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Summary. We have performed a karyometric study of 
the pyramidal neurons of CA1 and CA3 fields of the 
Ammon's horn, in male mice aged from the 5th to the 
190th postnatal day. Nuclear sizes were measured with 
the aid of a Magiscan Analysis System, used in an 
interactive form, in both superficial and deep layers of 
the stratum pyramidal in those fields. The measurements 
were made at three different topographic levels: rostral; 
intermediate; and caudal,  to detec any possible 
difference related to the topography of the neuron in the 
same field. We have found that both CAI and CA3 fields 
are correlated in the postnatal development of their 
nuclear pyramidal sizes and that al1 topographic levels of 
the hippocampus reach their highest karyometric sizes at 
the 10th-15th postnatal day. Caudal levels show higher 
karyometric values than the other levels and some 
differences between neurons of the superficial and deep 
layers of both fields are also described here and analysed 
in relation to the different ontogenetic gradients of these 
cells. 
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lntroduction 

We have previously described the postnatal nuclear 
development of the nuclear cells of the dentate gyrus 
(Pérez Delgado et al., 1992), in  relation to their 
topographic location and the ontogenetic gradients 
described by Schlessinger et al. (1975) for those cells. 
Now, we have centred our interest in the Arnmon's horn, 
specifically CAl and CA3 fields, in order to analyse 
their karyometric postnatal development in relation to 
the topographic location of the cells andlor their 
ontogenesis (Bayer, 1980). 

Ammon's horn presents a relatively simple and 
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homogeneous structure, the pyramidal cells being the 
predominant ones in it. Bayer (1980) found that the 
pyramidal stratum of Ammon's horn appears between 
the 17th and 19th embryonic day, and greatly lengthens 
between the 21st embryonic day and the first postnatal 
day; cell migration to the pyramidal stratum of the 
hippocampus would end during the early neonatal phase 
(Minkwitz and Holz, 1975). Bayer (1980) described 
different ontogenetic gradients in the hippocampal 
formation; the deepest cells would be generated before 
the superficial ones and cells closer to the rhinal fissure 
before those lying farther away, and they also described 
a «sandwich g rad ien t~  (Le., later forming cells are 
flanked by earlier forming superficial and deep cells). 

However, no data exist on the development of the 
nuclear sizes of the pyramidal cells of CAl and CA3 in 
the postnatal phase, and we have asked ouselves if both 
CA1 and CA3 fields show similar or different postnatal 
karyometric development and if this postnatal 
development could be affected by the ontogenetic 
gradients or by different afferents, depending on the 
topography of the neuron in the hippocampal formation, 
as severa1 authors have reported differences in the 
serotoninergic innervation, depending on the zone of the 
hippocampus (Gage and Thornpson, 1980; Kohler, 1982; 
Ihara et al., 1988; Oleskevich and Descarries, 1990). The 
aim of our study i s  to add new data about these 
questions that could help to a better morphological and 
functional understanding of Ammon's horn, serving as a 
base for  future experiments in this hippocampal 
formation. We have analysed the nuclear size, which is 
an index of the functional activity of the neuron 
(Edstrom and Eichner, 1960; Pérez Delgado, 1984; 
Smialowska et al., 1988) of the pyramidal cells of CAl 
and CA3 in Ammon's horn, in a superficial and a deep 
layer, and at three topographic levels of Ammon's hom: 
rostral, intermediate and caudal. 

Materials and methods 

We studied 60 male albino mice, divided into 12 age 
groups (5 mice per age) between the 5th and the 190th 
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postnatal day. Animals were anaesthetized with 
Nembutal and perfused intracardically with Bouin's 
solution. The brain was postfixed for 24 hours in the 
same solution, dehydrated and embedded in paraffin 
following standard protocol. Serial corona1 sections of 
10 pm were performed and thereafter stained by the 
Klüver Barrera method. Fig. 1 shows the three 
topographic levels studied of the total rostro-caudal 
length of the hippocampus in an adult mouse: rostral 
(1.5110), intermediate (5110) and caudal (6110). 

