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Transgenic mice overexpressing the London mutant of human
amyloid precursor protein (APP[V717I]) in neurons develop
amyloid plaques in the brain, thus demonstrating the most
prominent neuropathological hallmark of Alzheimer’s disease.
In vivo 3D T2*-weighted MRI on these mice (24 months of age)
revealed hypointense brain inclusions that affected the thala-
mus almost exclusively. Upon correlating these MRI observa-
tions with a panel of different histologic staining techniques, it
appeared that only plaques that were positive for both thiofla-
vin-S and iron were visible on the MR images. Numerous thio-
flavin-S-positive plaques in the cortex that did not display iron
staining remained invisible to MRI. The in vivo detection of
amyloid plaques in this mouse model, using the intrinsic MRI
contrast arising from the iron associated with the plaques,
creates an unexpected opportunity for the noninvasive investi-
gation of the longitudinal development of the plaques in the
same animal. Thus, this work provides further research oppor-
tunities for analyzing younger APP[V717I] mouse models with
the knowledge of the final outcome at 24 months of age. Magn
Reson Med 53:607–613, 2005. © 2005 Wiley-Liss, Inc.
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Alzheimer’s disease (AD) is characterized by a progressive
decline of cognitive function, while the neuropathologic
features include the occurrence of neurofibrillary tangles,
neuritic plaques, decreased synaptic density, and loss of
neurons. Neuritic plaques consist of extracellular �-amy-
loid (A�) deposits surrounded by dystrophic neuritis (1).
The plaques are neurotoxic and induce inflammatory re-
sponses. According to the amyloid cascade hypothesis, the
increased amyloid deposition results in the onset and pro-
gression of AD (2,3,4,5) and therefore amyloid plaques
became crucial as a target for many therapeutic approaches
(6,7).

Despite the impact of in vivo imaging techniques in
daily clinical practice and also in neuroscience, typical
Alzheimer plaques were never visualized in vivo in pa-
tients. To diagnose AD and to differentiate from other
dementias, the detection of at least one typical hallmark,
i.e., amyloid plaques or neurofibrillary tangles, appears

essential. To date, accumulations of amyloid in AD pa-
tients have been observed only postmortem. Recently,
however, significant progress has been made visualizing
AD plaques using transgenic mouse models for AD.
Skovronsky et al. (8) reported in vivo labeling of amyloid
plaques in transgenic mice using a radiolabeled ligand but
detection was still performed postmortem with fluores-
cence microscopy. Another attempt to demonstrate
plaques postmortem used MRI and was based on injection
of a specific derivative of the amyloid peptide with a high
molecular specificity for amyloid as a label, i.e., pu-
trescine-gadolinium-A� (9). Finally, Wadghiri et al. (10)
used systemic injection of monocrystalline iron oxide
nanoparticles or gadolinium (Gd) labeled A� 1–40 peptide
with a high affinity for A� and were able to detect ex vivo
but also in vivo amyloid plaques in the affected mouse
brains. In this approach, the main obstacle for amyloid
labeling remains the blood brain barrier and its transient
opening using mannitol must be considered quite inva-
sive. Another drawback may be the authentication of amy-
loid plaques and the exclusion of the involvement of blood
vessels embedded with contrast agent, which requires sub-
sequent histology of the brain.

The first MRI study that demonstrated amyloid plaques
without any exogenous labeling was performed by Ben-
veniste et al. in 1999 (11). Three dimensional T2* images
of postmortem human AD brain samples, acquired in more
than 2.7 hr, revealed dark spots in the brain correlating
with histologic amyloid staining. Recently, using T2 MR
contrast, identification of plaque-like structures in the cor-
tex and hippocampus of fixed mouse brain was reported
by Zhang et al. (12). However, the authors did not explain
the source of the MR contrast in relation to the physiologic
processes related with plaque formation and the evidence
was only confirmed by the subsequent co registration of
plaques by histology. Analogous to this finding, Helpern et
al. (13) demonstrated a reduced T2 value in the cortex and
hippocampus in vivo in an AD mouse model, but individ-
ual distinguishable plaques could only be discerned on in
vitro high-resolution T2-weighted images of the fixed
mouse brain.

