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• Insulin action initiated by insulin binding to its cog- 
nate receptor is performed via phosphorylation of tyrosines on 
substrate proteins by the receptor tyrosine kinase domain. This 
process involves autophosphorylation of tyrosine residues in 
the cytoplasmic domain of the receptor (1). A comparable ac- 
tion is mediated by nerve growth factor (NGF) and epidermal 
growth factor (EOF) receptors (2,3). Few articles have been 
directed to the morphological regional distribution in the brain 
of phosphotyrosine, using antibodies. The first extensive 
description that proved a topographical distribution for 
phosphotyrosine in the rat brain was conducted by Marani 
and Maassen (4). It was shown that alternating areas positive 
and negative for phosphotyrosine could be described. These 
areas showed different localizations that were in good agree- 
ment with the biochemical results obtained by others (5,6). 
Moreover, fetal and postnatal series confirmed the results (6) 
that phosphotyrosine content is extremely high in the devel- 
oping brain as compared to the mature brain. In the mature 
brain, the phosphotyrosine localization is also found in the 
neuropil, not only in neurons. High concentrations of phospho- 
tyrosine in a regional distribution are found in the rat rhinen- 
cephalon, the cortex, the basal ganglia (mainly in neostriatum 
and substantia nigra), hypothalamus and the habenular nu- 
clei. In the hippocampus, the positivity for phosphotyrosine 
can be detected in the pyramidal cells and the neuropil. The 
hippocampal subdivisions of CA-1 and CA-3 can be weakly 
discerned (4). Topographical studies of the distribution of in- 
sulin receptor substrate-1 (IRS-1), growth factor receptor- 

bound protein-2 (GRB-2) or its adaptor molecule and substrate 
of insulin receptor kinase (She) that complexes to GRB-2 and 
conducts insulin action towards the ras complex (Fig.l) (7) 
are absent for the brain. 

This Dance Round deals with the presence of signaling inter- 
mediates involved in insulin action as studied by antibodies 
against phosphotyrosine, IRS-1 and GRB-2 in the cat and 
human basal forebrain and hypothalamus. 

• The basal forebrain contains the cholinergic neurons 
designated as the groups Chl-Ch4, also known as the magno- 
cellular forebrain system (8-14). This system is known for its 
involvement in Alzheimer's disease (13,15-30), especially the 
Ch4 group, corresponding to the nucleus of Meynert (31-33). 
The basal nucleus of Meynert undergoes pathologic changes 
also in several other severe disorders, like Parkinson's disease 
(16,17,26), Korsakoff s disease (16,26), Pick's disease (34), 
Down's syndrome (35), olivopontocerebellar atrophy (36) and 
in Huntington's disease (37). In the Huntington's chorea also 
an increase of CD15 (3-fucosyl-N-acetyl-lactosamine) (38,39) 
epitope positivity in astrocytes in the magnocellular basal fore- 
brain system was described (40). Here we report that these 
magnocellular neurons demonstrated in the human brain have 
a relatively high expression of IRS-1 and GRB-2, indicating 
that these cells are phosphotyrosine activated not only by the 
NGF receptor but also by the insulin receptor. 
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Figure 1. The insulin action pathway (simplified after Ref.7, and prepared by Ms Simone Mulder). After stimulating the 

receptor tt-subunits, the fi-subunits are phosphorylated. (1.) This leads to phosphorylation ofIRS-1. (2.) GRB-2, which 

is linked to son-of-sevenless (SOS) protein, links to IRS-1 and to She. (3.) This process activates SOS and links it to 

GRB-2, thus activating ras by replacing GDP with GTP. (4.) The ras starts the pathway to modulate the growth and gene 

expression. The a-subunit is indicated by horizontal lines, and the fl-subunit by diamonds. . ,.--.-, -. ;,., . 
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IRS-1 and GRB-2 were expressed in E. coli as fusion 
protein, and antibodies against these proteins were raised in 
rabbits as described earlier (41). Their specificity was tested 
(Fig. 2). For the preparation and the specificity of the rabbit 
phosphotyrosine-binding antibody, see (4). 

