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ON THE MECHANISM OF THE ANOREXIGENIC EFFECT 
OF ADRENALINE AND AMPHET AMINE • 

ABSTRACT 

MAuR1cro RussEK • • 
EowARD BRUNI •• 

Intraperitoncal (i.p.) adrenaline (A) clicited: a strong anorexia and a substantial 
reduction in spontaneous motor activi ty which increased wilh the dose; a mild 
increase or no effcct in oxygcn consumption (Q02); negligible changes in rectal 
temperature (RT) ; a marked hyperglycemia; and a significant reduction in liver 
glycogen (LG) that could easily account for the h yperglycemia quantitatively. 
On the othor hand, the isoanorexigcnic closc of amphetaminc (A m) elicited: 
a great increasc in erratic sponlaneous activity; a large increasc in Q01 and RT, 
no hyperglycemia, but a simi lar dccrcasc in LG. Therefore, both substances caused 
the same increasc in thc ratc of glucosc libcration by Lhc livcr, but in Lhc case 
of Am, thc glucosc was consumed by Lhe marked motor activity, rcsulting in 
little hyperglycemia. Nevertheless. if the hepatic gl ucoreceptors are sensitive to 
the rate of glucose transport through the cell membrane, they could be the main 
cause of the anorexia produced by both A and Am. The hypothetical sequence 
of events would be, for A: a primary glycogeno lytic effect causing satiation , which 
in turn causes decrease in activity; this masks or even reverses the primary calo· 
rigenic effects of A. No activation of the central nervous system (CNS) is produced, 
because most A is destroyed in the liver and the small amount that reaches the 
general circulation <loes not traverse the bloodbrain barrier (BBB). I n the case 
of Am: there would be no primary glycogenolytic effects. Most of the substance 
would reach the general circulation, and would easily traverse the BBB, stimulate 
the CNS and produce the increase in activity, with a concomitant increase in 
sympathetic activity that causes an hepatic glycogenolysis. This latter is monitored 
by the hepatic glucoreceptors and produces anorexia. That the increase in activity 
is rela ted to the other changes is shown by the lack of cffect, of Am on Q02 
and RT in aneslhetized animals. 

RESUMEN 

La adrenalina (A) intraperitoneal produjo: una fuerte anorexia y una disminución 
marcada de la actividad motora espontánea; un pequefio o nulo aumento en e l 
consumo de oxigeno (QO~) ; cambios pequefios en la temperatura rectal (T R); 
una marcada h iperglucemia; una reducción significativa del glucógeno hepático 
(GH) suficiente para explicar la hipergl icemia. Por otro lacio, la dosis isoanore­
xigénica ele anfetamina (An) produjo: un gran aumento ele la actividad motora 
espontánea; un marcado aumento del Q02 y ele la TR ; una reducción del GH 
similar a la producida por la adrenalina, pero sin ninguna hiperglucemia. Por 
lo tanto, ambas substancias produjeron el mismo aumen to en la cantidad de glucosa 
liberada por el hígado, pero en el caso de la A11, esta glucosa es rápidamente 
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Intraperitoneal (i.p.) adrcnaline (A) elici tecl : a strong anorexia and a substantial 
reduction in spon taneous mo tor activity which increased with the dose; a mi ld 
increase or no effect in oxygen consumptio n (Q0 2); negligible changes in rectal 
temperature (RT); a marked h yperglycemia; and a significant reduction in liver 
glycogen (LG) tha t could easily account for the h yperglycemia quantitatively. 
On the o ther hand, the isoanorex igcnic close o f amphetami nc (Am) elicited: 
a great increase in erratic spontaneous activity; a large increase in QO! and RT, 
no h yperglycemia, but a similar dccrease in L G. T herefore, bo th substanccs caused 
the same increase in the rate of glucose li bera tion by the liver, but in the case 
o f Am, the glucose was consumed by the marked mo tor activity, resulting in 
little hyperglycemia. Neverthcless. if the hepatic glucoreceptors are sensitive to 
the rate of glucose transport through the cell membrane, they cou ld be the main 
cause of the anorexia produced by both A and A m. T he hypothetical sequence 
of even ts would be, for A: a p rimary glycogenolytic effect causing sa tiation, which 
in turn causes decrease in activity; this masks or even reverses the p rimary calo­
rigenic effects of A . No activation of the cen tral nervous system (CNS) is prod uced, 
becausc most A is destroyed in the liver and the small amount tha t reaches the 
general circula tion does not traverse the bloodbrain barrier (BBB ). In the case 
of A m : there would be no primary glycogenolytic effects. Most o f the su bstance 
would rcach the general circula tion, and would easily traverse the BBB, stimulate 
the CNS and produce the increase in activity, with a concomitan t increase in 
sympathetic activity that ca uses an hepatic glycogenolysis. T his la tter is monitored 
by the hepatic g lucoreceptors and prod uces anorexia. T hat the increase in activity 
is rela ted to the o ther changes is shown by the lack of effect, of A m. on QO., 
and RT in anesthetized an imals. -

