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Failed Compensatory Dendritic Growth 
as a Pathophysiological Process in 

Alzheimer's Disease 
Dorothy G. Flood and Paul D. Coleman 

ABSTRACT: In normal human aging the remaining neurons of two areas of the hippocampal region have been found 
to compensate for age-related neuronal loss by proliferating new dendrites. In Alzheimer's disease (AD) the layer II 
pyramidal neurons of the parahippocampal gyrus fail to show this compensatory response, in spite of a probable, 
exaggerated disease-related loss of neurons. In AD the dentate gyrus granule cells of the hippocampus also show a 
reduced amount of the compensatory response. This failure of the AD brain to show the normal compensatory plastic 
response, seen in normal aging as dendritic growth, may be viewed as one of the pathophysiological processes of the 
disease. 

RESUME: Defaillance de la croissance compensatoire des dendrites comme processus pathophysiologique dans la 
maladie d'Alzheimer. Au cours du vieillissement normal, on a constate que les neurones restants au niveau de deux 
aires de la region de l'hippocampe compensent pour la perte neuronale due au vieillissement par la proliferation de 
nouveaux dendrites. Dans la maladie d'Alzheimer (MA) les neurones pyramidaux de la couche II du gyrus du 
parahippocampe ne manifestent pas cette reponse compensatoire, en depit d'une perte de neurones probablement 
exageree, en rapport avec la maladie. Dans la MA, les cellules a granulations du gyrus dentatus de l'hippocampe 
manifestent egalement une reponse compensatoire attenuee. La reponse plastique compensatoire normale, c'est-a-
dire la croissance dendritique telle qu'on la voit dans le vieillissement normal, fait defaut dans le cerveau atteint de 
MA. Cette absence de reponse peut etre considered comme un des processus pathophysiologiques de la maladie. 
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In the human central nervous system normal age-related loss 
of neurons has been reported in a variety of regions, including 
all areas of the cerebral cortex'2'3,4'5 and the hippocam-
pus5'6,7 that have been examined to date. In the hippocampal 
region, areas that lose neurons include Ammon's horn,5,6-7 

dentate gyrus,7 and subiculum.2 This age-related neuronal loss 
causes the deafferentation of the neurons that are the targets of 
these dying neurons. Additionally, the freeing of afferents by 
loss of the postsynaptic target neurons has been hypothesized 
to cause the elongation of the dendritic trees of neighboring, 
surviving neurons in normal aging, as remaining dendrites 
expand to engage unoccupied afferents.8'9 This ability of aging 
neurons to compensate for neuronal loss by dendritic growth 
and modification of connections, is thought to represent a 
continuation of the process of neuronal plasticity begun by the 
nervous system during early development.I0 The phenomenon 
of dendritic plasticity in aged subjects has been demonstrated 
in the human,"12 in a subhuman primate,1314 and in the rat.8 

In aging human, dendritic growth was first found in layer II 
pyramidal neurons of the parahippocampal gyrus between mid
dle age (mean age = 51.2 years) and old age (mean age = 79.6 

years)."'1215 

Buell and Coleman"1215 have also studied dendrites of the 
same cell type in patients with Alzheimer's disease (AD). Den
dritic trees of layer II pyramidal neurons of parahippocampal 
gyrus were found to be significantly smaller in the AD group 
(mean age = 76.0 years) than in the normal old-aged group 
(mean age = 79.6 years). The AD and middle-aged (mean age 
= 51.2 years) groups were similar in most measures of den
dritic extent; but small differences between these two groups 
were statistically significant for some measures. When there 
were differences between the AD and the middle-aged groups, 
the dendritic trees in the AD group were smaller than those in 
the middle-aged group. Thus, in spite of the possibility that 
more neurons are lost in the parahippocampal gyrus in AD than 
in normal aging, there was a failure to show any compensatory 
plastic dendritic growth. 

