8 x 10'“

E'flik;;ﬁ:.
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LEGEND

Figure 1: Lineweaver-Burke plots of inhibition of DOPA (5 x IO'SM)

decarboxylation by various compounds (10"3M). DOPA alone ( ,
methy]-s-(3-benzo[b]thieny1)-u-alanine (=~ == =), a-methyltryptophan
(++++++), 5-hydroxytryptophan (—--—), and g-{5-hydroxy-3-benzo[b]-
thienyl)-a-alanine (=e—o —).
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v,the subaect of th1s report

Because of its unique structure, tryptophan occupies a central position
among amino acids and has stimulated interest in the study of the role of
aromatic and heteroaromatic amino acids in the living organism. Since its
discovery as one of ten essential amino acids (1), numerous investigations
of tryptophan metabolism have appeared in the 1iterature,'inc1uding’one
monograph (2). Considering only the initial reaction involved in tryptophan
metabolism, these investigations have defined four distinct pathways:

1. conversion to N-fornwlkynurenine by tryptophan pyrro1ase; 2. conversion

to 5-hydroxytryptophan by tryptophan 5-hydroxylase; 3. conversion to

tfyptamihe by aromatic L-amino acid decarboxylase; and 4. conversion to

indole-3-pyruvic acid by tryptophan aminotransferase or D- and L-amino
acid oxidase. The significance and scope of these pathways have been
examined in relation to their role ih*carcinoid tumor syndrome, Hartnup's
disease, pheny1ketonutia, and maple syrup urine‘disease (3,4).

An interesting aspect of tryptophan research has been the synthesis
N

~and hiological evaluation of bioisosteric analogs of the molecule. The

concept of bioisosterism (5) has provided a ratienale for the design of
compoUnds'possessing simi]ar,spatiaI and electronic properties and has

providee the basis for our study of bioisosteres of biologically active‘

_indole der1vat1ves (6, . “As part of that study we have undertaken the
’1nvest1gation of the metabo]1c fate in the rat of DL-2(3- benzo[b]th1eny1)-

1- am1noprop1on1c ac1d (I) s the su]fur ana]og of tryptophan wh1ch const1tutes

7
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Materials and Methods

Materials

Animals

Male Sprague-Dawley rats (Murphy Breeding Laboratories, Plainfield,
IN), each weighing 350-400 g, were housed in separate metabolic cages

(Maryland Plastics, Inc., New York, NY) designed to permit the separate

collection of urine and feces. The animals were maintained on Purina lab

chow and tap water ad 1libitum during the course of the experiment.
Chemicals -
Compound I was synthesized by the method of Avakian, g;.gl_(B) and
was tritium-exchange labeled (New England Nuclear Corp., Boston, MA) to
give a specific activity of 3 Ci/mmole. The radiochemical purity of I
was confirmed to be 98% by TLC] (9) and scanning with a Packard model 7200
radiochromatogram scanner.
Authentic samp1es of DL-2-(5-hydroxy-3-benzo[bJthienyl)-1- aminopro-
pionic acid, 5-hydroxybenzo[bJthiophene-3-acetic acid, 3-(2- am1noethy1)-
benzo[b]thiophene, 3-(2- hydroxyethy1)benzo[b]th1ophene, and benzo[bJthio-

phene-3-acetic acid (II) were supplied by Dr. E. Campaigne, Department of

~ Chemistry, Indiana University, B1oom1ngton, IN. Benzo[bl]thiophene-3-pyruvic
-acid (I111) and DL-benzo[b]thiophene-3-lactic acid (IV) were prepared from

I'by known procedures (10,11). N- (Benzo[b]th1ophene -3- acetyl)q1ycine (v)
was synthesized by tho “following procedure:

N-(Benzo[b]thiophene-3-acetyl)- glyc1ne (V)

In a 50-ml round bottom flask was p1aced 1.0 g (5.2 mmol)
of I  and 5.0 ml of thionyl chioride, and the resulting .
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Methods

solution gently refluxed for 2.5 hr. Excess thionyl chloride was
rémoved under reduced pressure and the reaction mixture was
dried by azeotropic benzene cd-disti]Iation. The resulting
dark 0il was dissolved in 4 ml of dry acetone and added to a cold

solution of 1.5 g (20.0 mmol) of glycine in 30 ml of IN NaOH.

" The reaction mixture was allowed to warm to room temperature,

decolorized (Norit), filtered, and acidified with concentrated

HC1 to give a yellow oil which was extracted with 3 x 25 ml

ether. The combined extracts were washed with 0.2N HC1 (20 ml),

H20 (2 x 20 m1), dried (Mg504)fand evaporated under reduced pressure
to leave an amorphous ye11ow?white solid which was recrystallized
from water to y1é1d 0.47 g (36%) of white p1ates, m.p. 162-163° C.
Molecular weight: Calculated: 249.0460, Found: m/e 249.0460.“'

" Chromatographic and mass spectral data: see Table 2. The identity

of’this material with metabo]ite V was based on the corfeSpondence

of their TLC, GC, and GC/MS properties.

In Vivo Metabolism

Five rats of equal age and weight were placed in individualymetabo1ism

cages inside a standard fume hood and were maintained on a Tight-dark
schedule providing 0700 hr - 2300 hr Tight and 2300 hr - 0700 hr dark.

‘At 0900 hr and 1500 hr animals were injected ip with a so1ut1on of I at a
dose of (100 mg/kg) and (100 uCi); contro1 an1ma15 were injected ip with
an equal volume of 0.001N HCI. o

Urine was co11ected under toluene for per1ods of 24 and 48 hr f011ow1ng
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injection and was used immediately for the isolation and/dr quantitation
of metabolites, or was stored under N2 at -5° C, For the determination
of residual radioactivity at 48 hr, animals were sacrificed and exsangu-
inated, samples of plasma, liver, kidney, brain, heart, lung, spleen,
testis, and epidymal fat were collected and frozen. Feces were also collected
and frozen.

Radioactivity in each of these samples was measured in a Packard Tri-
Carb model 2425 liquid scintillation spectrometer, with polyethylene vials
and a cocktail composed of 14 g of 2,5 bis2-( -tert-butylbenzoxazolyl)-
thiophene and 280 g of napthalene in a mixture of 2100 ml of toluene and
1400 ml1 of ethylene g]yto] monomethyl ether. Duplicate aliquots (0.1 ml)
of the toluene phase were counted directly, while duplicate aliquots (0.1 ml)
of urine was diluted tb 100 ml1 prior tovcounting. Samples of feces or
tissue were homogenized in 4 volumes of .0.01N HC1 and duplicate aliquots
(0.5 m1) of each homogenate were counted.

Isotation of Metabolites

Since the 24 hr urine contained the most cbncentrated source of metabo-

lites, it was chosen for isolation and characterizatidnAof the individual

‘metabolites arising from I.  Metabolites were isolated by a differential

pH extraction procedure which gave seven fractions. The procedure (Fig. 1)
consisted of tak1ng 1 m] of urine and diluting with 1 ml of distilied water. i

The pH was adJusted to 1.0 by the addition of approx1mate1y 0 3 ml of 2N %

'HC1 and the sample extracted with d1ethy1 ether (2 x 4 m). The combined

ether fractions were extracted with 2 m] of 5% sodium b1carbonate so]ut1on

and the rema1n1ng ether solution, which consisted of uncharged 11p1d-so]ub1e
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and weakly acidic compounds (phenols), was designated Fraction A. The
sodium bicarbonate solution was adjusted to pH 1.0 by the addition of
approximately 0.6 ml of 2N HC1 and extracted with diethyl ether (2 x 4 ml).

The ether fraction which contained carboxylic acids was designated Fraction

-B_'

The aqueous urinary fraction was next adjusted to pH 13.0 by the
addition of approximately 0.70 ml of 2N NaOH and extracted with diethyl
ether (2 x 4 m1). The resulting ether fraction which consisted of organic
bases, was designated’Fraction C.

The aqueous urinary fraction was finally adjusted to pH 6.8 by the
addition of approximately 0.36 ml of 2N HC1 and extracted with diethyl
ether (2 x 4 m1). The ether fraction which consisted of weakly polar asd
neutral compounds, was designated Fraction D and the remaining aqueous phase,
which consisted of polar non-extractable neutral and amphoteric compdunds,
was designated Fraction E.

In order to obtain a non-aqueous extract of Fraction E, non-ionic
resin chromatography (NIRC) was”emp]oyed; Pre-packed "Drug-SkreeéD" XAD-2
resin cartr1dqe co]umns (0.9 x 5. 0 cm), containing 2.0 + 0. 1 g of resin

and samp]e reservo1rs were used (Br1nkmann Instrument Co., westbury, NY).

Cartridges were sealed and stored at 5° C and brought to room temperature

1mmed1ate1yvpr10r to use. ~After assembly, columns were wetted with methano1

(20 m1) and water (5 x 20 m]) A 2.0 ml a11quot of Fract1on E was diluted

“to 10 0 ml w1th dist111ed water and passed through the co]umn The f]ow
yirate was. adJusted to 0.2 ml/min and the sample recyc]ed through the column

_three;t1mes to insure adequate adsorption. Co]umns were washed with water
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(4 x 5 ml) and aspirated by means of a water aspirator for 5 min prior
to the elution of the sample with methanol (2 x 5 m1). Column adsorption
efficiency was 73%. The resulting methanol eluate was designated Fraction

F and the aqueous phase Fraction G.

Duplicate aliquots (0.01 - 0.1 m1) of Fractions A - G were counted.
Similar fractions were obtained from control urine, and were
used as blanks.

Thin-layer Chromatography

A1l TLC was done using precoated, prescored uniplates containing 250 p
silica gel G or GF layers (Analtech, Inc., Newark, DL). Plates were developed
in a solvent system prepared by shaking a mixture of chloroform/methanol/
fornic acid (75:5:5) with 2.0 m1 of 0.01 M sodium borate (Na28407.10H20)
solution, followed by separation of the organic phase directly into the
chromatography chamber (30 x 20 x 10 cm). The TLC plates were deVe]oped
for a distance of 12 cm, air-dried for 30 min, then re-developed in the same
direction and chamber for 12 cm. Since the plates were double-developed,
the apparenf retardation factor (Rgf) were expressed as a function of the

Rf as fo]]ows:

F R .
Rf = 2R

Visuaiiiation of thekTLC plates was accomplished by chemical, fluor-
escent or radioéhémical methods. The chemical methods consisted of I2 vapor,
o alkaline KMNO4 and ninhydrin sprays (12) and f1uqrescent visualization was

’,,achieved by inspectfon of silica gel GF plates under 254 nm UV 1ight. Radio-
éhémical visualization of TLC plates was‘accompiished using a Packard mode]

 7200'radiochromatdgram scdnhef.
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Quantitation of urinary metabolites was achieved by spotting 10 yl
of unmanipulated urine on a silica gel G plate, developing as above, and
scraping the TLC plate into 2 mm segments using ar Isolab TLC plate

scraper (Isolab, Inc., Akron, OH). The silica gel from each 2 nm segment

was scraped directly into liquid scintillation vials containing 10 ml of

liquid scintillation cocktail and the amount of radioactivity determined.
Silylation
Aliquots (2.0 ml) of Fractions A - F were evaporated to dryness under
a stream of N, in teflon-lined screw-capped tubes. BSA (0.1 ml) was added
to each tube which was then sealed under N2 and heated at 50 - 60° C for
5 min (Fractions A - E) or 1 hr (Fract1on F). Authentic samples were |
der1vat1zed in the same manner.

Gas Chromatography

GC  separations were carried out on a Varian model 1840-3 gas
chromatbgraph eduipped with a flame ionization detector and model 20
recorder. The column was a 6' x 1/8" silanized glass column packed with

3% OV-17 on Gas-Chrom Q (80/100 mesh). The injector temperature was

- 240° C, the detector température 2807 C, the N2 flow rate 30 ml/min, and

‘ the column oven température was progrémmed from 70 - 270° C, with 4 min

pre program -and post- -program periods run at constant temperature. The
GC analyses were obtalned by 1n3ect1ng 1 -2 ul of silylation so]ut1on
with the simu]taneous in1t1ation of the temperature program descr1bed above.

-10.

Tracings'were obtained with an attentuation setting of 16 x 107 amps/m volt.

Gas Chromatography - Mass Spectrometry

An LKB mode1 9000~ S comb1nat1on GC/MS instrument (LKB Instruments,

»Rockvil]e, MD) interfaced w1th a computer (System,lndustr1es, Sunnyvale, CA)
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was employed for structure determinations. The chromatographic columns

“used in this system were either a 3' x 1/8" silanized glass column packed

with 2% 0V-17 on Gas Chrom Q (80/100 mesh) at 170° C, or a 2' x 1/8 silanized
glass column containing 3.8% W-98 on Chromosorb W-Hp (80/100 mesh) at 190° C
Operating conditions were as follows: H flow, ml/min; flash heater,
° C; column 170° C or 190° C; separator, °C; accelerating voltage,
KV;vionization potential, 70 eV; trap current, amp; filament current,
u amp. |
RESULTS
Metabolites of 1 were found in highest concentration (76%) in the
urine collected during the first 24 hr following administration (table 1).
An additional 4% of the injected dose was excreted in the 24 - 48 hr urine
and 5% in the 0 - 48 hr feces. Ana]ysis of residual tissue Jevels of
radioactivity 48 hr following administration of I indicated that only kidney
and liver contained significant levels of activity; total tissue content
was less than 4% of the injected dose. Using urieary and fecal excretion
data and the residual tissue 1eve1s’of radioactivity, it was possible to
account for 89% of the administorad dose of I.
Since the 24 hf urine sample cortained the highest‘concentretion of
metabolites it was selected for the isoTation,ahd;fdentification of the

1nd1v1dua1 metabo11tes Iso1atioh of urinary metabolites was accomplished

by a different1a1 pH extraction procedure (Fig. 1) Analysis of the radioé

activity present in Fract1on< A - E indicated that Fractions B and E

contained greater than 97% of the ur1nary rad1oact1v1ty, Fraction B consisted‘

“of carboxylic acid metabolites and Fraction E consnsted of non-extractable

: »2‘15
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and/or amphoteric compounds. Metabolites present in FracFion E could readily

be isolated in methanolic solution (Fraction F) (16.5%) by means of XAD-2

column chromatography and the remaining aqueous phase was designated Fraction

G (16.0%). Fractional distillation of Fraction G (ié) indicated that approx-

imately 10% of the urinary radioactivity of I was present in this fraction

as [3H] water., The only metabolite present in Fraction G was unchanged 1
comMETELY

which failed to quabSﬁrbed by the XAD-2 column. Only trace amounts of

urinary radioaétivity was found in Fractions A, C, and D.