Human brains without any detectable neurological and psy- 
chiatric diseases were obtained from the Leiden Universiy 
Department of Pathology and Department of Anatomy. Three 
normal brains from patients (64-70 years old) were used, from 
which the basal forebrain was removed. Left and right parts 
were separately sectioned. All brain sections were collected 
and 1 to 5 sections stained forNissl, Kliiver-Barrera (42), IRS- 
1 ,GRB-2 and phosphotyrosine, respectively. Previously pre- 
pared dense series of coronal sections from two human brains 
(C3305, C3495) stained alternately with the Nissl and Kliiver- 
Barrera methods were used for the cytoarchitectonic orienta- 
tion. 

Mature male mongrel cats used for C7 nerve avulsion experi- 
ments (43) were perfused with a Karnovsky fixative. The brain 
and spinal cord were dissected free and the brains were stored 
for three to six months in the same fixative. The same anti- 
bodies were used as in human material. 

Frozen sections were incubated for 24 hrs with the first anti- 
body in a moist chamber. The second antibody, peroxidase 
conjugated, was used for two hours, followed by a DAB/per- 
oxide incubation for 15 minutes. For an extensive description 
of the used immunocytochemistry, see (4). 

• In cats, the magnocellular cholinergic forebrain sys- 
tem is prominent and one might definitely distinguish the 
Chl-Ch4 groups (11; Usunoff el al, unpublished data). How- 
ever only part of their cells display a moderate to weak immuno- 
positivity for IRS-1, GRB-2 and phosphotyrosine. On the other 
hand, strong immunoreaction is present in both neurosecre- 
tory magnocellular hypothalamic nuclei: nucleus paraven- 
tricularis and nucleus supraopticus (Fig.3,4). From the lateral 
wedge of the supraoptic nucleus a strand of immunopositive 
neurons extends laterally, ventral to the entopeduncular nucleus 
(the internal pallidum in subprimate species) and dorsal to 
the optic tract. There is mainly a perikaryal localization of 
finely granulated reaction products for IRS-1, GRB-2 and 
phosphotyrosine. The reaction product is followed into the 
proximal dendrites, and occasional immunopositive axons are 
encountered too. 

The normal distribution of the magnocellular neurons in hu- 
man basal forebrain shows the same appearance in our series 
as in previous descriptions (8,12,14,31,33,40). Briefly, the 
magnocellular basal complex starts rostrally with quite few 
neurons located in the medial septal nucleus (Chl group), and 

ventral to them, within the vertical limb of the Broca's diago- 
nal band is the more substantial Ch2 group. The latter merges 
imperceptibly with the more loosely arranged Ch3 group, which 
however contains larger neurons than the Chl and Ch2 groups. 
The largest neurons are found in the most prominent group, 
i.e. the Ch4, comprising five subgroups: anteromedial 
(Ch4am), anterointermediate (Ch4ai), anterolateral (Ch4al), 
intermediate (Ch4i), and posterior (Ch4p). Rostromedially, 
Ch4am is continuous with the Ch3 group and the Ch4 neu- 
rons spread caudolaterally ventral to the internal and external 
pallidal segments, within the substantia innominata. The bulk 
of the Ch4 group is encountered at the level of the pars tecta 
columnae fornicis and from the level of the anterior thalamic 
pole diminishes in caudal direction. Ch4p disappears at the 
level of the mamillary bodies. Few Ch4 neurons invade the 
medial and lateral pallidal laminae. 

The presence of the antibodies against phosphotyrosine, IRS- 
1 and GRB-2 was established in the magnocellular neurons 
(Fig.5). However, the appearances of positive dendrites in these 
human neurons were absent, presumably due to the post- 
mortem effects. Due to the prolonged fixation, the cellular ap- 
pearance was restricted to the central part of the neurons. Den- 
dritic hills were always negative. The nuclei stand out clearly 
only in a few cases. 

The overall topographical distribution for phosphotyrosine, 
IRS-1 and GRB-2 confined extremely well to the parts of the 
magnocellular forebrain areas as depicted by others: the me- 
dial septal nucleus, the nucleus of the diagonal band, and the 
five subdivisions of the basal nucleus of Meynert. 

• This article shows that the insulin receptor signaling 
pathway is present in the magnocellular forebrain system in 
humans and cats. Destruction of this system has always been 
contributed to a possible deficiency of the NGF receptors (13, 
44-46). However, proving the presence of the insulin receptor 
signaling system opens the possibility that also over this path- 
way cell death in this area can be induced. 

