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WALOVITCH, R. C., D. K. INGRAM, E. L. SPANGLER AND E. D. LONDON. Co-dergocrine, cerebral glucose 
utilization and maze perJormance in middle-aged rats. PHARMACOL BIOCHEM BEHAV 26(1) 95-101, 1987.--The 
objective of this study was to determine the effect of co-dergocrine in rats on local cerebral glucose utilization and 
performance in a complex T-maze. Middle-aged (12-16 months) male Fischer-344 rats were given injections of co- 
dergocrine (3 or 10 mg/kg, IP) 35 rain before behavioral testing or the administration of 2-deoxy-D-[l-14C]glucose ([14C]DG), 
a radiotracer for local cerebral glucose utilization (LCGU). Both doses stimulated LCGU in the locus ceruleus and median 
raphe nucleus and in subcortical structures associated with learning and memory (hippocampus and subiculum). The higher 
dose also stimulated LCGU in motor areas (caudate-putamen, globus pallidus, internal capsule). In contrast, co-dergocrine 
decreased LCGU in the frontal cortex. Poorer performance in a complex maze (increased shocks, errors and run time) was 
observed in middle-aged as compared with younger animals (3 months). Acute co-dergocrine treatment did not improve 
performance of middle-aged rats in this task. Thus, in the present experimental paradigm employing single dose adminis- 
tration, co-dergocrine's stimulation of LCGU was not associated with an alteration of maze performance in age-matched 
animals. 

Co-dergocrine Glucose utilization Learning and memory Maze performance Hydergine ® 

CO-DERGOCRINE mesylate (previously called di- 
hydroergotoxine) is used to treat declines in mental ca- 
pacity, particularly in the elderly [11]. Although the mech- 
anisms which mediate co-dergocrine 's  potential behavioral 
effects have not been elucidated, results from biochemical in 
vitro studies indicate that the drug has multiple effects (see 
review in [25]), including influences on cerebral 
monoaminergic [16] and cholinergic systems [6]. Co- 
dergocrine interacts with brain receptors for dopamine 
and serotonin, and with cq- and a2-noradrenergic receptors. 
While it appears to be a non-competitive antagonist at 
a-noradrenergic receptors [25,26], it has mixed agonistic/an- 
tagonistic effects at central dopamine and serotonin recep- 
tors [9,25]. Effects on central monoamine metabolism are 
consistent with conclusions from receptor binding studies 
and indicate that co-dergocrine is a dopaminergic and 
serotonergic agonist and a noradrenergic antagonist [18]. 

In vivo studies with co-dergocrine support these neuro- 
chemical findings. Co-dergocrine reduces the frequency of 

ponto-geniculo-occipital waves in reserpine-treated cats, 
consistent with a serotonergic action [41]. Although co- 
dergocrine's effects on in vivo models of noradrenergic activ- 
ity have not been studied, inhibition of  central noradrenergic 
transmission may be a mechanism by which the drug pro- 
vides benefit in the treatment of cerebral vascular insuffi- 
ciency. Co-dergocrine and other a-adrenergic blockers have 
anti-ischemic effects in animal models of this condition 
[15,24]. 

Co-dergocrine's effects on in vivo models of dopaminer- 
gic activity have been investigated extensively. Although it 
has little effect, if any, on dopamine-mediated motor re- 
sponses in rats [18], it produces a dopamine-mediated de- 
crease in serum prolactin in rats and humans [2,28] and a 
dopamine-mediated emetic response in dogs [18]. A central 
dopaminergic activity has been postulated as the mechansim 
by which co-dergocrine blocks hypoxia-induced behavioral 
depression in rats [14]. 

Co-dergocrine also has effects on glycolytic enzyme ac- 

1Requests for reprints should be addressed to Dr. Edythe London, at NIDA Addiction Research Center, P.O. Box 5180, Baltimore, MD 
21224. 
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TABLE 1 

EFFECTS OF CO-DERGOCRINE ON PHYSIOLOGICAL PARAMETERS 

Minutes Co-Dergocrine Co-Dergocrine 
After Vehicle 3 mg/kg 10 mg/kg 

[14C]DG (n=7) (n=8) (n=7) 

Heart Rate 
(bpm) 

Blood Pressure 
(systolic/ 
diastolic, 
mmHg) 

Rectal 
Temperature 
(°C) 

