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FRAUTSCHY, S.A., F. YANG, L. CALDER~)N AND G. M. COLE. Rodent models of Alzheimer's disease: rat Af5 infusion approaches to amyloid deposits. NEUROBIOL AGING 17(2) 311-321, 1996.--The development of rodent models for Alzheimer's
disease is a critical step for both understanding the disease and developing therapeutic drugs. Transgenic and knockout mouse models
will elucidate some important aspects of the etiology of the disease and the development of pharmaceutical treatments. Here, we will
focus on the advantages of nontransgenic models. In nontransgenic rat models, intraventricular infusion of A[31-40 (alone) generally
results in diffuse deposition of A[3 with very few focal plaque-like amyloid deposits after a 30-day intraventricular infusion. However,
we have recently fc,und that large numbers of scattered AI3 immunoreactive plaque-like deposits can be produced in retired female
Sprague-Dawley rat breeders using intraventricular infusion of AI3 combined with neuropil injection of transforming growth factor
[31(TGF[3). A[3 that was not associated with the large deposits was often immunolocalized with neurons and cell processes. Immunogold electron mic:oscopy demonstrated the presence of A[3 in endosome/lysosomes of neuronal processes and glia and basal lamina.
In some cases this labeling was clearly in lysosomes of degenerating neurites. This model allows one to introduce A[3 and other
plaque-associated factors without overexpression of potentially confounding APP domains. We conclude that AI~ infusion models will
be a useful complement to transgenic approaches to Alzheimer's pathology.
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THE usual criteria for establishing useful rodent models for Alzheimer's Disease (AD) focus on the reproduction of Alzheimer's
like pathology in the rodent brain, accompanied by behavioral
deficits related to dementia. A major advance has recently been
made with the production of [3- amyloid plaques accompanied by
neurodegenerative changes in a mutant human APP717 transgenic
mouse (7). These mice express 8-10 times the normal level of
amyloid precursor protein, APP, and this high level of APP expression is thought to be a key factor in the successful production
of plaques. This model is an exciting advance in Alzheimer's
research because it demonstrates that APPT17 overexpression can
produce neuritic plaques in mice.
Given that APP is a conserved protein with high levels of
expression in normal animal neurons, one expects it should play
some important role in brain function, and there is growing evidence that it does so. The protease inhibitor domain is known to be
a potent inhibitor of many proteases, including critical steps in the
coagulation cascade (29). The heparin binding domain can interact
with and immobilize many ligands. The zinc binding domain may
have major functional signiificance, particularly in the hippocampus (3). Further, low levels of APP have been found to have major
effects on adhesion (23) and to be neuroprotective (16). Behavioral
deficits are induced by partial (17) and complete (35) APP knockouts. Injection of putative APP active site domain has been linked

to synaptic and memory changes (21). Thus, there is every reason
to believe that 8-10-fold increases in APP could have a number of
significant biological effects over and above any effect on AI3
production or 13-amyloidosis. Because there is little evidence that
sporadic Alzheimer's disease involves a global increase in APP
production, it is useful to introduce A[3 peptide without large increases in other APP domains. Curiously, transgenic constructs
designed to produce AI3 alone have resulted in no effect when a
leader sequence ensured secretion of A[3 or large accumulations of
A[3 within neurons with accompanying toxicity when no leader
sequence was used (13). The relationship of these cytoplasmic A[3
deposits to AD remains problematic. However, these results raise
questions about the possible roles of non-A[3 APP domains in both
known and unknown aspects of the phenotypes of APP Tg mice.
Thus, despite the dramatic and exciting recent success of an APP
transgenic in producing AD-like extracellular deposits, there is
undoubtedly a need for other approaches which elevate A[3 without elevating APP.
Over the past several years, we and others have sought to
produce elevated levels of AI3 by direct injections or infusions of
AI3 or Alzheimer amyloid cores into the rat brain (6,12,25,31,33).
One problem with these experiments has been the inability to
cause multiple deposits away from the injury caused by infusion/
injection. Our recent studies of A[3 infused into the rat brain have
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begun to show us how to produce rats with neurodegeneration (4),
synaptic pathology (5), neuron-associated A[3, and large numbers
of scattered A[3 deposits far from the needletrack (4,5).
METHOD

Female Sprague-Dawley retired breeder rats (12-14 months of
age, 200-250 g body weight) were used in this study. Surgical and
animal care procedures were carried out with strict adherence to
the guidelines set out in the NIH Guide for the Care and Use of
Laboratory Animals, National Institutes of Health Publications no.
80-23. Rats were quarantined for 1 week after arrival at the housing facility to ensure that they were free of specific contagious
pathogens. The rats were kept on a 12 L:12 D cycle and were
provided with food and water ad lib.

