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Abstract. Studies of animals with ablations of varying amounts of 
the neocortex, the neostriatum, or both, are reviewed in an attempt to 
establish to which extent functions of the neostriatum are dependent on 
its cortical input. Scarce and inconclusive evidence does not allow firm 
conclusions. It seems well established that the neostriatum shares some 
functions with the neocortex. In the rat and infant monkeys these striatal 
functions appear to be cortex-independent, whereas in cats and adult 
monkeys they seem to be more cortex-dependent. I t  is possible, and even 
likely, that the neostriatum also has functions which ar'e not shared 
with the cortex and which are cortex-independent. The degree to which 
the neostriatum is able to contribute to the integration of behavior in 
the absence of its cortical input is species- and age-specific. 

The functions of the neostriatum (NS), divided in some species by 
the capsula interna into th'e caudate nucleus and the  putamen, are most 
commonly described as motor or inhibitory and considered to be essent- 
ially unrelated to those of the neocortex (12). On the other hand, much 
evidence has accumulated showing a close anatomical and functional 
relation of the neocortex and NS (4, 5, 9, 26, 29). Some evidence even 
Indicated that in the absence of the cortex, NS no longer mediates the 



functions shared by the two formations ( 6 ,  39). The aim of this paper is 
to see whether the available evidence supports Fulton's (17 p. 491) sug- 
gestion that "once the cerebral cortex has been removed the basal gan- 
glia cease to contribute significantly to functional integration", or whe- 
ther the functions of NS are 'essentially independent from the neocortex 
as implicit in the writings of several authors (e.g., 1, 2, 23, 24). The 
possible role of NS in the organization of the prosencephalon has been 
discussed elsewhere (8) and will not be considered here. 

DECORTICATE VS. "THALAMIC" PREPARATIONS 

As early as 1924 Dresel (14) suggested that the functions of NS  can be 
studied by comparing decorticated and "thalamic" preparations. (The 
quotation marks should serve as a reminder that after ablation of both 
the cortex and NS, the thalamus degenerates almost entirely and that 
consequently the highest grossly preserved part of the brain is the hy- 
pothalamus). Presumably the abilities found in decorticate, but not in 
"thalamic" preparations could be attributed to NS functioning. This idea 
at first appears attractive, but the results of such experiments are not 
easy to interpret. Perfect decortlcation, particularly In gyrencephalic 
brains, is a formidable task. In attempts to remove the cortex or the 
neostriatum, or both, it has been particularly difficult to preserve the 
so-called limbic system. In the past 50 years there have been a number 
of attempts to follow Dresel's paradigm, but only two studies, in which 
direct comparisons of the decorticate and "thalamic" preparations were 
made, provided satisfactory histological reports. In one of these expe- 
riments, cats in which NS was ablated together with the cortex, unlike 
decorticated animals, failed to eat spontaneously, to vocaliae, and to 
clean themselves or other cats. On the other hand, "thalamic" cats were 
more active than the decorticated ones, and they showed both "obstina- 
te progression" (a tendency to walk forward until an obstacle is encount- 
ered and then keep pushing against it as if attempting to go through) 
and sham rage (38). These results were partly confirmed in two other 
studies which furthermore demonstrated that "thalamic" cats do not 
mate (15), but can escape punishment (35). The latter authors found 
that extensive decortications alone also produced strong '(obstinate pro- 
gression". 

A similar experiment performed on rats, provided similar results 
except that "thalamic" rats showed some elements of grooming, better 
coordination of locomoticn, and an ability to gnaw, although they never 
ate spontaneously (32). Decorticated rats showed very little motor 
impairment (32, 34). 



Thus, in both rats and cats, the decorticate preparation is more viable 
than the "thalamic" one, but rat preparations of either kind function 
better than comparab1,e cat preparations. Unfortunately, .the preserved 
functions in decorticatd animals may have been mediated by parts of 
the limbic system which were damaged much more in "thalamic" 
animals than in decorticated ones. While th7e hippocampal contribution 
to the studied functions seems negligable (34), the amygdaloid nuclei 
may play some role. Nevertheless, these results may indicat'e that NS 
contributes at  least something to the superior performance of 
decorticated animals as compared to the "thalamic" ones. Since these 
preparations have not been investigated with "cognitive" tasks, we do 
not know how their abilities for discrimination, learning and memory 
compare. 