12 430 ± 20 371 ± 21 446 ± 23 
30 428 ± 16 395 ± 25 472 ± 33 

12 128 ± 3 82 ± 3* 89 ± 4* 
112_+ 4 72_+ 3* 77 ± 2* 

30 107_+ 6 96_+ 4 90_+ 5* 

12 34.9 _+ 0.2 35.0 +_ 0.3 34.3 ± 0.4 
30 35.1 _+ 0. I 34.8 ± 0.2 34.7 ± 0.2 

Each value is the mean ± SEM for the number of animals indicated in parentheses. 
*Significant from control values (p<0.05) according to one-way ANOVA and Dunnett's 

test. 

tivity [4]. When administered chronically to rats (1 mg/kg, IP 
for 25 days), it counteracted the age-associated decline (3-12 
months) in hexokinase and increase in lactate dehydrogenase 
in the forebrain. However ,  acute treatment with the same 
dose of co-dergocrine had no effects on glycolytic enzyme 
activity. This difference may reflect an accumulation of co- 
dergocrine in the brain after chronic treatment [13]. 

In the present study, the effects of co-dergocrine on local 
cerebral glucose utilization (LCGU) and maze performance 
were tested in rats. Under normal conditions, glucose is the 
major substrate for oxidative metabolism of the adult brain 
[32,35]. A tight coupling between glucose metabolism and 
neuronal firing has been demonstrated in slices of rat cere- 
bral cortex [23], and many other correlations between cere- 
bral function and cerebral glucose consumption have been 
observed in intact animals [34]. Although co-dergocrine's 
effects on rates of cerebral glucose utilization have not been 
measured previously in intact animals, chronic co- 
dergocrine treatment counteracted the age-associated de- 
cline (at 12 vs. 2.5 months) in glycolytic enzyme activity in 
homogenates of rat forebrain [4], suggesting an increased 
capacity for cerebral glucose utilization. 

Because it was of  interest to determine if co-dergocrine 
could enhance cerebral glucose utilization in vivo, we meas- 
ured LCGU in middle-aged rats by the 2-deoxy-D- 
[1-14C]-glucose ([14C]DG) procedure. Using this technique, 
decrements in LCGU have been observed previously in rats 
by midlife [19]. To determine if the co-dergocrine treatment 
used in this study facilitated performance in a learning 
paradigm, we also tested a separate group of rats in a 14-unit 
T-maze. The 14-unit T-maze is a reliable test of complex 
problem solving and has yielded robust evidence of age- 
related performance impairments in rats and mice [12]. A 
preliminary report on the effects of co-dergocrine on LCGU 
has been published in a review [20]. 

METHOD 

Subjects 

Male Fischer-344 rats were obtained from the Charles 
River Breeding Laboratories (Wilmington, MA) or Harlan 

Sprague Dawley Inc. (Indianapolis, IN). Two age groups 
were selected: young (3 months) and middle-aged (12-16 
months). Behavioral studies were performed using rats of 
both ages. However,  LCGU was determined only in the 
middle-aged animals because LCGU reportedly declines by 
midlife with no further decrement during senescence of the 
Fischer-344 rat [19]. The rats were housed doubly in sus- 
pended metal cages, and were provided water and food 
(NIH-07 formula) ad lib, except where noted. The vivarium 
was maintained at 22_ + I°C on a 12-hr light: 12-hr dark photo- 
cycle (lights on at 0800 hr). 

Drug Treatment 

Co-dergocrine (Hydergine ~', Sandoz, 3 or 10 mg/kg) was 
injected intraperitoneally 35 min before behavioral testing or 
the injection of [~4C]DG. Corresponding control rats were 
injected with an equal volume of the vehicle (propylene 
glycol, 1 ml/kg body weight). The drug was mixed fresh 
daily. 

Preparation for LCGU Experiments 

All animals were food-deprived for approximately 19 hr 
before surgery. Anesthesia was induced by placing the 
animal in a small Plexiglas ~ chamber that was flooded with 
5% halothane (Ayerst Laboratories, South Plainfield, N J) at 
a flow rate of  2-3 liters/min of 100% O~. The animal was 
removed from the chamber and placed on a heating pad. 
Anesthesia was maintained for 15-30 min, with 1-2% halo- 
thane at a flow rate of 2-3 liters/min of 100% O._,. 

