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Intracephalic Implants: A Technique for Studying Neuronal 

Interactions 

Abstract. Implants of embryonic neural tissue from all regions of the neuraxis 
survive grafting to the brains of adult rats. After implantation, neurogenesis and 
differentiation continue, and connections are formed with the mature host brain. 
Thus, the intracephalic implants provide excellent model systems for studying cellu- 
lar interactions that regulate synaptogenesis and determine the cytoarchitectonic 
organization of developing neural tissues. 
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tate gyrus), the septum-diagonal-band 
area, cerebellum, the locus coeruleus 
and substantia nigra regions of the brain- 
stem, and the cervical spinal cord. After 
survival times of 1 to 14 months, the 
brains were fixed in formalin and stained 
with cresyl violet, the Kluver-Barrera 
stain, or the Holmes' silver stain (6). 
Some brains carrying brainstem im- 
plants were processed for monoamine 
histofluorescence according to the 
Falck-Hillarp formaldehyde method (7) 

and some septal-diagonal band and spi- 
nal cord implants were stained for ace- 
tylcholinesterase (8). 

In the intracephalic cavities (approxi- 
mately 3 by 3 mm), the implants were 
placed on the vessel-rich pia cover- 
ing the caudal thalamus and superior 
colliculus (caudal site) or ependyma cov- 
ering the anterior thalamus (rostral site). 
After 1 month all cavities were re- 
sealed with new dura and pia-arachnoid 
membranes and, being in direct commu- 

Fig. 2 (A) Coronal section through an implant of the locus coeruleus region of the brainstem, 
taken from an embryo 16 mm long (crown to rump). Survival time was 14 months. The implant, 
which is covered with pial membrane (P), has fused with the cut surface of the hippocampus 
(IIPC) of the host brain laterally (arrows), and contacts the pia overlying the superior colliculus 
(SC), ventrally. The implant contained an abundance of darkly stained myelinated fibers that 
interconnected the various sublobules [Kliiver-Barrera stain; (bar equals 0.5 mm)]. (B) Detail 
from the same locus coeruleus implant as in (A), showing the extension of myelinated fibers 
(arrows) between the implant (I) and the dentate molecular layer (m) of the host brain. The two 
blood vessels (asterisks) are located at the border between the two regions. Abbreviation: g, 
granule cell layer (Kliiver-Barrera stain, bar equals 100 gm). 
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nication with the lateral ventricle, be- 
came filled with cerebrospinal fluid. The 
implant itself acquired a pial or epen- 
dymal covering and received a rich vas- 
cular supply from the thalamic and col- 
licular surface, and sometimes also from 
the adjacent choroid plexus. Although all 
types of implants survived (the overall 
survival rate being approximately 80 per- 
cent), each region of the CNS had a spe- 
cific developmental time period during 
which survival was optimal. 

The implants varied considerably in 
size and shape. In general, the embryon- 
ic implants retained or increased their 
size while maturing in situ so that the fi- 
nal volume of tissue ranged between 0.2 
and 35 mm3. The shape of the implants 
depended somewhat on the age of the 
donor, the region dissected, and the dis- 
ruption and folding of the embryonic tis- 
sue during implantation. Most implanted 
tissues, however, had a lobular organiza- 
tion partly related to the arrangement of 
the vascular supply. The lobules fused 
with each other and also with the cut sur- 
faces of the host brain. 

Numerous myelinated and unmyelin- 
ated fibers were present in all implanted 
tissues, where they both interconnected 
the implant lobules and formed connec- 
tions with the recipient brain. The latter 
connections occurred where the implant 
had fused to regions of the host brain 
lacking an ependymal or pial covering. 
The presence of myelinated fibers within 
a locus coeruleus-brainstem implant is 
illustrated in Fig. 2A. After 14 months of 
survival in situ, heavily myelinated fi- 
bers still interconnected all lobules with- 
in the implant and also formed extrinsic 
connections with the host hippocampus. 
Figure 2B illustrates a region in which 
numerous rnyelinated fibers from the im- 
plant entered the molecular layer of the 
dentate gyrus. This ingrowth of myeli- 
nated fibers indicates that neurons within 
the brainstem implant can interact with 
the adjacent CNS tissue of the adult re- 
cipient even though the implanted neu- 
rons would not necessarily form con- 
nections with this region during normal 
development. 

