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Recovery of Foreleg Placing after 
Ipsilateral Frontal Lobectomy 
in the Hemicerebrectomized Cat 

Abstract. Forelimb placing recovers in 
variable fashion after contralateral hemi- 
cerebrectomy. In three cats showing poor 
recovery over periods of 2 to 6 months, 
and then surviving removal of the ipsi- 
lateral frontal lobe, further recovery of 
placing occurred after the second opera- 
tion. 

Rademaker (1) called attention to 
a number of postural reactions which 
aid the animal to attain the standing 
position. Some of these were studied 
by Bard (2, 3) in his work on hop- 
ping and placing. Since then it has come 
to be widely believed that placing re- 
actions are not only controlled by the 
contralateral cortex, but that they can- 
not occur in its absence. However, re- 
cent experiments occasionally showed 
return of placing reactions after re- 
moval of an entire half of the fore- 
brain (4). 

We removed cortex, thalamus, and 
basal ganglia through a wide craniec- 
tomy, leaving no brain to the right of 
the midline above the midbrain. This 
has been called "total hemispherec- 
tomy" by White et al. (5) and "hemi- 
cerebrectomy" by Koskoff et al. (6). 
During recovery, placing was tested in 
various ways, including that elicited by 
contact of the forepaw and by contact 
of the chin. Grading was on the basis 
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of quickness and smoothness of best 
responses, rather than accuracy or 
consistency from day to day. Later, the 
remaining frontal lobe was removed 
back to the ansate sulcus, including 
the anterior and posterior sigmoid gyri. 

Five adult cats were used which had 
hemicerebrectomy, and which showed 
poor return of placing in the contra- 
lateral forelimbs for periods up to 6 
months. Three of these survived the 
second operation. In all three, there 
was a period during which placing was 
present on the left and absent on the 
right (Fig. 1). In addition, two cats 
(60-7, 60-21) which showed no placing 
to contact of the chin previous to the 
second operation, developed placing 
to chin contact after the second opera- 
tion. 

In these experiments we have em- 
phasized the maximum performance 
during each week. This is justified be- 
cause placing is often variable and may 
be absent in normal cats when they are 
distracted, recently fed, or otherwise 
lethargic. The manner in which the 
cats are held is important, since stimu- 
lation of the skin supplied by the tri- 
geminal and cervical nerves may have 
a profound inhibitory effect on a va- 
riety of postural reactions (7). 

Placing following contact of the 
paw depends mainly on tactile stimuli; 
but even where no motion is observed, 
there may arise proprioceptive infor- 
mation from slight volar flexion at 
the wrist or retroflexion at the shoulder. 
In this connection it is important that 
the technique used was the same 
throughout these experiments. Placing 
may be considered a fractional aspect 
of the general locomotive pattern: that 
is a single "step" occuring in isolation. 
However, placing has been distinguished 
from "stepping" or similar movements 
arising from generalized struggling in 
excited animals. For this reason, we 
considered the lifting up and setting 

down of the paw to be "placing" only 
when it occurred in a quiet animal 
showing no gross movement until ap- 
plication of the specific stimulus, and 
occurring as a simple, continuous mo- 
tion without subsequent repetitive 
movement. 

The return of supposedly "cortical" 
reactions is not altogether surprising 
in view of Bard's allusion in his Harvey 
Lecture (3) to a monkey in which 
hopping reappeared after ipsilateral 
ablation. Return of placing was seen 
by Denny-Brown and Chambers (8, 
p. 92). Bard (3) mentions the sug- 
gestion of McCulloch that the original 
disappearance could be attributed to 
the removal of corticifugal facilitation. 
This view is supported by the present 
results which we interpret as the effect 
of a removal of ipsilateral, corticifugal, 
tonic inhibition. Similar would be an 
interpretation (following Denny-Brown, 
8) that ipsilateral ablation decreased 
avoiding tendencies, reestablished a 
cortical equilibrium, and thus made 
possible the reappearance of an explor- 
atory response. The restitution of a 
supposedly lost function increases the 
ambiguity of the original loss; and it 
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Fig. 1. Performance of foreleg placing 
to contact of the paw with a table edge. 
Right-sided operation was hemicerebrec- 
tomy. Left-sided operation was removal 
of frontal lobe. Ordinate shows level of 
performance in arbitrary units. Abscissa 
shows elapsed time in weeks. Solid line 
shows performance of right leg. Broken 
line shows performance of left leg. 
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would appear to afford an argument 

