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The protein content  in neurons of areas CA1 and CA3 of the rat dorsal hippocampus 
is compared by cytointerferometry. The involvement of CA3 neurons is observed both 
during instrumental response conditioning and at delayed times after training, whereas 
neurons of the CA1 area are involved only at the earliest stages of condit ioned re- 
sponse shaping: at the stage of formation of new motor  coordination. 
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During the elaboration of instrumental food-re- 
warded condit ioned responses (CR), protein me- 
tabolism in the neurons of the hippocampus is 
altered [1,7]. In previous studies the protein con- 
tent has been found to be reduced following shaw 
ing of a local food-rewarded CR in the form of 
lever pressing with the preferred paw, a rather pro- 
longed show of preference for one of the extremi- 
ties (up to 23 correct movements  out of 25) pre- 
ceding the elaboration of the response [5]. Prefer- 
ence for one of the paws per se can markedly 
affect the protein content  in neurons of the hip- 
pocampus and distort the effect of CR acquisition 
on this parameter. 

The aim of the present study was to examine 
the CA1 and CA3 areas of the dorsal hippocam- 
pus of rats at the earliest stages of CR shaping, 
namely, training in retrieving food from a hori- 
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zontal tube with the preferred paw on three suc- 
cessive takes. 

MATERIALS AND METHODS 
The experiments were carried out on male non-  
pedigree rats weighing 150-200 g. Following a 48- 
h food deprivation, the preferred extremity was 
determined for retrieving seeds from a horizontal 
tube (13 min  m diameter) placed at a height of 5 
c m  from the floor. Just the rats (n=8) which used 
only one preferred paw were involved in the ex- 
periments [4]. Training was performed until  seeds 
were retrieved from the tube with the same paw 
three times in a row. Eight control rats which 
picked up seeds from the floor (the group of pas- 
sive controls - PC) were placed in the experimen- 
tal chamber for the same period of time. (Elabo- 
ration of the CR of retrieving seeds f rom a hori- 
zontal tube with a preferred paw was described in 
detail elsewhere [4].) Four  control and 4 experi- 
mental rats were decapitated immediately after the 
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Fig. 1. Parameters of nucleus and cytoplasm of CA1 and CA3 neurons in hippocampus of rats decapitated immediately (a) 
and 2 weeks (b) after elaboration of a local food--rewarded instrumental CR in comparison with PC. Hatched bars: size of 
neuron nucleus and cytoplasm; light bars: dry weight of nucleus and cytoplasm. E: contralateral, experimental hemisphere; C: 
ipsilateral, control hemisphere (with respect to preferred paw). An asterisk denotes p<0.05 vs. PC. 

session, and the remaining rats two weeks later, 
since it was previously established that, ftrst, the 
preference can be definitely determined after 3 
successful takes with the same paw and, second, 
such rats preferred using the same extremity even 
2 weeks after the condit ioning session [4]. The 
brain was fixed in Carnoy's fluid; the size of the 
nuclei and cytoplasm of the CA1 and CA3 neu- 
rons of the left and right hemispheres and the dry 
weight of the nuclei and cytoplasm of these neu- 
rons were determined in consecutive paraffin sec- 
tions of  the dorsal hippocampus with the aid of 
an MBIN-4 interference microscope [3]. A total of 
3200 neurons were examined (16 rats). The results 
were statistically processed using Student 's t test. 

RESULTS 
The results of cytointerferometric examination of 
neurons of the rat hippocampus are shown in Fig. 
1. On the left (a) are the data obtained for im- 
mediate decapitation after the third retrieval of 
seeds; on the right (b) are the corresponding data 
obtained 2 weeks after the initial experiment. Here, 
the size of the nuclei and cytoplasm of neurons 
of the CA1 and CA3 areas and their dry weight 
(i.e., the protein content) are presented in percent 
of the values in the PC. A thrice-repeated retrieval 

of seeds with the preferred paw was at tended by 
an increase of the dry weight of the nuclei  of  
CA1 neurons  in the ipsilateral hemisphere  (for 
convenience defined by us, by analogy with the 
motor  cortex, as control) and, especially, in the 
contralateral (experimental) hemisphere (with re- 
spect to the preferred paw) to 104.07 and 108.30%, 
respectively, as compared to that in the PC. At 
the same time, an interhemispheric asymmetry was 
observed, i.e., following a short-term performance 
of the motor  habit, the changes of the dry weight 
of the nuclei of neurons of this area proved to be 
greater in the experimental hemisphere than in the 
control. The dry weight of  the cytoplasm of  the 
CA1 neurons  was not reliably different f rom the 
PC, despite a markedly smaUer size of the cyto- 
plasm of  neurons of the experimental hemisphere 
(92.62% of  that in the PC). On the other hand,  
an interhemispheric asymmetry was discovered with 
respect to the dry weight of the cytoplasm of these 
neurons, which resulted from the nonuniformity of 
even these minor  shifts. A slight increase of  both  
the size and the dry weight of  the nuclei  was 
noted in the CA3 neurons of both the experimen- 
tal ahd the control hemisphere (up to 104.18 and 
104.12%, respectively, of the dry weight in the 
PC). In  the experimental and control hemispheres 
an increase of the size (108.01 and 103.76%, re- 
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spectively) and dry weight (107.04 and 105.49%, 
respectively) of the cytoplasm of these neurons was 
observed as compared to those in the PC. The 
CA3 neurons in response to short-term shaping of 
the CR exhibited no interhemispheric asymmetry 
with respect  to the main  pa rame te r  ( the dry 
weight), al though a reliable asymmetry was ob- 
served with regard to the size of  their nuclei and 
cytoplasm. 

