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DRAGO. F., G. CONT1NELLA, G. PENNISI, M. C. ALLORO, M. CALVANI AND U. SCAPAGNIN1. Behavioral 
e~/~,cts ofacetvl-l-carnitine in the male rat. PHARMACOL BIOCHEM BEHAV 24(5) 1393-1396, 1986.--The behavioral 
activity of carnitine acetylate derivative, acetyl-l-carnitine has been studied in the male rat. Intraperitoneal (1P) injection of 
acetyl-l-carnitine was followed by an increase in ambulation and rearing items in the open field behavior. Both the number 
of conditioned avoidance response (CARs) and the percentage of learners in the acquisition of shuttle-box active avoidance 
behavior appeared to be increased by IP or intracerebroventricular (ICV) injection of the drug at different doses. Sub- 
chronic administration of the drug mimicked the effects found after acute injection. The number of CARs in the extinction 
of shuttle-box active avoidance behavior appeared to be increased after acute IP or ICV injection, and after subchronic 
administration of acetyl-l-carnitine. The retention of passive avoidance behavior was facilitated by IP injection of the 
substance. The behavioral effects of acetyl-l-carnitine may involve central mechanisms, e.g., cholinergic neurotransmis- 
sion in the brain. 
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A C E T Y L - L - C A R N I T I N E  is the acetylate  der ivat ive  of  
carnit ine,  naturally occurr ing const i tuent  of  many biological 
sys tems [6,10]. There  is ev idence  that changes in the t issue 
levels  of  l-carnitine or acetyl-l-carnit ine can be related to 
pathological  states associated with disorders  of  lipid metab- 
olism [12]. Recent  data show that acetyl-l-carnit ine influ- 
ences  excitabili ty of  retinal neurons in man [8]. Fur thermore ,  
myocardial  exci table tissue benefits by anti-fatigue and ino- 
tropic effects  of  acetyl-l-carnit ine.  In fact, in the isolated 
rabbit heart,  this substance increases significantly the con- 
tractile force depressed by anoxia  [9]. Some authors  have 
recent ly suggested that acetyl- l-carnit ine might represent  a 
store of  act ive acetyl groups [16]. Fur thermore ,  recent  data 
show that  this substance is widely distributed in the t issues,  
including the brain [7]. Thus,  acetyl-l-carnit ine may exert  
neurotropic  functions.  

Recent ly ,  a significant increase in rearing has been de- 
scribed in rats injected systemical ly with acetyl-l-carnit ine 
[13]. This effect has been related to a central  cholinergic 
activity of  this substance.  In fact, cort ical  applicat ion of  the 
drug exer ts  an exci ta tory action on acetylchol ine-sensi t ive  
neurons  and changes the componen t s  of  the visual evoked  
potentials  in a manner  consis tent  with cholinergic act ivat ion 
[13]. Fur thermore ,  ev idence  has been presented  that 
acetyl- l-carni t ine can influence serotonergic  and norad- 
renergic t ransmission in the brain [15]. 

The above findings prompted  us to examine  the behav-  
ioral effects  of  acetyl- l-carnit ine in the male rat. The present  

study includes exper iments  where  tests for condi t ioned and 
uncondi t ioned behaviors  have been used. 

METHOD 

A nim a Is 

Male rats of  Wistar  strain (purchased from Morini ,  S.Polo 
d ' E n z a ,  Italy), weighing 140-150 g were  used. The animals 
were housed 5 to a cage and kept at room tempera ture  
(20°C). All animals had free access  to commerc ia l  food and 
water ,  under  a constant  light-dark cycle (lights on be tween  
8.00 and 20.00). Seven days prior to beginning the experimental  
session a number  of  animals were implanted with permanent  
plastic cannula into their lateral ventricle (foramen interven- 
triculare, K6nig and Klippel, A6360). Only animals that re- 
covered  from the surgery and were  in good health were used. 
Individual animals were  tested in only a single dose condi- 
tion of  a single behavioral  exper iment .  

