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SUMMARY

We performed a morphometric analysis of
the somatic and nuclear areas in the pyramidal
neurons of the hippocampal fields CA1 and CA3
in situ and in grafts developing for six weeks in
the anterior eye chambers of young (3-to-9 wk.)
and of aged (18-to-19.5 mos.) Wistar rats. The
mean areas of the CAl pyramidal somata and
nuclei were significantly decreased in the aged
animals in situ. The mean parameters of the
CA3 pyramidal neurons were not changed,
although their distribution was different
(bimodal versus unimodal in the young animals).
In both groups of recipients, the areas of CAl
neurons and of their nuclei were significantly
larger in the grafted tissue than those found in
situ. The areas of CA3 neurons did not show any
difference in aged recipients and demonstrated
only slight hypertrophy in young recipients. We
concluded that the area sizes of the pyramidal
cell bodies and nuclei in CA1 neurons are more
sensitive than those of CA3 neurons to both
aging and transplantation. The age of recipients
did not significantly influence the growth and
development of grafted pyramidal cells.
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INTRODUCTION

Transplanted embryonic nervous tissue in the
anterior eye chamber provides a convenient model
for investigating the development of neurons in
conditions of isolation from other brain structures.
In the anterior eye chamber, the grafted tissue
receives innervation as well as the supply from
peripheral nerves and blood vessels ingrowing from
the iris of the recipient. The graft is surrounded by
intraocular fluid, the composition of which is similar
to that of cerebro-spinal fluid. Intraocular grafts are
useful for investigating the comparative role of
various factors in the growth and development of
neurons: their genetic potential, nervous sur-
rounding, and the general internal environment
provided by the recipient.

In previous research, we investigated the growth
and shape of intraocular hippocampal grafts in
young and aged recipient rats /28/. We now present
data on the morphometric analysis of pyramidal
neurons in two main hippocampal areas (CAl and
CA3) in both age groups. The results were
compared with similar data on the hippocampus of
the recipient animals. Despite multiple technical
difficulties and skepticism, transplantation of
nervous tissue is considered a possible therapeutic
approach to correcting brain pathology in humans,
while stressing the necessity for further basic
research on developing safe and successful methods
/9,10,11,17,26/. As neurological and neuro-
degenerative disorders are more frequently
encountered in the aged brain than in the young
brain, one important question to be answered is
whether embryonic nerve cells would become
involved in an accelerated process of aging under
the influence of the changed internal medium of the
aging organism.
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METHODS

Animals

Rats of the Wistar strain were used in these
experiments. Donor-rat embryos were taken on
days 17 and 18 of gestation (E17-18). Recipient
male rats were divided into two age groups, each
containing three animals: (1) young (21-d-old,
~150 g) and (2) aged (18-mo-old, ~300-400 g).

Tissue preparation

Caesarean section was performed in sterile
conditions under deep penthobarbital anesthesia
(40 mg/kg). The embryo was first washed in Eagle’s
solution, and then the brain was exposed. The
hippocampal tissue containing fields CA1-CA3
(volume about 2 mm), without dentate fascia, was
dissected under a stereomicroscope and placed into
cooled Eagle’s solution. A drop of atropine was
placed upon the eye of Penthobarbital-anesthetized
recipients, and local anesthesia of the eye (dicaine,
2%) was applied. The cornea was incised, and
embryonic hippocampal tissue was injected into the
anterior eye chamber with the help of a syringe with
a glass capillary. Six weeks later, the animals were
sacrificed by administering an overdose of
Penthobarbital. The grafis were taken out together
with the region of iris upon which they developed,
and simultaneously the pieces of the recipients'
hippocampal areas CA1 and CA3 were dissected.
The grafts and the recipients' hippocampi were fixed
in Carnoy medium followed by embedding into
paraffin. Histological sections were stained by
mixture of gallocyanine and chromium alum
according to the Einarson method.

