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Substance P administered 30 min after the onset of cerebral ischemia improved the 
neurological status and prevented postischemic hyperactivity in rats with a passive type 
of behavior; had no effect on the neurological status of rats with an intermediate type 
of behavior but reduced their postischemie hyperactivity; aggravated the neurological 
status of rats with an active type of  behavior without exerting a significant effect on 
their behavioral responses; and averted a rise in the level of depression in rats of all 
three groups. The results of this study indicate that there is a relationship between the 
type of  behavior, manifestations of  cerebral ischemia, and the effects of  substance P. 
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We found previously that substance P fragment 1- 
11 (SP) influences the mortality of rats during the acute 
(48 h) period of  cerebral isehemia in different ways 
depending on their type of behavior. Thus, SP re- 
duced mortality among rats with a passive type of 
behavior, increased it among those with an active 
type, and had little or no effect on the mortality 
of those with an intermediate type of behavior [8]. 

The aim of  the present study was to examine SP 
for its impact on the neurological status and beha- 
vioral responses of rats with different (passive, active, 
and intermediate) types of behavior during a prolonged 
(3 months) period after ligation of the common 
carotid arteries (animal model of  ischemic insult). 

MATERIALS AND METHODS 

A total of 130 random-bred male rats (body weight 
250-300 g) maintained on a standard diet were used. 
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Of these rats, neurological and behavioral conse- 
quences of  cerebral ischemia were studied in 79 
injected with SP and in 51 without exposure to this 
substance. The type of behavior was determined in 
10-minute "open field" and "forced swimming" tests 
[13] using a previously developed procedure [6,7] 
permitting identification of animals that significantly 
differ in three major behavioral parameters - the 
number of squares crossed, the number of upright 
postures, and the time of passive floating. 

Cerebral ischemia was produced by bilateral 
ligation of the common carotid arteries [6]. SP was 
injected once intraperitoneally at 250 ~g/kg body 
weight in 0.5 ml of physiological saline 30 min 
aRer ligati6n of  the arteries. (SP was synthesized 
at the Institute of Molecular Pharmacology, Ber- 
lin, and kindly provided by Professor P. Oehme). 
The 250 ~tg/kg dose was. used because SP at this 
dose level had been shown to increase resistance 
to stress [10,12] and to circulatory hypoxia of the 
brain [8] as well as to elevate for a prolonged 
per iod the brain levels of  cateeholamines [10], 
which play an important part in determining the 
resistance both  to stress [10] and to circulatory 
hypoxia of the brain [11]. 
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Fig. I. Neurological status at different times after the onset of cerebral ischemia in rats with different types of behavior not 
injected (a) and injected (b) with substance P. /} Died (score 25 points}; I/) poor status (7-24 points}; II]} intermediate status 
(3--6 points}; /V) nearly normal status (<3 points}. I) rats with active type of behavior (9 [a] and 11 [b] animals; 2) rats of 
intermediate group {11 and g animals, respectively); 3} rats with passive type of behavior {I0 rats in a and I0 in b). Ordinate: 
number of rats with a particular neurological status. 

The condition of  animals at different periods 
of cerebral ischemia was evaluated on a 25-point 
scoring scale of  neurological  deficit (Table 1), 
which is our modif icat ion of  a 100-point scale 
previously proposed for assessing neurological defi- 
cit in rats that have suffered clinical death [4]. Be- 
havioral changes after the onset of ischemia were 
determined in the open-field test (on days 2, 7, 
30, and 90) and the  forced-swimming test (on 
days 30 and 90). 

The data were processed using a s tandard 
STATGRAPHICS software package. The signifi- 
cance of  differences was estimated by Student's t 
test, the c 2 test, and Fisher's exact test. 

