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the Adult Rat. Il. The Altered Morphology of Thalamocortical
Afferents Following Neonatal Infraorbital Nerve Cut

Karl F. Jensen' and Herbert P. Killackey?

"ppartment of Psychobiology and 2Depariment ot Anatomy and Neurobiology, University of California, vine, California
92717; and 'Division of Neuroloxicology, Health Effects Research Laboratory, U.S. Environmental Protection Agency,

Research Triangle Park, North Carolina 27711

The organization of the whisker representation within the
neccoriex of the rat is depsndsnt on an intact periphery
during development. To turthes investigate how alterations
in this cortical map srive we @ ined the organization of
thalamocortical aflersnis 10 the whishsr repressniation In
aduit animals in which the infraorbital branch of the trigem-
inal nerve was cut on the day of birth. The disrupted pattern
ol thal tical projects o the vibrissae represania-
tion was apparent in the abnormal patiern of the anterograde
transport of horseradish peroxidase from the thalsmus, as
well a8 in the abnormal patiern of succinale dehydrogenass
activity. To determine the morphology of individusl thale-
mocortical sxons sssocisted with this disrupted pattem, ter-
minal arbors were “bulk-labeled” by injections of horserad-
ish peronidsse into the white matter bansath the
somatosensory cortax. Terminal arbors were identified by
their laminar distribution of boutons commesponding to the
spacific thalamocortical aiferent. Tha medial to lateral extent
ol these terminal arbors varied dramaticslly, from 350 to
1500 um. In addition, terminal arbors innervating the same
local srea of corlex appesarad o have varying degrees of
overiap. Thus, the disruption of the neocortical vibrissae
rapressniation appears to involve the ab | arborization
of individusl thalamocortical atferents. This finding supports
the hypothesis thal the fing-grain organizetion of the 30-
matotopic map is dep tt on the morphology and orga-
nization of individual thalamocortical arbors, which, in turn,
ars dependent on the pariphery during development.

Representation of the sensory periphery is a fundamenial char-
acteristic of the neocortex. The role of the penphery in esiab-
lishing a ncocortical map is a central issue in ncocortical or-
ganization {Van der Loos and Woolsey, 1973). The discrete
organizanon of the vibrissae representation kends itself wo the
investigation of mechanisms by which the periphery influences
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neocortical organization. In particular, the organization of thal-
amocortical projections 10 the rodent somatosensary cortex is
dependent on the integrity of the innervation of the facial whis-
kers during early nconatal development (Killackey and Belford.
1979). When peripheral damage is selective, the aliered pattern
of thalamocortical projections closely paraliels the damage 1o
the peripherai patiern of innervation (Killackey et al.. 1976;
Killackey and Belford, t980; Durham and Woolsey, 1984).

However, the question remains, To what exient does the al-
tered pattern of thalamocortical projections result from changes
in individual wrminal arbors? In the previous paper, we dem-
onstrated 1hat the size of an individual thalamaconical ierminal
arbor cormesponds 10 the size of the ncocortical representation
of a single vibrissa (Jensen and Killackey, 1987). In the present
study, we examined individuat thalamocortical terminal arbors
in raws im which the infraorbital nerve, which innervates the
vibrissae follicles, was cut at binh. We focused on the mor-
phology of these ierminal arbors to cvaluate how neonatal pe-
ripheral alierations affect the arborization patterns of individual
thalamocortical axons.

Abstracts of this work were presenied a1 the Society of Neu-
roscience Meetings in in 1983, 1984, and 1985,

