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BLOKLAND, A. AND J. JOLLES. Behavioral and biochemical effects of an ICV injection of streptozotocin in old Lewis 
rats. PHARMACOL BIOCHEM BEHAV 47(4) 833-837, 1994.-Intracerebroventricularly (ICV) injected streptozotocin 
(STREP) decreases central glucose metabolism and energy metabolism, which has also been observed in patients with demen- 
tia. In the present study we examined the behavioral (open-field behavior and two-way active avoidance learning) and 
biochemical (hippocampal ChAT activity) effects of STREP treatment in old Lewis rats. The results suggest that hippocampal 
function was affected by STREP. STREP-treated rats acquired the two-way active avoidance task faster than the control 
rats, which indicates that STREP treatment does not lead to a general learning deficit. Hippocampal ChAT activity was 
decreased in STREP-treated rats. The present results suggest also that susceptibility to STREP may not be related to age in 
Lewis rats. 
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Choline acetyltransferase activity 

DURING the last decade, much effort has been made to de- 
velop animal models of  cognitive aging and dementia [e.g., 
(7,26)]. Valid animal models of  dementia and of  the age- 
related decline in cognitive functions could lead to a better 
understanding of  the mechanisms underlying the cognitive 
deficits and may eventually lead to clinical treatments. 

There are several studies that indicate that a reduced glu- 
cose metabolism in the brain is related to the cognitive dys- 
functions in animals as well in humans [e.g., (8,12,28)]. Thus, 
a lowered use of  glucose in the brain could underlie the de- 
crease in cognitive functions in aging and dementia [see (12)]. 
This hypothesis could be tested in animals in which the use of 
brain glucose is lowered experimentally. 

Streptozotocin (STREP) has been used to induce experi- 
mental diabetes melitus in rats when administered intraperi- 
toneally (20). STREP acts via different mechanisms, such 
as inhibition of  the insulin synthesis in pancreas islet cells 
(5), decrease in autophosphorylation of  the insulin receptor 
kinase (17), and suppression of  an insulin responsive glucose 

transporter (13). When applied intracerebroventricularly ICV, 
STREP may affect the insulin synthesis and/or  the insulin 
receptor function and, consequently, impair the transport of  
glucose, provided that insulin acts in the same manner in the 
brain as it acts in nonnervous tissue (18). 

Different studies support the hypothesis that an ICV injec- 
tion of  STREP reduces the use of  glucose in the brain. It has 
been reported that, compared to control rats, the arterio- 
venous difference for glucose increases, whereas the arterio- 
venous difference for lactate increases in STREP-treated rats 
(22). The increase in lactate/glucose ratio may reflect a shift 
in carbohydrate metabolism in favor of  the glycolytic break- 
down. Furthermore, it has been found that the brain glucose 
level is increased in STREP-treated rats, suggesting that the 
uptake of  glucose in the brain is decreased (21). In the same 
study it was found that also the A T P / A D P  ratio was de- 
creased. Blood glucose levels and lacate levels were not af- 
fected after ICV STREP treatment, indicating that the periph- 
eral energy metabolism is unaltered (21). Because these effects 
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are found 3 weeks after a single injection with STREP, this 
treatment may provide an animal model of prolonged central 
metabolic neuronal stress (21). 

STREP treatment has also been found to affect the concen- 
trations of different neurotransmitters in the brain which is 
most likely caused by the STREP-induced decrease in energy 
metabolism (9,15). Hippocampal choline acetyltransferase ac- 
tivity has been found to be decreased after STREP treatment 
(3,15). In a study in which the effects of STREP on brain 
monoaminergic neurotransmitter concentrations were evalu- 
ated in more detail, it was found that noradrenaline, dopa- 
mine, and serotonin were differentially decreased in distinct 
brain areas (9). It was speculated that the selective vulnerabil- 
ity of neurons might be related to properties (density of insulin 
receptors) and the brain area of the neurons. Interestingly, a 
comparable effect on different neurotransmitter systems in 
the brain have been observed in dementia of the Alzheimer 
type [e.g., (14,16)]. 

The behavioral effects of an ICV injection of STREP are, 
however, less well studied. It has been reported that rats in- 
jected ICV with STREP show an increase in spontaneous loco- 
motor activity and are impaired in the passive avoidance task 
(19). We have demonstrated that performance in a spatial 
Morris water escape task is affected in middle-aged rats 
treated ICV with STREP (3). Moreover, this impaired spatial 
discrimination performance was found to be related to a de- 
crease in hippocampal ChAT activity. In contrast to middle- 
aged rats, spatial discrimination performance and hippocam- 
pal ChAT activity was not affected in young STREP-treated 
rats (3). 

