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Summary. The effect of chronic alcoholism on the 
human hippocampus was studied in 21 patients, divided 
in 4 groups: Group A under 45 years, group B 46-59 
years, group C 60-69, and Group D over 70 years; and 
compared with age-matched control patients who died 
without neurological complications. The gyrus d~ntatus 
and the ammonic fields CA1 through CA4 were analyzed 
by counting the number of neurons and the size of the 
nuclear area. Both parameters were evaluated 
statistically. 

The most important findings were a high neuronal loss 
in alcoholics in the first age group. In addition, the 
hippocampal neurons failed to display a vicarious 
reaction, since the nuclei did not show any increase in 
size despite the intense neuronal loss. 

Our results point out an early neuronal loss in the 
hippocampus of alcoholic patients higher than age- 
matched controls, as well as a lack of reaction to the 
neuronal insult . 

Key words: Chronic alcoholism, Hippocampus, 
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lntroduction 

Chronic alcoholism has a deletereous effect upon al1 
body organs, but the most important, at least with 
respect to patient mortality, are those of the digestive 
system; especially the liver. However, the alterations in 
the central nervous system are also an outstanding 
feature at both neuropsychological and neuropa- 
thological levels. Common alterations are a decrease in 
the anterograde memory (Wilkinson and Carlen, 1980; 
Franceschi et al., 1984; Parsons, 1987), poor capacity for 
concentration and abstraction (Muuronen et al., 1984; 
Carlen and Wilkinson, 1987), emotional and affective 
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instability (Berglund and Sonesson 1976), and, 
occasionally, even dementia (Tarter, 1980; Lishman, 
1981). 

These behavioural disorders have a neuropathological 
substrate, consistent mostly in: diffuse cerebral atrophy 
(Ron et al., 1982; Melgaard et al., 1984; Harper and 
Holloway, 1985; Cala, 1987) with a severe involvement 
of the frontal and temporal lobes (Acker et al., 1982; 
Graff-Radford et al., 1982; Torvik et al., 1982; Dano and 
Guyader, 1988), decrease in the glucose brain 
consumption (Schachs et al., 1987; Eckhardt et al., 1988), 
and decreased cholinergic and noradrenergic activity 
(Miers, 1978; Mann and Mair, 1980; Lishman, 1986). 
There are also changes in the permeability of the 
neuronal membrane (Goldstein, 1983; Thomas, 1985), 
to potassium channels (Carlen and Wilkinson, 1987; 
Niesen et al., 1988). 

The reports mentioned above undoubtedly account 
for some of the changes that take place in the central 
nervous system in a rather acute way. The information 
concerning how intense the neuronal loss in the human 
hippocampus is, and how the remainder of the neuronal 
population reacts before the reduction in the number of 
neurons is the aim of our present study, as well as the 
importance of the age of the patient at the beginning and 
in the course of those alterations. 

We chose the hippocampus because chronic 
alcoholics exhibit a clear deficit in anterograde memory 
and, on the other hand, the hippocampus has a close 
relationship with the mnemonic function (Scoville, 1954; 
Milner, 1959; Squire, 1982; Olton et al., 1983; Zola- 
Morgan et al., 1986). 

Materials and methods 

Human hippocampus samples were collected from 
necropsies of 3 hospital centers: Clínica Universitaria, 
Pamplona, Hospital of Navarra and Hospital Primero de 
Octubre, Madrid. The cases were selected according 
to their clinical history, by the anatomopathological 
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study of the liver (only the cases with cirrhosis, steatosis 
or ethilic hepatitis with fibrosis, were chosen) and a third 
by brain examination. Those brains with macro or 
microscopic lesions which were not in accordance with 
the age of the patient or his alcoholic condition were 
discarded. Two other factors that were considered in the 
selection of the cases were sex (al1 were men) and age. 

