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SUMMARY: In mouse senile amyloidosis, apolipoprotein A-II polymerizes into amyloid fibrils (AApoAII) and deposits systemi-
cally. Peripheral injection of AApoAII fibrils into young mice induces systemic amyloidosis (Higuchi et al, 1998). We isolated
AApoAII amyloid fibrils from the livers of old R1.P1-Apoa2c mice and injected them with feeding needles into the stomachs of
young R1.P1-Apoa2c mice for 5 consecutive days. After 2 months, all mice had AApoAII deposits in the lamina propria of the small
intestine. Amyloid deposition extended to the tongue, stomach, heart, and liver at 3 and 4 months after feeding. AApoAII
suspended in drinking water also induced amyloidosis. Amyloid deposition was induced in young mice reared in the same cage
for 3 months with old mice who had severe amyloidosis. Detection of AApoAII in feces of old mice and induction of amyloidosis
by the injection of an amyloid fraction of feces suggested the propagation of amyloidosis by eating feces. Here, we substantiate
the transmissibility of AApoAII amyloidosis and present a possible pathogenesis of amyloidosis, ie, oral transmission of amyloid
fibril conformation, where we assert that exogenous amyloid fibrils act as templates and change the conformation of endogenous
amyloid protein to polymerize into amyloid fibrils. (Lab Invest 2001, 81:493–499).

Amyloidosis refers to a group of protein misfolding
diseases (Westermark, 1998). Various innocuous

and soluble proteins in physiological conditions poly-
merize to insoluble amyloid fibrils in several serious
diseases, including Alzheimer’s disease, type II diabe-
tes, amyloidosis associated with inflammation,
chronic dialysis, prion diseases, and familial and spo-
radic amyloid diseases (Booth et al, 1997; Glenner,
1980). Although the diverse amyloid proteins have
unrelated sequences, they can all form fibrils with a
similar ultrastructural appearance and a similar core
structure comprising b-pleated sheets. In mouse se-
nile amyloidosis, apolipoprotein A-II (apoA-II), the sec-
ond most abundant apolipoprotein in serum high-
density lipoproteins (HDL), polymerizes to amyloid
fibrils (AApoAII) and deposits systemically, which is
associated with aging (Higuchi et al, 1986, 1999).
Three alleles of the apoA-II gene (Apoa2a, Apoa2b,
and Apoa2c) code three variants of apoA-II protein
(types A, B, and C) with different amino acid substitu-
tions at four positions among inbred strains of mice
(Higuchi et al, 1991a). One amino acid substitution,
proline to glutamine, at position 5 (P5Q) in type C
apoA-II protein markedly accelerates age-associated

deposition of AApoAII (Higuchi et al, 1991b, 1995,
1996; Naiki et al, 1993).

Nucleation-dependent polymerization is postulated
to be a model that explains well the kinetics of
fibrillizaton of amyloid proteins and the pathogenesis
of amyloidosis. This model comprises two phases:
nucleation and extension. Nucleus formation requires
a series of monomer association steps, which are
thermodynamically unfavorable. Thus, the nucleation
phase is considered the rate-limiting step in the de-
velopment of amyloidosis. Once the nucleus has been
formed, further addition of monomers becomes ther-
modynamically favorable, resulting in the rapid exten-
sion of amyloid fibrils. The dramatically hastened fibril
formation in vitro by the addition of amyloid fibrils
(nucleus) into the solution of amyloid protein mono-
mers represents nucleation-dependent polymerization
(Horwich and Weissman, 1997; Jarrett and Lansbury,
1993; Kelly and Lansbury, 1994; Rochet and Lans-
bury, 2000; Weissmann, 1999). The addition of
AApoAII amyloid fibrils into apoA-II solutions removed
the nucleation phase and hastened the fibril extension
in vitro (Naiki et al, 1991). Furthermore, intravenous or
intraperitoneal injections of AApoAII amyloid fibrils
accelerated dramatically the progression of amyloid-
osis in young mice with type C apoA-II protein (Higu-
chi et al, 1998).

