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IRTRODUCTION

One of the sarliest and still most vexing socio-medical problems
is the prevention and treatment of obesity. Only receantly have
sclentists been able to spproach this problem st a basic level. The
obgsexrvation thet hypothalamic damage in enimgls could result in obesity
provided a weans for esperimental investigation of the eticlogy and

control mechanisms vegulating hunger, satiety, and feeding behavior.
f@ produce hypothalsmic damage it 1s nscessarxy te use sterectazic
techniques which limit the phamacologic usefulness of this procedure,
However, the racent observation that a single injection of aurc thioe
glucose (hersafter referred to as GPG) could induce massive obesity in
mice was & suggestion for the large scale production of cbese animals
for research and assay purposes.

In order to be a valid model of humen disease, sn experimentally
preduced pathologiec condition “mmat not only resemble the human dizease
and its symptems, but also react comparably to drups® (41). One must,
therefore, evaluate the medel itself im ovder to test its velatiomship
to the hunan counterpart, or clinical cbesicy.

IN THE STUDIES DESCRIBED IN THIS THESIS THE OBJECTIVE HAS BEEN THE
EVALUATION OF 6TG INDUCED OBESITY AS A MODEL OF CLINICAL OBESITY.
OBESITY HAS BEEN PRODUCED IN MICE BY THE INJECTION OF CTG. AN EVALUATION
OF THIS RXPERIMENTAL OBESITY HAS INCLUDED STUDIES ON THE mdn CONSUMPTION,
FEERING BEHAVIOR, LOCQMUTOR ACTIVITY, OXYCEN CONSUMPTION (MEFERBED T0O



TOTAL BODY WEIGHT AND LEAN BODY MASS), PHARNACOPATHOLOGY, AND THE
RESPONSE TO ANOREXIGENIC ACENTS. ATTEMFTS TO RELATE THESE RESULTS TO
THOSE OF OTHER INVESTIGATORS IN HUMAN OBESE SUBJECTS ARE DISCUSSED.

HISTORY

In oxder to apprecilate the scope and limitations of this type of
investigation, the folleowing veview of the historical development of
knowledge concerning cbesity is offered. Major emphasis has been
placed on those factors which contribute to an understanding of the
hypothalamic involvement in appstite regulation, and thereby te an
appreciation of GTC ohecity. In addition, a chronclogic development
of the pharmacolegic primciples and methods involved in the prophylaxis

and treatment of cbasity is reviewed.

Definition and Importance of Obesity
The temn obesity is derived from the Latin "obesus® which means

fggten up® or’lean.® This word gradually acquired the opposite mepaing,
that of being overwelght. "Adipesity® is & synonym which describes the
condition more adequataly since it originates from the Latin "adeps"
moaning "fac® {104).

Attempts to define obesity arve fraught with difficulties. Since
this problem has and is being studied by sociale-scientists as well as
physiologists, pathologists, blochemists, snatomists, phawvwmacologists,

and clinicians in most of the medical specialties, any attempt toward
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& restricted definition would most likely emcounter vigorous oppesition.
In contrast to most medical problems, cbesity, by its very multi.
origined nature, would appear to be one term vhich does not require
linitations im definition in order to facilitate umderstandiug.

it is penerally sgresd that whenever an abnormally large amount
of adipose tissue is accumulated, the subject may be referred to as
ecbeses The problem, then, iz not the definition of cbesity but of the
abnormality, Whether the cause be psychiatrie, pathophysiologic, or
pathopharmacologic, the effect is always the same, i.e¢., deposition of
fat sbove the definsd nommally acceptable limits. In most instances,
a ressarch phamacologist can avold & discussion of the borderline
betwean obesity and nowmaley. It is his respemsibility to investigate
means for decreasing the adiposity of patients who have previcusly been
diagnosed by the clinician. He %8 alse interested in etiological factors
as a guidepost for the direction of researches aimed at trestment or
reversal of the processes causing excess accumulation of adipose tissue.

The significance of chesity as a socio-ecomomic problem iz of
ancieat origin while the basis for medical voncern about the effects of
excess fat is only of vecent origin. Man's primary nutritional problem
always has been and still remains to be that of starvation. Nevertheless,
the following quotation is food for thought:

For the first time in history, the United States has

produced a soctety in whick less than one-temth of the

people tura out so much food that the Government's most

embarrassing problem 1s how to dispese inconspicuously of

100 million tons of surpius farm produce, In this same

society, the plain citizen can with an average of only one-

f1fth of his income buy more calories than he can consume.,
Refrigeration, automated processing and packaging conspire



to defy season and banish spoilage. And in the wake of the

new affluence and the new techrics of processing comes a

new American interest im how what people eat affects their

heglth,. To eat is human, the nstion is lesrning to think,

to survive divine (4).

& widely investigated aspect of obesity has been its statistical
relstionship to debilitating dissases. Kinsell (76) mentiomns that theve
is adequate evidencs to indicate an increaaing incidence of at least the
following in obese individuals: disbetes, hypertension, athercsclerosis,
hypothyroidism, Cushings Syndrome, gout, glycogen storsge disease,
eunochoidism, snd hirsutism. To this list Thorn and Bondy (113) add
degenerstive arthricis and cancer and state that "indeed tha emly common
cause of death which does not strike eariier in the obese than in the
lean population is suicide!” Schwabe (106) has suggested thet "50% of
the Amarican population over the age of 40 guffers from some degree of
obesity." Briggs (30) has somewhat more cengervatively estimated that
the incidence is from 10 te 12 per cent in childven and that about
15,000,000 sdulte in the United States are obese.

Bven pricr to the introduction of statistical information, it had
long been considered deeirable to prevent or reverse excess adiposity,
Izrational methods of therapy long preceded any raticmal efforts to
underatand the mechanisms regulating feeding behavior and emergy balance.
Thus, for reasons of chronology, the treatmant of obasity will bs dise

cussed prior to etiolegy.



Pharmacological Approaches to the Treatment of Obesity

Historically, the treatment of obesity has consisted of such
neasures as bleeding, lseches, blistering, vegetable diets with large
quantities of vinegar, baths, induction of grief and anxiety, surgical
vemoval of exubersnt fatty tissue, emeties, digitalis, diuretics and
preparations of halides (71), Waring's Practical Therapeutics, 1874,
discusses the four wmost commonly used methods of treatment of obesity;
te¢., ammonium bromide, Fucus Vesiculosus, Potassee Liquor (Solutiem of
Potash - potassium bicarbonste), and alkalies (117). Cencerning the
widely used Fucus Vesiculosus (obtained frem sea algae), Waring States:

As a remedy for gbesity, the decoction, or, which is

preferable, the extract of this seaweed (in doses of grs. xl-

ixax daily, in divided doses) has been highly praised.eese

and it efficacy has been confirmed in his owm person by

Dr. Godefraysssesin g perlod of thirty.four days, under the

use of the emtract, in doses of grs. ivss, thrice daily,

taken at the commencement of each meal, he lost nearly

3% ibs. in “ishto

Brupton {36), in 1889, in his A Textbook of Pharmacology, Therapeutics

and Materis Medica listed remedies in common use for corpulence such as
alkalies, alkaline waters, ammonium bromide, Danting's System {liviag
on meat and green vegetables, and aveiding starch, sugars, and fats),
Fueus Vesiculosus, potassium permanganaste, salines, sedium chloride,
sulpburous waters and vegetable acids.

In contemporary medical practice many of these or similar prepara-
tions ave still uvsed, Diuretics, thyroid extract (in place of iodine
or Fucus Vesiculosus), digitalis (for “obesity" of eawdiac origin), and
starvation diets are widely employed, although with a semevhat greater



understanding of their pharmacologic mechanisws of action,

&n original contyibution of the twentieth century to thie
ammgmentarius is ssphetamine, Although first prepaved in 1887 (27),
auphetanine was not used therapeutically until 1932 when it was intro=
duced as an inhalant following Alles' {(5) chemical and pharmacological
investigations. MNathanson (96) and Davidoff et al (43) observed that
weighe zaéuca;im occurred a5 a side effect in patients using gmphetamine
as an inhglant:

Ten patients noticed a marked loss of appetite and with

this a definite reduction in weight.....the loss of weight

varied fyom seven to twenty pounds. 4 study of the basal

netaboligm in two patients who had lost weight indicated that

the loss of weight was not due to an increase in the basal

metabolic rate. The loss of weight can probably be explained

by the lessened appetite and increased physical activity.

Today, nearly all of the more than 1500 Amexican drup manufsctuvers
prepare amphetmim containing anti-cbesity apents for puscriﬁtinn
purposes. Some combine the amphetamine with sedatives, thyroid,
stropine, laxatives, or vitsmins. Since saphetamine and its conpenexs
ave rclated to epinephrine, they possess pressor and bronchiodilatory
characteristics. Clinically, and in the treatment of cbesity, the
auphatanines ave used to produce central mervous system stimulation,
reduction of fatigue, and suppression of appetite (80)., This triad of
actions is found not only in amphetamine but, also, in methmmwphetamine,
pheametrazine, phendinetrazine, benrphetamine, pbenterasine, diethyl-
propion and other phenethyl mnine devivatives. The structural similarie

ties of these agents to each other and te epinephrine and ephedrine

(the parent compounds) are showm in Figure 1.



Pigure 1

STRUCTURAL RELATIONSHIPS OF SYNPATHOMIMETIC DRUGS
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Although mmerous clinicel investigations have elueidated the many
phamacologic sctions and side effects of the amphetanmine drugs, little
is knewn about their mechanism of action in the trestment of obesity.
Lack of knowledge concerning the mechanisms regulating energy balance,
appetite, and feeding behavior has hindered the steaimment of such
information. During the past several years, Amslrod (21) has been
studylng the metabolism of the catecholamines and sywpathomimetic amines
and has contributed greatly to an undarstanding of the progevitiss of
these biologically active chemicals. He has shown that, unlike the
catecholamines, the amphetanines are found fn the brain and eerebroe
spinal fluld in high concentrations suggesting that there is probably
litcle hindrance to their passapge across the bloodebrain barrier. This
observation has been confimmed by the Clé.amphetamine studies of Young
and Gordon (48)s They found significant levels of radioactivity in
brain tissue within ten minutes after intraperitoneal adninfstration of
1.5 mg/kg of the labeled drug to vats indicating rvapid localization of
this drug in the brain. They also observed that fncreased motor activity
was greatest when brain concentrations were greatest. Peak activity was
obsezved at ome half hour after {njection while at four hours "the
animals conmenced to dose in thelr cages, and only traces of radice
activity could be detected,v

Axelrod (20)(21)(22)(23) has shown that the sympsthemimetic smines
ere metabolized by a variety of psthways which include hydroxylation,
conjugacion, deamination, and He and O« demethvlastion. Tigure 2 shows

the netabolism of smphetamine as proposed by Amelrod.



Figure 2

METADOLISH OF AMPHETAININE

{(After Amelrod)
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Sunith (108) bas shown that ampbetamine-induced increases in locos
motor activity ave accompanied by a decrease in brain noveepinephzine
and an increase in brain S<hydroxytryptamine (serotonin),

Early phammacological and clinical studies indicated that there
wis probably & considerable margin of safety between therapeutic and
toxic doses of ampbetamines. Relative to the continued use of snphets
amine, 1t 1s of intervest that repeated sublethal doses in rats fail to
;rﬁduce detectable gross abnormalities (53)., Some of the reported
actions of the amphetamines arve shown in Table 1.

it is necessery to recognize the great diversity of actions of the
anphetamines in oxder te appreciste the difficulty of meparating the
ancrexigenic effect from the other sffects. aAmphetamine, although far
from beding an ideal drug, has been the firvst pharmmacolopic agent to be
introduced for the treatment of obesity as the result of rational
pelentific obsarvation. Ite usefulness in treasting obesity was dise
coverad by caveful pharmacological investigation of the side effects
resulting when anphetamine was being used for ancther therapeutic pur-
pese. It is hoped that further studies on the blochemorphology of the
anpbetanines will lead to the development of more specific drugs which
hgve the ability to produce reversible anorexia without the sppeavance

of telerance or adverse reactions.
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TABLE 1

SELECTED ACTIONS OF THE AMPHETAMINES

Cardiac Output

Heart Rate

Blectrocardiogran

Blocd Pressure

Blood Supar

Blood Lipids

Pain

Addiction

no change {(6)

a) bradycardia (2)
b) no effect (6)
no change (24)

a) increase sufficient to contyae
indieate in cardiacs (5)(109)

b) incremse in cats (103)

¢) below 30 mg no change above causes
narked rise in systolic and diastolic
prassures (3)(6)

d) incresse not sufficient to contrae
indicate in cardiacs (80)(81)

e) tachyphylaxis does occur (2)(80)

£) inhibits nor-epinephrine induced
increases in blood pressure in
isolated heart prepsrations (98)

does not influence carbohydrate
utilization; concentration of sugar,
lactate, or scetome bodies in the
blood (3)

increases rats of wmobilization and
blood levels of free fatty acids
(973€105)

2nl§g¢ii¢ in chronie painful discases
68

does occur (1)(27)(50)

{continued on next psge)



TABLE 1 {(continued)

9.
10.

il.

12,

Eye
CGagtrointestinal Tract

Respiration

Basal Metabolic Rste

Yterus

Kidney

Electroencephalogre:

i2

aydriasis (2)(28)

decreased motility (2)
slows gastric emptying time (3)

a) respiratory dynamics, and vital
capacity unchaunged (6)

b) analeptic in laxge doses (48)

¢) respiratory rate of animals
incrassed (28)

noe change, few reports of increase
attributable te incressed psychow
motor activicy (3)(96)

increased tome, decreased amplicude
of contractions {2)

no changes except in very large
doses (2)(53)

a) abolishes abnormal discharges in
children with mild epilepsy and
behavioral discrders (28)

b) increased arcusal pattern at doses
sufficient to produce psychemotor
stimulaticn seen in all cortical
veglons and in leads from the medial
and latersl thalamic nuclei, the
t(xypgthnlm, and the caudate nucleus
{as

e) iacreased activity from medial
hypothalamus (14)(32)(50)(119)

d) EBG sffects ended in 120 minutes
in humgns (60)

e) EEC effects still present gfter
5 to 6 hours in consclous cat (28)

(concluded on next page)



TABLE 1 (concluded)

16.

