




























SOMATOSTATIN NEURONS IN NEOSTRIATUM 

what extent the antiserum used in the present study cross
reacts with such precursor molecules or reflects the im
munostaining of somatostatin-14 itself. Immunoreactive 
large granulated vesicles of similar size are distributed 
throughout the perikaryon, mostly associated with the Golgi 
complex, and in axons. The average diameter ofthese ves
icles measured 128 nm ± 26 nm (S.E.). This is somewhat 
larger than those calculated in previous studies on so
matostatin-positive vesicles in other brain regions (Pel
letier et al., '74, '77; Krisch, '80). These authors showed 
that, in the rat hypothalamus, both nerve terminals and 
perikarya contained vesicles of diameters between 90 and 
120 nm. Furthermore, Krisch ('80) reported that smaller
sized (65 nm) vesicles are exclusively located in the per
ikarya of the rat cerebral cortex. 

CONCLUSIONS 

We have shown that somatostatin-immunoreactive ma
terial is present in a morphologically homogenous popu
lation of medium-size aspiny neurons in the neostriatum. 
Previous studies on the localization of enkephalin-im
munoreactive material have indicated that this is present 
in a different population of neurons, i.e., in some of the 
medium-size spiny neurons (Pickel et al., '80). Other pep
tides (substance P and avian pancreatic polypeptide) also 
occur in neurons of medium size in the striatum (Ljung
dahl et al., '78; Vincent et al., '82). Some of the somato
statin-positive neurons are also immunoreactive for avian 
pancreatic polypeptide (Vincent et al., '82). However, the 
morphological classes of medium-size neurons which con
tain substance P and avian pancreatic polypeptide are un
known, as are the transmitters for most of the morpho
logically characterized neurons (Smith et al., '81) includ
ing the second type of striatonigral neuron molam et al., 
'8Ib). It is hoped that peptides and other antigens in the 
neostriatum might serve as markers for different types of 
neurons so that the poorly understood neuronal networks 
in the neostriatum may one day be described in terms of 
chemically characterized neurons. 

ACKNOWLEDGMENTS 
We are very grateful to Miss S. Thomas, Mrs. K. Boczko, 

Miss K. Szigeti, and Miss L. Watson for technical assis
tance and to Dr. J.P. Bolam for help and for his comments 
on the manuscript. The work was supported by grants from 
the Wellcome Trust, the International Cultural Institute 
(Budapest), The Royal Society, and the E. P. Abraham 
Cephalosporin Trust. H. T. was supported by the Japan 
Society for the Promotion of Science and the Hungarian 
Academy of Sciences and received a scholarship from the 
Herbert von Karajan Neuroscience Research Trust. 

LITERATURE CITED 
Arimura, A., G. Lundqvist, J. Rothman, R Chang, R Fernandez-Durango, 

R. Elde, D.H. Coy, C. Meyers, and AV. Schally (1978) Radioimmu
noassay of somatostatin. Metabolism 27:1139-1144. 

Barchas, J.D., H. Akil, G.R. Elliott, RB. Holman, and S.J. Watson (1978) 
Behavioral neurochemistry: Neuroregulators and behavioral states. 
Science 200:964-973. 

Barden, N., Y. Merand, D. Rouleau, S. Moore, G.J. Dockray and A. Dupont 
(1981) Regional distributions of somatostatin and cholecystokinin-like 
immunoreactivities in rat and bovine brain. Peptides 2:299-302. 

Bennett-Clarke, C., M.A Romagnano, and S.A. Joseph (1980) Distribution 
of somatostatin in the rat brain: Telencephalon and diencephalon. Brain 
Res. 188:473-486. 

Bishop, G.A., H.T. Chang, and S.T. Kitai (1982) Morphological and phys
iological properties of neostriata I neurons: An intracellular horseradish 
peroxidase study in the rat. Neuroscience 7:179-191. 