Prion diseases are associated with the accumula-
tion of a conformational isomer (PrPSc) of host-derived
prion protein (PrPC). PrPSc forms amyloid fibrils. Prion
transmission or propagation involves the conversion
of cellular PrPC into PrPSc with an increase in its
b-sheet secondary structure content. According to the
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protein-only hypothesis, introduction of the abnormal
conformer PrPSc into the organism would result in the
conversion of PrPC into a likeness of itself. The
nucleation-dependent polymerization model provides
a feasible mechanism for the conformational conver-
sion of PrPC to PrPSc (Prusiner, 1997; Prusiner et al,
1998; Supattapone et al, 1999).

Here, we attempted to verify the transmission of
non-prion amyloidosis using a mouse model and
found new evidence for the transmissibility through
digestive tracts in AApoAII amyloidosis. From these
findings, we postulate that invasion of exogenous
amyloid fibrils or amyloid fibril-like proteins might be a
possible mechanism for initiation of mouse senile
amyloidosis.

Results

Oral Transmission of AApoAII Amyloidosis

Sonicated AApoAII amyloid fibrils (20 mg) were in-
jected once daily with feeding needles for 5 days into
the stomachs of 2-month-old R1.P1-Apoa2c mice. At
2 months after injection, all mice (13/13) had AApoAII
deposits in the lamina propria of the small intestine
(Fig. 1A). The amyloid deposition was found mainly in
the jejunum and ileum (Fig. 2A) and rarely in the
duodenum and large intestine. After 2 months the
intensity of the amyloid deposition increased. Amyloid
deposition extended to the papillary layer of the
tongue, the glandular portion and the squamous-
glandular junction of the stomach, the collecting tu-
bules in the papillae of the kidneys, the interstitium of
the heart muscles, and to the Disse spaces of the
periportal sinusoid of the liver (Fig. 2, B and C). By
contrast, no amyloid deposition was detected in the
mice injected with saline into the stomach, except for
in one mouse who had a slight amyloid deposition in
the small intestine at 3 months after the injection (Fig.
1B). When 100-mg and 20-mg AApoAII fibril applica-

tions were injected into the stomachs at one try, half
(6/12) and none (0/6) of the mice had amyloid depo-
sition after 2 months, respectively (data not shown).

Amyloid deposits were not detected in any mice 1
month after drinking water containing sonicated
AApoAII fibrils. AApoAII deposits were detected in the
small intestine of all R1.P1-Apoa2c mice 2 months
after drinking AApoAII fibrils suspended in water (Ta-
ble 1). Amyloid deposits were observed in the lamina
propria and submucosa of the small intestine, in the
collecting tubules in the papillae of the kidneys, and in
the squamous-glandular junction of the stomach. The
intensity (amyloid index [AI] 5 0.35 6 0.14) and tissue
distribution of amyloid deposition were almost the
same at 2 months as those in mice injected with
AApoAII into the stomach (AI 5 0.41 6 0.15 at 2
months). Spontaneous amyloid deposition was not
observed in R1.P1-Apoa2c mice who drank distilled
water (DW), except for in 2 mice at 4 months who had
slight amyloid deposition in the small intestine, stom-
ach, and tongue.

Transmission of Amyloidosis from Old Mice to
Young Mice

Nine to 14 female 2-month-old R1.P1-Apoa2c mice
were separated into two groups. Mice in Group B were
kept in the same cage for 3 months with 2 old (12- to
19-month-old) female SAMR1; mice in Group C were
kept with 2 old (12- to 19-month-old) R1.P1-Apoa2c

mice. The transmissibility of amyloidosis was exam-
ined in five independent experiments (Fig. 3). Amyloid
deposition was detected in 25 of 28 young R1.P1-
Apoa2c mice reared with old R1.P1-Apoa2c mice. By
contrast, amyloid deposition was detected in only 1 of
28 mice reared with old SAMR1 mice. Amyloid depo-
sition in the small intestine, tongue, and stomach was
observed in 25, 15, and 10 of 25 young R1.P1-Apoa2c

