
homologies are present because of self- 
ing and, as a result, homoeologous pair- 
ing and segregation occur only occasion- 
ally. In the intraspecific hybrid, how- 
ever, full homologies are not apparent 
and pairing behavior approaches ran- 
domness within a set of four homoe- 
ologous chromosomes. Greater similar- 
ity is apparent between some of the 
homoeologous chromosomes, however, 
because the segregation ratios indicate a 
low level of preferential pairing between 
chromosomes carrying the same allele. 
The pairing behavior described above 
appears to depend primarily on the de- 
grees of homology rather than on genetic 
factors. For example, when full homo- 
logies were restored in the F2 generation 
by selfing gametophytes from the F1 hy- 
brid, normal pairing behavior was re- 
stored uniformly within the F2. In that 
cytological analyses have not shown the 
presence of multivalents in either the F1 
hybrid or within the inbred lines, the lim- 
itation of pairing to bivalent formation is 
evident. Whether this condition is a re- 
sult of genetic or physical restrictions on 
pairing behavior remains unknown. 

Intraspecific hybridization can be a 
significant force in promoting the release 
of stored variability within the described 
polyploid genetic system. Such hybrid- 
izations not only have the potential to 
generate new genotypic combinations 
but they also serve to release the varia- 
bility stored within the duplicated loci 
through high levels of homoeologous 
pairing. Given this, and the maintenance 
of moderate levels of spore viability and 
full sporophyte vitality in the F2 genera- 
tion, the possibilities of producing new 
adaptive combinations are greatly in- 
creased over the situation within inbred 
lines. Because the level of segregation 
within this system is dependent on the 
degree of homology shared by chromo- 
somes contributed by separate parents, 
it may be expected that different intra- 

specific combinations will segregate for 
the same or similar characteristics at dif- 
ferent rates. Thus, intraspecific differ- 
ences involving chromosome pairing af- 
finities may be detectable within such a 
system even though morphological dif- 
ferences between sporophytes are not 
evident. In that C. thalictroides has been 
described as a polymorphic species (10), 
the ability to differentiate between indi- 
viduals on the basis of chromosome pair- 
ing affinities may be an important factor 
to be considered in future taxonomic 
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though this is the lowest extant number 
in the genus, the diploid form is, in fact, 
of polyploid derivation and tetraploid for 
those loci that have been shown to be 
maintained in a duplicated state. The 
present example dealing with C. thalic- 
troides involves the tetraploid form of 
the genus (n = 78). Evolutionarily, it 
must represent an ancient octaploid. 
However, the inheritance pattern is iden- 
tical to the model developed from the ex- 
tant diploid form. Therefore, in spite of a 
major difference in ploidy level, both 
forms contain at least one locus present 
in a tetrasomic state. 
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Long Ascending Projections from Substantia Gelatinosa 

Rolandi and the Subjacent Dorsal Horn in the Rat 

Abstract. Small neurons of the substantia gelatinosa Rolandi and the subjacent 
dorsal horn of the spinal cord have been thought to exert a direct modulatory effect 
only on neurons located within a distance of a few spinal segments. By using the 
technique of retrograde transport of horseradish peroxidase, however, it has been 
found that in the rat a significant number of these cells, particularly those of the 
subjacent dorsal horn, ascend many spinal segments to the lateral cervical nucleus 
and to the lower brainstem. These data provide an anatomic basis for a role of sub- 
stantia gelatinosa Rolandi and subjacent dorsal horn cells in modulating or contrib- 
uting to sensory information transmission not only in nearby segments but in far 
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Cells of the substantia gelatinosa Ro- 
landi [SGR; Rexed's lamina II in the cat 
(1)] and of the subjacent dorsal horn 
(SDH; corresponding approximately to 
Rexed's lamina III) make numerous syn- 
aptic contacts with primary afferent fi- 
bers and with the dendrites of larger neu- 
rons entering these areas from above and 
below (2-7). The axons of these larger 
neurons, in turn, make segmental and 
propriospinal connections (8), and many 
are now known to ascend for long dis- 
tances before synapsing in the brainstem 
and thalamus (9). Although direct physi- 
ological evidence is lacking, the con- 
nections formed by the small SGR and 
SDH cells have long been thought to 

qualify them for an important role in the 
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modulation of reflexes and of informa- 
tion transmission to the brain (4, 6, 7, 
10). Szentagothai (4) reported that le- 
sions within laminae II and III of the cat 
dorsal horn produced degeneration at a 
distance of not more than three spinal 
segments. Consequently, the area direct- 
ly affected by the modulating influences 
of SGR and SDH cells has been thought 
to be quite restricted. However, in the 
course of studying the cells of origin of 
the spinocervical tract in the rat, we 
have seen and now report that in this 
species many SGR and SDH cells pos- 
sess far longer projections. 