We analysed CA1 and CA3 pyramidal cells in a 
superficial and a deep stratum separated by a subjective 
visual plane passing through half of the total thickness of 
the pyramidal layer (Fig. 2). With the help of a Magiscan 
Analysis Image System (Joyce-Loebl), and using the 
Genias program in an interactive form, we determined 
the nuclear sizes in the different centres and topografic 
locations. We measured al1 the whole pyramidal nuclei 
presenting one or more clearly visible nucleoli. To 
obtain a security index of 96%, in each location we 
meassured 30-40 nuclei. The nuclear parameters 
anaiysed were: nuclear perimeter; nuclear area; nuclear 

maximum diameter; and form factor, an index which 
expresses the approximation of the nuclear shape to a 
circle. As the three first parameters show a similar 
evolution of their values, we will only describe the 
nuclear area results. The form factor did not show 
significant variations in any of the studied centres, and 
we will omit to refer to it. Magnification used for the 
study was x2675. Data were statistically analysed by an 
ANOVA and Newman-Keuls test, to compare the results 
between the different ages. Pearson's test was also 
employed to establish the correlation between the 
different patterns of development, and Student's t-test 
was used to compare values at the different topographic 
values. 

Results 

Ammon's horn: CA 1 (Figs. 3, 4) 

As both the superficial and deep layers showed a 
similar development in al1 the topographic levels, we 
represented only the graphs of development of the 
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Flg. 1. Representation of !he three studied topographic levels in !he brain of !he rnouse. A) rostral level; B) interrnediate level; and C) caudal level. With 
respect to !he surface of !he brain the superficial and deep layers of CA1 and CA3 are rneasured separately. The lateral view of the rnouse brain shows 
!he location of the three levels that correspond, approxirnately, to 1.5110 (A), 5/10 (B) and 6/10 (C) of !he total rostrocaudal length of the hippocarnpus 
of the rnouse. 
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superficial layer of CA1 in the three topographic levels 
(Fig. 3). Figure 4 shows the superficial and deep layers 
of CAl at the rostral level for comparison of their 
developmental patterns. We observed a significant 
increase in the values from the 5th to the 10th day (p< 
0.01), and a posterior stabilization in the rosb-al level, 
while in the intermediate and caudal levels, values 
increased up to the 15th day. In the intermediate level, 
nuclear area decreased at the 20th day @< 0.05), wbile 
in the caudal level, it stabilized after the 15th day. 
Pearson's test between both layers was highly significant 
(pc 0.001), indicating a high positive correlation in their 
development in the three studied topographic levels. 
Student's t-test was used to compare the values of the 
superficial and deep layers, and was significative at the 
5th day, at the three levels, but with a lower value in the *wwam* . . 

Rostrocaudal analysis (Table 1): 

The correlation between the different topographic 
levels (rosiral, intermediate and caudal) of the deep layer 
was high (p< 0.001), while in the superficial layer the 
rostral and intermediate levels were the most related (pe 

0.001). 
The rostral level, in the superficial and deep layers, 

tended to show lower values than the intermediate and 
the caudal levels, with significant differences at different 
ages. 

Ammon's hom: CA3 (Fig. 5) 

As the correlation between the layers was high (p< 
0.001) in al1 levels, we only represent in Figure 5 the 
superfícial layer, pointing out in the text the statistical 
differences found in some cases with respect to the deep 
layer. Figure 4 shows graphically the comparison 
between the superficial and deep layers of CA3 in the 
rostral level. In the rostral level, although values of 
nuclear area increased signihmtly in b o t h 1 a ~ ~  

-tiE 5thto tfleTOfI1 day(p< 0.01), the posterior evolution 
was different. In the superficial layer, values decreased 
from the 10th to the 85th day ( p e  0.01), showing 
significantly higher values at the 190th day than those 
obtained at the first studied age (p< 0.01). In the deep 
layer values decresased at the 20th day (p< 0.01) and 
stabilized and no differences were detected between the 
5th and the 190th day (Fig. 4). 
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Flg. 2. Pyramkkil layer oí the CA1 W In tha Ammon's hom oi íhe aduií male muSe (A). A viwd plane passlng through the haif of the W ihicknese 
c r r w ~ ~ y d t . ( ~ ) ~ a i e s e p a r a g o n b e t r s w ñ , t h e # p s s ( - t a l s n d d s e l , t a ~ e n ; o n l y t h s n u o l d ~ ~ v i e l b k n u d r d i ~ d ~ L s a d r d I R k  
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Table 1. Signification of the Pearson's test of correlation between the 
different topographical levels of !he CA1 field of the Ammon's hom in 
both superficial and deep layers.. 

LEVELS LAYER SlGNlFlCATlON (P value) 

Rostral-intermediate Superficial 0.001 
Deep 0.001 

Superficial 
Deep 

N.S. 
0.001 

Intermediate-caudal Superficial 0.05 
Deep 0.001 

N.S.: not significant. 

Table 2. Signification of !he Pearson's test of correlation between the 
different levels and layers of CA3. 