mice, respectively. The intensity of amyloid deposition

Figure 1.
Oral transmission of AApoAII amyloidosis. A, Sonicated AApoAII fibrils were injected into the stomachs of 2-month-old male R1.P1-Apoa2c mice. A total of 37 mice
(F) were injected with AApoAII fibrils, and 13, 20, and 4 mice were killed at 2, 3, and 4 months after the first injection. The intensity of the AApoAII amyloid deposition
was determined using the amyloid index (AI) as a parameter. All 37 mice were amyloid-positive, and AI increased with time after the injection. B, A total of 27 mice
(C) were injected with 0.2 ml saline, and 10, 12, and 5 mice were killed at 2, 3, and 4 months after the first injection, respectively. Only 1 mouse was amyloid-positive.
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(AI 5 0.35 6 0.21) was significantly lower than that in
mice at 3 months after injection of AApoAII into the
stomach (AI 5 0.79 6 0.25, p , 0.05 by Mann-
Whitney U-test). No old SAMR1 mice reared with
young mice had amyloid deposition in any tissues, but
severe and systemic amyloid deposition was con-
firmed in all old R1.P1-Apoa2c mice with AI of 3.28 6
0.38 (Fig. 2D). These data suggest that amyloidosis in
the old R1.P1-Apoa2c mice might be transmitted to
young R1.P1-Apoa2c mice.

AApoAII in the Feces

Western blot analysis after one-dimensional Tris-
Tricine-Urea/SDS PAGE of the amyloid fibril fractions
isolated from old R1.P1-Apoa2c feces revealed two
anti-apoA-II reactive bands with molecular weights of
6.8 and 30 kilodalton (KDa) (Fig. 4A). These molecular
weights corresponded to the apoA-II monomer and its
tetrameric form, respectively. These bands were not
detected in the water suspensions of old SAMR1
feces. Western blot analysis after two-dimensional
(2-D) PAGE revealed that the tetrameric form was
almost completely depolymerized to the monomeric
form. AApoAII in the feces comprised four isoforms:

one major and three minors (Fig. 4B). The pattern of
these isoforms was similar to those found in AApoAII
isolated from liver of R1.P1-Apoa2c (data not shown).

Amyloid fractions isolated from old R1.P1-Apoa2c

feces were pooled and injected intraperitoneally (0.1
mg) into 2-month-old R1.P1-Apoa2c mice. Amyloid
deposition was observed in the small intestine and
tongue in eight of nine injected mice (Fig. 5), although
the degree of amyloid deposition was not high (AI 5
0.43 6 0.28). AApoAII deposition was not observed in
mice injected with DW or feces amyloid fractions into
the stomach.

Discussion

Although the etiology and pathogenesis of amyloid
disease are not fully understood, drastic structural
changes of the amyloid protein from the normal and
soluble forms to the unique b-sheet fibrils may be the
most important event in amyloid diseases. However,
the mechanism of the structural changes is poorly
understood. Acceleration of amyloid fibril formation in
test tubes by pre-existing amyloid fibrils was shown in
many amyloid proteins, including human Ab peptides
(Naiki and Nakakuki, 1996); b2-microglobulin, (Hashi-

Figure 2.
AApoAII deposition in the mouse tissues with intragastric injection of AApoAII amyloid fibrils. AApoAII deposits were immunohistochemically identified. A, AApoAII
deposits (Grade 2) in the lamina propria of the jejunum at 2 months after injection. B, AApoAII deposits (Grade 3) in the lamina propria of the small intestine at 3
months after AApoAII injection. C, AApoAII deposits (Grade 2) in the papillary layer of the tongue at 3 months after injection. D, Intensive AApoAII deposits (Grade
4) in the lamina propria and submucosa of jejunum of 17-month-old R1.P1-Apoa2c mice reared with young mice. Scale bar equals 25 mm.
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moto et al, 1999); immunoglobulin light chain
(Ionescu-Zanetti et al, 1999); Huntingtin (Scherzinger
et al, 1999); yeast prion protein (Sup35p and Ure2p)
(DePace et al, 1998; Santoso et al, 2000); and mouse
apoA-II protein (Naiki et al, 1991). In vivo, we showed
that intravenous and intraperitoneal injection of
AApoAII amyloid fibrils markedly accelerated mouse
senile amyloidosis (Higuchi et al, 1998). Further, it has
recently been reported that intravenous injection of
amyloid-like fibrils made from synthetic peptides of
transthyretin (Johan et al, 1998) and denatured silk
(Kisilevsky et al, 1999) accelerates mouse AA amyloid-

osis. These findings have led us to the proposal that
the invasion of exogenous amyloid fibrils or amyloid
fibril-like proteins may act as a template or seed for
fibril formation, subsequently inducing amyloidosis.
Here, we verified this proposal using mouse senile
(AApoAII) amyloidosis. AApoAII is found in the mouse
but not in the human. However, whole molecules of
apoA-II (78 amino acids) polymerize into AApoAII
amyloid fibrils without proteolysis and deposit system-
ically, which provides a relatively simple and important
model with which to study the common mechanism of
amyloid diseases.