17.

18,

19,

20.

Poychomotor Stimulation
Lecomotor Activity
Dose Ragponse

Seeretions

Appetite

13

does occur (28)(43)(50)(6D)
increased (96)(108)

emaller doses are needed to produce
gyastemic than alerted EECG patterns
and behgvioral changes (28) '

zerostomia (56% in one study on more
than 400 cases) (3)(50)(95)

anorexia (3)(8)(93{43)(47)(50)¢(6)
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Pgychological and Physiological Goncepts of Feeding Behavior

Obesity is of multifactorisl origin. To comprehend ite etiolopy
and nature, one wmust consider both the psychological and physiological
components of the vegulation of energy exchange, A discussion of
current concepts related to these factors is offered heve.

The complex of sensation thst is peculiar to man and the higher
animals which Murges and compels to inpgestion of food® (38) is referrved
te as hunpger and appetite. If hunger is defined in terms of the condis
tions leading to food intake rather than as & sensation complex, 1t s
apparent that this urge 1s even more fundsmental than the sexual urge.
Feeding s, of course, a prevequisite for uvne's survival while wveproducte
ion is ounly essential for preservation of the species. All theories |
dealing with the repulation of hunger and sppetite imply involvement of
the nervous system ag an integral part of the hunger mechanfsms. But
how this would explain the changes observed prior to and after feading
io those unicellular animals which have no specialized nervous systems
is wknowns

There are indications, them, that relative depletions

of ingested food material, at least in some of the pretoszoa,

results in increased motility (ameboid, ciliary) and inereased

avidity for food or rate of food intake. These phenomena
probably indicate a condition of imcroased cell excitability;

that is to say, & state of hunger in the protozea is a state

of inereased excitabilicy (38).

Xt &s interesting to speculate that such & change in amcitability may
be an important fector in the regulation of food intaks in man.

Peripheral and cemtral "receptor® celle may vespend (as will be shown

lster) to envirommental factors in such a way as to alter their
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excitability, thereby triggering alterations in sppetitive behavier
{119). Another point of intevest to ponder is that of the great
eighteanth ecentury physiclogist, Haller, who stated, "Amomg animals,
those having the shortest span of life, such as the insects, are the
nost voersclous feeders., The caterpillar ests and defecates continucus-
iy® (70).

Prior to the twentieth century, three theories were proposed to
account for this hunger phencmenon, The f£irst supgested that hunger
resulted from stimulation of sensory nerves in the digestive txacty
fe2., the paripheral origin theory. The second has been termed tha
“central origin® theory which proposes direct stimulation of a hyp§~
thetical "hunger ceater" fu the brain by the presence or absence of
various substances in the blood or by changes in the metabolism of the
center itself (slteratioms im cell excitabilicy?)s The thizd consisted
of & compromice between the fixst twe theories; f.8+, & peneral sensae
tion produced by central and peripheral alterations. Reviews and
discussions of these theories ave available (10)(83)(38)(e4).

later studies showed that total demsrvation or surgical removal of
the stomach did not influence food inteake regulation {64), These proe
cedures do net eliminate hunger sensations nor even delay the onset of
such sensations. It appears, therefors, that the site of food intake
regulation 1s probably cutside the gut. The observations that feeding
per rectum as well as by the intravemcus routs appeased hunger (38),
and that cthe taste, smell, perception, or proprioceptive feedback from

ozal food are not essemtial to the regulation of feeding (55), added
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further support to this conclusion.

What, then, ave the neural and psychiec mechanisms regulating bunger
and feading behaviozr? If these were known and understoed, it would
appear that enlightemment would be forthcoming as to the pathe.
physiologic alterations causing obesity. OCrossman (31) attempted to
clarify undexstanding of the behavioral snd psychic relations in deplete
ion and repletion. He defines hunger as the complex of sensaticns
evoked by depletion of body nutrient stores, appetite as the desive
for food, fullness as the coplexn of gensations associated with replets
ion of body nutrient stores, and satiety as the corresponding effective
state in repletion signifying a desire nmot to eat. He further suggests
that at lsast a pert of feeding behavior is learpad:

Before lesrning has cccurred, as in the infant, deplete

ion calls forth hunger sensations and unleawrned feeding

reflexes. The latter leads to vepletion which, in tum,

produces the sensation of fullness. Repetition of this

cycle eventually leads to lsarned behavior in association

with affective vesponses. Thus, ths sensation of hunger

evokes a desire for food or appetite, which, in tumn, leads

to appetitive bebavior, learned food seeking and food taking

activities which vresult in repletion snd sensation of fulle

ness. When cenditioning has become established, the sensation

of fullmess is attended by the affsctive state of patisty

which is reflected in a suppression of appetitive bebavioz.

One might conclude, then, that hunger is a bodily defense mechanism
against depletion of nutrient stores. The sensation of hunger wmay result
in on increased desive for food, appetite, and theveby appatitive behave
for. Obesity would be classiffed in this vregard as a psychopathologic
state wherein am increass in appetite has produced an increase in
appetitive or feeding behavior beyond the needs zequired to velisve the

hunger sensation, and that this state zesults in a pesitive energy
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balance, Unless this increase in fepding behavior can be balanced by
a corresponding incresse in energy espenditure, there will »esult an
accumulation of potential energy in the form of fat.

What, then, are the physiologic mechanisms which regulate the
psychic affective state of appetite? Since recent investigations have
contributed much towsrds an amswer to this question, they are reviewed
in pome detail at this time.

Fr8klich (58), in 1901, described a case of cbesity, genital
hypoplasie and progressive diminution in visual seuity in & l4eyear old
boy in whom operation vevealed a craniopharyngioms. This syandsome
{Fr#hlich's syndvome) has been shown te be provoked by lesfons of the
hypothalamus. Zastrup-ligdsen and Creisen (25) reported a case of
cbesity in a patient with acute leukemia whewe, at autopsy, it was found
that the thelamus had been infiltzated by leukemic cells, These authoxs
lecated the level of the hypothalamic infiltxation in the regiom of the
ventremedial muclei, They noted iu their paper that six other similar
cases had been reported in the literxsturs. Hetherimgton and Eanson
(74) demenstrated thet destruction of parts of the ventremedial nucled
of the hypothalamus leads to cbespity. Anend and Brobeck (1l) attempted
to localize aveas in the hypothalsmus which would affect feeding behave
for. They produced electrolytic lesions in diffevent aress of the hypes
thalamwe with a vnipelar electrode. After surgery the rots were naine
tained in specisl controlled quarters and their feeding behavior cbserved.
They found that (1) bilateral destruction of the yentromedial nuclei
zasulted in hyperphagia and obesity, (2) lateral hypothalamic lesions



18
yielded hypophugia and inanition, (3) when an animal had been made
obese by ventromedial lesions, eating would cesse upon later destruction
of the lateral aveas, and that (4) wnilateral destruction was ineffect-
ive. These suthors referred to the lateral ares as a “feeding center®,
since they felt it may be the area responsible for the central bunger
reaction or the urge to eat, Delgado and Anand (45) have produced
hyperphagia by elecerical stimulation of the lateral hypothalemus. The
lateral hypothalamic ares is hereiln referved teo as the "feeding center®
and the padial avea ap the “satlety center®,

Teitelbaum (111) sugpests that the overesting which xesults from
medial lesions could be considered a velease phenomenom. That is, by
destroying the ventromedial nuclei bilaterally, eme destroye "an area
of the nervous system which noimally acts to inhibit feeding behavior.®
As a result, the lateral ares is "released® frem inhibitery comtrel and
iancreased neuronal setivity of the feeding center will occur. Such a
gsequence might iniclate enhanced hunger sensations which would trigger
sppetite (the desire for food) and appetitive behavior (food seeking).
Thus, lesions produced in the latersl avea (whether or met s2ccompanied
by medial damage) would result in starvatiom or lack of the “wrge to
eat”. Andersson and lLavsaon {(17) suggest, however, that medial lesions
decrease satiety but do not influence hunger semsations. It 45 otill
uvoknown whether or not the patiety center has a divect inhibitery action
upon the hungew center or whether these aress ave activated by separste
sechanisng.

Wyrwicha and Debrzechs (119) implanted chronic stimulating
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electrodes &n the hypothalamus of goats In which an alimentary instrue
mental conditioned reflex {consisting of placing the left foreleg on
the food tray in ordar to be rewarded with food) had boen previously
established, They found that stimulation of 8 nwmber of points in the
satiety ares caused cessation of eating in hungry animals snd frequently
caused the animals to manifest fear and restlessness which would persist
after stimulug withdrawals Other polnts in the satiety center when
stimulated would provoke cessation of eating and sudden ejectien of food
from the mouth without any defensive vesction. In two satiated goats,
stimulation of the hunger center caused resumption of the conditioned
movements and eating, When stimulation of the hunger center was
accanpgnied by simultancous stimulation of a medial srea of the none
defensive type, eating became less Intemse or would cease aud the trained
novenents would occur less frequently or not at all.

daand, Dua, end Singh (13) have been able to successfully fmplant
vecording electrodes into these twe vegions as well as other hypothal.
auic and cewvebrocortical areas. They recorded the normal alectroe
encephalographic responses of these aveas in satiated end fasted amimals
and, also, those responses occurring after experimentaliy-induced changes
in levels of blood sugar, proteins, and lipide. They observed that hypere
glycemia increased the electrical sctivity of the satiety center and
deereased slightly that of the hunger canter. Conversely, hypoglycemia
dacreased the activity of the satlaty cemter and on cccasion slightly
increased that of the humger center. Ne changes were observed in other
sreas of the hypothalamus ner in corvtical areas. Alterzations in bloed
proteins and lpids did not change the hypoibalamic activity.
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Batllie and Morrison (26) recently showed that bilateral lesions
in the lateral hypothalenus of zats could completely suppress feedlng
syhile still permivting asctivity which had been made characteristic of
desive for food (leverspressing).” They interpreted thelr wmesults to
mean that vats desired food but were ungble to consume it; d.e., the
lesion produced a tvue gpbapgls (inability to sat). "Our experiments
phow that rats io which the lateral hypothalasus has been destroyed
continue to demonstrate appetite and a form of feed secking bebavior,
while showing complete failure to consume food by the orthodox route,
te chew it adequately or te swallow it." These authors, then, consider
the primary function of the lateral area as & seat for the control of
notor feeding mechanisms aithough they grant that some *motivational®
gontroel of eating may also be centerad have.

Bruchowski gt gl (37) have reported that aphagia occurved in a deg
with bilateral complete denervation to the smygdaloid complex. BExperie
mental and clinical reports sugpest severe disturbances of feeding
behavior following temporal lobe damage (59)(78), It should be spparent
that much remains to be learned as to what areas regulate which compons
ents of feeding behavior. Simple ablation and stimulation studies cane
not themselves supply the answers. There has, however, been some
rosearch which might indicate how central control mechanisme are actie

vated; l.6., the nature of the receptors and the sensery stimuli.
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Clucostatic Theoxy
Many theories have been proposed to suggest how the central nesrvous

gystem iz fed infornstien about the energy balance of the body. The
theory which has received the widest aceeptance is the “glucostatic
theory” of Mayer (87). He sugpested that it would be improbable that
the hypothalamic or other centers would be sensitive to slterations in
the body content of fat or protein since tha proportion of these sub-
stances lost to the total body stores during the interval betweon meals
would be small. However, in the posteabsorptive peried, asnd in spite
of glucomeogenesis, the glycogen stores become rapidly depleted. GClucow
neogenesis and, as Hayer says, & "shifting of metabolic oxidation in
nonenervous tissues from glucese to fat (as measured Ly the lowering of
the respiratory quotient)® tend to mindmize the drop in blood glucuse.
In this way, the body maintains levels of glucose necessary for the
survival of the central nervous system. Feeding, however, can restore
"full homeostasis! of the central nervous system. Mayer hypothesized
that the central nervous system, which is dependent axclusively on a
continued supply of glucose in blood, would possess glucoreceptor cells
sensitive to fluctuations of available bloed glucose. In ordey to test
his hypothesis, he undertook a sevies of investigations. lyperglycemia
was produced by daily subcutanecus injections of glucose, fructose, orx
sngll doses of epinmephrine. This resulted in a sipnificant decrease in
food intake. On the other hand, hypoglycemia was accompanied by a
significant increase in food intake even 1f the doses used were small

enough to maintain the blood glucose at physiological fasting levels.
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Fat injections bad no such effect on food intake. In animals specially
treated so as to produce @ longelasting hyperplycemis, death occurred
from inanition in spite of the presence of food in their cages. These
results in themselves could mot explein the paradox of diabetes mellitus
wherein blood glucose levels are elevated (often for lomg periods of
time) but the patient is frequently hyperphagic and/or obese., Diabetes
mellicus, however, is characterized Ly an insbility of cells to utilise
glucope. Thomn and Bondy (113) pelnt ocut that insulin scts directly on
the cell membranes to facilitate the emtry of glucose into imsuline
responsive cells. ‘"Liver has no demonstrable permeability barrier te
glucose; yet the disbetic state im liver 43 characterised by inability
to phosphorylate glucose, suggesting & direct effect of insulin on the
phosphorylating mechanism ia this tissue.® If glucese is to influence
the hypothalanic gluoreceptors, it must be able to enter these cells.
In digbetes mellitus there s, therefere, an increased bleod glucese
but a decressed useable glucose.

