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DRAGO, F., C. VALERIO, B. SCALISI, V. D'AGATA AND U. SCAPAGNINI. Dihydroergocristine and memory 
alterations of aged male rats. PHARMACOL BIOCHEM BEHAV 30(4) 961-965, 1988.--The ergot alkaloid derivative 
dihydroergocristine (DHECS) was injected acutely or subchronically to aged male rats of the Sprague-Dawley strain, 26 
months old, at the dose of 0.05 or 0.1 mg/kg. Learning and memory ability of the animals were studied with tests of 
avoidance behavior. The acquisition of active avoidance behavior was studied with the shuttle-box and pole-jumping tasks. 
In the latter, the extinction of active avoidance behavior was also studied. A step-through type of passive avoidance task 
was used to examine the retention of passive avoidance responses. The acquisition of the active avoidance behavior and the 
retention of the passive avoidance response were reduced in aged animals as compared to those of young animals. Acute 
treatment of old rats with DHECS was followed by a facilitation of acquisition of active avoidance behavior in the shuttle 
box and of retention of passive avoidance responses in the dark box. The effect on the acquisition and extinction of 
pole-jumping behavior after a single injection of DHECS at the beginning of the acquisition session was restricted to the 
first acquisition trial. A more potent effect on the acquisition of the shuttle-box behavior and on the retention of passive 
avoidance reaction was found in animals treated subchronically with the ergot derivative (0.05 and 0.1 mg/kg for 10 days). 
These rats also showed a facilitation of acquisition and an inhibition of extinction of pole jumping behavior. 
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THE loss in learning and memory ability occurring in old 
animals and humans has been related to the age-related al- 
terations in central neurotransmission. In particular, changes 
in acetylcholine neurotransmission have been associated 
with these behavioral deficits [14b,26]. Also dopamine neu- 
rotransmission has been concerned with these changes 
[l 1]. Evidence has been presented that central neurotrans- 
mission, particularly acetylcholine [8b,29] and dopamine 
neurotransmission [4,28], plays an important role in learning 
and memory processes and appears to be altered in aging 
brain [9, 12, 13, 30]. 

To restore learning and memory ability in aged subjects, 
the treatment with dopaminergic drugs has been proposed. 
The ergot alkaloid dihydroergocristine (DHECS) possesses a 
potent dopaminergic activity that has been shown both in 
vitro and in vivo [22, 24, 25]. The central actions of this ergot 
alkaloid include an inhibitory influence on the secretion of 
anterior pituitary hormones (i.e., prolactin and growth hor- 
mone), an emetic action [14], the induction of stereotyped 
behavior [23], changes in the sleep-wakefulness cycle [7] and 
a reduction in brain hypoxia in rats [3]. Like other dihydro- 
derivatives of ergot alkaloids, DHECS interferes also with 
noradrenergic and serotonergic neurotransmission [21]. 
DHECS can be used, alone or in combination with other 
ergot derivatives, in pathological situations characterized by 
a deficit of central dopamine neurotransmission, such as 
Parkinson's disease [6], dyskinesia [27], hyperprolac- 

tinaemia [ 10] and behavioral deficits of aged patients, mainly 
of cerebrovascular origin [18,19]. However,  DHECS could 
be potentially effective also in primary learning and memory 
disability. 

This prompted us to study the effects of DHECS on pri- 
mary learning and memory deficits occurring in aged rats. 
These animals are normally devoid of serious cerebrovascu- 
lar alterations [21] and hence, may serve as useful model for 
learning and memory deficits of the primary type. In the 
present experiments DHECS was not associated with other 
ergot alkaloids in order to characterize its profile of action on 
these behavioral deficits of aged rats. 

METHOD 

Animals 

One hundred and twelve male rats of Sprague-Dawley 
strain (purchased from Charles River, Italy), weighing 
600+20 g, 26 months old, were used throughout all experi- 
ments. A group of 32 male rats of the same strain, weighing 
310_+ 10 g, 2 months old, was also used in some experiments. 
The animals were housed two-three to a cage under a con- 
stant light-dark cycle (lights on between 0800 and 2000) at 
21°C. Food and water were available ad lib. 

All animals were used only once in the behavioral exper- 
iments. 