R ESUMEN 

La adrenalina (A) intraperitonea l produjo: u na fuerte anorexia y una dismin ución 
marcad a de la actividad motora espontánea; un pcqueiio o nulo aumento en el 
consumo de ox ígeno (Q02); cambios pequerios en la temperatura rectal (TR); 
una marcada hi perglucemia; una reducción significativa del glucógeno hepá tico 
(GH ) suficiente para explicar la hipergliccmia. Po r otro lado, la dosis isoanore­
xigénica de anfetamina (An) produjo: un gran au men to de la actividad motora 
espontánea; un marcado au mento del Q02 y de la TR; una red ucción del GH 
similar a la producida por la adrenalina, pero sin ninguna hiperglucemia. Por 
lo tan to, ambas su bstancias p rodujeron el mismo aumento en la cantidad de g lucosa 
liberada por el hígado, pero en el caso d e la An, esta glucosa es rápidamente 
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consumida debido a la gran acti vidad muscular, por lo que no se produce hiper · 
glicemia. 
Sin embargo, si los glucorrecepiores hep:lt icos son sensibles a la ai ntidad de glucosa 
transportada a través de la membrana , podr ían ser la causa que origina la a norexia 
tanto en e l caso de la A , como e11 el de la A 11. • 

La secuencia hipotética de reacciones sería, para A; una glucogenolisis primaria 
que red uce las ··señales de hambre·· de los glucorreceplores hepáticos; la sensa· 
ción de saciedad sería la causa de la tranquilización manifestada por la reducción 
de la actividad moLOra. o habría acti vación del sistema nerviso central 
(SN C) porque la casi tota lidad ele la A <.'S destuida por e l hígado y la poca 
que logra pasar a la circulación general n o penetra la barrera hematoencefálica 
(BHE) . En el caso de la An: no habría actividad glucogenolít ica primaria. La 
mayor parte de la substancia llegaría a la circulación general, porque no es 
destruida por las enzimas hepí11icas y una cantidad importante atravesaría la BHE. 
porque la An es menos polar que la A. La acción de la An sobre el SNC seria e l 
au men to marcado d e la acti vidad motora que a su vez p roduciría los aumentos d e 
QO" y TR , y una acti vación de los nervios simpáticos del hígado. lo cua l produciría 
glucogcnolisis. Esta última actuaría sobre los g! ucorrecep tores hep{tticos y produ· 
dría la anorex ia. La idea de q ue e l aumen to de ac tividad motora es la causa de 
los aumentos de Q09 y T R recibió u11 fuerte apoyo en e l hecho d e que esto 
cam bios desaparecierori cuando se e liminó el cambio de acti vidad motora anestesiando 
al animal. 