Indirect confirmation of this hypotbesis was obtained through tests
on human subjects (84). Cooper and Dach (42) added further support to
Mayer's hypothesis by recording elsctrical activity of the ventromedial
and lateral nuclel in respense to intravenous infections of insulin and
dextrose., ‘"Insulin sufficient to halve resting blood glucese levels and
dextrese sufficient to double the resting values both caused an increase
in smplitude of,..sctivity in the ventromedial nuclei and the weltage
of lateral hypothalamic activity was gensrally depressed.” TFood intake
was depressed significantly by both agsats. Similar studies were reporie
ed by Anand, Chhing and Singh (12). These results ere especially
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interesting when ome considers that insulin doss not affect the uptake
of glucose by the brain (fn tote) but only by specific cells (glucoe
receptor cells) (114), 4nsnd et al (16) sdded further support by study-
ing omygen consumption and glucese consumption of tissue plices of each
hypothalanic centar.

"It 4s concluded that the neurones im the vegilom of the medial
hypothalamic satiety center ave fglucoreceptors' as their sctivity
(eleoctrical) depends on the extent of glucose utilizacion® (15). When
these receptors ave activated, it is proposed that they initiate nervous
messages which ave sent to cortical areas to initiste the quest for food

and control the emount saten (84).

Effects of Gold Thioglucose

Further support for the glucestatic theory came with the discovery
by Waxler and Brecher (118)(29) that gold thioglucese (GTC) (Figuve 3)
fnjections in mice could induct obesity. Fellowing the injection of
35 mg doses of GIC (1Dgg), sbout one third of the survivors became
obese. These authors cbserved that the extra woight was due to an ine-
crease in adipose tissue and that except for seme centrolobuler fatty
fnfiltrstion of the liver, uo gross anatomic lesions were found in other
organs. Marshall, Barrnett, and Mayer (91) described s similay obesity
in mice, but upon histolegical exmmination they found extensive damage
to the ventromedial nuclei of the hypothalamus. They obssrved *diffuse
and punctate hemorrhages, widespread snd warked edema invelving mors

neural tissv: than the hemorrhagic areas and pyknosis and degemexation



Figura 3

STRUCTURE OF GOLD THIOGLUCOSE
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of merve cells throughout sveas of edems and hemorrhage.® They point
out, however, that the damage to the hypethalsmus and other aress is
extensive and not limited to the ventremedial azea (although this arca
iz always included)s OCold thiomalate (91), and later, gold thioglycos
anilide, and gold thiosulfate (90), which wers used as comtrols did not
cause obesity and did not lead to hypothalamic lesions. In aningls
that were autopsied three months after imjection, the only lesion found
was & deficit of mourcms in the hypothalamus (especially the ventwval
portion). In scme cases the pattern of the nuclel was lost altegether,
vhereas in other mice, the nuclei ware recognized as clumps of cells
containing fewer neurons. Friedman and Tepperman (56) studied the dise
tyibution of gold after intraperitonesl imjecticns in mice. They obe
served that peak plasue levels occurrved between 30 and 60 minutes after
injeccion, and that the largest tissue contentratioms are foumd in the
kidneys snd liver with very small quantities in the brain. In a study
of sninals that had been injected one, twe, and three months priecr to
autopsy, the only orgen with detectable gold, in very small quanticies,
was the liver, Mice that are fasted for &8 hours prior te GIG imjection
sppear to be less vulnerable to the toxic effects of the drug (49) {56)
{(116), Higher liver and kiduey gold concemtrations in fasted anfmals
were the only significant differences observed by Fricdmam and Tepper-
man. They hypothesized that fasting may permit the accumulstion or
tgequestration” of gold in indifferent tissues, thereby sparing
vulnerable tissues from texic concentrations. Wegner and DeCroot (116)
studied rats injected with CTC and cbserved that kidney damags occurrad

even in vsts that did not sustain detectable hypothalamic lesions.
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Deter (46) observed thet scute gastric wlcers developed in rats, but
only in thoese where ventromedial damage had cccurred fxom the GIC,
Female rets incur more severe hypothalamic lesions tham male rats
following GG (116)., 1In radiosutographic studies on mice, Debons gt al
(44) demonstrated gold accumuletion in the ventral hypothalamus of all
hyperphagic end obese animsls studied (et the esrliest after 6 hours).
In noneobese survivers and mice injected with pold thiomplate, there
were no radicautographic evidences of gold in the hypothalamus although
gold was distributed diffusely throughout the braim:
Therefore, it appears that although both gold thiomalate
and gold thioglucose have access to brain tissue, it is probe
ably the glucose molety which is respensible for the focal
scemulation of sufffcient gold in the hypothalamus to produce
& destructive lesion which can result in hyperphagia and
chesity (44),
There is evidence (89) which even suggests that glucose competes with
GT¢ for critical sites in the hypothalamus, thus adding even more support
to the glucostatic theory. Perry and Lisbelt (99) have observed axtrae
hypothalanic lesions assoclated with GIG obesity in reglons which Debons
{44} suggests might alsc function ag glucorecaptive areas., Hayer (85)
has further suggested that gastric hunger comtractions may be, at least
in part, wmder bypothalemic contrel. Waxler (91) has also demonstrated
that GTC cbese mice do not bacome pregnant and have an asugmented susceptie-
biliey to tumor preductien.
Wagner and DeGroot {116) observaed variable smounts (uvarelated to
dosage) of degrenulstion within the bats cells of the pancreatic islets,
and gastyic mucosal dmmages No testicular damage was cbserved. Hvooke

kart and Doy (34) reporitad that certain hypothalgmic lesions in male



27
guinea pigs lead to reduction of sexual behavior without preducing effects
on spermatogenesis, seminifercus tubule and vesicle function, or gonadow
tropic function. It wonld seem possible that the extensive lesions from
€T¢ could produce bypothalauic damage of the type necessary for the
cessation of sexual behavior. This may be velated o the conflicting
reporte as to whether or not GIC obase mice will reproduce.

Goodchild and Moowe (61) report that even theugh CTC obese nice
have small intestines one thivrd longer than nommal mice and that isoleted
intestingl parasites (ymenolepsis dbminuta - a tapeworm) would be
expected te be larger in such cgses, instead stunted and morpholegically
eltered parasites are found in these mice. They suggest that CIC is
slowly elinminated into the intestine via the bile, thus altering the
biliary role in supporting tapewomm welfave. Hownver, Mayer's data (39)
(60)(36) suggests that blood glucese, blood lipids, hepatic lipogencsis,
adipose tissue metabolism, fat mobilization, intestinal absorption,
fasting levels of blood kstones, and reteation of steroid hormones by
GIC obese nice arve gll normal or altered in the seme divection as in
obese bumans., Friecdman and Tepperman (56) reported, 8s mentioned eaxliex,
that the only organ in which gold could be detected at one, twe or three
menthe after injection was the liver. Perhaps the very presence of CIC
in tissues produces mamy scute reversible pathologic lesions which are
not apparent with the disappearance of CIC with the paseage of time after
injection.

It would seem that most of the results of the studies to date,

utilising CIG~produced obesity, appear to be consistent with lMayerls
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glucostatic theory. Mayer (06) suggests that the satiety mechanisms
possess & dual zole, i.e., &n fnhibitory effect on the constently
activatad lateral hypezhaxmi:c area, and a controlling functiom over
gastric bunger contractions. The glucestatic component, however, is the
primary mechanism whereby the metabolic state of the organisms can exers
¢ise o regulating role in the overall regulation of feeding homeostasis.
In man, there are in addition to these physiological regulators, &
number of couscious and subcomscious factors which become integrated
with or modify the effects of the entire regulatory process detemmining
feading behavior. Table 2 sumsrizes the studies on localization and

effects of CIG.

Incrahypothslanie Drug Injections

Grossman (65)(66) has daveloped g double camnuls system which allows
repeated spplication of cxystalline chemicals to central structures.
He has implanted the cannula into the lateval hypothalemic nuclei of
rats by means of a stercotaxic lastrument and administered crystalline
drugs (one to five microprams) into this region. Ha observed that epin-
ephrine and norepinephrine, when placed into the lateral hypothalamus,
induced *vigorous and prolonged eatiag in satisted animals.* He has
veferred to this behavier as the resuit of adrenergic stimulatien.
Chelinergic drugs (ecetylcholine plus physostigmine, and carbachol)
caused a decreased food intake of nommally hungry animals. Purther
tasts (67) with gutonomic blocking drugs suggested that the feeding

center possesses neural elements sensitive to adrensrgic stimulation,
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TABLE 2

SELECTED ACTIGNS OF GOLD THIOGLUCOSE

Liver

Adiposs Tissue
Kidnays
Hypothalams

Brain
{extrabypothalamic)

Stemach

Reproduction
Tumors

Pancreas

a) centrolobular fatty infiltration
{29)(118)

b) only oxrgan with detectable gold
at ons, twe, and three months asfter
injection (72)

increass quantities (29)(91)(118)
peld localized therein (56)(116)
a) ventromedial damage (91)

b) gold localized in ventremedial
avea (44)

¢} capable of altering its sensitive
ity to GTG (52)

2) extensive cellular or nuclear
damage on acute obsexvation (91)

b) no damage observed at three months
after injection (91)

¢) localization of extrahypothalamic
lesfons (99)

a) gastric ulcers in animals with
ventromedial lesions (46)

b) gastric mucosa damage (116)
aniwsls fail co become pregnant (91)
increased susceptibilicy (91)
bera cell degramulacion (116)
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and that the results of the intrahypothalamic injections ware not due
to side actions of the drugs. OCxoseman has propesed that feeding
behavior i3 an adrenergic action and that drinking behavior is & choline
ergic mechanisn with centrols very simllar to snd anatamically adjacent
te the feeding mechanisme.

Stein and Seifter (110) confizmed these results and have suggasted
that the cholinmargic drinking mechanism is muscarinic and not nicotinic,
This conclusion was baged on evidence that implanted muscarine (an
alkaloid frem mushrooms) would produce an effect similar to that of
carbachol (2 parasympathomimecic) while nicotine (a ganglionic blocker)
was no more effective than podium chlordde. Wagner and Defroot {113)
have studied the effects of intraehypothalamic drugs (solutions) injects
ed inte the ventromedial and lateral hypethalamus, the lateral amypdale
oid complex, snd the globus pallidus. These asuthors state that diffuse
ion of soluble drugs can be controllied and that these drugs, in contrast
to erystalline agents, do not produce cellular brain damape at the site
of deposition. Selected resulis of Wagner gnd DeCGroot ave smmarised
in Table 3.

Wagner and DeGroot's results are consistent with these of Crossman.
Together, they sugpest that adrenezgic agents nay affect feeding behave
ior through sctions on both the ventromedial and latersl mechanisne.
Such an assumption sugpests that adremergic drugs weach these hypothals
amic areas following oral or systemic administration, Hewever, no

direct evidence to substantiate this assumption is presently availeble.



TABLE 3

EFFECTS OF JNTRANYPOTHALAMIC DRUG INJECTIONG

(Based on results of Wagner and DeCroet)
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Awphetanines and the Hypothalsmic Feeding Mechanism

Brobeck gt a1 (32) have observed an increase im frequenmcy and
amplictude of electrical activity from the satiety mechaniem following
injections of amphetamine. Thess changes, lasting two hours in
snesthetizad cats, were not accompanied by any response from the ldcra-l
hypothaleus. Huphasizing that chis type of ewpariment is not sufficient
to establish the site of asction of a drug, the authors suggest that
anphetamine dizectly or indirectly excites the ventromedial sgtiety
mechanisn. 4nand gt al (14) administered phammetraszine (an amphetamine
congener) intravenously te unanssthetised cats and monkeys with elece
trodes in the medial, lateral, and “other" aveas of the hypothalamus.
They observed an increase in frequency, but & fall in smplitude, of the
alectrical activity of the satiety mechanisms., However, no change was
obgerved in cther hypothalsmic and cortical wepions tested. Sharp et al
(107) produced electzolytic lesions of the satiety center in four cats
and aduinistered smphetamine to these animals once svery twalve hours.
The hyperphagic snimals, sllowed unlimited gccess to food, were found
to be "relatively refractoxy” to this schedule of amphetamine adminiss
tration, Thesa authors suggest that their results confimm the hypothesis
of Brobeck, lLarsson, and Reyes (32) that amphetamine acts on the ventrow
medial aren. However, the latter workers pointed out that the electrical
affects only lasted two houre. It would seem probable, then, that the
hyperphagic animals would est rapidly to compansate for the short-lived
drug-induced hypophagis.
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3t has been shown that the ancrexigenic effect of wphatamine pere
sists after vagotouy snd splanchnolumbar sympathetectonmy, thus suggrste
ing that the action of smphetamine &3 not due to any effect on gastroe
intestingl sensations. Andervsson and Lersson (17) observed thet the
anorexigenic effect of smphetamine is markedly reduced by prefrontal
lobotemy in the dog, indicating that ite sction i3 an indirect one
mediated by cthe prefrontal and perbaps other sssocclation axeas of the
cevebral coztexn.

Brodie (33) has shewn that the sympathetic nervous system is
essential to supply fuel for energy processes such ag the braskdown of
'-ad!pou tissue to free fatty acid and of glycogen to glucese, 4s a
sympathonimetic agent, it is possible that at least a part of the action
of amphetamine in reducing obesity could ba through its stimulation of
enezgy expendituve (as manifested in the incroesed activity of the
enimsls). DBrodie states that:

The sympathetic nerveous system increasses the cutput of

FTA enerpy substrates through the rapid activation of sdipose

tigsue lipese and liver phosphorylase. These euszymes can be

activated by catecholamines, & ganglionic stimulgnt, and by

ceold euposure. Chemical sympathectomy prevents activation of

these ousymes by cold emposurxes and ganglionic stimulatione.s..

The -organism has an absolute requirement for the sympsthatic

system in ovder to mobilise energy substrates requived to

express behavior. ‘
Te vhat extent the action of smphetamine can be asttributed tc the abowve
nechanisms remaing to be established.