15 

Bolam, J.P., T.F. Freund, D.J. Hammond, A.D . Smith, and P. Somogyi 
(1982) Morphological characterization of [3HJGABA-accumulating neu
rons in the rat neostriatum by Golgi-staining and electron microscopy. 
Br. J. Pharmacol. 75:Suppl. 46P. 

Bolam, J.P., J.F. Powell, S. Totterdell, and AD. Smith (1981a) The pro
portion of neurons in the rat neostriatum that project to the substantia 
nigra demonstrated using horseradish peroxidase conjugated with 
wheatgerm agglutinin. Brain Res. 220:339-343. 

Bolam, J.P., P. Somogyi, S. Totterdell, and A.D. Smith (1981b) A second 
type of striatonigral neuron: A comparison between retrogradely la
belled and Golgi-stained neurons at the light and electron microscopic 
levels. Neuroscience 6:2141-2157. 

Brownstein, M.J., A Arimura, H. Sato, A.V. Schally, andJ.S. Kizer (1975) 
The regional distribution of somatostatin in the rat brain. Endocri
nology 96: 1456-146l. 

Butcher, S.G., and L.L. Butcher (1974) Origin and modulation of acetyl
choline activity in the neostriatum. Brain Res. 71:167-17l. 

Chung, J.W., R Hassler, and A Wagner (1977) Degeneration of two of 
nine types of synapses in the putamen after center median coagulation 
in the cat. Exp. Brain Res. 28:345-361. 

Cohn, M.L., and M. Cohn (1975) 'Barrel rotation' induced by somatostatin 
in the non-lesioned rat. Brain Res. 96:138-14l. 

Cramer, H., J. Kohler, G. Oepen, G. Schomburg, and E. Schroter (1981) 
Huntington's chorea-Measurements of somatostatin, substance P and 
cyclic nucleotides in the cerebrospinal fluid. J. Neurol. 225:183-187. 

Crowley, W.R., and L.C. Terry (1980) Biochemical mapping of somatos
tatinergic systems in rat brain: Effects ofperiventricular hypothalamic 
and medial basal amygdaloid lesions on somatostatin-like immuno
reactivity in discrete brain nuclei. Brain Res. 200:283-29l. 

Danner, H., and C. Pfister (1981) 4 Spine-lose Neuronentypen im Neos
triatum der Ratte. J. Hirnforsch. 22:465-477. 

Davies, P., R Katzman, and RD. Terry (1980) Reduced somatostatin-like 
immunoreactivity in cerebral cortex from cases of Alzheimer's disease 
and Alzheimer senile dementia. Nature 288:279-280. 

Davies, P., and RD. Terry (1981) Cortical somatostatin-like immunoreac
tivity in cases of Alzheimer's disease and senile dementia of the Alz
heimer type. Neurobio!. Aging 2:9-14. 

DiFiglia, M., P. Pasik, and T. Pasik (1976) A Golgi study of neuronal types 
in the neostriatum of monkeys. Brain Res. 114:245-256. 

DiFiglia, M., T. Pasik, and P. Pasik (1980) Ultrastructure of Golgi-im
pregnated and gold-toned spiny and aspiny neurons in the monkey 
neostriatum. J. Neurocytol. 9:471-492. 

Dimova, R, J. Vuillet, and R Seite (1980) Study of the rat neostriatum 
using a combined Golgi-electron microscope technique and serial sec
tions. Neuroscience 5:1581-1596. 

Dray, A. (1979) The striatum and substantia nigra: A commentary on their 
relationships. Neuroscience 4:1407-1439. 

DuM, D., and G. Pelletier (1979) Effect of colchicine on the immunohis
tochemicallocalization of somatostatin in the rat brain: Light and elec
tron microscopic studies. J. Histochem. Cytochem. 27:1577-1582. 

Dupont, E., S.E. Christensen, A.P. Hansen, B. de F. Olivarius, and H. 
0rskov (1982) Low cerebrospinal fluid somatostatin in Parkinson dis
ease: An irreversible abnormality. Neurology 32:312-314. 