Halothane-anesthetized rats were prepared with indwell- 
ing catheters in the left femoral vein and artery. The animals 
then were partially immobilized and placed in a sound- 
insulated wooden chamber [19], where they were allowed 
to recover from surgery for at least 3 hr prior to [14C]DG 
administration. During this time period, their body tempera- 
ture was monitored with a rectal thermoprobe connected to a 
feedback device that heated the chamber when body tem- 
perature fell below 35°C. 
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Determination of  LCGU 

[~4C]DG (125 p.Ci/kg body  weight)  was  admin is te red  in- 
t ravenous ly ,  and t imed arterial  b lood samples  were  col lec ted  
and centr i fuged.  Al iquots  o f  p lasma were  taken for assess-  
ment  of  glucose and [14C]DG concen t ra t ions  using a 
Beckman  Glucose  Ana lyze r  II (Beckman Ins t ruments ,  Ir- 
vine,  CA) and liquid scintil lation spec t rome te r  (Beckman) ,  
respec t ive ly .  Rats  were  killed 45 rain af ter  the [14C]DG in- 
j ec t ion  by an in t ravenous  ove rdose  of  sod ium pentobarbi ta l  
(60 mg in 1 ml, Abbo t t  Labora tor ies ,  Nor th  Chicago,  IL). 
Brains were  r e m o v e d  immediate ly  and f rozen  in 2- 
methy lbu tane  (F i scher  Scientif ic Co. ,  Silver Spring,  MD) at 
- 60oc. 

F rozen  20/zm brain sec t ions  were  cut in a c ryos ta t ,  dr ied 
quickly,  and apposed  to K o d a k  SB-5 X-ray film along with 
[~4C]methyl me thacry la te  s tandards  for 6-8 days.  Radioac-  
tivity was  de te rmined  by quant i ta t ive  au toradiography using 
a Lei tz  Or thoplan  mic roscope  with a mic rodens i tome te r  
(model  560/DADS; E. Lei tz ,  Inc. ,  Rockleigh,  N J). The au- 
torad iograms f rom three  to six sect ions  of  t issue were  used 
for each  brain area measu remen t .  Six m e a s u r e m e n t s  of  opti- 
cal dens i ty  were  taken  f rom each hemisphe re  for bilateral 
brain areas;  six m e a s u r e m e n t s  also were  taken f rom midline 
s t ructures .  All m e a s u r e m e n t s  were  taken using a square re- 
t icule,  which was  0.09 mm long on each side. 

L C G U  was calcula ted  f rom brain and p lasma radioac- 
tivities and plasma glucose concen t ra t ions ,  as previously de- 
scr ibed [33]. 

Physiological Assessments 

Effects  o f  drug t r ea tmen t s  on the following parameters  
during the [14C]DG expe r imen t s  were  evaluated:  pulse rate,  
arterial systolic and diastolic blood p ressure ,  and body  tem- 
perature .  Blood pressure  and pulse rate were  recorded  by 
connec t ing  the arterial ca the te r  to a strain gauge t r ansduce r  
(Sta tham Ins t rumen t s  Co. ,  Ha torey ,  PR), coupled  to a paper  
char t  r ecorde r  (Gould Reco rde r  2200, Gould Inc. ,  Cleveland,  
OH). 

Behavioral Testing Apparatus 

Pretraining for one-way  active shock  avo idance  was  con- 
duc ted  in a straight runway,  which has been  desc r ibed  in 
detail previously  [36]. Training also involved shock 
avoidance  and was conduc t ed  in an au tomated ,  14-unit 
T-maze .  The configurat ion,  d imens ions ,  and cons t ruc t ion  of  
this maze have been  desc r ibed  [10, 12, 36]. Pe r fo rmance  
pa ramete r s ,  including er rors  (deviat ions f rom the cor rec t  
path,  run t ime f rom start  area to goal box,  number  of  shocks ,  
and durat ion of  shock),  were  scored  for each trial. 

Maze Training Procedure 

All training was c o n d u c t e d  during a one-day  sess ion be- 
ginning about  0900 hr and ending about  1600 hr. The rats that  
were  run during a sess ion were  brought  to the room contain-  
ing the mazes  and were  kept  in plastic cages for  at least  30 
min prior  to training. 