DECORTICATE VS. DENEOSTRIATE PRElPARATIONS 

Inferences about NS functions can be made from comparisons of the 
consequences of ablations of either NS or the cortex. This approach 
faces serious technical difficulties: ablation of the entire NS alone has 
not yet been achieved. The technique of kainic acid lesions (11) is 
promising but still imperfect (10). Mettler's group had tried to ablate 
the caudate nucleus, but extensive additional damage to nonstriatal 
formations such as the cortex, the centrum semiovale and the fundus 
striati (33) renders these studies virtually uninterpretable. Similar 
criticism can be levelled against the recent attempt of Denny-Brown and 
Yanagisawa (3) to destroy the putament in monkeys. Ablation of the 
entire caudate nucleus with sparing of the putamen and small damage 
to nonstriatal tissue has been achieved by Villablanca's group (35-37). 
In their experiments the caudate ablated cats were behaviorally 
compared to cats in which a large portion of the frontal cortex had been 
removed. It is not known, however, whether the ablated cortical area 
"corresponds" to the ablated neostriatal tissue (Fig. 1) an'd damage to 
the cingulum bundle must be considered in the interpretation of the 
results. Inspite of these difficulties, the experiments of Villablanca's 
group are valuable. They have shown that cats without the caudate 
nucleus do not necessarily die nor turn into "real vegetables" as had 
been claimed by Mettler's group. These cats do not have profound and 
lasting motor impairments. The only such persistent impairment is an 
absence of the placing reaction. The most striking symptoms of caudate 
ablation in cats are: (i) a transient "obstinate progression", less 
pronounced than after extensive neodecortications (35): the same symptom 
was found also after thalamectomy by Villablanca and Salinas-Zeballos 



(37), (ii) a syndrome which was named the "compulsory approach" 
(stereotyped approaching and following persons, cats or objects, 
accompanied ,by signs of pleasant emotion: purring, kneading and rubbing 
against the followed object) and interpreted as caused by emotional 
changes (36), and (iii) impairments in a series of learning tasks such as 
bar pressing alternation and spatial reversal (27). 

Thus, the cats without caudate nuclei did not have any "extra- 
pyramidal" symptoms, but instead were incapable of mastering certain 
learning tasks, and appeared to have changed emotional rmeactions. These 
results agree with the hypothesis of NS as a stage of processing cjr 
cortical output (8), but not with th'e accepted notion of NS as a major 
component of the "extrapyramidal motor system". I t  should be noted 
that cats without caudate nucleus eat spontaneously about a week after 
surgery (36). The same is true for decorticated "preparations, but not for 
"thalamic" animals (32, 38). These results suggest that permanent 
aphagia in the latter group may have resulted 'either from ablations in 
the posterolateral region of the hemisphere (of putamen or portions of 
the limbic system; e.g., amygdala (16), or nucleus basalis (7) or from 
the ad'ditive effects of cortical, limbic and NS ablations. The same may 
be said about sham rage and the absence of vocalization (see above). 

CORTEX 

NEOSTRIATUM 

BRAIN STEM AND 
SPINAL CORD 

Fig. 1. Schematic illustration of the experimenbal paradigms reviewed in this 
paper. Either cortex, or the neostriatum, or both, a t  'once or in sequence, a re  
ablated. The ablation includes the whole formation or one of its paits. In the 
latter case, meaningful .results are obtained if the cor'tical and neostriatal ablated 

regions "correspond" to each other (shaded areas). 



The "compulsory approach" (different from "obstinate progression", see 
above), which is seen after large caudate lesions but not after ablations 
of frontal cortical area or of the entire cortex, may be taken to suggest 
that the neostriatum mediates functions which are not mediated by the 
cortex. It is, however, conceivable that the "compulsory approach" 
may result from a loss of a particular group of functions which could 
be eliminated also by removal of the cortical area which corresponds to 
the ablated portion of the neostriatum. This syndrome may alternatively 
be the expression of unrestrained control of the final common path by 
limbic and posterior cortical areas via the ventral striatum (21) or the 
putamen, respectively. Normally these mechanisms may be balanced by 
the output from the anterior cortex and the head of the caudate nucleus 
and hence only occasionally reach the  final common path (Fig. 1). 
(Experiments can be easily designed to test the feasibility of these 
suggestions). In conclusion, the differences of effects of NS, and of 
neocortical ablations may be interpreted to indicate different functions 
of these two formations, but other interpretations are possible (Fig. 1). 