Elde, R., and T. Hokfelt (1979) Localization of hypophysiotrophic peptides 
and other biologically active pep tides within the brain. Annu. Rev. 
Physiol. 41:587-602. 

Emson, P.C., and O. Lindvall (1979) Distribution of putative neurotrans
mitters in the neocortex. Neuroscience 4:1-30. 

Finley, J.C.W., J.L. Maderdrut, L.J. Roger, and P. Petrusz (1981) The 
immunocytochemical localization of somatostatin-containing neurons 
in the rat central nervous system. Neuroscience 6:2173-2192. 

Fox, C.A., A.N. Andrade, RC. Schwyn, and J.A. Rafols (1971172) The as
piny neurons and the glia in the primate striatum: a Golgi and electron 
microscopic study. J. Hirnforsch. 13:341-362. 

Frotscher, M., U. Rinne, R Hassler, and A. Wagner (1981) Termination 
of cortical afferents on identified neurons in the caudate nucleus of the 
cat. A combined Golgi-EM degeneration study. Exp. Brain Res. 
41:329-337. 

Gainer, H., Y.P. Loh, and Y. Sarne (1977) Biosynthesis of neuronal pep
tides. In H. Gainer (ed): Peptides in Neurobiology. New York: Plenum 
Press, pp. 183-219. 

Garcia-Sevilla, J.A., T. Magnusson, and A. Carlsson (1978) Effect of in
tracerbroventricularly administered somatostatin on brain monoamine 
turnover. Brain Res. 155:159-164. 

Graybiel, A.M., and C.W. Ragsdale (1979) Fiber connections of the basal 
ganglia. Frog. Brain Res. 51 :239-283. 



16 

the striatum of the cat 
to form mosaic patterns in 

nal1-.m:enlt.;:; visible by 

Hassler, R., J.W. 
demonstration 
Lett.5:117-121. 

J.W. 

istry 

A.E., V.B. Domesick, and W.J.H. Nauta (1982) The amvgdlalos-
rat-an anatomical and 

t\.ooa:ya!lnl, RM., M. Brown, W. Vale (1977) Regional distribution 
neurotensin and somatostatin in the non-lesioned Brain Res. 

im:mu.norealctivities of somatostatin cor-
hy]Jothailan1us of the rat. A light and electron microscopic 

Brain Res. 

rat: Cell 
J. Anat. 

of11ypothlalElmic-hyp()physiotropichormoneson 

Pasik, and M. 
org.anil~atiIDn the neostrIatum 

The Basal Ganglia. 
P., T. Pasik, and M. 
neostriatum in mammals. Divac and RG.E. 

Neostriatum. Oxford: Pergamon Press, pp. 5-36. 
Pelletier, G., D. and R Puviani (1977) Somatostatin: Electron mi· 

lmmulnohls:toc:heml,eallocalization in secretory neurons of rat 
1.. ••• _."1 .. 1.._.__ 196:1469-1470. 

hy])othaJamms. Proc. NatL 

Shiosaka, S., K. Takatsuki, M. t:)alcan:ak,a, 
Y. Kawai, and M. 'I·"hu""".<> 

H. TAKAGI ET AL. 

Senba, 

I. 

a 

Somogyi, P., to tracing 
neuron networks Combination 
of staining, rptrrH:Tr",n" t.r~iTl"n{)1rt hOrSer2ldulh peroxidase and 
anterograde boutons in the same material. 
Neurosceince 

J.V. Priestley, A.C. A.D. Smith, and J.P. Bolam 
sui)st:3.ll(;e P·-imlml1fl()re:active nerve terminals 

and electron-

ide:ntificatjon of 

Elde, L. 
and avian pallcr1eatic p')lypeJ:)tldle 
forebrain neurons. Ne~urosc:ie!lCe 

Wilson, C.J., 
tions of the common 
emolovlnll< intracellular 