A series of oral injections of AApoAII amyloid fibrils
(20 mg/day for 5 days) induced amyloidosis. Previ-
ously, we showed that a single intravenous injection of
100 mg AApoAII hastens amyloid deposition rapidly in
the whole body, and the AI increased to 2.70 at 3
months after injection (Higuchi et al, 1998). Compared
with intravenous injection, intragastric injection in-
duced amyloidosis more slowly (AI 5 0.75 at 3
months). AApoAII amyloid deposition characteristi-
cally started from the lamina propria in the jejunum.
This suggested that small amounts of AApoAII may be
absorbed through the villi of the jejunum and act as a
template there. A single injection of a relatively large
amount of AApoAII fibrils (100 mg) induced amyloid-
osis in only half of the injected mice. Repeated oral
injection of tissue homogenates containing prion pro-
tein was reported to propagate prion disease more
effectively than a single injection (Diringer et al, 1998).

It was previously thought that induction of amyloid-
osis by oral injection of amyloid fibrils (transmission of
amyloidosis) does not occur in any kind of amyloidosis
other than prion diseases (Caughey, 2000; Chesebro,
1998). Here, we demonstrate for the first time the
transmissibility of amyloid fibrils by means other than
prion proteins. It has been reported that oral injection
of amyloid enhancing factor (AEF) accelerates exper-
imentally induced mouse AA amyloidosis (Elliott-
Bryant and Cathcart, 1998). Although SDS-PAGE
analysis of AApoAII fibrils used in our experiments
showed that apoA-II was the major and sole band

Figure 3.
Transmission of amyloidosis to the young mice reared with old mice. Young
female R1. P1-Apoa2c mice were separated into two groups. Group B mice (C)
were reared in the same cage with two old female SAMR1 mice with type B
apoA-II for 3 months (17- and 19-month-old SAMR1 mice in Experiment 1; 12-
and 19-month old mice in Experiment 2; 14- and 17-month-old mice in
Experiment 3; 14- and 15-month- old mice in Experiment 4; and 14- and
18-month-old mice in Experiment 5). Group C mice (F) were reared in the
same cage with two old female R1.P1-Apoa2c mice (17- and 19-month-old
R1.P1-Apoa2c mice in Experiment 1; 12- and 19-month- old mice in Experi-
ment 2; 14- and 17-month-old mice in Experiment 3; 14- and 16-month-old
mice in Experiment 4; and 17- and 19-month-old mice in Experiment 5). After
3 months, all young and old mice were killed and amyloid depositions were
determined.

Table 1. Amyloid Deposition after Drinking AApoAII Amyloid Fibrilsa

Treatment
Months after

drinking Mice
Amyloid
positive

Amyloid index
(AI) Amyloid deposited tissuesb

AApoAII 1 5 0 0 None
2 5 5 0.35 6 0.14 Small intestine (5), stomach

(2), tongue (1), kidney (1)
4 5 5 0.73 6 0.24 Small intestine (5), stomach

(2), tongue (5), liver (2),
heart (1)

DW 1 5 0 0 None
2 5 0 0 None
4 5 2 0.16 6 0.24 Small intestine (2), stomach

(1), tongue (1)

AApoAII, amyloid apolipoprotein A-II.
a Five male mice (2 months old) in each cage were given AApoAII fibrils suspended in distilled water (DW). At 1, 2, and 4 months after the injection, mice were

killed and amyloid deposition was determined. Amyloid index is shown as the mean 6 SD. Mice with amyloid deposition in any organ were regarded as positive.
b No. of mice having amyloid deposition in each tissue is given in parentheses.
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(Higuchi et al, 1997; Naiki et al, 1989), the possibility
that contaminant molecules in AApoAII amyloid fibrils
might induce amyloidosis cannot be ruled out. Be-
cause denaturation of amyloid fibrils inactivates their
template ability (Higuchi et al, 1998), a method for
further purification is not known at this time. The use of
recombinant-derived apoA-II would confirm the
amyloidosis-enhancing ability of AApoAII fibrils, but
we have not succeeded yet in making fibrils from
recombinant proteins.