One might assume, at this peint, that the ideal sgent for the
reduction or prophylaxis of obesity would possess spesific latersl

hypothalanic deprsssing or medial excitatory effects without producing
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any effects elsewhere except in aveas that enhance the total responss,

In pharmacological temms, the ideal drug would possess properties which
allow it to zeact specifically and reversibly with hypouhalamic- and
selected peripheral rveceptozrs (such as those responpible for mobilizae
tien of stoved fat), the other sites of drug contact fumctioning as
"geceptors® only. (The term “acceptor" as used herve implies any site

of drug-cell interaction preducing no demonstrable phamacological
action). As more knowledge is pained concerning the physicalechemical
nature for these central areas, the possibllity of baing able to syne

thesize such a2 drug may become mowe of a probabkility.

Reswne

An attempt has been made to present pertinen: studies leading to
the preseant state of understandiag about the wechsnisms controlling food
intake (and theraby obesity). It has been supggested that G0 may be &
useful teool for the evaluation of drugs to be used in the tyeatment or
prophylaxis of obesity., Studies designed te evaluate such an experi-
mental model &5 regards its vesemblance to clinical obesity and its
regponse to drugs appear to be an essential step for the establislment
of the techmique. The report and discussion of such investigations will

pecupy the remainder of this thesis.



METHODS AND UATERIALS

Ceneral Procedures
The most important limiting factor in CTC research is the nuxber

of obese animals that can be produced during the epmerimentsl pe:iédp
Lerge oumbers of mice ave required in order to produce an adequate
quantity of obese mice. Tor these euperiments, twenty pragnant Swiss
mice were procured and placed in sepavate plastic cages with gd 1ib
food end water. Thelr offsprings wers allowsd to mate fxeely. Then,
six weeks after birth of the second gemevation, each monse was transe
ferred to an individual metal cage of dimensions of 20 by 20 by 12
centimeters which had heavy sereen on the bottoem te allow for vemoval
of waste naterlials to & tray below the cage. Calibrated four-oumce
water bottles wore used for measurement of water consumption, Pree
waighed standaxd Purina laboratory chow pellets were placed in the cages
for varying periods of time (depending on the individual experiment),
and then re~weighed with the collected "eacaped" food droppings (excluse
ive of feces) to allow for measurement of total food comsumption. The
anfmals were kept in s semi-controlled eaviromment, f.e., room tempera=
ture varied between 23° and 27° € and was maintainaed during the sumer
months at this level by means of an air conditioning wait. The room
was lighted between 7 a.m. and 6 pe.u. daily throughout the seventeen
months of the experiment.



Since most of the experiments involved vepeated drug administrae
tions of small dosages, rigid comtyol prqeedures for injections were
enployed. A&l syringes were scaked inm both HemosolR and godium
dichromatew~sulfuric acid cleaning solutions prior to washing end auto
claving, Freshly sharpened small {27 gauge 3/8 inch) stainless needles
were used to ninimize traums or emcitation from the imjection procedurs.
Drug solutions were preparsd by weighing the powdered or crystalline
substances on an analytical balance and dissolving them in normal
sterile saline (NS$) selution. However, nc attempt was made to prepare
the site of injeection, altheugh ne single syringe was used on more than
one animal. Besentisglly, then, near-aseptic technique was employed for
all chronic procedures.

A total of 528 nice were used, 385 of which were {njected with
varying desages of GG and 143 were kept as uminjected controls. Fox
most of the ewperiments each animal served as its own control. Follow

ing infection; repular records of toial body weight were taken.
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Fat~Eres Dody liass Methods

To select drug dosages end, os a reference standard for all the
metabolic experiments, it was nscemsary to detemmine fivst the fat
free body mass. Decauwse of the large nwmber of animsls to be used, it
appeaved desirable to establish s rapid megas for detemining this
measure.

Twelve mice varying in weight fres 20 te 46 graws were sacrificed
and individually shaved (to avoid trapped air), weighed in alr, and
weighed under water after attempting to remove residual air. When s
cengtant submerged weight (no change in weight upen repeated treatment)
was reached, the total body specific gravity was detemmined by the

formula:

SQ' gre = Aw
hsi = Bw

where 8pe gr. = ppecific gravity

&% = walght in air after shaving

Sw = waight submerged in water
Bach animal was then placed in a syrup of dry ice and ethanol and quickly
frezen. In the frozen state the animal was homogenized on s poreslain
pilietile utilizing a sharp cleaver and rubber-policemasm, The entire
prepazation was transferred to 2 250 ml pyrex ball £lask and partially
dried under reduced pressuze in a Rinco rotary evaperator. Ne sttempt
was nade to remove all water by this procedure. The contents of the
£lask were wrapped in a small surgical gause bag and placed in an
extraction thimble. This was then placed in ¢ Soxhlet apparatus and
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extracted with low boiling point (30 ~ 60°C) petroleum ether {ligroine).
A water bath wnder the boiling flask was maintained at 57°C and the
siphoning cycle varied between four and six minutes in all determina
tions, Extraction was continued for eight hours st which time the flask
was again placed on the rotary evaporstor for twe hours to insure removal
of water and petrolemm ether. The pre<weighed flask was again weighed
to deternine the amount of fat extwacted. It was them refilled and
the extraction procedure repeated for four move hours wmtil all weight
readings agreed within 1.0 per cent. This ususlly cccurred om the firet
two veadings, but on one octasion required one extra extraction.

The contents of the extraction thimble were drisd overnight and
then placed in another flask and further dried under reduced pressure
to constant weight. The residual material always comsisted of a brittle
dry unass equivalent to fat~free body mass. o ettempt had been made to

empty the intestinal tracts of these animals prior to extraction.
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Feeding Behavier Equipment
In order to imvastigate the faeding behavier and activity of mice

with gnd without long term drug administrstion, specizl cages were
designed, Each cage consisted of & sheet metal box 20} om high, 20k em
wide, and 25% em long with a £loor of hu#y scraen. 4dn individual cage
was supported by four metal legs varying in length so that when phced
side by side sach succeasive cage would be about 3% cm higher than the
pravicus one. One end of the cage was attached to a plywood wall, 2} em
thick, which ascted as a support for tha food cups, water supply, and "I
bars 4 hele wis drilled through the wood and through the sheet metal
face at a height of 12 centimeters above the floor of the cage which
allowed for placement of the food cups. To reach the foed, the animal
must ¢limb onte a "I bar lever, the external extension of which aliowed
rvecording of bar pressiang en a smoke~drum kywograph. A specilal vecord-
fng lever assembly preventsd sway aad allowed adjustment of excursion
from the "P¥ bar., The water supply was so placed as to allow for free
accens at all times. The food cups consisted of seven dran prescription
vials cut to such a lemgth as to allow the enimal to freely appreach
the £oods Two Purina leb chow peliets were placed in esch cup, a hole
drilled through the base of the cup and peliets, and the food was beld
in place by a wire paper clip through the entire assembly which allowed
for bracing of the food cup in the feeding assembly. The cup was veplaced
by an empty, otherwise identical, vial st the end of each feeding period.
To test locomotor activity, a support plate supplied with five serles

commscted silicon solar-celis meunted in plastic cases (output 0.3 to
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.45 volts and 10 « 16 millismperes) wms attached to the underside of
the cage and connected directly to the 5,0, driver amplifier of 2 Grass
Modal 5A Pelygraph. Whenever the animal was positioned over & cell, a
light beam would be interrupted resulting in a marking deviating from
the baseline. Four such plates wers used in chess expeviments.

Sixteen feoeding cages weve made and placed side by side in two
groups of edght eachs Each setup was connected to a long smoke~drum
kymograph and two cages in each group conmected to the polygraphs.
Photographs of the cages and of the entire recording mechanism are

presented in Figures 4 and 5.

Metabolism Hxperiments
In these experiments, oxypen mmwﬁon and carbon diexide

production were detemmined independently.

For the investigations requiring measurement of oxygen consumption,
& modified Haldl spircmater was used. Haldi et al (69) desigmed an
apparatus consisting of a battery of six spivometers each in communica-
tion with & chamber housing 2 single enimgl. Bach spivometer is sus-
pended in water in a housing made of plastic tubing 12 cm in dismeter
and attached te a counterweight by a string over a graduasted ball-bearing
pulley. The counterweight bucket (containing birdshot) rides in &
plastic shaft 2.5 cm in diameter. A fine wive pointer attached to the
top of the spirometer allews recording of descent. A hole in the centex
of the bottom of each plastic housing for the spirometers is fitted with
an lsghaped tube, the upper azm of which is attached by a rubber tube

to & manifold, The lower am commumicates via a plastic tube with

the animsl chamber. MNaldi commected the inlet tube directly te & tank



Figure &

TYPICAL PREDING CAGE

Pigure 5

FEEDING CAGRS, PUHOTO-CELL PLATRES
AllD RECORDING MECHANISHS IN USE
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of oxygen. In these experiments the oxygen was supplied to the apparatus
by £irst being passed through a Foregger pediatvic anesthesia machine.
This allowed fine adjustment of flow rates and direction of gas flow
since the machine is fitted with g unidivectional diaphrapm flow valve.
Oxygen passes through 2 chamber of goda lime en route te the spiaoé
meters. & small wire mesh bucket of soda lime is inserted iam the iamer
tube of the epirometer and g wirve screen fs filled with soda lime and
placad under the animal in the chamber. BEesch spivemeter was calibrated
by withdrawing air from the chamber with a graduated syriamgs.

Since all determinations involved the mouse being vestricted to the
chamber for fifteen minutes in & large mesh restraining cage, it was
felt necassary to see how tempevature and carbon dioxide comcentration
would vary during the procedurs.

Samples of alr removed from the chamber after £ifteen minute
deteminations did not show deotectabls differences {rom room alr as
regards carbon dioxide conmcentration. (Thase detemminations were based
on titrations of 50 ml air samples mized with 1/N godium hydroxide
titrated against hydrochloric acid te phenolphthslein and methyl orange
ond points). Mowever, it was observed that if antmals were left in the
chembers longer than 22 minutes, an increase in excitability could be
observed., Samples of air indicated a carbon dioxide concentration of
2,3 volunes per cent. Therefore, gll observations ware limited to
f£ifeeen minute periocds.

Temperatuve tn the chambers was found to rise fram 26.5 1 0.3° te

26 4 043" during the tests. Since all determinations were perforugd



Figure 5

MODIFIED HALDX SPIROMETER
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Figure 6




under the seme conditions and since this varfation was comstant, ao
attempt was made to maintain a controlled temperature by such means as
submersion in constant temperature water baths. Thess comclusions eze
in agreement with those of Haldi.

A pleture of the spparatus (constructed by the Hesearch Instrument
Saxvice of the University a£ Oregon Medical School, according to the
specifications of Dr. A, J. Raupone, Associate Professor of Physiology)
is shown alomg with the Povegger Ancsthesia machine in Figuwe 6.

For the detamination of carben dioxide production & titrametric
technique was used. liice were piacaé in clear plastic cylinders sealed
on each end by rubber stoppers fitted with swall plastic fumnels, Carxbon
dioxide free oxygen was supplied to the chamber and remeved by an
aspirator comnected in series with g simtered glass bubbling tube placed
in a container of lmown ptremgth sodimm hydromide solution, After
titration against standaxd Lydrochloric acid to phenolphthalain and

methyl oranps end points, the carbon dioxide production was calculated.
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RESULTS

Preliminary Study of the Incidence of Geld Thioglucose Obesity
Forty-two aninmals were used in a preliminary expariment designed to
show the food and water consumption characteristics of mice before and
after injection of GTC, Thres weeks were allowed for the comtrol period
during shich time the weekly averages for each of these values was datarw
mined. Three groups of tem snimsls each were thern injected with 15, 20,
and 25 mg of CIC in sesame ofl, respectively. The data foxr thess 30
aninmals prier to the GPG imjection iz shown inm Table 4. Only eight of
the eriginal 30 mice were still slive three days after injection.
After allowing three weeks for total recovery from the effects of the
injection, the food and water intake and body weight was followed for
& few weeks thereafter. The data for thase animals are showm in Tables
5 and 6, One mouse {number 10) survived the injection but ate and drank
only sparingly and died after fouf weeks. Four of the seven survivoers
showed marked hyperpbagis and became obese. Their weekly food consumpte
iou almost doubled the comntrol values. Water intake alse increased, but
not in proportion to the increase in food inkake. Only one mouse
(oumber 24) survived the 25 mg dosages It showed a weight gain from
23 to 73 grams within fourteen weeks of the imjection. Xt should be
noticed that hyperphagis was ecvident in those animals destimed te becoms
obese by the first recoxding pericd after injection (week six).
These results cannot be regarded as representative of the incidence

of obesity st varying doses of GIG, Succeading groups, injected with

the same desages of COTC, chowed wide varistions fn the incidence of



TABIE &4

RUSVLTS OF PRELIMIRARY STUDY OF FooD
AND VATER COMSUMPTION IN MICE
PRIOR TO INJECTIGN (F GOLD THIOGLUCOSE
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TADLE &

Anf- Dose

mal Food Intake (Ga Water Iateks (cc) Wel tm GTG
mp..—H1 Wk 2 Wkd Wkl Wka Wk3 %z w&'hi;ér:s! (ng)
20 21 21

1 25.8 24.0 23.3 45 43 34 : 15
2 23.8 25.3 26.0 &0 43 40 23 2% 3 ) 15%
3 20,0 30.0 29.5 52 36 50 22 23 24 i
4 21.8 28,0 31.0 39 47 Go 23 24 25 15
3 29.9 30.5 22.6 43 46 42 24 24 26 i3
6 35,6 29.5 2%.5 40 39 43 26 26 27 15%
7 27.2 30,0 30.2 43 44 42 2 25 23 13
8 23.0 25.0 15,0 40 42 4 22 21 22 15%
Ed 27.4 29.5 32,0 44 43 40 23 3 25 15
i0 24,1 27,5 21.0 43 45 41 22 22 22 15%
il 30,3 31.5 33.0 43 62 42 27 28 28 20
i2 23.1 23.5 27.0 28 33 34 22 22 23 26
13 22.8 23,5 27.5 42 48 42 21 21 22 20>
6 27.5 30.0 28,3 30 50 48 a7 23 26 20
15 34,8 39,0 31.4 63 93 56 23 23 26 20%
16 23.1 40.0 33.5 33 38 43 26 22 22 20%
i7  23.2 28,0 35,0 59 39 42 24 22 21 20
18 19.6 23.3 32.0 &8 39 45 26 22 24 20
19 24,8 32.0 35.2 37 43 35 26 23 235 20
(N L TUJ [T T T | TSR o — 1
21 25.6 24,5 26,2 32 63 37 27 25 24 25
22 26,0 26,5 30,0 60 35 47 28 22 24 25
23 26.0 30.60 32.0 33 56 38 24 a3 23 25
24 24,3 29,5 32.0 &8 37 a2 a3 22 23 as%
23 18.0 28,5 31.5 37 80 &6 24 19 22 25
26 20,8 29.5 30,5 36 30 40 26 26 23 25
27 26,7 30,5 29.0 39 70 13 26 26 25 25
28 25.7 22,5 20,0 21 1? 14 20 20 21 25
29 33,2 35.5 38.8 51 49 49 2 28 28 25

T e T i e T T BT e i e e Mt e sty ey

¥ Sugvived the acute effects of €7¢ {all others died within
three days).