The magnocellular basal forebrain system is related in its de- 
ficiencies to the chorea of Huntington indicated by the increase 
in CD15-positive astrocytes (40). This autosomal dominantly 
inherited disorder (47,48) is characterized primarily by pro- 
gressive neuronal loss of the neostriatal GABAergic medium 
spiny neurons (47,49-54). Other brain areas are also affected 
(cerebral cortex, thalamus, neurosecretory hypothalamic nu- 
clei), and the hypothalamic lateral tuberal nucleus displays a 
strikingly severe cell loss (55-57). 

The Alzheimer's disease, on the other hand, is mainly related 
to cortical cholinergic differentiation and to a destruction of 
the magnocellular forebrain area, especially the nucleus of 
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Figure 3. 3D-reconstruction of the overall localization of the magnocellular neurons positive for IRS-1 within the cat 

hypothalamic neurosecretory nuclei. 

  

Meynert (15-30), where the corticopetal cholinergic magno- 
cellular neurons are located (8-14). But, again, milder changes 
are to be found in many brain regions (57-61). Therefore, as 
Kremer (57) stated, "it is hard to pinpoint the "cause" of the 
disruption to a single hypothalamic structure", or to a basal 
forebrain structure. As to endocrine aspects of hypothalamic 

and basal forebrain structures, the same holds. Impaired glu- 
cose tolerance and increased levels of circulating insulin in 
patients with chorea of Huntington have been described (62- 
65), but also denied (57,66-68). None of these patients showed 
clinical signs of diabetes mellitus. 

  

Figure 2. Panel A: Immune staining of IRS-1 in total cell lysate after Western blotting. A14 cells, a NIH 3T3 derived cell 

line overexpressing insulin receptors, were stimulated with 1 jlM insulin for 10 minutes (lane 3) or kept unstimulated (lane 

2). Cells were lysed and 30 fig of protein was applied onto an SDS-polyacrylamide gel and proteins were transferred to 

nitrocellulose filters. The filter was incubated with antibody against IRS-1 (rabbit) at a dilution of 1:2000. Visualization of 

the antibody was by peroxidase conjugated anti-rabbit IgG (goat, supplier Promega) followed by enhanced chemical 

luminescence (ECL, supplier Amersham). Before insulin stimulation, IRS-1 was stained as a single band at 180 kD. Insulin 

induces phosphorylation of a fraction of IRS-1 on multiple Tyr-residues, leading to a mobility shift of a fraction of the 

protein. (Lane 1 contains molecular weight markers). Panel B: Immune precipitation of Shc-GRB-2 complex by She- 

antibodies. A14 cells were kept unstimulated (lane 2) or stimulated with l^M insulin (lane 1). The protein She complexes 

to GRB-2 after insulin stimulation were lysed and She was immune precipitated with She-antibodies (rabbit, dilution 1:50) 

Immune complexes were isolated by protein A sepharose beads. The immune complex was analyzed for coprecipitating 

GRB-2 as outlined in panel C. It is demonstrated that insulin incubation induces coprecipitation of GRB-2. Panel C: 

Detection of GRB-2 in total cell lysates ofA14 cells. 30 [lg of total cell lysate was applied onto a SDS-polyacrylamide gel 

and the protein was transferred to nitrocellulose filters. The filter was incubated with GRB-2 antibodies (rabbit) at dilu- 

tions of 1:5000, 1:2500 and 1:1000, respectively, from left to right. Bound antibodies were visualized by ECL as described 

in panel A. 
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Figure 4. Photomicrograph of cat magnocellular GRB-2- positive neurons near the optic tract, (a) Nissl overview of half 

hypothalamic area, with arrows indicating regions ilustrated in b and c. ENT - entopenduncular nucleus, (b) medial part 

of the supraoptic nucleus with GRB-2-positive neurons, (c) more lateral part of the supraoptic nucleus with GRB-2-positive 

neurons. 
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In Alzheimer's disease patients, lowered fasting and postpran- 
dial glucose values (69) as well as an altered correlation be- 
tween glucose and insulin levels after 24 hours fasting were 
reported (70). 