Surprisingly, young R1.P1-Apoa2c mice had amy-
loidosis after being reared for 3 months with old,
amyloid-laden R1.P1-Apoa2c mice. This transmissibil-
ity of amyloidosis from old mice to young mice was
investigated carefully: (a) we performed five indepen-

dent experiments, and (b) we used female mice to
avoid biting and scratching in fights because AA
amyloid fibrils or AEF induced by inflammation
through injury may promote AApoAII deposition. Amy-
loid deposition in the young mice was revealed in all
five experiments. Fights were not observed during the
experiments, and AA amyloid deposition was not
detected in any of the mice. The mechanism for
amyloidosis transmission from old to young mice was
not readily apparent. However, we considered that
one possible route for amyloidosis transmission might
be the eating of feces, which is a characteristic
behavior of mice. Severe amyloid deposition in the
lamina propria of the small intestine of old mice may
be excreted to the feces (Fig. 2D). AApoAII was
detected in the feces of old R1.P1-Apoa2c mice, but
not in old SAMR1 mice. The similar AApoAII-isoforms
in the liver and feces suggest that there was no
modification or degradation of AApoAII in the feces.
To evaluate this trans-fecal hypothesis, we isolated
amyloid fibril fractions from the feces and found that
injection of them into young mice induced AApoAII
deposition.

Materials and Methods

Animals

R1.P1-Apoa2c is a congenic strain of mice that has the
amyloidogenic allele of the apoA-II gene (Apoa2c) in the
SAMP1 strain on the genetic background of the amyloid-
resistant SAMR1 strain (Higuchi et al, 1993, 1995).
R1.P1-Apoa2c and SAMR1 were maintained by sister-
brother mating under conventional conditions at 24° C
62° C with a light-controlled regimen (12-hour light/dark
cycle). A commercial diet (CE-2; Nihon CLEA, Tokyo,
Japan) and tap water were available ad libitum.

Animal studies were conducted in accordance with
the guidelines for the use of laboratory animals of both
Shinshu University School of Medicine and Kyoto
University. Mice were killed by cardiac puncture under
diethyl ether anesthesia.

Figure 4.
A, Western blot of feces proteins. Two anti-apoA-II reactive bands were detected in amyloid fractions from feces of an old R1.P1-Apoa2c mouse (Lane 1). The molecular weight
corresponded to apoA-II monomer (6.8 KDa) and its tetrameric form (30 KDa). No anti-apoA-II reactive bands were detected in water suspensions from old SAMR1 feces
(Lane 2). B, Two-dimensional immunoblot of feces proteins from old R1.P1-Apoa2c mouse. The acidic part of the strip is shown here. Anti-apoA-II reactive spots were
detected with molecular weights of 6.8 KDa and 30 KDa. ApoA-II monomer in feces comprised four isoforms: one major (arrow) and three minor (thin arrows). The isoelectric
point (pI) measurements of the four spots were approximately 4.9. Two small faint spots of 30 KDa were detected (arrow heads).

Figure 5.
AApoAII deposition in the mouse tissues with intraperitoneal injection of
amyloid fibril fractions of feces. Two groups of 2-month-old male R1.P1-
Apoa2c mice were injected with sonicated amyloid fibril fractions of feces (0.1
mg/0.1 ml) into the abdominal cavities (IP) (n 5 9) and into the stomachs
(Stom) (n 5 6). Distilled water (DW) was injected intraperitoneally into six
R1.P1-Apoa2c mice as a control. Mice were killed at 2 months after the first
injection. The intensity of the AApoAII deposition is represented as AI.
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Isolation of Amyloid Fibrils (AApoAII)

The AApoAII amyloid fibril fraction was isolated as a
water suspension from the livers of 18- to 21-month-
old R1.P1-Apoa2c mice with severe amyloid deposi-
tion. Isolated amyloid fibril fractions were further puri-
fied by sucrose gradient ultracentrifugation as
described elsewhere (Higuchi et al, 1997). Purified
AApoAII fibrils were resuspended in DW at a concen-
tration of 1.0 mg/ml by mixing thoroughly with an
ultradispenser (Ultra-Turrax T25; Janke & Kunkel
Gmbh Company, KG, Staufen, Germany). One milliliter
of this solution was placed into an Eppendorf tube
(size, 1.5 ml) and sonicated on ice for 30 seconds with
a Microtip-equipped Astrason Ultrasonic Processor
W-380 (Heat System-Ultrasonics Inc., Farmingdale,
New York) at maximum power. This procedure was
repeated five times at 30-second intervals. Sonicated
AApoAII samples were used immediately.