TABLE 5

FOOD AND WATER INTAKE AND DODY WRIGHT MEASUREMENTS
FOR MICE SURVIVING THE ACUTE EFFECTS OF
GOLD THIOGLUCOSE

TABLE ©

FOOD AND WATER INTAKE AND BODY WRIGHT MEASUREMENTS
FOR SURVIVING MICE
THAT DEVELOPED WYPERPHAGIA AND OBESITY
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TABLE 5
~ Anie
mal _Tood Iutake Hater Intske Body Weight
Ho, Wko Wk? Wkd Whe We? Wke8 Wké Wk7 Wkt Wkl17T
2 38.0 42.0 34,0 &4 30 &4 238 34 29 56 _
6  43.0 50.1 45.1 35 60 60 34 38 38 58
& 38,0 39.0 38.0 34 48 54 36 3% 38 50
10 15,5 6.0% 18 o% 13 1
13 34,1 41.0 63,1 40 & 37 21 28 37 36
15 21.0 48.8 39.3 46 60 36 30 3% 3% 40
16 28,0 42,8 63,0 25 50 s2 2 30 3
2 64,0 56,0 6l.0 58 60 73 37 & 47y 13
AR T W e o da A T T T e N S N U ol i T =n

—_——— - = -rr T —— T I e A A Ao e i

*Animgl died during following week.

TABLE €

Anie
wal Mean Foed Food Incake l!Mean Water Water lean Heanm Wt. TWeighc
No,  Priox (Ga) Week 8 Prior Week 8 Prior (Om) Week 3

2 24,4 54,0 41.0 44,0 21.7 56

& 31.3 &5, 1 40,7 60.0 26,3 58

g 2.0 48,0 42,0 54.0 21.7 50
24 -, 2846 61,0 49.0 73.0  22.7 73
Hean 26;& 52:9 ‘43’2 5?(8 23;1 59.3

e e = e
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| obesity and in the occcurrence of acute toxicity. In all experiments
animals whose total body weight was in excess of 45 Gm were designated
as obese. 4 major difficulty incurrved with this technique, tchen, is

the inability to predict the fincidence of obesity.

Fat-Freg Body Hass Deteminations

In order to determine the total body fat comntent of mice for
calculations of the lsan body mass (fatefree body mass), chemieal
extraction procadures are usually requived. However, by utilising the
methods described berein for comparing the total body specific gravity
te the chemically extracted fat values of the same animals, it was
observed that these two messures are linearly (r = 0.99) rxelated, The
results obtained from such studies on nine GIC injected and thrse contrel
uice are presented in Table 7, and the velationship of per cent body fat
to total bedy specific gravity is shewm ia Figure 7. Table 7 further
shows that there is no direct relatiomship between total body weight and
the per cent body fat. There is some suggestion here that the fatefree
body welght of obese mice may be greater than that of noneobese, Included
in this table for purpeses of comparison ave the actual extracted and cale
culated per cent fat values fron these 12 mice and the values obtained by
extending and utilizing for mice the guines pig and human formulas calcue
lated by Rathbun and Pace (102). Their formulas were based on similar
observatiens. It can be seen from the table that extension of these forme

ulas for use in mice would result in high estimates of body fat content.
A regression formula was calculated to best describa the data showm
in Figure 7., Dy simply detemining the total body specific gravity, one

can caleulate from the revised regression formula the per cent body fai
and, therefrem, the fat-free body mass. This formula was used in the



TABLE 7

DATA FROM SPECIVIC GRAVITY AND TOTAL BODY FAT DETERMINATIONS
Gl WINE GOLD THIOGLUCOSE INJECTED AND THREE SIMILARLY
STUDIED COWIROL MICE
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Figuve 7

PLOT OF DATA FROM TABLE 7 SHOWING
THE REIATIONSHIP OF TOTAL BODY SPECIFIC CRAVITY
T0 PER CENT BODY FAT
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Figure 7

50

40 [~ \

30} \

20+

10

r = -0.99
1 : 1 1 1 L . | ]
(.00 1.0l .02 [.03 .04 .05 1.06

Total Body Specific Gravity

% BODY FAT = 588.4 -548.3 (Sp.Gr.)



L}
metabolic experiments which follow as sn indirect means of estimating
the fatefree body weight of mice:

Per cent Fat = 588.4 « 548.3 (8p. Gr.)

Bagsal Metsbolism Studies

e

Information about the basal metabolism of GTG obese mice is a
prevequisite to the mdats‘tanding of the dymica and mechanisms cone
cerned in this éatbﬂlagie alteration. Such informstion is alsec essential
for studies on the effects of pharmacotherapy of obssity.

Utilizing the spircmeter described 1n the "Matheds and Materials®
section of this thesis, the cbjective of this portion of the study has
been to o‘eer\m the oxygen consumption of OTG cbese animals as a functe
ion of activity, body weight, fat-free body mass, and restricted food
intake. 4 total of 1450 fifteen-minute readings on obese and nommal
mice have been performed in these studies.

The first experiment was designed to determine the basal oxygen
congumption of obese end noxmal mice snd te study how activity infleenced
these values, After the mice were placed in their individual vestraine
ing cages and allowed to become accustomed to the chamber, six success«
ive fifteen~minute readings were taken. Activity for each animal was
adjudged on & zere to &+ judgment scale st 3, 7, 11 and 14 minutes of
sach experimental period. These scores were totaled and used as a
measure of the overall activity end plotted against oxygen consumption
at each n&tivlay level, Figure 8 represents & plot of the mean values

from 311 determinations. Fifty-seven aund 59 basal (zexo activity)

measures were obtained for 22 obese and 24 contrel animals, respectively

(mice wore not fasted prier to testing). After sll studies were



Pigure &

EFFECT OF INCREASING LEVELS OF ACTIVITY ON OXYCEN
CONSUMPTION I CDESE AND CONTROL MICE

Oxygen congumption represents the average volume in
milliliters consumed during each ll-minute test period.
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completed the mice were sacrificed and total body specific gravity and
fate-free body walght detemmined, No attempt was made to determinme body
surfgce area. All values of oxypen consumed were converted to standard
tempervature and pressure and calculated as a function of tetal body
weight, per gram body weight, and per gram fatefres body weight., These
values and the results of group statistical comparisons ave shown in
Table &.

The cbese animals demonstrated a total oxygen consumption signifi-
cantly grester then that of the controls. lowever, whan these values
are veferred to per gram total body weight, the controls consused more
exygen than the obese mice (p = 0.0001). When referred to the fate
free body weight thevre no lomger existed any statistical difference
between the two groups. In other words, the oxygen consumption of the
obese and the normal mice is essentially identical (on a unit weight
bagis) 3f the bedy fat content i{s ignored.

To test the hypothesis that this difference im oxygen consumption
is indead due to differvences in fat content and not due te drug
idiesyncrasy, messurements of the oxygen consumption of GTG injected
mice siz days after injection (sufficient time to recover frem drug
action but prior to development of obesity), and studies on the effects
of restricted food intake and resultant weight (fat) loss on oxygen
consumption were performed.

In the first esperiment, twenty basal readings on GIG injected mice
eix days after imjection showed & mean value of 10,64 + 3.20 ml. This
value is even lower than that for the control mice of the previous

experiment which was 11.54 + 2,88 ml. The injection of GTG did not cause



TABLE 8

COMPARATIVE BASAL OXYGER CONSUMPTION OF ODESE AND CONTROL MICE
AS A FUNCTION OF TOTAL DODY WEIGHT, PHR CRAM OF BODY WRIGHT,
AND PER GRAN OF PATFREE BODY WBIGHT
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an increase in oxygen consumption in these animals.

The second experiment (restricted food intaks) was conducted as
follows. S8ix obese mice were selected because of their highly slevated
total exygen comsumption values (17.61 + 5.22 ml). On two adjascent davs
& total of eightyefour readings (fourteen on each mouse) were taken in
order to establish bascline values for sach animal.

Buring the ensuing weeks, they were fed approximately one half of
their normal daily quantity of food and repetition of the twoeday reade
ings occurred each week fov six weelks. The resulte from these exmperie
ments ave shown in Table 9,

Une observes a decreasing m:ygeﬁ counswmption as the total body
weight decreases. The oxygen consumption and activity continued te
drop as s indicated by the sase of obtaining a large numbar of basal
determinations during weeks five and siz, However, st the end of the
experiment, the animals were given free access to food for six weeks
prior to determination of thelr lean body mass which was then found to
be 31.34 + 1.02 Gm. It should be observed that by the fifth week of |
the test perled, the mean weight of the animals was less than the sube
sequant figure for the lean body mass. One animal died during the f£imal
reading of the last week, Its oxygen consuwaption for the final basal
readings on this same day was 2.71 + 1.18 m),

1z is interesting to note that in all these experiments the fat-free
body weight of the cbese animals is very significantly greater than that
of the contrel animzls (Table 8). 4

The determinations of carbon dioxide by the method previously

deseribed were inconclusive, Wide variations were observed not only for



TABLE 9

BFFRCTS OF RESTRICTED POOD INTAKE
AND FESULTANT WEIGHT LOSS ON THE OXYGEN CONSUMPTION
OF OBESE MICE
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Hean ¥ean Totel Body O Mumber of Basal
tieak Wedght Cansumption (ml) Determinations
gontrol 46,27 17.61 * 3,22 40

1 51,37 12,26 F 3.48 k5
2 L1.5¢ 16,06 T 5.22 31
3 40,83 12,00 ¥ 3.10 3%
A 35.83 948 T 1.9 30
5 30,75 6,77 T 2.13 5h
6 Law

2? .?45

6.97 T 3.8

i

# One animal died during the test
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separate animals, but for the same animal. The Incomsistency of the
results preveunted calculation of a dependable respiratory gquotient.

Chronic Amphetemine Administration
Recent attempts to elucidate a hypothalamic mechanism of sction

for the smphetamine drugs heve shown that animals with dmaged or
destroyed ventromedial nucled will respond differently to shortetemm
amphetsmine administration than will noxmal animals {75)(107). Since
clinical wse of the smphetamines iz generally over a long period of time,
it was believed that a chronic study such as the ome to be described
bere would contribute te an understanding of chenges in faading behavior
as 2 function of the treatment of cobesity with amphetamine.

Sixteen animals (eight obese, eight controls) were vandmly selected
from the total population of GIC treated and untreated mice and placed
in individual feediong capes of the type described im the ¥Methods" sect-
ion. All but one were female and all were fullegrown (five months)
adult litter-mate mice. The controls ranged in weights froem 22 to 34
grams, and the obese from 46 to 73 grams, Individusl recoxds of food
intake were made dsily and the mean values recorded during the "acquainte
ance” period. The animals required training in oxdey to climb on the
bar to get food and to learn to consume their total daily diet within
& period of seven hours. Figure 9 shows the mean daily food intale for
sach growp of eight animals for the fivst 80 days of the experiment.

It can be seen that the obese animals required 2 longer pericd of
time to establish a consistent food intaks level which, however, never
did reach the amount of food consumad by these snimals in the 24~hour

free-fouding situation., The control animals haed stabilized at their



Figure 9

EIGITY-DAY RECORDS OF MPAN DAILY FOOD INTAKE
FOR ORESE AND CONTROL MICE

Food intaks is expressed in terms of the
mean values of food conswmed in grams during
each daily seven-hour feeding period.
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24.hour freesfeeding levels by the fourteenth day of the experiment.
Howsver, after the seventh day, the obese animals consistently consumed
more food then the contwels.

By the forty-first day, the feeding pattern appesred to be fairly
well established. During the next 40 days (640 individual readings),
the individual and group food intake values were tsbulated and mean
values and standard deviations caleulsted. This procedure sllowed for
the quantitative evaluation and expression of alterations in feeding
behavior as bedng significant or not significant, Thus, any single
daily velue outside of the 95 per cent (+ 2 standaxd devistions) cone
fidence interval was designated as significant and any value cutside of
the 99 per cent (+ 3 standard deviations) confidence imterval was
regarded as very significant. The meaning of such en expression will
vary from animal to animal since the daily food intagke varied widely in
pome and assumed narrow limits in other mice. The individual and group
mean values and standard deviations for the firgt forty days of observa-
tians are given in Table 10, ;

In ovdar to establish a qmtinﬁ'&w wethod for the evaluation of
locemotor activity in each group n.f e¢ight mice, the solar-cell system
described under "Methods® was used, During the forty«day control peried,
four animgls (the first two in each group) ware each given 13 intra.-
peritoneal injections of mormal sterile saline and were monitored for
locamotor activity after each injection., The vesults were pooled and
statistically snalyzed. Bach time an animal crossed a selar-cell, the
beans would be broksn resultiag in a marking varying frem the baselinas.