&4BLATIONS WITHIN A NEOCORTICO-NEOSTRIATAL COUPLE 

The third approach in studying the degree of dependence of NS 
functions on the neocortex consists of manipulations of a restricted 
neocortical area and the related NS region (Fig. 1). Area-to-region 
coupling betwe,en the neocortex and NS has been extensively discussed 
elsewhere (4, 5, 9, 25, 29, 30). I t  suffices here to say that the evidence 
suggests a close relation between a neocortical area and a NS region. 
This relation is anatomical, neurobehavioral and metabolic-functional: 
each cortical area has one principal target region in NS, this target 
region shares a t  least some functions with the associated cortical area 
(ll), and artificial activation of a cortical area produces coactivation in 
its principal target region in  NS (9). If a NS region is associated 
anatomically and functionally with one cortical area (for a detailed 
discussion see Divac and Diemer 9), one can study cortico-NS relations 
concentrating only on one couple (Fig. 1). This approach is technically 
simpler and allows for mor'e detailed analysis, but it is also not without 
methodological and interpretational difficulties and therefore cannot 
replace the already discussed paradigms. The most serious criticism is 
that even partial lesions aimed at  NS produce accidental damage to the 
cortical connections. The evidence relevant for this problem is discussed 
in Uberg and Divac (26). Another criticism is that it is not exactly known 
which part of NS corresponds to a particular cortical area. This problem, 
how,ever, seems possible to solve by the use of labelled 2-deoxyglucose 



(9), unless the relation between the cortical and neostriatal regions 
changes with different functional requirements. 

Lesions in the part of NS associated with the prefrontal cortex, if 
made in animals which mastered a delayed response-type task after 
prefrontal cortical ablations, produce different outcomes in  different 
species. In Old World monkeys, ablations of either the prefrontal cortex 
(31) or NS (13) produce impairments in delayed response-type tasks. 
Since monkeys with total prefrontal cortical ablations acquired after 
infancy usually do not relearn these tasks, one must conclude that their 
NS is not capable of mediating their behavior in th'e absence of cortical 
input. Monkeys operated in infancy and tested in delayed response tasks 
at the age of 24 mo were not inferior to unoperated animals of the 
same age. At this age, however, all monkeys are less efficient than 
"young adults" (18). Lesions in infant monkeys involving the related 
neostriatal tissue alone (20) or along with the prefrontal ablation (22) 
do impair this performance. These and other results suggest that the 
neostriatum in the monkey is capable of mediating delayed response- 
type behavior before the related neocortex. The neostriatum never 
reaches the pr~ficie~ncy of the lateral prefrontal cortex, and moreover 
appears to loose its ability to independently organize delayed responding 
at  an advanced age even if the prefrontal cortex had been removed 
in infancy (19). 

In cats with ,prefrontal (gyrus proreus) ablations, t h e  added NS 
lesion produced neither retention loss (39), nor appeared to play a role 
in relearning of delayed response type tasks ( 6 ) .  In two other studies 
the technique of sequential lesions showed some residual participation 
of the prefrontal neostriatal region deprived of its neocortical input 
in the prefrontal functions (28, 40). How delayed responding is mediated 
in cats w.ith ablations of both the prefrontal cortex and the associated 
NS region is not known. 

In rats without the critical part of the prefrontal cortex, the added 
NS lesion prouced a relapse of the impairment which lasted as long as 
the animals were tested (40). 

These results suggest that the relation betw'een the prefrontal cortex 
and the associated NS region, as well as the relation of this couple to 
the rest of the brain, differ among species. Thus, the "within-the-couple" 
relation is strictly serial in the adult monkey and apparently also in 
the cat. In both species, in the absence of the prefrontal cortex, the 
associatmed part of the NS no longer takes part or has a negligeable role 
in "prefrontal functions". (However, from this evidence it cannot be 
concluded that the "prefrontal region" of NS is left without any function 
when deprived of its principal cortical input). The cited results also 



suggest a persisting involvement of the "prefrontal portion of the NS" 
in mediation of delayed alternation in rats with previous prefrontal 
cortical ablations. 

