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Abstract 

Senile (neuritic) plaques are one of the two major neuro- 
pathologic hallmarks of Alzheimer’s disease. Despite their 
obvious importance (e.g., they are significantly correlated 
with severity of dementia), there is little present information 
about their etiology, the specific neuronal elements that form 
them, or a quantitative definition of where in cortex they 
occur. We have sought clues to these issues by quantifying 
regional and laminar distributions of neocortical plaques and 
setting these data against the present wealth of information 
on neocortical cytoarchitecture and neurotransmitter-specific 
circuitry. Senile plaques are significantly more numerous in 
associative regions of neocortex than in sensory areas and 
are significantly more numerous in cortical laminae domi- 
nated by their role in corticocortical, associative relations. 
Plaques are also largest in those laminae characterized by 
large pyramidal cells subserving input/output functions. The 
quantitative distribution of senile plaques in Alzheimer’s dis- 
ease does not necessarily correspond to innervation patterns 
for any known subcortical afferent system. This, coupled with 
the finding that several different neurotransmitters can be 
immunocytochemically co-localized with plaques, casts 
doubts on a primary role of cholinergic deterioration in plaque 
etiology, and opens the possibility that neocortical senile 
plaques may derive from pathologic events initiated in the 
neocortex. 

Alzheimer’s disease is characterized by two classic neuropatho- 
logic hallmarks, neurofibrillary tangles and senile (or neuritic) plaques 
(Terry and Katzman, 1983). The latter are composed of deteriorating 
axons and dendrites interspersed with amyloid (Terry et al., 1964; 
Terry and Wisniewski, 1970) and their concentrations are correlated 
with severity of dementia (Blessed et al., 1968). 

It is well known that plaques are not randomly distributed in brain. 
Cerebellum, for example, has few, if any plaques, whereas frontal 
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and temporal association cortices are thought to have many (Terry 
and Katzman, 1983; Kemper, 1984). With regard to subregional 
variations, the medial basal, lateral basal (Jamada and Mehraein, 
1968; Hooper and Vogel, 1976) and central nuclei (Brockhaus, 
1938) of the amygdala, and the subiculum, presubiculum, and 
Sommer’s sector of the hippocampal formation (Jamada and Meh- 
raein, 1968) appear to have a particular predilection for plaques. 
Qualitative observations from several authors have suggested that 
plaques are more common in superficial cortical layers (Redlich, 
1898; Fischer, 1907; Fuller, 1-91 l), although Tomlinson et al. (1968, 
1970) have more recently reported an impression that plaques are 
more frequent in layers Ill and V. 

Over the last century, great efforts have been made to define the 
cytoarchitecture of the neocortex with a precision extending to 
laminar parcellations (for recent reviews, see Braak, 1984; Feldman, 
1984; Jones, 1984a, b; Kemper and Galaburda, 1984; Lund, 1984). 
The advent of immunocytochemistry has augmented this work by 
permitting visualization of specific neurotransmitter systems in the 
various laminae and neocortical brain regions. Against this store of 
knowledge, we have set out to determine with equal precision 
possible relationships between the classical neocortical pathology 
of Alzheimer’s disease and the organization of intrinsic and extrinsic 
neocortical systems, with the hope that any resulting correlations 
might provide important clues to the etiology of the disease. In this 
vein, for example, we recently showed that deteriorating somatosta- 
tin-positive fibers are constituents of probably a majority of neocort- 
ical plaques (Morrison, 1984, 1985). Similarly, immunocytochemically 
positive tyrosine hydroxylase, substance P, and choline acetyl- 
transferase fibers have also been observed in proximity to plaques 
(Armstrong et al., 1984; Kitt et al., 1984). Collectively, these data 
suggest a multitransmitter involvement in plaque etiology and may 
dictate a shift in research emphasis from specific neurotransmitter 
systems to the intrinsic cytoarchitecture and circuitry of the cortex. 

In this report, we have used cytoarchitectural principles to quantify 
regional and laminar distributions of plaque pathology in neocor-tex 
of Alzheimer’s disease victims. We find distinct regional and laminar 
patterns that do not necessarily correspond to any known subcortical 
afferent system but, rather, are suggestive of an inherent neocortical 
basis for neocortical plaque formation. 