Two-Site Paradigm
Good penetration into the neuropil requires that A[3 remain
soluble and not deposit at the injection/infusion site. This is why
we have chosen [31-40 over the more toxic and very insoluble
[31-42. However, pilot experiments showed that infused A[31-40
was largely cleared. Therefore, a two-site paradigm was developed
in which plaque-associated substances (lipoproteins, proteoglycans, growth factors, etc.) could be tested for their ability to induce
plaque-like A[3 deposits. This "two site paradigm," infusing A[3
and injecting another factor, has been used to test the effects of a
number of plaque associated substances as potential modulators of
deposition, clearance, or seeding (4). Here, we report on TGF[3 I.

Surgery
After rats were anesthetized with a mixture of anesthetics
(acepromazine, 1.875 mg/kg; ketamine, 37.5 mg/kg; and xylazine,
1.9 mg/kg IM), miniosmotic pumps (Alzet 2002) were attached via
polyethylene tubing to brain catheters (Alzet) that were stereotaxicly implanted into the lateral ventricle (at coordinates -0.6 mm
AP, -1.4 mm ML to bregma, and -3.5 mm DV cranium) (AP =
anterior-posterior, ML = medial-lateral, DV = dorsal-ventral).
Pumps were partially coated with paraffin to reduce the infusion
rate to approximately 300 rig/3 txl per day for 4 weeks. Pumps
contained: a) [31-40 (20 ~g/200 p~l) dissolved in sterile water, or
b) vehicle (sterile water), or c) the amyloid related peptide control,
equimolar rat amylin 20-29 peptide. Peptides were synthesized
and purified by Dr. N. Ling, Neurocrine, La Jolla, CA, as previously
described (31) and all A[340 and A[342 were from the same lots.
At the time of pump implantation, TGF[31 (R and D, human
recombinant, 10 ng) or artificial CSF was bilaterally infused into
the anterodorsal thalamus (-2.1 mm AP, +1.4 mm ML, and
-4.6mm DV dura) using a Sage pump in a volume of 0.5 ixl over
a 5-min period, waiting another 5 rain to prevent reflux prior to
removal of the Hamilton syringe. We previously demonstrated that
TGF[3 injection into the neuropil had a dramatic effect on microglia and extracellular matrix proteins (14) and, therefore, chose a
neuropil injection over cointraventricular infusion. The site of injection, the anterodorsal thalamus was chosen because the injection would penetrate the ventricle, potentially facilitating access of
the TGF[3-injected neuropil to the areas reached by intraventricularly infused A[3.
The following regimens were used to test the role of TGF[3 in
the clearance of intraventricular or neuropil infused [31-40: (I)
intraventricular infusion of [31-40 with injection of TGF[3 (n = 6)
or artificial CSF (n = 3) into the thalamus (II) intraventricular
infusion of sterile water with TGF[3 injection (n = 3) (III) neuropil
infusion of [31-40 with TGFI3 injection (n = 10), (IV) intraventricular infusion of amylin with TGF[3 injection (n = 1).
After 4 weeks, rats were anesthetized a second time and per-

fusion fixed with 4% paraformaldehyde/borate buffer as previously described (6). At the end of the experiment, pump patency
and functionality were confirmed by verifying that pump contents
were discharged and that the infusion apparatus was intact. Pump
contents were placed on a slide and stained with Thioflavin S.
Brains were removed and embedded in paraffin.

Histology/lmmunohistochemistry
Accuracy of cannula placement and amyloid deposit formation
was determined by staining every eighth serial frontal 12 /~M
sections with Hematoxylin and counterstaining with Thioflavin S.
Fifty 12 p~m sections spanning a 2 mm thickness were immunostained with " H Q K , " a polyclonal antiserum to A[314-24 (6) and
a monoclonal antibody to synthetic [31-40 (10G4-mapping to the
135-13 region (34)) using indirect immunoperoxidase staining
(ABC Elite, Vector Lab.) with diaminobenzidine-metal enhanced
chromagen (Pierce). Polyclonal antibody to [31-5 (22) was generously provided by Dr. T. C. Saido. Colocalization of antigens was
determined by additional immunostaining using another enzyme
system, alkaline phosphatase, which reacted with the Vector blue
chromagen (Vector Lab.). Specificity of A[3 staining was verified
by preincubating sections adjacent to areas of known A[3 immunoreactivity with antibody preabsorbed with 10 Ixg of A[3 peptide.