Since one of the aims of this study was to determine 
the hippocampal alterations which appeared in 
alcoholics of different ages, we selected brains from 
patients who died at 4 periods of life: under 50 years (6 
cases), between 50-59 (5 cases), 60-69 (6 cases), and 
70-80 (4 cases). The control cases were 21 patients of the 
same age, whose cause of death was extracerebral and 
without brain alterations not attributable to their age. In 
al1 cases the necropsy was carried out within 10 hours of 
death, the average being 5 hours. 

The brains were fixed in 10% buffered formalin. The 
central portion of the hippocampus was embedded in 
paraffin, serially sectioned at 7 pm and stained with 
cresyl-violet, PAS, or hematoxylin-eosin. The variation 
in the number of neurons as well as the karyometry of the 
remaining neurons was investigated. 

Results 

Cornu Ammonis 

The number of neurons in field CA1 of the cornu 
ammonis was significantly reduced as compared to 
controls. Up to the age of 60 years the number of neurons 
in alcoholics was approximately one half of that of the 
controls. From 60 years onward, the difference 
between both groups decreased because in alcoholics, the 
number of neurons remained almost constant from the 
initial abrupt neurona1 loss. On the other hand, the controls 
showed a more gradual decrease with aging (Fig. 3). 

The evolution of the nuclear area was also different in 
controls and in alcoholics. In controls, there was a highly 
significant increase in the nuclear area from 55 years until 
the last period of life (Fig. 4a). In alcoholics the increase 
in the nuclear area was not significant (Fig. 4b). 

Neuronalcount. We distinguished the 4 areas in the cornu 
ammonis: (CA1, CA2, CA3 and CA4) and gyrus 
dentatus (Figs. 1, 2). All neurons with a prominent 
nucleolus, coc'ained in a quadrant of 10,000 pm (with a 
similar location in al1 sections) were counted in the gyrus 
dentatus and the ammonic fields from CA4 to CA1; the 
operation was repeated in 10 different sections per case 
and area. 

Karyometry. The nuclear area was measured manually. 
The outline of al1 the nuclei with a prominent nucleolus 
was plotted (X 3,800) with the aid of a camera lucida 
attached to a microscope. One hundred nuclei per 
ammonic field and gyrus dentatus were measured with a 
digitizing tablet coupled to a Hewlett-Packard computer. 
This operation provided the area of such nuclei. In the 
cornu ammonis only pyramidal neurons were measured. 

Statistical analysis 

The quantitative data obtained in the neurona1 count 
and from Karyometry were analyzed statistically by 
means of the following tests: 

ANOVA - 1, Schéffé, Fisher and Student tests were 
carried out to assess whether the differences between 
alcoholic and control populations were statistically 
significant. 

ANOVA - 2, was applied to judge the influence 
of alcohol and age on the morphometric result. 
A p value equal to or less than 0.05 was considered 
significant. 

Fig. 1. Microphotograph of a corona1 section of the hippocarnpus and 
gyrus hippocarnpalis. The boundaries of the different fields of the 
cornu amrnonis are represented in the line drawing of Fig. 2. 
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Fig. 2. Schematic representation of the hippocampus with the subdivisions of the cornu ammonis (CA1-CA4), GD = gyrus dentatus, F = fimbria, 
V = ventriculus lateralis. 

Table 1. Neurona1 counting. Differences between controls and alcoholics of group A (under 45 years) 

CA1 CA2 CA3 CA4 GD 

Controls 18 13 17 11 85 
Alcoholics 8 "' 7 "" 6 *** 6 "* 5 **" 

55% 46% 64% 45% . 35% 

Table 2. Karyometry. Differences between both groups: controls and alcoholics of group A. ' 

CA1 CA2 CA3 CA4 GD 

Controls 1 O0 105 110 103 56 
Alcoholics 83' 78- 84 " 90' 45 '* 

17% 25% 24% 13% 20% 

The results obtained in ammonic fields CA2, CA3 and 
CA4 were similar to those obtained in CA1. Neither, 
neuronal counting nor nuclear area differed from CA1. 
These results are quantitatively represented in Figs. 3-5 
and in Tables 1 and 2. 