Materials and Methods 
Brain materials. Formalrn-postfixed brains from four clrnically and neuro- 

pathologically confirmed Alzheimer’s disease patients were selected for 
study. Tissue blocks containing the entire extent (in the coronal plane) of 
superior frontal gyrus (Brodmann area 9) and anterior cingulate gyrus (Brod- 
mann areas 23 and 24) were dissected at a level immediately rostra1 to the 
genu of the corpus callosum. Tissue blocks containing the entire coronal 
extent of the superior temporal gyrus were dissected at the level of the 
cerebral peduncles (plates 35 and 36 of the atlas of Nieuwenhuys et al., 
1981). The portion quantified within this area corresponded to Heschl’s gyrus 
(Brodmann areas 41 and 42). A final set of blocks contained striate visual 

2801 



2802 Rogers and Morrison 

F/gure 1. Top, Representatrve Brelschowsky starnrng of neuritrc plaques at the border of layers I and II in superior frontal gyrus. Bottom, Similarly localrzed 
field in an rmmedrately adjacent 6-pm section using Bodian starnrng. Note that the Brelschowsky stain reveals amylord deposits not seen wrth Bodran and, 
thus, grves a more complete picture of the extent of plaques. 

cortex (Brodmann area 17); these were collected 3 cm rostra1 to the occipital 
pole within the depths of the calcarine fissure. In addition to the above 

the sensory (auditory) rather than association area of that gyrus. Blocks were 

landmarks, localization of the sampled cortical regions was checked by 
parafin embedded, cut at 6 pm, and processed for staining of senile plaques, 

cytoarchitectonic criteria, particularly those set out by Braak (1960). For 
neurofibrillary tangles, and amyloid using the method of Bielschowsky, as 

example, both the landmarks and the cytoarchitectonics (e.g., well defined 
described by Segarra (1970). Bielschowsky staining was chosen (e.g., over 

and densely packed layer IV; striking columnar arrangement of layer Ill and 
Bodian staining) because it marks both neurofibrillary tangles and amyloid 

V pyramidal cells) defined our superior temporal gyms sections as part of 
well, making the identification of plaques a simpler undertaking (Fig. 1). 
Alternate sections were stained with cresyl violet. 
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Microscopy and quantification of plaques. Representative Bielschowsky 
and adjacent cresyl violet sections were selected for each patient case and 
cortical region. Photomrcrographs at X 160 of the superior frontal gyrus, 
anterior cingulate gyrus, superior temporal gyrus, and striate visual cortex 
were then taken, photographically enlarged, and assembled into montages. 
Montages typically encompassed an area from the pial surface through the 
white matter, and from the depths of the sulcus (sylvian, superior frontal, 
cingulate, or calcarine) to the top of the respective gyrus. 

From cresyl vrolet montages, reference to the original sections, and 
reference to the cytoarchitectonic characterizations of Braak (1980) lamina- 
tion patterns were determined for adjacent Bielschowsky sections. Cresyl 
violet laminar parcellations were marked on a plastic overlay and then 
transferred to Bielschowsky montages. To determine the measured area 
within each lamina and the area of plaques therein, a grid transparency was 
placed over Bielschowsky montages. Each unit in the grid measured 400 
pm’ (20 @cm x 20 pm) relative to the final magnification of montages, The 
following data were then recorded: area of lamina quantified, number of 
plaques within the lamina, and area of plaques within the lamina. Plaques 
were defined by the routine criteria employed since Alzheimer’s time: namely, 
the presence of amyloid, degenerating neuronal processes, and neurofibril- 
lary tangles (Terry and Katzman, 1983; Kemper, 1984). No attempt was 
made to discrimrnate so-called primitive, classical, and end-stage plaques 
(defined by greater and lesser degrees of amyloid and tangles), since the 
tmplred chronology and etiologic srgnrficance of these characterizations are 
still much disputed (Terry and Katzman, 1983; Kemper, 1984). Plaque 
concentration was defined as the number of plaques per square millimeter 
of cortex. Plaque areal concentration was defined as the area of plaques per 
square millimeter of cortex. Parts of plaques falling within and occupying 
more than half a grid square were scored as being part of the plaque. 
Discretely stained, isolated areas less than 400 pm’ (one grid square) were 
found, on subsequent reference to the original sections, to be amyloid debris 
usually associated with small blood vessels, or cells filled with neurofibrillary 
tangles-more often the latter. Accordingly, this pathology was scored 
separately from plaque counts. 