Materisls and Methods

Fhe resulis of this suedy were based on observations in 52 adult Sprague-
Dawiey rats. In 46 of these rats, the infraorbaal branch of the nght
irgeminal nerve was cutl a1 binh. The organization of thalamoconical
prajections wag gnalyzed in 3 ways. First, 10 demonsiraie the vibnissae-
related patiern, 60 um sections of Hauened neocontical hemispheres were
starned for the acuevity of succinate dehydrogenase. Second. 1o dem-
onsirale the overali pastern of thalamoconical peojections. large inyec-
ions of WGA-HRP (0.25-0.50 ul, 20% in waler) were made into the
ventral posienor region of she thal from a hon I posierior
approach through the cerebellum. The injections were made along a
single anteropesierion trajeciory sufficient 1o anterogradely label the
posteromedial aspecis of the primary somatosensory conex {Smi). Ful-
fowing a survival ime of 24 hr, 1he rais were perfused according e the
method of Rusene and Mesulam (1978). The 100 um sections of flal-
wned cones were processed with ecramethylbenzidine. Third, 1o dem-
onstrale the morphology of mdividual terminat arbors, asons were ““bulk-
labeled™ from injechions of WGA-HRF ino the internal capsule below
the y cortex. Individual lerminal arbors were reconsiruct-
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ed lrom senat seciions. “Specific” thalamocortical lerminal arbors were
wientified as having the majority of their branches and boulons in kayer
1V. The sire and branching density of the layer 1V pleaus of the recon-
structed serminal arbors was aiso estimated. Since the overall mediolar-
cral extent of the wwrminal arbors was, in some cases, much greater than
the mediolateeal ¢xient in any given section, the mediolateral dimension

way averaged across all sections Lo avaid overestimating the projection
area. The approvimale location and size of the reconstructed 1erminal
fields were also ploticd on & surface view of the somatosensory ncocoriex
for companson with the distribution of succinate dehydrogenase clus-
ters. The above procedures are described in dewil in the previous paper
tJensen and Killackey, 1987).

Results

Alterations in the patiern of thalamocortical prajections

The adult patiern of thalamoconrtical projections to the somalo-
sensory cortex was characterized in 2 ways. First, the pattern
of succinate dehydrogenase activity in tangential sections of
Raucned neocorex, which has been previously shown 1o cor-
respond 10 the pauemn of thalamocortical afferents (Killackey
and Belford, 1979), was examined in normal animals and in
animals in which the inlracrbital nerve was cut ai birth. Second,
the patiern of anicrograde label following large injections of
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Table I. Dimensions of the layer IV plexuses of individval lermim
arbars

4

Medio- Antero-
Branch (b) lateral posterior Projeciion
deasily exlent exienl area
Figure (b/mm* (mm) {mm) {mm?)
3l 9 1.50 1.45 0.78
4 113 0.7% 0.30 0.09
$ 299 0.3 0.2% 0.06
6a 29 0.85 070 0.20
&b 133 0.50 0.30 008
7 190 043 0.45 0.10
8 41 0.70 1.25 0.31
9 13 0.90 0.7 0.18
10 51 063 0.40 0.07 ’
Mean :SE 11023} 0742011 0652004 0212007

WGA-HRP into the thalamus was also ¢ d in tang
sections of fattencd neocortex from normal animals and from
animals in which the infraorbital nerve was cul at birth.

The pattern of succinale dehydrogenase activity in tangential
sections from adult animals in which the infraorbisl nerve was
sectioned at binh was significamly aliered from the normal
patiern (Fig. 1). In normal animals, discretely organized patches
of succinaie dehydrogenase activity replitaie the arrangement
of vibrissae on the face. Five rows of 46 patches each exhibil
an anterolateral to posteromedial orientation. In addition, a
posterior row of 4 large parches exhibits an anteromedial to
posterolateral onientation.

In animals in which 1he infraorbital nerve was cul st binll..

the most striking alteration is in the rcgion of the vibrissae
representation. Alterationsin vibrissae-related clustering are ap-
parent in flatiened sections of neocortex stained for succinare
dehydrogenase activity, Patches of stain, variable in size and
shape, appear in the posteromedial region normally occupicd
by the 5 rows of vibrissac-relaied clusiers. In the more amero-
lateral region of the vibrissae represeniation, these abnormal
patches arc oniented longitudinally in the anteroposterior di-
recuon and sepataied by lighier-slaining arcas. In the most pos-
ieromedial region of the vibrissae representation, the patches
appear denser and more tightly packed than in the anterolateral
region. In addition 1o alterations in the region of the mystacial
vibrissac representation, the organization of patches in the re-
gion of Lhe anterior sinus hair represeniation is also altered.
Paiches of iregular size and shape sre gpparent in this region.