Adult male Sprague-Dawley rats were 
deeply anesthetized with sodium pento- 
barbital, and a laminectomy was per- 
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formed over segments CI to C3. In six 
rats a recording micropipette filled with a 
2 to 5 percent solution of horseradish 
peroxidase (HRP) mixed in 5 percent 
KCl-tris buffer was inserted under mi- 
croscopic control through the C2 dorsal 
roots into the dorsolateral funiculus. Af- 
ter a physiologically identified neuron 
was isolated in the lateral cervical nucle- 
us (LCN) (11), HRP was iontophoreti- 
cally ejected from the pipette tip (12). In 
an additional ten animals small pressure 
injections of HRP (0.05 /xl, 40 percent) 
were made at various levels of the brain- 
stem and thalamus. After a recovery pe- 
riod of 48 to 72 hours, rats were anesthe- 
tized again and perfused through the 
heart with buffered saline followed by a 
solution 1 percent in paraformaldehyde 
and 3 percent in glutaraldehyde. Coronal 
and sagittal sections (50 gm) were react- 
ed for the presence of HRP, using the o- 
dianisidine protocol of deOlmos (13). 
Adjacent sections were stained for Nissl 
material with thionine, for myelin with 
osmium tetroxide, and for both by the 
method of Kliiver and Barrera (14). 

To prevent possible deleterious effects 
of water on the o-dianisidine reaction 
product, we used noncounterstained ma- 
terial for microscopy and reconstruction 
in these studies. Nonetheless, by a com- 
bination of bright- and dark-field micros- 
copy, the dorsal portion of the spinal 
gray matter could be readily divided into 
three distinct regions (Fig. 1A). Most su- 
perficially, the dorsal horn is capped by a 
layer of material (indicated by arrow- 
heads in Fig. iA) that is granulated in ap- 
pearance when compared to the gray 
matter bordering it ventrally. In Nissl 
sections, this band is seen to be com- 
posed of large and small cells with so- 
mata oriented transversely and ros- 
trocaudally. This area is the marginal 
zone, or Rexed's lamina I in the cat (1). 
Immediately ventral, high-interference 
microscopy in unstained tissue reveals a 
translucent band (40 to 85 j/m dorsovent- 
rally) running across the dorsal horn. In 
adjacent stained sections, this band is 
seen to be virtually devoid of myelin and 
to contain a large number of closely 
packed small, round, or oval cell bodies. 
This area is the substantia gelatinosa Ro- 
landi, or in the cat, Rexed's lamina II (1). 
Immediately below the SGR lies an area 
(50 to 120 txm dorsoventrally) that in un- 
stained tissue often has a frosted or high- 
ly stippled appearance. This area, re- 
ferred to here as the SDH, is composed 
primarily of small oval cells and occa- 
sional larger cells and can be distin- 
guished from the SGR by the presence of 
many myelinated axons. The precise 
correspondence between the SDH of the 
1 DECEMBER 1978 

rat and Rexed's lamina III in the cat is 
difficult to assess, particularly since the 
criteria used by Rexed (1) to demarcate 
the border between laminae III and IV 
were not clearly stated. 

The following procedure was em- 
ployed for the majority of HRP-labeled 
neurons to ensure accuracy of recon- 
struction. Cells were photographed and 
carefully plotted in relation to landmarks 
within the gray matter, such as blood 
vessels. The tissue was then counter- 
stained, and the area in which the labeled 
cells appeared was examined (15). The 
location of each cell in the counter- 
stained tissue was the same as that deter- 
mined in the unstained material. 

Small injections of HRP into the LCN 
labeled several different cell types within 
the dorsal horn in all animals studied 
(16). As in the cat (17), such injections 
labeled medium to large neurons within 
the nucleus proprius immediately ventral 
to SDH. Unlike the results in the cat, 
however, labeling in the rat was occa- 
sionally seen in large Waldeyer cells of 
the marginal zone, whose dendrites are 
observed to extend across the dorsal 
horn in coronal sections. Also within the 
marginal zone, and to a lesser extent in 
the most dorsal portion of the SGR, la- 
beling was seen in the small "limiting" 

cells of Cajal (2). These cells are easily 
distinguished from other small SGR neu- 
rons by their more dorsal position within 
the gray matter and, more importantly, 
by the characteristic transverse orienta- 
tion of their dendrites. Within the SGR, 
injections of HRP into C2 labeled a small 
number of "central" cells (18) ipsilater- 
ally as far caudally as T2. In the shape 
and size of their somata and in their 
proximal dendritic configurations, these 
cells strongly resemble the SGR neurons 
described in numerous Golgi investiga- 
tions (2-4, 6). On the other hand, HRP 
injections labeled a far greater number of 
central cells in the SDH. Such cells were 
seen most frequently in the cervical en- 
largement (20 to 25 cells per longitudinal 
millimeter of cord sampled). Labeling 
was greatly reduced caudal to T2, with 
only occasional and widely scattered 
central cells being found. 