Oral Injection of AApoAII

Male R1.P1-Apoa2c mice were weaned at 4 weeks of
age. AApoAII amyloid fibrils were sonicated and di-
luted with DW to a concentration of 0.1 mg/1.0 ml.
Using disposable feeding needles with silicon tips and
Teflon tubes (Fuchigami Ltd., Kyoto, Japan), 0.2 ml of
diluted AApoAII was introduced into the stomachs of
2-month-old male R1.P1-Apoa2c mice. Once-daily
intragastric injections were given for 5 consecutive
days. Mice were killed by cardiac puncture under
diethyl ether anesthesia at 2, 3, and 4 months after the
first injection of AApoAII. Five 2-month-old male mice
in each cage were deprived of drinking water for 24
hours before they were given 2.5-mg AApoAII fibrils
suspended in 50 ml DW. After we checked that mice
had consumed completely the contents of the bottles
(usually within 2 days), DW was given without limit. At
1, 2, and 4 months after the injections, mice were
killed and amyloid depositions were determined.

Transmission of Amyloidosis from Old Mice to
Young Mice

Four to seven 2-month-old female R1.P1-Apoa2c

mice were kept in the same aluminum cage (20 cm
wide 3 30 cm high 3 10 cm deep) spread with thin
wood chips with two old (12- to 19-month-old) female
SAMR1 or R1.P1-Apoa2c mice for 3 months and then
killed. The transmutability of amyloidosis was exam-
ined in five independent experiments.

Detection of Amyloid Deposition

Tissues of the whole body were fixed in 10% neutral-
buffered formalin, embedded in paraffin, and cut into
4-mm sections. Deposition of amyloid fibrils was iden-
tified by green birefringence in Congo red-stained
sections under polarizing microscopy. Amyloid fibril
proteins, AApoAII, were immunohistochemically iden-
tified by the avidin-biotinylated horseradish peroxi-
dase complex (ABC) method with specific antiserum

against AApoAII (Higuchi et al, 1983). The intensity of
the AApoAII amyloid deposition was determined using
the amyloid index (AI) as a parameter. AI was deter-
mined to represent the average of the AApoAII depo-
sition graded 0 to 4 in sections of seven organs (liver,
spleen, skin, heart, stomach, small intestine, and
tongue) stained with Congo red after immunohisto-
chemical confirmation of the AApoAII deposition
(Higuchi et al, 1998). Two observers who had no
information about the examined tissue graded AI
independently and averaged AI for each mouse.

AApoAII in the Feces

Fresh feces were collected from the cages in which
three to five old (15- to 20-month-old) R1.P1-Apoa2c

and SAMR1 mice had been kept for 24 hours. Amyloid
fibril fractions were isolated as water suspensions
from the feces by the same procedure as for isolation
of AApoAII from mouse liver, but sucrose gradient
ultracentrifugation was omitted. AApoAII was de-
tected by Western blot using anti-apoA-II rabbit serum
after 16.5% SDS-PAGE of 5 mg protein with a Tris-
Tricine buffer system using 8 M urea instead of glyc-
erol (Schagger and von Jagow, 1987). Rehydrated
Immobiline Drystrip (pH range 3–10 NL, 13cm; Amer-
sham Pharmacia Biotech, Tokyo, Japan) was applied
to the Multiphor II 2-D electrophoresis system (Amer-
sham Pharmacia Biotech), and isoelectric focusing
with 180 mg protein was conducted according to the
manual. After equilibrating the strip with dithiothreitol
(DTT) and iodoacetamide (IAA) equilibrating buffer,
two-dimensional 16.5% Tris-Tricine-Urea/SDS-PAGE
was performed. Then the separated spots were elec-
trotransferred to polyvinylidene difluoride (PVDF)
membrane (Bio-Rad, Hercules, California) and
immuno-detected by anti-apoA-II antiserum. Amyloid
fractions (0.1 mg protein in 0.1 ml DW) isolated from
the feces of old R1.P1-Apoa2c mice were sonicated
and injected into 2-month-old male R1.P1-Apoa2c

mice intraperitoneally. Mice were killed after 2 months
and amyloid deposition was examined.
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