In examining an additional cell type in the hippocampal region 
in largely the same case material as used for the study of layer II 
pyramids of parahippocampal gyrus,"1215 we have recently 
found some evidence for dendritic plasticity in the AD brain. In 
granule cells of the dentate gyrus, increased numbers of den-
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dritic segments and reduced segment lengths have been found, 
suggesting a reduced or aberrant form of plasticity may still 
remain in some brain regions in AD.16 

METHODS 

Twenty-two human cases were obtained at autopsy and 
divided into four groups, three normal groups of varying ages 
and one group with Alzheimer's disease. A normal middle-aged 
group (MA, N = 7) averaged 52 years of age, with a range from 
43 to 60 years old. A normal old-aged group (OA, N = 5) 
averaged 73 years of age, with a range from 68 to 79 years old. A 
normal very old-aged group (VOA, N = 5) averaged 90 years of 
age, with a range from 86 to 95 years old. A group with 
Alzheimer's disease (AD, N = 5) averaged 76 years of age, 
with a range from 70 to 81 years old. Normal cases had a clinical 
history with no evidence of neurological or psychiatric symp
toms, and were alert, well oriented, and capable of functioning 
relatively independently shortly before death. AD cases had 
the diagnosis of a severe, progressive dementia, but were free 
of other severe neurological and psychiatric abnormalities. The 
AD cases also had abundant Alzheimer's changes (senile 
plaques, neurofibrillary tangles, or granulovacuolar degenera
tion) in the hippocampal region. Some of the normal cases had 
mild amounts of Alzheimer's changes in the hippocampal region, 
with the older cases having more changes. All cases were free 
of other neuropathological findings, such as stroke, tumour, 
trauma, etc. Additional information on the cases with regard to 
age, sex, postmortem delay, Alzheimer's changes, cause of 
death, and clinical history is available elsewhere.ISI6 

Tissue from the right hippocampus, taken just posterior to 
the uncus, was stained by the Van der Loos17 modification of 
the Golgi Cox method. Frontal sections were cut at 200 |jim and 
processed as previously described.1217 Tissue from the left 
hippocampus was fixed in formalin and stained with hematoxylin 
and eosin for routine pathological survey, or by the Bodian 
method18 for survey of Alzheimer's changes. 

Golgi-impregnated sections from each case were coded; and 
fifteen neurons per case were chosen randomly for analysis 
from all portions of the ' C of the dentate gyrus. The presence 
of cut dendritic segments on a neuron was not a criterion for its 
exclusion from the sample. Cut segments accounted for less 
than 10% of the entire population of terminal segments. The 
sample of neurons for all subjects included those which were 
normal and robust in appearance, as well as those which were 
grossly atrophic. The appearance of a neuron was not a crite
rion for its selection or elimination from the sample. Along with 
a 100 u,m calibration line, the outline of the cell body and the 
entire apical dendritic tree system were drawn with a camera 
lucida at 200 or 400 x and entered into an Apple II Plus micro
computer by tracing on a graphics tablet. Basal dendritic trees, 
those which course towards or enter the hilus,l9 were not drawn 
or analyzed. Total dendritic length, number of segments, and 
average segment length (total dendritic length/number of seg
ments) were quantified by computer for each cell. Data from 
the 15 cells per case were averaged; and statistical tests were 
performed with N equal to the number of subjects. 

RESULTS 

Figure I shows the means and standard errors of the means 
for the granule cell apical dendritic tree system for each group 

TOTAL DENDRITIC LENGTH 

(/> 
IU 
s 
C3 
LLI 
Hi 
LL 

o 
oc 
111 
CD 

s 
Z 

o 
z 
LLI 

z 
LLI 
2 
O 
LU 

1200 -\ 

E 
3 
z 
o 
z 
LU 
_ l 

u 
E 400 
Q 
Z 
LU 
Q 

1 0 0 0 -

800" 