1NT RODU CT10N 

A highly significan t inverse correlat ion 
was founcl between the changes in foocl 
intake ancl the changes in liver sugar 
concentration observecl after the intrape­
ritoneal aclministration of acl renaline, 
nor-aclrenaline, glucose ancl insulin 
(Russek ancl Stevenson, in press). This 
further supportecl the hypothesis that 
hepatic glucoreceptors play an important 
role in the regulation of foocl-intake 
(Russek, 1963; Russek, 1967; Russek et 
al., I 968a). On the other hand, amphe­
tamine was found to produce a strong 
anorexia with a small increase in liver 
glucose, smaller than that precl icted by 
the correlat ion obtained with the other 
substances mentioned above (Russek ancl 
Stevenson, in press) . Nevertheless, am­
phetamine procluced the same glycoge­
nolysis as the isoanorexigen ic close of 
aclrena line, ancl the anorexia incluced by 
both substances decreasecl when the gly­
cogen reserves were diminishecl by a pro­
longecl feed ing with a carbohydrate free 
diet. This suggested that the anorexia 

produced by amphetam ine was related 
to its glycogenolytic effect, which led to 
the question of why only adrenali ne pro­
duced a marked hyperglycemia. 

As the rats appearecl very "excitecl" 
after amphetamine, it was thought that 
the glucose liberatecl by the liver could 
be consumed at the same rate in the 
muscles, which would explain the lack 
of h yperglycemia in spite of the glyco­
genolysis observed. To study this possi­
bility, the effects of amphetam ine, adre­
naline and noraclrenaline on spontaneom 
activity, oxygen consumption and rectal 
temperature were measured. Now, the 
changes, in oxygen consumption ami 
recta l temperature, could be eithe r se­
cundary to the changes in muscular acti­
vity, or a primary effect of the subs­
tances, or both. To provicle some evi­
dence on this matter, the effects of adre­
naline, noradrenaline and amphetamine 
on these parameters were determined 
in rats whe re muscula r activity was a bo­
lished by anesthesia. 
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MATERIAL AND METHODS 

Sixteen adult male Wistar rats, weigh­
ing 250-350 g were used in the stud y of 
muscu lar activity, oxygen consumption 
and rectal temperature. These animals 
were housed in individual cages, in a 
room lightecl from 8 a.m. to 8 p.m., kept 
at a tempera ture of 22 ± 1 º C. T hey 
were fed for 1 hour d aily, a high-car­
bohydra te diet (70% sucrose, 21 % ca­
se in, 4.5% corn o il, by weight, with 
aclequa te vitamins and minerals) , with 
water avai lable ad libitum. Ali the ex­
periments were carried 1 hour prior to 
the feecling hour. 

1. Spontaneous activity. The effects 
of amphetamine (1.0 mg/ kg ancl 2.0 
mg/ kg) adrenaline (O.l and 0. 15 mg/ 
kg), noradrena line (0.1 mg/ kg and 0.15 
mg/ kg) ancl isotonic sa tine on the spon­
taneous activity of the rats were de ter­
mined using a "Jiggle" platform, with · 
a piezoelectric pickup, on which the 
housing cage of the rat was located. A 
direct recording as well as the integratecl 
mean of this activity was obtained with 
a Grass polygraph. After a control pe­
r iod of 30 min each animal was injected 
with one o[ the above mentioned solu­
tions and reintroducecl for another 30 
min. The surface uncler the integrated 
curve was measured for sample periods 
of 5 m in taken immecliately before ancl 
25 min after the injection. 