Gyrus Dentatus 

In gyrus dentatus the value in neuronal number and 
nuclear area were clearly different in comparison to the 
cornu ammonis. In gyrus dentatus there was a highly 
significant difference in the number of neurons between 

controls and alcoholics, less pronounced in the last 
period of life. The nuclear area showed highly significant 
increase from 55 years of age in controls, in alcoholics, 
this increase is absent (Figs. 3 ,4 ,6 ;  Table 2). Moreover, 
changes in controls and alcoholics due to aging were 
similar to that in the cornu ammonis. 

Thus, there are two features which differentiate 
alcoholics from controls: 1. An early and highly 
significant reduction in the neuronal number, and 
afterwards, a stabilization in cell loss. In controls the 
decrease in the number of neurons was uniform 
throughout the aging. 2. No significant changes in the 
nuclear size in spite of neuronal reduction. The controls, 
however, showed a significant increase in the last 
decades. 
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Discussion 
Fig. 3 
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The most important finding of the present study is a 
profound neuronal loss in the hippocampus of young 
alcoholic patients, this could be as high as 50% of 
the estimated neuronal population. It seems that 
the remaining neurons were unable to compensate 
this loss. 

Neurona1 loss in severa1 brain centres such as the 
granule cells of the cerebellum (Tavares and Paula- 
Barbosa, 1982), mammillary bodies (Lescaudron et al., 
1984), pyramidal cells of the hippocampus (Mullen et al., 
1984; Lescaudron and Verna, 1985), and the gyrus dentatus 
(Cadete-Leite et al., 1988), following chronic alcoholic 
consumption is described in experimental animals. 

Though ethanol consumption is the most likely 
candidate for the neuronal loss, there are other possible 
candidates that should not be excluded: a) Vitamin 
deficit, which is due to incomplete diet usually associated 
with chronic alcoholism. Vitamin deficiencies are 
responsible for the neuropathological alterations in 
Wernicke-Korsakoff syndrome (Lambic, 1985). For this 
reason, al1 the patients diagnosed with Wernicke- 
Korsakoff syndrome were excluded from analysis. b) 
Age-dependent (Sass, 1982; Van Eden and Uylings, 
1985; Uylings, et al. 1986) and tissue processing- 
dependent histological variabilities (Haug, 1980, 1986; 
Grace and Llinás, 1985; Scheff, 1987). 

In our experience, the most determinant factor is the 
individual shrinkage, which is, in turn, dependent on 
pre- and post-mortem variables. Our experimental series 
obviates the technical and aging variability by using 
similar groups of age and the same tissue processing for 
alcoholics and controls. 

The optimal method to avoid the problem of 
individual shrinkage is to make a total cell count, which 
is only feasible insmail nuclei and with sharp boundaries. 
The human hippocampus does not meet such 
requirements. Therefore, total cell counts are practically 
impossible. In addition, the numerical estimation of the 
cell population (Mouritzen, 1979) is based on 
extrapolation of samples throughout the hippocampus. 
We tried to decrease the individual variability by 
counting al1 neurons in each section, and by taking each 
section roughly at the same rostrocaudal level. The 
dispersion of the values for the cell count and neuron 
size were very limited, indicating the validity of our 
results. 

The prominent neuronal loss found in young 
alcoholics is less dramatic when compared to elderly 
controls. In fact, from the seventh decade onward, the 
differences between alcoholics and controls were not 
significant. We previously reported an important neuro- 
nal loss in the hippocampus of elderly persons, a feature 
not observed in the young ones (Baztán and Gonzalo, 
1988). This led us to conclude that the neuronal loss 
observed in chronic ethanol abuse may be of the same 
magnitude as seen during aging. It remains an open 
question whether the neuronal population that 
disappears after chronic alcohol abuse will be the same or 
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Fig. 3. Age-dependent evolution of the number of neurons: open 
circles = control patients; filled circles = alcoholic patients. 
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a) control patients, b) alcoholic patients. 
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Flg. 5. Microphotograph of field CA4, a) 
control (35 years old), b) alcoholic 
(34 years dd). Cresyl-violet, x 160 

different to the cell population lost during aging. If it 
were the same, attempts should be made to determine 
which is the common mechanism responsible for 
neuronal death in aging and alcoholism, and the 
preservation of the remaining neurons. 