Although disturbances of the basal forebrain magnocellular 
area in chorea of Huntington and in Alzheimer's disease are 
related to changes in glucose homeostasis, their presence could 
not firmly be proven. Moreover, changes in glucose homeosta- 
sis are till now not related to insulin receptor mechanisms in 
the brain, while the involvement of the insulin signaling path- 
way in Alzheimer's disease is also not proven. 

Nevertheless, the existence of this insulin signaling system in 
the magnocellular forebrain system is an important finding, 
which requires check its presence or absence in the same fore- 
brain areas in chorea of Huntington and in Alzheimer's dis- 
ease. 

REFERENCES 

1. Ullrich A, Schlessinger J. Signal transduction by receptors 
with tyrosine kinase activity. Cell 1990; 61: 203-212 

2.    Kaplan DR, Martin-Zanca D, Parada LF. Tyrosine phos- 
phorylation and tyrosine kinase activity of the trk proto- 
oncogene product induced by NGF. Nature 1991; 350: 
158-160 

3.     Soppet P, Escadon E, Maragos J, Middlema DS, Reid 
JW, Blair J et al. The neurotropic factors: brain derived 
neurotropic factor and neurotrophin-3 are ligands for the 
trk B tyrosine kinase receptor. Cell 1991; 65: 895-903 

4.    Marani E, Maassen JA. Phosphotyrosine localization in 
the mature rat brain. ProgHisto Cytochem 1992; 26: 271- 
283 

  

 

Figure 5. Photomicrograph of the IRS-1 positivity (arrows) in the magnocellular forebrain neurons, subgroup Ch4ai in the 

human. P - pial surface. 
 

 

 

 

 

 

Biomed Rev 5, 1996 

79 



Marani, Maassen, and Usunoff 

  

5.     Cobb MH, Rosen OM. The insulin receptor and tyrosine 
protein kinase activity. Biochim BiophysActa 1984; 738: 
1-8 

6.    Garofalo RS, Rosen OM. Insulin and insulinlike growth 

       factor-1 (IGF-1) receptors during central nervous system 

 development: Expression of two immunologically distinct 
IGF-1 receptor fi-subunits. Mol Cell Biol 1989; 9: 2806- 

2817  

7.    Kahn CR. Insulin action, diabetogenes, and the cause of 
type II diabetes. Diabetes 1994; 43: 1066-1084 

8.    Hedreen JC, Struble RG, Whitehouse PJ, Price DL. To- 
pography of the magnocellular basal forebrain system in 
human brain. J Neuropathol Exp Neurol 1984; 43: 1-21 

9.     Mesulam M-M, Mufson EJ, Levey AI, Wainer BH. Atlas 
of cholinergic neurons in the forebrain and upper brain- 
stem of the macaque based on monoclonal choline acetyl- 
transferase immunohistochemistry and acetylcholinest- 
erase histochemistry. Neuroscience 1984; 12: 669-686 

10.   Mesulam M-M, Mufson EJ, Wainer BH, Levey AI. Cen- 
        tral cholinergic pathways in the rat: An overview based 
        on an alternative nomenclature (Chl-Ch6). Neuroscience 
        1984; 10: 1185-1201 

11.  Vincent SR, Reiner PB. The immunohistochemical lo- 
 calization of choline acetyltransferase in the cat brain. 
 Brain Res Bull 1987; 18: 371-416 

12.   Mesulam M-M, Geula C. Nucleus basalis (Ch4) and cor- 
tical cholinergic innervation in the human brain: obser- 
vation based on the distribution of acetylcholinesterase 

        and choline acetyltransferase. JComp Neural 1988; 275: 
 
        216-240 

13. Mesulam MM. Human brain cholinergic pathways. Prog 
Brain Res 1990; 84: 231-241 

14.   Saper CB. Cholinergic system. In: Paxinos G, editor. The 
Human nervous system. Academic Press, San Diego, 
1990; 1095-1113 

15.   Whitehouse PJ, Price DL, Struble RG, Clark AW, Coyle 
JT, DeLong MR. Alzheimer' s disease and senile dementia 
- loss of neurons in the basal forebrain. Science 1982; 
215: 1237-1239 

16.   Arendt T, Bigl V, Arendt A, Tennstedt A. Loss of neu- 
        rons in the nucleus basalis of Meynert in Alzheimer's             
disease, paralysis agitans and Korsakoff s disease. Acta 
      Neuropathol 1983; 61: 101-108 