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

EFFECTS OF ACUTE AND SUBCHRONIC ADMINISTRATION OF 
DIHYDROERGOCRISTINE METHANESULFONATE (DHECS) ON THE 
ACQUISITION OF SHUTTLE-BOX ACTIVE AVOIDANCE BEHAVIOR 

OF AGED MALE RATS (26 MONTHS OLD) 

CARs Learners 
Experimental Groups (mean _+ SEM) (percentage) 

Acute Treatment 

Young Animals 
Vehicle (8) 14.5 + 1.2 75.0 

Old Animals 
Vehicle (8) 4.2 _+ 0.4 0.0 
DHECS 0.05 8.1 _+ 0.3* 25.0 

mg/kg (8) 
DHECS 0.1 8.6 + 0.4* 50.0+ 

mg/kg (8) 

Subchronic Treatment 
Young Animals 

Vehicle (8) 15.2 +_ 1.0 75.0 
Old Animals 

Vehicle (8) 4.5 _+ 0.6 0.0 
DHECS 0.05 9.1 _+ 0.5* 37.5 

mg/kg (8) 
DHECS 0.1 14.6 _+ 0.8* 50.0t 

mg/kg (8) 

Acute treatment was made 1 hr prior to behavioral testing. Sub- 
chronic treatment was made for 10 days, the last administration 
being made 1 hr prior to behavioral testing. In parentheses is shown 
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 (p<0.05, Fischer exact probability test). 

Acquisi t ion and ext inct ion of  a pole jumping  avoidance  
response were studied in the apparatus descr ibed by De 
Wied [8]. The rats were condi t ioned to avoid the US of  an 
electrical  f loor shock (0.25 mA) by jumping  onto a pole lo- 
cated vertically in the center  of  the condit ioning apparatus.  
The CS was a light (40 W) provided above the pole and 
presented for 5 sec. The US was applied if an avoidance  
response  had not occur red  within 5 sec of  CS presentat ion,  
and lasted 20 sec. The acquisi t ion trials were  given daily for 4 
days with variable intervals  averaging 60 sec. Ten nonrein- 
forced ext inct ion trials per  day were presented  on the next 3 
success ive  days. 

Passive avoidance  behavior  was studied in a step-through 
type of  passive avoidance  situation [1]. Briefly, the rats were  
adapted to the apparatus consist ing of  a large dark compart-  
ment  equipped with a grid f loor and a mesh-covered  elevated 
runway at tached to the front center  o f  the dark chamber .  
Adapt ion training was fol lowed by a single trial in which the 
rats were placed on the e levated platform and al lowed to 
enter  the dark box. Three  such trials were given on the next  
day with an intertrial interval of  5 min. After  the third trial, 
the rats rece ived  a single 2-sec unavoidable  scrambled foot- 
shock (0.20 mA) immedia te ly  after entering the dark com- 
par tment .  Retent ion o f  the response was tested 24 hr after 
the learning trial. The rats were  placed on the e levated run- 
way and the latency to re-enter  the shock compar tment  was 
recorded up to a max imum of  300 sec. 

Animals  were  killed by decapitat ion at the end of  the 
behavioral  procedure.  Data were  used only from those 
animals appearing physical ly  heal thy during the tests and 
which showed no gross abnormali t ies  on pos t -mor tem exam- 
ination. Twelve  animals out  of  100 animals were  found un- 
healthy and were  discarded.  

All exper iments  were  perfbrmed blind to t rea tment  be- 
tween 9.00 and 14.00. 

Drags 

Dihydroergocr is t ine  methanesul fonate  (provided by Poll, 
Italy) was dissolved in saline and injected subcutaneous ly  
(SC) at the doses  of  0.05 and 0.1 mg/kg. These  doses  have 
been found to be fully act ive in animal exper iments  [16]. The 
inject ion was made ei ther  acutely or  subchronical ly  for 10 
days.  Contro l  animals rece ived  an injection of  saline alone 
with the same procedure .  