DISCUSSION 

The meager evidenc'e available at  present does not allow any firm 
conclusions about the degree of dependence of functions of the neo- 
striatum on its neocortical input. If the data discussed in the first two 
sections are interpreted as showing, respectively, that the neostriatum 
remains partly functioning after decortication and that it subserves 
some functions which are not mediated by th'e cortex, then the following 
picture about neocortico-neastriatal relations, based also on the review 
in the third section, can be sketched: 1 The neostriatum has. certain 
functions which it shares with the neocortex. Possibly, the neostriatum 
normally processes cortical input and sends the resulting computation 
further toward the final common path (8). In addition, the neostriatum 
may have functions which do not r'equire cortical input. (Th~e roles of 
other inputs to NS in functions of this formation will not be discussed 
here). The hypothetical cortex-independent functions of NS may belong 
to a category quite different from the cognitive functions which are 
mentioned in Section 3 and were extensively discussed in Uberg and 
Divac (26). However, in the rat at least, some cognitive functions of NS, 
normally shared with th,e neocortex, seem to be cortex-independent. 
Data reviewed in Sections 1 and 3 do not allow even tentative conclusions 
of whether cortex-independent functions of NS are qualitatively different 
from the cortical functions, but the presenc'e of "compulsory approach 
syndrome" (Section 2), which has not been produced by cortical 
ablations, may indicate the presence of such NS functions. 

Any description of NS functions, both cortex-dependent and cortex- 
independent, would be premature at present, except in the form of 
rephrazing the syndrome (see also 26). 

One conclusion of this review seems unquestionable: the rat and the 
cat clearly differ both in the viability of "thalamic" preparations and 
in the behavioral repertoire following decortications; in each case the 
rat is superior to th,e cat. In other words, both the neostriatum and 

1 Functions of NS may be dependent or independent on the cortical input, a r d  
on the other hand,  they can be  cortex related or unrelated. These classifications 
a r e  independent of ,each .other. I n  t h e  first instance t h e  criterion i s  preservation of 
NS functions in  the absence 09 its corticial input ;  i n  the second instance it is 
qualitative similarity of cortical nad NS functions. 



the brain stem seem to be more independent from the more rostra1 
regions of the brain in the rat than in the cat and adult monkey. One 
remains wondering whether the lower brain mechan~sms, capable of 
mediat~ng rather complex behavior in simpler brains, have to be 
suppressed or undone in order to permit control from even more 
sophisticated higher mechanisms in more complex brains. Anyhow, it 
appears that the neostriatum has more cortex-independent functions 
in the rat than in the cat or monkey. 

It seems necessary to emphasize again that although both the cortex 
and neostriatum participate in the mediation of some common functions, 
they need not be - and most likely are not - equipotential. Judging 
from their respective architectures and connections, they almost certainly 
contribute different operations towards the same goal. In the rat, 
however, the neostriatal mechanism can be sufficient to maintain correct 
behavior in the situations which normally require participation of the 
prefrontal cortex. 

R. Gunilla E. Oberg gave valuable comments on a n  earlier draft of this  
paper. 

REFERENCES 

1. BARBEAU, A. 1973. Biology of the  striatum. 112 G. E. Gaul (ed.), Biology of 
brain disfunction. Vol. 2. Plenum Press, New York, p. 333-350. 

2. DENNY-BROWN, D. 1963. The basal ganglia. Oxford Univ. Press, Oxford. 
3. DENNY-BROWN, D. and YANAGISAWA, N. 1976. The role of the  basal 

ganglia in  t h e  initiation of movement. In M. D. Yahr (ed.), The basal 
ganglia. Raven Press, New York, p. 115-'159. 

4. DIVAC, I. 1968. Functions of the caudate nucleus. Acta Biol. Exp. 28: 107-120. 
5. DIVAC, I. 1972. Neostriatum and functions of prefrontal cortex. Acta Neuro- 

biol. Exp. 32: 461-477. 
6. DIVAC, I. 1974. Caudate nucleus and relearning of delayed alternation in 

cats. Physiol. Psychol. 2: 104-106. 
7. DIVAC, I. 1975. Magnocellular nuclei of the  basal forebrain project to neocor- 

tex, brain stem, and olfactory bulb. Review of some functional correlates. 
Brain Res. 93: 385-398. 