However, we found a substantial variation in behavioral 
and biochemical parameters in middle-aged STREP-treated 
rats, which was greater than in control rats (3). It could be 
suggested that the effect of STREP treatment is dependent on 
the susceptibility of individual rats. Because STREP treatment 
had virtually no effect in young rats, it could be argued that 
the factor age could mediate the susceptibility of rats to ICV 
STREP treatment. 

In the present study we examined the behavioral and bio- 
chemical effects of ICV STREP treatment in old Lewis rats. 
We assumed that all old rats would be susceptible to STREP 
treatment and that, therefore, the variation in the parameters 
would not be as substantial as that observed in the middle- 
aged rats in our previous study (3). Another aim of this study 
was to evaluate whether the behavioral effects of STREP 
treatment could be related to hippocampal dysfunction. 
Therefore, we tested the old rats in tasks that are sensitive to 
hippocampal function (open-field behavior and two-way ac- 
tive avoidance learning). We did not test the old rats in the 
Morris spatial navigation task because we have found that old 
Lewis rats do not show place learning in this task (unpublished 
data) and, thus, hippocampal function cannot be examined in 
old rats with this task. We also measured hippocampai ChAT 
activity and assessed whether there was a correlation between 
ChAT activity and the behavioral data. 

METHOD 

Animals 

Nineteen 24-month-old male Lewis rats were used. All rats 
were housed individually in standard Makrolon cages on saw- 
dust bedding in an air-conditioned room (about 20°C). They 
were kept under a 12 : 12 hour light:dark cycle (lights on from 
0900 to 2100 h). 

Surgery 

Two weeks before behavioral testing the rats were assigned 
at random to either the control group (CON: n = 9) or the 
STREP group (n = 10). The rats were anesthetized with pen- 
tobarbital (60 mg/kg IP) and placed in a stereotaxic frame. 
The STREP group was given a bilateral ICV injection of 
STREP (1.5 mg/kg body weight dissolved in 4/zl saline, 2/~1 
per injection site). The stereotaxic coordinates were: - 0 . 8  
mm anterior, 1.55 mm lateral, and - 3.8 mm from the bregma 
(25). The control group underwent the same surgical proce- 
dures but saline was injected ICV instead of STREP. One 
CON rat died during the operation. 

Behavioral Procedures 

Open field. Open-field behavior was assessed in a square 
box (I00 x 1130 cm) subdivided by black lines into 36 equal 
squares. Two red fluorescent strip lights provided very dim 
illumination (about 2 lux) on the floor of the apparatus. Im- 
mediately after a rat was placed in the center of the open 
field, its movements were scored. The total number of line 
crossings, the time spent in the corner squares, rearing, and 
grooming were recorded manually with an MS-DOS com- 
puter. Testing was carried out on four consecutive days in 
5-min sessions. 

Shock sensitivity. Before the rats were subjected to two- 
way active avoidance training we first assessed the shock sensi- 
tivity of the rats. The rats were placed in a box (40 x 25 x 
40), which was different from the box used in the shuttle 
box task. The floor was connected to a shock scrambler. The 
intensity of the shock was increased step wise, starting at 0.05 
mA, with increments of 0.05 mA. The shock intensity at which 
a rat first flinched was scored as the first shock sensitivity 
level. After the shock intensity was again increased by 0.05 
mA, the shock intensity was decreased in a similar manner as 
it was increased. The second shock sensitivity level was scored 
when a rat failed to flinch when a shock was given. 

Shuttle box. Acquisition of two-way active avoidance 
learning was assessed in an automated shuttle box. The appa- 
ratus consisted of two equal compartments (21 x 13.5 x 20 
cm), separated by a barrier (height 3 cm). The floor consisted 
of a metal grid connected to a shock scrambler. The animals 
were trained in one session of 50 trials. The session was pre- 
ceded by an adaptation period of 5 rain. A trial started with 
the presentation of an auditory stimulus as a warning signal. 
The signal was terminated when a rat crossed the barrier 
within 8 s; otherwise, a foot shock (0.30 mA) was given. The 
foot shock was terminated when the rat escaped to the other 
compartment or when 10 s had elapsed. The intertrial interval 
varied randomly between 35 and 60 s. 

Hippocampal ChAT activity. The same procedures were 
followed as described in our previous study (3), using the 
method of Fonnum (10). 

Data A nalysis 

Except for shuttle box performance, differences between 
groups were analyzed by using t-statistics. Correlations be- 
tween parameters were calculated within experimental groups 
by using Pearson's correlation coefficient. 