This paper introduces the first in vivo observation of
plaques in an AD mouse model without any use of external
labeling. The observations are exclusively based on T2*
contrast, which makes this a noninvasive approach. It
confirms the observations of others (12) but goes beyond
these observations by revealing that iron is the source of
this T2* contrast. The study is performed on the
APP[V717I] transgenic mice model and extends it into a
suitable model for MRI studies, which focus on amyloid
plaques, either for therapeutic follow up studies or to
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obtain information on the propensity of amyloid to accu-
mulate iron. Defective iron homeostasis, resulting in in-
creased iron levels in the brain, has been reported as
common in AD and other neurodegenerative disorders
(14,15). In AD brain, iron appeared to become particularly
concentrated in amyloid plaques and it was suspected to
catalyze formation of free radicals (16). Iron-loaded amy-
loid plaques, detectable by in vivo MRI, could therefore
become a useful indication for AD.

MATERIALS AND METHODS

Animal Model

Transgenic mice overexpressing the London mutant of
human amyloid precursor protein APP[V717I] in neurons
suffer from early (3 months) cognitive deficits, while re-
producing robustly and faithfully the amyloid pathology
in the brain of AD patients (17). This experimental model
for AD develops diffuse and senile amyloid plaques in the
brain parenchyma from 12 months onward, followed at
15–18 months by the equally typical cerebrovascular amy-
loid angiopathy (18,19). At 2 years of age the brains of
surviving APP[V717I] transgenic mice all have hallmarks
of the amyloid pathology, similar to the brains of AD
patients.

MRI Experiment

MRI was performed on these APP[V717I] transgenic mice
using a MR microscope (MRRS, Guildford, UK) with a 7-T
horizontal-bore magnet and 8-cm aperture self-shielded
gradients with a strength of 0.1 T/m (Oxford Instruments).
A customized headphone RF transmission antenna and a
circular surface receive antenna (�: 20 mm) was posi-
tioned in a reproducible manner on the head of the mice.
This was fixed in an animal restrainer with ear bars and a
tooth bar. Four APP[V717I] Tg mice and 4 wild-type (WT)
age-matched (24 months) controls were anesthetized using
0.4% isoflurane in a mixture of O2:N2O (3:7) at a flow rate
of 600 mL/min. Body temperature was monitored and
maintained between at 37.0 � 0.2°C using a rectal temper-
ature probe with feed back to an electrical heating circuit.
Mice were not ventilated but end-tidal CO2 (3.5%) and
breaths per minute (180) were registered with a microcap-
nometer (Linton Instruments,UK).

Three dimensional T2*-weighted GE images, covering a
brain volume of (20 � 20 � 15) mm3, were acquired within
68 min (TR 500 ms, 256 � 128 � 64). This allowed a short
anesthesia period after which all mice recovered com-
pletely. The corresponding digital voxel resolution is
(78 � 156 � 234) �m3. The MR data set was reconstructed
to an image matrix of (256 � 256 � 256), resulting in 256
coronal slices of 58 �m thickness. Pixel dimensions in
plane were (78 � 156) �m2 as acquired and (78 � 78) �m2

as displayed. Next to 3D imaging, which provides ana-
tomic information, we also took images with increasing
T2*-weighting (TE � 5 ms, 8 ms, 15 ms) to calculate T2*
maps. Following in vivo MRI measurements, brains were
dissected and immersion-fixed overnight in 4% parafor-
maldehyde phosphate-buffered saline (PBS) to perform in
vitro 3D GE MRI of the entire fixed brain with a longer
acquisition time (256 � 256 � 128), thus resulting in a
higher power of resolution and signal-to-noise ratio.

Histology:

Coronal vibratome sections (40 �m) were cut and pro-
cessed to perform thioflavin-S staining according to stan-
dard protocols (20). Prior to the thioflavin-S staining,
slices were stained with 2% potassium ferrocyanide for
iron detection.

RESULTS

In vivo 2D GE MRI revealed a remarkable difference be-
tween the brain of age-matched (24 months) WT mice and
APP[V717I] Tg mice. The brains of APP[V717I] Tg mice
displayed hypointense, globular anomalies distributed bi-
laterally in the thalamus (Fig. 1a and b) and occasionally
in the subiculum. Quantifying the T2* values showed a
significant reduction of the T2* values where these anom-
alies were localized. A T2* map from a typical APP[V717I]
brain slice is shown in Fig. 1c. There exists a T2* hetero-
geneity across the slice with smoothly increasing values in
the ventral direction. This heterogeneity is due to discon-
tinuities in the magnetic susceptibility from different ma-
terials, which gives rise to macroscopic magnetic field
gradients that cannot be eliminated by shimming. T2* is
magnetic field strength dependent and may also depend
on difference in species.