LEVELS LAYER SlGNlFlCATlON (P value) 

Rostral-intermediate Superficial 0.001 
Deep 0.01 

Rostral-caudal Superficial 
Deep 

Intermediate-caudal Superficial 0.001 
Deep 0.001 

Table 3. Significations of the Pearson's test of correlation between the 
different levels and layers of CA1 respecting to CA3. 

LEVELS LAYER SlGNlFlCATlON (P value) 
~p -- -~ - - - - - 

Rostral Superficial 0.001 
Deep 0.01 

lntermediate Superficial 
Deep 

Caudal Superficial 0.01 
Deep 0.001 

CA1 (ROSTRAL) 
SUPERFICIAL LAYER 

3 5 ~ ' " i ' 1 " i i i " " 1 1 ' t  1 
O 6 10 16 20 26 86 46 66 86 190 

DAYS 

In the intermediate level, values increased from the 
5th to the 10th day (p< 0.01) and, in the superficial layer, 
decreased from the 15th to the 190th day (pe 0.05), 
while in the deep layer no more significant differences 
were detected after the 10th day. 

In the caudal level, values increased in both layers, 
from the 5th to the 15th day (p< 0.01) and stabilized, 
with significantly higher values at the 190th day than 
those at the 5th day (pe 0.05). 

At the 5th day, values at the superficial layer were 
significantly lower than those of the deep layer in the 
rostral (pe  0.01, Fig. 4) and caudal level (p< 0.05), 
contrary to CA 1. 

Rostrocaudal analysis (Table 2): 

Pearson's test showed that the most related levels 
were the intermediate and the caudal ones. 

CA1 (INTERMEDIATE) 
SUPERFICIAL LAY ER 

4 ~ A ; # k ~ 0 ~ ' ~ ' i 6 ' ~ '  ' ' 06 ' ' ' ' ' ' ' ' ' ' m ' 
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CA1 (CAUDAL) 
SUPERFICIAL LAYER 
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Flg. 3. Graphs showing the development from the 5th to the 190th postnatal day of the nuclear area sizes in the superficial layer of CA1 in Ihe three 
topographic levels analysed: rostral, intermediate and caudal. The points above and below the line indicates the SEMs. 
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Similarly to CAl,  CA3 also tended to show lower 
values at both layers of the rostral level. 

Correlation CA I/CA3 (Table 3) 

Both fields were significantly correlated at al1 levels 
through postnatal development of their nuclear sizes, as 
shown in Table 3 and in figure 4. 

Discussion 

Nuclear size of the neurons of the stratum pyrarnidal 
of CAl, increased from the 5th to the 10th day in the 
rostral level, while in the intermediate and caudal level 
they increased up to the 15th day, with caudal levels 
showing higher karyometric values than the other levels. 
Bayer (1980) described a deep-superficial gradient for 

CA1 (ROSTRAL) 
SUPERFICIAL LAYER 

s 6 0 6 0 6 ' 6 6 ' 6 '  " "  81 
" l " '  190 
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CA 3 (ROSTRAL) 
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4 0 ~ ~ ~ O ~ 6 2 0 2 6 ' ~ 6 ' ~ 6 ' ~ S " '  66 1 " " 1 " 1 '  IW 
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the neurogenesis of the pyramidal neurons of the 
hippocampus. We have found that deep cells, although 
originating first, developed their nuclear sizes more 
slowly than the superficial cells, as at the 5th day they 
showed lower values than the superficial ones, without 
significant differences in the other studied ages. 

Our results agree with those of Smollich and Matzke 
(1986), who also described an increase in the nuclear 
volume of pyramidal CAl neurons between the 5th and 
the 10th postnatal day, coinciding with the period of 
general growth of the CNS. This increase of nuclear 
volume of pyramidal cells has also been described by 
Rami et al. (1986). Dendritic spines of CAl pyrarnidal 
neurons also show a similar pattem of growth, although 
more protracted in time (Meyer and Ferrers Torres, 
1978; Meyer et al., 1978), and Rabie et al. (1979) 
descnbed an increase of mitotic activity and cellularity 

CA1 (ROSTRAL) 
DEEP LAYER 

I i 

9 0 0 6 2 0 2 6 ' S 6 ' 6 ' ~ '  ' ' 60 ' ' ' ' ' ' ' ' ' 190 ' 
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CA 3 (ROSTRAL) 
DEEP LAYER 

6 0  " ' " ' " " " " " " " " "  
O 6  10 16 PO 26 31 46 66 66 190 
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Flg. 4. Graphs showing the development of the nuclear area sizes in the postnatal period analysed (5-190 days) of the fields CA1 and CA3 of the 
Ammon's horn, in the rostral topographical level and in both superficial and deep layers of both fields. The points above and below the line indicates the 
SEMs. 