8. DIVAC, I, 1977. Does the neostriatum operate a s  a functional entity? In 
A. R. Cools, A. H. M. Lohman and J. H. L. van den Bercken (ed.), 
Psychobiology of the  striatum. Elsevier North-Holland, Amsterdam, p. 
21-30. 

9. DIVAC, I. and DIEMER, N. H. The prefrontal system in the r a t  visualized 
by  means of labelled deoxyglucose. Further  evidence for  functional hetero- 
geneity of the neostriatum. J. Comp. Neurol. (in press). 

10. DIVAC, I., DIEMER, N. H., MOLLER, M., SDRENSEN, K. E. and JOHNSTON, 

G. A. R. 1978. Effects of injections of acidic aminoacids into the r a t  
neostriatum. Neurosci. Lett. Suppl. ,I. p. 256. 



11. DIVAC, I . ,  MARKOWITSCH, H. J. and PRITZEL, M. 1978. ~ e h a v i o r a l  and  
anatomical consequences of small interastriatal injections of kainic acid i n  
the rat .  Brain Res. 151: 523-532. 

12. DIVAC, I .  and OBERG, R. G. E. 1979. Current  concepts of neostiriatal functions. 
History and a n  evaluation. In I. Divac and R. G. E. Oberg (ed.), The  
neostriatum. Pergamon Press, Oxford, p. 215-230. 

13. DIVAC, I., ROSVOLD, H. E. and SZWARCBART, M. 1967. Behavioral effects 
of selective ablation of the  caudate nucleus. J .  Comp. Physiol. Psychol. 
63: 186-190. 

14. DRESEL, K., 1924. Die Funktionen eines grosshirn- und striatum- losen Hundes. 
Klin. Wschr. 3: 2231-2233. 

13. EMMERS, R., CHUN, R. W. M. and WANG, G. H. 1965. Behavior and 
reflexes of chronic thalamic cats. Arch. Ital.  Biol. 103: 178-193. 

16. FONBERG, E. 1974. Amygdala functions within the al imentary system. Acta 
Neurobiol. Exp. 34: 435-466. 

17. FULTON, J. F. 1951. Physiology of the  nervous system. Oxford Univ. Press, 
New York. 

18. GOLDMAN, P. S. 1971. Functional development of the  prefrontal cortex in  
early life and the problem of neuronal plasticity. Exp. Neurol. 32: 366-387. 

19. GOLDMAN, P. S. 1974. An alternative to developmental plasticity. Heterology 
of CNS structures i n  infants and adults. In D. G. Stein, J. J. Rosen and  
N. Butters (ed.), Plasticity and recovery of function i n  the central ner- 
vous system. Acad. Press, New York, p. 149474. 

20. GOLDMAN, P .  S. and ROSVOLD, H.  E. 1972. The effects of selective caudate 
lesions in  infant and juvenile rhesus monkeys. Brain Res. 43: 53-66. 

21. HEIMER, L. and VAN HOESEN, G. 1979. Ventral striatum. In I. Divac and 
R. G. E. Oberg (ed.), The neostriatum. Pergamon Press, Oxford, p. 147-158. 

22. KLING, A. and TUCKER, T. J. 1968. Sparing of function following localized 
brain lesions in neonatal monkeys. In R. Isaacson (ed.), The neuropsycho- 
logy of development. John  Wiley and Sons, New York, p. 121-145. 

23. KORNHUBER, H. H. 1974. Cerebral cortex, cerebellum, and basal ganglia: An 
introduction t o  their motor functions. In F. 0. Schmitt and F. G. Worden 
(ed.), The  Neurosciences, Third S tudy  Program. M. I. T. Press, Cambridge 
(Mass.), p. 267-280. 

24. MARTIN, J .  P. 1967. The basal ganglia and posture. P i tman  Medical Publ. 
Co., London. 

23. OBERG, R. G. E. and DIVAC, I. 1975. Dissociative effects of selmective lessions 
i n  the caudate nucleus of the cats and rats. Acta Neurobiol. Exp. 35: 
675-689. 