RESULTS 
Whereas most of  the SP-unexposed rats with se- 
vere neurological  disorders (scores 7-24) after 
ischemia induction belonged to the group with the 
passive or intermediate type of  behavior (Fig. 1, 
a), most of  the SP-treated rats with such disor- 
ders were from the group with the active or in- 
termediate type (Fig. 1, b). Among the SP-treated 
rats with the passive type of  behavior, the propor- 

tion of  symptom-positive animals after ischemia 
induction was lower than among the SP-untreated 
animals (33% v s .  86%; ;t2~=2.52, p=0.05) while 
the p ropor t ion  of  symptom-nega t ive  ones was 
higher (45% vs .  0%; ;~21=3.27 , p=0.03). Among 
the SP-treated rats with active behavior, on the 
contrary, the proportion of symptom-negative ani- 
mals was lower (19% v s .  89%; Z2~=7.27, p=0.002). 
Among the SP-treated rats with intermediate be- 
havior, the proportion of  symptom-positive animals 
did not differ significantly from that among the SP- 
unexposed-animals (33% vs .  36%; X21=0.0, p=l.0),  
nor did the proportion of symptom-negative ones 
(45% v s .  37%; X2~=0.1, p=0.74). Whereas not a 
single instance of  convulsive seizures was recorded 
alter ischemia induction among the SP,unexposed 
rats with active behavior (seizures occurred in 75% 
of rats with passive behavior and in 25% of those 
with intermediate behavior), 75% of the SP-treated 
rats with active behavior and 25% of  those with 
intermediate behavior developed convulsive seizures 
after the onset of ischemia, but none of  the SP- 
treated animals with passive behavior. 

Following ischemia induction,  SP-untreated 
rats showed biphasic changes in behavior (Fig. 2, 
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Fig. 2. Behavioral parameters as tested in an open field at different times after the onset of cerebral ischemia in rats with 
different types of behavior not injected (a and b) or injected {c and d) with substance P. a and c) number of squares crossed; 
b and d) number of upright postures. Figures are percentages of the initial numbers taken as 100% (denoted by dashed lines). 
"p<O.05, "'p<0.01, **'p<0.O01 in comparison with initial values; +/0<0.05 between groups 2 and 3; *p<0.05 between groups I and 
3. Other designations as in Fig. I. 

a and b). Thus, on day 2 after the onset of  
ischemia, motor (Fig. 2, a) and exploratory (Fig. 
2, b) activities were greatly inhibited in all such 
rats, regardless of the type of behavior they dis- 
played before isehemia was produced (intergroup 
differences were insignificant), and these behavioral 
changes went along with neurological disturbances 
of varying severity in the different groups (Fig. 1, 
a ); on day 7 after isehemia induction, however, 
behavioral responses were observed to correlate with 
the type of behavior: motor activity, as assessed by 
the number of squares crossed, was sharply in- 
creased in rats wi th  the passive type (from 
45.1+8.5 before ischemia to 81.5+15.7; p<0.05) 
and even more so in those with the intermediate 
type (from 67.2+5.1 to 129+10.1; p<0.01), and it 
rose to the baseline level in animals with the ac-  
tive type of  behav ior  ( f rom 88.4+7.3 before 
isehemia to 93.9+21.4 on day 7 of isehemia; 
p>0.1) (Fig. 2, a). These changes in motor activ- 
ity were accompanied by statistically insignificant 

changes in exploratory activity (number of upright 
postures) (Fig. 2, b) and occurred when external 
manifestations of the neurological deficit were ab- 
sent or slight (Fig. 1, a). On day 7 of isehemia, 
some rats with the passive type of behavior exhib- 
ited signs of spontaneous aggressivity and hyperac- 
tivity in response to external provoking stimuli. A 
eharacterist-ic feature of hyperactive rats was rapid, 
disordered motor activity in the open field: the 
animals moved on straightened legs without press- 
ing the body against the floor ("isehemic gait") 
[14]. One month after the onset of  ischemia, 
motor activity was restored in rats with the pas- 
sive type of behavior (difference from the baseline 
level was insignificant) while remaining significantly 
above baseline in those with the intermediate type 
(Fig. 2, a). The enhanced motor activity in the 
latter rats combined with significantly reduced ex- 
ploratory activity (Fig. 2, b). External manifesta- 
tions of the neurological deficit were not observed 
(Fig. 1, a). Three months  after the onset of 
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ischemia, motor  activity was restored in rats with 
the intermediate type of  behavior (Fig. 2, a) and 
significantly reduced in those with the active type 
(Fig. 2, b). 

