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BOAST, C A AND G PASTOR Characterization of motor a~ttvttv patterns mduced by N-methyl-D-aspartate 
antagomst~ m gerbils PHARMACOL BIOCHEM BEHAV 27(3) 553-557, 1987--A computerized motor actlwty data 
collection and analysis system is described An example of the utdizaUon of the Dlglscan system is provided, m which 
motor activity patterns induced by three N-methyl-D-aspartate (NMDA) antagonists and the dissociative anesthetic, 
ketamme, are compared All of these compounds produce a distract pattern of motor activity charactenzed by an increase 
m distance traveled, movement time, speed and penmeter walkmg, with a decrease m vertical actwlty Recently described 
hnks between NMDA and phencychdme (PCP) binding sites may account for these findings The utihty of computerized 
motor activity apparatus ~s clearly demonstrated 

AP7 CPP Ketamlne CGS 19755 Locomotor behavior Dlglscan 

EXCITATORY amino acid receptors have been classified 
into three categories, N-methyl-D-aspartate (NMDA), quis- 
qualate and kamate types, on the basis of selecUve agomst 
activity [4] Selective antagonists at the NMDA type recep- 
tor have now been identified and characterized (e g ,  [8,15]) 
It has been proposed that these agents have potentml 
therapeuuc application as antlconvulsants [13], anxlolytics 
[1] and in reducing neuronal death after ischemia [2] Re- 
cently demonstrated hnks between NMDA and phencych- 
dine (PCP) binding sites (e g ,  [10,12]) have suggested the 
possibility that NMDA antagomsts will share some of the 
behavioral effects of PCP In fact, AP5 and AP7 have been 
shown to produce PCP-hke catalepsy in pigeons [8], and AP5 
can produce PCP-hke discriminative responding in rhesus 
monkeys [16] However, little has been reported in the htera- 
ture on the effects of NMDA antagonists on spontaneous 
behavior in rodents, such as that measured using computer 
assisted motor activity apparatus 

Previous work has suggested that a distinct pattern of 
motor activity follows the adrmmstratlon of selective NMDA 
antagonists Specifically, lntracerebroventncular (ICV) ad- 
ministration of 2-amlno-7-phosphonoheptanoic acid (AP7) to 
rats [11] induces a motor actlwty pattern of increased dis- 
tance traveled, movement time and speed, accompanied by a 
decrease in vertical activity The increase in motor activity is 
manifested largely as continuous clrcumnawgatlon of the 
outer perimeter of the motor activity chamber (perimeter 
walking) These changes are observed to have a delayed on- 
set, with a peak effect occurring one hour after drug admlms- 
tratlon Additional behavioral effects, such as ataxla, are 
seen as early as 5 minutes after drug adrmnistration and 

sometimes persist through the period of increased motor ac- 
tivity Circling about the body axis also occurs in some 
animals 

When AP7 IS administered intraperltoneally (IP) [11] to 
rats or mice, the pattern of motor activity seen after ICV 
treatment is not apparent, although ataxla is still observed 
In contrast to the lack of effect in rats and mice, IP AP7 in 
gerbils does cause motor actlwty changes similar to those 
seen after ICV administration to rats Specifically, distance 
traveled, speed and perimeter walking are increased Some 
ataxla is seen in gerbils but not more than 50% of the animals 
show this effect Clrchng about the body axis is not seen in 
rats, mice or gerbils following IP AP7 treatment These find- 
rags are interpreted to indicate that AP7 may cross the blood 
brain barrier m gerbds more readily than in rats or mice 

The gerbil was selected for the comparison of additional 
NMDA antagonists because of the greater sensitivity to AP7 
in this species [11] Two additional selective, more potent 
NMDA antagonists, 3-((+)-2-carboxyplperazm-4-yl)propyl-1- 
phosphonic acid (CPP) [3, 7, 15] and cls 4-(phospho- 
nomethyl)-2-plperidine-carboxyhc acid (CGS 19755) [9] were 
assessed for motor actlwty effects and observed behavioral 
changes such as ataxm In view of the recent reports of hnks 
between NMDA and phencychdme (PCP) binding sites 
[10,12], the dissociative anesthetic, ketamine, which acts at 
the PCP site, was also studied 

METHOD 

Animals 

Female Mongolian gerbils (Turn (MON)) (Tumblebrook 
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FIG 1 Motor actwity changes m gerbds after treatment with AP7 (1 hr), ketamme (1 hr), CPP (2 
hr) or CGS 19755 (2 hr) *p<0 05 vs vehicle (Dunnett's t-test) 

Farms, West Brookfield, MA) weighing 50-70 g were housed 
mdwldually and mmntamed under a 12 hr hght-dark cycle 
with hghts on at 7 a m Food and water were avmlable ad hb 