600 

200-

X 

MA OA VOA AD 

NUMBER OF SEGMENTS 

20 

16 

12 

8 

4 

0 
MA OA VOA AD 

AVERAGE SEGMENT LENGTH 

80 n 

E 
3 60 

40 

20-

MA OA VOA AD 

Figure I — Total dendritic length, number of segments, and average segment 
length for the apical dendritic trees of dentate gyrus granule cells. MA 
— middle-aged, OA — old-aged, VOA — very old-aged, and AD — 
Alzheimer's disease groups. Error bars represent standard error of 
the mean. Results of the ANOVA's with 3 and 18 degrees of freedom 
are: total dendritic length, F = 6.52, p<0.005; number of segments, 
F = 2.81 ,p>0.10; andaverage segment length, F = 6.40, p<0.005. 
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for the measures of total dendritic length, number of segments, 
and average segment length. Total dendritic length increased 
from middle age to old age, and then decreased from old age to 
very old age. The very old-aged subjects had 23% less total 
dendritic extent than the middle-aged subjects. The AD sub
jects had 16% less total dendritic length than the middle-aged 
subjects, 37% less than the old-aged subjects, the comparably 
aged subjects, and 10% more than the very old-aged subjects. 
These group differences in total dendritic extent were found to 
be highly statistically significant using a parametric analysis of 
variance (ANOVA) (Figure 1). Post hoc comparisons with the 
Newman-Keuls test showed that total dendritic length for the 
old-aged group was significantly different from that for the 
middle-aged, very old-aged, and AD groups (p<0.05). The 
latter three groups did not vary from one another for the mea
sure of total dendritic length. 

The total number of segments for the granule cell apical 
dendritic trees did not vary significantly among the groups 
(Figure 1). The higher numbers of segments were found in the 
old-aged and AD groups, and the lowest number in the very 
old-aged group. Average segment length (total dendritic length/ 
number of segments) was found to be significantly different 
(Figure 1). The AD group was significantly (p<0.05) lower in 
average segment length than the middle- and old-aged groups, 
as shown with Newman-Keuls post hoc test. 

These data suggest that the normally aging granule cells of 
the human dentate gyrus show significant changes in total 
dendritic length that are the result of concordant nonsignificant 
changes in both the numbers and lengths of dendritic segments. 
In comparing the granule cell apical dendritic trees of the AD 
group with those of the normal comparably aged (OA) and 
younger (MA) groups, there was a significant reduction in the 
AD group in average segment length with no loss in the num
bers of segments. 

DISCUSSION 

Both proliferative and regressive factors influence dendrites 
in the aging brain.9 Dendritic proliferation may be induced as a 
result of the death of neighbor neurons, while dendritic regres
sion may be induced by the loss of afferent supply .9 The observed 
outcome for dendritic extent in a given cell type, either net 
regression, net stability, or net growth of dendrites, may depend 
on the balance between these influences in the local environ
ment of the neurons. For layer II pyramidal neurons of human 
parahippocampal gyrus, dendritic growth was found into old 
age. Beyond the eighth decade of life, the growth was followed 
by either net dendritic stability or further growth in very old 
age.'5 Because there were only two very old subjects, it is 
impossible to distinguish between net dendritic stability and 
growth at the present time for layer II pyramids of the parahip
pocampal gyrus. For granule cells of the human dentate gyrus, 
normal age-related dendritic growth between middle age and 
old age is followed by dendritic regression between old age and 
very old age. Reports on age-related dendritic changes in ani
mal studies also show similar regional variability. In rat, for 
instance, studies on a variety of cell types have found dendritic 
growth,20,21 regression,22,23,24,25 growth followed by regres
sion,8 or net stability.2627 These regional specificities in den
dritic changes provide further support for the notion that age-
related changes in dendritic extent may be due to factors in the 

local environment, such as the balance between death of neigh
boring neurons and changes in the afferent supply to the 
neurons.9 