Electron Microscopy
Rats were perfusion-fixed with 4% paraformaldehyde/2% glutaraldehyde, the tissue was dissected, embedded with osmium and
araldite resin, and stained with uranyl acetate/lead. Immunogold
labeling was performed by etching tissue and removing osmium
with hydrogen peroxide. Following labeling, sections were
restained with uranyl acetate/lead stain.
RESULTS

There were no scattered [3 immunoreactive deposits throughout
the brains of rats infused intraventricularly with amylin or sterile
water. Rats in which A[3 was infused into the cortex showed extensive necrosis and A[3 immunopositive staining surrounding the
cannula site, but no staining distal to the site of infusion. All rats
in which A[3 or amylin, but not water, was infused intraventricularly showed Thioflavin S fluorescence in the choroid plexus, subfornical origin, and circumventricular regions, further confirming
the patency of the miniosmotic pumps. [3 Immunoreactive staining
usually paralleled the pattern of Thioflavin S fluorescence. For
example, all animals infused with A[3 exhibited extensive deposition of A[3 in the vasculature, choroid plexus, and ependyma that
was observed at the light and ultrastructural level (4).
Unlike rats infused with A[3 alone, all of the rats infused with
[31-40 and injected with TGF[3 exhibited extensive deposition of
A[3 in the neuropil, which was depicted in two ways. In half the
TGF[3-injected rats there were numerous A[3-containing phagocytes in the neuropil, with an increasing gradient of diffuse A[3
staining running toward the ventricle, but no large compact extracellular deposits (Fig. 1A and B). The remaining three rats infused
with [31-40 and injected with TGF[3 also showed extensive neuropil deposition of A[3, but these deposits were neither predominantly intracellular nor diffuse. These rats showed large extracellular, plaque-like deposits (PLDs) of [3 protein that were dispersed
bilaterally posterior to the infusion site throughout the frontal cortex, corpus callosum, fimbria, hippocampus, septum, and the dorsal striatum (Figs. 2 and 3). PLDs were bilaterally distributed and
most abundant within 500 ~m posterior to the infusion site (Figs.
2 and 4). Twenty percent of the large A[3 PLDs contained clusters
of ED1 positive phagocytes (not shown). The diameters of the
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FIG. 1. Panel A: following intraventricular infusion of [31-40 and using polyclonal antisem to A[314-24
" H Q K " (6) immunopositive phagocytic cells are visualized in the septum (panel A) and periventricularly,
where there is extensive extracellular A[3 near the ventricle, which has not been cleared despite the numerous
A[3-positive cells (panel B). In another rat in which A[31-40 was infused intraventricularly, both punctate and
diffuse A[3 immunoreactivity are visualized at the site of injection of vehicle, artificial cerebrospinal fluid, in
the anterodorsal thalamus (panel C). In an adjacent section in which the antibody is preabsorbed with A[31-40,
no stairting is observed (panel D). Bar = 25 ~m.
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Plaque-like deposits (PLDs) in rat brain following
intraventicular infusion of I~ 1-40
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FIG. 2. A graph showing the distribution and number of A[3 deposits
greater than 30 Ixm in diameter in the three rats that showed extensive
plaque-like deposits (PLDs). The average number of AI3 immunolabeled
PLDs per section for two consecutivesections was counted,taking every
fifth and sixth sectionfrom 100 t~M before the infusionsite to the injection
site. The peak number of plaque-likedeposits was observed roughly 500
~zmfrom the AI3 infusion site (0 o~M),that is about one-thirdof the way
between the A[3 infusion site and the TGF[3injectionsite located 1.6 mm
away (at 1600 ixM). Solid squares (rat 5), diamonds (rat 6), and open
circles (rat 2).
deposits were 30-60 ~m, and these PLDs were often, but not
always Thioflavin S positive (Fig. 3). More diffuse deposits immunostained with A[3 then labeled with Thioflavin S, consistent
with the greater sensitivity of immunostaining. Many of the AI3
immunopositive structures contained focal areas with more or less
stain giving the structures a foamy appearance (Fig. 4B). Staining
of A[3 immunoreactive structures was inhibited by preabsorption
with AI3 peptide, regardless of antibody used (Fig. 1C and D and
Fig. 4C and D). The PLDs were often associated with cathepsin D
immunopositive processes (thalamus and cortex), ubiquitin (thalamus), and synaptophysin (most PLDs) (4). The nine animals infused with TGFI3 and AI3 in the hippocampus showed small, scattered AI3 immunopositive structures (Fig. 5A arrows) and curvilinear profiles near neuronal perikarya (Fig. 5B, open arrow);
pyknotic pyramidal neurons were sometimes found surrounded by
A[3 (Fig. 5B, arrows).
Ultrastructural analysis showed amyloid-like fibers surrounding the region of AI3 infusion, near the cannula and in the upper
right corner (Fig. 6A). A[3 immunogold reactivity was visualized
in the basal lamina, lining cell processes (Fig. 6B). Structures
resembling lysosomes or endosomes appeared to contain AI~ immunogold reactivity, including the dense bodies of a degenerating
neuronal process (Fig. 6C, area of white box shown enlarged in the
inset). Endosomal/lysosomal AI3 staining was commonly found in
processes in this area (area of black frame in 6C shown enlarged
in Fig. 6D). Most of the immunogold staining was not found
associated with amyloid fibrils.