D r u g s  

All drugs were dissolved m saline and adrmmstered IP (5 
ml/kg) CPP (10, 30, 100 or 173 mg/kg) was synthesized by 
Dr J Schneider of CIBA-Gelgy Ketamme HC1 (Ketalar) 
(10, 30, 54 or 100 mg/kg) was obtained from Parke-Davls 
(Morns Hams, NJ) CGS 19755 (3, 10, 30, or 54 mg/kg) was 
synthesized by Dr A Hutchlson of CIBA-Gelgy Previously 
reported data [11] using AP7 (30, 100, 173 or 300 mg/kg) have 

been included to md m making comparisons among the 
drugs 

P r o c e d u r e s  

Following drug admmlstraUon, each gerbil was observed 
for the presence of a variety of behavioral measures (ataxla, 
loss of righting reflex, decreased raghtmg reflex, hind limb 
paralysis, hind hmb flail, circling and hyperactivity) every 30 
minutes for a total duration of either 2 hr (ketamlne, AP7) or 
4 hr (CPP, CGS 19755) These observations were made by 
placing lndwldual animals on a flat surface and observing 
spontaneous behaviors Each gerbil was then placed on Its 
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FIG 2 As for F~ 8 1 except data are from a later time penod (APT--2 hr, ketamlne--2 hr, CPP--4 hr, 
and CGS 19755--4 hr) 

back to determme the presence of the righting reflex The 
animals were then returned to thee  home cage Observation 
times that comczded with motor actwlty assessment times 
were conducted just  plaor to, or just  after, the begdnnmg of a 
motor activity session Omnltech Dlgzscan (Columbus, OH) 
apparatus (see below) was used to measure motor actwlty 
over a 27 rmnute period either 1 and 2 hr (ketamme, AP7) or 
2 and 4 hr (CPP, CGS 19755) after drug administration Thus, 
each group of animals was assessed twice in the motor actw- 
lty apparatus and observed at multiple times dunng the ex- 
periment The effects of each dose of each drug were eval- 
uated in separate groups of 8 animals 

Motor Acttvtty Data Handhng 

Data were obtamed szmultaneously from ezght Dlgmcan-8 
Animal Actwtty chambers Each chamber was eqmpped 
with arrays of infrared beam emitters and detectors m the x, 
y and z planes as described elsewhere [14] Interruption of 
any beam was momtored, recorded and mathematically ma- 
mpulated by a control unit, to provide measures of &stance 
traveled, movement t~me, number of movements, etc (a total 
of 22 parameters) These data were automatzcally transferred 
to a floppy dtsk via an Apple l iE microcomputer Thin com- 
puter also controlled the initiation of the experiment and 
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accepted identifiers such as group designations 
Following the data acquisition phase, data were trans- 

ferred to a DEC VAX 11/785 for tabulation, statistical 
analysis and graphing This allowed the Apple to be used 
exclusively for data acqmsmon and transfer, while further 
data analysis could be conducted simultaneously The trans- 
fer of data was accomplished using software (Poly-xfr) de- 
veloped by Polygon Associates Inc (St Louis, MO), which 
reqmred the addition of an Apple II Super Serml Card Inter- 
actmns with the VAX were accomplished using a DEC 
VT220 terminal An Inmac A-B Switch faclhtated the neces- 
sary cable switching between the terminal and the micro- 
computer The transfer process created VMS data files ~den- 
tlcal to the Digiscan original tables 

In order to be able to combine data from different groups 
of eight animals (counterbalancing was used throughout 
these experiments), the VMS data files were electronically 
transferred into a data analysis system (RS/1) (Bolt, Beranek 
and Newman, Cambridge, MA) This process was facdltated 
by using the Research Programming Language (RPL) of RS/1 
to create a procedure file (C Goeller, CIBA-Gelgy), which 
automatically retrieved a designated VMS file and appended 
the data to a designated RS/1 file Included in this transfer 
step was the creation of several additional motor activity 
parameters derived from those already available Specifi- 
cally, speed was calculated by dividing the total distance 
traveled by the total time spent moving for each animal 
Since the Dlglscan control umt measures clockwise and 
counterclockwise revolutions about the center of the appara- 
tus, these were combined to provide a measure of circum- 
navigation of the outer portion of the motor activity 
chamber, or perimeter walking Also calculated were the 
average distance per discrete movement and the average du- 
ration of each movement 

