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Distribution of Cortical “Feedback” Fibers in the Nuclei 
Cuneatus and Gradis.* (27019) 

HKNRICUS G. J. M. KUYPERS, A w o i , i )  1,. HOFFMAN? AND RoBER’r M. BEASLEY-1 
t Introduced 1)) F. H. J. Figge) 

Departmrnt o! Anatorii.v, I:nirwrsit,v o f  Maryland Medical School, Baltimore 

111  cat a d  monkey p) rainidal fil~crs art’ 
distributed to the nuclei culleatus a i d  gracilk 
(1,2,3,4 1 . The fiber distri1)ution ~.i thii i  these 
nuclei displays some degree of  organization 
(3,4) which has been investigated further. 
Experiments. A. In 2 cats the rostral pole 

of one hemisphere was removed, including the 
sensory-motor areas. Using the Nauta-Gygax 
impregnation technique (5  ) .  the degenerating 
cortical fibers were found to pass as recurrent 
bundles through the basal parts of the nucleus 
cuneatus, as previously reported (3) .  Similar 
bundles pass alongside the nucleus gracilis. At 
caudal levels, these degenerating fibers are clis- 
tributed to the basal parts of the nucleus CUII- 

eatus (and gracilis) (Fig. i .8) .  However, onl> 
few fibers are distributed to  the characteristic. 
dorsal cell clusters (Fig. 2, 3, 6, 7, 8). The 
fiber distribution in both the nuclei becomes 
more diffuse in passing from a few millimeters 
behind the obex rostrad. Some of the longi- 
tudinal fibers in the basal parts of the nucleus 
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t Research Assistants in Dept. of Anatomy, Sum- 
mer of 1960. 

cuneatus move dorsally towards the surface 
(Fig. 6 ) ,  thus cutting through the area of the 
cell clusters. This narrow fiber pathway widens 
rostrally at the expense of the clusters, result- 
ing in a more widespread fiber distribution 
(Fig. 1, 4, 5). However, at rostral levels, some 
clusters persist, e.g., in the ventrolateral parts 
of the nucleus cuneatus and along its dorsal 
medial border (Fig. 5). 

The cyto- and dendritic architecture of the 
nuclei, in Nissl and Golgi material (6-weeks-old 
kittens impregnated following Moliner (6) ) , 
likewise displays rostro-caudal differences, 
described by Cajal. The caudal cell clusters 
contain round cells, possessing short, repeat- 
edly ramifying dendrites (Fig. 10, 11, 12).  
The diameter of the dendritic territories equals 
approximately 10 times that of the cell body. 
The dendrites in one cell cluster frequently in- 
terlace. The question arose whether this phe- 
nomenon could be related to the mutual inhibi- 
tion characteristic for the cells at these levels 
(13). In the tail end of the nucleus gracilis 
these cells are more triangular, possessing 
longer dendrites (Fig. 13). The basal cells in 
the caudal part of the nucleus cuneatus are 
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FIGS. 1 and 3. Fiber degeneration in rostral and caudal parts of nucleus cuneatus respectively. (Nauta- 

FIG. 2. Cell cluster in caudal part of nucleus cuneatus (cresyl violet, 2500 XI. 
FIGS. 4-8. Semidiagrammatic representation of fiber degeneration in nuclei cuneatus and gracilis, following 

FIG. 9. Large multipolar cell in rostral part of nucleus cuneatus. (Golgi COX). 
FIGS. 10, 11, 12. Cells from cell clusters of nucleus cuneatus. 
FTG. 13. Cell in tail end of nucleus gracilis. 
FIG. 24. Cell taken from caudal base of nucleus cuneatns. 