Morphometric analysis

Morphometric analysis was performed on the
pyramidal neurons of the CAl and CA3 areas in
situ and in grafts of young (9-wk-old) and aged
(19.5-mo-old) recipients. Photomicrographs of the
cells and of object-micrometer were made under
standard magnification (object glass 40x, ocular
7x). For each animal, 100 well-defined pyramidal
neurons with clear central nuclear profiles were
selected in CA1 and CA3 of the grafts and in the
hippocampus in situ. The negative images were

analyzed using the computerized system Image
Analysis. The program (author V.I. Hachko)
allowed us to obtain cross-section areas (in mkm) of
neuronal perikarya and nuclei and their means for
each block of experimental data. The distribution of
individual neuronal sizes for each group is presented
in histograms. On the whole, 300 pyramidal cells
were measured in each of eight experimental blocks.
Comparisons were made between (a) the CAl and
CA3 neurons; (b) grafted and in situ neurons; and
(c) young and aged animals. The Student's t-test
was used for statistical evaluation.

RESULTS

Comparison of CA1 and CA3 pyramidal cells in the
hippocampus of young and aged animals

The data in Table 1 demonstrate the well-known
differences between the dimensions of CAl and
CA3 pyramidal neurons. The significantly greater
sizes of the bodies and the wider distribution of
pyramidal cells indicated a greater variability of
such cells in CA3 area, and comparing their nuclear
dimensions confirmed this conclusion.

The mean areas of the CA1 pyramidal neurons in
aged rats were significantly smaller than those in
youhg rats. In aged animals, the mean area of cell
profiles was smaller by 14.4%, and the nuclear
profiles were smaller by 9.1%. Analysis of the
histograms showed an increased number of small
neurons. Whereas in young rats the maximum in the
histogram was in the range of 150 to 200 mkm?, the

Table 1
Hippocampal CA1 and CA3 pyramidal neurons in sifu and in
intraocular grafts in young and aged rats: Mean area of cell
bodies and nuclei (mkm?, (x+sx)

Location Cell Body Nucleus

In situ Young Aged Young Aged

CAl 189.4+1.8 165.5£1.6° 91.940.7  84.2+14*
CA3 3762+4.0 3802450 1382412 141.3%16
In oculo

CAl 212.321.5° 211.4£2.0° 103.0£0.7° 97.11.5%
CA3 398.845.2° 379.044.2  140.11.2 137.31.2

*Significant difference, aged versus young animals;
®Significant difference, in oculo graft versus in situ hippocampus
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maximum in aged rats was shifted to the range of
125-175 mkm®. The compact, unimodal type of
distribution, however, was preserved.

For both age groups, the mean sizes of the
somatic and nuclear profiles of the CA3 areas did
not show statistically significant differences. But
nevertheless, certain changes in the type of
distribution of neuronal sizes were obvious. In aged
animals, the distribution was bimodal. A rather wide
maximum—typical for CA3 neurons in young rats,
with the center at 375 mkm’—was substituted by
two maxima in the ranges of 300 and 425 mkm?,

Cytological characteristics of hippocampal grafts

In both age groups, the hippocampal grafts
survived and developed equally well. Pathologic
infiltration of the tissue by mononuclear cells did
not occur, although we noticed that in two aged
recipients, the number of lymphocytes increased
inside the large vessels that were growing into graft
from the host iris.

Additionally, we saw no qualitative difference in
cytoarchitectonics of the grafts in the two age
groups. Usually the grafts had an elongated shape,
with the longitudinal axis up to 24 mm. The
cellular layer, resembling that of the hippocampus in
situ, contained well-identifiable CAl1 and CA3
pyramidal neurons that had typical differences in the
organization of apical dendrites, which in CA3
neurons had bifurcation close to the neuronal
bodies.

Photomicrographs of pyramidal cells (Fig. 1)
showed that the organization of CA3 neurons in the
layer was less compact than that of CA1 pyramidal
cells. As a rule, pyramidal neurons with the typical
characteristics of CAl and CA3 were spatially
segregated. The apical dendrites were oriented
predominantly toward the iris, although the grafis
had not been specifically oriented when injected into
anterior eye chamber. The dimensions and the
degree of organization of the cellular layer varied
individually. Pyramidal neurons that were displaced
from the layer were not used for morphometric
analysis. The structure of the nuclei and cytoplasm
of the grafted neurons was well developed, with
clearly delineated cellular membranes, basophylic
nucleoli, chromatin at the nuclear periphery, and
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tigroid clamps in the cytoplasm. In one graft from a
young recipient, some neurons with vacuolized
cytoplasm were observed; whereas dark pyramidal
neurons were encountered in another graft from an
aged recipient. It should be noted, that the both
grafts were among the most developed, large ones.