DISCUSSION
The most striking result of the present study was that it is
possible to produce large numbers of AI3 plaque-like deposits in

the rat brain with a 30-day infusion protocol. However, it is
equally important to note that the majority of attempts to produce
these results failed to result in significant numbers of compacted or
plaque-like A[3 deposits like those we observed in three of the six
TGF[3/ Al3-treated rats. Very few focal deposits and extremely
limited persistent A[3 immunostaining was found in animals infused with 20 txg of A131-40 alone. Numerous studies using similar infusion protocols have found good penetration into the neuropil (more than 100 ixm) with intraventricular infusions of immunoneutralizingantibodies (14) and other proteins, including AI3
(18). This suggests that intraventricularly infused A[31-40 enters
the brain, but is either readily cleared or too diffusely deposited to
be detected.
Ultrastructurally, the ependyma were packed with amyloid-like
fibers, suggesting that some of the A[~ was forming amyloid at the
infusion site. Amyloidosis may be one of the limiting factors influencing penetration of A[3 into the neuropil and may reduce
penetration over the course of the infusion as AI~ aggregates both
in the pump and within the immediate vicinity of the infusion site.
Some aggregation occurred in the pump as small, punctate Congo
red positive aggregates could be found in the A[3 remaining in the
pump at the end of the experiment. A role for microglia-like
phagocytes in A[3 clearance was evident (Fig. 1), consistent with
our previous injection study with natural A[3 amyloid (6). Phagocytes immunopositive for A[3 were often found lining the ventricles or in the choroid plexus. We also saw evidence of phagocytic uptake and attempted clearance of A[31-40 at the ultrastructural level (4). This was most obvious in pericytes releasing their
contents, often dense with amyloid and other debris, into the lumen
as well as in clusters of phagocytes surrounding the vessel wall.
This is consistent with studies of microglia in culture showing avid
uptake and apparent clearance of A[3 (1). In addition to phagocytic
clearance of AI3, there may be other clearance mechanisms involving soluble or matrix proteases or uptake into lysosomes of other
cell types (11). These observations of relatively effective removal
of large amounts of infused A[3 strongly suggest that efficient
clearance of the much smaller amounts of A[~ produced normally
or in transgenic rodents may be one reason for the common lack of
success in producing AI3 deposits in rodent models. In relationship
to transgenic studies, these results indicate that strain variation
could influence clearance of A[3 and might be expected to be as
important a variable as any other in determining whether or not
plaque-like deposits develop.
In order to demonstrate the importance of clearance mechanisms in producing plaque-like deposits, we sought to modulate
A[3 clearance by injecting TGFI3 in our A131-40 infused animals.
TGF[~ injection was used because TGF[3 is known have a number
of effects that could inhibit AI~ clearance including inhibition of
microglial phagocytosis (10,19,20,26,28), downregulation of extracellular proteases and upregulation of related protease inhibitors
(14,27,30,32), and increased production of extracellular matrix
components, including heparan sulfate proteoglycans (HSPGs).
HSPGs have previously been shown to promote AI~ deposition
(25) and to inhibit A[3 clearance by microglia (24). TGF[3s have
also been shown to induce APP in culture (9) and to bind APPs (2).
Any or all of these mechanisms may be important in producing the
observed results.
Another line of reasoning suggested the use of TGF[3. TGFI31
is readily induced by injury in the rat brain (15). We have found
A[3 depositing at the artificial CSF injection site (Fig. 1C), apparently in response to injury. Injury induced A[3 deposits have been
clearly documented in the human brain (8). Thus, TGF~3 induced
in response to injury may be a factor promoting AI~ deposition.
In animals infused with AI3 alone, A~3 was barely visible except
for a few weak diffuse deposits or AI3 deposited in the vasculature
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FIG. 3. Panel A depicts anti-A[3 [3 immunostaining of a section containing corpus callosum and hippocampus
with 10G4 monoclonal to A[31-40 in a TGF[3. Panel B shows Thioflavin S staining of many, but not all of the
objects in a neighboring section. The inset shows a higher magnification view of a single Thioflavin S positive
object. Bar = 50 p,M.
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FIG. 4. AI3 immunoreactivity in plaque-like deposits of the septum of a rat intraventricularly infused with AI31-40 and injected
with TGF[~ in the anterodorsal thalamus is observed at low magnification using a monoclonal antibody against A[3 1-40, 10G4
(panel A). At higher magnification these deposits appear plaque-like and are frequently foamy or vacuolated as described in the
text (panel B). Panel C depicts the fimbria hippocampus of another animal that was also intraventricularly infused with AI31-40
and injected with TGF[?,. This section was immunostained for 10G4 preabsorbed with A[31~2 and shows no staining, while the
adjacent section immunostained with 10G4 shows several large compact A[3 positive objects and diffuse A[3 near the ventricle
(panel D). V = ventricle, bar = 10 Ixm,