Gygax k400X, and 2600X). 

lesion of the contralateral hemisphere. .*. degenerating bundles, . . . . . . . . . degenerating fibers. 

f u d o r m  and triangular in shape, possessing 
long sparsely ramifying dendrites (Fig. 14) . 
Somewhat similar cells are found within the 
nucleus gracilis and along the surface of both 
nuclei. Rostrally, the cell clusters largely are 
replaced by triangular and multiplolar cells 

(Fig. 9) possessing long, sparsely ramifying 
dendrites. The diameter of their dendritic ter- 
ritory is approximately 5 times larger than in 
the caudal clusters. Smaller cells are scattered 
between the multipolar cells (Fig. 9). The few 
rostral cell clusters resemble the caudal ones, 
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hut the cells scetn smaller ant1 Ihe detdritic* 
trees less dense. 

A comparisoti ( t l '  the filwr. clistril,utiort> I.+ 

waled that the cortical fibers are tlistri1)iitt~cI 

lwitiiarilj LO ~lios;c 1 m t . i ~  of iIi(? J h d t A i  i t  Iiic.ti 
contain triangular, lusihl l i  and nlult il" 1Ii1 I' 

cells possessing long sparsely rainifyirig clew- 
drites. The fiber distribution within these parts 
of the nuclei frequently seems to coincide nith 
the orientation of the sprasely ramifying den- 
drites. However, only a few cortical fibers are 
distributed to the cells with small and fre- 
quently ramifying dendrites, present primarily 
in the cell clusters. 

R. To judge the projection of the nuclei to 
the thalamus: the ventrolateral mesencephalon 
( medial leniniscus) was transected in 4 kittells 
at the age of 2 weeks. Following survival per- 
iods ranging from 2 to 16 weeks, many of the 
round cells in the caudal clusters-receivi t i?  

very few cortical fibers-displayed only a n u -  
cleus with or without a thin rim of cytoplasm 
(Nissl stain). However, some of the basal cells 
in the caudal parts of the nucleus cuneatus and 
some of the rostral multipolar and triangular 
cells-receiving many cortical fibers-were 
less conspicuously affected. Their cell bodies 
were somewhat smaller, but soine of them dis- 
played normal Nissl substance. The smaller 
rostral cells were inore severely affected. 

Similar changes were observed in retrograde 
Golgi studies, in which the mesencephalic le- 
sion at the age of 2 weeks was followed by 
Golgi impregnation at the age of 6 weeks. The 
caudal clusters were severely affected. Many of 
the impregnated cells were small, possessing 
thin dendrites. Their dendritic ramifications 
appeared more numerous than on the normal 
side, owing to sprouting or to better encrusta- 
tion. Some of the rostral triangular and niulti- 
polar cells were less severely affected. 

These findings suggest that the cells in the 
caudal clusters maintain less collaterals, un- 
interrupted by the lesion, than some of the 
triangular and multipolar cells in the caudal 
base of the nucleus cuneatus and in the rostral 
part of both nuclei. However, in many of the 
animals a few of the most medial bundles of 
the medial lemniscus carrying fibers from the 
rostral part of the nuclei ( 7 ) ,  were spared. This 
renders the suggested differences in collateral- 
ization less than convincing. Nevertheless, such 

differences may exist, for in one kitten and in 
cme adult cat a total transection of the medial 
lriit niscus resulted in a somewhat similar dis- 
Iriljutioti of  retrograde cell reaction. Obvi- 
oi isl?.  Ih is  p i t l t  requires further investigation. 

1)iwussioii. The distribution of the pyra- 
midal fihers as seen within the nuclei cuneatus 
and gracilis corroborates macroelectrode find- 
i tigs (8) which demonstrated that in the caudal 
parts of the nucleus cuneatus the pyramidal 
influence is exerted primarily on basal cells. 
On the other hand, microelectrode findings 
!9) indicate that a pyramidal influence is ex- 
erted also on the dorsally located cell clusters. 
The sparsity of the cortical fibers in these cell 
dusters suggests that this influence in part may 
he exerted indirectly, via other neurons. This 
might be suggested also by Waller's microelec- 
trode findirigs(l0) if they were obtained in 
caudal parts of the nucleus cuneatus. 