FIG. 1. In vivo 2D GE MRI (TR/TE:500 ms/8 ms) for comparison between (a) WT and (b) APP[V717I] Tg mice. Hypointense anomalies
appeared exclusively in the thalamus region of Tg mice (white arrows). A representative T2* map of an APP[V717I] mouse model generated
from in vivo MRI data acquired with TE 5, 8, and 15 ms is illustrated in (c). In APP[V717I] brain, the ventral thalamic nuclei (ROI1) have a
T2* value of 35.23 � 2.96 ms, which is significantly lower compared to the T2* value of 71.38 � 1.48 ms for the same ROI in WT. No
difference in T2* was observed between WT and APP[V717I] brain when comparing the cingulate cortex (ROI2) (61.48 � 2.64 ms versus
60.45 � 3.56 ms) and central thalamic nuclei (ROI3) (75.84 � 2.17 ms versus 82.64 � 2.97 ms)
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T2* values were calculated in three different brain re-
gions (cortex, ventral thalamic nuclei, and central tha-
lamic nuclei) selected on the T2* maps of WT and
APP[V717I] mice. A reduction in T2* values of up to 50%
was observed in the ventral thalamic nuclei, which con-
tained the hypointense anomalies. More evidence illus-
trating that T2* is affected is found by estimating the size
of the anomalies at different TE while delineating its
boundaries using thresholding. Series of MR images with
increasing TE (from 5 to 15 ms) showed in an increasing
size of the hypointense brain inclusions, i.e., a relative
increase up to 130% (Fig. 2). The TE-dependent signal
decay can be modeled with a monoexponential function as
illustrated in the graph in Fig. 2. This graph shows the
similarity of cortex T2* decay in both WT and APP[V717I]
models. Thus, our T2* approach appears quiet accurate
with the more rapid T2* decay in the ventral thalamic
nuclei of the APP[V717I] models significantly different
from WT.

The anomalies were clearly visible on both the in vivo
and in vitro 3D images of the brain of all APP[V717I]
transgenic mice. The in vitro images displayed better de-
fined boundaries and smaller anomalies due to the higher
in-plane digital spatial resolution. Figure 3 shows an ac-
curate match between in vitro MRI (Fig. 3a) and the cor-

responding histologic sections stained with thioflavin-S
(Fig. 3b). Images were coregistered visually by using care-
fully delineated anatomically distinctive structures such
as the lateral ventricle (LV), the hippocampal fissure (hif),
and even smaller white fiber tracts such as the mammilo-
thalamic tract (mt), which was discernable on both MRI
and histologic sections. The comparison revealed an iden-
tical distribution pattern of thioflavin-S-positive amyloid
plaques in the thalamus, confirming that the observed
hypointense anomalies were neuritic amyloid plaques.

Histologic analyses, using two different staining tech-
niques, demonstrated additional smaller amyloid plaques
in the cortex and hippocampus, which did not generate
anomalies detectable by MRI. Staining of adjacent serial
brain sections for iron, as performed earlier on the brain of
AD patients (18,20), demonstrated that the majority of the
plaques in the thalamus were positive for iron (Fig. 3c, d,
e, and f).

Since the coronal vibratome sections have a smaller
slice thickness (40 �m) than the MR zero-filled image
slices (58 �m), accurate matching of the two image modal-
ities is assisted by detailed anatomic reference points.
Moreover, since the MR visibility of the amyloid plaques
seems to rely on its iron content providing susceptibility
contrast, the MRI probably provides an overestimation of

FIG. 2. (Left) Relative change in plaque size as measured in in vivo T2*-weighted images of APP[V717I] mouse brain (n � 4). A clear increase
in size of the hypointense plaque-like structure (up to 130%) was discerned with increasing TE of 10 ms. The T2* decay monoexponential
curve (Mxy(t) � Mxy (0) exp(�t/T2*) for the cortex and the ventral thalamic nuclei is shown on the right. Compared with the WT mice, the
APP[V717I] mice display a similar T2* decay in the cortex while the decay in the ventral thalamic nuclei is much faster.