All such markings during sny single 20.minute interval for sz test period



TABLE 10

CAICUIATIONS USED TO DEFINE
HORMAL AND SIGNIFICANTLY ALTERED LEVELS OF DAILY POOD INTAKE

IN CBESE AND CONTROL HICE

Values expressed in grams.
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mal Intake SD  F+2 D%  X.2 8D ¥43 sowx .3 8D Deseriptien
1 435  0.38 5.1 3.58 5,49 3.21 Control
2 4,57  0.50 3.57 3.57  6.07 3,07 Control
3 4,70 0,29 5.28 4.12  5.57 3.83 Centrol
%4 Died during control peried.
5 476 043 5.62 3.90 6.05 3.47 Control
6 4.69 0,34 5.1 3.61 5.31 3.07 Control
7 4.8%9 0.19 642 3,31 2.26 2,52 Control
8 4,48 0,74 5,96 3.00 6,70 2,26 Contzol

MEAR 4,62 0.26  5.14 4,10  5.40 3.84 Control
9 4,52 1,08 6;68 2,36 7.76 1.28 6TG

10 5,15 0.80 6,75 3455  7.55 2.75 o6

11 5.13 0.38  5.89 4,37 6,27 3.99 61C

12 6.22 0,51 7.2 5.20 7.7 4. 69 CT6

13 5.80 0,83  7.46 4,34 8.29 3.31 CTG

14 6,21  0.56  7.29 .13  7.83 4.59 GTG

15 3581 670 721 4ol 791 3.71 6T6

16 6,17 0,68 7,53 4,81 8,21 4e13 61¢

MEAN 5,72 0,36 G.44 5.00  6.80 b 6 Gére

arm e

an o

|

%X 4+ 2 50 = Mean + 2 Standard Deviations
Wi X + 3 SD = Mean + 3 Standard Deviations



TABLE 11

CAILCULATIONS USED TO DEFINE NORMAL AND
SICNIFICANTLY ALTERED LEVEBLS OF LOCOMOTOR ACTIVITY

These values represent the mean number of times that
saline injected mice break the photoecell beam during
successive twenty-ninute periods for eeven houxs.

Any score in axcess of two or three standard deviations
frem a given mzan score is regarded as significantly
or very significantly increased locomotor activity
respectively. These scores ave based on the results of
42 ve 52 vecords at each tiwe interval.
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of seven hours were totaled., Significant increases ia asetivity wevre
defined on the same basis as alteratioms in food intake and the calcue
lations on which these definitions ave based are shown im Table 11.

It can be seen from the table that activity was grsater at the beginning
of the feeding period (twenty minutes after injection) than at the end.
Since no differences were observed between the individugl values obtained
on obese and on control mice, no attempt was made to establish separate
control valuss for each group.

After injection of deamphetamine it was obsexrved that locomotor
activicy always followed s charactexistic pattern. Instead of the nommal
first period activity of 48 + 31 baseline deviations, deamphetamine would
produce an immediate (onset less than cne minute) increase to over 500
paer 20-minute period. The snimals could be observed to perform uni-
directional circling movements in the cages. They would often m’&u‘ the
faeding bar and relesse it in rapid succession, but they would never
climb onto it. Occasiomally, they would stand in one place groeming
themselves, but this behavier never persisted for more than two minutes
per occurrences Although activity measurements were those of only twe
animals in sach group, by observing the other animals, one could see
that the results were characteristic for the entire group, Using this
technique it was possible to obtain & measure of the relationship between
duration of central nervous system stimulgtion and duration of food
intske suppression produced by de-smphetamine.

The third parameter of this experiment consisted of a mathed to
determine the length of time efter drug injection before mommal feeding

would recur. The bar-pressing kymogreph records deseribed in the "iathods"
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gection were used for this purpose. BEach twenty-minute feeding peviod
required a 10 em length of the kymogcaph record. A measure of feeding
behavior could be determined from thege records since nmommal feeding
followed 8 characteristic pattern over the ZP<hour feeding paricd. To
deseribe this pattern, the tetal bar-pressing time (based om six salime
injection records) during each twenty-minute interval was expressed in
centimeters for each animgl, and the sverage values for the two obese
and two controls were plotted agsiuvst time, Figure 10 (based on Table
12) represents & graphic presentation of these results and of those
occurring after administration of degmphetamine sulfate (also six inject-
ions). The point st which the post-drug bar-pressing lime crossed over
the saline injection line was interpreted as the time requized for
recovery from the food intake suppressing effects of d-amphetemine.

(lio animal was observed to press the bar during the 20-minute poste
injection pericd prior to presentaticn of food.)} It would appear from
Figure 10 thet the obege animpls pragsed the bar consistently longer
after recovery from the drug. Comparison of the meen values for each

of these records indicates that thies is indeed the case. However,
individual "t® tests on each point after the second hour show thet at
cne point only was theve a significant difference in bar-preasing. The
d-asmphetamine appears to suppress feeding behavior for about two hours
in mice after which time a zeturn to normal (not significantly sugmented)
feeding behavior reocccurss Typical locomotor activity and bar;pmssing

records bafore end after d-mmphetamine sre shown in Figure 11,

The standard for success of drug trastoent was weight loss. Andmals

were weighed om each injection day, In econtrast toc classical dosage



TABLE 12

TADUIATED BAR PRESSING RECORDS OF OBESE AHD COMTROL MICE
A5 & FURCTION OF TIME
FOLLOWING d-AMPHETAMINE INJECTIONS
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Figure 10

BAR PRESSING RECOPDS TOR OBESE AWD CONTROL MICE
AFIER SALILNE OR d-AHMFHETAMINE INJECTIMNS
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Figure 11

TYPICAL POLYGRAPI AND EYMOGRAPH RECORDS
APTER SALINE OR d-AMPHETAUTNE I¥JECTIONS
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procedures, all obese and control mice received the same drug dosage.
This was done to allow for comparisen of the two groups under the same
treatment. The drugs used in this experiment were not sdministered on
& body weight basis since the obese and nommal animals differ primcipally
_ in fat content, and these drugs bave not been demonstrated to become
distributed in body fet. Since all animals were to receive the same
dosage of each drug, an arbitrary weight of 29 grams was selected as 2
bage for dossge caloulations, All animsls received, therefore, 0.145 mg
{eguivalent to 5 mg/kg in a 29 Gram mouse) of d-ampbetamine in 0.2 ec
of normal sterile saline every Tuesday, Thursday, and Sacurday. Food
intake on the day after drug adninistration was always recorded.

Tigure 12 shows the results of 10 such adninistrations of
deamphetamine sulfate (5 mg/kg) on food intake and body weight. Ar this
dosage level the obese mice were essentially mmgffected, whereas there
were three days of significant foed intake suppression in the controls.
Afger 10 such administrations, the dosage of the drug was doubled
(Figure 13). On five of the 10 test days, the control mice showed a
significant decrease in food intske., Such & respomse was observed on
twe days for the cbese., It should ba wmoticed, however, that beth groups
showed weipht lose st this dosage leval. The dosage was then increased
to the equivalent of 15 mg/kg (Figuves 14 and 15) and maintained at that
level to see if toleramce would ocour requizing an elevation of dose in
order to continue doug rasponse. Tolerancs ¢id not oceur during the 35
consecutive adminfstrations. Weight loss wae not comsistent in the
control group but in the obese group decreased by as much ss 6% grams

(about a 17 per cent loss from the starting weight at chis dosage level)



Figuze 12

MEAN PER CENT FOOD CONSUMPTION AND MZAN BODY WEIGHT
(I8 GRAMS) OF & OBBSE AND 8 CONTROL MICE GIVEN 5 MG/KB OF
d- AMPHETAMINE GN SUCCESSIVE TUESDAY, THURSDAYS AND SATURDAYS
Each spot represents the growp mean body weight
on the respective day of injection and sach bar

repregents the group mean per cent of saline
contrel food intake.
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Fipure 13

MEAN PER CENT FODD CONSUMPTION AND MEAN BODY WEICHT
(IN CRAMS) OF 8§ QBESE AND § CONTROL MICE GIVEN 10 MG/EG OF
d-ANFHETAMINE O SUCCRBSSIVE TUBSDAYS, THURSDAYS ARD SATURDAYS
Zach spot represents the group mean bhody weight
on the respective day of injectien, and each bar

represents the group meen per cent of saline
contrel food intake.
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Figure 14

HMEAN PER CENT POOD CONSUMPTION AND MEAN BODY WRIGHT
(IN GRAMS) OF 8 OBESE MICE GIVEN 15 MGJKC OF d-AMPHETAMING
O SUCCESSIVE TUESDAYS, THURSDAYS AND SATURDAYS

Each spot represents the group mean body weighe
on the respective day of injection.
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Figurs 15

HEAN PER CENT FOOD CONSULPTION AND MEAN BODY WEIGHT
(I GRAMS) OF 8 CONTROL MICE GIVEN 15 HG/KC OF Q-AMPHETAMING
(8 SUCCESSIVE TURSDAYS, THURSDAYS AND SATURDAYS

Each spot represents the proup mean body wedght
on the ruspective day of fujection.
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during the teat,

Cn 23 of ghe 33 test days theve occurred a significant decrease im
food intake for the control animals and on 2ll but three days the intake
was less than the pre~drug levels, For the obese animals, gignificant
decreases occurred om 25 of the 35 days end om all but two days the
fatake was below the pre~drug level, The mean readings for each day at
all three dosages are given in Table 13 along with the corresponding
readings for the day after injection. It can be seen that in most cases
the food intake on the day after injection was grester than 100 per cent
of the pre-~drug levels. The obese and contrel mice showed significantly
elavated total datly food consumption on three and eight days, respects
ively, (The individusl amimal data used in the calculations shown
herein are included in the "Appendix" section of this thesis.)

The question frequently avises as to whether or mot the food intake
suppressant and the centrsl stimulation sctivities of d-agmphetamine are
independent or intervelated, By measuring the length of time required
after injection to return to nomegignificantly altered bar~pressing and
locomotor getivity, one can obtain g measuve of this relationship,
Figures 16, 17 and 18 vepresent a graphic presentation of this informa-
tion. The obese and the comtrel mice showed about the same duration of
both zesponses at 5 and 10 mp/kg of deamphotamine, The intensity and
duration of locomotor sectivity stimuletion in the control mice was maine
tained throughout the 35 tests as was barepressing behsvior. The animals
ate while still showing significantly increased activity. In comntrast,
the obese animale showed progressively less locomotor activicy stimula.

tion which, after the twemtieth dose, was significant for a shorter



TABLE 13

FOOD INTAKE RECORDS
ON THE DAY OF AND ON THE DAY AFTER
de-ANPHETAMINE INJECTIONS



TABLE 13
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injection Foed intake
Day Food  Day After

Injection Foou incake
Day Food Day Alter

injec~ Intake of Injection Intake of JTajeetion bose
tion No. Contrels  (Comtrols) OTG Obese  (Obese) {mgfke)

l A-Qﬁ . 14».3.»2 5.33 5'% 5
2 J.52 be3ly 5.72 5.99 S
3 3.68 Le33 5.79 5.62 5
b k36 LGl 5.% 6.32 5
5 1e87 k53 5.96 6.03 5
6 589 579 5.68 5.95 5
7 beldy LJG7 5.78 6420 5
g &»i?é &-035 5:60 5998 5
9 heldy k60 Sek7 5.60 5
10 L33 5.02 6.22 5.89 ]
L 3.15 420 510 530 10
i2 5.86 LT 495 Galdy 6
1 5466 5.57% 5,50 6,40 10
15 LB he33 593 5.57 10
16 385 Leli9 .15 §.83 10
17 be 3 504 537 6433 10
18 lo B0 4,86 L 5.93 10
19 Lel3 476 5.65 5.91 10
20 O 5.08 5.58 649" 10
21 3.70 470 5.37 5.25 15
22 4e17 L2 557 6.09 15
25 ko3h L.93 L53 5.59 13
2 3.9 4498 ko83 5.99 15
25 347 &e36 599 5.5 15
26 3.87 o7 L85 4496 15
27 3.66 465 4490 5.08 15
29 297 410 348 5.64 i5
30 345 Le92 3.85 5.97 i3
31 3.93 S.ham 517 6'61* 15
32 5.28 L.07% k66 597 15
33 4,02 5.04 L33 5.68 1%
34 L3 4e78 Leb7 5,76 15
35 Led7 4470 4485 5.76 15
36 3.78 4,50 577 5.86 15
37 406 L5k, 411 5480 15
a8 hed3 5eTT Lo 57 b.26 15
39 475 Salybtt - 6.71% 15
40 LB 595 5.85 b1k i5

{conelmied on next page)
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TABLE 13
{Conelnded)

Injection Food intake injection  Pecd Intake

Day Food  Day After Day Food Day After .
Injee~ Intgke of Injeetion Intake of Injection Doge
tion No. Contrels  (Comtrols)  GTG Obese (Obese)  (mg/fkg)

Ll Le57 4485 5.28 6437 15
42 3.79 BT k38 Se5L 15
L3 Le22 4,66 5.6 5.76 15
s 3.62 b6l 470 5,53 15
L5 k.02 587 .61 6.02 15
Lo 3.78 4.80 hed2 5.87 15
-7 406 S 2.94 Le&0 i
4e 413 563 429 5.60 15
2#9 3:63 il--% 5!3’# 5-36 15
50 L.62 6.09% 4.28 5e2] 15
51 3.22 k50 3.52 he62 42
52 343 4.88 Le25 LoTT 15
53 345 Sei2n 27 4485 15
Sl 3.98 . 49 i
55 3.85 helils £.03 Selid i3

# = gignifieantly elevated food intake



Figure 16

DURATION OF SIGNIFICANTLY ALTERED LOCOMOTOR ACTIVITY
AND DAR PRESSING APTER d-AMPHETAMINE (5 MG/KC) INJECTIONS
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Figure 17

DUBATION OF SIGUIFICANTLY ALTERED LOCOMOTOR ACTIVITY
AlID DAR PRESSING AFTER ¢-AMFHETAMDNE (10 MC/ES) INJRCTIONS
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Figure 18

DURATION F SIGHIFICANTLY ALTIRED LOCOMOTOR ACTIVITY
AND BAR PRESSING AFTER d-AMPHETAMINE (15 NG/KG) DNJECTIONS
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duration of time. The animals were observed to be much more calis than
the controls at the same observation time., Although they dmmtramd
less activity, they did not seek food (bar-press). The results of both
grouwps showing that tolerance to food intake suppression did not occur

at the 15 mg/kg dose agree with the data ghown in Table 13,
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deute Drug Responses

it was stated earlier that one of the criteria for an esperimental
disease model was that it must vespond to drug treatment in a manner
’ snalogous te the human counterpart. This section was designed to further
test if GTG obesity meets this requivement. It consists of a serles of
essperiments with degmphetanine, phemmetzrazine, phendimetrasine, and
methyphenidate. The mcmendéd human oral dosages of each of these

agents may be used to compare their velative potency as ancrexigenié

agents.
deamphe tanive ‘ ' - 5mg {piven 3 times a day)
phemsetrazine 25 wg (given 3 times s day)
pbemiimei:zaztne 70 mg (given 3 times a day)
me thy Ipbenidate® 10 mg (given 3 times a day)

*A mild central stimulant which is claimed by
the manufgcturer not to be anorexigenic at
the usual clinical dose.