The differences in dendritic architecture be- 
tween dorsal cell clusters and basal cells in 
the caudal parts of the nucleus cuneatus seem 
to parallel differences in function. This is sug- 
gested by the fact that the dorsal cells-with 
short, frequently ramifying dendrites-appar- 
ently maintain small, cutaneous receptive 
fields located distally, while the basal cells- 
with long, sparsely, frequently ramifying den- 
drites-apparently maintain larger cutaneous 
receptive fields located proximally (11). These 
dorso-ventral differences in dendritic archi- 
tecture within the caudal parts of the nucleus 
cuneatus resemble the rostro-caudal differ- 
ences within the nuclei. The latter likewise may 
parallel differences in function. This is sug- 
gested by the fact that the rostral cells, many of 
which have long, sparsely ramifying dendrites, 
in general appear to maintain larger cutaneous 
receptive fields than the cells in the caudal clus- 
ters(l3) and in part appear to transmit dif- 
ferent sensory information (12, 14). In other 
words, this comparison suggests a possible 
correlation between the dendritic architecture 
of the cells and the size of their receptive 
fields, exemplified by the fact that the cells 
of Fig. 10, 11, 12, Fig. 13 and Fig. 9, respec- 
tively are found in the parts of the nuclei con- 
taining cells with increasingly larger receptive 
fields (13). 

If these inferences are correct, the cortical 
fibers are distributed primarily to cells with 
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low resolution power (large receptive fields), 
while only a few cortical fibers are distributed 
to cells with high resolution power (small re- 
ceptive fields). Therefore, the question arises 
whether the function of the cortical feedback 
might be related to the localizing resolution 
power of this sensory system. 

Summary. The distribution of the cortical 
feedback fibers in the nuclei cuneatus and gra- 
cilis has been compared with the cyto-archi- 
tecture and the dendritic architecture of these 
nuclei. This comparison revealed that the cor- 
tical fibers distribute primarily to those parts 
of the nuclei containing multipolar, triangular, 
and fusiform cells maintaining long, sparsely 
ramifying dendrites. The cells with frequently 
ramifying dendrites, on the other hand, receive 
only few fibers. Furthermore, preliminary evi- 
dence suggests that some of the former cells 
maintain more collaterals than the latter. 
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Effect of Fat-Free Diets and Lipid Unsaturation on Rat Tissue 
Cholesterol Levels.? (27020) 

E. R. DILLER, M. KORYJ: AND 0. A. HARVEY (Introduced by 0. K. Behrens) 
Biochemical Research Division, Lilly Research Laboratories, Indianapolis, Ind. 

The degree of unsaturation of dietary fats 
and oils has been postulated as a factor which 
may influence cholesterol metabolism( 1). Var- 
iations in degree of unsaturation have been 
commonly obtained by either partial hydro- 
genation of a given lipid or by the combin- 
ation of lipids from different sources. Al- 
though such manipulation yeilds a lipid with a 
specific degree of unsaturation as defined by 
iodine value, the effect of positional and geo- 
metrical isomers produced by partial hydro- 
genation, and of short-chain fatty acid tri- 
glycerides, cannot be evaluated. Thus the effect 
on liver and blood cholesterol levels produced 

t The authors gratefully acknowledge the tech- 
nical assistance of Dr. A. W. Hubert, Mr. J. T. Ellis, 
and Mr. R. W. Kennedy. 

3 nC M. Konenovsky. 

by a lipid from a single source, but differing 
in degree of unsaturation, is of interest. Three 
degrees of unsaturation were obtained by use 
of unhydrogenated oil, an aliquot of the same 
oil completely hydrogenated, and a simple 
mixture of these in equal proportion. Data for 
both corn oil and safflower oil are presented. 

Methods. An experimental group of 8 male 
rats* each weighing ca. 100 g was housed 2 
rats per metal, screen-bottom cage. Rats were 
allowed access to experimental diet and water 
ad libitum. Composition of the basal diet is 
given in Table I. Addition of 5 %  lipid and/or 
2% cholesterol was made at the expense of 
potato starch. Lipids with different degrees of 
unsaturation, as determined by iodine number, 
were obtained by use of (a) commercially 

* Carl Wilson and Sons, Beech Grove, Ind. 