The number of metabolites present in Fractions B and F were determined
by evaluation of their GC profiles. The GC scans of compounds present in
Fractions B and F, obtained from control and dosed animals, are presented
in Fig. 2 and Fig. 3, respectively. Examination of Fig. 2 revealed the
presence of four carboxylic acid metabolites, which when compared to authentic
materials possessed retention times identical to metabolites II - V,(Table 2).
Similarly, examination of Fig. 3 revealed the presence of a single metabolite
which exhibited a retention time identical to I. When the metabolites |
present in Fractions B and F were examined by TLC, Rf values similar to
authentic materials were obtained in each instance (Table’2). Complete
identification of each urinary metabolite was accomplished by GC/MS. Total
mass spectra were obtained for each metabolite and wefe combufer matched
against spectra obtained from authentic samples (Table 2); in each insténce
perfect agreement was obtained and‘the metabo1itesyfragmented according to
expected pathways. |

The quantitation of urinary metabolites was readijy achieved by

:quantitative TLC which’dependéd upon development of a suitable solvent
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tem {Table 2). The quantitative data (Table 3) indicated metabolite
. .0 be the major metabolite (46.1%), accounting for more than twice that
of unchanged 1 (20.6%). Metabolites II - IV account for the remaining
urinary radioactivity. Individual variation of metabolites was found to
be m1nima1; no value for any metabolite level in any animal exceeded 1 S.D.
from the mean level for the entire population.
DISCUSSION |

The results presented in this report reveal significant differences
in the metabolism of tryptuphan when the indole nucleus is replaced by
benzo[b]thiophene. In contrast to tryptophar metabolism where only small
amounts of the administered dose are excreted in the first 24 hr (14), the
bulk of I metabolites (76%) are excreted during this time period. An
additional 4.2% of the injected 1 was excreted in the 24 - 48 hr period
following administration and 4.8% appeared in the feces; thus, greater
than 85% of the administered dose of I was excreted in the 48 hr following
administration.

A review of the literature (14) on the quantitative aspects of trypto-

phan metabolism indicated that the major portion of administered tryptophan

,is,metabo1ized by tryptophan pyrrolase along the hynurenine pathway.

Metabolites derived from the tryptophan 5-hydroxylase pathway account quanti-
tativé]y'for only a sma11 perceht:of the adminiStered dose, whi1é metabolites
dekivedkfrom7£he aromati¢HL4ah1no acid‘decarboxylase, tryptophan transam-
inase; and D- and L-amino acid dkidase pafhways Were insignificant. In
light of the pathways available to I; it was surprising that its metabolism

occurred by only one of these pathways: namely, the a-keto acid pathway
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(Scheme 1). Thus, the immediate questions which can be posed are of two
distinctly different types: 1. Uhat are the characteristics of the a-keto
acid pathway which make it the sole route of metabolism?; and 2. What are
the characteristics of the other metabolic pathways, which, though antici-
pated, were apparently not involved?

The o-keto acid pathway of endogenous tryptophan metabolism is one of
the more complex and least understood pathways. It can occur by either trans-
amination or oxidative deamination; the former being a reversible process
catalyzed by aminotransferase enzymes which require pyridoxal phosphate,
and the latter being an irreversible process which 1iberates ammonia and
is catalyzed by D- or L-amino acid oxidase (15).

The study of tryptophan animotransferase specificity and multiplicity
has beenvactively pursued for nearly two decades. Early studies (16,17)
presented evidence for the existence of at least two hepatic enzymes capable

of transaminating tryptophan, which could be adaptively increased (18).

Recent work (19,20) has both supported and expanded these earlier findings.

The role of transamination in the metabolism of I is difficult to
access due to the existence of D- and L-aminokacid oxidases. Even before
transamination was recognized as a biochemical pathway, Neubauer had shown
that aromatic amino acids could be ixidatively deaminated to the corres-
pondfng a-keto acids. Subsequently, Krebs showed that tissue slice prepar-
ations of liver of k1dney from norma1 animals could catalyze the oxidation
of either D- or L-isomers of as many as twenty- f1ve amino ac1ds (22, 23)
Little progress has been made 1n understanding the chemistry of these two

enzymes; however, Freter _L_g__ (24) did demonstrate that 5-hydroxytrypto-
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phan could be oxidized to 5-hydroxyindole-3-pyruvic acid by L-amino acid
oxidase and further broken down to 5-hydroxyindole-3-acetic acid, a pathway
predicted by Blaschko & Hoge (25).

There remains, of course, the question of the metabolic fate of benzo-
[b]-thiophene-B-pyruvic acid. a-Keto acids are known to be readily decar-
boxylated to arylacetic acids; a reaction demonstrated for indole-3-pyruvic
acid. At least two enzyme systems requiring thiamine pyrosphosphate are

known to catalyze this reaction: one oxidative and the other non-oxidative

(15). Accordingly, they lead to different products: an acetyl-sCoA and

acetaldehyde derivative, respectively, which may be hydrolyzed and/or oxi-
dfzed to the corresponding arylacetic acid. 1In addition, a-keto acids are
known to undergo non-enzymatic decarboxylative decomposition. In order to ‘
detefmine the stability of III under the conditions of urine collection,
a sample of III was incubated in control urine and analyzed at frequent
intervals between 2 - 36 hr. The results indicated that III undergoes
spontaneous decarboxy1ation in urine at a sufficiently rapid rate to account
for the total urinary content of II. | v

- Compound TIT can also be reduced to IV in a reversible reaction cata-
lyzed byylac{ate deﬁydrogenase. This enzyme is not highly specific and
hés'been shown (16) to be capable of reducing arylpyruvic acids. More
recent1y Zannoni and Weber (26) have 1so1ated and characterized an aromatic
a-keto acid reductase from doa heart wh1ch was NADH- dependent and capable
of reducinq 1nd01e 3- pyruvic acid. -

The final biotransformat1on of III 1nvo]ves amino acid conJugat1on,

| ~or more speeifical1y glycine Longugation to produce V which was the major
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urinary metabolite to 1. Elvins and Laidlaw (27) first observed N-(indole-
3-acetyl)alycine (indoleaceturic acid) following the administration of
tryptamine to dogs. The in !iggg_biochemistry of this reaction has been
orked out in detail (28) and the enzyme which catalyzes the reaction,
glycine N-acyltransferase, has been purified and characterized (29). Prior
to glycine conjugation, however, IT must be activated to the corresponding
acyl CoA derivative, the intermediate in the oxidative decarboxylation of
111 acid. |

Finally, one must consider the characteristics of the tryptophan path-
ways which are anticipated but apparently not involved. The first pathway
was that of decarboxylation which was not highly anticipated since our
laboratory (30) had shown that 1 was not 2 substrate for aromatic L-amino
acid decarboxylase. A careful search for the sulfur analog of tryptam1ne
in FfactiOn C failed to detect its presence at Jevels of 0.1% of the adminis-
tered dose. Nevertheless, the presence of 1I and its glycine conjugate V.
made it difficult to definitive1y rule out that possibility; howeﬁer, Buckpitt
(30) using pargyline pretreated rats was unable to detect any amine fol]owing
the administration of 1.

While the absence of decarbo*y]ation was expected, the comp]ete absence
of the tryptophan pyrro1ase and 5- hydroxy1ase pathways was somewhat surprising.

Partial explanation for th1s observat1on may be the higher electron dens1ty

- of the indo1e nucleus relative to benzo[b]thiophene and its propensity for

electrophilic attack (6). Presumpt1ve metabo11tes of the tryptophan pyrro-

Jase pathway cou1d not be assessed because potent1a1 metabolites are unknown

compounds. In contrast, the ava11ab11ity of ‘three important 5—hydroxy

220




derivatives, the benzo[b]thiophene analogs of 5-hydroxytryptophan, 5-hydroxy-

tryptamine and‘5-hydroxyindo\e-3—acetic acid, made it possible to demonstrate

that none of these compoundsvwere present as urinary metabolites of 1 at

levels down to 1.0 wa/ml (0.1% of the administered dose) .
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TABLE 1

Excretion and tissue disposition of tryptophan-S and metabolites

Sample Radioactivity % of Administered Dose®
Urine (0-24 hr) 152.8 uCi 76.4
Urine (24-48 hr) 8.4 uCi 4.2
Feces (0-48 hr) 9.6 uCi 4.8
Plasma 3.52 uCi/ml 1.76
Liver 1.60 uCi/g - 0.80
Kidneys 0.9 uCi/g 0.45
Lungs 0.26 uCi/g 0.13
kHeart 0.22 uCi/g 0.11
Testes 0.34 uCi/g 0.17
Spleen 0.12 uCi/g 0.06
Fat 0.16 uCi/g 0.08
Brain 0.18 uCi/g 0.09

3ean value of duplicate'determinations are Shown.
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TABLE 3

a

Urinary excretion of tryptophan-S ‘and metabolites by rats

The values shown are mean % of dose s.D. for a group of five rats.

Compound - ' % of dose

Tryptophan-S (I) | 20.6 + 0.8
Metabolites

Il ‘ 1.3 £ 0.1

111 14.2 + 1.4

v 4.9 + 0.3

) 46.2 + 1.7
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kLeqends

Fig. 1. Scheme for the isolation of metabolites from rat urine.

Fig. 2. GC separation of TMS derivatives present in Fraction B obtained
from control (A) and drug-treated rats (B). Numbers II-V denote
metabolites. o

; ' Fig. 3. GC separation of‘TMS derivatives present in Fraction F obtained
| , from control (A) and drug-treated rats (B). Number I denotes
' the parent compound. : E .
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ABSTRACT

The effects of 5,6-dihydroxytryptamine (5,6-DHT) and its benzo-
[blthiophene analogue (5,6-DHT-S) have been compared with regard
toktheir ability to influence tissue ]evéls of 5HT and NE in rats.
After i.p. administration, both compounds caused significant reduction
in NE levels in heart and spleen, while only 5,6-DHT reduced spleen
54T, and neither compound had any effect on brain NE or 5HT. When
administered directly into the lateral ventricle, both compounds
caused réduced NE levels; the duration of effect was less than 1 day.
In contrast to the prolonged lowering of brain SHT and SHIAA observed

after 5,6-DHT, the benzo[bJthiophene analogue was without effect.
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INTRODUCTION

The search for compounds to use as biochemical tools for
examining the function of neurotransmitter systems has seen a
significant volume of publications in the past decade, éspecia]]y
in terms of those systems involving biogenic amines. For example,
the initial discovery of the long-lasting depletion of heart
norepinephrine (NE) following administration of a single dose
of 6-hydroxydopamine (6-HDA) [1] led to hundreds of studies of the
latter compound and culminated in its present characterization
as an agent capable of producing a "chemica1‘denervation“ of
adrenergic neurons [2]. Because of the poor ability of 6-HDA to
penetrate the blood-brain barrier, it was soon found that injections
into the lateral ventric]es orlother area(s) of the brain were
necesséry to obtain effeéts on central norepinephrine systems [3];
once the blood-brain barrier was bypassed, expected effects were
 obtained [4]. |

In 1971, Baumgarten and coworkers [5] published the first
report of the actiohs of 5,6-dihydroxytryptamine (5,6-DHT), a
compbund apparently analagous to 6-HDA, but active only on those
neuronal fibers contéining serotonin {5HT). Since that first
report, a number of‘papers havé appeared confirming the fact that
5,6-DHT caused selective degeneration of 1ndo]eam1ne‘tekminals
in a manher similafkto that caused by 6-HDA on adrenergic neurons
[6—8];' As w1th 6-HDA, fhe poor ability of 5,6-DHT to cross the
bTood-brain barrier demanded that the compound be,administered

by intraventricular injection in order to obtain an effect on
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brain SHT [5-91.

Additional efforts by Baumgarten, et al [10] demonstrated
that periphera] administration of 5,6-DHT produced a marked decrease
of NE Ievels in heart and spleen of rats and mice, although the
NE levels returned to normal in 24 hours. In this regard, it is
of interest that Heikkila and Cohen [11] found that 5,6-DHT was
an inhtbitor of 5HT and dopamine uptake by brain slices; in contrast,
6-hydroxydopamine under similar conditions inhibited dopamine
uptake but was without effect on 5HT uptake. Decreased uptake of
SHT by brain synaptosomes in vitro has been domonstrated by

Baldessarini and Gerson [12] to occur after pretreatment of rats

" with 5,6-DHT; these authors found no reduction in NE uptake by spinal

cord synaptosomes. Richardson, et al [13] found‘dep]etion of brain
5HT but not brain NE at 14 days after a single dose of 5, 6 DHT. k
Against this background, one unusual report is that of Costa, et al

[14] who found that samples of 5,6-DHT differed in potency as measured

" by their effects on SHT.

This laboratory has been 1nterested in the application of

pr1nc1p1es of selective molecular mod1f1cat1on as a means of studying

,b1olog1ca1 structure act1v1ty relat10nsh1ps of indolic compounds for

 a number of years. In particular, efforts have centered on the pharma-

colog1ca1 effects of the benzo[b]th1ophene and 1-methy]1ndo1e analogues

of 1ndolea1ky1am1nes [15-17], the 1ntest1na1 absorpt1on of 51m11ar
‘ana]ogues of tryptophan [18-19], and the substrate spec1f1c1ty of

" aromat1c-L am1no acid decarboxy]ase with regard to tryptophan analogues
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[20]. Recently, the synthesis of 5,6-DHT-S [21] made available |

sufficient material to permit a detailed study of the role of the

indolic nitrogen in the action of 5,6-DHT on monoaminergic systems.

MATERIALS AND METHODS

Adult, male Sprague-Dawley rats (275 - 300 g) were obtained

from Murphy Breeding Laboratories, Plainfield, Indiana and maintained

for at least five days prior to use on a diet of Purina Laboratory

Chow and tap water ad 1ib. A1l chemicals and reagents were purchased
from commercial‘sources. |

Drugs given intraperitoneally were made up as solutions in
distilled water such that the specified dosage in mg/kg was contained
in a volume of 1 ml/kg body weight. Drugs 1njectedvintraventricu]arly
were dissolved in diluted mammalian Ringer's solution (1/3 distilled
water, 2/3 Ringer's solution) containing 0.1 mg ascorbic acid per
milliliter at concentrations such that the desired dose was given
in a 10 41 volume,

Intraventricular injections of drugs were accomplished according

'to‘the method of Noble, et al [22] with the foT]oWing modifications.

Injection volumes were delivered by Hamilton 50 ul syringes and
1imited‘to 10yl maxima. The syringes were equipped with 3/8"

27-guage.need1es and weré;stereotoxically placed to a depth of

375 4+ .05 mm in,the lateral ventricle. 'Fo]]owingvinjeétion, the

“hole in the skull was closed with bone wax, the wound was dusted

with sulfathiazole and closed with wound clips.

, Rats were sacrificed by‘décapitation, ahd‘tissueS'were removed,
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washed in cold O. 9% saline, blotted dry and stored at -20° C

until assay. Bra1ns were dissected just prior to assay into three
seCLith° cerebral hemispheres, cerebellum, and the remainder
(arbitrar11y referred to as "prainstem"). Tissue levels of SHT,

NE, and 5HIAA were determined as reported by Miller, et gl_[23].