The pattern of anterograde labet following large injections of
the WGA-HRP in the ventral posterior region of the thatamus
targely coincide with the above-described patiern of succinate
dehydrogenase activity (Fig. 2). In normal animals, clusters of
anterograde labet are arranged in a pantern that replicates the
appearance of the body surface. Within the region of the vi-
brissae representation there are 5 rows of 4-6 dense clusters
each, arranged in an anicrolateral to posicromedial onientation.
In addivion, there is a posienor row of 4 large clusiers arranged
in an anteromedial lo posterolateral orientation. The arrange-
ment of these clusters commesponds Lo the arrangement of mys-
tacial vibrissac. The dense clusiers of the vibrissac representa-
tion contrast with the more homogencous appearance of the
region corresponding to the trunk representation (Fig. 20).

In sections of the neocortex from adult animals in which the
infraorbital nerve was cut at binh (Fig. 2, A, B, there are ir-
reguilarly shaped, dense clusters of fabel that are tightly packed

within the posteromedial aspect of the face representation.
the anierolateral aspect of the face region, where 5 rows
clusiers normaily occur, there are elongated, immegular stri|
onented in the amerolateral divection. Associated with th
stripes are dense. amorphous patches of variable size.,

Thus, the patiern of anterograde label in the region of
matosensory cortex cormesponding 1o the mystacial vibns
representation is dramatically altered in adult animals in wh
the infraorbital nerve was cut at birth. This abnormal patu
appears to have 2 significant features: densely packed clust
in the posteromedial region and elongaied stripes of vary
density in the antcrolateral region.

Morphology of afferent terminal arbors

WGA-HRP was injected into the white matier beneath 1
somaiosensory cortex in animals in which the infraorbual net
was cul a1 birnh in order 10 examine the morphology of 1
terminal arbors associated with the abnormal pautemn of th
amocortical projections. Terminal arbors that had the major
of their boutons in layer 1V were labeled. When the parent fil
of these 1erminal arbors was seen anising from the white mai
it followed & tortuous course through the deeper corticai iay
(Figs. 3-6). Parent fibers could be seen to have both small- 2
large-caliber collaterals in layer VI{Figs. 3, 4, 6, 7). Large-calil
coltaterals could be seen giving nise 10 a few fine branches
layer V. Some of the small-caliber fibers arborized slighily at
branching from the parent fiber in the deeper fayers. Ina numl
of cases, large-caliber collaterals could be scen 1o lravers
significant distance in the medial to lateral direction. Obs
vations of senal sections indicated that these large-calit
branches could traverse over | mm in the anteroposicrior
rection (Figs. 3, 8. Table 1). Large-caliber coliaterals tend
branch in the upper pan of layer V. giving nsc to a plexu:
tayer 1V_ Some collaterats of the layer 1V plexus extend i
layer J11, and a smaller number extend into layer 11

Boutons were observed on most of the fine-caliber collater
The greatest densily of boulons occurs in layer 1V, The col
erals cxtending from this plexus have boutons in layers 11} :
11. The fine collaterals in layer V1 and. 10 a lesser extent, th
in ¥, also display a number ol boutons.

There is significant variabilily in the dimensions of the Lz
IV plexus. The arbors having a dense layer IV pleaus (Tabl
Figs. 4-=7. | tb) extend 350~750 um in the mediolateral dim

-
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{. A, Pholomonusge of sections of flauiened cortex stained for succinate dehydrogenase activity from & nommal adult animal. PA/, Pos-
dial sspect of mystacial vibni p i
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| aspect of the anterior sinus representation, £, Forepaw representation.

Scale bar, 100 um, 8. Photomonlage of sections of Astiened cortex stained for succinsle

ogenase aclivity from an adult animal in which the infraorbital nerve was cut at birth. Labels and scale as in A.

sion and 250450 gem in the aneroposterior dimension. Ter-
minal arbors having a sparser layer 1V plexus (Table |; Figs. 3.
3-10. 1 14} extend 6501500 am in the medrolateral dimension
and 400—t 450 um in the anteroposterior dimension. This mixed
arrangement of terminal arbors occurs along with varying de-
grees of overtap between acbors. Even arbors with a layer |V
plexus that was relatively restricted in the horizontal dimension
could have adjacent werminal fields with litlle or no overlap
(Fig. 6).