Open field. The data of the open-field test were aggregated 
over days to enhance reliability (24). The mean time spent 
in the corner squares was transformed logarithmically 
(Ln[(h + t2 + h + h ) / J ;  subscripts refer to day 1 through 4 
of testing) to remove inhomogeneity. 
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Shock sensitivity. The average of  the two shock sensitivity 
levels of  individual rats was calculated and taken as the semi- 
tivity to shock. 

Shuttle box. In the SB task the overall level of  performance 
(mean number of avoidance responses per block of  10 trials) 
was assessed. The data of  the shuttle box task were analyzed 
in a two-factor (treatment by trial block) analysis of  variance 
with repeated measures over trial blocks. Group differences 
in overall performance (general mean) and in the shape of 
the learning curves were analyzed in a one-factor analysis of 
variance on orthogonal trend components calculated over the 
successive trial blocks (27). 

R E S U L T S  

Body Weight 

The body weights of  CON and STREP rats did not differ 
before, t(16) = 1.59, NS, or after, t(16) = 0.66, NS, behav- 
iorai testing. 

Open Field 

The rats of  the CON and STREP groups displayed similar 
behavioral activity in the open field, as expressed by the same 
number of  line crossings, t(16) = 0.33, NS; see Fig. 1A). The 
time spent in the different areas was, however, different for 
the CON and STREP groups (see Fig. 1B). The rats of  the 
STREP group spent more time in the center and wail squares, 
t(16) = 3.71, p < 0.01, and t(16) = 4.04, p < 0.01, respec- 
tively, whereas the rats of  the CON group spent more time 
in the corner squares, t(16) = 5.02, p < 0.01. The frequen- 
cy of grooming behavior was similar in the CON and the 
STREP-treated rats [mean(SEM), CON: 1.72(0.21) STREP: 
1.75(0.22); t(16) = 0.10, NS]. However, the frequency of  
rearing was markedly reduced in the STREP-treated rats as 
compared to the CON rats [mean(SEM), CON: 6.19(0.88) 
STREP: 1.2(0.36); t(16) = 5.65,p < 0.01]. 

Shock Sensitivity 

The CON and the STREP-treated rats did not differ in 
their sensitivity to shock [mean(SEM), CON: 0.13(0.01) 
STREP: 0.11(0.01); t(16) = 0.53, NS]. 

Shuttle Box 

During the adaptation period that preceded acquisition 
training, the STREP-treated rats crossed the barrier as often 
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FIG. 1. Total number of line crossings (A) and total time spent in 
the different areas (B) of the open field (aggregated data of four 5-min 
sessions per day) for old CON and STREP-treated Lewis rats. 
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FIG. 2. Total number of avoidance responses per block of 10 trials 
in a two-way active avoidance shuttle box task for old CON and 
STREP-treated Lewis rats. 

as the CON rats [mean(SEM), CON: 5.13(0.91) STREP: 
4.1(0.94); t(16) = 0.77, NS]. The number of avoidance re- 
sponses of  both the CON and STREP-treated rats increased 
in the course of  training, F(4, 64) = 17.55, p < 0.01. This 
increase was mainly characterized by a linear trend, F(1, 16) 
= 32.84, p < 0.01 (see Fig.2), and was similar for the CON 
and the STREP-treated rats [group by trial block: F(4, 64) 
= 1.99, NS]. During training, however, the STREP-treated 
rats made more avoidance responses than the CON rats [gen- 
erai mean: F( I ,  16) = 7.58, p < 0.05]. Evaluation of  group 
differences on individual trial blocks showed that the STREP- 
treated rats made more avoidance responses during the first 
three trial blocks than the CON rats, ts > 2.26, p < 0.05, 
but that the number of avoidance responses was equal for 
both groups during the last two trial blocks, ts > 1.87, NS. 

Hippocampal ChAT Activity 

Hippocarnpal ChAT activity was decreased in STREP- 
treated rats [mean(SEM) nmol /h /mg protein, CON: 
100.54(2.21) STREP: 76.54(9.01); t(16) = 2.32,p < 0.05]. 

Correlations 

Hippocampal ChAT activity correlated only incidentally 
with behavior. Hippocampal ChAT activity was positively 
correlated with the mean number of  avoidance responses in 
the shuttle box task in the CON rats (r = 0.72, p < 0.05). 
Grooming behavior and ChAT activity were found to be cor- 
related in the STREP-treated rats (r = -0 .66 ,  p < 0.05). 