Pretraining involved one-way  active avoidance  in a 
straight  runway,  using p rocedures  desc r ibed  previous ly  [36]. 
The rats cont inued to receive  pretra ining trials until a crite- 
rion o f  eight out o f  ten successfu l  avo idances  was  achieved.  
When  this cr i ter ion was  met ,  the animals were  re tu rned  to 
the holding cages  for intervals  ranging from 1-3 hr before  

T A B L E  2 

EFFECTS OF CO-DERGOCRINE ON LOCAL CEREBRAL 
GLUCOSE UTILIZATION 

Brain Region 

Co- Co- 
Dergo- Dergo- 
crine crine 

Vehicle 3 mg/kg 10 mg/kg 
(n=7) (n=8) (n=7) 

Motor Areas 
Pyramidal Fibers 23 ± 2 27 ± 3 27 ± 1 
Internal Capsule 22 ÷ 2 28 ± 2 31 ± 3* 
Caudate-Putamen 63 ± 3 76 ± 4 80 ± 3* 
Globus Pallidus 46 ± 3 50 ± 3 60 + 3* 
RedN.  58 ± 4 59 ± 3 66 ± 4 
Substantia Nigra Pars 51 ± 4 61 ± 3 63 ± 4 
Compacta 
Substantia Nigra Pars 39 ± 2 47 ± 2 57 ± 4* 
Reticulata 
Zonalncerta  72 ± 6 76 ± 5 81 ± 1 
Ventrolateral N., Thalamus 73 ± 4 79 ± 4 89 ± 3* 

Cerebral Cortex 
Pyriform 51 ± 5 59 ± 3 61 ± 4 
Retrosplenial Medial 76 ± 5 76 ± 2 79 ± 4 
Precentral Medial 80 ± 6 83 ± 3 87 ± 4 
Sensorimotor (Layer IV) 80 ± 5 79 ± 1 84 ± 1 
Frontal (Layer IV) 88 ± 2 71 ± 2* 78 ± 2* 
Frontal (LayerV) 75 ± 3 65 ± 1" 74 ± 3 
Auditory (Layer IV) 92 ± 5 95 ± 2 102 ± 5 
Entorhinal Cortex 59 ± 4 59 ± 4 66 ± 2 

Learning and Memory 
Dorsal Hippocampus 

CAI 42 ± 3 44 ± 2 51 ± 4 
CA2-CA3 48 ± 4 55 ± 2 57 ± 4 
DentateGyrus 47 ± 4 49 ± 2 60 ± 5 

Ventral Hippocampus 
CA1 50 ± 4 57 ± 3 62 ± 4 
CA2-CA3 53 ± 4 57 ± 3 64 ± 4 
Dentate-Gyrus 50 ± 4 55 ± 2 59 ± 3 

Parasubiculum 64 ± 4 78 ± 4* 78 ± 2* 
Presubiculum 67 ± 4 76 ± 4 79 ± 2* 
Subiculum 63 + 3 69±  3 73 ± 1" 
Anterodorsal N., Thalamus 70 ± 4 77 ± 5 92 ± 6* 
Anteroventral N., Thalamus 75 ± 4 77 ± 5 93 ± 5* 
Medial Mamillary N. 83 ± 5 94 ± 3 102 ± 5* 
MedialSeptum 59 ± 3 64 ± 4 71 ± 3 
Amygdala 48 ± 4 57 ± 2 61 ± 4* 
Medial Forebrain Bundle 47 ± 6 59 ± 3 66 _+ 4* 

Autonomic Function 
Paraventricular N. 68 ± 5 80 ± 3 81 ± 7 
Medial Preoptic Area 47 + 5 51 ± 5 63 _+ 3* 
Posterior Hypothalamic N. 56 ± 4 66 ± 6 80 _+ 5* 
N. Tractus Solitarius 60 ± 3 71 ± 4 74 + 7 
N. Reticularis Lateralis 38 ± 3 46 ± 5 48 ± 3 
Locus Ceruleus 56 ± 4 70 ± 3* 77 ± 4* 
MedialRaphe N. 65 ± 7 86 ± 4* 82 ± 2* 
DorsalRaphe N. 63 ± 3 74 ± 3* 73 ± 3 

Each value (/~mol/100 g/min) is the mean _+ SEM for the number 
of animals indicated in parentheses. 