In situ hippocampal neurons versus grafted neurons

In grafts of both recipient age groups, the mean
areas of CAl pyramidal profiles were significantly
enlarged. The mean area of the cell bodies in the
grafts of young recipients was 11.6% larger and
that of the nuclei was 12.1% larger than the
corresponding parameters of their own hippocampal
pyramidal neurons in sifu. The difference was even
more prominent in the aged recipients, where the
corresponding difference was 27.7% for cell bodies
and 15.3% for nuclei. Clearly, this difference
resulted from the significant reduction in the size of
CAL1 neurons of the aged recipients that were used
for comparison.

The histograms in Fig. 2 show the changed
distribution of the grafted CAl cells. Although all
histograms had a similar unimodal shape, the
maxima for the grafted cells in both young and aged
recipients were shifted to the right. In the young
recipients, however, the population of grafted
pyramidal neurons was more uniform than that in
the aged recipients, and many neurons were
grouped at the narrow maximum around 225 mkm.

The situation was different for grafted CA3
pyramidal neurons. The only statistically significant
difference was observed in cell bodies developing in
the anterior eye chamber of the young recipients,
but even this difference was much smaller than for
the CA1l neurons developing in the same conditions
(CA3 increased by 6.5% versus 11.6% for CAl).

The distribution of grafted CA3 neurons in
young recipients had the same maximum as the
histogram of cell sizes in situ (375 mkm); only a
limited group of grafted neurons had sizes in the
range of 575-775 mkm; such neurons were absent
in situ. The areas of the CA3 neuronal nuclei in
grafts in young recipients—as well as the sizes of
both cell bodies and nuclei in aged recipients—did
not differ from the corresponding parameters of
in situ neurons.
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Fig. 1. Photomicrographs of CA1 (A) and CA3 (B) pyramidal neurons of intraocular hippocampal grafts. Scale — 25 mkm.
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Fig. 2. Distribution of CA1 and CA3 pyramidal cells in the in situ hippocampus and in the in oculo grafts in young and aged rats.
Abscissa—cell body sizes in mkm; ordinate—number of the measured cells. Indexes: H—hippocampus in situ;
T—hippocampal transplant; CA1/CA3—pyramidal neurons of the corresponding hippocampal fields; Y—young
recipients; A—aged recipients. Bin—25 mkm.
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The distribution of neuronal sizes in grafts and in
the hippocampi of aged recipients were drastically
different. The unimodal distribution of the grafted
neurons, with a maximum in the range of 325-
400 mkm, differed from the bimodal distribution
that was typical of the aged CA3 in situ and was
similar to the histogram that was characteristic of
young animals.

DISCUSSION

Changes of neuronal size in the in situ hippocampus
during aging

Morphometric investigation of the pyramidal
neurons in the fields CA1 and CA3 of the normal
hippocampus in young and old animals was not a
special aim of this investigation. On the one hand,
however, such data were necessary for the detailed
analysis of neuronal sizes in grafted tissue, and on
the other hand, they were of special interest because
a general agreement is lacking about potential
changes of neuronal parameters during aging.

That CAl and CA3 pyramidal neurons are
selectively vulnerable to the action of various
factors is well known. Thus, CAl neurons are
sensitive to ischemia /29/, anoxia /7/ and to the
effects of ethanol /25/, whereas CA3 neurons suffer
more under influence of hypothyroidism /27/ and
corticosterone /19/. CAl pyramidal neurons have
been shown to be selectively vulnerable in various
pathological states in humans; the preferential death
of CAl neurons has been described in Alzheimer's
disease /33/, in Huntington's disease /31/, in some
forms of Parkinson's disease /13/, as well as in
schizophrenia /2/.

The existing morphometric data on the influence
of normal aging, however, are contradictory. The
stability of neuronal morphometric parameters
(neocortex) /34/, as well as the decreased sizes of
various neurons, including dentate granular cells /5/
and cholinergic neurons of the anterior basal brain
/6/, has been described for normal aging.
Concerning the various signs of aging in the
pyramidal neurons of hippocampal subfields,
diametrical conclusions are found in the literature.
Such signs have been variously reported to be
expressed predominantly in CA1 /36/, CA3 /15/, or
as absent in the hippocampus altogether, although

present in the neighboring subicular complex and
entorhinal cortex /35/.