Relationship beiween projection area and branch density

In animals in which the infraorbital nerve was cut, the projection
area of the layer [V plexus ranges lrom 0.06 10 0.78 mm‘ (Table
1), Thus, the sizes of the layer 1V plexuses of lerminal arbors
from the vibnssac region were farger, and individual values
varied to 8 much greater extent than was observed in normal
animaly (0.02-0.21 mm* Jensen and Killackey, 1987), Fur-
thermore. terminal arbors from animals in which the infraor-
bital nerve was cut have, on the average. only 25.5% of the
density of branches of terminal arbors from the vibrissae region
of normal animals (normal: 436 + 62 branches'mm?; nerve-
cut; |t1 £ 33 branches/mm’}). 1n 2 manner similar to that re-
ported for normal animals, the refationship between branch
density and projection area of the layer IV plexus of the recon-
structed terminal arbors can be described by the hyperbolic
function:

Branch density = 6.76 « {projection srea)~' ',
A log-log transformation yields a lincar model (p < 0.01):
log(brarnich density} = — 1.18 - log(projection ares) + 0.83,

The higher-order quadratic and cubic models are not significant
tp > 0.8). Funthermore, the log of the branch density is nega-
tively correlated with the log of the projection area (r = -0.86,
p < 0.01; Fig. 12). A comparison on the czgression plot for
normal layer 1V plexuses (Fig. 12, solid line; replotted from
Jensen and Killackey, 1987) wath the plot for those from animals
with neonatal infraorbital nerve cui (Fig. 12, dotted line) indi-
cates that for layer 1V plexuses of the same size, those in the
animals in which the infraorbital nerve was cut at birth have a
lower density of branches than those in normal animals.

Discussion

The present results demonstrate that neonatal infraorbital nerve
cut alters the organization of afferent projections to the soma-
tosensory neocoricx. We have examined 2 characieristics of the
allered thalamocortical projection: the averall vibrissac-related
pattern and the morphology of individual terminal arbors. Cur
gbservations indicate that the changes in the overall patiern of
thalamocortical projections involves alterations in morphology
of individual 1erminal arbors,

Relationship between the morphology of individual rerminal
arbors and the overall pattern of thalamocortical profections

The overall pattern of thalamocortical projections to the so-
matosensory neocorlex in raft in which the infraorbital nerve
was cul al birth indicates that the onenlation and relative po-
sition of the representation of the major body regions are, 10 a
large extent, normal, This is in linc with physiological maps of
the neocoriex obtained from adult animals in which the infraoe-
bital nerve was cut at birth (Waite and Cragg, 1982 Wane,

10847 Tha nrararvatinn Al tha arnee bannaranho af the snmain.
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Figure 2. 4 and B, Photomicrographs of sections of flattened cortex
demonstraung anicrogradely transporied HRP from injections of the
ventral posterior thalamus in adult ammals in which the infraorbital
nerve was cul at birth. Scale bar, 100 ym. V. Mystacial vibrissae rep-
resentation. F, Forepaw representation. ff, Hindpaw representation. T,
Trunk fepresentation. Scale bar, 100 pm. C, Pholomwrograph of a
secuon of Nattened cortex demonsirating anterogradely transponed HRP
from an injection in the ventral posterior thalamus in a normal adukt
animal Tatramsthulhenridine reaction [abelt and scale as in A,
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Figure 3. Terminal arbor from the an-
retolateral region of the mystacial vi-
brissae representation. The medial w0
Iateral exient of the layer 1V plexus is
1500 um. The view 18 reconstrucied
from coronal sections. The fop line rep-
resents the pis. The borom line repre-
sents e white matier of the intemal .
capsule. Triangles indicate the border
of layers 111 and 1V. Circies indicate the
border of layers IV and V. Squares in-
dicate the border of layers ¥ and VI
Diamincbenzidine reaction. Scale bar,

100 wm. /

sensory region is consistent with the observation that thala-
mocortical projections are organized in a topographic manner
atbinh, at the time when the infraorbital nerve was cut (Dawson
and Kiflackey, 1985).