against concepts of localization in the 
brain. On the other hand, experiments 
that use restitutive ablation may pro- 
duce particularly persuasive evidence 
of localization should the restitution be 
found to depend on the area ablated. 

JOSEPH E. BOGEN 
BERRY CAMPBELL 

Department of Neurosurgery, 
Loma Linda University, 
Los Angeles County General Hospital, 
Los Angeles, California 
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Podocoryne carnea, a Reliable 

Differentiating System 
Abstract. The number of nutritive hy- 

dranths in a slide-grown colony of this 
marine hydroid increases exponentially 
until sexual forms appear in the colony. 

Recent studies have emphasized the 
importance of population factors to 
cellular differentiation. The size of the 
cell mass (1), its geography, and the 
effect of metabolic products in control- 
ling subsequent activities (2) all play 
a role in the differentiation of units in 
a biological mass. It is difficult to evalu- 
ate the effects of these factors in em- 
bryos because of (i) the size of the 
units involved-cells, (ii) the difficulty 
of defining operationally useful end 
points of differentiation, (iii) the large 
spectrum of differentiated tissues, and 
(iv) the fact that cells in an embryo 
are not end products but on their way 
to becoming something else. 

A reasonable approach would be to 
find a system that increases in size, 
originates from a single known unit, 
and reaches a point where a second 
distinctly defined type appears. The 
units of variation in this system should 

would appear to afford an argument 

against concepts of localization in the 
brain. On the other hand, experiments 
that use restitutive ablation may pro- 
duce particularly persuasive evidence 
of localization should the restitution be 
found to depend on the area ablated. 

JOSEPH E. BOGEN 
BERRY CAMPBELL 

Department of Neurosurgery, 
Loma Linda University, 
Los Angeles County General Hospital, 
Los Angeles, California 

References 

1. G. G. J. Rademaker, Das Stehen (Springer, 
Berlin, 1931). 

2. P. Bard, A.M.A. Arch. Neurol. Psychiat. 
30, 40 (1933). 

3. P. Bard, Harvey Lectures 33, 143 (1937-38). 
4. J. E. Bogen and B. Campbell, Surg. Forum 

Proc. 11, 381 (1960). 
5. R. J. White, L. H. Schreiner, R. A. Hughes, 

C. S. MacCarty, J. H. Grindlay, ibid. 8, 522 
(1958); Neurology 9, 149 (1959). 

6. Y. D. Koskoff, R. Patton, B. Migler, D. 
Kruper, Cerebral Palsy Rev. 20, 3 (1959). 

7. A. van Harreveld and J. E. Bogen, Exptl. 
Neurol. 4, 241 (1961). 

8. D. Denny-Brown and R. A. Chambers, Re- 
search Publs. Assoc. Research Nervous Men- 
tal Disease 1958, 35 (1958). 

9 October 1961 

Podocoryne carnea, a Reliable 

Differentiating System 
Abstract. The number of nutritive hy- 

dranths in a slide-grown colony of this 
marine hydroid increases exponentially 
until sexual forms appear in the colony. 