RESULTS
Effects of parenteral Administration of 5,6-DHT and 5,6-DHT-S

The results obtained after administration of single i.p. doses
of 5,6-DHT and 5,6-DHT-S (30 mg/kg) to rats ave presented in Table 1.
The results for heart NE show the compounds to be virtually jdentical;
an initial decrease to minimal values of approximate1y 50% of zero

time values is followed by a return to slightly above normal levels

by 16 hours after dosage. The actions of the two analogues on spleen

NE were slightly d1fferent. 5,6-DHT reduced spleen NE 1eve1s to a.

minimal va1ue of less than 50% of contro] at 8 hours after dosage,
at 24 hours values were still only 71% of control. The action of
5,6-DHT-S was slightly less effective (just reaching the 50% level
of depletion at 4 hours) and shorter in durat1on, return1ng to normal
1eve1s by 16 hours after dosage.

The results for SHT in sp1een were qu1te different in terms of

the two compounds. 5,6~ DHT caused a s1gnif1cant and pers1stent

-decrease; reaching'a minima1 1eve1 of about 50% of contro] at 16

hours and lasting beyond the 24 hour “time po1nt In contrast,

5,6-DHT-S produced an 1n1t1a1 1ncrease in so]een 5HT, peaking at
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2 hours, and returning to normal levels by 4 hours. As might be
expected, no effects whatsoever were seen with either compound in
terms of brain 5HT or NE.

Time Course of Effects of Intraventricular Administration of 5,6-DHT

and 5,6-DHT-S

Since the blood-brain barr1er prevented the 5,6~ d1hydroxy
compounds from having any effects on brain bloqenic amines, a series
of studies were performed with the injection of the compounds directly
into the lateral ventricles of the rat brain. Because of the well-
known differences in dmine biochemistry in various brain areas, ‘

brains were divided into three parts prior to the assay. These

~results are presented in Tables 2, 3, and 4 for NE, 5HT and SHIAA,

respectively.
The effects on NE levels, as shown in Tab]e 2, show that both
the indole and benzo[b]th1ophene compounds are comp]ete]y 1nact1ve

at the lowest dose of 20 ug/rat,;whi]e some slight but significant

, decreases are seen at the higher doses. In the cerebral hemispheres,

5,6-DHT causes a significant'reductiondof NE 1eve]s at both 40 and

80 g doses from 2 to 16 hours. In contrast, 5,6-DHT-S s1gn1f1cant1y
1owers NE at the 40 ng dose only at the 4 hour tlme p01nt hh!le the

80 yug dose of the benzo[b]th1ophene compound is effect1ve 1n 1owering

’NE 1eve1s at the 4, 8 and 16 hour points Cerebellar it levels
were significantly 1owered by 5,6-DHT at 1 and 2 hours after doses

of 40 or 80 ug/rat the on1y point show1ng a s1qn1f1cant effect of 5, 6-
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DHT-S was at 1 hour after the 80 ng/rat dose, where a decreased NE
level was observed. In the brainstem portion, neither cdmpound

had a significant effect on NE levels at the Towest (20 ng) dose;

the 1 hour time point showed a modest, though not statistically
significant lowering of NE. At a dose of 40 ug/rat, 5,6-DHT

lcwered brainstem NE significantly at the 1, 2, and 4 hour points,
while at the 80 ug/rat doses, both 5,6-DHT and 5,6-DHT-S significantly
lowered the NE at 1, 2, and 4 hours. |

The effects of the two compounds on 5HT‘1evels}were distinctly

different, as shown in Table 3. 5,6-DHT-S was completely ineffectiye;
no significant alterations in 5HT ]eQe]s were seen in any brain

area, at any dose or time point. In contrast, the effects of 5,6-

DHT were clearly unique to each brain area. In cerebral hemispheres,
the Towest dose (20 ng) of 5,6-DHT was ineffective, the intermediate
dose (40 pg/rat) caused significant iowering of 5HT Tevels from 2
hours through 2 days, and the high dose (80 ug/rat) was effective

for at least 16 days Cerebellar 5HT was re]atively resistant

to the effects of 5,6-DHT; a s1gn1f1cant lowering was observed

on]y at 16 hours, 1 day and 4 days after the h1ghest dose (80 upg/rat).

In the brainstem, the Tow dose (20 ug/rat) of 5 6-DHT caused a

significant Towering of 5HT at the 4 hour and 1 day po1nts while
'at the highest dose (80 ug/rat), SHT levels were s1gn1f1cant1y

,;depressed~from the 1 hour point to at Jeast 16 days. The inter-

mediate dose (40 ug/rat) decreased bra1nstem 5HT from the 1 hour

pn1nt through 8 days; the 1ack of stat1st1ca1 s1gn1f1cance at the
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16 hour, 1 day and 4 day points may be attributed to the larger
standard deviations obtained.

| The effects on 5HIAA levels in the various brain areas are
shown in Table 4. With the exception of the 2 hour point after

the high (80 ug/rat) dose of 5,6-DHT-S in brainstem, no significant
changes in 5HIAA Tevels were seen. A lowering of SHIAA was seen
after the high (80 ug/rat) dose of 5,6-DHT in cerebral hemispheres
at all time points from 4 hours to 16 days. At the intermediate
dose (40 ug/rat) a lowering of hemisphere 5HIAA was seen from 4
hours to 8 days,‘a]though only the 16 hour and 4 and 8 day points

were statistically significant. No changes were observed after the

Jow dose. Cerebellar 5HIAA was resistant to the effects of 5,6-

DHT; only a few time points at the high dose were significantly
lowered. In general, the effects of the high dose of 5,6-DHT on

brainstem SHIAA reflected the actions of the compound on 5HT, that

is a 10wering from 2 hours through 16 days, although the 4 hour

time point was not statistically significant. The intermediate

(40 pg/rat) dose showed a significant Towering of brainstem SHIAA

ohly at the 4, 8, and 16 hour time points, while the lowest dose

had a significant effect only at 4 hours and 2 days.

~ DISCUSSION

Since the first report by Baumgarten and co-workers on the

| selective neurotoxicity of 5,6-DHT [5] this compound has been of

wide interest to investigatorskdea]ing with varjous aspects of

serotonergic function in animals. Of particular interest has been
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the selectivity of the compound; its ability to cause damage to
serotonergic stores without affecting catecholaminergic stores is
unique, as is its exceptionally long duration of aetion [5-13].
Although some questions have been raised of its relative potency
(perhaps due to an impurity in some preparations), 5,6-DHT has,
in general been shown to be an effective and se]ective serotonin
neurotoxin [14].

For the past 8 years, this laboratory has had a continuing
interest in the comparative actions uf benzo[blthiophene analogues
of indolic compounds having biological significance. Beginning
with the comparative effects of serotonin and its benzo[b]thio-
phene anaiogue [15], and continuing through the pressor effects of
tryptamine and its benzo[b]thiophene and ]-meth&]indo]e analogues
[16] studies have shown that eertain similarities and differences
in pharmacblogic potency exist with regard to the atom located at
‘the 1-position of the heterocyc]e. For example, the substitution
of a sulfur atom for the ring nitrogen in tryptophan has 11tt1e ‘
effect on the active transport of the mo]ecu]e across the intestine
[19]; however, the slightly greater 1ipid so]ubi]ity of the benzo-
[b]thlophene analogue of tryptophan does 1ead to a slightly more
rap1d passive diffusion component in the in situ perfused 1ntest1ne’
[18]. When the analogues of tryptophan‘were tested as substrates
for'aromatic—L;amino acidkdecarboxy]ase, however, rep]acement of

the 1ndo]1c nitrogen by a sulfur atom led to a comp]ete 1oss of

substrate act1v1ty [20]
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The possibility of examining the neurotox!c action of 5,6-DHT
by use of its benzo[b]thlophene analogue led to its synthe51s [21]
and the comparat1ve studles reported in the present paper, When
adm1n1stered parenterally to rats, 5,6-DHT- S had an effect on NE
in heart and spleen basically similar to that of 5,6-DHT, that is,
a modest depletion seen over 2 - 8 hours after dosage. No effects
of either compound could be measured on brain NE or 5HT, nor did
the benzo[bJthiophene have any effect on spleen levels of 5HT,
other than a modeSt elevation at the 2 hour time point (Table 1).
When adm1n1stered by direct injection into the latera) ventrlcle
of the rat bra1n, 5,6-DHT-S had, in general, effects on NE similar
to those of the indolic 5,6-DHT (Table 2), although the benzo[b]-
thiophene analogue is on1y about half as potent. In sharp contrast,

however, are the data presented in Tab]es 3 and 4, c]early demon-

~ strating that the 5,6-DHT-S has no effects on brain 5HT whatsoever.

The actions of 5,6~ DHT as reported in the present paper, are basically
in agreement with previous reports, especially that of Costa, et al

[14]; Thus the cerebeliumuis most resistant to the SHT-depleting

vact1ons, no s1gnif1cant effects are seen unt11 the dose of 80 ug is

reached Another similar1ty is the extent of 5HT depletion seen

~with 5,6-DHT. The material used in this study was obtained from the

Regis Chemical Company, is presumably similar to that descr1beo as

~5,6-DHT-TI by Costa, et al [14], and therefore is s]lghtly less potent

than the mater1a1 or1glna11y used by Baumgarten and co-workers [5].

Perhaps the most s1gn1f1cant aspect of ‘the present report 1ies in

S



the inability of the benzo[b]thiophene analogue of 5,6-DHT to exert:
any significant effects on levels of SHT. One explanation for this
striking difference may lie in the possibility that the action

of 5,6-DHT on 5HT stores requires an intermediate quinone-type
structure as has been proposed for 6-hydroxydopamihe [24]. If one

considers the_structures of 5,6-DHT and its benzo[b]thiophene-analogue:

HO :]::::::::[:__::];,afx\\r | HO

! ' , )

HO N NH, - o S NHa
jt {s reasonable to assume that a likely quinone structure can be
proposed for the indolic compound thét would not be chemically
feasible for the benzo[blthiophene:

[
)
~ TN NHy

HO ‘

This may be the structure active in causing 5HT depletion and degener-
ation of serotonergic fibers. In this sense, both compounds might
be expected to have a short-acting effect on NE stores, merely

since they both contain a catechol function that could act as a non-

fspecific substitute for catecholamines in their storage processes.
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“CTime

~ Effects of Parenteral Administration of 5,6-DHT and 5,6-DHT-S

TABLE 1

Each value is the mean + S.E.M. of values obtained from 4 animals,

- except that control values are obtained from 16 rats.

significantly differ from control (p < .05) are underlined.

~Compound*
o {hrs) :
1 N
| S
2 N
S
4 N
| S
8 N
R S
16 N
| s
24 N
S

Heart -NE

Spleen NE

Spleen SHT

Values that

*N = 5,6-DHT; S = 5,6-DHT-S

Brain NE Brain SHT
Hg/9g Hg/g ug/g ug/g ug/g
0.29%+.02  0.42+.07 1.40%.09 0.49+,04 0.61%.04
0.19+.02 0.33%.02 1.35%.16 0.47+.03 0.61%.03
0.20%.02 0.28+.01 1.92+,18 0.49%,05 0.64%,07
- 0.14%.01 0.25+.02 1.14+.08 ° 0.48+.02  0.58+.07
0.15%.01 0.28%.03 2.21£.28  0.51%.05 0.59%,04
0.17+01  0.21%£01 ~  1.16%.13 0.50%.03 0.60%,06
0.18%.03 0.21%.04 T.56%.10 ~ 0.48%.03 0.58%,05
0.25+,02 0.20+.01" 0.97+.07 0.51%.06  0.57%.03
0.23%,01 0.25%.04 T.47£25  0.46%.02 0.62%,02
0.33%,02 0.25%.04 0.72+.05 0.47+.03 0.65+.07
0.30%.02 0.37%.02 T.64%.21  0.50%.05 0.58+,03
0.31.01 0.30+.03 ' 0.85+.06 0.48%,02 0.61%.02
0.27+.03 0.39+,04 T.53%.04  0.45%,05 0.59%,05



,)__.:\ - . e e g N S S ,,A_:,A TABLE . .2“,_,,,4 e e e bt e e e s s O

" Effects of Intraventricular Dosage of Cdmpounds;on Regional Brain NE '
‘ Time/Dosaqe*- ~ Cerebral Hemispheres , Cerebellum Brainstem
L v 20ug 40ug 80ug 20ug 40ug 80ug 20ug 40ug 80ug

hrs - 0.35+.06 0.43:x.04 0.40%.05 0.14+£.02 0.17+.01  0.17£.02 0.98+.13 1.05+.08 1.01+.11
hrs N  0.34&.07 0.37+.06  0.36+.04 0.13+,02 0.12+.03 0.13:.02 0.76+.19 0.85+.06 0.85+,10
" , S 0.37x.07 0.33+£.07 0.39%.07 0.16+,03 0.17+.03  0.13+.02 0.74+.19 0.99+.05 0.70+.13
hrs N 0.32+,10  0.30+.04 0.28+.07 0.13x,03 (0.14+.,02 0.13£.02 0.81+.,16 0.85+.09 0.74+.14
oo S 0.37£.04 0.37+.05 0.37+.04 0.13%#,03 0.16x.02 0.15+.,03 0.84+,11 0.99+.,11 0.72+.14
“hrs . N 0.32%,08  0.31x.07 0.29+.03 '0.13+,04  0.17+£.03 0.16%.02 0.93+.71 0.75+.10 0.77+.06
o S 0.43+*,12 0.35%£.02 0.34+.04 0.15+,02 0.15%,02 0.16%.02 0.92+.06 0.91+.,11 0.79£.10
hrs N 0.41+,05  0.30%.09 0.30.05 0.12+.04 0.16%.04 0.16+.02 1.03+,12 0.99+.08 0.91£.13
" S . 0.37+.03  0.37%.05 0.27:.08 0.15¢,01 0.16+.02 0.16+.03 0.98+.,11 0.92+.13 0.93%.16
hrs N 0.42+.10 0.30£.09 0.27%.03 0.13+.03  0.15%,04 0.14%,03 0.88+.09 1.07+.17 0.93%.11
" S 0.36%.09 0.43%.04 0.32%.04 0.12+.02 0.19+.02 0.15%.02 0.97+.09 1.07+.09 1.04:.1
day N 0.36%.03 0.35*.05 0.34%.09 0.11+.03 0.15%+,02 0.14%.03 1.02+.17  1.08+£.06 0.94%,10
" 'S 0.39£.06 0.39%.04 0,30%.09 0.13%,03  0.17+.02 0.17+x.01 0.93+,15 1.03+.14 0.93+.1)
. days . N © 0.33%.08 0,.35:.05 0.43%,05 0.15£.,02 - 0.17£.,02  0.15%.03 0.90+£.11  1.13+,14 0.93x.11
" S 0.35%.11 - 0.34%.05 0.37%.02 0.13+.03 0.15%£,03 0.16%.02 0.94+.15 0.97x.16  0.90£.17
4’ days N O.37i.06 0.41£,06 ~ 0.41£.11 0.12+.02  0.78+.03  0.17+.01 0.92+,19 1.08+.11 0.93%.13
" 5 0.33+.06 0.36+.04 0.43+.09 0.11£.,03 0.16%,02 0.17+.02 0.89+,17 1.09+.11  0.89*.14
8 ‘days N --- 0.40%.08  0.37%.05 R 0.18%,03 0.15%.01 --- 1.13+.15  0.92+.09
Moo S --- 0.41£.05 0.43%.04 --- 0.18+,02 0.16%.02 -—- 1.12¢,13 1.05%.11
16‘»‘days  N --- _—- 0.35%,12 --- --- 0.16%,02 --- --- 0.98%.07
! S --- R 0.35+,08 -—- ‘ -—- 0.15%,03 --- --- 0.99+,05