While the gross lopographic organization of the thalamo-
cortical projection is preserved, the somatotopic organization
within the face representation is disrupted. In contrast 10 the
normal clustered patiern of thalamocortical projections in the
vibrissae region, the altered pattern is composed of elongated
stripes and amorphous paiches. Several alierations in the mor-
phology of the terminal arbors appear to-contribute to the altered
patiern. First, terminal arbors are larger and of more vaned size
than normal. Second, the arbors tend o be elongated in an
orientation corresponding to the orientation of the siripes. Thisd.
the exient of averlap between adjacent arbors is highly vaniable,
in sharp contrast to the coentensive terminal fields of normal
vibrissae-related terminal arbors. These aliered characteristics
of thalamocortical afferent morphology are consistent with rel-
atively large numbers of neurans responsive 10 more than one
vibrissa in aduit animals in which the infraorbital nerve was
cut at binh (Waile and Cragg, 1982; Waite, 1984). Thus, we
conciude that the disruption of the neocortical vibnssae map
involves a disruption of the normal clustering of thalamocortical
afferents.

Effect of nerve cut on the projection area of the laper IV plexus
The larger than normal projection areas of the layer 1V plexuses
following neonatal infraorbital nerve cul may occur in either of
2 ways. First, in normal animais, axons may initially branch
over 8n exiensive arca, and their restricled arbors result from
a subsequent retraction of more disiant processes. Neonatal
damage 1o the afferent pathways may interfere with the retrac-
lion process, resulting in clongated arbors. This possibility has
been suggested to account for the disruption of the segregation
of ocular dominance columns in the visual cortex lollowing

visual deprivation during postnatal development (Levay et al..
1980). Altematively, normal axons may initially form extensive
branches in a restricted field. Neonatal damage 10 the afferent
pathways then reduces the number of branches formed and the
axons grow beyond their normally restricted field. This possi-
bility has been proposed 10 account for enlarged arbors of re1-
inogeniculate axons following neonaial enucleation (Robson et
al., 1978). The present observations do not provide conclusive
evidence that distinguishes between these 2 possibilities. Several
lines of evidence, however, suggest that neonatat infraorbital
nerve cut alters the imitial growth of thalamic axons ine the
neocortex rather than a Jater remodeling process. First, the larg-
er. abnormal terminal arbors in rats with nconatal nerve cut
have 2 lower than normal density of branches. It is therefore
unlikely that the abnormal arbors retained branches Lhat are
normally loat. Second, the patiern of afferent clusiers within the
cortex docs not appear to arise from a previously diffuse pattern
{K.illackey and Beiford. 1979). Third, thalamocortical axons do
nol appear o have exiensive penciration nio the corlical gray
matter at birth, but appear to subscquently invade layer 1V on
postnatal days 2 and 3 (Wise and Jones, 1978). This Lime pericd
of afferent growth carresponds 1o the time at which the vibrissac-
related pattern first becomes visibie tKillackey and Belford,
1979).

The hypothesis that the clustering of terminal felds of vi-
brissae-related atferents occurs during the initial growth of tha-
lamic axons contrasts with the hypothesis thal the segregation
of eye-specific afferents in the visual system results [rom the
remodeling of afferent arbors after initial ingrowih {Levay et al.,
1978, 1980). The diferent mechanisms that predominaie during
the patterning of alfcrent axonal arbors in these 2 sysicms may
be related to differences both in organization and development.
The neocontical visual map requires the alignment of aflerents
from both the ipsilateral and contralateral eyes lo [erm a con-
linuous map of the visual held, Such alignment could result

Figure 4. Terminal avbor from the pasteromedial region of the mys-
\acial vibrissse representation, The medial 10 Iatersl enient of the layer
IV plexus is 730 pm. Detaals &3 in Figurt 3.

from the loss of collaterals during the formation of interdigitated
(ufts of eye-apecific affcrents. In contrast, the vibrissa map is
characterized by the discrete representation of contralateral re-
ceplors and does ot appear to involve the interdigitated arbors
characteristic of eye-specific afierenis. Thus, the dominance of
contraiatersl input to this map may minimize the importance
of the loss of leng collaterals during pattern formation. Fur-
thermore. in the lateral geniculate nucleus, where eye-specific
terminal arbors are discreicly organized inlo differeni layers, the
development of the segregaied patiern does not appear 10 in-
volve the loss of long collaterals (Sretavan and Shatz, 1984).
Moreover, enucication dunng development appcars 1o alter the
elaboration of seunogeniculate terminal arbors rather than re-
duce the retraction of long collaterals {Robson e1al., 1978; Sre-
lavan and Shaiz, 1986). Thus, when sensory maps involve the
segregation of lerminal arbors. the progressive elaboration of
axons may dominate the formation of peripherally dependent
patterns of afferent innervation.