Recent studies have emphasized the 
importance of population factors to 
cellular differentiation. The size of the 
cell mass (1), its geography, and the 
effect of metabolic products in control- 
ling subsequent activities (2) all play 
a role in the differentiation of units in 
a biological mass. It is difficult to evalu- 
ate the effects of these factors in em- 
bryos because of (i) the size of the 
units involved-cells, (ii) the difficulty 
of defining operationally useful end 
points of differentiation, (iii) the large 
spectrum of differentiated tissues, and 
(iv) the fact that cells in an embryo 
are not end products but on their way 
to becoming something else. 

A reasonable approach would be to 
find a system that increases in size, 
originates from a single known unit, 
and reaches a point where a second 
distinctly defined type appears. The 
units of variation in this system should 
be conveniently visible and analyzable 
and the gross structure of the system 
simple enough so that the effect of 
spatial orientation could be evaluated. 
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In theory it would not be important 
what the size or complexity of the units 
in the mass were; they might be as 
small as cells or as large as multitissue 
zooids in a colonial population. 

The marine hydroid Podocoryne 
carnea (3) satisfies these criteria for 
a reliable system. Colonies can be initi- 
ated by placing a single hydranth on a 
microscope slide in standing sea water. 
Stolons grow out along the surface of 
the slide from the base of the hydranth; 
new hydranths form and increase in 
size; finally a new type of zooid, which 
bears medusae, appears. The units, hy- 
dranths, are easily visible at X 10 mag- 
nification and the medusa-bearing 
zooids are recognizable from the time 
of their first appearance (Fig. 1). The 
anastomoses of stolons are simple 
enough up to the time of sexual zooid 

appearance to allow stolon length to be 
measured and for the pattern and dis- 
tribution of hydranths on the stolons to 
be recorded. Generalizations about dif- 
ferentiation in this simple model should 
be applicable to more complex embry- 
onic systems. 

Important observations have already 
been made along these lines by Loomis 
and Lenhoff (4), who suggested this 

approach with the use of hydra as a 
model system. They showed that sexual 
differentiation is nonobligatory and is 
alternative to exponential growth and 
the nonsexual condition. 

However, the hydra as an experi- 
mental animal presents certain draw- 
backs. Its social differentiation ("social" 
to distinguish this process from the dif- 
ferentiation of cells in a single animal) 
is not analogous to that of most other 
animals in which the end product of 
differentiation is a spectrum of differ- 
entiated types. Only two alternatives 
exist in hydra; the range of differential 

expression is limited to numerical in- 
crease of nonsexual animals on one 
hand and to gamete formation on the 
other. Biochemical studies involving 
nutrient additions or inhibitors can be 
carried out only with difficulty (5), 
because additives to the medium of this 
fresh water animal are not taken up by 
the cells. Although the concept of the 

unity of an aquarium of hydra is a 
valid one, the animals are in fact spa- 
tially separated and motile, and ques- 
tions pertaining to the spread of pattern 
in a differentiating system cannot be 
asked. Since both sexual and asexual 
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Fig. 1. Slide-grown P. carnea colony after 
the appearance of sexual zooids. The 
medusa-bearing zooids can be easily dis- 
tinguished from the nutritive hydranths. 
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the hydra does. The marine animal will 
take up small organic molecules from 
sea water, so that labeling and bio- 
chemical studies are easier than with 

hydras (6). Being a sessile animal, 
Podocoryne allows investigations re- 

garding the spread of pattern and spa- 
tial distribution of hydranths that are 
not possible with the fluid hydra system. 

An analysis of the factors affecting 
sexuality in another hydroid, Hydrac- 
tinia echinata, has been published by 
Hauenschild (7). His findings are gen- 
erally in agreement with those reported 
here, despite his having had to work 
with material that, because of the 

density of the stolon system, could not 
be studied quantitatively. 

The technique for laboratory culture 
of colonies of P. carnea is simple and 
allows relatively unlimited production 
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Fig. 2. Relation between time of appear- 
ance of sexual zooids and growth rate 
of asexual zooids in a growing colony 
of P. carnea. Stolon length is measured 
in arbitrary units. 
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