*Significant from control (p~<0.05) according to one-way ANOVA 
and Dunnett's test. 
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T A B L E  3 

MAZE PERFORMANCE AS A FUNCTION OF AGE AND TREATMENT 

Trial Block (3 trials/block) 
Age 

Variable (Months) Treatment I 2 3 4 5 All 

Errors/ 3 Vehicle 14.0 5.2 2.8 1.1 I. 1 4.8 
trial -+ 1.1 _+ 0.2 -+ 0.2 _+0.2 _+0.5 _+0.5* 

12 Vehicle 23.0 8.8 4.0 2.5 1.8 8.0 
_+ 2.8 _+ 1.8 _+ 0.9 _+0.4 _+0.3 _+0.8 

12 Co-Dergocrine 24.8 11.9 6.4 4.3 3.4 10.2 
_+ 3.4 _-+ 3.0 _+ 1.5 +1.0 +_1.0 -+1.5 

Run time 3 Vehicle 95. I 29.5 21.7 11.1 9.3 32.7 
(sec/trial) _+ 8.14 _+ 5.4 _+ 3.1 _+1.3 -+0.7 -+1.4" 

12 Vehicle 198 60,5 26.8 17.9 18.7 64.5 
_+38.4 -+10.2 _+ 6.1 _+3.3 -+3.7 _+9.1 

12 Co-Dergocrine 157 97.1 47.7 35.3 29.4 73.3 
_+20.6 _+21.9 _+11.9 _+8.5 _+8.1 +9.8 

Shock 3 Vehicle 66.0 5.7 1.3 0.1 0.0 14.6 
duration +10.0 _+ 2.2 + 0.7 _+0.1 _+0.0 +_2.0* 
(sec/trial) 12 Vehicle 151 30.1 6.2 1.6 0.9 37.9 

_+34.3 _+ 8.1 +_ 2.7 _+0.6 _+0,4 _+6.2 
12 Co-Dergocrine 157 67.2 21.6 6.1 4.2 51. l 

_+25.9 + 16.7 _+ 8.2 +3.7 -+ 1,9 +8.0 

Number of 3 Vehicle 3.9 1.7 0.3 0.1 0.0 1.3 
shocks/ _+ 0.3 + 0.5 _+ 0.2 +0.1 _+0.0 +0.1" 
trial 12 Vehicle 4.7 3.3 1.7 0.9 0.6 2.2 

_+ 0.1 _+ 0.5 _+ 0.4 _+0.4 _+0.3 _+0.3 
12 Co-Dergocrine 4.9 4.0 2.9 I. l 1.2 2.8 

_+ 0.17 _+ 0.4 + 0.6 _+0.4 _+0.5 -+0.4 

Each value is the mean _+ SEM for 7 animals. Co-dergocrine (3 mg/kg IP) or vehicle (propylene glycol) was injected 35 min 
before behavioral testing. 

*Young group was significantly different from both middle-aged groups, according to Dunnett 's test (p~<0.05). 

beg inn ing  maze  t ra ining.  Only  an imal s  mee t ing  the pre t ra in-  
ing c r i te r ion  were  used  for  maze  t ra ining.  

F o r  the  first trial o f  maze  t ra ining,  e ach  ra t  was  p laced  in 
the  s tar t  a rea  of  the 14-unit T -maze  for  5 sec. T h e n  a guil- 
lo t ine  doo r  was  ra ised to pe rmi t  access  to the  maze .  The  
an imal  was  a l lowed 10 sec  to m o v e  t h r o u g h  app rox ima te ly  
one-f i f th  o f  the  maze ,  w h i c h  c o r r e s p o n d e d  to the  d i s t ance  in 
the  s t ra ight  runway .  T h e r e  was  no  p u n i s h m e n t  for  incor rec t  
r e s p o n s e s  (i.e.,  en t r i es  into  a rms  dev ia t ing  f rom the t rue 
path) .  Success fu l  nego t i a t ion  t h r ough  each  s egm en t  of  the  
maze  was  fol lowed by  the  lower ing  of  a gui l lot ine doo r  to 
t ha t  s egmen t  to p r e v e n t  back t r ack ing .  The  an imal  could  re- 
ce ive  a m a x i m u m  of  five s h o c k  ep i sodes  dur ing  one  trial.  The  
m a x i m u m  shock  exposu re  pe r  trial was  300 sec,  at  wh ich  
t ime the  an imal  was  r e m o v e d  f rom the  maze .  I f  an an imal  
was  so r e m o v e d  for  th ree  tr ials  dur ing  t ra ining,  it was  elimi- 
n a t e d  f rom the expe r i m en t .  T he  trial  ended  w h e n  the  rat 
en t e r ed  the  b lack  goal  box.  E a c h  animal  r ece ived  a total  of  
15 tr ials  wi th  a 2-rain inter t r ia l  in terval .  B e t w e e n  tr ials ,  the  
m a z e  was ra ised  by  a mo to r i zed  pulley s y s t e m  so tha t  the  
grid f loor  could  be wiped  wi th  a 91)% e thanol  solut ion to 
m a s k  poss ib le  odo r  cues .  