Statistics. The results of a three-way analysrs of variance (patients x 
cortical region x lamina) (Keppel, 1973) were virtually identical to those from 
a repeated measures two-way analysis of variance (cortical region x lamina 
across patients) (Keppel, 1973). However, the repeated measures test did 
not given an estimate of differences within patients since each patient was 
measured only once at each cortical region and lamina; for this reason, the 
results described below are based on the three-way factorial analysis. The 
latter provides statistical tests for differences among patients, cortical regions, 
and cortrcal laminae, in addition to Interactions between these factors (e.g., 
significant differences between cortical regions In the way plaques are 
distributed within their respective laminae). 

Results 

Plaque concentrations. The number of plaques per square milli- 
meter of cortex differs significantly among laminae (F5,45 = 11.93, p 
< O.OOOl), with layers II, Ill, and IV having the highest concentrations 
(x f  SEM = 60.8 + 7.6, 51.4 + 6.1, and 59.5 f  13.4 plaques/mm*, 
respectively), and layers I and VI having the lowest (x = 31.3 rfI 5.3 
and 21.8 f. 3.7 plaques/mm*, respectively). Plaque concentrations 
also differ significantly among patients (F3,45 = 19.34, p < 0.001) 
and cortical regions (F3,45 = 5.15, p < 0.005). Superior temporal 
(auditory) and striate visual cortex, both sensory areas, have more 
than 40% lower plaques concentrations than do superior frontal 
(Brodmann area 9) and anterior cingulate (Brodmann areas 23 and 
24) gyri, classic association and limbic regions, respectively. Within 
patients, plaque concentrations range from a mean of 32.6 f  4.3 to 
68.2 f  10.3 plaques/mm*. These data indicate that the four Alz- 
heimer’s disease patient cases selected for study range from severe 
to extremely severe (Blessed et al., 1968). Although the regional and 
laminar patterns of plaque concentrations are highly similar within all 
patients (Fig. 2) they appear to be significantly accentuated in 
patients with more severe plaque pathology (as indicated by requisite 
inspection of the data after significant patient x lamina and patient 
X cortical region interactions) (F,5,45 = 4.07, p < 0.001, and F9,45 = 
4.08, p < 0.001, respectively). Thus, as more and more cortical 
plaques are formed, they tend to occur with increasing frequency in 
layers II to IV and in association and limbic areas. The relative severity 
of our cases, and their attendant accentuation of laminar differences 

in pathology, may also explain why the paucity of plaques in laminae 
I and VI-particularly the latter, where the relative laminar area is 
great and the number of plaques small-has not heretofore been 
reported. Indeed, in some sections from very severe cases, layer VI 
has, comparatively, so few plaques that the effect is visible without 
magnification (Fig. 3). 

Plaque size. There are also highly significant regional (F3+ = 
4.60, p < 0.01) and laminar (F5,45 = 10.91, p < 0.001) differences 
in plaque size. Plaques are largest in laminae characterized by their 
preponderance of large pyramidal cells, layers Ill and V (x = 2777 
f  202 pm* and x = 2502 f  123 Km’, respectively); they are smallest 
in laminae with characteristically smaller, nonpyramidal cells, layers 
I and IV (x = 1535 + 139 pm* and 1602 f  74 pm2, respectively) 
(Fig. 4). Plaque size does not differ significantly among patients. 
Since there is a significant range of severity among the patients (as 
judged by significant differences in plaque concentrations), these 
data suggest that plaques do not grow indefinitely but, instead, 
reach finite sizes predetermined by some cytologic characteristic of 
the lamina in which they occur. 

Plaque area/ concentration. The total area of plaques per square 
millimeter of cortex differs significantly among patients (F3,45 = 22.88, 
p < O.OOOl), cortical regions (F 345 = 4.89, p < 0.005) and laminae 
(F5,45 = 18.26, p < 0.0001). Association and limbic areas again have 
higher values; primary sensory areas have lower values (Fig. 5). 
Likewise, plaque areal concentration is highest in layers II and Ill, 
and lowest in layers I and VI (Fig. 5). Layer IV, which has large 
numbers of plaques, shows lesser values by measures of plaque 
areal concentration because the plaques found there, although 
numerous, are small. Inspection of the data for each patient suggests 
that the significant interaction of patients X lamina (F15,45 = 5.21, p 
< 0.0001) reflects an accentuation of the predilection of plaques for 
the upper cortical laminae in more severe patient cases. 