Once the data for a complete experiment (l e , all doses 
for a given drug) were tabulated in an RS/1 table, group 
means and standard errors were generated Further, one- 
way analyses of variance (homogeneity of variance estab- 
lished first) followed by multiple comparisons (Dunnett 's 
t-test) were conducted Using the results of these analyses, 
the data were then plotted using Tellagraf (Integrated 
Software Systems Corp ,  San Diego, CA) 

RESULTS 

All of the drugs tested produced a dose-related pattern of 
motor activity changes typltied by an increase in distance 
traveled, movement tzme, speed, and perimeter walking In 
contrast, a decrease was seen in the amount of vertical ac- 
twlty These effects are shown for the first motor activity 
period in Fig 1, and for the second period m Fig 2 

Specifically, AP7 at one hour showed significantly in- 
creased distance traveled at the 173 and 300 mg/kg doses 
Movement time was increased In a dose-related fashion but 
did not reach statistical significance at any dose of AP7 
Speed and perimeter walking were significantly increased at 
the 173 and 300 mg/kg doses of AP7 Vertical activity was 
decreased dose dependently but not significantly by AP7 At 
one hour, the 54 and 100 mg/kg doses of ketamme signifi- 
cantly increased distance traveled, movement time, speed, 
and perimeter walking Vertical activity was significantly re- 
duced by the 30, 54 and 100 mg/kg doses of ketamme The 
10, 30 and 100 mg/kg doses of CPP, all sigmficantly Increased 
distance traveled, movement time and speed, with a peak 
effect after the 30 mg/kg dose Perimeter walking was slgnifi- 

cantly increased at the 30 and 54 mg/kg doses of CPP Verti- 
cal activity was slgmficantly reduced by the 100 and 173 
mg/kg doses of CPP Distance traveled, movement time, 
speed, and perimeter walking were all significantly increased 
by the 30 mg/kg dose of CGS 19755 In addition, the 54 mg/kg 
dose of CGS 19755 significantly increased perimeter walk- 
ing Vertical activity was slgmficantly reduced by the 10, 30 
and 54 mg/kg doses of CGS 19755 

Examination of the second motor activity period (Fig 2) 
showed the same pattern of changes but with evidence that 
the drug effects were diminishing, as indicated by the nght 
shift in the dose response curves Specifically, AP7 no longer 
significantly increased distance traveled or movement time, 
while speed and perimeter walking were only increased at 
the 300 mg/kg dose Vertical activity was not affected Simi- 
larly, ketamlne increased distance traveled, movement time, 
speed and perimeter walking only at 100 mg/kg, with no ef- 
fect on vertical activity Peak effects of CPP were now seen 
at 100 mg/kg, and the dose of 173 mg/kg now caused signifi- 
cant increases in distance traveled, movement time, speed 
and perimeter walking Vertical activity was increased by 30 
mg/kg of CPP at this time period CGS 19755 also showed a 
right shift at the second time period indicated by peak m- 
creases in distance traveled and perimeter walking now seen 
at 54 mg/kg This dose also caused significant increases in 
movement tzme and speed Vertical activity was not altered 
by CGS 19755 at this time period 

Despite the striking increases in distance traveled, 
movement time, speed and perimeter walking, ataxia was 
observed in 100% of those ammals treated with ketamlne (54 
and 100 mg/kg), CPP (173 mg/kg) and CGS 19755 (54 mg/kg) 
Thus, although these animals exhibited more locomotor ac- 
tivity, their gait was abnormal Some ataxm was seen at 
lower doses of these drugs, ! e , 83% at 100 mg/kg of CPP, 
and 33% at 30 mg/kg of CGS 19755 AP7 produced ataxia in 
33% of the ammals treated with the 300 mg/kg dose A de- 
creased righting reflex was also seen m at least 513% of the 
animals treated with ketamine (54 and 100 mg/kg), CPP (100 
and 173 mg/kg) and CGS 19755 (54 mg/kg) Other behaviors 
observed with relatively high frequency (at least 50%) in- 
cluded hind hmb paralysis or flalhng (ketamine at 54 mg/kg, 
CPP at 173 mg/kg), and clrchng (CPP at 173 mg/kg) 

DISCUSSION 

These data extend the earlier findings on AP7 [11] to in- 
clude the additional NMDA antagonists, CPP and CGS 
19755 As a class, these compounds produce a distinctive 
pattern of motor activity changes, typified by increases in 
distance traveled, movement time, speed and perimeter 
walking Vertical activity is often reduced The observation 
of this pattern of motor activity requires relatively high doses 
of these compounds compared to their effects in other test 
systems, such as convulsion [5, 9, 13], anxiety [1] or lS- 
chemia ([2,5], unpublished) models, however, the relative 
dose effectiveness in these models parallels the relative dose 
effectiveness for producing the motor activity effects Spe- 
cifically, AP7 is considerably less effective than either CPP 
or CGS 19755, which are similar in effectiveness 