Statistical Analyses 

Stat is t ica l  s ignif icance of  drug effects  on  L C G U  and phys-  
iological p a r a m e t e r s  was  d e t e r m i n e d  by  one - w ay  ana lys i s  of  
va r i ance ,  wi th  mult iple  c o m p a r i s i o n s  p e r f o r m e d  using Dun- 
n e t t ' s  test .  Da ta  on  e r ro rs ,  r e s p o n s e  t imes ,  n u m b e r  of  shocks  

r ece ived ,  and dura t ion  of  shock  exposu re  as a func t ion  of  
t ra in ing  b locks  (3 trials pe r  block)  were  ana lyzed  in separa te  
3 (group) by 5 (training block) analyses  of  var iance  ( A N O V A )  
wi th  r epea ted  measu re s  on the  last f ac to r  [39]. The  cr i ter ion 
for  s tat is t ical  s ignif icance was t aken  as p < 0 . 0 5 .  

RESULTS 

Physiological Parameters (Table 1) 

Co-dergocr ine  t r e a t m e n t  did not  al ter  hear t  ra te  or  rectal  
t e m p e r a t u r e  dur ing  the [14C]DG procedure .  The  lack of  ef- 
fect  on  rectal  t e m p e r a t u r e  may  reflect  the  fact  that  the 
an imal s  were  hea ted  ex te rna l ly  dur ing  the expe r imen t a l  pro- 
cedure .  In con t ras t ,  bo th  doses  of  co -de rgoc r ine  dec rea sed  
systol ic  and  diastol ic  b lood pressure .  The  effect  on systol ic  
b lood  p ressu re  af ter  the  high dose  was still a p p a r e n t  I hr 
a f te r  d rug  admin is t ra t ion .  

LCGU EJfects (Table 2) 

In general ,  co -de rgoc r ine  p roduced  a d o s e - d e p e n d e n t  in- 
c rease  in L C G U  in subcor t ica l  s t ruc tures .  H o w e v e r ,  this  
effect  r eached  stat is t ical  s ignif icance in mos t  bra in  regions  
on ly  at  the  high dose  (10 mg/kg). This  dose  p roduced  in- 
c r eases  of  22-46% o v e r  m e a n  cont ro l  va lues  in m a n y  bra in  
a reas  a s soc ia t ed  wi th  m o t o r  funct ion,  such as the cauda te -  
p u t a m e n ,  g lobus  pal l idus ,  subs tan t i a  nigra pars  re t iculata ,  
and  the  ven t ro la t e ra l  tha lamus .  

E n h a n c e d  L C G U  also was o b s e r v e d  in bra in  areas  asso- 
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ciated with learning, memory and motivation. Whereas the 
parasubiculum showed increased LCGU in response to 3 
mg/kg co-dergocrine, the higher dose also increased 
LCGU in other limbic areas, such as the presubiculum, su- 
biculum, amygdala and components of  the Papez circuit 
(anterior thalamus, medial mammillary nucleus). The LCGU 
in the medial forebrain bundle was increased by 40% over 
control values after 10 mg/kg co-dergocrine. In contrast, no 
significant LCGU stimulation was observed in the cerebral 
cortex. In fact, a significant decrease was observed in the 
frontal cortex. 

Brain stem nuclei containing monoaminergic cell bodies, 
such as the medial raphe nucleus and locus ceruleus, showed 
an increase in LCGU after treatment with either dose of 
co-dergocrine. The medial preoptic area and the posterior 
hypothalamic nucleus, which are related to thermoregula- 
tion, also showed increased LCGU after 10 mg/kg co- 
dergocrine. 

Behavioral Results (Table 3~ 

All of the 32 rats completed pretraining, but only 20 rats 
completed the 15 trials of maze training. Data on one animal 
each from the young and middle-aged control groups were 
lost due to mechanical failures. Data on shock number were 
lost for an additional animal in the middle-aged control 
group. Two animals in the middle-aged group receiving the 
low dose of co-dergocrine were excluded from the experi- 
ment because they consistently failed to avoid shock in the 
maze. This type of performance failure was most severe in 
the middle-aged experimental group receiving the 10 mg/kg 
dose. Only two of eight animals in this group completed 
maze training. In addition to "f reezing"  during shock expo- 
sure, rats injected with the high dose of co-dergocrine exhib- 
ited the following overt  behaviors: ataxia, postural hypoten- 
sion, lack of response to auditory and tactile stimuli. Be- 
cause of the impairments attributed to the 10 mg/kg dose, 
maze performance data from this group were not analyzed. 