Discussion 

Quantitative assessments of plaque distributions and morphology 
reveal laminar and regional differences within neocortex. Although 
we note that differential plaque distributions are most obvious in 
severe to very severe Alzheimer’s disease cases such as those 
examined here, they can in fact be seen in the data of others. For 
example, Figure 4 in a report by Kosaka et al. (1984) shows, in 
schematic fashion, the location of plaques observed by the authors. 
Although they do not comment on the resulting pattern, it clearly 
matches the plaque distributions shown in Figures 2 to 4 of the 
present report, particularly with respect to the paucity of plaques in 
the infragranular laminae. Likewise, Mandybur (1975) states his 
qualitative impression that in temporal cortex, layers II, Ill, and V are 
most involved. These and other qualitative observations (Redlich, 
1898; Fischer, 1907; Fuller, 1911; Tomlinson et al., 1968, 1970) are 
generally in agreement with our quantitative data. 

Although early investigators typically regarded Alzheimer’s dis- 
ease as a primary cortical injury, it is now widely speculated that 
plaque etiology somehow centers on deterioration of extrinsic corti- 
cal afferent fibers, particularly those subcortical afferents having 
known neurotransmitter identity (e.g., cholinergic projections from 
the nucleus basalis of Meynert (nBM)) (Price et al., 1982; Struble et 
al., 1982; Coyle et al., 1983). However, our data suggest that plaque 
distributions correspond neither to specific thalamic input distribu- 
tions (see below) nor to innervation patterns for any known neuro- 
transmitter-specific subcortical afferent. This is particularly true for 
neocortical acetylcholine, presumably deriving from the nBM. Insofar 
as it can be determined from the scant data on cholinesterase 
histochemistry (Mesulam et al., 1983) and immunocytochemistry 
(Hedreen et al., 1983) cholinergic projections are most dense in 
layer I and deep layer VI. These are precisely the laminae that have 
the fewest plaques (Fig. 4). Similar discrepancies exist for cortical 
noradrenergic projections (Morrison et al., 1982). With respect to 
hypotheses of plaques etiology that focus on such subcortical nuclei 
as the noradrenergic locus ceruleus (Bondareff et al., 1982; lversen 
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Figure 2. Typical photomontages of Bielschowsky staining from the four Alzheimer’s disease patients and cortical regions. A, Superior frontal gyrus; 6, 
anterior cingulate gyrus; C, superior temporal gyrus; D, striate visual cortex in bright (upper) and dark (lower) field. WM, white matter. 
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Fjgure 3. Photograph of a frontal lobe hemtsectlon stalned by the Blelschowsky method. There are comparatively so few plaques In layer VI that a distinct 
band IS evident between the white matter and the more heavily stained layers superficial to layer VI. The paucity of layer I plaques IS also evident in many 
areas. 