The dry weight of the CA1 and, notably, the 
CA3 neurons was shown to be reduced, vis-a-vis 
the PC, for multiple (and lasting for several ses- 
sions) lever pressings with the preferred paw. In 
addition, a reliable interhemispheric asymmetry was 
discovered in just the CA3 neurons of these ani- 
mals [5]. It was also noted that in the large group 
of PC rats there were n o  differences between the 
right and left hemispheres with respect to the size 
and dry weight of neurons of the CA1 and CA.3 
areas. Similar results were obtained during exami- 
nation of the hippocampal  areas by Timm stain- 
hug, microdensi tometry ,  and quantitative image 
analysis, and in the CA1 and CA3 areas no fight- 
left asymmetry was discovered with respect to these 
morphological parameters [8]. The presence of in- 
terhemispheric asymmetry with respect to the size 
or dry weight of the CA1 and CA3 neurons for 
the use of the preferred paw and its absence in the 
PC rats indicate that the above asymmetry (i.e., 
more pronounced  shifts in the neurons of the ex- 
perimental hippocampns as compared to the con- 
trol) emerges as a response to elaboration of the 
new movement  with the preferred paw. In addi- 
tion, it should be ment ioned that the findings on 
the increase in the dry weight of neurons of the 
two areas of  the hippocampus after the third re- 
trieval and the decrease in the dry weight of these 
neurons after multiple pressings of the lever [5] 
are in good agreement with the postulate that an 
increased rate of protein synthesis is characteristic 
of just the early stage of CR elaboration, whereas 
subsequent training which reinforces the already 
formed temporary connection is no t  accompanied 
by biosynthesis enhancement  [2, 6]. 

The results of studies of hippocampal neurons 
of rats decapitated 2 weeks after the thrice-repeated 
seed retrieval are presented in Fig. 1, b, which 
shows that by this time, following the elaboration 
of an ins t rumental  CR, the dry weight o f  the 
nuclei and cytoplasm of  the CA1 neurons in the 
experimental and control hemispheres differs little 

from the level in the PC (for the nuclei 102.20 
and 100.56%, respectively). In contrast to the CA1 
neurons, the CA3 neurons preserve the shifts in 
the dry weight at such delayed times: the dry 
weight of the nuclei and cytoplasm of neurons in 
the experimental hemisphere is 5.1 and 3.55%, 
respectively, higher than in the PC; in the con- 
trol hemisphere only the dry weight of the cyto- 
plasm is increased (by 4.52%). Comparison of the 
two parts of Fig. 1 (a and b) shows that the dry 
weight of the CA1 neurons, which increases by the 
third take, drops to the control level after 2 weeks. 
On the other hand, although 2 weeks after the 
session the dry weight of the CA3 neurons is re- 
duced (especially for the nuclei  of  the control 
hemisphere neurons), it remains at a higher level 
than that in the PC. Following a long-term elabo- 
ration of  the lever-pressing CR, the CA1 n e u r o n s  
also exhibit smaller shifts in the dry weight than 
do the CA3 neurons [5]. 

Hence, the CA1 neurons proved to be more 
functionally active at the earliest stages of acquisi- 
tion of  a local instrumental food response and only 
in the case where asymmetry with respect to the 
dry weight of the CA1 neurons was exhibited. The 
CA3 neurons exhibited asymmetry 2 weeks after a 
short-term elaboration of the instrtmaental response. 
The motor  habits in the form of  preference for 
one of  the paws during seed retrieval from the tube 
were still preserved at this time. 

Evidently, the neurons of the CA1 area (as 
well as the CA3 neurons) are involved in the for- 
marion of a new motor coordination, but, in con- 
trast to the CA3 neurons, they make less of a 
contribution to the preservation of the motor habit. 

REFERENCES 
I. N. G. Aleksidze, in: Animal and Human Biochemistry [in 

Russian], N~. 4, Kiev (1980), pp. 4-11. 
2. T. S. Glushchenko, A. D. Kulagin, N. G. Lopatina, and 

L. Z. Pevzner, Fiziol. Zh. SSSR, 64, No 10, 1386-1390 
(1978). 

3. V. N. Mats and O. L. Segal, /zv. Akad. Nauk SSSt~, Ser. 
Biol., 6, 888-895 (1979). 

4. 13. I. Miklyaeva, M. E. Ioffe, and M. A. Kulikov, Zh. 
Vyssh. Nervn. Deyat., 38, N ~ 5, 881-888 (1988). 

5. O. L. Segal and V. N. Mats, Nauchn. Dokl. Vyssh. Shkoly: 
Biol. Nauki, N. o 7, 82-87 (1978). 

6. L. B. Adair, J. E. Wi/son, J. W. Zemp, and E. Glassman, 
Proc. Nat. Acad. Sci. USA, 61, N_ o 2, 606-613 (1968). 

7. H. Hyden, Perspectives on Memory Research, Lawrence 
13rlbaum Publ., Hellsdale, New Jersey (1979), pp. 225-246. 

8. T. Niglio, M. G. Caporali, S. A. de Carolis, et al., Acta 
Anat., 139, N. o 3, 283-286 (1990). 