FIG. 3. (a). In vitro MR image (in-plane resolution of 58 �m) revealing anatomic details such as mammillothalamic tract (mt, box),
hippocampal fissure (hif), and the lateral ventricle (LV), which were used as reference points for comparison with histologic thioflavin-S-
stained section (b). The black circles illustrate perfect correlation based on cursor analyses between hypointense spherical inclusions on
the MR images and the stained plaques on the corresponding histologic section. More tiny stained plaques on the histologic slice (dashed
arrows) correspond to a spotted inhomogeneous area on the corresponding MRI. Also, one large plaque, stained on the histologic slice,
is missing on the corresponding MRI (red cross). In (c) a representative iron-stained histologic brain slice of an APP[V717I] mouse shows
details from the cortex (d) and the ventral thalamic nuclei (e, f). The staining of iron is observed as a dark core in the bright stained plaques
and exclusively present in the thalamic amyloid plaques.
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the real plaque size. To obtain a more accurate correlation,
we combined the information of two adjacent histologic
sections and matched it with the hypointense brain inclu-
sions on the MRI. Figure 4a and b represent, respectively,
the histologic slice and the corresponding MR image in
coronal position, obtained at the coordinate �0.8 mm from
the bregma. At this position numerous tiny thioflavin-S-
positive plaques, overwhelmingly present in the cortex,
remain invisible on the MR GE image due to the absence of
iron accumulation within these amyloid plaques as illus-
trated in Fig. 3d. The next two histologic sections in Fig. 4c
and 4e display plaques in both the cortex and the thalamus
region. The MR image at this position (bregma �2 mm)
(Fig. 4g) reveals only anomalies in the thalamic region. At
first sight, the hypointense inclusions mimic the histologic
section with poor specificity. However, if we combine all
the histologically stained plaques of the thalamus of two
adjacent histologic slices (Fig. 4d and f) and overlay it on
the MR image, the similarity between the two patterns
becomes more obvious. The resulting image in Fig. 4h
illustrates how the distribution of MR identified plaques is
associated with the location of histologic stained plaques
covering two slices. As expected from the susceptibility
effects, the drawn (white) boundaries of the hypointense
structures on the MRI often harbor numerous distinctive
small histologic plaques. Histologic plaques associated
with an MR identified plaque are shown with boundaries
drawn in green (Fig. 4h). Green spots represent the small
number of histologic identified plaques that do not overlay

exactly with hypointense abnormalities on the corre-
sponding MRI slice. This could be due to their small size
(diameter smaller than 78 �m) or the absence of accumu-
lated iron.

DISCUSSION

MRI Findings

The apparent absence of intrinsic MRI contrast changes
characterizing the presence of amyloid plaques has thus
far presented a serious limitation to the usefulness of MRI
in the diagnosis and evaluation of Alzheimer’s disease.
Nevertheless, in 1999, Benveniste et al. (11,18) succeeded
in showing evidence of plaques in very high-resolution
T2*-weighted MRI scans of small fractions of brains of
excised postmortem AD brain samples. Five years later
identification of individual plaques relying on intrinsic
MR parameters was still limited exclusively to in vitro
observations of T2 changes, which were then extended to
various AD mouse models (10,12,13,18). Several efforts in
developing MRI contrast agents designed to reveal AD
plaques were, however, successful (9,10,13,18,21) but of-
ten associated with in vitro detection.

The present paper shows for the first time that plaques
can be imaged in vivo, noninvasively using basic T2*-
weighted MRI without the use of external contrast agents
in a transgenic mice, which faithfully mimics the amyloid
pathology of AD (APP[V717I]). By correlating our MRI