In Alzheimer's disease, dendritic extent in dentate gyrus 
granule cells was significantly less than in the comparably aged 
normal group (OA group). The reduction in total dendritic 
length in the AD group when compared with the old-aged group 
was largely due to a significant reduction in average segment 
length, and very slightly due to a nonsignificant reduction in 
numbers of segments. Despite the fact that the AD group did 
not have significantly less total dendritic extent than the middle-
aged group, average segment length was significantly reduced 
in the AD group compared with the middle-aged group. Because 
average segment lengths in the AD group were reduced com
pared with the middle-aged group, a process of real dendritic 
regression may have been taking place. The granule cells in the 
AD group compensated for the reduced average segment length 
by increasing the numbers of segments, yielding a similar pic
ture for the AD and middle-aged groups for total dendritic 
extent. No measures of the granule cell dendrites were signifi
cantly different between the AD and very old-aged group. 
Although total dendritic length for the two groups was quite 
similar, the AD group had greatly reduced average segment 
lengths, but larger numbers of segments when compared with 
the very old-aged group. Because of the dissimilarities in the 
patterns of dendritic change in AD and in normal aging to a very 
old age, it is unlikely that AD, in this cell population, represents 
a process of accelerated neuronal aging. 

Because there were increased numbers of segments in the 
AD group compared with the middle-aged group, we suggest 
that at some time between middle age and death, the AD cases 
did show a plastic compensatory response. The compensatory 
response may have occurred either before the onset of AD or 
during its course. The compensatory response, however, was 
not normal, since the AD cases had fewer segments than the 
comparably aged normal group (OA group). Our present data 
did not permit the determination of whether the AD cases lost 
dendritic segments or simply failed to proliferate as many as the 
old-aged cases. Additionally, the plastic response may have 
been aberrant since the average segment lengths in the AD 
cases were significantly reduced when compared with the com
parably aged normal group. Despite questions regarding the 
robustness of the plastic response or its comparability to plastic
ity in normal aging, the maintenance of some plastic capacity in 
AD between middle age and the terminal stages of the disease 
has been found for dentate gyrus granule cells. Further evi
dence that the dentate gyrus granule cells and their commis
sural and associational afferents remain plastic in AD has 
recently been demonstrated.28 

The plastic alterations seen in the dentate gyrus granule cells 
in AD are probably induced by the slow, continual loss of their 
perforant path input to the outer molecular layer from the 
entorhinal cortex.28,29 The cells of origin of the perforant 
path,3031 the neurons of layer II of the entrohinal cortex, are 
well known to accumulate neurofibrillary tangles and to eventu
ally degenerate.29,32 Remaining afferents in the inner molecu
lar layer grow to occupy the vacated synaptic territory on the 
dendrites of the granule cells.28 This afferent growth coincides 
with the dendritic plasticity in the dentate gyrus granule cells 
that we have observed in the AD cases. 
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Dendrites form as much as 95% of the receptive surface that a 
neuron offers for contact with other neurons.33 Thus, mainte
nance of the ability for dendritic growth and remodeling in 
aging is possibly an important factor for the integrity of neuro
nal connections and of the central nervous system as a whole. 
In the normal human aging brain, dendritic growth has been 
reported in two cell types of the hippocampal region. " ' 2 ' 6 ' 3 4 

In AD, a lack of dendritic growth has been found in the 
parahippocampal gyrus layer II pyramidal neurons;"12 and an 
aberrant form of dendritic growth has been found in the granule 
cells of the dentate gyrus. '6 This lack of normal plastic dendritic 
proliferation in response to neuronal loss in AD may be an 
important contributing factor in the breakdown of interneuro-
nal connections and in the observed deterioration of cognitive 
functions. The fact that total dendritic length in dentate gyrus 
granule cells in AD is comparable to that seen in the mentally 
functional very old-aged cases suggests that static dendritic 
extent is not a determining variable in the behavioral devasta
tion of AD. However, failure of plasticity, as well as other 
variables related to deficits in neurotransmission, may be more 
closely related to the reduced behavioral capacity in AD. The 
work of Geddes et al28 has suggested that the maintenance of 
plasticity in the dentate gyrus in AD is dependent upon an intact 
cholinergic innervation from the basal forebrain. Thus, the 
deficits we observe in plasticity of dendrites in AD in the 
hippocampal region may be related to the well known deficits in 
the cholinergic system produced by neuronal loss in the basal 
forebrain.35,36'37'38'39'40'" And, failure of dendritic plasticity 
in AD may represent one of the pathophysiological mecha
nisms leading to the inevitable functional decline of the AD 
brain since it has been robbed of one of the repair mechanisms 
available to the normally aging brain. 
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