All groups completing the 15 trials demonstrated learning 
in the maze task as evidenced by decline in all performance 
parameters as a function of trials (Table 3). The main effects 
of trial block, as revealed in the ANOVAs,  were significant 
for all performance parameters (p's ~<0.0001). The main 
effect of group also was significant for all parameters 
(p's~<0.005). It was also evident from the Dunnett 's analysis 
that the young group of control rats exhibited superior per- 
formance compared to the middle-aged groups on all param- 
eters assessed (Table 3). The mean performance measures of 
the middle-aged control group appeared superior to that of the 
group receiving the acute 3 mg/kg co-dergocrine treatment; 
however,  the drug effect was not statistically significant ac- 
cording to Dunnett 's  test q)>0.05). 

Group by block interactions were revealed in the results 
of the ANOVAs of response times (p<0.005) and shock du- 
ration (/)<0.003). Because of  the significant group by blocks 
interaction, an analysis of the simple main effects of groups 
was conducted for each training block [39]. This analysis 
indicated that significant group differences in response times 
were confined to the first two training blocks. The young 
control group was significantly (p<0.05) faster than the 
middle-aged control and the co-dergocrine treated group dur- 
ing the first training block and faster than the co-dergocrine 
treated group during the second training block. Similarly, the 
young group had significantly less shock exposure than both 
the older groups during the first training block (/)<0.05) and 

significantly less exposure (p<0.05) than the co-dergocrine 
group during the second training block. 

DISCUSSION 

The present results indicate that acute co-dergocrine 
treatment increases LCGU in many subcortical regions. 
However,  this stimulation is not associated with a facilitation 
of performance in a shock-motivated 14-unit T-maze. 

The interaction of co-dergocrine with central 
monoaminergic systems may explain some of the drug's  ef- 
fects on LCGU. Actions at presynaptic serotonin receptors 
may mediate the increase in LCGU observed in serotonin 
cell body areas, the median and dorsal raphe nuclei; 
whereas, the LCGU increases in the motor areas may partly 
reflect a dopaminergic agonistic activity. 

The dopaminergic agonists, amphetamine and apomor- 
phine, also increased LCGU in motor areas of the rat brain 
[21]. Apomorphine produced locomotor activation (reversal 
of reserpine-induced akinesia, contraversive turning in rats 
with unilateral nigrostriatal lesions) and stereotypies at doses 
similar to those which stimulated LCGU. However,  co- 
dergocrine stimulated LCGU at doses lower than those used 
previously to induce stereotypies and contralateral rotations 
[17,38]. Rats in the present study showed a locomotor im- 
pairment after treatment with 10 mg/kg co-dergocrine, which 
may have interfered with the animals'  performance in the 
behavioral testing paradigm. The impairment was not at 
variance with former findings because stimulatory motor ef- 
fects of co-dergocrine were seen previously after a latency of 
1 hr, and an early depression of locomotor activity by co- 
dergocrine has been observed in mice [38]. It has been pro- 
posed that the early depression of locomotor activity in mice 
observed after treatment with ergot derivatives could be re- 
lated to the stimulation of presynaptic dopaminergic au- 
toreceptors [3,8]. 

Co-dergocrine's  noradrenergic antagonistic action may 
have produced some of the LCGU effects observed. The 
decline in LCGU of the frontal cortex resembles the decre- 
ments observed after treatments with other c~-adrenergic 
blocking agents (phentolamine, phenoxybenzamine,  yohim- 
bine) [29]. Like these other c~-adrenergic antagonists, co- 
dergocrine increases LCGU in the locus ceruleus, medial 
forebrain bundle, and some nuclei associated with au- 
tonomic function [29,31]. Hemorrhagic hypotension also in- 
creases LCGU in the locus ceruleus and many autonomic 
nuclei (paraventricular, solitary, dorsal motor nucleus of the 
vagus) [30]. c~-Adrenergic antagonist-induced hypotension 
may be related to the elevation in LCGU in brain areas 
associated with central blood pressure control [31]. In gen- 
eral, c~-antagonists must decrease blood pressure by 40% or 
more before increases in LCGU are observed in autonomic 
nuclei [31]. The fact that co-dergocrine suppressed blood 
pressure by less than 40% may explain why LCGU was not 
affected in autonomic nuclei, except for the locus ceruleus, 
which showed a dose-dependent increase in LCGU. 