*N = 5,6-DHT; S = 5,6-DHT-S

Each value is the mean + S.E.M. of values obtained from 4 animals, except that control values are obtained
from 16 rats. . Values that significantly differ from control (p < .05) are underlined.
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S TABLE 3 iﬁ'\
| | Effects of Intraventricular Dosage of‘Compounds on Regional Brain SHT
Timé/DoSage*_' Cerebral Hemispheres Cerebellum Brainstem
. 204 40u 80ug 20ug A0y¢ 80ug 20ug 40y 80y
0 hrs -  0.34s04 0.37.04 0.33:.02 0.70:.,03 0.78:.01 0.79:.02 1.00:.11  1.02:.16  1.17£.13
1 hr N 0.35:.03 0.29:+.05  0.32:.04 0.19+.02 0.15:.02  0.16+.02 0.96:.16 0.84+.11 0.85:.13
S s 0.315.03  0.30£.03  0.33:.05 0.21+.02 0.18+.03  0.96+.17 0.96:.17 T.00:.11 T.18£.18
2 tws N 0.295.03 0.26:.02 ~ 0.29+.03  0.20:.04 0.16:.02 0.182.02 1.00£.17 0.80:.13 0.89+.06
w7 s 0.31:.06 0.782.05 0.31z.04  0.22¢.05 0.16:.02 0.19:.03 1.17:.15  0.87:.13  T.O1ETT
4 hrs N 0.29+.04 0.24:.03 0.26:.03 0.17+£.03 0.17+.02  0.17+.02 0.90+.08 0.75:.12 0.84+.16
s S 0.34s.02 0.31z.16 0.31:.08 0.20:.03 0.17:.03 0.22:.04 T.13:.07 0.88£.15 1.06%.11
8 hrs N 0.31%.02 0.25:.03 0.28:.03 0.21:.02 0.16:.04 0.19:.01 0.96:£.09 0.80+.14 0.83: 1?2
e S 0.32£.02 =.04 T.30%. 0.22+.04 0.19:.02 0.20£.03 1.08+.10 0.98:.14 T.13%.:5
6 hrs N 0.295,03 0.24:.04  0.22¢,06  0.20:.02 0.17:.02 0.14:.03 0.98+.12 0.89:.15  0.,91:.07
" S 0.38:.03 TJ3TE0F 0.37:.03  0.18:.03 0.19+.02 0.20%.03 1.04+.10 1.06+.17 T.17£.06
S~ , S . ' ‘ : T
1 day N 0.36+.03 0.25:.03 0.26+.02 0.19+.03 0.17:.02  0.14:.02 0.80+.14 - 0.89+.14  0.97+.10
" 'S 0.34:.04 0.33z.04 0.30%.06 0.20:.03 0.17:.04 0.792.03 go=.72 . 1.1 18T
2 days N 0.35:.03 0.24+.03 0.28%.0] 0.19+.03 0.19+.03 0.16:.02  1.02¢.12  0.71:.17  0.95:.11
w7 s 0.36:.03 0.28:.04 0.32£.03 0.19¢.03 0.18£.03  0.21:.02 1.19¢.11 0.95¢.13 T.05%£.12
4 days N 0.31:.03 0.32+£.05 0.26+.03 0.18:.04 0.18+.04 0.16%.01 0.96+.11 0.92+.07  0.97+.14
" S 0.37£.03 0.33x.03 0.32:.03 0.21+.03  0.20+.04 0.78+.02 1.04£.11  1.08:.11  T.19:.13
8 days N ---  0.274.08 0.275.03 cee0.19£.03  0.21£.02 —e- - 0.80:.07  0.74:.20
" S e 0.29+.04 0.33%.03 - 0.21+.05 0.18+.03 -<a 1.10:.10 T1.19%.13
16 days N s ——m  0.23:.03 it -—= 0.18£.02 - -~ 0.91:.08
" s - cem0.332.02 e e 0.18+.03 - -—-  T1.09£.70

#N = 5,6-DHT; S = 5,6-DHT-S

¥ “Each va1ue‘1s‘ihe mean S.E.M. of values obtained from 4 animals, except that control values are obtained
7{ from 16 rats.. Values that significantly differ from control (p’<~.05) are underlined.
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TABLE 4 | | : e

Effects of Intraventricular Dosage of Compounds on Regional Brain 5HIAA

Time/Dosage* j,Cerebra1kHemisphékeS~, - ~Cerebellum Brainstem
20y 40 B0ug 2009 40ug 80ug 20ug 40pg  80.9
0 hrs - 0525.04 0.50:07 0.56:.06 0.73-01 021,02 0.25:.02  0.76+.04 0.65%.10 0.77- .08
1 hr N 0.561.04 0.52:.12 0.62:.06  0.25:.04 0.2]2.03 0.26:.04  0.82£.14 0.75:.16  0.86:.12
5 0.57+.04 0.42:.]3 0.50:.09  0.24:.03  0.18:.03 0 24:.05  0.87¢.15 0.88:.13  0.80:.12
o nps N 0.47:.05  0.57:.11  0.52¢.11 0.21-.02 0.224.03 0.20+.06  0.86:.14 0.79:.12  0.97= 16
LS % 0SE08 0l47:.09  0.48+.02  0.26:.03  0.22:.03  0.27¢.05  0.89%.14 0.69+.11 1.00-.09
4 hes N 0.512.70 0.44:.13  0.43:.09  0.19:.06 0.21:.03 0.18£.03  0.55:,12 0.51£.07  0.87=.17
y ¢ 0B8-13  0-86:.09 056206 0.26:.07 0.232.05 0.282.05 T95=06 0.55-.17 0.98: 7
& hrs N 0.54:.05 0.420.11  0.45:.05 0.25: 03 0.21=.02 0.20£.04  0.65:.21 0.47:.07 0.57:.08
<7 s olsail0s  0.43:.07 055170 0.25-.02  0.24:.04 097:03  0.86t.15 0.68%.13 0.73=.70
16 hrs N 0.44:.06 0.38..07 0.45:.05  0.21=.02 0.18£.04 0.20:.05  0.71%.0 0.49+.08 0.59: .06
=" g olgesl08 0.48:.07 0.63r.08  0.20:.06 0.23%.02 0.531.03  0.68:.07 0.672.09 0.67:.CC
| day N 0.45%.06 0.41:.13 0.38:.04  0.232.02 0.19:.01 0.20.04  0.72¢.07 0.56:.12 0.62:.07
oYY S 053,08 0.55:.07 0.508.07  0.22¢.05 0.19.04 0.282.03 0.72+.09  0.68£.08 0.85:.0%
> days N 0.550.04 0.46:07 0.44.07  0.192.03 0.212.0° 0.18:.03  0.59:.05 0.65:.12 0.552.10
g S 0.49..04 0.53:.09 0.57%.08  0.232.0z  0.24=.03 028t 06  0.72£.04 0.63:.16  0.89:.07
4 days N 0.530.11 0.364.11 0.39:.02  0.19x.04  0.24:.03 0.23:.04  0.79:.11 0.60¢.12  0.59:.11
" S 0.56.09 0.485.12 0.572.05  0.25x.03 0 21504 0.23£.03  0.82¢.12 0.70:.13  0.78:.1
§ days N --—  0.80:.04 0.342,11 . 0.21%.02  0.28£.03 e 0.62t.07 0.60:.05
o S  -—-  0.512.08 0.612.71 - 0.284:.03 0.21%.06 .- 0.73:.08 0.882.09
16 days N --- == 0.062.00 s oo 0.21E.048 o —=- ce- 0.522.13
WS So---0BBLOZ - . 0.25%.03 - —-- 0.90:.713
*N = 5,6-DIT; S = 5,6-DHT-S

“Each value is the mean t S:EiM. of values obtained from 4 animals, except that control values are obtained
from,lﬁ,ratsf Values that significantly differ from control (p < .05) are underlined.
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INTRODUCTION

In 1954, two reviews of the earlier 1iterature on 3-(2-amino ethyl)

indole (tryptamine) and its 5- hydroxylated analoaue (serotonin) were published
(1,2)s both of these hinted at a unique set of phys1o1og1ca1 receptor systems

Most of the

support for specific tryptamine or

for 1ndo1ea1Py1am1nes
s who had published the previous

serotonin receptors came from two 1aborator1e

year'(3,4). A yariety 0

tors with considerable specif

f subsequent studies led to the conclusion that
recep jcity for tryptamine did exist in some
h there was somé question of the

peripheral smooth muscle sites (5) althoug
existence Of‘periphera1 receptors specific for serotonin (6). Recently,
Pinder, et al (7) eXamined some effects of the idene and benzo[blthiophene

h fundus preparation. More recently,

f seroton1n on the rat stomac
ressor effects of the

isosteres O

this 1aboratory has reported on the comparat1ve P
benzo[b]th1ophene and 1 methy11nd01e analogues of tryptomine in the intact

n the 1501ated rat aorta and stomach

rat (8). The present paper reports ©

fundus preparat10ns as a test system for compa
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MATERIALS AND METHODS

Adult, male Sprague-Dawley rats (180-220 g) were obtained from Murphy
Breeding Labs, Plainfield, Indiana, U.S.A. and maintained on a diet of Purina
Jaboratory chow and tap water ad 1ib for 7-10 days prior to experimental use.
The animals were sacrificed by decapitation. Aortic strips (1.5 to 2 mm wide
and 3 cm long) were prepared by the method of Furchgott and Bhadrakon (9)
and suspended in a 60 ml organ bath. Stomach fundus strips (one strip 1.5 to
2.0 mm wide and 1.5 cm long from each stomach) were prepared by the method of

Offermeier and Ariens (10,; and 1ikewise suspended in a 60 ml organ bath.

Druas and solutions. The Kreb's bicarbonate so]ution in which the tissues

were suspended contained the following compounds in m moles per liter:

NaCl1, 118.5; KC1, 4.8; CaC]Z, 2.5 NaH2P04,‘1.18; MgC12, 1.18;‘NaHCO3, 24.87;

D-glucose, 11.1. In addition 10 mg of d1sod1um ethy]ened1am1ne tetraacet1c

'ac1d (Na EDTA) were added per liter to protect the added amines from oxidation.

The solution was stored at 4° C unt11 use; during the exper1ment it was

ma1nta1ned at 37° C and bubbled with 95% 2/5% CO The pH of the so]ut1on at

room temperature without bubbling was adjusted to 6.5 w1th concentrated HC1;
after warming and bubbling for at least ten minutes the pH increased to 7.4.
The following drugs'Were used: 1-norepinephrine hydrochloride (Regis

Chemical Co.), 5-hydr0xytryptamine creatinine sulfate (Regis Chemical Co.),

o tryptamine hydrochloride (Regis Chemical Co.), pargyline hydroch1oride

: (Eutony] Abbott Laboratories), and methysergide tartrate (SanfertR, Sandoz

Laborator1es) In addition, t he f0110w1ng compounds, prepared by Dr. E. E.

~Campa1gne (Department of Chem*stry, Indiana University, B]oom1ngton, IN)V-
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were used: 3-(2-aminoethyl)benzo[b]thiophene (tryptamine-S) and 1-methyl-
3-(2-aminoethyl indole (tryptamine-1-Me). A11 drugs with the exception of
methysergide were made up jn distilled water and the pH adjusted to 6 with

solid NaHCO,. L-ascorbic acid (Fisher Scientific Co.), 0.2 mg/ml, was

added to the serotonin solution to prevent oxidation. Methysergide was
dissolved in 1N HC1; the pH Was adjusted to 5 with 0.5N NaOH. All drugs were

kept frozen until just prior to use; concentrations are expressed as weight

~of free base.

Procedure A strip of either tissue, attached using silk suture thread to

an isotonic lever under 2.54¢ tens1on, was connected through an isotonic
myograph transducer to a recording physiograph (Narco Biosystems, Inc.,
Hopston, TX). Eight- to ten-fold magnification was used for the aortic
strips, four-fold for the stomach fundus strips. Aortic tisSue was allowed -
to rest for 2 hours prior to study with bath fluid changes at 155minutey |
intervals. Pargyline at 10™°M was added to the bath during the first hour
at rest. Stomach fundus strips were allowed to rest for 50 minutes; pargyline
at 10 M was added to the bath four tines dur1ng th1s period.

In all exper1ments the height of max1ma1 contract1on was f1rst determ1ned '

by the cumu1at1ve add1tion of 1ncreas1ng concentrat1ons of the agonist. The

: preparat1ons,were;then washed at 15- minute intervals until each had returned

to'its previous baseline. Cumulative dose-response curves for the agonist

‘(3 or 4 responses, 20 to 80% maximal) were pbtained until two sUccessive

curves vere s1m11ar w1th respect to both the height of the response for each |

: d~add1t1on and the he1oht of the total response When the t1ssue had thu5‘

, stab111zed, cumu]at1ve dose response curves fnr the agon1st were determ1ned
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alternately with those for the reference standard, serotonin.
The tissues were preincubated with antagonist for 15 minutes. On each
aortic strip, three concentrations of antagonist were tested alternately with

the agonist alonre; only one -concentration of antagonist was tested on each

stomach fundus strip.

Calculations. All responses were recorded as percentage of the maximal

contraction. Log dose-response curves vere calculated as the percent of
response !gr§g§_the log dose by the method of least squares. The dearee of
antagonism was calce’ ated us1ng the dose-ratio of Gaddum, et al (11)s
comparing the 109 dose- response curve in the presence of antagonist to the

jmmediately preceding curve in the absence of antagonist. The pA2 and PA10

were determined by the method of Arunlakshana and Schild (12). Student's

independent t test was used for tryptamine-S and norepinephrine; Student's

kdependent t test was used to compare the intrinsic activities of the test

compounds to that of serotonin. The 95% confidence 1imits for the pDZ, pAZ,

and pi\]0 values were calculated as described in Documenta Geigy (1970).

AT calcu1at1ons were performed using a Compucorp Model 445 Computer.