Karyometric development of the hippocampus 

in the hippocampus during the first 10 postnatal days. 
We relate the increase of nuclear sizes with an increase 
in the functionality of the neuron, in accordance with 
other authors (Edstrom and Eichner, 1960; Pérez 
Delgado, 1984; Smialowska et al., 1988). 

Wimer et al. (1988) found a decrease in the number 
of granular cells of the dentate gyms between the 20th 
and the 27th day of life. We have obsewed a decrease of 
nuclear sizes at the 20th day at the intermediate level of 
CA1, and at the deep layer of CA3 intermediate level. 
This decrease has also been observed in the para- 
ventricular (Pérez Delgado, 1984), and ventromedial 
hypothalarnic nucleus (Pérez Delgado et al., 1985), and 
could be related to an overgrowth and posterior 
stabilization on optimal levels,  according to the 
functionality of the nucleus (Zilles et al., 1976). 

Although increases of functionality in the hippo- 
campus between the 35th and 45th day have been 
reported by severa1 authors (Meyer and Ferres Torres, 
1978; Meyer et al., 1978; Smollich and Matzke, 1986) 
and related to the pubertal increase of testosterone (Jean 
Faucher et al., 1978), in the rat (Smollich and Matzke, 
1986, karyovolumetrically) or in the male mouse (Meyer 
and Ferres Torres, 1978; Meyer et al., 1978; counting 
dendritic spines), we have not found a pubertal increase 
in nuclear sizes in the hippocampus, which we did detect 
in other centres, such as the paraventricular (Pérez 
Delgado, 1984) and ventromedial hypothalamic nuclei 
(Pérez Delgado et al., 1985), and area postrema and 
subfornical organ (Castañeyra Perdomo et al., 1988), 
that could be interpreted as a close relationship of these 
centres to endocrine activity. 

Neurons at CA3 level showed similar developmental 
patterns to those of CA1 in the different topographic 
divisions. This fact was corroborated by a significant 
correlation between both CA1 and CA3 fields with 

CA3 (ROSTRAL) 
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Pearson's test. Bayer (1980) found that the CA3 field of 
Ammon's horn appears before the CAl.  This different 
chronology of formation is  not reflected in the 
karyometric sizes, as both fields show similar pattems of 
development and reach their maximum values at the 
same ages. Our results in CA3 also coincided with those 
described by Rami et al. (1986) for the development of 
the volume of neurona1 soma of pyramidal cells in CA3, 
and with those reported by Meyer and Ferres Torres 
(1978) for the dendritic spines in this field. We found 
that the superficial cells grew more slowly than the deep 
cells, the difference being significant at the 5th day. This 
fact could be related to their different ontogenesis 
(Bayer, 1980). The contradiction between the results 
here and those described in CAl ,  could be due to the 
characteristic folds of the adult mammalian hippo- 
campus, conditioning a different relation of both fields, 

CA3 (INTERMEDIATE) 
SUPERFICIAL LAYER 

CA3 (CAUDAL) 
SUPERFICIAL LAYER 
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Fig. 5. Graphs showing the development of the nuclear area sizes of the superficial layer of the CA3 field of the Ammon's horn in the three 
topographical levels analysed (rostral, intermediate and caudal). The points above and below the line indicate the SEMs. 
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CAl and CA3, with respect to the brain surface. In the 
dentate gyrus, we have described different gradients of 
postnatal karyometric development, which seem to be 
closely related to the ontogenetic gradients of the 
granular cells (Pérez Delgado et al., 1992). On the other 
hand, in Ammon's horn, we have not detected a clear 
relation between postnatal nuclear size development and 
neuronal ontogenesis or neuronal input, although our 
morphological study does not exclude that these factors 
could influence more indirectly on karyometric 
development. 

Karyometric values of the pyramidal cells of CA3 are 
larger than those of CAl, except at the oldest ages of this 
study, and this agrees with the known fact that CA3 and 
CA2 present the largest pyramidal cells of the hippo- 
campus. 

In conclusion, we have found: 1 )  that CAl and CA3 
are related in their karyometric development; 2) that 
rostral levels reach their higher karyometric values 
earlier; 3) generally, the caudal leve1 of the hippocampus 
shows the highest nuclear sizes in both CAl and CA3 
fields of Ammon's horn; and 4) in the first days of life, 
differences are found between superficial and deep 
layers, although these differences are not clearly related 
to the ontogenetic gradients described by Bayer (1980) 
in CA1. 
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