A number of different neuron types 
can be identified in the implants, and 
sometimes the characteristic cyto- 
architectural features of the transplanted 
region are recognizable. Noradrenergic, 
serotoninergic, and dopaminergic neu- 
rons, identified with the fluorescence his- 
tochemical technique, were present in 
the brainstem implants, in which they 
were often located in clusters reminis- 
cent of their normal nuclear configura- 
tions. These clusters were located 
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among numerous nonmonoaminergic 
neurons. Acetylcholinesterase-positive 
neurons occurred in both the septal- 
diagonal band and the spinal cord im- 
plants. Although those implants con- 
tained recognizable neuron types, their 
general intrinsic architecture was not so 
well developed as that in the normal 
adult brain. In contrast, the cerebellar 
and hippocampal implants demonstrated 
striking cellular differentiation and inter- 
nal organization. 

The cytoarchitecture of cerebellar im- 
plants mimicked that of the normal adult. 
These implants developed a cortex com- 
posed of molecular, Purkinje cell, and 
granule cell layers. This cortical region 
was easily identified from the adjacent 
regions of the implant by its character- 
istic foliation. The hippocampal implants 
often had identifiable subdivisions, such 
as the dentate gyrus, regio inferior and 
superior, and a subicular complex. The 
dentate gyrus developed into its normal 
crescent shape and contained both a dor- 
sal and a ventral blade of granule cells 
surrounding a hilar region containing 
CA4 pyramidal cells (Fig. 3). As in the 
normal dentate gyrus, the granule cell 
layer was about five to six cells thick and 
bordered on a distinct molecular layer of 
about one-third to one-half the normal 
thickness. The pyramidal cells were 
mainly aggregated in a band that could be 
traced along a curvature from the den- 
tate hilar region to the subicular part of 
the implant. This hippocampal region 
had a partial trilaminar appearance, 
whereas the subicular complex was charac- 
terized by a wider band of more loosely 
arranged cells. Specimens stained for 
myelin and neurofibrils demonstrated the 
establishment of several of the normal 
axonal connections in the hippocampal 
implants, such as the mossy fiber system 
and an alveus-like formation of myeli- 
nated fibers connecting the CA3 and 
CA4 pyramidal cells with the CA1 im- 
plant neurons and the CA1 region of the 
host hippocampus. 

The complex organization of the hip- 
pocampal implants demonstrates the 
ability of an isolated immature brain re- 
gion to undergo a relatively normal de- 
velopment in its new location in the adult 
rat brain. The well-developed dentate 
gyrus, in particular, demonstrates that 
neurogenesis can continue within the 
embryonic tissue after transplantation, 
since the granule cells were just begin- 
ning to be formed at the stages we stud- 
ied. Also, the implanted neurons and 
neuronal precursors were able to interact 
in a complex manner not only within the 
implant but also with the host brain in 
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Fig. 3 Overview of a 4-month-old hippocam- 
pal implant (outlined by arrows) taken from 
an embryo 28 mm long. Survival time was 4 
months. Although much smaller than normal, 
the implant contained a well-developed den- 
tate gyrus (dg), hippocampal regio inferior (i) 
and superior (s), and a subicular region (sub). 
(Cresyl violet stain; bar equals 0.5 mm). 

order to establish a normal cyto- 
architecture and intrinsic and extrinsic 
axonal connections. These connections 
between the implant and adult host brain 
represented both an ingrowth of the em- 
bryonic implant fibers into the host and 
the growth of regenerating axons from 
the mature host CNS into the implant 
(9). Therefore, our observations indicate 
that the intracephalic implantation tech- 
nique provides a unique system in which 
to study both development of embryonic 
neural tissue and regeneration in the 
adult mammalian CNS. 

The intracephalic culturing technique 
has an advantage over both in vitro ex- 
plant cultures and the intraocular trans- 
plantation technique in that the intra- 
cerebral implants are incorporated into 
the normal blood and cerebrospinal fluid 
circulation of the host brain. This creates 
an optimum environment for normal de- 
velopment and long-term survival of the 
implants. In addition, the preparation of 
a cavity within the host CNS provides a 
culturing chamber in which the im- 
planted embryonic tissue can mature and 
grow without being restricted by the sur- 
rounding neural tissue of the host. The 
implants can be readily identified within 
the intracephalic cavity where they are 
available for anatomical, physiological, 
and biochemical studies. 

Perhaps the most significant aspect of 
the intracephalic implantation technique 
is that it provides a positive environment 

in which to analyze factors regulating ax- 
onal regeneration in the adult mamma- 
lian CNS. The implanted embryonic tis- 
sue thus creates an environment in 
which regenerating axons from the adult 
CNS can interact with immature neurons 
and glia; conversely, the CNS tissue of 
the host animal permits axons from the 
embryonic neurons to interact with cells 
in the mature postsynaptic environment 
of the host. Therefore, the implantation 
technique provides an experimental tool 
that can be used to identify factors that 
regulate onset and cessation of axonal 
growth, guidance of the growing axons 
to their appropriate target neurons, and 
synaptogenesis with specific post- 
synaptic sites on the target neurons. 
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