Drugs and Treatment 

Acetyl- l -carni t ine (Sigma-Tau, Pomezia ,  Italy) was dis- 
solved in saline and injected intraperi toneally (IP) at the 
doses  of  0.1, 0.5 and 1 mg/kg, or  in t racerebroventr icular ly  
(ICV) at the dose of  1 p~g/l p,l/rat. Control  animals received 
injections of  the saline only. IP and ICV injections were  per- 
formed 60 and 30 min before the behavioral  testing, respec- 
tively. In a different exper iment ,  subchronic t reatment  was 

~Requests for reprints should be addressed to Filippo Drago, M.D., Ph.D., Institute of Pharmacology, Faculty of Medicine, Viale A. Doria, 
6, 95125 Catania, ltaly. 
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T A B L E  1 

EFFECTS OF INTRAPERITONEAL INJECTION OF 
ACETYL-L-CARNITINE (l mg/kg) ON AMBULATION AND REARING 

ITEMS OF OPEN FIELD BEHAVIOR OF THE MALE RAT 

Treatment 
Groups Ambulation Rearing 

Saline (8) 80.5 ± 6.0 12.3 ± 1.8 
Acetyl-l- 109.4 ± 10.1" 17.8 _+ 1.9" 

carnitine 
~8) 

Values are mean _+ SEM. 
Acetyl-l-carnitine or saline were injected IP 60 rain prior to be- 

ginning the test. 
In the parentheses the number of animals per each group. 
*Significantly different as compared to controls (p<0.05, Stu- 

dent 's t-test, two-tailed). 

p e r f o r m e d  in jec t ing IP ace ty l - l -carn i t ine  at  the dose  of  l 
mg/kg/day  for  7 days ,  the  las t  in jec t ion  be ing  made  1 h r  be- 
fore  the  b e h a v i o r a l  test .  

Behavioral Procedures 

O p e n  field b e h a v i o r  was  s tudied in a c i rcu la r  a r e n a  as 
de sc r ibed  by Wei jnen  and  S langen  [17]. A m b u l a t i o n  ( n u m b e r  
of  f loor  uni ts  en te red) ,  rear ing,  g rooming  ( n u m b e r  of  bouts )  
and  de feca t ion  ( n u m b e r  o f  boli) scores  were  r eco rded  dur ing 
a 5-min o b s e r v a t i o n  sess ion .  

Ac t ive  avo idance  b e h a v i o r  was  s tudied in a shu t t l e -box  
task.  Acquis i t ion  o f  shu t t l e -box  ac t ive  a v o i d a n c e  b e h a v i o r  
was  s tud ied  as desc r ibed  e l s ewhe re  [3]. Briefly,  an imals  
were  t ra ined  to avoid  the  u n c o n d i t i o n e d  s t imulus  (US)  of  a 
s c r a m b l e d  electr ical  f oo t shock  (0.20 mA,  AC) de l ivered  
t h r o u g h  the  grid f loor  of  a box  d iv ided into two sec t ions  by a 
barr ier .  The  cond i t ioned  s t imulus  (CS) was a b u z z e r  pre-  
sented  for  5 sec before  the US.  If  no escape  occur red  within 
20 sec of  C S / U S  p re sen t a t i on ,  the shock  was  t e rmina ted .  A 
m a x i m u m  of  th i r ty  cond i t ion ing  tr ials  were  given in a single 
sess ion  with a var iab le  inter t r ia l  in terva l  averag ing  60 sec. 
The  learn ing  cr i te r ion  was 5 cons ecu t i ve  cond i t ioned  
a v o i d a n c e  r e s p o n s e s  (CARs) .  F o r  those  an imal s  tha t  r eached  
the  c r i te r ion  in less than  30 tr ials ,  the  r emain ing  trials until 30 
were  cons ide red  as CARs .  Indexes  of  a v o i d a n c e  b e h a v i o r  
were  the  total  n u m b e r  of  CARs  and the  pe rcen t age  of  learn- 
ers .  Two hr af ter  the  acquis i t ion  sess ion ,  the an imal s  were  
re - t es ted  in the same behav io ra l  appa ra tu s  for  ex t inc t ion  o f  
ac t ive  avo idance  behav io r .  Thi r ty  non- re in fo rced  tr ials  were  
p r e s e n t e d ,  in wh ich  the CS was  t e r m i n a t e d  immedia te ly  af ter  
the rat  had c rossed  the  bar r ie r  within 5 sec or  af ter  5 sec in the 
absence  of  avoidance .  For  those  animals  tha t  showed  5 nega- 
t ive consecu t ive  responses ,  the remain ing  trials until  30 were 
cons idered  negat ive.  

