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Hippocampal sclerosis is the most common pathological finding associated with human temporal lobe epilepsy. His- 
tochemical study with acetylcholinesterase (AChE) staining was used to investigate 7 surgically resected temporal 
lobes with hippocampal sclerosis from patients with temporal lobe epilepsy. In all 7 specimens, an abnormal but 
consistent pattern of staining was noted. In the hilum of the dentate gyrus, AChE-rich polymorphic cells were 
relatively preserved in comparison to the pyramidal neurons. In Ammon's horn, AChE fibers were lost in regions 
corresponding to the pyramidal cell dropout. AChE fibers were also lost along the inner portion of the molecular layer 
of the dentate gyrus, yet they were preserved within the outer portions of the molecular layer. These findings provide 
additional evidence for the relative selectivity of hippocampal pathology in human temporal lobe epilepsy. 
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A common form of human epilepsy is partial epilepsy 
of temporolimbic origin (TLE). Surgical resection of 
the anterior temporal lobe is commonly used to treat 
TLE patients whose seizures are intractable to anticon- 
vulsant medication 11-31. The resected tissue some- 
times reveals a tumor or cortical malformation, but the 
most common pathologic finding is hippocampal (or 
Ammon's horn) sclerosis. Hippocampal sclerosis oc- 
curs in 58% to 75% of surgical cases and is character- 
ized by a shrunken, gllotic hippocampus, with loss of 
granule cells in the dentate and of pyramidal cells in 
Ammon's horn [43. In classic descriptions, this loss is 
heaviest in the CA1 and CA3-4 sectors and less ex- 
tensive among the dentate granule cells and in the 
CA2 sector. 

Animal models of generalized seizures can repro- 
duce a pathological pattern similar to that found in 
hippocampal sclerosis 15, 67, but it is unclear whether 
hippocampal sclerosis in humans reflects the sequelae 
of long-term epileptic activity or represents the causa- 
tive lesion 17-33. In animal models of hippocampal 
sclerosis produced by kainic acid-induced seizures, 
axonal sprouting and physiological alteration of 
the granule cells have been demonstrated [lo]. The 
neuronal cell death in human hippocampal sclerosis 

and the resulting reorganization of neural connectivity 
could contribute to the complex behavioral alterations 
observed in some patients with TLE Ell]. 

The morphological alterations in hippocampal scle- 
rosis have been described in great detail. However, the 
associated neurochemical and histochemical alterations 
are less well understood. This report presents evidence 
for altered acetylcholinesterase (AChE) fiber distribu- 
tion in the hippocampi of 7 patients with TLE and 
hippocampal sclerosis. 

Methods 
The patients in this study had intractable TLE and were 
evaluated for possible temporal lobe resection by well- 
established neurological, neuropsychological, and neuro- 
physiological criteria {2, 121. After lateralization and localiza- 
tion of the epileptic focus, the anterior 5 to 8 cm of the 
temporal lobe were removed by subpial resection. Tissue 
from patients with suspected tumor was sent for routine 
pathological examination, and these specimens were ex- 
cluded from this study. All other specimens (n = 10) in this 
sequential series of patients were immersed immediately af- 
ter removal from the patient in 4% paraformaldehyde for 24 
hours and sunk in an increasingly concentrated series of 0.1 
M phosphate-buffered 10 to 40% (w/v) sucrose solutions 
(pH 7.4). 
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Serial I-in-I0 coronal sections were cut at 40 km on a 
freezing microtome into a 0.1 M phosphate-buffered solution 
(pH 7.4) and mounted onto chrome-alum subbed slides. Se- 
rial sections were stained with cresyl violet and adjacent sec- 
tions were stained for AChE at incubation times of 2, 3, and 
4 hours by a modification of the copper thiocholine method 
that we recently used to describe the normal pattern of 
AChE fiberarchitecture in the human hippocampus and 
parahippocampal gyrus [13J Control sections were pro- 
cessed with 4 m~ butyrylthiocholine iodide as a substitute 
for acetylthiocholine iodide, and both substrates were used 
with and without ethopropazine, a relatively selective in- 
hibitor of nonacetyl cholinesterase. 