17.   Candy JM, Perry RH, Perry EK, Irving D, Blessed G, 
Fairbrain AF et al. Pathological changes in the nucleus 
of Meynert in Alzheimer's and Parkinson's disease. / 
NeurolSci 1983; 59: 277-289 

18.   Pearson RCA, Sofroniew MV, Cuello AC, Powell TPS, 
Eckenstein F, Esiri MM et al. Persistance of cholinergic 
neurons in the basal nucleus in a brain with senile 
dementia of the Alzheimer's type demonstrated by im- 
munohistochemical staining for choline acetyltransferase. 
Brain Res 1984; 289: 375-379 

19.   Saper CB, German DC, White CL. Neuronal pathology 
in the nucleus basalis and associated cell groups in se- 
nile dementia of the Alzheimer's type: Possible role in 
cell loss. Neurology 1985; 35:1089-1095 

20.   Mufson EJ, Bothwell M, Kordower JH. Loss of nerve- 
growth factor receptor-containing neurons in Alzheimer's 
disease: a quantitative analysis across subregions of the 
basal forebrain. Exp Neural 1989; 105: 221-232  

21. Vogels OJM, Broere CAJ, Ter Laak JJ, Ten Donkelaar HJ, 
Nieuwenhuys R, Schulte BPM. Cell loss and shrinkage in 
the nucleus basalis Meynert complex in Alzheimer's dis- 
ease. Neurobiol Aging 1990; 11: 3-13 

22.   Iraizoz I, De Lacalle S, Gonzalo LM. Cell loss and nuclear 
hypertrophy in topographical subdivisions of the nucleus 
basalis of Meynert in Alzheimer's disease. Neuroscience 
1991; 41: 33-40 

23. Jacobs EW, Duong T, Scheibel AB. Immunohistochemi- 
cal analysis of the basal forebrain in Alzheimer's dis- 
ease. Mol Chem Neuropathol 1992; 17: 1-20 

24.   Strada O, Hirsch EC, Javoy-Agid F, Lehericy S, Ruberg 
M, Hauw JJ et al. Does loss of nerve growth factor recep- 
tors precede loss of cholinergic neurons in Alzheimer's 
disease? An autoradiographic study in the human striatum 
and basal forebrain. JNeurosci 1992; 12: 4766-4774 

25.   Leherici S, Hirsch EC, Cervera-Pierot P, Hersh LB, 
Bakchine S, Piette F et al. Heterogeneity and selectivity 
of the degeneration of cholinergic neurons in the basal 
forebrain of patients with Alzheimer's disease. / Comp 
Neurol 1993; 330: 15-31 

26.   Arendt T, Bruckner MK, Bigl V, Markova L. Dendritic 
reorganization in the basal forebrain under degenerative 
conditions and its defects in Alzheimer's disease. II. Age- 
ing, Korsakoff s disease, Parkinson's disease, and 
Alzheimer's disease. JComp Neurol 1994; 351:189-222 

  

80 

Biomed Rev 5, 1996 



Phosphotyrosine, IRS-1 and GRB-2 in magnocellular forebrain and hypothalamus 

  

27.   Whitehouse PJ. Neurotransmitter receptor alterations in 
AD: a review. Alzheimer Dis Rel Disord 1987; 1: 9-18 

28.   Giacobini E. The cholinergic system in Alzheimer dis- 
ease. Prog Brain Res 1990; 84: 321-332 

29.   Price DL, Koliatsos VE, Clatterbuck RC. Cholinergic sys- 
tems: human diseases, animal models, and prospects for 
therapy. Prog Brain Res 1993; 98: 51-60 

30.   Pepeu G, Marconcini Pepeu I. Dysfunction of the brain 
cholinergic system during aging and after lesions of the 
nucleus basalis of Meynert. JNeur Transm 1994 (Suppl); 

        44: 189-194 

31.   Brockhaus H. Vergleichend-anatomische Untersuchun- 
gen tiber den Basalkernkomplex. JPsychol Neural 1942; 
51; 57-95 

32.   Gorry JD. Studies of the comparative anatomy of the gan- 
glion basale of Meynert. ActaAnat 1963; 55: 51-104 

33.   Saper CB, Chelimsky TC. A cytoarchitectonic and his- 
tochemical study of nucleus basalis and associated cell 
groups in the normal human brain. Neuroscience 1984; 
13: 1023-1037 