et al., 1983) or the cholinergic nBM (Price et al., 1982; Struble et at., 
1982; Coyle et al., 1983) it is also difficult to reconcile the relative 
sparing of many brain regions in Alzheimer’s disease (Mandybur, 
1975; Jamada and Mehraein, 1977; Kemper, 1984) with the global 
reach of noradrenergic (Moore and Bloom, 1979; Morrison et al., 
1982) and cholinergic (Mesulam and Van Hoesen, 1978; Mesulam 
et al., 1983) systems. The cerebellum, for example, receives a dense 
plexus of norepinephrine innervation (Bloom et al., 1972; Moore and 
Bloom, 1979) (in fact, locus ceruleus axons may bifurcate to reach 
both cerebellum and cortex through branches of the same axon) 
(Olson and Fuxe, 1971; Nakamura and Iwama, 1975; Nagai et al., 
1981; Steindler, 1981) yet plaques in cerebellum are so scant as to 
be considered unusual (Kemper, 1984). Likewise, the nBM itself, 
one of the most densely cholinergic regions in brain (Mesulam et 
al., 1983) has few plaques (Jamada and Mehraein, 1977; Kemper, 
1984). Co-localization of cholinesterase-positive fibers with plaques 
(Struble et al., 1982) along with other evidence (Price et al., 1982; 
Coyle et al., 1983) was once considered suggestive of a primary 
role in plaque etiology for cholinergic fibers presumably originating 
in the nBM. Since then, however, our work (Morrison et al., 1984, 
1985) and that of others (Armstrong et al., 1984; Kitt et al., 1984) 
has shown that at least three other neurotransmitter-specific sets of 
fibers, somatostatin-, catecholamine-, and substance P-reactive neu- 
rites, can also be co-localized with plaques. This, at the least, casts 
grave doubts on the primary role of any single neurotransmitter 
system in plaque etiology and opens the strong possibility that 
virtually any or all cortical neurotransmitters may ultimately be found 
in one or another cortical plaque. In addition, previous emphasis on 
subcortical structures and their projections to cortex also appears 
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Figure 4. Mean cross-sectional area of neuritic plaques as a function of 
cortical lamina. Note that there is good correspondence between the size of 
cells typical of a lamina and the srze of plaques found there. For example, 
plaques are largest In the pyramidal cell layers, Ill and V. Layers I and IV, 
dominated by neuropil and small cells, respectively, have signrficantly smaller 
plaques. 
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Figure 5. Plaque areal concentrations for layers I to VI across the four 
cortical regrons studied. Note that the pattern of pathology, particularly the 
paucity of plaques in layers I and VI, is consistent In all regions. Overall mean 
f SEM for these data is 0.091 f 0.007 mm’ of plaques/mm’ of cortex. 

less warranted given the somatostatin findings: cortical somatostatin 
most likely derives from a system intrinsic to cortex (Morrison et al., 
1983; Hendry et al., 1984). 

Although the large numbers of plaques in layer IV are consistent 
with specific thalamic input to cortex (Peters, 1979; Jones, 1981; 
Lund, 1981) several factors argue against a primary role for thala- 
mocortical projections in Alzheimer’s disease. Pathology of the 
thalamus itself does not appear prominent compared to other regions 
(Simma, 1951; Kemper, 1984). Moreover, a primary role for thalamic 
afferents, which terminate primarily in layer IV (Peters, 1979; Jones, 
1981; Lund, 1981) does not account for equal or higher densities 
of plaques in layers II and Ill. Finally, thalamic involvement in plaque 
etiology is inconsistent with the paucity of layer VI plaques, since 
layer VI is not only the recipient of a minor projection from the 
specific thalamic nuclei but is also the source of cortical projections 
to the thalamus (Lund, 1981; Jones, 1984). 

I f  deterioration of subcortical afferents to cortex does not parsi- 
moniously explain plaque distributions, what can? On the basis of 
our research, we suggest a nearly opposite hypothesis: the primary 
basis for neocortical plaque formation is the deterioration of neural 
elements intrinsic to the neocortex. Cortical plaque distributions and 
morphology are well correlated with several unique aspects of 
cortical cytoarchitecture, particularly those regions, laminae, and 
elements most involved in the functional integration of information 
from the various cortical regions (i.e., corticocortical association 
systems). For example, plaques are significantly more prevalent in 
superior frontal and anterior cingulate gyri, areas of extensive con- 
vergence of corticocortical systems, than in superior temporal and 
striate visual cortex, areas dominated by their connections with the 
thalamus. Furthermore, they are significantly more prevalent in layers 
that strongly participate in corticocortical connectivity, layers II and 
Ill, than in layers that do not, layers I and VI. It is possible, in fact, 
that layer IV plaques may also be related to degeneration of corti- 
cocortical systems, since in some regions layer IV receives signifi- 



The Journal of Neuroscience Cortical Laminar Plaque Distributions in Alzheimer’s Disease 2807 

cant corticocortical terminations, especially those characterized as 
feed-forward in an ascending hierarchical scheme (Van Essen and 
Maunsell, 1983). 

Differences among laminae in the sizes of plaques are also 
parsimonious with an intrinsic cortical etiology. Plaques are largest 
in cortical laminae dominated by large pyramidal cells, source neu- 
rons for corticocortical relations (and cortical output in general); they 
are smallest in cortical laminae noteworthy for their small nonpy- 
ramidal cells, layers I and IV. 