The remaining neurons in hippocampus of alcoholics 
presented a limited capacity for compensatory changes, 
since the nuclear size did not increase. In contrast, in 
elderly controls this capacity was unaltered until the last 
decade (Baztán and Gonzalo, 1988). These two facts: 
neuronal loss and inability to compensate it, could 

explain the severe psychic impairment shown by young 
alcoholics. Similar results have been reported in animals 
(West et al., 1982; Schachs et al., 1987; Trillo and 
Gonzalo, 1990). 

The accuracy of investigation depends of the 
homogeneity of the materials used. Working with human 
material, there are factors such as genetic ones 
nutritional ones, stressors, etc., that are highly variable 
from one patient to another and make it impossible to 
compare. Other factors of sex, age, pathological state, 
could be easier to be uniformed. This discrepancy was 
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Fig. 6. Microphotograph of gynis 
dentatus of the sarne cases that 
in the Fig. 5: a) control, 
b) alcoholic, Cresyl-violet, x 160 

minimized in our human material by selecting male cases 
with chronic alcoholism, diagnosed not only by the 
clinical history but also by the necropsic findings. On the 
other hand, only the left hippocampus was used. Chronic 
alcoholics were considered only those with hepatic 
alterations of ethilic etiology, e.g. cirrhosis or steatosis 
(Lynch, 1960; Skullerud, 1985). The cases with special 
cerebral atrophy, i.e. cases with Wernicke-Korsakoff 
syndrome were excluded. 

The homogeneity of the material was also impaired by 
the tissue shrinkage that is not only age-dependent (Sass, 

1982; Van Eden and Uylings, 1985; Uylings et al., 1986) 
but also individual. In our experience the individual 
variations clearly surpass those of age. This tissue 
shrinkage is mainly due to fixation process, according to 
the histological methods employed (Haug, 1980, 1986). 

To avoid this difficulty, there are three possibilities: to 
increase the number of cases, to utilize in al1 cases the 
same histological procedures and, to count al1 neurons 
found in a section. With the last procedure, the shrinkage 
in the corona1 plaque is taken into consideration. These 
possibilities were strictly followed in our study. Since the 
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influence o f  shrinkage is age-dependent groups o f  
alcoholics and controls o f  the same age were compared. 

The neuronal counting gives a quantitative evaluation 
o f  the neuronal population of a nucleus o r  cortical area, 
which is much more precise than a global observation 
such as cerebral weight, amplitude o f  the sulci, etc. 
(Harper et al., 1985; Lishman et al., 1987). Neurona1 
counting has been frequently utilized as an objective 
method (Ebbesson and Tang, 1965; Kiss et al., 1983; 
Lescaudron and Verna, 1985; Mouritzen, 1979; Satorre 
et al., 1985; Cadete-Leite et al., 1988) to  estimate 
neuronal loss. When this method is accompanied by 
karyometry we can evaluate cell vitality i.e. the vicarious 
capacity o f  the remaining neurons. The parallelism 
between cellular activity and nuclear size i s  well known 
(Kalimo, 1975; Roozendaal et al., 1987). Other 
morphometric methods such as the quantification o f  the 
dendritic arborization o f  the dendritic spines (Ferrer et 
al., 1986; Ferrer and Galofré, 1987; Galofré et al., 1987) 
are objective and inform us about the functional state o f  
a neuron, but only allow the study o f  a small number o f  
neurons, and therefore, are inadequate for the study o f  a 
large number of  neurons in different neuronal centres in 
order t o  perform a statistical evaluation. 