Subsequent experiments revealed that 
long projections from central cells of the 
SGR and SDH are not limited to spinal 
destinations. In one rat, for example, an 
HRP injection that was made laterally in 
the region of the pontine-medullary junc- 
tion (19) labeled central cells within the 
SGR as far caudally as C8 and within the 
SDH as far caudally as T12 (Fig. 1, B to 
F). Although this and similar injections 
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Fig. 1. Central cells of the dorsal horn (18) labeled by an injection of HRP into the lateral 
brainstem at the pontine-medullary junction (19). (A) Unstained tissue showing the major sub- 
divisions of the dorsal portion of the spinal gray matter. Arrowheads indicate the dorsal border 
of the marginal zone, below which the SGR is seen as a translucent band extending across the 
dorsal horn. The SDH appears as a stippled area bordering the SGR ventrally. A relatively 
large, noncentral cell can be seen in the SDH with a dentrite extending into the SGR (scale bar, 
50 Am). (B to D) Individual central cells within segments C7 and C8 from the SGR, dorsal SDH, 
and ventral SDH, respectively (scale bars, 10 am). (E) Reconstruction of central cells encoun- 
tered within three longitudinal millimeters of tissue from segments C7 and C8. (F) Reconstruc- 
tion of central cells from 3.5 mm of tissue from T7 and T8. 
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labeled central cells within cervical and 
thoracic segments in numbers roughly 
equal to that labeled by LCN iontopho- 
retic injections, they failed to label any 
such cells within the lumbar enlarge- 
ment. Mesencephalic injections of HRP 
(two rats) labeled a few central cells ipsi- 
laterally in the cervical enlargement, but 
none more caudally. These cells were 
found exclusively in the SDH. In the rat, 
but not in the monkey (20), thalamic 
HRP injections (six animals) failed to la- 
bel any central cells. 

Our findings, together with those of 
Willis et al. (20) and a similar observa- 
tion in the trigeminal system (21), sug- 
gest that a significant number of the 
small cells of the SGR and SDH are in- 
volved in somatosensory processes in 
ways not suggested by earlier anatomic 
studies (2-4, 6). However, a role for 
these cells may now be envisioned in 
modulating information transfer through 
sensory nuclei of the lower brainstem 
and upper cervical cord, comparable to 
that previously thought to occur only lo- 
cally or at nearby spinal segments. These 
cells may also directly contribute infor- 
mation to sensory pathways of the brain 
in a manner more commonly associated 
with the larger projecting cells of the 
marginal zone and nucleus proprius. Fi- 
nally, the far richer projection of central 
cells from the SDH than from the SGR 
gives further evidence (1, 5) that al- 
though these areas are often considered 
as one on the basis of similar cellular 
morphology, they may prove to be func- 
tionally distinct. 

GLENN J. GIESLER, JR.* 
J. TIMOTHY CANNON 

GIDEON URCAt 
JOHN C. LIEBESKIND 

Department of Psychology, 
University of California, 
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and nucleus proprius is still under inves- 
tigation (2), there is little doubt that the 
circuits are of importance for the central 
processing of data from nociceptors, 
thermoreceptors, and mechanorecep- 
tors. For instance, speculation about the 
circuitry of the SG has led to at least one 
major hypothesis to account for inter- 
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Fig. 1. (A) Distribution of spinothalamic tract cells in the lumbar enlargement of the spinal cord 
of a monkey. The cells were labeled by an injection of HRP into the region of the ventral 
posterior nucleus of the thalamus. Most of the cells were contralateral to the injection site. The 
cells shown were all those found in 15 consecutive alternate 50-/im sections in the L6 segment. 
Note that several cells were in the substantia gelatinosa. (B and C) Locations of two central 
cells in the substantia gelatinosa. Photomicrographs of the same cells are shown in Fig. 2, D and 
E. (The scale bars in B and C are 100 um.) 
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Spinothalamic Tract Neurons in the Substantia Gelatinosa 

Abstract. The substantia gelatinosa of the mammalian spinal cord is generally 
believed to be a closed system; that is, its neurons are thought to project only to the 
substantia gelatinosa of the same or the contralateral side. Experiments in monkeys, 
using injections of the marker enzyme horseradish peroxidase, show that at least 
some neurons of the substantia gelatinosa project to the thalamus and thus belong to 
the spinothalamic tract. Such neurons include two cell types intrinsic to the gelati- 
nosa, the central cells and the limitrophe cells of Cajal. 
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