RESULTS

Rat Aorta Strips. Norepinephrine; serotonin, tryptamine,'and tryptamine-l-Me

e11c1ted 1ncreas1ng contract11e responses u1th the cumulative addition of

increasing: concentrat1ons of agon1st The intrinsic act1v1t1es of norepine-

phrine, tryptam1ne, and tryptamlne -1 Me were the same as that of serotonin

(p $, 40) thus a = 1 for these three test compounds The pD2 Values for

these three compounds are presented in Tab1e 1. The 1ntr1ns1c act1v1ty of

;tryptam1ne S was 0.79 % 03 (mean + S E.M. ) Tryptam1ne -S did. not elicit
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\ 1 o the four compounds are. shown 1n Figure 3
ﬁ

increasing contractile responses with increasing concentration; for this
reason, no attempt was made to calculate 2 pD2 for tryptam1ne -S in this

tissue. The 1og‘dose—response curves for norepinephrine, serotonin, trypta-

mine, and tryptamine-]—Me are shown in Figure 1; the slopes of these curves

are given in Table 1. The curves for the indolealkylamine compounds are all

parallel; the curve for norepinephrine js parallel to that of serotonin but

: not,torthose of the other two 1ndolea1ky1am1nes

Methysergide at concentrat1ons of 5 x 107 M to 1% 10'6M had no signifi-

'cant effect on the responses e11c1ted by norep1nephr1ne hethysero1de '

exh1b1ted a dose-dependent antagonism of the effects of serotonin, tyrptam1ne,

and tryptamine-1-Me. The. pA2 and pA]O values ca1cu1ated for methysergide

against these three agonists are presented in Table 23 the pA plots of
Arunlakshana and Schild (12) are shown in F1gure 2 the slopes of these

1ots are given in Table 2. These slopes are paraliel. by statistical test,’

and a11 are s1gn1f1cant1y d1fferent from the theoretical ‘vatue of (- 1).

Rat. Stomach Fundus Strips. Seroton1n, tryptamine, tryptamine-1-Me, and

tryptamine -S e11c1ted 1ncrea51ng contractile responses with the cumulative

" addition of 1ncreas1ng agon1st concentrations. The max1mum responses elicited

by the three test compounds were not s1gn1f1cant1y d1fferent from that of
seroton1n, thus the intrinsic activity a =1 for all three test agon1sts in

th1s t1ssue ‘The pDy values for these four compounds and the slopes of their

~log dose response curves are given 1n TabTe 3. The tryptam1ne curve is not

para11e1 to any of the others the seroton1n, tryptamineA1—Me, and tryptam1ne~$ B

curves are all para11e1 to. each other. The 1og dose response curves for
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Methysergide exhibited a dose-dependent antagonism of the effects of
all four compounds tested. The pAztand pA10 values calculated for methysergide
against the four agonists are'given in Table 4. The pA p1ots -ave shown in
Figure 4; the slopes of the plots for the four .compounds are g:ven in Table
4.. The slope of the serotonin curve is not statistically significantly
different from the theoretical va1ue of (-1). The slopes of the curves for
the other'three compounds are parallel, and all are statistically significant1y

different from (-1).
DISCUSSION

The data in Table 1 show that norepinephrine had a much higher affinity
for receptors onkthemaorta than does serotonin; in fact, the order of affinity
for the indole compounds was: tryptamine-1-Me > tryptamine > serotonin. These

three compounds apparént]y act by a similar mechanism, as the slopes of their

-~ log dose—response curves were para]le] Norepinephrine miqht be 1nterpreted

as act1ng via the same mechan1sm as serotonin, as these two curves had

para11e1 slopes. However, the use of specific antagonists has shown that

they act on different receptors (]3), 111ustrat1ng the necess1ty for the

use of antaaonlsts in: add1t1on to the study of the effects of the agonist

alone. The intrinsic activities of the two indole test compounds did not
differ from’that of serotonin, suggesting that the‘S—hydroxy]'group'and the
methy] group on the 1ndo1e n1trogen have no effect on the ab1]1ty of the

compound to e11c1t a response once it reaches the receptor These changes

: do however, alter the aff1n1ty of the drug for the receptor re]at1ve to

h} that of the parent compound

It is d1fficu1t to 1nterpret the act1on of tryptam1ne S on the aort1c
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strip, since the average threshold response was 65.9% and the average maximal
response was 79.3%. This response range (13.4%) is too narrow to yield
useful dose-response data. A decay in the response to tryptamine-S was
usually seen; that is, after the contraction elicited by a particular
concentration had stabilized, it decreased again toward the resting value.
This type of effect is usually attributed to metabolic breakdown of the
agonist; it cou1d not have been due to breakdown by monoamine oxidase as
serotonin did not produce this effect on the aortic strips. It is possible
that tryptamine-S is broken down by a pathway for which serotinin is not a
substrate. Another possible explanation for the decay seen with tryptamine-S

would be a breakdown of the free amine by the oxygen dissolved in the buffer;

" this breakdown has been shown to take place in the presence of air (14).

However, this decay was not seen using fundus strips with identical oxygen

flow through the same buffer.’ The exp]anation,that~fits the resu]tsrbest'

is that tryptamine-S exhibits properties called "noncompetitive;autoinhibition"~

by Ariens, gt_gl_(]S). In this concept, a single compound might interact

with the contractile receptor R and with an inhibitor "receptor" R'. This
latter “receptor" is the site of action of noncompetitive antagonists, that

is, the point at wh1ch these agonists disrupt the chain. of events 11nk1ng
st1mu1us and response A compound exh1b1t1ng this dua11sm would have a separate

1ntr1nsic act1v1ty and aff1n1ty for each of the two receptors Depend1ng

~ upon the equ111br1um constants for occupat1on of the two types of receptors,

one or the other of the two effects, contract1on or 1nhib1t1on, may precede

n the other in time. These results have been observed on frog rectus abdom1n1s

musc1e by Ar1ens, et a] (16) In the present case, the resu]ts 1nd cate that

“the anon1st1c effect of tryptam1ne S precedes ‘the antaoon1st1c effect TheV
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affinity of such a drug for the contractile receptor may be calculated, although
with difficulty, by the use of a competitive antagonist; this has not been
attempted in the present case due to the narrow response range for tryptamine-S.
On stomach fundus strips tryptamine-S elicited increasing contractile
responses characteristic of a simple agonist, that is, one which does not
exhibit the dualism described above. This is seen in the case where o', the
intrinsic activity of the compound on R', is equal fo zero (15). However,
on the aorta tryptamine-S has o' > 0. Thus, eitherkR' in stomach fundus is
differént tfrom that in the aorta (more specifically, the mechanism for

translation of stimulus into response is not the same in stomach fundus as in

aorta), or tryptamine-S cannot gain access to R' in stomach fundus.

The intrinsic activities of thé‘three test compounds, tryptamine, trypta-
mine-1-Me, and tryptamine;s on stomach fundus strips was the same as that of
serotonin. It would appear that tryptamine does not act by the same mechanism
as the othér three compounds based on the fact that the slope of its log dose-

response curve is not parallel to that of any of the others. The order of

~affinity of the four compounds,‘as'seen in Table 3 was serotonin >>ktryptaminé-
~1-Me > tryptamine >kthyptamine-s. Serotonin has the greatest affinitykfor

- receptors in the stomach fundus, while in the aorta it had the least. The

differences in the two results may be due at least in part to the lipid'solu—
bilities of the various cOmpdunds versus the 1ipid content of the two tissues.
Lipid partition determinations for the four compoundskindicate‘the'order of

SQTubility in organic solyents to be tryptamine-S > tryptamine-ije > trypta-

~_mine >> serotonin (17). In the isolated adrta, exogenous compounds must

~ diffuse through either of two layers of tissue which sandwich the smooth

~ nuscle fibers. The stomach fuhduS'strip‘prepared byvfhé method of Offermeier
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and Ariens (10) has the mucous membrane portion removed, which might facilitate
the diffusion of less 1ipid soluble compounds. Thus, mere 1ipid soluble
compounds might have an advantage in gaining access to the receptor on aortic
smooth-musc1e, in contrast to the case of stomach fundus with the gastric
mucosa removed. This would cause an apparently high affinity of the test
compounds for aorta as compared to serotonin, whereas the results using stomach
fundus may more accurately represent the - "true" affinities of the four compounds
for serotonin receptoi's.

From Tables 2 and 4 it is apparent that methysergide fulfills the criteria
for competitive antagonism only against serotonin on stomach fundus, where
the'pA - pl\]0 difference 1s .92 and the slope is not significantly different
from the theoretical value of (- 1) when tested on the aortic strips; methy-_
sergide did not act compet1t1ve1y aoa1nst any of the three aqon1sts The slopes

of the curves give ann that is significantly less than 1 and ‘the pA2 - pl\]0

differences‘ere higher than .95 (Table 6). Marshall (18) has suggested that
sueh a result may be due to‘the fact that the antagonist has some affinity

for receptorshfor other compounds as well as those under study, so that at
higher concentrat1ons some of the antaoon1st is “uasted' by being adsorbed

fonto these other receptors Gorlitz and Frey (13) have shown that methyserg1de
‘has aff1n1ty for adrenerg1c receptors; it does block the effect of norepine-
phr1ne, a1though at h1gher concentrat1ons than those required for seroton1n
ajb1ockade. The s1opes of . the three pA plots are para11e1, therefore there is

‘ ho'Statist1ca11y s1gn1f1cant d1fference in the va1ues of n for the three |
"compounde.e,A1thqugh methyserg1de is not act1ng compet1t1ve1y aga1nst the e

.jthree‘compbunds,”it must interact in the same way w1th each of the agon1sts,
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as the values of n are the same for each.
The results using methysergide against tryptamine, tryptamine-1-Me, and

tryptamine-S on stomach fundus are the opposite of those in aorta. The pA2 -

pA]0 differences are less than .95, and the slopes give an n greater than 1

(Table 4). Marshall (18) suggested that pA2 - PA10 differences less than

.95 indicate that the antagonist has a general spasmolytic action on contraction
rather than a specific action at the receptor. If this were the case, the
methysergide should have also antagonized the effects of serotonin noncompet-
itively. Gaddum (19) and Arunlakshana and Schild (12) suggestéd that a value
of n greater than 1 indicates that more than one molecule of antagonist is
required in order to block each receptor. For example, the pA plot of
tryptamine has a slope of (-1.77) (Table 4). The value of n is equal to
(-slope), or 1.77. Then perhaps 1.77 molecules of methysergide must be
present simultaneously in order to block one receptor.

Since thé slopes of the curves for tryptamine, tryptamine-1-Me, and
tfyptamine—s are parallel, then the value of n for methysergide against all

three compounds must be the same (The slopes of the three curves are -1.77,

'-2.22 and -2.19, respective]y; the value of n probably falls near the mean

of the three s]opes, at approximately 2.00). The pA and pA 10 values for these

,three compounds are also quite s1m11ar (Tab]e 4), so it is probable that the

three test drugs 1nteract with methysergide in the same (noncompet1t1ve)

fash1on Since methyserg1de interacted with seroton1n compet1t1ve1y, the

three test drugs, tryptam1ne, tryptamine- ~-1-Me, and tryptamine-S do not exert

the1r effects by the same mechan1sm as serotinin on rat stomach fundus It

is poss1b]e that, 1n add1t1on to a d1rect effect on seroton1n receptors,‘
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tryptamine also has an indirect effect in eliciting a contraction. Indirect
effects of serotonin have been observed in various portions of the gastro-
intestinal-tract in several species (20-22). Perhaps the lipid solubility
differences discussed above enable tryptamine and its isosteres to reach a
site of indirect action more easily than serotonin, thus requiring more
methysergide per receptor in order to antagonize fheir effects.

It is not strictly possible to compare the receptors in the two different
tissues by use of pA2 and pl\]0 values if the antagonist does not act competi-
tively against the compounds that activate those receptors. llowever, based
on the values for n which a particular antagohist exhibits against a group of
compounds in two different tissues, it should be possible to compare the
members of the group agéinst the standard. Serotonin, tryptamine, and
tryptamine-1-HMe in?eract with methysergide in the same fashion on the receptors
of the aorta. On the stomach fundus, however, tryptamine and tryptamine-]—Me'
apparently do not act on serotonin receptors. Since the test drugs are the

same and the antagonist is the same, on the basis of the experimental evidence

presented herein it would seem that serotonin receptors in the aorta are not

the same as those in the stomach fundus. It would appear that the receptors.

in the stomach are more specific for the serotonin structure than those in the

aorta, as the loss of 5-hydroxyl groab and addition of a methyl group to, or

substitution of sulfur for the indole nitrogen leads to a change in the

mechanism by which the compound elicits a response in the stomach. Thus, the

différences in the relative affinitieskofjthe test agonists versus serotonin

on the two‘tissues are not due to differences in 1ipid solubility alone, but

rather reflect a true difference in the interaction of the drugs with the

receptors in the two tissues.
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Another difference in the contractile mechanism in the two tissues is
shown by the interaction of tryptamine-S with methysergide on stomach fundus.
We have seen that tryptamine-S exhibits autoinhibition with intrinsic activity

a' > 0 for the inhibitory receptor in aorta; on stomach fundus, however, no

~autoinhibition was observed, indicating that either o’ equals zero, then

tryptamine-S should act as a competitive antagonist of methysergide (19).

- This would result in a shift of the pA plot for tryptamine-S to the right,
'toward hiéher cohcentrations of methysergide, in order to obtain the desired

“dose-ratio. Tryptamine and tryptamine-S showed the same jntrinsic activity

and approximately the same affinity for the receptors. If methysergide inter-
acts with both of these agonists in the same fashion, as it does, the pA
curve for tryptamine-S should be shifted to the right of that for tryptam1ne
if tryptamine-S is a competitive'anta90n1st of methyserg1de. Figure 4
demonstrates that this is not the case. Therefore, no autoinhibition of

tryptamine-S is seen in stomach fundus because the 1nh1b1+ory receptors are

'not the same as those 1n aorta, "indicating that the events Tinking st1mu1us

and response are not the same in the two tissues.
In order to uphold these ~conclusions further exper1menta1 evidence is
required. Most importantly, 1t would be des1rab1eeto obtain a compound which |

acts competitively toward serotonin in both aorta and stomach. This would

k provide more conclusive evidence regard1ng the identity of the receptors in

the4two tissues.. Since methyserg1de d1d not act compet1t1ve1y, one cannot

hstate conclusively whether the 1sosteres act on seroton1n receptors in aorta
If 1ndeed the two t1SSUes have different seroton1n receptors, it may be d1ff1cu1t

to f1nd an antagon1st wh1ch is compet1t1ve agavnst each Th1s d1ff1cu1ty is

compounded by the fact that the omget1t1ve antagon1sts of seroton1n are. often |
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other indole analogs. The results of anaiog-ana]og jnteractions could be
difficult to interpret. LSD and BOL are probably not the best candidates for
further receptor studies, as they are SO closely related to methysergide in

structure that they may only give the same results as those presented herein.