34.   Mitzukami K, Kosaka K. Neuropathological study on the 
nucleus basalis of Meynert in Pick's disease. Acta 
Neuropathol 1989; 78: 52-56 

35.   Mufson EJ, Cochran E, Benzing W, Kordower JH. 
       Galaninergic innervation of the cholinergic vertical limb 
        of the diagonal band (Ch2) and bed nucleus of the stria 
        terminalis in aging, Alzheimer's disease and Down's syn- 
        drome. Dementia 1993; 4: 237-250 

36.   Tagliavini F, Pilleri G. Neuronal loss in the basal nucleus 
of Meynert in a patient with olivopontocerebellar atro- 
phy. Acta Neuropathol 1985; 66: 127-133 

37.   Clark AW, Parhad IM, Folstein SE, Whitehouse PJ, 
Hedreen JC, Price DL et al. The nucleus basalis in 
Huntington's disease. Neurology 1983; 33: 1262-1267 

38.   Mai J, Marani E, Hakomori S, editors. CD15. Histochem 

J (Special Issue) 1992; 759-909 

39.   Marani E. CD15: A sticky sugar? BiomedRev 1994;3:1-9 

40.   Morres SA, Mai JK, Teckhaus L. Expression of the CD 15 
epitope in the human magnocellular basal forebrain sys- 
tem. Histochem J 1992; 24: 902-909 

41. Ouwens DM, van der Zon GCM, Pronk GJ, Bos JL, Moller 
  W, Cheatham B et al. A mutant insulin receptor induces 
  formation of a She-growth factor receptor-bound protein 2 
  (GRB2) complex and p21 ^-GTP without detectable inter-'    
action of insulin receptor substrate 1 (IRS1) with GRB2.  
  Biol Chem 1994; 269: 33116-33122 

42.   Voogd J, Feirabend HKP. Classic methods in neu- 
roanatomy. Meth Neurobiol 1981; 2: 301-364 

43. Hoffmann CFE. Root avulsion in brachial plexus injury. 
PhD Thesis, Leiden University, 1994 

44.   Hefti F, Hartikka J, Salvaterra A, Weiner WJ, Mash DC. 
Localization of nerve growth factor receptors in cholin- 
ergic neurons of the human basal forebrain. Neurosci Lett 
1989; 69: 37-41 

45.   Cuello AC, Garofalo L, Maysinger D, Pioro EP, Ribeiro 
Da Silva A. Injury and repair of central cholinergic neu- 
rons. Prog Brain Res 1990; 84: 301-311 

46.   Cuello AC. Trophic responses of forebrain cholinergic 
neurons: adiscussion. ProgBrainRes 1993; 98:265-277 

47.   Bruyn GW. Huntington's chorea. Historical, clinical and 
laboratory synopsis. In: Vinken PJ, Bruyn GW, editors. 
Diseases of the basal ganglia. Handbook of clinical neu- 
rology. Volume 6. North-Holland, Amsterdam, 1968; 298-
378 

48.   Gusella JF, Wexsler NS, Conneally PM, Naylor SL, 
   Anderson MA, Tanzi RE et al. A polymorphic DNA 
   marker genetically linked to Huntington's disease. Na- 
   ture 1983; 306: 234-238 

49.   Bruyn GW, Bots GTAM, Dom R. Huntington's chorea: 
current neuropathological status. AdvNeurol 1989; 23: 

             83-94  

50.   Martin JB. Huntington's disease: new approaches to an 
old problem. Neurology 1984; 34: 1059-1072 

51.   Ferrante RJ, Kowall NW, Beal MF, Richardson Jr EP, 
         Bird ED, Martin JB. Selective sparing of a class of striatal 

   neurons in Huntington's disease. Science 1985;230:561- 

563 

52.   Graveland GA, Williams RS, DiFiglia M. Evidence for 
degenerative and regenerative changes in neostriatal spiny 
neurons in Huntington's disease. Science 1985; 227:770- 
773 

53.   Reiner A, Albin RL, AndersonKD, D'Amato CJ, Penney   

Biomed Rev 5, 1996 



Marani, Maassen, and Usunoff 

  