The idea of an intrinsic cortical origin for plaques may speak, 
albeit indirectly, to the problem of why several different neurotrans- 
mitters can be co-localized with plaques (Struble et al., 1982; 
Morrison et al., 1984, 1985; Armstrong et al., 1984; Kitt et al., 1984). 
Many different neurotransmitters impinge on cortical neurons and 
their neurites. If  deterioration of these intrinsic cortical elements 
results in a plaque spread out over several thousand square microm- 
eters, is it any great surprise that a particular neurotransmitter (or 
glial cell, artery, vessel, or capillary) normally contained in that region 
can subsequently be found there? The presence within plaques of 
dystrophic neurotransmitter-specific fibers, such as those we have 
previously demonstrated by somatostatin immunocytochemistry 
(Morrison et al., 1984, 1985) is stronger evidence for a causative 
role in plaque etiology than mere proximity to the plaque; but even 
here we note that the degeneration could equally well be due to loss 
of postsynaptic targets for afferent termination rather than the other 
way around. It may actually be the absence, rather than the co- 
localized presence, of certain elements that is significant. 

I f  one considers the basic principles of neocortical connectivity 
and begins to shift focus away from cholinergic and other subcortical 
afferent systems, a simple rationale presents itself for why plaques 
should take on a distribution pattern so clearly aligned with cortico- 
cortical association systems. There are two major afferent sources 
for any given area of the cortex. These are: (a) projections from 
other cortical areas and (b) projections from the thalamus. As 
proposed by Powell (1981) one or the other of these inputs appears 
to dominate in different cortical regions. At one extreme, for example, 
is the primary visual cortex (area 17) which is interconnected with 
relatively few other conical regions (and only moderately intercon- 
nected even with these) (Van Essen and Maunsell, 1983) but which 
is extensively and reciprocally linked to its associated thalamic 
nucleus, the lateral geniculate nucleus (Gilbert and Wiesel, 1981). 
At the other extreme are such areas as the prefrontal association 
cortex. Here, corticocortical projections from diverse ipsilateral and 
contralateral cortical regions dominate, providing highly processed 
information from all sensory modalities (Jones and Powell, 1970). 
Thus, even if plaques were initially distributed randomly throughout 
neocortex, a cascade of pathology should occur in the association 
and limbic areas; for it is here that the most extensive convergence 
of corticocortical connections occurs. The association areas would 
then be expected to exhibit not only their own inherent pathology, 
but also an additional pathology deriving from deterioration of the 
multitude of other cortical regions projecting there. Our finding of an 
increased predilection of plaques for the association regions and 
laminae in increasingly severe Alzheimer’s cases is consistent with 
such thinking. In this view, the dementia of Alzheimer’s disease may 
reflect a neocortical isolation syndrome, wherein normal communi- 
cations between the various neocortical regions are disrupted, and 
the associative functions so necessary to higher cognitive processes 
become tenuous. A similar explanation can be given for the pattern 
of Alzheimer’s pathology recently described by Hyman et al. (1984) 
in hippocampus and entorhinal cortex. Our hypothesis predicts that 
there should be a cascade of pathology wherever there is a cascade 
of convergent cortical input, and this is precisely the effect Hyman 
et al. (1984) have so carefully documented in their description of 
hippocampal-entorhinal cortex input-output relations and the patterns 
of pathology found there. Thus, hippocampal isolation may be but 
one example of a widespread conical phenomenon in Alzheimer’s 
disease. 

The degeneration of corticocortical association systems, as pro- 

posed here, would almost certainly exert a more profound effect on 
cognitive processing than would deterioration of conical monami- 
nergic or cholinergic innervation. Although pharmacologic blockade 
and/or lesions of the source nuclei for cortical monoamines and 
acetylcholine have been shown to impair memory (Bartus et al., 
1982) the resulting deficits are difficult to describe as dementia. 

Future research is necessary to determine whether the possible 
role of intrinsic cortical elements in plaque formation is due primarily 
to pathology of cortical dendrites, axons, perikarya, or all of them 
combined. The classic ultrastructural studies of Terry et al. (1964, 
1970) suggest that there are more dystrophic axons than dendrites 
in plaques, with cell bodies virtually absent. Our research also 
underscores the role of deteriorative axons in plaque pathogenesis. 
However, as opposed to previous reports (e.g., Price , 1982) our 
findings emphasize the powerful corticocortical association system 
rather than subcortical afferents to cortex. 
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