D I S C U S S I O N  

The STREP and the CON rats displayed similar levels of  
activity in the open field, whereas we had assumed that 
STREP treatment affected hippocampal function. Because 
hippocampal lesions increase open-field activity [e.g., (6,23], 
we had expected that the number of  line crossings would be 
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higher in the STREP-treated rats. It could be argued that no 
effect of STREP treatment was found because of ceiling ef- 
fects. Old rats show marked motor impairments (11) that af- 
fect their physical ability to increase activity. In addition, it 
should be mentioned that the activity measures in the open 
field cannot be interpreted in the same way in old rats as in 
young rats [see (4)]. The frequency of grooming was also 
found to be similar in the STREP-treated and the CON rats. 
It has been reported that hippocampal lesions decrease self- 
grooming in rats (6). The lack of effect of STREP treatment, 
however, was probably due to the low frequency of grooming 
in both the CON and the STREP-treated rats (i.e., floor ef- 
fect). It could, however, also be argued that the effects of 
STREP treatment are less severe than hippocampal lesions or 
ablations and that, therefore, no effect of STREP treatment 
could be found on the measures line crossings and grooming. 
Therefore, these data are not conclusive with respect to hippo- 
campal dysfunction after STREP treatment. 

The number of rearings was substantially lower in the 
STREP-treated rats than in the CON rats, which suggests that 
STREP treatment reduces exploratory activity (23). Further- 
more, the CON rats showed a clear preference for the corner 
squares in the open field, whereas the STREP-treated rats 
showed no preference for any of the three areas. These find- 
ings could be explained in terms of hippocampal dysfunction: 
a decrease in exploration (less rearing) and a lack of knowl- 
edge of fear (more time in center squares) (23). 

The STREP-treated rats acquired the two-way active 
avoidance task faster than the CON rats. This improved per- 
formance of the STREP-treated rats can be explained in terms 
of an impaired hippocampal function. Hippocampectomized 
rats cannot apply place strategies in avoidance learning but 
can only use cue strategies [see (2)]. If a rat uses a place 
strategy in the two-way active avoidance task, it may experi- 
ence a conflict because it is shocked in both parts of the appa- 
ratus. This conflict situation retards avoidance learning. If a 
rat uses a cue strategy instead of the maladaptive place strat- 
egy, it will not experience this conflict situation which, as a 
consequence, facilitates acquisition of the task. The finding 
that the STREP-treated rats acquired the two-way active 
avoidance task faster than the CON rats demonstrates that 
STREP treatment does not cause a general learning impair- 

ment but may cause a deficit related to specific regions of the 
brain (e.g., hippocampus). 

Hippocampal ChAT activity was found to be decreased in 
STREP-treated rats, as has also been found in other studies 
(3,15). However, there was a substantial variation in ChAT 
activity in the STREP group (range: rain 8.71 to max 100.51 
nmol /h /mg protein). We had assumed that all rats would be 
equally susceptible to STREP treatment and that, therefore, 
the variation in the STREP group would be small. Appar- 
ently, the susceptibility to STREP treatment in Lewis rats is 
not dependent on age. It would be interesting to examine 
which factor(s) determines the susceptibility to STREP treat- 
ment in Lewis rats. The variation in the behavioral measures, 
however, was comparable for the STREP and the CON 
groups. This observation could be explained by the lack of 
relation between hippocampal ChAT activity and behavior 
(see below). It could be argued that the behavioral parameters 
are not dependent on hippocampal function (more specifiC, 
ChAT activity) to a great extent, and that other neural sub- 
strates, which are not affected by STREP treatment, may be 
involved in these behaviors. 

Only two behavioral measures were correlated with hippo- 
campal ChAT activity. These correlations should, however, 
be interpreted with caution because the variation in one of the 
measures was small (ChAT activity in the CON group and 
grooming in the STREP group), which may bias the correla- 
tion coefficient. Although there was a decrease in hippocam- 
pal ChAT activity and improvement in shuttle box perfor- 
mance, these two measures were not correlated in the STREP 
group. It could be argued that performance in the shuttle box 
is also dependent on other factors (e.g., reactivity to the 
shock) and that this is why no correlation was found between 
the two measures. 

In conclusion, the present study showed that ICV-injected 
STREP, as a method to decrease central glucose utilization, 
affects behaviors that are reported to be related to hippocam- 
pal function and decreases hippocampal ChAT activity. The 
better performance of the rats of the STREP group in the 
shuttle box task indicates that STREP tre-tment does not re- 
sult in a general decline in learning and memory performance. 
It is not likely that the susceptibility of Lewis rats to STREP 
treatement is related to age. 
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