Pass ive  avo idance  b e h a v i o r  was  s tudied  in a s t ep - th rough  
type  o f  pass ive  avo idance  b e h a v i o r  [1], Briefly,  the ra ts  were  
adap t ed  to the  appa ra tu s  cons i s t ing  o f  a large da rk  compar t -  
m e n t  equ ipped  with a grid f loor  and  a m e s h - c o v e r e d  e l eva ted  
r u n w a y  a t t a ched  to the  f ront  c e n t e r  of  the da rk  chamber .  
A d a p t a t i o n  t ra in ing  was  fol lowed by a single trial in which  
the  ra ts  were  p laced on  the e l eva ted  p la t form and  a l lowed to 
e n t e r  the  dark  box.  Th ree  such  tr ials  were  g iven  on the  next  

T A B L E  2 

EFFECTS OF INTRAPERITONEAL OR 
INTRACEREBROVENTRICULAR (ACUTE OR SUBCHRONIC) 

INJECTION OF ACETYL-L-CARNITINE ON THE ACQUISITION OF 
SHU'Iq'LE-BOX ACTIVE AVOIDANCE BEHAVIOR OF THE 

MALE RAT 

CARs Learn- 
Treatment Groups (mean _+ SEM) ers (%) 

Intraperitoneal (acute) 10.2 ± 1.6 20 
Saline (10) 
Acetyl-l-carnitine 

0.! mg/kg (8) 15.0 ± 1.6" 25 
0.5 mg/kg (8) 18.9 ± 1.6" 50 
1 mg/kg (10) 22.2 ± 1.9" 50 

Intracerebroventricular 
(acute) 

Saline (8) 9.4 ± 2.3 25 
Acetyl-l-carnitine 

1 /xg/1/xl (9) 19.6 _+ 2.6~ 66:~ 
Intraperitoneal (sub- 
chronic) 

Saline (10) 
Acetyl-l-carnitine 

1 mg/kg/die (10) 

10.1 _+ 0.9 20 

22.4 ± 1.2? 70:~ 

Acetyl-l-carnitine or saline were injected IP 60 rain and ICV 30 
rain prior to beginning the test. Subchronic treatment was made for 7 
days. 

In parentheses the number of animals per each group. 
*Significantly different as compared to controls (p<0.05, Dun- 

nett 's  test for multiple comparisons). 
tSignificantly different as compared to controls (,0<0.05, Stu- 

dent 's t-test, two-tailed). 
{Significantly different as compared to controls (/7<0.05, 

Fischer's exact t-test). 

day wi th  an  inter tr ial  in terval  of  5 rain. Af ter  the  th i rd  trial 
the  ra ts  rece ived  a single 2-sec unavo idab le  s c r amb led  foot- 
shock  (0.25 mA,  ac) immedia te ly  af ter  en t e r ing  the dark  
c o m p a r t m e n t .  Re ten t ion  o f  the r e sponse  was t es ted  24 hr 
a f te r  the  learning trial. The  rats  were  p laced on the e leva ted  
r u n w a y  and the  la tency  to r e en t e r  the  shock  c o m p a r t m e n t  
was  r eco rded  up to a m a x i m u m  of  300 sec. 

All behav iora l  e x p e r i m e n t s  were  pe r fo rmed  b e t w e e n  
10.00 and  17.00 at na tura l  sun light. The  n u m b e r  of  an imals  
t es ted  in each  group  is g iven  in Tab les  1-4. 

An imals  bear ing  ICV cannu la s  were  killed at the  end  of  
the  behav io ra l  p rocedures .  Loca l i za t ion  of  c annu la s  was 
checked  by inject ing E v a n s  blue and mac roscop ica l  inspec-  
t ion o f  the co lour ing  of  the walls of  the ven t r i cu la r  sys tem in 
formal ine  fixed brains .  

Experimental Design 

Experiment 1. The influence of  acetyl- l-carni t ine on open  
field b e h a v i o r  was  s tudied  in rats  in jected IP with 1 mg/kg of  
the  subs t ance .  Cont ro l  an imals  rece ived  IP  in ject ion of  
sal ine.  

Experiment 2. The inf luence of  ace ty l - l -carni t ine  on ac- 
quis i t ion  and  ex t inc t ion  of  shu t t l e -box  ac t ive  avo idance  be- 
hav io r  was  s tudied in ra ts  in jec ted  IP with 0 .1 ,0 .5  or  1 mg/kg 
of  the  subs t ance .  Acety l - l -carn i t ine  was also in jec ted  ICV ( 1 
/zg/1 /d / ra t )  to a n o t h e r  g roup  of  animals .  S u b c h r o n i c  t reat-  
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T A B L E  3 

EFFECTS OF INTRAPERITONEAL OR 
INTRACEREBROVENTRICULAR (ACUTE OR SUBCHRONIC) 

INJECTION OF ACETYL-L-CARNITINE ON THE EXTINCTION 
OF SHUTTLE-BOX ACTIVE AVOIDANCE BEHAVIOR OF THE 

MALE RAT 

Treatment Groups CARs 

Intraperitoneal (acute) 
Saline (10) 
Acetyl-l-carnitine 

0.1 mg/kg (8) 
0.5 mg/kg (8) 
1 mg/kg (10) 