Acknowledgements. The authors thank Drs. J.M. Martinez-Peñuela, 
Dr. A. Cabello and Dr. J. Pardo for supplying the brains for this study, 
and Dr. R. lnsausti for checking the manuscript. 

References 

Acker W.E.J., Majumdar S.K., Shaw G.K. and Thomson A.D. 
(1982). The relationship between brain and liver damage in 
chronic alcoholic patients. J. Neurol. Neurosurg. Psychiatry 
45,984-987. 

Baztán S. and Gonzalo L.M. (1988). Modificaciones en 
hipocampo humano y de rata, debidos a la edad y su relación 
con trastornos mnésios. Rev. Esp. Geriatr. 23,211-230. 

Berglund M. and Sonesson B. (1976). Personal impairment in 
alcoholism. Its relation to regional cerebral blood flow and 
psychometric performance. J. Stud. Alcohol. 37,298-31 0. 

Cadete-Leite A., Tavares M.A. and Paula-Barbosa M.M. (1988). 
Alcohol withdrawal does not impede hippocampal granule cell 
progressive loss in chronic alcohol fed rats. Neurosci. Lett. 86, 
45-50. 

Cala L.A. (1987). Is CT scan a valid indicator of brain atrophy in 
alcoholism? Acta Med. Scand. Suppl. 71 7,27-32. 

Carlen P.L., Lee M.A., Jacob M. and Livshits 0. (1981). Parkinson 
provoked by alcoholism. Ann. Neurol. 9,84-86. 

Carlen P.L. and Wilkinson A. (1987). Reversibility of alcohol-related 
brain damage: clinic and experimental observations. Acta 
Med. Scand. 71 7,19-26. 

Dano P. and Le Guyader J. (1988). Atrophie cérébrale et 
alcoholisme chronique. Rev. Neurol. (Paris) 144,202-208. 

Ebbesson S.O.E. and Tang D. (1 965). A method for estimating the 
number of cells in histological sections. J.R. Micr. Soc. 84, 
449-464. 

Eckardt M.J., Campbell G.A., Marietta C.A., Majchrowicz E. and 
Weight F.F. (1988). Acute ethanol administration selective 

alters localized cerebral glucose metabolism. Brain Res. 444, 
53-58. 

Ferrer l., Fabregues l., Rairiz J. and Galofr6 E. (1986). Decreased 
number of dendritic spines on cortical pyramidal neurons in 
human chronic alcoholism. Neurosci. Lett. 69, 115-1 19. 

Ferrer l. and Galofré E. (1987). Dendritic spine anomalies in fetal 
alcoholic syndrome. Neuropediatncs, 18, 161 -1 63. 

Franceschi M., Truci G., Loza L., Marchettini P. and Galardi G. 
(1984). Congnitive deficits and their relationship to other 
neurological complications in chronic alcoholic patients. J. 
Neurol. Neurosurg. Psychiatry 47,1134-1 137. 

Galofré E., Ferrer l., Fabregues l. and López-Tejero D. (1987). 
Effects of prenatal ethanol exposure on dendritic spines of 
layer V pyramidal neurons in the somatosensory cortex of the 
rat. J. Neurol. Sci. 81,185-1 95. 

Goldstein D.B. (1983). The pharmacology of alcohol. Oxford 
University Press. New York. 

Grace A.A. and Llinás R. (1985). Morphological artifacts induced 
in intracellulary stained neurons by dehydration: 
circumvention using rapid dimethil sulfoxide clearing. 
Neuroscience 16,461 -475. 

Graff-Raford N.R., Heaton R.K., Earnest M.P. and Rudikoff J.C. 
(1982). Brain atrophy and neuropsychological impairment in 
young alcoholics. J. Stud. Alcohol. 43,859-868. 