         JB, Young AB. Differential loss of striatal projection neu- 
rons in Huntington's disease. Proc Natl Acad Sci USA 
1988; 85: 5733-5737 

54.   DiFiglia M. Aronin N. Amino acid neurotransmitters. 
In: Paxinos G, editor. The human nervous system. Aca- 
demic Press, San Diego, 1990; 1115-1132 

55.   Kremer HPH, Roos RAC, Dingjan G, Marani E, Bots 
GTAM. Atrophy of the hypothalamic lateral tuberal 

       nucleus in Huntington's disease. / Neuropathol Exp 
Neural 1990; 49: 371-382 

56.   Kremer HPH, Roos RAC, Dingjan GM, Bots GTAM, 
Bruyn GW, Hofman MA. The hypothalamic lateral 
tuberal nucleus and the characteristics of neuronal loss 
in Huntington's disease. Neurosci Lett 1991; 132: 101- 
104 

57.  Kremer HPH. The lateral hypothalamus in Huntington' s, 
Alzheimer's andParkinson'sdisease. PhD Thesis, Leiden 
University, 1992   

58.   Bondareff W, Mountjoy CQ. Number of neurons in 
nucleus locus coeruleus in demented and non-demented 
patients: rapid estimation and correlated parameters. 
Neurobiol Aging 1986; 7: 297-300 

59.   Zweig RM, Ross CA, Hedreen JC, Steele C, Cardillo JE, 
Whitehouse PJ et al. The neuropathology of aminergic 
nuclei in Alzheimer's disease. Ann Neural 1988; 24:233- 

       
  242 

60.   Braak H, Braak E. Cortical and subcortical argyrophilic 
grains characterize a disease associated with adult onset 
dementia. Neuropathol Appl Neurobiol 1989; 13-26 

61. Braak H, Braak E. Neuropathological stageing of Alzhei- 
mer-related changes. Acta Neuropathol 1991; 82: 239- 
259, 

62.   Podolsky S, Leopold NA, Sax DS. Increased frequency 
      of diabetus mellitus in patients with Huntington's chorea. 
 
      Lancet 1912; 1: 1356-1358 

63.   Podolsky S, Leopold NA. Growth hormone abnormali- 
ties in Huntington's chorea: effect of L-Dopa adminis- 
tration. JClin Endocrinol Metab 1974; 39: 36-39 

64.   Schubotz R, Hausman L, Kaffamik H, Zehner J, Oepen 
H. Fettsauremuster der Plasmalipide, Insulin- undHGH- 
sekretion bei Huntingtonscher Chorea. Res Exp Med 
1976; 167: 203-215 

65.   Destee A, Petit H, Fossati P, Warot P. Choree de Hun- 
tington et hormone somatotrope. Rev Neural (Paris) 1981; 
137:21-31 

66.   Davidson MB, Green S, Menkes JH. Normal glucose, in- 
sulin and growth hormone responses to oral glucose in 
Huntington's disease. JLab ClinMed 1974; 84: 807-812 

67.   Keogh HJ, Johnson RH, Nanda RN, Sulaiman WR. Al- 
tered growth hormone release in Huntington's chorea. / 
Neural Neurosurg Psychiat \916; 39: 244-248 

68.   Phillipson OT, Bird ED. Plasma glucose, non-esterified 
fatty acids and amino acids in Huntington's chorea. Clin 
SciMolMed 1977; 52: 311-318 

69.   Adolfsson R, Bucht G, Lithner F, Winblad B. Hypogly- 
caemia in Alzheimer's disease. Acta Med Scand 1980; 
208:387-388   

70.   Fisman M, Gordon B, Feleki V et al. Metabolic changes 
in Alzheimer's disease. J Am Geriat Sac 1988; 36: 298- 
300 

Received 15 June 1996 

Accepted 20 July 1996 

Address for correspondence: 

  Dr Enrico Marani 

Neuroregulation Group 

Department of Physiology 

Medical Faculty 

State University Leiden 

PO Box 9604 

  f    NL-2300RC Leiden 

The Netherlands 

Tel: 31 (71) 5276764 

Fax: 31 (71) 5276782 

Email: Holl@RULLF2.LeidenUniv.NL   

82 

Blamed Rev 5,1996 