SP produced differential impacts on the behav- 
ior of  rats altered by circulatory hypoxia of the 
brain, depending on their type of behavior. In rats 
with the passive type, SP significantly reduced the 
magnitude of  both the initial hypoxia-induced re- 
duct ion in exploratory activity (9.2+1.3 in SP- 
treated rats vs .  3.9+1.8 in SP-untreated ones on 
day 2 after ischemia induction; p<0.05) (Fig. 2, d) 
and the subsequent (posthypoxic) enhancement  of  
motor  activity (45.0+6.9 in SP-treated rats vs .  

81.5+15.7 in SP-untreated ones on day 7 after 
ischemia induction; p<0.05) (Fig. 2, c). As a con- 
sequence, the motor  and exploratory activities of  
SP-treated rats with the passive type of  behavior, 
unlike these activities of SP-untreated rats, did not 
significantly deviate from the baseline levels at 
various times after ischemia induction.  SP also 
significantly reduced the degree to which motor ac- 
tivity was enhanced on day 7 af ter  ischemia in- 
duction in rats with the intermediate type of  be- 
havior  (72 .3+11 .6  in S P - t r e a t e d  an imals  v s .  

129.7+10.1 in SP-untreated ones; p<0.01) (Fig. 2, 
c), but failed to reduce significantly the degree of  
posthypoxic reduction in exploratory activity by 
that time in rats with the active type (10.8+2.6 in 
SP-treated animals vs .  22.2+6.3 in SP-untreated 
ones; p=0.2) (Fig. 2, d). 

One and three months after the onset of ce- 
rebral ischemia, the level of  depression was found 
to be increased to varying degrees in all groups of  
SP-unexposed rats (Fig. 3, a) and SP prevented 
this increase (Fig. 3, b). 

The results of  this study show that motor  ac- 
tivity was restored more rapidly in rats with the 
active type o f  behavior (by day 7 after the carotid 
arteries were ligated) than in those with the pas- 
sive type (by day 30 postligation) or in those with 
the intermediate type (by day 90 postligation). In 
other words, restorative processes proceeded at faster 
rates in animals with the active type of  behavior 
than in those of  the other two groups. The en- 
hanced motor activity (increased number of  squares 
crossed) in the rats with the passive and interme- 
diate types of  behavior was not paralleled by en- 
hanced exploratory activity (increased number of  
upright postures), which can be interpreted as evi- 
dence of their general psychomotor excitation (a 
feature characteristic of the state of  "agitated anxi- 
ety") rather than of  enhanced exploratory motiva- 
tion. The observed aggressivity and hyperactivity in 
response to external provoking stimuli appear to be 

TABLE I. Neurological Status of Rats (as Assessed in Scores) 
after Bilateral Ligation of the Common Carotid Arteries 

Parameters Score 

1. Respi ra t ion:  
n o r m a l  
i n c r e a s e d / d e c r e a s e d  ra te  
wi th  pa r t i c ipa t i on  of 
a cce s so ry  muscles ,  i r r egu la r  

2. Signs of ptosis :  
n o n e  
un i l a t e r a l  
b i l a t e r a l  

3. Tone  of l imb muscles :  
n o r m a l  
s l i gh t ly  i nc reased  
i n c r e a s e d  
absent  

4. Convuls ions :  
n o n e  
c lon i c  
ton ic  

5. Response  to ex te rna l  s t imuli :  
n o r m a l  
dep re s sed  
e x a g g e r a t e d  and  i n a p p r o p r i a t e  
absen t  