Intracerebroventricular 
(acute) 

Saline (8) 
Acetyl-l-carnitine 

1 /~g/1 ~1 (9) 
intraperitoneal (subchronic 

Saline (10) 
Acetyl-l-carnitine 

I mg/kg/die (10) 

4.1 _+0.2 

8.0 + 1.1" 
11.5 ± 1.8" 
13.8 ± 1.8" 

2 .4+0 .1  

12.6 _+ 1.9t 

2.8 ± 0.9 

12.6 + 1.87 

Values are mean + SEM. 
Acetyl-l-carnitine or saline were injected IP 60 rain and ICV 30 

min prior to beginning the extinction session of shuttle-box active 
avoidance task. Subchronic treatment was made for 7 days. 

In parentheses the number of animals per each group. 
*Significantly different as compared to controls (p<0.05, Dun- 

nett's test for multiple comparisons). 
?Significantly different as compared to controls (p<0.05, Stu- 

dent's t-test, two tailed. 

ment  (1 mg/kg/day for 7 days) was per formed in a different 
group of  rats. All control  animals were injected IP or  ICV 
with saline. 

Experiment 3. The effect  of  acetyl- l-carnit ine on passive 
avoidance  behavior  was studied in rats injected IP with 0.5 
or  1 mg/kg of  the drug 60 min prior to retent ion trial. Controls  
rece ived  saline alone. 

Statistical Analysis 

The statistical differences were analysed using the Student 
t-test, two tailed and the Dunnet t ' s  test for multiple compari-  
sons tbr parametric data. The Steel ' s  test was used for non- 
parametric data, and the Fischer ' s  exact  t-test for frequencies.  
A probability level of  0.05 or  less was accepted as significant 
difference.  

RESULTS 

Experiment I 

Rats injected IP with acetyl- l-carnit ine showed a signifi- 
cant increase in ambulat ion and rearing, as compared  to 
sal ine-injected control animals (Table 1). No  change was 
found in grooming and defecat ion be tween  animals treated 
with the drug and control  rats (data are not shown).  

Experiment 2 

IP injection of  acetyl- l-carnit ine facilitated the acquisi t ion 
of  shutt le-box act ive avoidance  behavior  in a dose- 
dependent  manner  (Table 2). The total number  of  CARs  was 

T A B L E  4 

EFFECTS OF 1NTRAPERITONEAL INJECTION OF 
ACETYL-L-CARNITINE ON THE RETENTION OF PASSIVE 

AVOIDANCE BEHAVIOR OF THE MALE RAT 

Treatment Latency 
Groups (median in sec) 

Saline (8) 32 
Acetyl-l-carnitine 

0.5 mg/kg (8) 121" 
I mg/kg (9) 206* 

Acetyl-l-carnitine or saline were injected IP 60 min prior to be- 
ginning the test. 

In parentheses the number of animals per each group. 
*Significantly different as compared to controls (p<0.05, Steel's 

test for multiple comparisons). 

higher in rats t reated with the drug, and a higher percentage 
of  these animals reached the learning cr i ter ion as compared  
to saline-injected controls.  Similar effects were found in 
animals injected ICV with acetyl-l-carnit ine.  These  animals 
showed a higher number  of  CARs  and a higher percentage  of  
learners (Table 2) as compared  to control  rats. Subchronic  
t rea tment  with acetyl-l-carnit ine also increased significantly 
the number  of  CARs and the percentage o f  learners (Table 
2). No  change was found in the non-discr iminated barrier 
crossing in the act ive avoidance  training after drug t reatment  
(data not shown). 

The effects of  IP injection o f  acetyl- l-carnit ine on extinc- 
tion of  shutt le-box active avoidance  behavior  are shown in 
Table 3. The number  of  CARs  performed by animals treated 
with the drug was significantly higher than that shown by 
controls .  The effect of  the substance seemed  to be dose- 
dependent .  Also ICV injection of  acetyl- l-carnit ine was fol- 
lowed by a significant increase in the number  o f  C A R s  per- 
formed during the ext inct ion session (Table 3). Similar  ef- 
fects were found in animals injected for 7 days with acetyl-l- 
carnit ine.  These  animals performed a higher number  o f  
CARs  than that shown by saline-injected control  animals 
(Table 3). 

Experiment 3 

IP injection of  acetyl- l-carnit ine facilitated the retention 
of  passive avoidance  response,  as indicated by the median 
latency to reenter  the shock compar tment  (Table 4). In fact, 
the latency of  rats injected with acetyl-l-carnit ine was signif- 
icantly higher than that shown by saline-injected controls .  A 
graded effect of  the drug was found depending on the dose.  