Behavioral Tests 

Act ive  avoidance  behavior  was studied in a shutt le-box 
and a pole- jumping situation. Shut t le-box acquisi t ion was 
studied in a single test  as descr ibed e lsewhere  [2]. Briefly, 
the rats were  trained to avoid  the uncondi t ioned st imulus 
(US) of  a scrambled  electr ical  foo tshock  (0.20 mA) del ivered 
through the grid floor.  The  condi t ioned stimulus (CS) was a 
buzzer  p resen ted  for 3 sec prior  to the US.  I f  no escape  
occur red  within 20 sec of  CS /US  presentat ion,  the shock was 
terminated.  A max imum of  30 condit ioning trials was given 
with a variable intertrial interval  averaging 60 sec. The learn- 
ing cr i ter ion was 5 consecu t ive  condi t ioned avoidance  re- 
sponses  (CARs).  For  those animals that reached the crite- 
rion in less than 30 trials, the remaining trials until 30 were  
considered as CARs.  Indexes  of  avoidance  behav ior  were  
the total number  of  CARs  and the number  of  learners per  
group. 

Experimental Design 

In the first exper iment ,  the effect of  acute  or  subchronic 
administrat ion of  D H E C S  on the acquisi t ion of  the shuttle- 
box per formance  was studied. Acute  injection of  D H E C S  
was made 1 hr before  the test. The subchronic  t rea tment  
lasted 10 days,  the last administrat ion being made I hr before 
the test. Control  animals rece ived  injections of  saline with 
the same procedure .  With the same t rea tment  schedule,  the 
effects  of  D H E C S  on the acquisi t ion and ext inct ion of  a pole 
jumping  response and on the retent ion of  pass ive  avoidance  
behavior  were  also studied. In the exper iments  concerning 
the effects  of  D H E C S  on shutt le-box act ive avoidance  be- 
havior  and on passive avoidance  response,  a group of  young 
rats were  also tested after  acute or subchronic administrat ion 
of  saline. 

Statistical Analysis 

The Dunne t t ' s  test for multiple compar isons  was used 
for statistical analysis of  data from multiple act ive groups 
compared  to a control  group. Paired compar isons  have been 
made using the S tudent ' s  t-test.  The F isher  exac t  probabil i ty 
test was used for the f requency analysis of  data  on the per- 
centage of  learners.  Data  o f  nonparametr ic  sys tems were  
analysed with the Mann-Whi tney  U-test .  A N O V A  with rep- 
l ication was also used for statistical analysis of  data of  
parametr ic  systems.  A level  of  0.05 or  less was accepted  as 
indicative of  significant difference.  
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T A B L E  2 

EFFECT OF SUBCHRONIC ADMINISTRATION OF 
DIHYDROERGOCRISTINE METHANSULFONATE (DHECS) ON THE 

ACQUISITION AND EXTINCTION OF POLE-JUMPING ACTIVE 
AVOIDANCE BEHAVIOR OF AGED MALE RATS (26 MONTHS OLD) 

DHECS DHECS 
Vehicle 0.05 mg/kg 0. l mg/kg 
(N= 10) (n=8) (n=8) 

Days of Acquisition 
1 0.20 _+ 0.1 1.00 _+ 0.2 1.26 _+ 0.1 
2 1.00 _+ 0.2 2.32 _+ 0.3 2.90 _ 0.2 
3 2.20 -+ 0.3 4.60 _+ 0.4 6.20 -+ 0.4 
4 3.10 _+ 0.3 6.80 _+ 0.4 6.90 _+ 0.6 

Days of Extinction 
1 1.30 +_ 0.1 4.56 _+ 0.4 4.60 ___ 0.3 
2 0.20 -+ 0.3 4.44 _+ 0.4 4.32 __ 0.4 
3 0.10 _+ 0.1 1.40 _+ 0.3 2.20 -+ 0.1 

Subchronic treatment was made for 10 days, the last administra- 
tion being made 1 hr prior to behavioral testing. Values are 
mean _+ SEM. In parentheses is shown the number of animals per 
each group. ANOVA with replication revealed a significant interac- 
tion treatment/days, F(2,25)=3.90, p<0.05. The Newman-Keuls 
post hoc test revealed a significant difference between each treat- 
ment group and the controls (p<0.05), but not between the two 
treatment groups, both in the acquisition and the extinction session. 