Ten lobectomy specimens were obtained for this study. 
The histochemical pattern of AChE staining in these speci- 
mens was compared to that obtained from 5 brains removed 
at autopsy from nonepileptic persons in the same age range 
as the TLE patients. The nonepileptic tissue had an autolysis 
time (death-to-fixation interval) of 2 to 18 hours, whereas 
this interval was routinely less than 15 minutes in the 
epileptic tissue. Therefore, the overall AChE enzyme preser- 
vation (and hence, the histochemical staining) was expected 
to be more intense in the material from the TLE patients. 
However, this difference in baseline staining should have 
had no effect on the patterns of relative intensity, which con- 
stituted the only focus of our study. 

Results 
When serial sections were examined with Nissl stain, 7 
of the 10 hippocampal specimens were observed to 
have hippocampal sclerosis. Only these 7 specimens 
are described in this report. In each of these speci- 
mens, pyramidal cell dropout followed the characteris- 
tic pattern of severe loss in CA4, CA3, and particu- 
larly portions of CA1, with relative sparing of CA2, 
the subiculum, and the portion of CA1 adjacent to the 
subiculum (see Figure, A and B). Evaluation of the 
sections from all 7 patients with hippocampal sclerosis 
revealed 3 consistent alterations in the distribution of 
hippocampal AChE staining. (1) In the normal brain, 
the hilum of the dentate gyrus contains AChE-rich 
polymorphic neurons and relatively AChE-poor CA4 
pyramidal neurons. In the patients with hippocampal 
sclerosis, relative preservation of the ACE-rich 
neurons within the hilum of the dentate gyrus was seen 
in comparison to the widespread loss of CA4 pyrami- 
dal neurons (see Figure, B and F). (2) In the normal 
brain, AChE staining is present in all sectors of Am- 
man's horn but is most intense in CA2 and CA3 (see 
Figure, C). In the specimens with hippocampal sclero- 
sis, AChE fibers were selectively depleted in those 
regions with the greatest loss of pyramidal cells, 
namely CA3 and parts of CA1 (see Figure). (3) The 
pattern of AChE fiber distribution within the molecu- 
lar layer of the dentate gyrus was also altered. In the 
normal human hippocampus, a thin juxtagranular band 
in the molecular layer of the dentate gyrus stains more 
intensely than the rest of the molecular layer (see Fig- 
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ure, E). In each of the resected sclerotic hippocampi, 
this thin juxtagranular band of staining and some of the 
adjacent AChE staining within the molecular layer of 
the dentate disappeared, whereas staining within the 
outer half of the molecular layer of the dentate was 
preserved (see Figure, F). 

In the material we examined, it often appeared as if 
the AChE staining in the outer portion of the molecu- 
lar layer of the dentate gyms was enhanced when com- 
pared to the nonepileptic control brains. Moreover, 
the nonsclerotic hippocampi demonstrated enhanced 
overall staining when compared to that obtained in the 
postmortem specimens. However, these differences 
in intensity are very difficult to interpret since the 
nonepileptic brains were unavoidably characterized by 
a longer autolysis time, as described in the Methods 
section. Staining was not obtained with butyrylthio- 
choline as the substrate, indicating the specificity of the 
reaction product for ACE.  

Discussion 
The AChE-positive neurons in the hilum of the den- 
tate gyrus are probably not cholinergic since homolo- 
gous AChE-rich cells in the monkey do not stain with 
choline acetyltransferase immunocytochemistry I141. 
It is likely that these neurons are cholinoceptive and 
that the AChE is used to hydrolyze the acetylcholine 
released by the cholinergic afferents. The actual neuro- 
transmitter identity of these cells is unknown, although 
there is evidence that some AChE-positive cortical 
cells produce gamma aminobutyric acid (GABA) or 