Relationship between the projection area and branching
density of the layer 1V plexus

In animals in which the infraorbital nerve was cul at birth,
terminal arbors with smaller projeclion areas have a greater

Tha Journal of Neuroscience, Novermber 1987, 7111) 3

Figure 5. Terminal arbor frem the posteromedial region of the »
wcial vibrissae representstion. The medial 10 {nieral extent of the
IV plenus is 350 gm. Dewsils a3 an Figure 3.

density of branches than those with larger projection areas.
same basic relationship is also true of thalamocortical ar
{rom normal animals (Jensen and Killackey, 1987). This
servation supports the hypothesis that the relationship betr
branch density and projection ares is, 1o at least some de
intrinsicatly regulated by thalamic neurons. However, thea
size and density of the layer IV plexus is dramatically al
by neonatal damage 0 the infraorbital nerve. Neonatal 1
cut results in larger projection areas and lower branching
sity. This result indicates that peripheral influences play :
nificant role in determining the branching density and si
the layer 1V piexus of thalamoconical axons,

How does neonatal damage 1o the peripheral innervati
the.vibrissae reduce the branching density and increase th
of the layer 1V plexus of thalamocortical axons? Several,
sibilities are suggested by the distribution of clusters of dif _
sizes in the region of the neocortical mystacial vibrissa
resentation. Small, tightly packed clusters predominale |
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Two terminal arbors that innervate the same localized area of layer IV in the anterolateral region of the mystacial vibrissae pepresentation
\a i1 10 the keft, fiber 6b is to the nghi) Their rerminal Belds within layer iV da not have an extensive degree of overlap. Deails a3 1n

7. Terminal arbor from the region of somatosensory coriex
onding (o the anterolateral portion af the face represeniation in

1 znimal in which the infraorbital nerve was cul at birth. The
- - L . 0 b e mf abie acbuar o AT M

Figure 8 Terminat arbor from the anterolateral region of the mys-
(actal vibrissae representation, The medial to lateral extent of the layer

Figure 9 Terminal arbor from (he anicrolsieral region of the mys-
taciat vibrissae representation. The medial to Interal exient of the layer
1V plexus is 900 um. Details as in Figure 3.

posteromedial region, while clongated stripes are present in the
anterolateral region. These regional characieristics could reflect
the state of development of the trigeminal pathway at the bime
the infraorbital nerve was cut. In the bram stem trigeminal
complea, the clustered pattern of primary afferents in the ven-
trolateral principal sensory nucleus is apparent at birth, while
the clustered afferents in the dorsomedial principal sensory nu-
cleus is not apparent until several days later {Erzurumiu and
Killackey, 1983). Neonatal damage 10 Lhe vibrissae innervation
destroys the associated primary trigeminal afferenis (Bates and
Kiltackey. 1985; Jacquin and Rhoades, 1985) and prevenis the
normal clustering of their postsynaptic neurons in the brain stem
trigeminal complex (Bates 1 al., 1982). Thus, sectioning the
entire infraorbital nerve at birth would be expected to have a
more profound effect on the representation of the anierior than
on the posterior mystacial vibrissae. Denscly branched. restrict-
ed arbors may reflect the more mature state of innervation of
he ventrolateral region of the trigeminal principal sensory nu-
cleus at birth. Conversely, sparsely branched, clongated arbors
may reflect the less mature state of the innervation of the dor-
somedial region of the principal sensory nucleus at birth.