On the aorta, the analogs should also be tested against phentolamine (an

o-adrenergic antagohist) and possib]y cyproheptadine (an antagonist of sero-

- tonin and histamine H1 receptors) in order to elucidate their mechanism more

fully. It would also be desirable to test antagonists of a different class
of compounds against the isosteres on stomach fundus in order to determine
their mechanism; such antagonists should include atropine, and ganglionic

blockers in order to examine the possibility that the isosteres are acting

jndirectly.



SUMMARY

Tryptamine and its benzo[b]thiophene and 1-methylindole analogues had
a lower affinity for receptors in rat stomach fundus strips than did serotonin;
the interaction between serotonin and methyseraide in this system was competitive,
while the interactions between tryptamine and its analogues and methysergide
were noncompetitive. 1In contrast, the affinity of tryptamine and 1-methyl-
tryptamine for receptors in rat aorta strips was greater than the affinity for
seroton1n, all three compounds showed noncompetitive interactions with methy-
serg1de. The results support the hypothesis of differing serotonin receptors

in the two tissues.

ACKNOWLEDGEMENTS

This work was supported in part by NASA grant NGL-15-003-17 and by a

, grant from the Pennwalt Corporation. It was taken in part from a thesis

submitfed by E. J. Hixson in partial fulfillment of the requirements for

~the Ph.D. degree in Pharmaco1ogy,'1ndiana University, 1975.

263

e e, e



10.
.
12.
13.
14.°

sl

16.

17.

18.

19.

REFERENCES

Erspamer, V., Pharmacol. Rev. 6, 425 (1954).

Page, I. H., Phys. Rev. 34, 563 (1254).
Gaddum, J. H., J. Physiol. 119, 363 (1953).

Rocha e Silva, M., Valle, J. R., and Picarelli, Z. P., Brit. J. Pharmacol.

Chemotherap. 8, 378 (1953).

Erspamer, V., Prog. Drug Res. 3, 151 (1961).

Gyermek, L., Pharmacol. Rev. 13, 151 (1961).

Pinder, R. M., Green, D. M., and Thompson, P. B. J., J. Med. Chem.
14, 626 (1971). -

Bosin, T. R., Hixson, E. J. and Maickel, R. P., Brit, J. Pharmacol.

Chemotherap. 46, 25 (1976).

Furchgott, R. F., and Bhadrakon, S., dJ. Pharmacol. Exp. Therap. 108, 129

(1953).

?ffer?eier,-d.,,and Ariens, E. J., Arch. Int. Pharmacodyn. 164, 216
1966).

Gaddum, J. H., Hameed, K. A., Hathaway, D: E., and Stephens, F. F.,
Quart. J. Exp. Physiol. 40, 49 (1955). '

kArun1akshana, 0., and Schild, H. 0., Brit. J. Pharmacol. Chemctherap.
14, 48 (1959). .

Gorlitz, B. -D., and Frey, H. -H., J. Pharm. Pharmacol. 25, 651 (1973).

Bosin, T. R., and Rogers, R. B., J. Labelled Compounds IX, 395 (1973).

Ariens, E. J., Van Rossum, J. M., and Simonis, A. M., Pharmacol. Rev.
9, 218 (1957). :

‘Ariens, E. J., Van Rossum, J.kM.; and Simonis, A. M., Arzn. -Forsch.

6, 611 (1956).

Chiu, P., Harrison, S. D., dr., Maickel, R. P. and Bosin, T. R., The
Pharmacologist 15, 184 (1973). , :

Marshall, P. B., Brit. J. Pharmacol. Chemotherap. 10, 270 (1955).

Gaddum, J. H., d. Phxsio1, 89, 7P;(1937)j

- 264



U

20.

21.

22.

Mausner, R.,
Exp. Fenn.

Drakontides,

REFERENCES cont'd.

Mattila, M. J.,

46, 385 (1968).

A. B., and Gersh

33, 480 (1968).

Drakontides,
45, 417 (197

A. B., and Gersh
2). ,

and Idanpaau-Heikkila, J. E., Ann. Med.

on, M. D;, Brit. J. Pharmacol. Chemotherap.

on, M. D., Brit. J. Pharmacol. Chemotherap.

265



TABLE 1

pDy VALUES OF NOREPINEPHRINE AND INDOLEALKYLAMINES

Compound
Norepinephrine
- Serotonin
Tryptamine
Tryptamine-1-Me

*PD, values + 95% confidence limits are calculated

Methods; n is the total number of responses to all

of each compound.,

ON_ISOLATED RAT AORTA STRIP

pDy + C.L.*
8.10 + .15
6.57 + .08
6.98 + .21
7.13 + .04

266

N

61
166
59

58

Slope of Log Dose-
Response Curve

41.51
34,38
27.69
29.17

&S described in
concentrations



TABLE 2

ANTAGONISM OF EFFECTS OF INDOLEALKYLAMINES

ON RAT AORTA STRIP BY METHYSERGIDE

. i Slope of
Compound pA, * c.L.* PAJo £ c.L.* ~ phy - pA]0 pA plot
Serotonin 10.36 + .2 8.57 + .07 1.79 - .64
Tryptamine 0.44 + .2 6.96 + /2 2.48 -.45
Tryptamine-  10.09 # .3 6.62 + .2 3.47 -.38

1-Me

*pAsand pAjg values £ 95% confidence limits are calculated as described
in Methods. '
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TABLE 3

pDo VALUES OF SEROTININ AND TEST AGONISTS

ISOLATED RAT STOMACH FUNDUS STRIP

v . Slope of Log Dose-

Compound pD2 + C.L.* n . Response Curve
Serotonin 9.34 + .16 72 42.49
Tryptamine 7.60 + .06 35 82.09
Tryptamine- 7.91 + .08 YA A7.77

1-Me L
Tryptamine-S 7.51 + .08 66 47:35

*pD, values = 95% confidence limits are ca1cu1ated asfdescribed in Methods;

o

n is the total number of responses to all concentrations of each compound.

| O
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TABLE 4

ANTAGONISM OF EFFECTS OF SEROTONIN AND TEST- AGONISTS

ON_RAT STOMACH FUNDUS STRIP BY METHYSERGIDE

- Stope of
~ Compound PAy + C.L.* ~ PAjp # C.L.* pA2 - pA]0 pA plot
Serotonin 8.80 + .23 7.88 + .30 .92 -1.26
Tryptamine  8.77 + .09 8.22 + .09 .55 -1.77
Tryptamine-  8.67 + .06  8.24 + .07 a3 -2.23

1-Me ,
Tryptamine-S  8.85 + .12 - 8.39 + .09 .46 - =2.19

*pA2 and pAyy values + 95% confidence 1imits are calculated as described
in Methods.
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FIGURE 1.

FIGURE 2.

LEGENDS

Effects of Agonists on Isolated Rat Aortic Strips.

Graphical presentation of data used to obtain the values
presented in Table 1. The effects of norepinephrine
(NE, ), serotonin (5HT, @), tryptamine

(T, - -W- -), and 1-methyltryptamine (IMT, - + -Q* - .)
are plotted as log agonis¥ co%gentratién ¥5bsciss;3 against

percent contraction (ordinate). Straight lines were
determined by regression analysis using the method of least
squares.

Effects of Methysergide on Agonist Action on Rat Aortic Strips.

&

-~ and 1-methyltryptamine

FIGURE 3.

Graphical presentation of the data used to obtain the

values presented in Table 2, plotted according to the

method of Arunlakshana and Schild (1959). The negative

log of the molar concentrations of methysergide (abscissa)

are plotted against log X-1, where X is the dose ratio

for serotonin (5HT, __), tryptamine (T, - -B- -)
aMT, -+ .0¢ - +). Straight lines

were determined by regression analysis using the method

of least squares.

Effects of Agonists on Isolated Rat Stomach Fundus Strips.

Graphica1 presenfation of data used to obtain the va]ués

presented in Table 3. The effects of serotonin (5HT,

- —@—), tryptamine (T, - -M- -), V-methyltryptamine

(IMT, - * =Q+ - +), and 3-(2-aminoethyl)benzo[b]thiophene
(ST, - - -[dJ- - -) are plotted as log agonist concentration
(abscissa) against percent contraction (ordinate). Straight
lines were determined by regression analysis using the method
of least squares.

- FIGURE 4.

‘Effects of Methysergide on Agonist Action on Rat Stomach

Fundus Strips.

,Graphical~presentation4of the data used to obtain the values

presented in Table 4, plotted according to the method of
Arunlakshana and Schild (1959). The negative log of the
molar concentrations of methysergide (abscissa) are plotted

against log X-1, where X is the dose ratio for serotonin
(5HT, —e@—), tryptamine (T, - - - =), 1-methyltryptamine
(IMT, - + <O+ - +), and 3-(2-aminoethyl)benzo[b]thiophene

(ST, - - -0O0~= - -). Straight lines were determined by
regression analysis using thekmethod of least squares. -
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DRUG INTERACTIONS ON BODY TEMPERATURE MAINTENANCE
IN THE MOUSE™

i
t

1
Carlos M. Quirce#, Richard M. Levine and Roger P. Maickel

Section of Pharmacology
Medical Sciences Program

Indiana University School of Medicine
Bloomington, Indiana 47401
ABSTRACT -

Exposure of mice to an environmental temperature leads to a loss of body
temperature and death in 5 - 6 hours. Intraperitoneal injection of water or
d-amphetamine exacerbates this effect, while caffeine has a modest antag-
onistic éffect. The combination of caffeine and d-amphetamine is synergistic
and ]ead$ to a rapid loss in body temperature with death occurring in less
than 3 hours. |

INTRODUCTION

When the mammalian organism is placed under environmental conditions

other than those cbnsidered'usual or normal, the effects of drugs may be

,considerably altered. Thus, a variety of stresses have been shown to signifi-

cantly influence drug action (Rupe, et al, 1963; Barry and Buckley, 1966).
One specific area in which drugs and abnormal environmental conditions are |
knoWn to interact is that of bddy temperaturé maintenance. The homeothermic
mamma] maintains its core temperature within a relatiVer narrow range

despitekwide variations in environmental temperature; the obViously complex -

*Supported in part by NASA grant NGL ]5'003f1]7.

' #Present address: University of Costa Rica, San Jose, Costa‘Rica.
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homeostatic mechanisms involved in this process present a wide range of
targets for drug effects (Whittow, 1971; Weihe, 1973). Of particular interest
is a previous study from this laboratory examining the ability of a variety

of drugs to 1nterfere with thermoregu1at1on in the cold-exposed rat by actions

: presumed to involve centra] ‘and peripheral monoaminergic pathways (Maickel,

1970)
A report by Muller and Vernikos-Danellis (1970) indicated that a decreased

‘environmental temperature reduced the toxicity of d- amphetam1ne in mice but

increased the toxicity of caffeine. Since this laboratory had a continuing
interest in drug interactions with amphetamine in terms of behavioral (Cox

and Maickel, 1976) and toxicological phenomena (Sokol and Maickel, 1972),

a study of interactions of d-amphetamine and caffeine in cold-exposed anima1s

was undertaken. The results, as presented herein, indicate that an inter-
action between the two drugs does indeed occur, but a confounding variable,
the stresskof an intraperitonealeinjection, must be taken into account.

MATERIALS AND METHODS

Adult, male C57-816'mi¢e (22 ~ 25g) were obtained from Murphy Breeding
Laborator1es, P1a1nf1e1d IN and maintained on‘an ad 1ib diet of Purina

laboratory chow and tap water for 7 - 10 days prior to exper1menta1 use. The

“animals were co]d-exposed in 1nd1v1dua1 screen-wire cages (10 %10 x 15 c¢m)

1n a walk-1n room at 4° C. A1l druqs were adm1n1stered by 1 p. injections

1n a volume of 0.1 m1/10 g body we1ght as solutions in distilled water; control

~an1ma1s were given dwst111ed water. Rectal temperatures were measured using

a YSI Telethermometeéﬁ)w1th a small animal probe. Rate of heat loss (-dQ/
dt) was calcu1ated as described by Maickel, et al (1967) and s]ope comparisons
for body temperature decay curves were made as descr1bed by Cox (1970)

Stat1st1ca1 compar1sons for -dQ/dt values were performed as in Ma1cke1 (1970)
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RESULTS

Preliminary studies indicated that single i.p. doses of 50 mg/kg of
caffeine and 10 mg/kg of d- amphetamine caused a 3 - 4 fold increase in the
rate of body temperature decline in 2 hours of exposure of mice at 4° C, so
these dosage levels were seTected for the test. The data presented 1nkTab1e
1 show the effects of single doses of the drugs. The results clearly demon-
 strate that a single i.p. 1n3ect1on of distilled water evokes a significantly
greater rate of,heat loss as compared to control (uninjected, but handled)
animals. In fact, statistica] comparisans of the -dQ/dt values and the
slopes for the water and caffeine-treated groups 1ndicate'that both of these
differ s1gnif1cant1y from contro1s but not from each other. In contrast,
.dosage with d-amphetamine caused a significantly steeper temperature decay
curve and significantly greater rate of heat loss than any other group. of
interest is the fact that caffeine seemed to»afford some degree of protection
in that 10 of 12 anima1s’survived for 4 hours as compared to 0/12 for water-
inJected mlce Thekenhanced tox1c1ty evoked by d- amphetamine is conflrmed
by the death of 2/12 m1ce by the 3 hour t1me po1nt.
| Because of the poss151e confound1ng variable of water 1n3ect1on, the
drug interaction studies were run as a separate experiment; these data are
presented in Table 2 The effects of two water injections were virtua]ly
1dent1ca1 to those of a s1ng]e 1nject1on of d-amphetamine (Table 1) as we11
as to the combination of water plus amphetam1ne injections in terms of the
rate of heat loss, as well as in the fact that 1/12 animals died by 3 hours
and a11 12 were dead by the 4 hour point. In contrast the combination of
~water and caffeine 1nJections showed a s1gn1f1cant protective effect; 7/12 -
mice were still surviving at the 4 hour time point, and the rate of heat loss

and decay s1ope for body temperature were s1gn1f1cant1y reduced. The comb1-

217




TABLE 1

Effects of Single Drug Dosage on Body Temperature Maintenance

by Cold-Exposed Mice

Mice were given a single i.p. injection as described in Materials and Methods at 25 minutes prior to the
start of cold exposure. Each value is the mean *+ SEM of values obtained; the number in parenthesis indicates
the N at each time point. Values for -dQ/dt and for the slope of the body temperature decay curves are for
the period 0 - 2 hours. :

Body Temperature @ Hours of,Exposure

-dQ/dt

Treatment %b‘ %“ %‘ %b %b | cal/ar ‘§ﬂ225?
Control 37.8:0.2(12)  36.1:0.2(12)  34.4:0.3(12) 29.4:0.3(12) 18.9:0.3(12) - 35.5:2.7 . -.588
Water 37.8:0.3(12)  33.9:0.4(12) 27.2:0.2(12) 16.7:0.4(12) # 110.8:9.3  -.184
Caffeine 37.0:0.2(12)  32.7:0.3(12)  26.8:0.3(12) 17.440.4(12)  12.6:0.5(10) 115.0:6.1  ~-.194
d-Amphetamine 37.8:0.3(12)  31.1:0.4(12) 21.7:0.3(12)  13.9:0.3(10) o 168.2414.0  -.123

#A11 animals dead; body temperatures < 11° C.
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TABLE 2

Effects of Drug Interactions on Body Temperature Maintenance

of Cold-Exposed Mice

Mice were given i.p. injections as described in Materials and Methods, one at 27 minutes and the other

at 23 minutes prior to the start of cold exposure.

receiv

are fo

ed - the reverse order.

r the period 0 - 2 hours.