6 :  Behaviora l  react ions :  
n o r m a l  
hype rac t iv i ty ,  agg re s s iv i t y  
h y p o a c t i v i t y  
cou ld  no t  b e  d e t e r m i n e d  due  
to g rav i ty  of cond i t i on  

7. Externa l  appea rance :  
g r o o m e d  
u n g r o o m e d  

4 

0 
1 
2 

0 
1 
2 
4 

0 
2 
4 

0 
2 
2 
4 

0 
2 
2 

6 

0 
1 

Note .  Score 25: death; scores 7--24: gravely ill; scores 3 - 6 :  
moderately i11; scores 0 - 3 :  nea r -no rma l  condition. 

signs of  enhanced general excitability of  the cen- 
tral nervous system. Changes in condit ioned re- 
sponse activity suggesting that inhibitory processes 
in the central  nervous system were suppressed 
(against a background of  intensified excitatory pro- 
cesses) have been detected in rats with long-last- 
ing hypoxic  hypoxia [3] or cerebral ischemia 
caused by circulatory arrest [5]. The lack of  con- 
cordanee between changes in behavioral variables 
characterizing motor  and exploratory activities, 
which (as we showed earlier [7]) are closely linked 
up, attests to disintegration of  the interrelated 
components  of  an integrated behavioral response, 
and this, together with central nervous system ac- 
tivation, is one of  the symptom-forming factors in 
neurotic states [1]. The hyperactivity observed in 
rats with the intermediate type of behavior one 
month  after the onset of cerebral ischemia went 
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type o f  behavior  and  a different  or  even opposite 
ef fec t  in those  w i t h  a n o t h e r  t y p e  is no t  u n e x -  
pected. Indeed,  adapta t ion to hypoxia  enhances,  as 
do an t ihypoxic  agents ,  the res i s tance  to oxygen 
def ic iency only in animals  with an  initially low or  
m e d i u m  level o f  tolerance to hypoxia ,  whereas the 
resistance o f  animals  wi th  an in i t ia l ly  high level 
o f  to lerance  remains unchanged  or  decreases [9]. 

To sum up, a single dose o f  SP exerts a ben-  
efieial therapeutic effect  on  the l ong - t e rm sequelae 
o f  c i rculatory brain  hypoxia  in rats wi th  the pas- 
sive type o f  behavior, produces some benefit  to rats 
wi th  the in termedia te  type, and  does  not  signifi- 
can t ly  inf luence these  sequelae in rats wi th  the  
active type o f  behavior.  

Fig. 3. Percentage changes in the time of passive floating 
(level of depression) in Porsolt's test after ischemia induction 
in SP-untreated (a) and SP -- treated (b) rats with different 
types of behavior. Same designations as in Figs. 1 and 2. 

along with an elevated level of  depression in 
Porsolt's test, indicating that an anxiety-depressive 
syndrome was developing in the rats. 

Our experimental findings are in line with the 
clinical observations that a neurasthenic syndrome 
accompanied by anxiety/depressive disorders is one 
of the more frequent long-term sequelae of circu- 
latory hypoxia affecting the brain [2]. 

In rats with the passive type of behavior, a 
single SP injection improved the neurological sta- 
tus during the acute period of cerebral isehemia 
and prevented the occurrence of posthypoxic hy- 
peractivity subsequently. SP did not infiuenee the 
neurological status of  rats with the intermediate 
type of behav ior  ( a l t hough  it r educed  the i r  
posthypoxic hyperactivity) and worsened the neu- 
rological status of rats with the active type of be- 
havior without exerting a significant effect on their 
behavioral responses altered by cerebral ischemia. 
In rats of all three groups, SP prevented a rise in 
the level of depression in Porsolt's test. 

The observat ion tha t  the  same c o m p o u n d  has 
a beneficial  an t ihypoxic  effect  in animals wi th  one 
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