Harper C.G., Kril J.J. and Holloway R.L. (1985). Brain shrinkage in 
chronic alcoholics: a pathological study. Br. Med. J. 290, 
501 -504. 

Haug H. (1980). Die Abhangigkeit der Einbettung-schrumpfung 
des Gehirngewebe vom Lebensalter. Verh. Anat. Ges. 74, 
699-700. 

Haug H. (1986). History of neuromorphometry. J. Neurosci. Meth. 
18,l-17. 

Kalimo H. (1975). Ultrastructural studies on the hypothalamic 
neurosecretory neurons of the rat. III. Paraventricular and 
supraoptic neurons during lactation and dehydration. Cell 
Tissue Res. 163,151 -1 68. 

Kiss J.Z., Palkovits M., Zaborszky L., Tribollet E., Szabo D. and 
Makra G.B. (1983). Quantitative histological studies on the 
hypothalamic paraventricular nucleus in rats; l. Number of 
cells and synaptic boutons. Brain Res. 262,217-224. 

Lambic D.G. (1985). Alcoholic brain damage and neurological 
symptoms of alcohol withdrawal: Manifestation of 
overhydration. Med. Hypotheses 16,377-389. 

Lescaudron L., Beracochea D., Verna A. and Jaffard R. (1984). 
Chronic ethanol consumption induces neuronal loss in 
mammiliary bodies of the mouse: a quantitative analysis. 
Neurosci. Lett. 50,151 -155. 

Lescaudron L. and Verna A. (1985). Effects of chronic ethanol 
consumption on pyramidal neurons of the mouse dorsal and 
ventral hippocampus: a quantitative histological analysis. Exp. 
Brain. Res. 58,362-367. 

Lishman W.A. (1981). Cerebral disorder in alcoholism. 
Syndromes of impairment. Brain, 104,l-20. 

Lishman W.A. (1986). Alcoholic dementia: a hypothesis. The 
Lancet 1,1184-1 185. 

Lisham W.A., Jacobson R.R. and Acker C. (1987). Brain damage 
in alcoholism: current concepts. Acta Med. Scand. Suppl. 
717,5-17. 

Lynch M.J.G. (1960). Brain lesions in chronic alcoholism. AMA 
Arch. Pathol. 69,342-353. 



Chronic alcoholism and hippocampus 

Mann D.M.A. and Mair R.G. (1980). Memory enhancement in 
Korsakoíf's psychosis by clonidine: further evidence for a 
noradrenergic deficit. Ann. Neurol. 7,466-470. 

Meldgard B., Andersen K., Ahlgren P., Danielsen U.T. and 
Sorensen H. (1984). Peripheral neuropathy, cerebral atrophy 
and intellectual impairment in chronic alcoholics. Acta Neurol. 
Scand. 70,336-344. 

Milner B. (1959). The memory defect in bilateral hippocampal 
lesions. Psychiatr. Res. Report. 11,43-52. 

Mouritzen D.A.M. (1979). The density of neurons in the human 
hippocampus. Neuropath. Appl. Neurobiol. 5,249-264. 

Muuronen A., Bergman H. and Hindamarsh T. (1984). Recovery 
from structural and functional brain damage in abstinent 
alcoholics. Abstr. 2nd Congr. Int. Soc. Biomed. Res. Alcohol. 
Santa Fe, N.M. 24-29. 

Mullen P.A., Saint-Cyr J.A. and Carlen P.L. (1 984). Morphological 
alteration in rat hippocampal pyramidal cell dendrites resulting 
from chronic ethanol consumption withdrawal. J. Comp. 
Neurol. 255,111-1 18. 

Myers R.D. (1978). Psychopharmacology of alcohol. Ann. Rev. 
Pharmacol. Toxicol. 18,125-144. 

Niesen C.E., Baskys A. and Clen P.I. (1988). Reversed ethanol 
effects on potassium conductance in aged hippocampal 
dentate granule neurons. Brain Res. 445,137-141. 