2. Oxygen consumption. The methocl 
clescribed by Ferguson and Sellers (1949) 
was used in these determinat ions. T he 
rats were p laced individually in each of 
four a ir tigh t cylindrical lucite tanks 
which were submerged in a thermostati­
cally regulated water bath (28º C) . T he 
animals were allowed to breathe 100% 
oxygen warmed to the bath tempera ture. 
The C02 and water vapour were absor­
bed by barium hyclroxide lime and the 
amount of oxygen consumecl was mea­
sured a t 10 min intervals by water 

displacement of the gas in a graduated 
cylinder, submerged in the same bath. 
After a period of 30 min during 
which a basal rate was obtai ned, the rats 
were removed, injected i. p. with one o[ 
the following substances, and re-intro­
d ucecl for another half hour periocl: 
adrenaline (0.15 mg/ kg), noraclrenaline 
(0.1 5 mg/ kg), amphetamine (1.0 mg/ kg 
ancl 2.0 mg/ kg) ancl isotonic sali ne. A 
mínimum interval of 2 days elapsecl 
between consecutive injections to the 
same ra t. In each experiment there was 
one rat injected with each of the fo ur 
substa nces. The same substa nces were 
also adm inistered to rats anesthetized 
with pentobarbital sodium (0.5 mg/ kg) 
ancl oxygen consumption was determined 
as described above. All measurements 
were made 1 hr prior to the daily fee­
di ng. 

3. Temperature determinations. Eigh­
teen non-anesthetized rats and 24 anesthe­
tized with barbitone (300 mg/ kg) were 
used in this experiment. This anesthetic 
prod uces a more prolonged and constant 
anesthesia than pentobarbital, and pro­
vides a more stable bod y temperature 
base line. In the non-anesthetized rats 
the rectal temperature was measured 
a fter the thermistor (YSI N9 402) had 
been in place (4 cm depth) for l min. 
Once a basal temperature was determi­
ned, adrenaline (0.15 mg/ kb) , noradre­
naline (0.15 mg/ kg) or amphetamine 
(2.0 mg/ kg) was injected i.p. and the 
temperature measured aga in after 30 and 
90 min. In the anesthetized rats, the 
temperature of the rectum was conti­
nuously recorded with the same rectal 
probe at the same depth as in the non­
anesthetized rats. The animals were kept 
in a "Precision" incubator at an air tem­
pera ture of 30º C. Injections were made 
only after the temperature had been 
stable for a t least 15 min. 



20 RUSSEK, M. ANO E. BRUN I 

RESULTS 

J. Spontaneous activity. The ra ts in­
jected with amphetamine did not look 
calm and relaxed, as those injected whith 
adrenaline and noradrenaline, but exhi­
bited a continous " tremor". The results 
obtainecl in the "jiggle cage" showecl 
qui te clearly a reduction in activity afte r 
adrenaline and an increase in general 
muscular activity after amphetamine 

(Table l ) . Even though it appears that 
the smaller close of amphetamine pro­
cluced more effect than the larger, the 
difference between them was not signi­
ficant, while the difference between 
either dose and the control was highly 
significant. On the other hand, neither 
dose of noradrenaline produced any sig­
nificant effect. 

TABL E I 

EFFECT OF I.P. ADRENALI NE, NORADRENA LINE ANO AMPHET AM I NE 
ON THE SPONTANEOUS ACTIVITY (J IGGLE CACE) OF RATS 

Mean spontaneous activity 
(A rea of integrated record 

in cm2/ min) 
Substance % of Nº of 

(mg/ kg) Control 25' after Inj. Control R ats 

Isotonic saline 4.5 3.5 78 4 

Noradrcna line (0.1) 1.9 I.7 89 5 

Noradrcnaline (0.15) 2.8 2.1 75 8 

Adrenaline (0.1 ) 2.1 1.4 67 6 

Adrcnaline (0.15) 4 .1 2.3 56 8 

Amphetamine (1.0) 1.9 9.0 473 3 

Amphctamine (2.0) 2.3 7.5 326 9 

T hc data were obtainecl by integrating the activity in the 5 min periocl prior to injection, 
ami thc 5 min periocl, 25 min after thc injcction. 