26. OBERG, R.  G. E. and DIVAC, I. 1979. "Cognitive" functions of the neostriatum. 
In I. Divac and R. G. E. Uberg (ed.), The neostriatum. Pergamon Press, 
Oxford, p. 291-313. 

27. OLMSTEAD, C. E., VILLABLANCA, J .  R., MARCUS, R. J. and AVERY, D. L. 
1976. Effects of caudate nuclei or f rontal  cortex ablations in  cats. IV. Bar  
pressing, maze learning, and performance. Exp. Neurol. 53: 670-693. 

28. ROSENKILDE, C. E. and DIVAC, I. 1976. Time discrimination performance i n  
cats with lesions i n  the  prefrontal cortex and the  caudate  nucleus. J .  Comp. 
Physiol. Psychol. 90: 343-352. 

29. ROSVOLD. H.  E. 1968. The  prefrontal cortex and caudate nucleus. A system 



for  effecting correction in response mechanisms. In C. Rupp (ed.), Mind a s  
a tissue. Harper  and Row, New York, p. 21-38. 

30. ROSVOLD, H. E. 1912. The  frontal lobe system: cortical-subcortical inter- 
relationships. Acta Neurobiol. Exp. 32: 439-460. 

31. ROSVOLD, H. E. and SZWARCBART, M. K. 1964. Neural structures involved 
i n  delayed response performance. In J. M. Warren and  K. Akert (ed.), 
The  frontal granular  cortex and behavior. McGraw-Hill, New York, 
p. 1-15. 

32. SORENSON, C. A. and ELLISON, G. D. 1970. Str ia tal  organization of feeding 
behavior i n  the  decorticate rat. Exp. Neurol. 29: 162-174. 

33. THOMPSON, R. L. and METTLER, F. A. 1963. Permanent learning deficit 
associated with lesions i n  the caudate nuclei. Am. J. Ment. Defic. 67: 
126-134. 

34. VANDERWOLF, C. H., KOLB, B. and COOLEY, R. K. 1978. Behavior of t h e  
r a t  af ter  removal of t h e  neocortex and hippocampal formation. J. Comp. 
Physiol. Psychol. 92: 156175. 

35. VILLABLANCA, J. and MARCUS, R. 1972. Sleep-wakefulness, EEG and beha- 
vioral studies on chronic cats without neocortex and striatum: t h e  "dien- 
cephalic" cat. Arch. Ital. Biol. '110: 348-382. 

36. VILLABLANCA, J., MARCUS, R. J. and OLMSTEAD, C. E. 1976. Effects of 
caudate nuclei or frontal cortical ablations in cats. I. Neurology and gross 
behavior. Exp. Neurol. 5 2  389-420. 

37. VILLABLANCA, J. and  SALINAS-ZEBALLOS, M. E. 1972. Sleep-wakefulness, 
EEG and behavioral studies of chronic cats without the  thalamus: the 
"thalamic" cat. Arch. Ital. Biol. 110: 383411. 

38. WANG, G. H. and AKERT, K. 1962. Behavior and reflexes of chronic striatal 
cats. Arch. Ital. Biol. 100: 48-85. 

39. WIKMARK, R. G. E. and DIVAC, I. 1973. Absence of effect of caudate  lesions 
on delayed responses acquired af ter  large frontal ablations in  cats. Isr. 
J. Med. Sci. Suppl. 9. 92-97. 

40. WIKMARK, R. G. E. and DIVAC, I. 1973. Comparative studies of functional 
relations in  the  frontal lobes. Paper  presented a t  t h e  81st Annual Conven- 
tion of t h e  American Psychological Association, Montreal. 

41. WIKMARK, R. G. E., DIVAC, I. and WEISS, R. 1973. Retention of spatial 
delayed alternation i n  ra t s  with lesions in  the frontal lobes. Implications 
for  a comparative neuropsychology of the  prefrontal system. Brain Behav. 
Evol. 8: 329-339. 

Ivan DIVAC, Institute of Neurophysiology, Panum Institute, Blegdamsuej 3, 2200 Copenhagen. 
Denmark. 