FIG. 4. A histologic brain slice of an APP[V717I] mouse, obtained at �0.8 mm from the bregma, showing numerous thioflavin-S-stained
plaques in the cortex (a) while the correlating MR GE image displays no abnormal contrast (b). Two adjacent thioflavin-S-stained brain
sections obtained � 2 mm from the bregma (c and e) illustrate the occurrence of amyloid plaques in the cortex and the thalamic areas. The
corresponding MR GE image displays numerous hypointense brain inclusions exclusively in the thalamus region (g). Overlying the
individualy stained plaques of two ROIs (boxes d and f) delineated in blue and red, respectively, results in a two-colored compilation (h),
allowing more accurate correlation of the thioflavin-S-positive spots with the corresponding MRI abnormalities. The hypointense anomalies
(delineated in white) and the associated thioflavin-S-stained plaques (delineated in green) show that several smaller sized clustered plaques
result in one larger hypointense area on the MRI. Bold green spots do not have a correlate on the MRI and probably do not contain Fe. The
top left section in h represents a quite large MRI anomaly (white) compared to the tiny histologic plaque size (green). It is assumed that the
next histologic slice will reveal a more robust plaque whose susceptibility influence expands to this MRI slice. The same holds for the other
MRI anomalies, which remained without a histologic correlation.
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observations with a panel of different histologic staining
techniques we have provided insight into the underlying
cause of T2* reduction in the AD plaques in this mouse
model. It appears that only plaques that were positive for
both thioflavin-S and iron were visible on the MR images.
Numerous thioflavin-S-positive plaques in the cortex that
did not display iron staining remained invisible to MRI.

Using T2* as an intrinsic contrast parameter of the amy-
loid plaques, which is more rapid at high static magnetic
field (7 T), the receiver bandwidth is increased and subse-
quently the signal-to-noise ratio decreases. This, together
with the small voxel size in the 3D image modality, could
give rise to visible susceptibility artifacts. However, the most
enlightening thing about 3D imaging is the reduction of par-
tial volume effects, i.e., preventing that different signal inten-
sities coming from neighboring pixels merge. That is why, in
our approach, all susceptibility-induced changes suspected
to be amyloid plaques correlated with the iron staining.

Iron and Amyloid

Since a link between amyloid deposits and iron accumu-
lation has been described (9,13,22), visualization of iron-
loaded amyloid deposits in the brain (23,24,25,26,27) def-
initely provides a potential basis for the in vivo detection
of amyloid deposits using intrinsic MRI contrast parame-
ters. It must be stressed that although the number of
plaques will be underestimated our data showed that the
method never yielded false-positive results. Careful inter-
pretation of MR data is still required since a possible
second source of iron could be from red blood cells, but we
did not observe any direct signs of cerebrovascular hem-
orrhages in the direct vicinity of the iron-loaded amyloid
deposits nor anywhere else in the brain. This confirms our
previous observations that despite extensive amyloid an-
giopathy, cerebrovascular bleeding is not a problem in this
particular AD model (19).

The mechanisms that explain codeposition of amyloid
and iron have been extensively investigated (28,29). Nor-
mal distributions of iron deposits in human and mouse
lemur brain (30,31) have already been determined using
T2-weighted MRI and signal intensity decrease correlated
with Perl’s staining for iron. The iron detection threshold
at 1.5 T was established by Aoki et al. (32) and quantified
as 10–15 mg/100 g. This does not, however, allow us to
quantitatively determine the iron level with T2 or T2*-
weighted MRI since other factors also affect these param-
eters. It is known that the sensitivity of MRI to iron in-
creases with magnetic field strength, since the T2 signal is
linearly dependent on the magnetic field strength (33).
However, this relationship has never been investigated at
strengths higher than 3 T (34) and, therefore, we cannot
quantify the amount of iron in the thalamus. This makes
T2* mapping an attractive approach for localizing small
T2* changes that can help identify suspected regions of
iron accumulation as they might be associated with plaque
formation in AD pathology. Observations of analogous hy-
pointense spots by in vivo and in vitro measurements
refute the conclusion that senile plaques do not induce
susceptibility effects in T2*-weighted MR images, as stated
in a recent report that claimed the hypointense spots on
MRI to be blood vessels (35). This author suggests that it

may be quite unusual, or even idiopathic, that the majority
of amyloid plaques show susceptibility effects. In this case
MRI would have very little impact on clinical evaluation
of AD due to low sensitivity. In Fig. 4 we demonstrated
that the MR contrast is based on susceptibility effects
grouping distinctive histologic plaques covering 80 �m
(two histologic slices) into MR hypointense inclusions in a
58-�m slice. There still remains a minority of histologic
plaques that do not correlate with MR abnormalities. This
is because of the combination of small size and the absence
of iron accumulation. This is also true for the cortex
plaques, which are invisible on MR GE images.