2. Oxygen consumption (Q02) • In 
table 2 it can be seen tha t no relation 
exists between the changes in Q02 and 
the anorexigenic effects of the substan­
ces stucliecl. Adrenaline and noraclrena­
line at the dose of 0.1 mg/ kg procluced 
the same increase in Q02 but only aclre­
naline produced a significan t clecrease 
in food-intake. W hen the close of aclre­
naline was increased to 0.1 5 mg/ kg, its 
anorexigenic effect increased further , 
while its effect on Q02 clecreasecl to a 
non-significant leve!. When noradrena­
line was increasecl to 0.15 mg/ kg, it pro-

duced a mild but significant anorexia, 
while its effect on Q02 became non­
significant. On the other hand, amphe­
tamine 2.0 mg / kg, which e lici ted apro­
x ima tely the same e ffect on foocl intake 
as adrenaline 0.15 mg/ kg, produced the 
largest increase in Q02 (75% above the 
control). H alf the dose of amphetamine 
(0.1 mg/ kg), procluced about 1/ 3 of the 
anorexigenic effect of the larger dose 
(29% decrease in food intake as com­
pared to 87% ) but increased QO:? by 
56% , which represented 3/ 4 of the effect 
of the larger dose. In the anesthetizecl 
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animals, the effect of amphetamine (2.0 
mg/ kg) was only a small and non-signi­
ficant increase. 

3. R ectal T emperature. Amphetamine 
(2.0 mg/ kg) in the non-anesthetized rats 
produced a substantial increase in rectal 
temperature which was highly significa nt 
(Fig. 1). This was in good agreement 
with the increase in Q02 described be· 

~ 
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e 

Annlhttized 

37. 

Am 

fore. Adrenaline ami noradrinaline (0. 15 
mg/ kg) produced no significant cha nge 
during the first 30 min, which also 
agrees with the lack of effect _on QOt. 
On the other hand, adrenaline producecl 
a significant decrease in temperature 
after 90 min, which might be due to 
the large decrease in activity induced by 
this dose of aclrenal ine as described 
above. 

37. 
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Fig. J. T he action of amphetamine 2.0 mg/ kg (broken Jinc) , adrenaline 0.1:'i 
mg/ kg (solid line) and noradrenaline 0.15 mg/ kg (dash-and-dot) , on the 
rectal tempcrature of anesthetized (lefL side) and non-ancsthe tized (right 
side) rats. Ordinales: tempcrature in •c. Abscissae: Time in minutes. The 
arrows mark the moment of injection. In parenLhesis are the probabilities 

against the basa l tempcrature. (N.S.- non-significant). 

In the anesthetized rats adrenaline, 
noradrenaline ancl amphetamine produ­
ced only a small increase in rectal tem­
perature very similar for the three subs­
tances. This suggested rather strongly 

that the change in rectal temperaturc 
observed in the non-anesthetized ra ts 
were related to the changes in act1v1ty, 
as both were eliminated by the anesthe­
sia. 

DISCUSSION 

lt is well known that adrenaline injec­
ted intravenously, produces marked ta· 

chycardia, hipertension, gastrointestinal 
relaxation, midriasis, hepatic and muscu-
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lar glycogenolys is, lypolisis, and a strong 
arousal reaction. This latter is manifes­
ted by an increase in spontaneous orien­
tation activity, so the animals move 
around nervously. 

In the present paper, the adrena line 
was injectecl intra peritonea lly. As it went 
directly into liver, whe re it was almost 
completely destroyed, on ly negligible 
amounts of it reached the genera l circu­
lation (Bloch, 1952; Russek, 1963). The­
refore, one would expect that in this 
case the hepatic reactions would be 
stronger, wh ile a li the others would be 
much weaker or 11011-existent. 