The increase in LCGU of the locus ceruleus may reflect 
the direct interaction of co-dergocrine with c~ receptors.  In- 
creased firing of locus ceruleus cells occurs after administra- 
tion of  co-dergocrine and other c~ antagonists [27]. However,  
other pharmacological studies indicate that locus ceruleus 
inhibition of cortical cell firing is mediated by/3-adrenergic 
receptors [1]. Thus, the co-dergocrine-induced decrease in 
cortical glucose utilization may reflect an c~-receptor 
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mediated act ivat ion of  locus ceruleus  cells and a consequent  
facili tation of /3-noradrenergic  transmission.  

The increase in glucose utilization in subicular  areas of  
the h ippocampal  format ion (Table 2) and terminal  fields of  
their  efferents ,  the anter ior  thalamic and medial mamiltary 
nuclei  [37], may reflect  a co-dergocr ine- induced increase in 
hippocampal  neuronal  activity.  These  structures have long 
been implicated as being important  neuroanatomica l  sub- 
strates of  learning and m e m o r y  [5,21]. Chronic  administra- 
tion of  a nootropic  analog of  adrenocor t ico t ropic  hormone  to 
rats increased L C G U  in the parasubiculum and anter ior  
thalamic nucleus [21]. 

In contrast  to co-dergocr ine ' s  effect  on L C G U ,  the drug 
was ineffect ive in altering complex  T-maze  per formance  in 
the present  study employing  single dose administrat ion.  Dur- 
ing behavioral  testing, 10 mg/kg co-dergocr ine ,  which in- 
c reased  L C G U ,  caused pronounced  behavioral  sedation 
(i.e., the animals showed little or no response  to tactile or  
auditory stimuli; see above discussion of  motor  effects). 

In another  study, co-dergocr ine  was adminis tered to rats 
before  behavioral  testing, and a facilitation of  per formance  
was observed  [17]. Co-dergocr ine  (3 mg/kg, SC) was ad- 
ministered in that study on four consecut ive  days,  2-4 hr 
before  a one-trial  test  in a Lashley maze.  Similar  to our  
findings, a sedative effect  was seen on the first day of  treat- 
ment.  H o w e v e r ,  this effect subsided with repeated adminis- 
tration. The  4-hr co-dergocr ine- t rea tment  enhanced  per- 
fo rmance  (i.e., decreased  number  of  errors)  as the number  of  

trials progressed.  The posi t ive effects may have depended on 
the subchronic  t reatment  regimen and the relatively long 
delay be tween  t rea tment  and testing. In another  study, co- 
dergocr ine enhanced  post-training consol idat ion and re- 
tr ieval wi thout  improving acquisi t ion by mice in a T-maze  
foo tshock  avoidance  paradigm [7]. Thus,  while co- 
dergocr ine  does not appear  to enhance  acquisi t ion of  an 
avoidance  task (shock in a complex  T-maze) ,  it may enhance  
consol idat ion and retrieval  in such tasks, and improve per- 
formance  in appet i t ive tasks, such as the Lashley maze.  Fu- 
ture studies applying co-dergocr ine  t rea tment  in the current  
learning paradigm and o ther  avoidance  paradigms could 
focus on consol idat ion and retrieval.  

It should be noted that the doses  of  co-dergocr ine  used in 
this study (3 and 10 mg/kg) were high in compar ison with 
human doses  (up to 4.5 mg/day) [40]. Also,  while benefits 
f rom co-dergocr ine  usually result from long-term adminis- 
trat ion [40], the t reatments  were given acutely in the present 
study. It is possible that cerebral  neurochemical  effects,  
such as L C G U  stimulation, may occur  maximally at high 
doses;  whereas ,  behavioral  effects  may be more evident  at 
lower  doses,  especial ly since side effects  such as sedation 
would be less likely to occur .  

In conclusion,  co-dergocr ine  produced select ive dose- 
dependent  increases in subcort ical  L C G U .  Although single 
dose co-dergocr ine  st imulated L C G U  in brain areas associ- 
ated with learning and memory ,  this effect did not appear to 
be related to the acquisi t ion of  a complex  maze task in which 
age-related per formance  impairments  were  observed.  
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