RESULTS 

Table  1 shows the effects  of  acute subchronic t reatment  
with D H E C S  on the acquisi t ion o f  shutt le-box active 
avoidance  behavior  of  aged rats. The number  of  CARs and 
the percentage  of  learners were  significantly lower  in acutely 
or  subchronical ly  saline-treated aged rats as compared  to 
those of  young animals (p<0.01,  S tudent ' s  t-test). Acute  in- 
j ec t ion  in aged rats o f  0.05 or  0.1 mg/kg of  D H E C S  made 1 hr  
before  the test  was fol lowed by an increase in the number  of  
CARs  and in the percentage  of  learners.  The  effect  of  0.1 
mg/kg of  the drug was greater  than that o f  the lower  dose. 
Subchronic  t rea tment  with D H E C S  also facilitated the ac- 
quisi t ion of  shutt le-box act ive  avoidance  behavior .  

The  pole- jumping test  revea led  that acute  t rea tment  with 
D H E C S  was fol lowed by an increase in CARs  that was 
statistically significant only at the first acquisi t ion trial, made  
1 hr after the injection o f  the drug (.o<0.05, Dunne t t ' s  test  for 
multiple comparisons) .  In the subsequent  acquisi t ion and 
ext inct ion trials, no effect of  the acute t rea tment  was ob- 
served (data are not  shown). 

The subchronic  t rea tment  with the drug was fol lowed by a 
facilitation o f  acquisit ion and an inhibition of  ext inct ion of  
pole- jumping act ive avoidance  behavior .  An increase in 
CARs was found in all trials of  acquisit ion and ext inct ion 
session in DHECS- t r ea t ed  animals as compared  to control  
rats (Table 2). 

The re tent ion of  passive avoidance  behavior  was lower  in 
acutely or  subchronical ly  sal ine-treated old rats than in 
young rats (p<0.01,  Mann-Whi tney  U-test).  H o w e v e r ,  the 
retent ion of  this behav ior  in old rats was higher when the 
animals were  acutely t reated with D H E C S  than in con- 
trol animals (Table 3). The  effect  was more potent  with 0.1 
than with 0.05 mg/kg. The subchronic t rea tment  with 
D H E C S  was also fol lowed by a facilitation of  retent ion of  

T A B L E  3 

EFFECT OF ACUTE AND SUBCHRONIC ADMINISTRATION OF 
DIHYDROERGOCRISTINE METHANENSULFONATE (DHECS) ON 
THE RETENTION OF PASSIVE AVOIDANCE BEHAVIOR OF AGED 

MALE RATS 

Experimental Groups Latency (in sec) 

Acute Treatment 
Young Animals 

Vehicle (8) 88.0 
Old Animals 

Vehicle (10) 18.0 
DHECS 0.05 mg/kg (8) 36.0* 
DHECS 0.1 mg/kg (8) 74.0t 

Subchronic Treatment 
Young Animals 

Vehicle (8) 92 
Old Animals 

Vehicle (8) 12.0 
DHECS 0.05 mg/kg (8) 66.0*$ 
DHECS 0.1 mg/kg (10) 98.0t$ 

Values are median. Acute treatment was made 1 hr prior to behav- 
ioral testing. Subchronic treatment was made for l0 days, the last 
administration being made 1 hr prior to behavioral testing. In par- 
entheses the number of animals per each group. 

*Significantly different as compared to controls (p<0.05, Mann- 
Whitney U-test). tSignificantly different as compared to controls 
and to animals treated with DHECS 0.05 mg/kg (p<0.05, Mann- 
Whitney U-test). $Significantly different as compared to the acute 
treatment group (o<0.05, Mann-Whitney U-test). 

passive avoidance  behavior  and this effect was higher  than 
that observed  after acute t rea tment  (Table 3). 

DISCUSSION 

Evidence  for a dopaminergic  act ivi ty  of  D H E C S  and 
other  ergot alkaloids and der ivat ives  has been presented  in 
var ious animal models  [14, 22-25] and in pathological  situa- 
tions in humans which are character ized by a loss of  
dopamine neurotransmiss ion in the brain. These  include 
Parkinson 's  disease [6], dyskinesia  [27], and hyperprolac-  
t inaemia [10]. Dihydroergocr is t ine  has also been  used,  to- 
gether  with o ther  ergot alkaloids and der ivat ives ,  in the 
t rea tment  o f  behavioral  deficits of  aged patients,  mainly of  
cerebrovascular  origin [18,19]. H o w e v e r ,  a pr imary loss in 
learning and m e m o r y  ability occurr ing in old animals and 
humans has been related to age-related al terat ions in central  
neurotransmiss ion,  including dopamine neurot ransmiss ion 
[11]. Ev idence  has been  presented  that central  neurotrans-  
mission,  part icularly acetylchol ine  [8b,29] and dopamine  
neurot ransmiss ion [4,28], plays an important  role in learning 
and m e m o r y  processes  and appears to be al tered in aging 
brain [9, 12, 13, 30]. 