DISCUSSION 

The present  exper iments  provide further  ev idence  that 
acetyl-l-carnit ine possesses  central  effects.  In fact, it can 
influence both condi t ioned and uncondi t ioned behaviors  in 
the male rats. The acquisi t ion of  act ive avoidance  behavior  
was facilitated and the ext inct ion was inhibited by both 
acute and subchronic administrat ion of  the drug. Further-  
more,  these effects  were  mimicked by ICV injection of  
acetyl- l-carnit ine,  suggesting that they were  mediated by 
central  rather than peripheral  mechanisms.  

Ambulat ion and rearing i tems of  open field behavior  ap- 
peared to be increased after peripheral  injection of  acetyl-l- 
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carnit ine.  The hypothesis  cannot  be ruled out that these ef- 
fects involved  a peripheral  component ,  due to the act ion of  
acetyl- l-carni t ine on the energet ic  metabol ism of  the muscles 
[4]. H o w e v e r ,  as ambulat ion and rearing behaviors  involve 
mot iva t ion  factors ,  it is likely that the effect o f  acetyl-l- 
carnit ine on these i tems also concerns  central  mechanisms.  

Fur thermore ,  the increased ambulat ion found in animals 
t reated with acetyl- l-carnit ine may be responsible  for a 
facil i tated acquisi t ion and an inhibited ext inct ion o f  act ive 
avoidance  performance.  H o w e v e r ,  also the retent ion of  pas- 
sive avoidance  behavior  was facilitated by acetyl-l-carnit ine.  
As reduced rather than increased locomotor  act ivi ty may 
eventual ly  favour  the response  in this test,  it is tempting to 
conc lude  that the facilitation of  learning and m e m o r y  proc- 
esses  found in rats t reated with acetyl-l-carnit ine does not 
depend on motor  per formance  of  the animals.  Another  
possibil i ty is that acetyl- l-carnit ine may have increased the 
arousal  of  animals.  In fact, the increased open field activity 
and the facili tated act ive avoidance  acquisi t ion observed  
after  the drug t rea tment  are consistent  with an increase in 
arousal.  Also,  an increase in arousal  could have facilitated 
the retent ion o f  pass ive  avoidance  behavior .  

It is not  yet  known by which mechan ism of action 
acetyl- l-carnit ine exer ts  behavioral  effects.  Direct  applica- 
tion of  acetyl- l-carni t ine in rat cor tex  is fol lowed by excita- 
tion of  ace ty lchol ine-sens i t ive  neurons and changes o f  com- 
ponents  o f  the visual evoked  potentials in a manner  consis- 
tent with cholinergic act ivat ion [13]. Other  authors reported 
increased visual evoked  potentials  in the lateral geniculate 

nucleus of  rats after local application of  carnit ine esters [11]. 
Fur thermore ,  modif icat ions of  behavioral  patterns found in 
peripheral ly- t reated animals reflect cholinergic activation.  In 
fact, these animals show hyperexcitabi l i ty [13], in a sense of  
" f e a r  re la ted"  behavior  [18]. This altered behavior  could be 
attr ibuted to the high colinergic activity o f  hippocampal  
pa thways  [2]. Thus,  it is possible that the effects found in the 
present  exper iments  involve changes in central cholinergic 
neurot ransmiss ion  induced by IP or  ICV administrat ion of  
acetyl-l-carnit ine.  Indeed,  the structural resemblance  of  
acetyl-l-carnit ine to acetylchol ine  was recently studied and 
the conformat ional  analysis predicted cholinergic activity of  
the substance [14]. In addition, acetyl-l-carnit ine has been 
considered a store of  act ive acetyl groups [16] which may be 
used for the synthesis  of  acetylchol ine [7]. 

Recent  data showed that acetyl-l-carnit ine can influence 
serotonine and noradrenal ine neurotransmission in the brain 
[15]. Thus,  the involvement  of  these monoamines  in the be- 
havioral effects of  the drug is also possible. 

As an al ternative,  acetyl-l-carnit ine may act by influenc- 
ing directly the excitabil i ty of  neurons in behavioral ly-  
competen t  brain areas. In fact, the substance can affect the 
excitabil i ty of retinal neurons in man [8] and of  myocardial  
cells in rabbits [9]. In this case,  acetyl-l-carnit ine may im- 
prove  lipid metabol ism of  the excitable cells and, hence,  
favour  conduct ion  of  nerve impulses at the membrane  level. 
In fact, carnitine and its der ivat ives  are involved in the oxi- 
dation of  fatty acids in many biological systems [5]. 
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