Body Temperature @ Hours of Exposure

0 1 : 2

Treatments T T° To
Water &

Water 38.3+0.3(12) 32.8:0.4(12) 23.020.5(12)
Water &

Caffeine 37.0+0.4(12)  33.0£0.3(12) 27.5:0.7(12)
Water & '

d-Amphetamine 37.1#0.3(12) 29.4x0.5(12) 19.2:0.4(12)
Caffeine & , |
d-Amphetamine 37.8+0.2(12) 27.8#0.3(72) 16.1:0.3(11)

#

A1l animals dead; body temperatures < 11° C.

3 4
T R o
14.420.5(11) #

17.6+0.4(12)  12.540.9(7)

12.5:0.6(8) #

# | ---

Sequencing was randomized so that half of each group
Each value is the mean * SEM of values obtained; the number in parenthesis
indicates the N at each time point. Values for -dQ/dt and for the slope of the body temperature decay curves

-dQ/dt

e ! o
150.58.3 .13
99.3:5.2 -;209,
- 187.149.6  "]1],‘

226.8+11.3  -.092
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nation of amphetamine plus caffeine had an enhanced toxicity, with the most
rapid rate of heat loss of any tested group. In fact, the 1/12 mice died in
2 hours and all 12 were dead at the 3 hour time point.
DISCUSSION

The use of an excessive environmental temperature differentia] as a
system to examine drug effects on the ability of a homeothermic animal to
maintain body temperature within normal 1imits has been a common technique
(Chen, et al, 1943; Maickel, 1970; Weihe, 1973).} In homeothermic mammals,
the processes involved in body temperature maintehance in the face of a low
environmental temperature include both heat_conSerVation ahd increased heat

product1on (Jamira, et al, 1965' Maickel, et al, 1967). This entire area

of temperature regulatory processes has been the subJect of several extensive

‘reviews (Hardy, et al, 1970; Cabanac, 1971).

The studies presented in the present report are of significant value
in regard'to two diverse findings. First of all, a significant potential

artifact in thermoregulatory studies may exist with mice in that the animals

lose body heat at a significant]y faster rate merely due to an intraperitoneal

‘1n3ect1on of a small volume (0.1 m1/100 g body we1ght) of distilled water.

This effect appears to be due to the injection process, since mere]y punctur-
ing the abdomer or 1n3ection of a similar volume of phys1o]og1ca1 saline
had a similar action. The effect does not ¢ occur in rats (Ma1cke1 1970) and

may thus ref1ect a greater responsivity to stress in the mouse; the add1t1ona1

- stress nav1ng a deleterious effect on thermoregu1atory process

Adm1n1strac1on of caffeine- has a modest antagonistic effect towards the

‘injection stress per se, wh1fe adm1n1strat1on of a single dose of d~amphetam1ne

- appears to exacerbate the stress effect on temperature maintenance. However,

the combination of caffe1ne and d- amphetam1ne had a marked synerg1st1c act1on
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resylting in a rapid temperature fall and the deaths of one hundred percent
of the animals in slightly more than 2 hours of exposure to a 4° C environ-
mental temperature. This drug interaction must be considered in the light
of previous studies from,this 1aboratofy showing that, in the rat, caffeine
had no effects on the anorectic action of d-amphetamine although it did
antagonize the stimulatory effect of the latter drug on continuous avoidance
responding. It appears that the interactions of d-amphetamine (a stimulant
~ of catecholaminergic function) and caffeine (a blocker cf the phosphodies-
terase system that destroys cyclic AMP) may be uniquely specific to the test
system being measured. ‘
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INTRODUCTION

The methyl group attached to the a-carbon of amphetanine confers on
the molecule the property of stereoisomerism, giving rise to two enantiomers,
both‘of which have significant pharnaco]og1ca1 act1v1ty (1). Fora number
of years, the generally held belief was that d- amphetamine was 3 to 5 times
more potent than the 1-isomer as a stimulant of the central nervous system,
while l-amphetamine’was slightly more potent than the d-isomer as a peripheral
pfessor agent (7). However, studies reported in the past fifteen years
give support to the hypothesis that the two jsomers may have actions on
various behavioral test systems that differ in both qualitative and quanti-‘
tative aspects. Moore (15) has shown that the d-isomer is more toxic than
the 1-isomer in both isolated and aggregated mice; this toxicity difference
paralled the potency of the isomers in reduc1ng brain norepinephrine- (NE)
several laboratories 1n studying the actions of amphetam1ne isomers on'
locomotor activity have conc1uded that the d- jsomer is merely more potent
than the 1-isomer (17, 21, 23 25). It should be noted that some of these
studies are confounded by the fact that animals were pretreated with a
monoamine oxida;e {nhibitor (MAOI). ~ studies of the effects of the isomers

on stereotyped behavior suqqested that the effects of d- amphetam1ne could

- be corre1ated with actions on NE systems wh11e those of 1- amphetam1ne

correlated better with actions on dopamine (DA) systems (5 23, 24).

‘ Sparber and coworkers (18. 27) have reported d1fferent1a1 actions of thek
- amphetamine 1somers in operant behav1ora1 systems such as fixed- 1nterva1

and fixad»ratio responding.
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ﬂ'g In addition to these behavioral studies, a number of reports have
demonstrated differentia1 actions of the amphetamine isomers on brain
catecholamine uptake, release, and metabolism; these actions show both
qualitative and quantitative differences in the isomers (4, 19, 26).
Finally, several studies have suggested that a catecholamine-serotonin
interaction may exist in the control of locomotor activity in the rat
'(11, 16), although this hypothesis has recently been challenged by Jacobs,
et al (8). |

| In terms of the effects of amphetamine isomers on spontaneous motor
activity in mice, Bainbridge (2) found that d,1-amphetamine had a dose-
dependent effect on SMA; doses < 5 mg/kg“Wére depreséant, while doses
> 10 mg/kg were stimu]atony.‘

A previous publication from this laboratory (12) demonstrated that
at low (0.5 mg/kg). and high (8.0 mg/kg) doses, both isomers were stimulants
of SMA in mice, while at intermediate doses (1.0-4.0 mg/kg), the d-isomer

' was;stfmu]atory while the 1-isoméeraused a significant depressibn.‘
| The present paper examines the actions of d- and 1-amphetamines on
SMA in mice pretreatéd with agents known to cause alterations in brain.

“biogenic amines: a+méthy1tyrosine (aMT), p-chlorophenylalawnine (PCPA),
pargyline, and reserpine. L B | | |

MATERIALS AND METHODS

Adult, male, Swiss-Webster mice, weighing 25-30 grams were obtained
from Murphy Breeding Labdratories,‘Plainfield, Indiana. The animals were
{Q ~ maintained on ad 1ib diet of Wayne Lab Blox and tap water for 7-10 days

prior to experimental use in an animal room with controlled temperature
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and a 14:10 ]ight-dark cycle. -All testing was done between 1000 and 1600
hours, midway in the light cycle. Drugs were administered by i.p. injection
as aqueous solutions (d-amphetamine, 1-amphetamire, pargyline, reserpine)

or peanut 611 suspensions (oMT, PCPA) in a volume of 0.1 m1/10g body weight.
A11 dosages were given and are reported as baﬁeﬁweight.

oMT and PCPA were purchased from Regis Chemical Company and Pierce

Chemical Company, respectively. d-Amphetamine sulfate was kindly supplied

by Smith-Kline and French; 1-amphetamine phosphate was kindly supplied by
Pennwa1t Corporation; pargyline hydrochloride was kindly supp]ied by Abbott
Laboratories; and lyophylized reserpine phosphate was kindiy supplied by
CIBA- Ge1gy Corporation. |

SMA act1v1ty was measured using groups of 3 mice, in Noodward acto-

~ photometers; the procedure was basically that described in a previous

paper from this 1aboratory (12). The system as utilized has been considered
as a standard1zed measurement of psychogenic spontaneous locomot1on (9).
It 1s espec1a11y reliable for stamu]ant drugs such as d- amphetam1ne, yielding
1nverted~fU" dose-response curves similar to those obtained with continuous
avoidance responding. Brain 1eve1s of 5HT and NE were determined by the
method of Maickel, et al (13). .

o | | RESULTS

Standardization of the SMA Test System.: Effects of Single Doses of

,'Amphetamine Isomers.

In order to restandardize the test system and provide base11ne data
for 1nteract1on exper1ments, the exper1ments reported by Maickel, et a1

(]2) were repeated u51ng doses of 1. 0 or 4.0 mg/kg of d- amphetam1ne or

, 1—amphetam1ne. The data obta1ned are presented in Tab1e 1. As can be seen,
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both doses of d-amphetamine caused a significant increase jn SMA activity

at all time points. The lower dose of 1-amphetamine (1.0 mg/kg) caused

a decrease in activity for the first 10 minutes and an increase in the

third and fourth 10 minute periods, while the higher dose caused a decreased

SMA activity in the first three 10 minute periods and an increase in the

final period.

Effects of Drug Treatments and Pretreatments on Brain Levels of SHT and
AE. e

In order to have some information on the effects of the various compounds
studies on brain jevels of 5HT and NE, assays foq these amines were performed.
The data are presented in Table 2. As can be seen, oMT reduced brain NE
levels by 64% with no change in 5HT, while PCPA reduced SHT levels by 67%

w1th no significant change in NE Pargyline jncreased SHT levels by 89%

“and NE 1eve1s by 81%, while reserpine reduced 5HT levels by 82% and NE levels

by 81%. Neither of the amphetamine isomers had any'significant effect on

either amine.

Effects of oMT Pretreatment on Actions of Amphetamine Isomers.

The data in Table 3 demonstrate the effects of oaMT pretreatment on

the actions of d- and 1-amphetamine on mouse SMA act1v1ty The oMT pre-

treatment itself taused a modest, but sign1f1cant, reduct1on in SMA at all

four t1me 1nterva1s. Both doses of d-amphetamine caUSed an increase in

~SMA in the aMT pretreated mice, although the characteristics of the effect

d1ffered from that seen in contro] animals (Table 1) For,examp]e, the

| magnitude of the st1mu1atory effect of the 1.0 mg/kg dose in the first

act1v1ty 1nterva1 in the aMT pretreated mite,when estimated by the ratio

of cqunts, did not differ s1qn1f1cant1y from that seen in cpntro1‘mice;
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however, in the final two inter\fals, the oMT pretreatment virtually abolished
the stimulatory effect of the d-amphetamine. At the higher dose (4.0 mg/kg)
of d-amphetamine, a similar pattern of reduction of response was seen over
the final two intervals although in the first interval a greater increase
was observed in the oMT pretreated animals than in the controls.

With the 1.0 mg/kg dose of the 1-isomer, a slight increase in SMA
(as compared to oMT alone) was observed in the first interval, followed
by a decrease in the Second interval and then two intervals where no drug
effects were observed. When compared to this dose of 1-amphetamine in
untreated animals, an increased SMA ratio was seen in the first interval,
followed by slightly lower values for the remaining intervals. The 4.0
mg/kg dose of 1-amphetamine in aMT pretreated mice showed no intervals with
SMA counts greater than those of pretreatment alone. When comapred to the
effects of that dose of 1-amphetamine in control mice, the only significant
difference was a~marked Jessening of activity in the 31-40‘minute interval.

' )
Effects of PCPA Pretreatment of Actions of Amphetamine Isomers;

These data are presénted in Table 4. Pretreatment with PCPA had no
significant éffects on SMA at any of the intervals. Both doses of d-amphetamine
jncreased SMA significantly at all intervals as ;ompared tc PCPA pretreatment
alone. The magnitude of stihu]ation evoked by tﬁ; Tower dose of d-amphetamine
(1.0 mg/kg) was somewhat reduced by the PCPA pretreatment. In coatrast the
higher dose of d-amphetamine was slightly more effective in the animals
pretreated with PCPA. |

At the lower dose (1 mg/kg), 1—amphétamine acted as a stimulant in PCPA
pretreated animals; the effect was greater than that of the same dose in

control animals. The higher dose of 1-amphetamine (4.0 mg/kg) had no signifi-
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cant effect on SMA in PCPA pretreated mice.

Effects of Pargyline Pretreatment on Actions of Amphetamine Isomers.

The data, as presented in Table 5, show that the pargyline pretreatment
jtself caused a significant decrease in SMA over the last three intervals.
When compared to these values, both doses -of d-amphetamine caused increased
SMA at all intervals; only the first interval with the lower dose was not
statistically significant. However, in comparison to the effects in control
animals, the pargyline-pretreated animals were less responsive to the stimu-
latory action of d-amphetamine at both doses. |

1-Amphetamine had no significant actions at the lower dose (1.0 mg/kg) |
when compared to pargyiine pretreatment alone. At the higher dose (4.0 mg/kg),
a complex pattern was seen, with significantly decreased SMA in the first
and fourth intervals, a significant increase in the‘second, and no effect
in the third when compared to pargyline pretreatment alone. When compared
to the actions of the 1§isomer in untreated animals, the effects of pargyline

pretreatment seem to have been those of removal of any stimu]atory component.

vEffects of Reserpine Pretreatment on Actions of Amphetamine Isomers.

Table 6 shows that mice treated with a single dose of reserpine (10

mg/kg, i.p.) 24 hours prior to testing obviously dispiayed the typical

 sedation syndrome with a virtual absence of SMA. Administration of the

1ow-dose (1.0 mg/kg) of d- amphetamine evoked a small but significant increase

‘ in SMA which was far less than that produced by a similar dose in contro]
~ animals. However, the larger dose of the d isomer, when given to reserpine-

pretreated mice, produced counts that were greater, at each interval, than

those seen in contro] animals given the same dose.
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Administration of the 1ow‘dose~(1 mg/kg) of 1-amphetamine to mice pre-
treated with reserpine resulted in a brief stimulatory response of small
magnitude followed by negligible activity over the last two intervals.
At the higherydosage, the 1-isomer was slightly stimulatory, with the

effect decreasing with time.