This pattern of motor activity is also produced by the 
dissociative anesthetic, ketamine, a drug structurally related 
to phencychdlne (PCP) Ketamlne is effective at doses in- 
termediate between those for AP7 and those for either CPP 
or CGS 19755 Furthermore, the magnitude of the peak ef- 
fects after treatment with either CPP or CGS 19755 is greater 
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t h a n  those  seen  af te r  AP7  or  k e t a m m e  A l t h o u g h  d i f fe rent  
t~mes of  m e a s u r e m e n t  of  m o t o r  ac t iv i ty  were  u sed  for  the  
f o r m e r  two c o m p o u n d s  c o m p a r e d  to the  la t te r  two com-  
pounds ,  p re l imina ry  da ta  sugges t  tha t  the  t imes  se lec ted  
were  the  peak  t imes  for  ac t iv i ty  changes  to be  seen  

It  is i m p o r t a n t  to  r ecogn ize  the  d i s t i nc t iveness  of  the  pat-  
t e rn  of  m o t o r  ac t iv i ty  changes  p r o d u c e d  by  these  N M D A  
an tagon i s t s  O t h e r  types  of  pha rmaco log ica l  agents  p roduce  
p a t t e r n s  o f  l o c o m o t o r  b e h a v i o r  wh ich  h a v e  b e e n  desc r ibed  
ex tens ive ly  (e g ,  [6]), and  do  not  inc lude  the  pa t t e rn  de- 
sc r ibed  here  One  conce rn ,  o f  course ,  might  be  tha t  the  pres-  
en t  s tudies  were  c o n d u c t e d  us ing  gerbi ls  whi le  those  previ -  
ous ly  r epo r t ed  used  ra ts  Pha rmaco log ica l  s tudies  in gerbi ls  
have  ver i f ied the  p a t t e r n s  i nduced  by  such  agen ts  as am- 
p h e t a m i n e  (unpub l i shed  data)  Whi le  a m p h e t a m i n e  p r o d u c e s  
an  inc rease  m d i s t ance  t r ave led  and  speed ,  m o v e m e n t  t ime 
and  p e r i m e t e r  walk ing  are ac tua l ly  d e c r e a s e d  Fu r the r ,  it has  
b e e n  p rev ious ly  r epo r t ed  tha t  a f te r  cen t r a l  admin i s t r a t i on  of  
AP7  to rats ,  a s imi lar  pa t t e rn  to t ha t  r epo r t ed  here  is ob-  
s e r v e d  [l  l] Thus ,  the  pa t t e r n  of  m o t o r  ac t iv i ty  desc r ibed  

he re  and  e l s ewhe re  [11] can  be  used  ef fec t ively  to charac-  
ter ize  N M D A  an tagon i s t s  

Cons ide rab l e  e v i d e n c e  now exis ts  to ind ica te  tha t  N M D A  
and  PCP  b ind ing  si tes are  l inked,  poss ib ly  as r ecep to r  site 
( N M D A )  and  a s soc ia t ed  ion c h a n n e l  (PCP) (e g , [10,12]) 
C o n s i s t e n t  wi th  this  ev idence ,  s imilar  b e h a v i o r a l  effects  of  
PCP  and  N M D A  r e c e p t o r  an tagon i s t s  have  b e e n  s h o w n  in 
p igeons  [8] and  rhesus  m o n k e y s  [15] The  p r e sen t  exper i -  
m e n t s  have  s h o w n  tha t  a PCP  ana logue ,  ke t amlne ,  p roduces  
effects  on  m o t o r  ac t iv i ty  In gerbds  s imilar  to those  seen  af te r  
a d m i m s t r a t l o n  o f  N M D A  an tagon is t s  F u t u r e  r e sea rch  will 
de t e rmine  w h e t h e r  N M D A  a n t a g o m s t s  t ha t  do no t  show 
these  p roper t i e s  c an  be  ident i f ied 

The  va lue  of  u t ihz lng  a u t o m a t e d  m o t o r  ac t iv i ty  analys is  
wh ich  d e m o n s t r a t e s  tha t  pa t t e rns  of  m o t o r  ac t iv i ty  changes ,  
n o t j u s t  i nc reases  or  dec reases ,  are i m p o r t a n t  to cha rac t e r i ze  
c o m p o u n d s  and  c lasses  of  c o m p o u n d s ,  is ev iden t  f rom these  
s tudies  The  vo lume  of  da ta  tha t  resul t s ,  necess i t a t e s  the  use  
of  fully c o m p u t e r i z e d  da ta  acquis i t ion  and  analys is  
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