Phendimstyazine differs from phemmetrazine only by the inclusioen
into the molecule of an extra methyl group. Thus, at first glance, oune
might not expect to see the wide variation in reccumended dosage showm
above. However, phemmetrazine is supplied as the hydrochloride smalt
| and phendimetrazine as the bitartrate. Therefore, each 25 mg of
phemmetrazine base is equivalent to 32.05 mg of phendimetrazine base.

The first experiment consisted of an attempt to establish a dose-

response curve of anorexigenic efficiency for phemmetrasine. Thirty



moderately obese (40 » 48 Gm) mice whose sevenebour food intake had
reached stabile levels were used in five groups of six animals each.
They were injected with noxmal saline solutien and their sevenshour
food intaks measuted. On the following day, the groups were injected
with 30, 60, 75, 90 and 105 mg/kg of drug, respectively. Rasults were
caleulsted as & percentage of the saline food intake levels and are
showvn ia Figure 19, Individoal ¥t" tests and an analysis of varisnce
showed these means to differ significantly frem thelr pre-test contrel
values, in all cases excapt for methylphenidate. Pour animals were
injected on the day prior to this test with 150 mg/kg. Three of these
animals convulsed and died within two hours after the inmjection., The
fourth recovered but was hyperexcitable for over 24 hours.

In an experiment of similar design, d-amphetamine was administered
to moderately obese and contrel mice and phemmetrazine and phendimetra-
zine to moderately obese mice in doses of 5, 10, 15, and 20 mg/kg of
each drug, vespectively. Each point en Figuve 20 represents results
for six animals. 4s can be sesn, the responses of both the moderatsly
chege and contrel mice to d-guphetamine wers essentfally fdentical and
no significant responze to either of the drugs was observed at these
dosages.

Ia the third and fourth experiments, moderately obese mice were
used to detexmine dose-response curves for phendimetrazime and for
methylphenidate. Here again, six animals were used at cach dosage leval.
In 2il cases no gnimal was used which had received any of the smpbeta-
mines prior to this test. The rvesults are shown in Figures 21 and 232,

Maethylphenidate was the only drug which did not preduce a comsistent



Figuve 19

DOSE RESPONSE CURVE FOR PHENMETRAZINE
Il MODEPATELY ORESE MICE

{response = food intake suppression)
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Tiguve 20

DOSE RESPONSE CURVE FOR LOW DOSES OF PHIIEBTRAZINEG AND PHENDIMETRAZING
IN JODERATELY OBUSE
AND d-AMPHETAMING IN NORMAL AND MODEEATELY OBESE MICE

{response = food intske suppression)
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Pigure 21

DOSE RESPONSE CURVE FOR PHENDIMETRAZINE
I MODERATELY OBESE MICE

(response = food intake suppression)
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Figure 22

DOSE RESPONSE CURVE POR METHYLPHENIDATE
IN MODERATELY OBESE MICE

(response = foed intake suppression)
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food intake suppression although thers were pufficient effects in some
animels (increasing incidence with higher doses) to produce g dosee
dependent decrease in mean food consumption for the entive group.

Comparison of the animal dosage of sach drug necessary for a 25
per cent decrsase im food intake to the humen clinical doses, iwnli&&
& mesans Co evaluate drug responsiveness of OTC obesity sz a model ‘ef its
clinical councerpart, Table 14 presents such & comparison and suploys
d-amphetonine as a refervence fovr comparing the potency of the other |
agents. (For purposes of biochemorxphelogical comparison, it is interestce
ing to noke that methylphenidate is structurally related te the phenyl-
othylamings (amphetamines) and, especially, to the two oxszine compounds.)

The objective of the fifth experiment was to establish the 1bgy of
deamphetanine for nemal and GTC obese mice. DBighty-eight nowmal (22 to
26 gram) mice ware injected in groups of eight with deamphetamine st
5 mg/kg increments frem 10 to 60 mg/kp. ALl dosages produced imcreased
activity and deses over 20 mg/kg caused convulsive behavier and pere
sistent preening which often led to scxatching and bleeding of the face
and ventral surfaces. This activity reached & peak at sbout 45 mimutes
after hijection and was sustained for three hours. After this tims the
nics were lese sctive (often lethargic), but low intensity suditory
stinuli could elicit convulsive behavicr. Deaths occurred betwean two
and fcur hours after injection. The mmber of deaths for each group of

eight mice irjected with various doses of deanmphetamine is shown below:



TADLE 14

COMPARISON OF LRUG DUSAGES REQUIRED
TO PRODUCE A 27 PER CENT DECREASE IV FOOD INTAXE
T OBRSE MICE TG THE USUAL WUMAN CLINYCAL DOSAGE
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s ihe mumfncturar's high sugrestied conl dowe is used here ae
this dmg is cesoribed a9 poosesally & potenty betwweon thet of
enlisine aul d-gophetaine (63).
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Dosa (mglkg) 10 15 20 25 30 35 40 45 50 55 60

Mumber of Deaths ¢ 2 ¢ 1 & 2 1 1 2 5 &

Thus, the sy for nomal mice is between 50 and 55 nglke.

To establish the g, for obese animels, the same procedure was
used, 41l animals weighed between 43 and 60 grems and in all cases
& were fomales and & males. Ho sex difference was cbserved in the
quantitative or aqualitative wesponses to the deanphatamine, The number
of deaths for these smimals was as follows:

Dose (mpfke) 10 15 20 25 30 35 40

tumber of Deaths 1 1 2% & 85 1

Thus, the Mg for the obese mice was congiderably lower than that for

the control mice; f.e.4 between 30 and 33 mgfkg.
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Pharmacopathology

Acute Toxicity of Gold Thioglucose
In the first euperiments, the GIC was administered in the fomm of

s sssame oil suspension. Later experiments invelved use of g water
solution of the yellow powder. The responses to both dosage foms were
the same. After injection of GIG to mliece fagted for 48 hours, no signs
of toxicity could ba observed during the first two or three hours. In
animals that were usually destined to dis, one would them obssrve a
mizture of signe and symptoms often including ataxia, tremors, paraplegia,
profuse salivation, tendency to veel te one side (usually to the left),
‘irtegulgr rate of eye blinking, and an externslly palpable dilated
stomach., Tha respiration was usually deep and slow but seldom noticew
ably labored. Autopsy and macroscopic observations showed no abnomnale
icies other than the swollen stomachs and occasiomal ruptured stomachs
cften assoclated with ascites. Although all the aninmgls had been offered
unlinized food fumedistely after injection, the intestinal tract was
always found to be empty (emcept for am occasional bard bolus in the
distal colon) on autopsy. In all cases the stomschs were full of food
naterial of a semisolid and rather howmogensous comsistency, The stomach
and contents of one 1%-gram mouge weighed 4,19 grams. Saline injected
controls never showed stomachs and contents weighing over 1.5 grams.

in aninals that died from the toxic action of GTG, the tongue was
frequently extended and it was not uncammon to observe bleading from

the nese. Prior te death these animsls grasped the floor of the cage
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securely with their teeth.

Chronic Bffscts of Gold Thioglucose

After vecovery from the injection (me observable symptoms after
four days), weight geins would occur reaching s maximus at about GO days.
Hot all animals demcngtrated hyperphagis or obesity. HRHowever, those
that did become obese often weighed between 50 and 75 grams (normal
mgturve weight for these mice was between 23 and 33 grams),

~ The fur on these very obese animals was somewhat sparss and more
coarse than that of the controls. Figures 23 and 24 show 2 sixty gram
obese mouse and g chirty gram control wmouse both intact in a dorsal view
and following laparctomy in 3 ventral view, The obese mice always
possessed large quantitiss of subcutaneous and intrgeabdomingl fat.

It was interesting to note that the votal dvy weight of cleaned
intestine frem CIC obese mice was greater than that of controls: Table
15 shows the vesults obtained on elght mice (four moderately obese and
four nonscbese but CTG injected comtrels) comparing lengths and weighte
of intestine after pre.cleaning aund drying., Histological crossesections
teken fyrom jdentical levels (seven centimeters distal te the pylovis)
show that the obese i{ntestine (Figure 25) differed from the comtzol
(Figure 26) by having a greater crogs~sectional diammeter, an enlarged
lumen, and & grester nmass and size of villi, It would be interesting
to know 4f this gemeral increase in intestinal area involves ccllular

bypertrophy ot hypezplasia.



Figurs 23

DORSAL VIEW OF AN OBESE AND A CONTROL HOUSE

Figure 24

VENTRAL VIEW OF AN OBESE AND A COWTROL MOUSE AFTER IAPAROTOMY
SHOWING: VARIATIONS IN SUBCUTANECUS AND INTRA-ABDCROINAL FAT



Figure 3




TARLE 15

COMPARATIVE LENGTHS AND WEBIGHTS
OF INTESTINE FROM OBESE AND CONTROL MICR

(These were litter-mate mice injected with CTC five months prior to

this study. The tewm, control mice, here refers to GTG injected
nonecbese nice,)



TABLE 15

Animal GTC  Gross Intestinal Intestinal Dry  Weight/ Unit
Huwaber Dose Weight ILength Weight (Gm) 'I.sngth {mg)

i 0 30 G Sh em 0.5306 2.83
2 O 30 56 0.5857 1046
3 0 JHom 58 en 0.6663 1149
& Y 316an Soom 0.5252 9.91
- 0 53Ga 65 en 0.8087 i2.4)
& 10 b Gm 61 em 0.8462 13.87
7 o S20m 67 om 0.8661 12.93
& 20 Sl 5 em 0.8534 1244
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Pralimingry histological studies of the braim were perfommed
following the termination of the experiments. Two methods wezs employed:
a) frozen sections were prepared om a cryostat and staimed with thiomin,
and b) paraffin sections were prepared and stained with hematoxylin and
sosine As previously mentioned, various investigators have zeported
ventremedial hypothalgmic lesions following the administratien of GTG,
The present histological studies have not substantisted these reports.
Neither cellular nor nuclear alterations are evident, as shown in
Figure 27, However, it must be emphasised that these are the results

ef studies on only three obese and one control animal,



- Pigure 25

CROSS-SECTION OF INTESTING FROM AN OBRSE MOUSE
| (x165) |

Figure 26

CROSS«SECTION OF DITESTINE FROM 4 CONTROL LOUSE
(x165)

Filguve 27

THIONIN STAINED FROZEN BRAIN SECTION
FROM AN OBESE MOUSE
SHOWING THE VENTRAL CANAL AND THE VENTROMEDIAL NUCLEX
{x330)
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DISCUSSION

Surface Arca as g Metabolic Beference Standard

Mention of surface arca as a veference standard is comspicuoualy
absent in the wetabolie expcrmms deseribed here., This is not the
regult of oversight. Surface area is probably the mest widely used,
abused, and misunderstood standard in clinical medicine and in biologe
ical vesearch.

The chofce of s suitable reference standard is essential te the
interpretation of enerpy metabolism data and for comparing imtra and
fnterepecific metabolic rates. The standard used will often biss the
interpreiation of the experimental results. For example, the oxygen
conswiption of an obese animal will appear to bs subnormal if espressed
as a function of units of body weight.

Kleiber (77) has veviewed the nmr:ms attempts to establish and
justify methods to compute the body surface ares. Ha expresses his
alam at the apparent lack of unifcmmity in methods of computing sure
face area as follows:

In 10 papers (from 5 laboratories) studied for this

review, metabolic rates of rats are expraessed per unit of

surface aress Four of the ten authors did not state how

they messured or calculated this srea. Ona multiplied the

2/3 power of bedy weight (in kg) by 7.42, another by 9.1, a

thizd by 10, to calculate the surface area in squave decis

meters. One author multiplied the 3/5 power of body weight

by 12,44, and two have calculated z new surface-weight

relationship presumably by an intricate logarpithmic in ar-

polation begween three clder omes 7.42 x s 11,36 we/

and 12.44 W72, That » for vat metabolism oniy - is thin
year's result of a century of surface law.
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He further points out that the general acceptance of the formula
of DuBois (51) for humans is probably related to the clinician's lack
of time to develop new surface formulas for every new paper published.
Miller (93) suggests that the concept of surface avea is based on naive
interpretations of the mechanisms of body heat loss and should be cone
sidered a meaningless refersnce standard. Nillar and Blyth (94) point
out an important inconsistency of the surface law in comparing the
influence of altered body composition on basal metabolism. They hypothe
esized that the addition of fat should influence total oXygen congumpte
ion less than the addition of an equivalent mass of muscle although the
increase in caleulated surfsce area in the two cases would be the same.
These authors considered a large par: of the intraspecific varistion in
body composition to be due te differences in fat content. If this were
the case, then the lean body mass {fat-free body mass) should be a morxe
appropriate metabolic reference standard than either body waipght o
surface area.