Coronal sections through the human temporal lobe. (A) Nissl 
stain of the normal right hippocampus of a nonepileptic 30-year- 
old man who died of sepsis (death-to-fixation interval, 8 hours). 
(B) Ammon’s horn sclerosis in the resected rzght hippocampus of 
a 33-year-old man with temporal lobe epilepsy (tissue fixed im- 
mediately a f w  rmwa0.  C and D are adjacent sections to A 
and B, respectively, stained for acetylcholinesterme (AChE) and 
photographed with Ark-feid optics. AChE fibm are lost in re- 
gions corresponding to neuronal dropout, particularly in the 
proximalportion of CAI,  as shown by the arrowheads in B 
and D. The smull white stars in D show the location of the 
granule cell layer. In bright;field AChE-stained sections E and 
F,  the dentate granule cell layer (stars) and molecular layer of the 
dentate gyrus are shown in the nonepileptic specimen (Ej and in 
the patient with temporal lobe epilepsy (F). Small arrows in F 
show preserved AChE-rich hdar neurons, despite prominent 
AChEfiber lms in the CA4 region. The double-headed ar- 
rows in E and F indicate the width of the molecular layer of the 
dentate gyrus. As demonstrated here, the distribution of AChE 
fibers in the molecular layer of the dentate gyrus is consistently 
altered in epileptic patients with Ammon’s horn sclerosis. The 
apparent increase of AChE staining in the onter parts of the 
molecular kzyer in the epileptic patients cannot be interpreted be- 
cause of the longer autolysis time in the nonepileptic tissue (see 
Methods section). 
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somatostatin [15]. In all 7 specimens that we exam- 
ined, these AChE-positive hilar neurons appeared to 
represent a population of cells that is relatively resis- 
tant to the pathological changes associated with hip- 
pocampal sclerosis. 

AChE-rich fibers provide a reasonably good marker 
for incoming cholinergic (choline acetyltransferase- 
containing) pathways in the hippocampus [16- 18). 
The cell bodies for these afferents are located in the 
septal and diagonal band nuclei of the basal forebrain. 
In all 7 specimens, AChE staining was lost or dimin- 
ished over the areas of pyramidal cell loss within Am- 
mods horn (see Figure, B, D, and E). This finding may 
reflect a general destruction of all neuronal elements in 
the regions of pyramidal cell dropout, including the 
afferent axons that normally synapse on the pyramidal 
cells. Alternatively, the primary lesion may be con- 
fined to pyramidal neurons and the loss of AChE fibers 
in these regions may represent retrograde transsyn- 
aptic degeneration of afferent axons, perhaps related 
to an interference in the delivery of essential trophic 
factors. 

In rodents and monkeys, the majority of cholinergic 
afferents to the hippocampus originate in the septum 
and the nucleus of the diagonal band and synapse on 
the pyramidal cells of Ammon’s horn and within the 
molecular layer of the dentate gyms {14, 18-20]. 
When the fornix (containing septohippocampal axons) 
is lesioned, septal cholinergic neurons die because of 
their dependency on nerve growth factor (NGF) retro- 
gradely transported from the target cell region in the 
hippocampus [21-241. There are no data to suggest 
how extensive the depletion of target cells must be 
before degeneration of septal cholinergic neurons oc- 
curs. However, the death of pyramidal neurons in hip- 
pocampal sclerosis and the associated AChE fiber loss 
may interfere with the production and transport of 
NGF, causing retrograde cell degeneration within the 
septum and diagonal band nuclei. In turn, this may 
lead to further loss of efferent cholinergic projections, 
including those destined for the molecular layer in the 
dentate gyrus. This mechanism offers one explanation 
for the loss of AChE staining in the dentate gyrus 
despite the absence of marked cell loss among the 
granular neurons of the dentate in our specimens. 

In the rat, repetitive electrical stimulation of limbic 
pathways has produced evidence of synaptic reorgani- 
zation of mossy fibers in the molecular layer of the 
dentate gyrus 1251. Preliminary observations suggest 
that hippocampal sclerosis in TLE patients may also be 
associated with an enhancement of zinc-containing 
mossy fibers in the supragranular section of the dentate 
molecular layer [26, 27). This reinnervation may be 
occurring in an attempt to repopulate the synaptic sites 
that would be denuded as a consequence of the loss of 
AChE fibers, as demonstrated by our observations. 

It is tempting to interpret the apparent increase in 
staining of the outer portion of the molecular layer of 
the dentate gyrus (see Figure, F) as evidence for hy- 
perinnervation, but this is difficult to substantiate using 
inherently nonquantitative . histochemical techniques. 
Further efforts are under way to clarify this possibility. 
However, our data clearly suggest that in epileptic pa- 
tients with hippocampal sclerosis, the distribution of 
AChE-rich (presumably cholinergic) afferents be- 
comes markedly altered. It remains to be determined 
whether this pathological pattern is a result or a cause 
of the epileptic activity and whether it triggers a sec- 
ondary reorganization of limbic circuitry, which may, 
in turn, contribute to the hormonal, cognitive, and be- 
havioral changes that occur in some patients with tem- 
poral lobe epilepsy [28-32). 
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