The extent to which our technique might be useful in
humans with AD depends on the extent to which iron
deposition occurs together with amyloid accumulation.
Nevertheless, this approach is definitely applicable to the
APP[717I] mouse model and provides an insight into pre-
vious reports on amyloid imaging, which could not ex-
plain the source of the observed T2 MR contrast.

Thalamus versus Cortex

Our most peculiar observation, however, remains the ex-
clusive labeling of amyloid deposits in the thalamus and
its absolute absence in the cortex. It is possible that the
structure of these plaques is different or that the microglia
surrounding them are responsible for this phenomenon.
According to Morris et al. (36,37), senile plaque staining
for non-heme iron appears to be associated with glial cells.
This makes the association of non-heme iron with the
pathologic stigmata of AD a secondary response of glial
cells, in particular microglia, to neuronal damage. This
study of the APP[V717I] mouse model shows a discrep-
ancy between cortex and thalamus plaques in iron loading.
This might suggest that plaques in the cortex are at a
different stage than those in the thalamus where glia cells
are present due to ongoing inflammation processes. This
could mean that the ability to image the effect of iron
associated with amyloid plaques is plaque specific and
gives additional information on the dynamics of the
plaque formation and growth. Longitudinal studies of iron
accumulation could therefore be very helpful in discern-
ing differences in plaque stages.

Size Limits for Plaque Detection

The majority of the thioflavin-S-positive amyloid deposits
have diameters ranging from 5 to 200 �m in the brain of
transgenic AD mouse models. Therefore, to adequately
resolve them, the spatial resolution of MRI has to be at
least 200 �m, which is not a problem as we were able to
take images with an in plane resolution of (78 � 156) �m2.
However, the iron gives these amyloid deposits a real
bonus since it increases the susceptibility contrast, which
extends beyond the size of the plaques. Our results even
demonstrate that the imaging parameters (TE) can be ma-
nipulated to obtain an overestimation of the plaque size,
which might become helpful to discern smaller plaques in
this mouse model. This was underlined by the virtual
increase in plaque size on the MRI images with increasing
echo time (from 5 to 15 ms).
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T2* contrast can originate from different sources and
this might provide false-positive AD diagnosis (34). How-
ever, within this mouse model, the source of iron not being
associated with amyloid plaques and creating T2* differ-
ences could be ruled out. Age-matched controls (n � 4) did
not show T2* reduced values and studies on the cerebro-
vascular angiopathy in this model reported the absence of
any hemorrhage (19). This makes APP[V717I] mice a very
suitable model for the in vivo study of amyloid plaque
formation due to the combination of the amyloid pathol-
ogy with the oxidative damage common in AD.

In vitro measurements allowed longer acquisition times
yielding higher signal-to-noise ratios, which are very use-
ful in T2* images for revealing anatomic details. However,
brain fixation alters the tissue characteristics compared
with living tissue and changes the CNR. We used both in
vivo and in vitro MR images acquired with the same pa-
rameters for identification of amyloid plaques and con-
cluded that in vivo images, even with their lower power of
resolution, suffice for identification of iron-containing
plaques in the APP[V717I] mouse model. Histologic
stained images and MR images differ in slice thickness and
histology is prone to artifacts such as tissue swelling.
However, matching of APP anomalies with the underlying
cause of iron accumulation is straightforward and pushes
along the thalamus as the most affected region.

In conclusion, the reported in vivo and noninvasive
detection of amyloid plaques in living APP[V717I] mice
using intrinsic MRI contrast resorting from the iron asso-
ciated with the plaques creates an unexpected opportunity
to investigate their longitudinal development in the same
animal. Our work is supportive and provides an explana-
tion for the findings on changing T2* signal intensity made
by Benveniste et al. (11) and the more recent reports from
Helpern et al. (13) and Zhang et al. (12). The ability to
perform this in vivo in a mouse model allows future cor-
relation studies (1) between the amyloid deposition vol-
ume and its deposition site within different mice models,
(2) between the disturbed iron metabolism and the amy-
loid accumulation, and (3) between treated and untreated
mice following experimental therapeutic regimes such as
amyloid �-structure breaking drugs or vaccinations. Fur-
ther exploration of A� ligands, which bind amyloid with
high affinity, in combination with MR contrast agents (9),
together with early detection of T2* changes, could con-
tribute to the very early detection of A� plaques.
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