DISCUSSION

The effects of amphetamine on various aspects of animal behavior have
been the subject of literally thousands of‘experiments. Until about twelve
years ago, most reports concluded that the two isomers of amphetamine
differed only in terms of quantitative potency. This was especially true
in terms of behavioral tests in which the drug effect was‘manifested as a
central stimulatory activity, thet is, one resulting in increases in rates
of activity or responding. More recently, a variety of reports (18, 27),
including one from'this laboratory {12), have'suggested that some basic
qua]itative:differences may exist in the actions of the amphetamine 1isomers
on animal behavior. fn extending our’previous work, the use of the simple
actophotometer, with groups of 3 mice per unit, was continued as a measure

of spontaneous motor act1v1ty. The use of naive mice in each test run

1nsured a high component of exp]oratory act1v1ty in the overall SMA measure-

‘ment; the use;of 10 minute counting intervals perm1tted evaluation of

varying duration,of drug effects as'we11 as enhanoing the magnitude of |
spec1f1c phenomena of brief duration. |

The data obta1ned in control (non- pretreated) an1ma1s, as presented in

"‘, Table 1, were bas1ca11y s1m11ar to those prev1ously reported by th1s laboratory ‘
,(12) Thus, d- amphetam1ne, at both dosages, (1 0 and 4 0 mg/kg), caUSed a

,marked increase in SMA over contro1 va]ues. The decrease in SMA during the
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third interval at the htgher dose of d-amphetamine was seen consistently
and may reflect a temporary fatique. 1In contrast to the d-isomer, 1-amphet-
amine showed markedly differing dosage effects. At the lower dose (1.0
mg/kg), a significant decrease in SMA in the first interval was followed

by a non-significant action in the second test interval, and a slight
stimulatory action in the remaining two intervals. In contrast, the higher
dose of 1-amphetamine (4.0 mg/kg) caused a significant reduction’in SMA
activity over the first 3 test intervals. reverting to stimo1atory actions
only in the last ten minutes.

The first pretreatment studied was that of oMT which proddced a 64%
decrease in whole brain NE at the time of starting the test per1od with no
significant alteration in brain S5HT (Table 2). Since aMT depletes NE by
inhibition of tyrosine hydroxylase, it may be assumed that some reduction in
brain dopamine levels also occurred under these conditions (22). With this

pretreatment, the stimulatory effects of the low dose of d-amphetamine were

" markedly reduced both'in magnitude and duration (Table 3), while the higher

~ dose had an initial stimulatory effect greater than that seen in controls,

followed by a rapid abatement of,stihulatory activity. These resu]ts‘confirm
the observations made by'Miller; et al (14) that aMT pretreatment had a
marked effect on the ab111ty of d- amphetam1ne to 1ncrease continuous |
avo1dance respond1ng in rats. Thus, the st1mu1atory actions of d- amphetam1ne !

may be dependent upon the presence of a 1ab11e or new]y synthesized cate-

‘ cho]am1ne pool. In contrast to the act1ons on d amphetam1ne, the oMT

o pretreatment generally caused the 1- 1somer to have a greater SMA depressant

effect, espec1a11y in terms of duration of act1on Th1s would agree w1th

the hypothes1s that this depressant act1on may involve systems that are
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functionally antagonistic in terms of controlling SMA; one involving cate-
cholamines, anl the other involving some other biogenic amine.

Pretreatment with PCPA, at a dosage regimen that reduced brain 5HT
by 67% with only a slight and non-significant action on brain NE, (Table 2),
had no significant effect on the SMA (Table 4). PCPA pretreatment caused
a small reduction in the SMA stimulation evokec by the lower dose of d-
amphetamine, but enhanced the stimulatory actions of the higher dose of
d-amphetamine. The action of PCPA pretreatment, with its concommitant
reduction of brain 5HT, was most dramatic on the effects of 1-amphetamine.
The depressant effects of both doses of the 1-isomer was completely blocked;
indeed the lower dose even showed a modest stimulatory effect on SMA. These
results lend support to the hypothesis that the depressant actions of the |
1-isomer on’SMA,may involve action on a serotonergic system.

Pargyline pretreatment, e1evat1ng brain Jevels of 5HT by 110% and NE
by 81% (Table 2), caused a modest decrease in SMA (Tab]e 5) p0551b1y due to
an increased serotonergic tone. The stimulatory effects of both doses of
~ d-amphetamine were reduced at all intervals; the mostvdramatic reductions -
were seen in the periods beyond 20 minutes; where the 3- to 5-fo1d increase
“in counts seen in control animals was reduced‘to 2- to 3-fold increases by
'the pargyiine pretreatment In contrast to these observations, the Tow
dose of 1-amphetamine was without a significant effect on SMA, while the

high dose depressed SMA activity in the first and fourth 1ntervals, but

g showed a 51gn1f1cant paradox1ca1 increment 1n the second interval.

Reserpine pretreatment, on the other hand reduced brain SHT levels

| by 82% and brain NE 1evels by 80% (Table 2); under these conditions, SMA
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was virtually abolished (Table 6). Both doses of d-amphetamine had
stimulatory activity in reserpine pretreated animals (Table 6). In fact,

the effects of the 4.0 mg/kg dose were similar to or greater than the actions
of the drug in non-treated controls. This may be a reflection of a central
nervous system version of "supersensitivity" (28) or it may ref]ect a direct
stimulatory action of d-amphetamine as proposed by Rech (20). At the

lower dose, 1-amphetamine had a very small stimulant effect in reserpine-
pretreated animals, while at the higher dose the l-isomer had a modest
stimulant action,'approximately one-fourth as potent as that of the d-isomer.
of course, since the SMA after reserpine pretreatment was so Tow, it was
imposSib]e to elicit any further depression with 1-amphetamine. Neverthe-
less, it was of interest‘to discover that the mixed activity of the 1-isomer
could be so easily converted to purely stimulatory action by virtue of
reserpine pretreatment. | | |

When the various results presented in-this paper are recomputed in

terms of "percent control® as described by Jacobs, et al (8), a most 1nteresting

set of numbers are generated; these are presented as Table 7 In ne instance
d1d any dose or count interval in , animals treated w1ch d- amphetamlne show
a decrease in SMA; 1n contrast, with the except1on of the animals pretreated

with_reserp1ne or PCPA, the preponderant response to 1- amphetam1ne was a

“,decreased SMA.

Ah overview of these results leads to the conclusion that the d-isomer

ofeamphetamine; at doses of 1.0 and 4.0 mg/kg, k.p. in mige, has a net:

 stimulant action as reflected by increased SMA, and, that this effect is

mediated by;catecho1amine release from fresh1y Synthesiied or labile pools.
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In contrast, the 1-isomer of amphetamine appears to have 2 dual nature.

In addition to possessing a modicum of catecholamine releasing activity,

it also has an ability to interact with serotonergic systems, perhaps by

the very nature of its g-phenylethylamine structure. Thus, if one assumes
that SMA reflects a net activity controlled by a npalance" of 5HT and
catecholamine functions (3, 6), d- amphetam1ne will increase SMA by shifting
the hba]ance" to the catecholamine side, while 1-amphetamine will decrease
SMA by shifting the "halance" in favor of the serotonin side. The possible
role of other biogenic amine systems (such as dopamine) cannot be eliminated,
although in the’present work, the levels of amphetamines used may not have

had a significant action on dopaminergic systems (10).
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TABLE 1

~

Effects of Single Doses of Amphetamine Isomers on Mouse SMA

: Couhts per Interval + SEM* #
| Isomer Dose N 0-10 min 11-20 min 21-30 min 31-40 min F
i - mg/kg '
AR -- 15 818+ 25 558+ 16 393+ 12 297+ 10 --
o 1.0 12 1266: 46" 1200: a2l 12708 3 1257+ 451 <.01
d s.0 12 1aoss a3l 1ee7s 47! tz0se 37’ 1soee 11 <00
B 1.0 12 690+ 22° 565+ 141° 260+ 17 385 161 <.05
o 4.0 12 e75¢19°  303¢ 140 283+ 15 4092 19! <.01

Data were obtained as described in Materials and Methods; each NV

represents a run of 3 mice.

*Syperscript letters refer to individual comparisons of each interval
to corresponding control interval by two-tailed "t" test:

I = increased counts (p < .001)

D = decreased counts (p < .001)
y NS = non-sigpificant
;‘ #On? wa{ anaTysis of variance for drug effect; p values are given for
. F (2,6). ' . ,
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TABLE 2

Effects of Drug Treatments on Levels of SHT and NE in Mouse Brain

Brain Levels (ug/g * SMA)

Drug Treatment N SHT NE
None 12 073+ .02 0.59 + .02
T 8 0.77 + .02 0.21 ¢ .01°
PCPA 8 0.24 + .02° 0.51 + .02
Pargyline 8 1.38 ¢ 050 1.07 + 05!
Reserpine 8 0.13 = .OID 0.11 + .OID
d-Amphetamine 6 0.71 &+ .02 0.58 + .02
1-Amphe tamine 6 0.73 + .03 0.59 + .02

Each "N" value represents a pool of brains from 2 mice. Pretreatment

schedules were as fol]ows:

oMT - 150 mg/kg, i.p. (peanut oil suspension) at 24 hours and 4
hours prior to sacrifice.

PCPA - 400 mg/kg, i.p. (peanut oil suspension) at 48 hours pribr
to sacrifice. ‘

Pargy11ne - 40 ma/kg, i.p. (aqueous so1ut1on) at 24 hours and 4
liours prlor to sacrifice. _ ‘

~ Reserpine - 10 mg/kg, i.p. (aqueous solut1on) at 24 hours pr1or
S to sacr1f1ce , ’

. d-or 1 Amphetamlne -4 mg/kg, i.p. (aqueous so]ut1nn, at 30 minutes
prior to sacr1f1ce

Values differing s1gn1f1cant]y from control (two- ta11°d g test, p < .05) ,
‘are indicated by D = decrease or I-= 1ncrease
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TABLE 3

premmiT—————__g

Effects of aMT Pretreatment on Actions of Amphetamine Isomers

Counts per Interval % SEM*

<.05

tose N 0-10min  11-20min 2130 mn N-40min  F
mg/kg | S 7

.- o 708z 30°  429% 22° 2075 170 237+ 160 <.01
1.0 s ms7e et} 850s 650 a8 43S 372 230 <.05
a0 4 2062sm190 1239 86! a00s 245 301+ 26 <.05
1.0 s sses a3l 283 230 296+ 20" 276+ 28"

4.0 s gogs NS 320 28 2541 27 160+ 16° <.05

Animals were treatéd with oMT as described in Table 25 each "N"

represents a run of 3 mice.

*Syperscript letters refer to individual comparisons of each interval
to the corresponding control (for oMT alone) or oMl interval by two-

tailed "t" test:

I = increased counts (p <.05)
D = decreased counts (p <.05)
NS =

non-significant
#Dne way analysis of variance for oMT effect as compared to control

data (Table 1) and for each drug effect as compared to oMl alone;
~ p-values are given for F (2,6). ~



v | TABLE 4

Effects of PCPA Pretreatment on Actions of Amphetamine Isomers

Counts per Interval + SEM*

Isomer Dose N 0-10 min  11-20 min 21-30_min 31-40 min F?
mg/ kg ‘
- 16 832+ 24™ 550 23V 427+ 16 310+ 15 NS
d 1.0 s 167+ 66! 927+ 52! 867+ 36T 1008+ 35! <.01
d 40 o 17a2s 690 172as 96! iszae7al  tes3e 98l <0l
1 1.0 s soe: 0™ 764 a6t 767¢ 36! 726+ 487 <01
1 4.0 4 800 49" q97: a5™ s02: 49 357+ 34 NS

Animals were treated with PCPA as described in Table 2; each npn repre-
sents a run of 3 mice.
*Syperscript letters refer to individual comparisons of each interval

to the corresponding control (for PCPA alone) or PCPA interval by the
two-tailed "t" test: ' '

I = increaséd counts (p <.001)
D = decreased counts (p <.001)
NS = non-significant

#One way analysis of variance for PCPA effect as compared to control
data (Table 1) and for each drug effect as compared to PCPA alone;
p values are given for F (2,6). : S :

298



TABLE 5

~

Effects of Pargyline Pretreatment on Actions of Amphetamine Isomers

Counts per interval + SEM*

Isomer Dose N 0-10 min 11-20 min 21-30 min 31-40 min _Ei
mg/kg
- - 6 901+ 32" 483+ 247 340+ 150 250+ 117 <.05
d 1.0 3 972+ 2™ 1075+ 58] 557+ 541 599+ 551 <.01
d 4.0 3 1257:105"  1099s 59T 697+ 621 797+ 381 <.01
1 1.0 3 797+ 4™ 483: 46 241 53 200: 42 w5
1 4.0 3 722+ 48" 748s 731 357+ 43N 128¢ 21° <05,

Animals were treated with partyline as described in Table 2; each "N"

‘¢

represents a run of 3 mice.

*Superscript letters refer to individual comparisons of each 1nterva1

to the corresponding control (for pargyline a]one) or pargyline interval
by the two-tailed "t" test: ,

I = increased counts (p <.02)

- D = decreased counts (p <.02)
NS = non-significant

#One way analysis of variance for pargy11né effect as comnaréd to control

data (Table 1) and for each drug effect as compared to pargyl1ne a10ne,
p values are given for F(2,6).

i
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L TBLE 6

Effects of Reserpine Pretreatment on Actions of Amphetamine Isomers

v

Counts per Interval & SEM* °

Isomer Dose N 0-10 min 11-20 min 21-30 min 31-40 min
mg/kg
I — 6 6+ 1P 5+ 10 1ns 20 12¢ 4P
d 1.0 3 191£ 168 300: 28 354+ 26! 180+ 201
d 4.0 3 1ea11’  1799: 94! 1838:1147 19302 59
1 1.0 3 68+ 107 50+ 121 18: 6" g 3
1 4.0 3 4s5: 460 464+ 587 330+ 281 162+ 24}

Animals were treated with reserpine as described in Table 2; each "N"

represents a run of 3 mice.

*Syperscript letters refer to individual comparisons of each interval to
the corresponding control (for reserpine alone) or reserpine interval by
the two-tailed "t" test: ,

I = increased counts (p <.01)
D = decreased colints (p <.01)
NS = non-significant

' #One way analysis of variance for reserpine effects as compared to control
data (Table 1) and for each drug effect as compared to reserpine alone;
p values are given for F (2,6).
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Effects of Variou

TABLE 7

s Pretreatments on SMA Actions of Amphetamine Isomers

Pretreatment

None

aMT

PCPA

Pargyline

Reserpine

© None

aMT

PCPA

Pargyline

Reserpine

Isomer

I

Percent Control Counts

Dose 0-10 min 11-20 min
mg/kg .
0 155 231
0 183 304
1.0 163 198
4.0 291 289
1.0 139 165
4.0 208 308
1.0 108 223
4.0 140 228
1.0 3183 6000
4.0 27183 35980
1.0 84 101
4.0 83 54
1.0 121 66
4.0 89 77
1.0 107 137
4.0 96 89
1.0 88 100
4.0 80 155
0 1133 1000
.0 8083 9280
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21-30 min

323
308

137
104

203
427

193
205

3218
16709

117
72

100
86 .

180
92

7
105

164
3000

423
508

134
127
325
607

240
319

1575
16083

130
138

116
68

234
115

84
51

67
1350

31-40 min
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