The present  data provide  exper imenta l  ev idence  that 
D H E C S  can improve  the learning and m e m o r y  deficits of  
aged rats.  In teres t ingly ,  a similar  ef fec t  of  d ihydro-  
e rgo tox ine ,  a mix ture  o f  d ihydrogena ted  ergot  alkaloids 
also containing D H E C S ,  has been  descr ibed on maze  learn- 
ing o f  the rats [15]. 

An interest ing problem concerns  the possible change in 
effect iveness  of  D H E C S  after repea ted  administrat ion.  
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Here ,  we show tha t  acquis i t ion  o f  po le - jumping  a v o i d a n c e  
b e h a v i o r  was  faci l i ta ted and  the  ex t inc t ion  of  this  b e h a v i o r  
was  inhibi ted only af ter  subchronic ,  and not  acute  adminis t ra-  
t ion of  the  drug.  Also,  the  acqu i s i t ion  of  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  and  the  r e t en t ion  of  pass ive  a v o i d a n c e  
r eac t ions  were  faci l i ta ted more  in subchron ica l ly - t r ea t ed  rats  
than  in an imal s  given an  acu te  in jec t ion  of  the  drug.  In mos t  
s tudies  where  ergot  a lkaloids  or  de r iva t ives  were  adminis -  
te red  subchron ica l ly ,  an  inc reased  effect  was  found  in b e h a v -  
ioral tasks  ( rev iewed  in [16]). In con t ras t ,  it has  been  s h o w n  
tha t  six days  af te r  b r o m o c r i p t i n e  t r e a t m e n t ,  a dec rea se  of  the  
n u m b e r  o f  s t r ia tal  b inding si tes and  of  c A M P  r e s p o n s e s  to 
d o p a m i n e  in s t r ia tal  sl ices deve lops  [5]. This  subsens i t iv i ty  
at n e u r o n a l  r e c e p t o r  si tes,  h o w e v e r ,  may  c o r r e s p o n d  to a 
supe r sens i t iv i ty  in behav io ra l  m e a s u r e s  [16]. F u r t h e r m o r e ,  
o t h e r  s tudies  have  s h o w n  an  inc reased  r e s p o n s e  in 
n o r a d r e n a l i n e - i n d u c e d  c A M P  e leva t ions  in the  rat  ce rebra l  
cor tex  af ter  repeated  adminis t ra t ion  o fd ihydroe rgo tox ine  [20]. 
Thus ,  at  r e c e p t o r  sites o the r  than  s tr ia tal  d o p a m i n e  recep-  

tors,  prolonged adminis t ra t ion  of  an ergot der ivat ive  has  been  
s h o w n  to p roduce  an  inc reased  n e u r o c h e m i c a l  r e sponse .  In- 
te res t ingly ,  ch ron ic  t r e a t m e n t  wi th  D H E C S  was  unab le  to 
change  the  s t e reo typy  r e s p o n s e  of  rats  to a p o m o r p h i n e ,  
sugges t ing  tha t  this  t r e a t m e n t  did not  in te r fere  wi th  the  sen- 
s i t ivi ty  of  the  str iatal  dopamine rg ic  sys t em to a p o m o r p h i n e  
[17]. H o w e v e r ,  a h igher  effect  of  chron ic  d ihyd roe rgo tox ine  
as c o m p a r e d  to acu te  t r e a t m e n t  was  found  in learn ing- re la ted  
tes ts  such as the maze learn ing  [15]. 

The  p r e sen t  f indings sugges t  tha t  D H E C S  may  be useful  
in fu r the r  s tudies  on m e m o r y  because  of  the  in tense  effects  
on severa l  a spec t s  of  p e r f o r m a n c e  in ope ran t  t asks  associ-  
a ted with m e m o r y  and  cogni t ion.  
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