(not shown). We have similarly immunostained thousands of sections for A[3 from more than 100 rat brains in the last 3 years
without obtaining large numbers of scattered A[3 deposits with A[3
alone. All of the six TGF[3 injected animals showed increased AI3
staining after A131-40 infusion, but only three of the animals injected with TGF[3 and infused with A[31-40 in our initial study had
numerous A[3 immunoreactive plaque-like deposits per animal.
The remaining AI3 infused/TGF[3-injected rats demonstrated partial clearance of A[3 with abundant A[3-containing phagocytes,
diffuse deposition in the neuropil (Fig. lAB), and also extensive
deposition in the vasculature (not shown). In our view, the formation of plaque-like deposits in these experiments can be attributed
in part to a failure of clearance mechanisms.
Many endogenously produced factors (apolipoproteins,
HSPGs, cytokines modulating microglia, hormones, etc.) could
account for variation in the response to TGF[3. Retired female
breeders were used in the present study to optimize the chance of
producing deposits, but the use of aged animals may increase
variability. For example, some 12-14-month-old female rats may
be in constant estms and, thus, have different estrogen levels or
may have undetected illness and an acute phase response. Another
possibility under investigation is that variation in the state of aggregation of A[31-40 is a critical factor that may also influence
clearance by microglia. Nucleation studies show that A[3 aggregation rates are critically dependent on seeds that may form due to
stochastic interactions in pump infusion experiments. However,
rapid aggregation will lead to large aggregates in the pump and

poor penetration resulting in a large hole and necrosis and/or giant
aggregate at the injection/infusion site as previously described
(31). Most of our studies to date were carried out with infused
A[31-40 because of its better solubility than A[31-42, the more
important constituent of plaques. We are currently exploring a
variety of ways to overcome the technical difficulty in keeping the
longer form of A[3 soluble in a nontoxic solvent in the pump
during the month-long infusion to improve ventricular penetration
of A[31--42. Studies with larger numbers of TGF[3 injected rats of
varying age and sex are also currently being conducted to further
study the variation in the formation of plaque-like objects, but it is
important to note that all six TGF[3 injected animals had increased
AI3 immunostaining whether or not it was focal and plaque-like
and that plaque-like deposits could be produced in large numbers.
One question that we have deliberately not addressed in the
present study is the quantitative relationship of AI3 infusion and
plaque-like deposits to neurodegenerative changes. This question
is the focus of ongoing image analysis experiments in our lab and
is not yet fully resolved. However, from the preliminary results, it
is our impression that A[3 infusion with TGF[3 is associated with
neurodegeneration that exceeds that produced in control experiments.
How can a single injection of AI3 lead to persistent effects on
A[3 clearance? There are several possibilities. We have previously
shown that CNS injury induces TGF[3 and that single injections of
TGF[3 can induce CNS scar formation with gliosis (14,15), indicating that persistent changes in the brain are produced. Thus, the
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FIG. 5. AI3 1-40 was infused and TGFI3 injected into the hippocampus and sections 1 mm distal to the infusion
site were immunostained with monoclonal antiserum 10 G4 (Panel A) and polyclonal antisera against AI31-5
(panel B). The metal-diaminobenzidine immunoperoxidase product is shown in black, while the gray represents
the blue hematoxylin counterstain. Panel A depicts a diffuse A[3 deposit and a curvilinear process (arrows) in the
hippocampus. In panel B, A[3 immunopositivity surrounds some pyknotic perikarya in a region where there is
some neuTon loss (closed arrows). An A[3 immunopositive process-like profile sits among the perikarya of the
CA1 (open arrow). Bar = 10 p,M.
combination of AI3 infusion and a single TGFI3 injection may lead
to increased injury and a persistent induction of TGF[3 with persistent effects. Alternatively, the initial effects of TGF[3 on HSPGs
or matrix proteases or APP synthesis may result in more aggregated or fibrillar A[3, which continues to seed or promote AI3
aggregates to a form that cannot be readily degraded, leading to a
persistent accumulation of AI3 deposits.