A second possibility is that, in the absence of normalty clus-
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Figure 10. Terminal arbor from the posteromedial region of the vi.
brissae representation. The medial Lo lateral extent of the layer [V plexus
is 650 wm. Details as in Figure 3.

tered trigeminothalamic projections, abnormat thalamocornucal
terminal arbors result from the influence of other sources of
afferents to the ventroposterior nucleus. We consider this pos-
sitnlity unlikely. however, since neonatal infracrbital nerve cut
results in a umform pattern in the thalamus, rather than an
aberrant one, at a time when normal vibrissac-related clustering
is obvious (Killackey and Shinder, 1981). We cannol. however,
rule out the possibility that competitive interactions from other
neocontical afferents may contribute to the altered patiern. Al-
ferents from the medial aspect of the posterior thalamic nuclear
group (Koralek et al., 1985) may compete with those from the
ventroposterior nucieus for postsynaplic sites. Damage 10 the
trigeminal pathway may selectively impair the competitive abil-
ity of afflerents from the ventropasierior nuclcus. Such an in-
1eraction is likely to be analogous lo competitive inferactions
between X and Y relinogeniculate projections. The relative al-
terations in the X- and Y-terminal arbors occur significantly
later in development than the ingrowth of retinal afferents or
their segregation (Sur c1 al., 1984}, Thus, such cormpetitive in-
teractions are unlikely to contribute to the carly formation of a
peripherally dependeni pattern.

A third possibility is suggested by the report of Hamori et al.
{1986) that 1the number of thalamic projection neurons in the
vibrissae-related region of the ventroposierior nucleus is in-
creased afler nconatal damage to the vibrissac [ollicles. The
possiblity that a uniform increase in the number of thalamo-
cortical projection neurons causes the lower density and in-
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Figure 11. A, Diagmmmatic represeniation of the approximaie size
and location of the layer |V pleauses of terminal arbors represented in
the previous higures. a, Field corresponding 1o the terminal arbor in
Figure T b, to that in Figure %; ¢, Figure 3; d. Figure §; ¢. Figure &; f
Figure 10, g, Figure 3, h and s, Fields corresponding to adyacent arbors
in Figure 6. 8, Diagr ic repy on of the pattern of thala-
moconical prajections from the ventroposierior nuckeus, for compari-
son with A. The horizontal scale ind milli from by ihe
vertical scafe indicates millimneters lateral from the midline.

creased size of individual werminal arbors is unlikely, however,
since an carly uniform reduction in the number of vibnissac
follicle afferenis does not alter the size of vibnssae-related clus-
ters in the cortex (Sikich et al., 1986).
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Figure 12. Log-log plots of the density of branches (densiy) versus
the area of prosecison onio tayer 1V (propecrion area) of the layer 1V
plexuses of reconstrucied terminal arbons. Soltd line and circles. Regres-
sion pict and data from normal adult animals replotied from fensen
and Killackey {1987). Pearson's 7 equals —0.90 (p < 0.0001). The prob-
ability thal the Lingar relaionship occurved by chance is iess than 0.0001,
The intercept equals | 83 + D.10, pnd the slope equals —0.65 + 0.08
( < 0.0001). Dashed line and squares. Regression plot and data from
adult animabs 1 which the infrsorbital nerve was cut at binth, All re-
constructed terminal arbors are included in this analysis (see Tabie 1),
Pearson's r equals -0.86 (p < 0,005). The probability that the linear
relatiopship occurred by chance is less than 0.005. The intercept equails
0.83 + 0.24 {p < 0.05). The slope equals - L.18 + 0.26 (p < 0.01).

A fourth possibility is that the abnormal thalamocortical ter-
minal arbors result from the influence of regenerated vibrissae
follicle afferents, since a small proportion of these afferents re-
generate after nerve cut (Waite and Cragg, 1982). This possibility
is unfikely. however, since this regeneration lakes several days
{Waite and Cragg, 1982), and damage to the infraorbital nerve
after postnatal day 4 does not dramatically alter the vibrissa-
related clusters within the neoconex (Belford and Killackey,
1980; Bales and Killackey, 1985).

In summary, neconatal damage 10 the infraorbital nerve alters
the somatotopic organization of thalamocortical projections 1o
the somalosensory ncocoriek. A number of charactenstics of
the aliered patiern can be attrnibuted 1o changes in the mor-
phology of individual terminal arbors. The size, complenity.
and degree of overlap of individual terminal arbors appear 10
determine the overall pattern of the altered neocortical vibris-
sac-related map. We interprel these results as indicating thas
the influence of the periphery on the fine-grain organization off
the neocoriex is expressed in the morphology of individual thal-
amocortical axons.
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