The results of this ami previous pa­
pers (Russek et al., 1967; Russek et <tll., 
J 968b; Russek ancl Stevenson, in press) 
showed that the isoanorexigenic doses 
of adrena line and amphetam ine produ­
ced qui te differen t effects on sponta­
neous act1v1ty, oxygen consumption 
(QO:J rectal temperature ancl blood 

glucose. Adrena line produced: a subs­
tantial clecrease in act ivity, when the 
hungry rat was taken as control; a mo­
dera te increase in Q02 at the low close 
ancl no significant change at the high 
one; a small increase in rectal tempera­
ture at the low close ancl a clecrease at 
the high one; and a markecl hyperglv­
cemia (Russek et al., 1967). The cle­
crease in tempera ture was likely due to 
the fact that the anorexia produced by 
adrenaline was accompanied by a marked 
tranquiliza tion. This was not a general 
impairment of the animal movements, 
as shown by the lack of effect of these 
doses of adrenaline on self-stimulation 
of loca tions that did not evoked any 
feeding, while decreasing the rate of self­
stimulation tha t caused simultaneous 
feeding (Russek and T eitelbaum, 1968; 
M ogenson et al., 1969) . The lack of 
effect of the high dose of adrenaline on 
Q02 and the decrease in temperature 
elicited by it are probably also caused 
by a greater decrease in activity, which 

masked the modera te direct calorigenic 
effect. This is corroborated by the fact 
tha t in the anesthetized rats, where 
spontaneous · activity is eliminatecl, the 
high dose of adrenaline produces an 
increase in rectal temperature, instead 
of a clecrease. 

In spite of a ll the different or even 
opposite effects of the isoanorexigenic 
doses of aclrena line and amphetamine 
both procluced a virtually identical re­
duction in liver glycogen (Russek and 
Stevenson, in press) . Then, why in thc 
case of adrenaline did the glycogenolysis 
resulted in a marked h yperglycemia ancl 
a large increase in liver reducing sugars 
(Russek and Stevenson, in press), while 
in the case of amphetamine the re was 
no hyperglycemia and only a very small 
increase in liver sugars? The explanation 
is probably found in the different effects 
on activity a nd Q02• In the case of 
acl renaline the liberation of liver glucose 
(aproximately 450 mg/ kg/ 30 min) was 

accompanied by a small increase in Q02, 

so a large part of this glucose remained 
in the blood . In the case of ampheta­
mine, ali the glucose liberated by the 
liver was utilized by the active muscles, 
which was reflected in the very high 
Q02. 

Now, how can the different effects 
of adrenaline and amphetamine be ac­
counted for? An attractive speculation 
is the following: aclrenaline, after being 
absorbed in the peritoneal cavity goes 
via the portal vein into the liver, where 
it produces a direct glycogenolytic effect, 
but at the same time most of it is des­
troyed by liver enzymes (monoamino­
oxidase and 0-methyl-transferase) . The­
refore, only a small proportion passes 
beyond the liver and reaches the general 
circulation, which is shown by the negl i­
gible cardiovascular effects of adrena­
line when injected i.p. as compared with 
the i.v. injection of the same close 
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(Bloch, 1952; Rodríguez-Zendejas et al., 
1968). Moreover, from the small amount 
that reaches the arteria l blood, an even 
smaller proportion traverses the blood­
brain barrier (Weil-Malherbe et al., 
1959) , so almost no central nervous 
system effects a re obta ined. 

On the other ha ncl, the arrival of am­
phetamine at the liver probably will not 
produce any direct glycogenolytic effect. 
As the enzymes that destroy adrenaline 
ha ve much less or no effect on ampheta­
mine, most of it reaches the general circu­
lation, and being a Iess polar molecule 
than adrenaline, it traverses the blood-
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brain barrier and reaches the brain, 
where it elicites the great increase in 
motor act ivity observecl. As a consequen­
ce of this increase in activity, or as a 
simultaneous central effect of ampheta­
mine, a substa ntial increase in sympa­
thetic activity is produced. Therefore 
noraclrenaline liberatecl by the hepa tic 
sympathetic nerves ami an increase in 
circulating adrena line, noradrenaline or 
g lucagon would be the cause of the gly­
cogenolysis. At the same time, the in­
crease in glucose consumption by the 
active muscles would preclude the cleve­
lopme nt of hyperglycemia. 
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