Our data reveal the differential effects of normal
aging on CAl and CA3 pyramidal cells. Whereas
the morphometric somatic and nuclear parameters
of the CA1 neurons were significantly decreased in
the aged group of animals, no change of the mean
sizes was detected in the CA3. We observed a
complex redistribution of neuronal sizes, however,
characterized by the appearance of two,
approximately equal, neuronal populations with
dimensions larger and smaller than those that are
typical for CA3 neurons of young animals. Thus,
our data confirm higher sensitivity of the CAl
pyramidal neurons to various detrimental factors,
including normal aging of the brain. Concomitantly,
the data also demonstrate the higher plastic
adaptability of CA3 neurons, in which the atrophic
changes of some neurons during the course of aging
presumably are partly compensated by the
hypertrophy of another subpopulation. The higher
plasticity of the CA3 neurons thus correlates to the
high expression of mRNA for GAP-43 /16/ in this
field of the adult hippocampus, whereas such
mRNA is very low in CAL.

Development of pyramidal neurons in hippocampal
grafts

Previous histological and electron microscopic
investigations in our laboratory concerned the
organization of hippocampal and septal grafts that
were developing in the anterior eye chamber of
adult rats /28,37-39/. The finding that despite their
isolation from other brain structures and the atypical
innervation and vascularization provided by the host
iris, grafts not only grow and develop but also
reproduce the general morphology and cytoarchi-
tectonics of the grafted brain region confirmed the
histological data of other authors /12,24/.

The results of the present work extend this
knowledge by demonstrating that the age of the
host animal—at least during the first 45 days of
graft development in oculo (the maximal period
tested in this work)—does not exert an important
influence on the survival and differentiation of
pyramidal cells. This phenomenon has been shown
in intrabrain grafts by other authors /4,21,30,32/.
The presence of a few vacuolized and dark neurons
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in certain grafts analyzed in the present study
depended neither on graft rejection nor on the age
of recipients, nor did it correlate to the size and
general organization of the grafts. Some individual
differences in cellular composition of the grafts also
showed no correlation with the host age.

In both groups of recipients, morphometric
analysis of the grafted neurons revealed a strong
tendency toward increased mean sizes of CAl
neurons. No significant changes occurred in the
parameters of CA3 neurons, except for the sizes of
the pyramidal cell bodies that were grafted into
young recipients. Even in this case, however, the
effect was smaller (by half) than that in the CAl
cells. In young animals, the distribution of the
somatic sizes in situ and in oculo was the same.

Overall, we may state that in old recipients, the
signs of senescence seen in the in situ hippocampus
were not present in hippocampal grafts that were
developing in their anterior eye chambers. The
neuronal hypertrophy observed in the grafted tissue
can be explained by several factors. A high level of
metabolism, as demonstrated, for example, by the
presence of coated vesicles, is characteristic of
nervous tissue during ontogenetic development /1/
and regeneration /18/. An increased synthesis of
neurotrophic factors has been described in both
conditions /20,22,23/. In our electron microscopic
investigations of intraocular grafts, we also
observed the ultrastructural signs not only of
increased metabolic and transport processes /37-39/
but also of retarded maturation of nervous tissue
/40/. Such a combination of immaturity and active
regenerative processes might have caused the
neuronal hypertrophy in the grafts.

Additionally, the absence of normal afferentation
results in the hyperdevelopment of intrinsic
connections between neurons, and this, in turn, may
lead to an increased excitability of the cells, with
easily provoked epileptiform discharges /3,14/.
Cellular hypertrophy may be caused by an increased
level of activity. This interpretation of the results
concerns only the CA1 neurons, however, because
in CA3 a certain limited hypertrophy occurred only
in young recipients, indicating an additional trophic
influence of the young organism on the general
growth of transplanted tissue /8,28/.
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Overall, the data presented here confirm that the
CAl and CA3 hippocampal pyramidal cells in
intraocular grafts reproduce normal cytological and
morphometric  characteristics, expressing their
genetic program in conditions of complete isolation
from other brain structures. The CA1 cells are more
dependent on epigenetic, environmental factors and
demonstrate greater changes during both normal
aging and transplantation. The age of a recipient,
however, had no significant influence on the
development of the grafted cells in either
hippocampal CA1 or CA3, and thus, cannot be
regarded as a limiting factor for using nervous
tissue transplantation to compensate for defective
functions in the aging brain.
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