There are advantages and disadvantages to an A[3 infusion
approach in attempting to address questions about AD pathology
in an animal model. Naturally, there are disadvantages to the infusion approach, most notably the inevitable injury associated with
the invasive procedures required to infuse into the brain. This can
be minimized with slow infusion rates, carefully chosen intraventricular infusion coordinates, and examination of animals long af-
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FIG. 6. ABOVE AND FACING PAGE. Ulta'astructure of the area near the infusion site and AI~ immunopositive cells in the rat
brain infused with A[~ 1-40 and injected with TGFI3. Panel A: amyloid-like fibrils are found in the region near the site of infusion
of A131-40. Large arrows indicate abnormal cells, which appear to contain amyloid-like fibrils. Panels B - D show sections
immunogold stained with the monoclonal antibody 10G4. Panel B: the left arrowhead depicts A[~ lining a cell process,
presumably neuronal, while the right arrowhead depicts AI3 lining a glial process. The small arrows show AI3 concentrated in
organelles believed to be endosomes/lyosomes. Panel C shows low magnification of an area with a degenerating neural process.
The area of the white box and the area of the black box are shown at higher magnification in the inset of C and in Panel D,
respectively. The inset in C shows the presence of AI3 in the lysosomes in the degenerating neuronal process. Panel D shows that
glial processes surrounding the degenerating neurite contain lysosomes with accumulations of A[3 immunogold label. Bar = 1 p,m.
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ter the infusion period at sites far from the needle track. Injury
upregulates Apolipoproteins E and J, APP and interleukin, all
which may enhance A[3 deposition. A second disadvantage with
infusion is the technical problem of dealing with the poor solubil-
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ity of A[3 in physiological buffers. For AI31-40, we have sought to
overcome this by eliminating salts and using water as a solvent and
slow infusion into the ventricle where osmotic effects should be
minor, but there was still evidence of limited aggregation within
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the pump. We opted against iso-osmotic sugar solutions to reduce
the danger of pathogen growth and glycation during the monthlong infusion. For A[31-42, the solvent problem remains unresolved.
Important advantages of the current approach begin with the
ability to put in defined amounts of A[3 of known sequence or
length. A second major advantage is the ability to introduce a
number of cofactors related to plaque development. Both of these
objectives can be attained without introducing order of magnitude
increases in other APP sequences with their own important functions, which may well introduce numerous physiological or developmental side effects unrelated to AD. That is, one can choose the
precise time of injection and avoid issues related to developmental
problems. Behavioral memory tests are also better developed in rat
compared to mouse models. Radiolabeled (6) or biotinylated A[3s
can be introduced for the study of A[3 fate and clearance and to
obviate any confusion with endogenous A~3. Injected or infused
AI3 is also a reasonable starting point for studies on AI3 neurotoxicity and its mechanism. Rat infusion experiments with important
results can be readily extended to other species, including primates. Another possible advantage lies in the likely ability to
accelerate the experimental turnaround time by optimizing the

doses and variables in relatively short experiments, rather than
waiting for transgenic animals to age. A final and critical advantage of the infusion approach is its ready availability to most
investigators.
While we readily acknowledge that there are dramatic advantages to transgenic approaches to Alzheimer's models, it is important not to lose sight of their limitations and the utility of other
approaches. The transgenic approach is certainly best suited for
developing animal models for drugs inhibiting A[3 protein production. One clearly important application of the infusion approach is
the study of factors influencing A[3 clearance and deposition and
possibly neurotoxicity. Ultimately, the infusion and transgenic approaches should be synergistic and contribute to the development
of both types of model and pharmaceutical interventions.
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