They tested this hypothesis in humans by plotiting the basal oxygen
consumption a8 & function of bedy waight, surfsce area, and lean body
mass. They caleulated simple corvelation, regression, and ninety per
cent confidence intervals for each set of measures. Their results
allowed for prediction of oxygen consumption from (1) lesn body msss
within + 22 ml (r = 0,92), (2) fram body weight within + 31 ml (r = 0.85),
and (3) from surface avea within + 32 ml (r = 0.84). They also showed
that much of the validity of surface area and body weight is due to their
high degree of correlation with lean body mass since these meagures are

not independent variables.
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For these veasons the surface area has not been used as a
metabolic reference standayd in the ressarch reported here. In its

place the move mesningful lean body mass is used.

lean Body Mass Detemminations
The nessurements of lean body mass which were used hevein were
based on the following d&cwaﬂms
| Bathbun and Pace (102) found that a lineer relationship batween
total body fat and bedy specific g;ravit& existed for guinea pige. They
yostuht;& such a velgtionship to exist also for humenz and calculgted

equations for both gulnea pig end man. The guinea pig equation is

Per cent fat = 100 [ 2e133 &-.69!9
8P

and that for the hmm was estimated to be

Por cent fat = 100 é’&%” 5,064
EPeGXe

Pirect substitution into these eguations of vslues for body specific
gravity of guinea pigs and man obtained by special techniques, would
yield values for total body fat. Pitts (100) has further extended these
studies and investigated the composition and constancy of the vartious
body compartments, Pites and Hollifield (101) described z technique for
estimating the fatness of the total body £rom wmeasuvements eon the
eviscerated carcasses of genetically obase mice and nermal littermotes.
Methods for predicting the total body fat from specific gravity of

normal or ef GG chess mice hagve not been reported im the literature.
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Such & method hes besn developed and utilised in this investigation.

A linear velationship betwsen total body specific gravity and per
cent body fat has been demonstrated (r = -0,99) and a regression formula
derived which allows for the calculation of fat<free body mass 4f tha
total body specific gravity is known (Table 7 and Figure 7). This
information was used im the calculation of the drug deseges and for the
studics on oxygen consumption.

Iz is interesting to mote that ahe values for fat-free body mass
cbtained by dirvect extraction or by the formula derived heve disagree
with those ebtained by weing the guinea pig and buman formulas of
Bathbun and Pace (102), Use of the guinea pig formula for estimating
per cent fat in mice would have resulted in an error of %.1¢ per cent
{based on the group mesns), and the human forsmls would have caused a
10.75 per cent exror of estimation since their human formuls was derived

from extrapolation of their vesults in guines pigs.
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lgtabolisn Experiments
It has been shown herein thet the fat-free body weight of obese

mice is greater than that for nomecbese (Table 8). In addition, the
obese mice dememstrated an elevated tobtal exygen consumption. If, how-
ever, the oxygen consumption is recalculated in temms of equal umits
(grams) of fat-free body weight, then the variation disappears. This
suggests that the chese mice consume move oxygen becsuse they possess
a greater amount of metabelically sctive tissue, such as muscle and
adipese tissue, than the contrel mice. It does not, however, rule out
the possibility that a part of the effect could be caused by an inmcreased
rate of oxygen utilization &n the obese nice. Howsver, mo reports
suggesting such metabolic abnormalities could be found in the literature.
On the contrary, nunerous reports {(39){(40)(86)(118) suggest metabolic
nomalcy. The results obtained for OIC obese mice agrse with those of
Brooks end Marine (35) for rats with hypothalamtc alcet:ral‘ytté lesions.
Their vate showed & decrease in rate of oxygen utilization but "as they
became obese the oxygen use per gran of body weight fell even farther
below normal but the total oxygen consumption gradually rose and events
ually exceedad the nomall®

Further support for this suggestion of increased metabolically
active tissue is found in the histological and gross anstomical observas
tions veported hare, It was found that the intestinal tracts of the
vbese mice were longer and heavier (Table 15) than those of the nowmal
mice. Mayer (86) has alsc reported emlarged livers, kidunays, ovaries,

and uteri in GIC obhese mice.



Any attempt to compare the resulis of the wetabolie studies in
GI6 mice to human megsurements is difficult since much of the slinlcal
dats on metabolic rate asscciated with obesity are imconclusiva.
RBesults are usually espressed as a fumction of the caleulated surface
area and both decreases and increases in metabolic rate have been
observed in obesity, Teppeman (112) states that the absclute oxygen
consumption of & resting obese subject is greater then that of his lean
control, Such was also the case in the GTC cbese mice and their lean
controls. Since GIC trested noneobese mice did not show the elevated
oxygen consumption snd since fasting, with resultant fat less, resulted
in a lowering of the basal exygen conswmption, it was coucluded thet the
effact was the result of the obesity and mot due to a drug idiosyncrasy,
These animals, therefore, resemble clinical obesity in vespect to Couw
parative oxygen compumption between cobsse and noneobese subjects.
Contrarily, genstically obese mice cshow a decreased total exygen consmﬁtu—
ton (92). |

It would have been desireble to lmow the respiratory quotient of
these antnmals in order to evaluate in greater detail the metabolic
aspects of GTC cbesity. However, it is diffdcult to measure the small
volumes of pases uvtilized and produced by these animals with the accuracy
roquired for respiratory quotlent deteminations. The techmique described
herein was based on titrimetry. Mayer gt sl (22)(88) used ‘“wery elabore
ate® open~cizeuit trains for the simultaneous measurepent of both oxypen
utilization and carbon dioxide production in berediterily cbese and

ddabetic nices They zeported omly cheir oxygen consumption zesults and
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did not extend the technique to thelr 678 animals, When adequate
techniques for simultaneocus microe-deteminations of both omygen and
carbon diexide memsurements became availsble, a preciss respiratory

quotient measurament will be possible.

famphetanine Tolerance

It is interesting to nets that Friedman, Weingarten, and Janowitz
{57) observed tolerance to food intake suppression during 25 daily
administrations of d-amphetamine (5 mg/kg) to mive, During the first
two weeks thay chserved significant decreases in food intake with two
"hreakthrough? periods of enhanced feeding in beth obese and control
mice. After this time; the drug had litele effect in either growp. In
contrast, the 15 wg/kg dosage used hevein and administered every other
day preduced & consistent decrease in food intake in both groups (Fipures
14 and 15), whils only the obese showed a decreasing bedy weight over
the threesmenth peried during which this dose was given. The only
suggestion of possible tolevence emanated from the observation that the
15 mg/kp dose produced an 10 per cent meen suppression of food intake
in the chronic experiment vhereas & 13 mg/kg dose caused a 25 per cent
suppression in the acute experinent, TE@ suggestion that freguency of
adoinistration may be fnvolved in the development of tolerance is
supperted by the preceeding vesults and strengthened by Epsteins' (54)
observation that vats with electrolycic lesions in the ventromedial
bypothalamus and given amphetaming on altevnate days did not acquive

drug tolevance,
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enhanced susceptibility s derived from the observation that weight
loss occurred im the obese but not in the nowmal mice (Figuves 14 and
15). Results reported by Altschuler and Liebersem (7) suggest that
mature obese animals ave capable of mobilizing free fatty acids more
readily thas nonecbese animals. 4An explanstion for this phenomenon
remaing to be determined.

The cbsarvation that tolerzance occurred to locomotor sctivity but
nst to the anorexic and fat mobillzing (weight loss) zespomse (Figure
128) suggests that these two sctions of d-amphetamine ave not necegsarily
produced by drug action at & single common receptor site. Table 1 shows
that this drug is capable of preducing a lavge nmumber of rengw&es. In
the treatment of obesity, four sctions are considered desirable; l.e.,
(1) suppression of sppetite, (2) depression of hunger, (3) promotion of
evhanced enexgy expenditure, and (4) mobilization of depot fats. All
other responses would be regexded as "sidee~effects”, The first three
factors have been axmmined in the historical review. Regavding the
fourth factor, recent studies have showm that pituitary hormones are
capable of causing the mobilization of depot fats (18){19). Astwood
(18) hes suggested that fatty acid release from end depletion of fat
depots is promoted by the hormonss of the adrenal medulla and by pituie
tary hommenes such as corticotropin, the intermedins, thyrotropin, and
growth hormsone, Astwoed, Barzett, and Friesen (19) have also identified
other pituitary peptides which have been shown to be active in fat
mobilizaticon.® Whether or not the fat mobiliziang propsrty of

*Li has also véported identifying a pituitary hormone with powerful
fat-mobilizing preperties. He calls it “lipotropin® gnd states that it
consists of a single chain of 59 amino acids. This veport was abstracted
in M*g&l wﬂ!ld M, Apﬂ.l 10, 1964, 3 104,
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d-gmphetanine is related to its ability te stimulate the releass of
one of these hormones directly or by a hypothalamo-hypephyseal mechanism,
oz by divect peripheral actions remains To be determimed. It would seam
probable that more than one site of sction would be required to sccomplish
stinulation of energy expenditure, mobilisation of depot fsts, and
depression of feeding behavior.

In the preliminary experiment on food and water @nnaﬂnptioﬁ. ic
was observed that increased feeding was sccompanied by increased drinke
tng (Tables 5 and 6). Creer (62) showed that the hypothelsmus possesses
wechaniems for the vegulstion of drimking behavior in rats. Hu'e§ar.
the mechanism by which the intersction of feeding and drinking s
accomplished is still unkoown. Zxplanstion of this phenomencn is wmade
more complex by the observations of Grossman {(65)(66) that the hypow=
thalanic feeding wechanisms vespond to locally injected adremergic drugs
while the drinking wechanisms are affected by cholinergic drugs., These
obsexvations are strengthensd by the results of studies using adrenarpic

or cholinergic blocking agents (67).
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Mechanisn of Actlon of GTC
The preliminary observations reperted herein that the hypethalamic
ventromedial region appears to be nemmal in mice studied seven months
after dinjection (Figure 27) puggests that further iuvestigatiouns inte
the mechanism of action of G7CG fin producing its bypothalamic effects
are indicated, Possible support for this suggestion is derived from |
the recent fwvestigations of Hdelman, ldvingston, and Schwartz (52)
which indicate that the ventremedial area "does not appear to contain
a dense population of specific high affinity glucose receptors for which
glucose and pold thioglucose compste for attechment.” Substances becides
glucose appear to affect the hypothalamic mechanisms. Hervey (73)
observed that experimentally produced hypothalamic hyperphagia in one
vat of a parabiotic set is accompanied by insnition in the other animal.
Subsequont lesions in the thin animal resulted in hyperphagia. Since
glucose was not a variable in these experiments, Hezvey sugpested that
the animals with normal hypothalemi ate less dus to 2 factor prodused
in regpouse to the opavated enimals overfeeding, thus suggesting a feeds
back mechanism in the contyol of food intake. It will be interesting
to se¢ how thepe and future observations may affect the status of

layer's glucostatic theory,
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Evaluation of the liodel
The title of this thesis would indicate that the researches

reported herein are an attespt to compare GIC obesity te elinical
obesity. In only & few instances could this comparison actually be
made., It iz & less difficult task to study the physioclogical, bioe
chemical, and behavioral characteristics of obepity in mice than in
man, Human investigetions are complicated by a very diffiemlt to
control varisble < the psyche. This factor by itself has precluded the
treatment of many obese patients. It can markedly affect the interpres
tation of metabolic data and grossly alter feeding patterms. Until
adequately controlled, it will be difffcult to perform experiments
designed to contribute to an understendiang of the basic alterations of
noomal function resulting in obesity. However, it has besn shom haxe
that CTC obesity possesses metabolic and behavicral characteristics
which are similar to those currently available from studies om lnman
obesity. Fox these reasons, it would seem justifiable to propose that
in spite of the lacking human psychic component, CTCeinduced experimental
obesity would be a nseful experimental tool for the seresning and
evaluacicn of new drugs for the prophylaxis and treatment of climical

obeaity.
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SUARY AND CONCLUSIONS

1. Obesity has been producad in mice by the injection of gold
thicglucose (GT€) and the vepultant slteratious in feeding and drinke
ing behavior have been studied, These animals have demonstrated a
marked elevation in quantities of focd consumed and an associated, but
not proportional, rise in water consumptios. |

2« A method for thg indirect determination of fatefree body mass
has been establiished and used for metabolie studies on normal and
obese mice.

3. & decreased total food comsumptiecn, 2 twoehour depression of
nomal feeding behavior, a very significant {specifically defined)
elevation in locomotor activity, and s decreased body welght (in chese
aninals enly) bave been observed follewing chrenic administration of
d-guphetanine to mice housed in contrelled feeding cages. When the drug
was edministered on alternate dayes foxr 35 injections, no sipgus of drug
tolevance were observed.

4, When conpared to the effects of human treatment, the experi-
mental animsls responded similarly in vegard to feeding bebavior when
injected acutely with depmphatamine, phemmetrazine, phendimetrazine, and
mathylpbenidate.
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5, An elevated total basal oxygen consumpticn has been demon-
strated for OTC obese mice. This variation disappears upon recalcula.
tion in texms of units of fat-frec body weight,.

6. OGYC obese mige were observed to have slightly longer and much
heavier (histolegically exmmined) intestinal tracts.

7« The lean body mass {fat«free body mass) of CIC obese mice was
found to be significantly greatar than that of non-cbese.

8+ It is proposed that this type of experimenisl obesity may be
a useful tool for the screening and evaluation of the properties of new

anti-obesity drugs.
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