Olton D.S. (1983). Memory functions and the hippocampus. In: 
Neurobiology of the Hippocampus. Seiffert W. (ed). Academic 
Press. London. pp 335-373. 

Parsons D.A. (1987). Intelectual impairment in alcoholics: 
persistent issues. Acta Med. Scan. Suppl. 71 7,33-45. 

Ron M.A., Acker W., Shaw G.K. and Lishman W.A. (1982). 
Computerized tomography of the brain in chronic alcoholism: 
a survey and follow-up study. Brain 105,492-514. 

Roozendaal B., Van Gool W.A., Swaab D.F., Hooggendijk J.D. 
and Mirmiram M. (1987). Changes in vasopresin cells of the rat 
suprachiasmatic nucleus with aging. Brain Res. 409,259-264. 

Sass N.L. (1 982). The age-dependent variation of the embedding 
shrinkage of neurohistological sections. Makroskopie (Wien) 
39,143-1 75. 

Satorre J., Cano J. and Reinoso-Suarez F. (1985). Stability of the 
neurona1 population of the dorsal lateral geniculate nucleus 
(IGNd) of aged rats. Brain Res. 339,375-377. 

Schachs H., Russell J.A.G., Christman D.R. and Cook B. (1987). 
Alteration of regional cerebral glucose metabolic rate in non- 

Korsakoff chronic alcoholism. Arch. Neurol. 44, 1242-1251. 
Scheff S.W. (1987). Methodological considerations when 

assesing age related changes. Neurobiol. Aging 8,571 -573. 
Scoville W.B. (1954). The limbic lobe in man. J. Neurosurg. 11, 

64-66. 
Skullerud T. (1985). Variations in the size of the human brain. Acta 

Neurol. Scand. 7,61-70. 
Squire L.R. (1 982). The neuropsychology of human memory. Ann. 

Rev. Neurosci. 5,241 -273. 
Tarter R.E. (1980). Brain damage in chronic alcoholics: a review of 

the psychological evidence. In: Addiction and brain damage. 
Richter D. (ed). Crom. Helm. London. pp 267-297. 

Tavares M.A. and Paula-Barbosa M.M. (1982). Alcohol-induced 
granule cell loss in h e  cerebral cortex of the adult rat. Exp. 
Neurol. 78,576-582. 

Thomas P.K. (1985). Alcohol and disease: central nervous 
system. Acta. Med. Scand. Suppl. 703,251 -264. 

Torvick A., Lindboe C.F. and Rogde S. (1982). Brain lesions in 
alcoholics. A neuropathological study with clinical 
correlations. J. Neurol. Sci. 56,223-248. 

Trillo L. and Gonzalo L.M. (1990). Changes in hippocampus of 
alcoholic rat. Neurosci. Lett. (In press). 

Uylings H.B.H., Van Eden C.G. and Hofman M.A. (1986). 
Morphometry of size/volume variables and comparison of 
their bivarsate relations in the neurons system under different 
conditions. J. Neurosci. Meth. 18,19-37. 

Van Enden C.G. and Uylings H.B.M. (1985). Postura1 volumetric 
development of the prefrontal cortex of the cat. J. Comp. 
Neurol. 241,268-274. 

West J.R., Lind M.D., Demuth R.M., Parker E.S., Aldana R.L. and 
Cassell M. (1982). Lesion induced sprouting in the dentate 
gyrus in inhibited by repeated ethanol administration. Science 
21 8,808-81 O. 

Wilkinson S.A. and Carlen P.L. (1980). Relationship of 
neurophysichological test performance to brain morphology 
in amnesic and non-amnesic chronic alcoholics. Acta Pysch. 
Scand. Suppl. 286,89-101. 

Zola-Morgan S., Squire L.R. and Mishkin M. (1982). The 
neuroanatomy of amnesia: Amygdala-hippocampus versus 
temporal stem. Science 21 8,1337-1339. 

Accepted March 1,1990 


