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ABSTRACT Vascular corrosion casting has been established as a method to reconstruct the
three-dimensional (3D) structure of blood vessels of organs and tissues. After replacing the blood
volume with a low viscosity resin, the surrounding tissue is removed to replicate the vascular
architecture, typically using scanning electron microscopy (SEM). To date available casting resins
have had significant limitations such as lack of viscosity, leading to insufficient perfusion of small-
est capillaries in organs and tissues of smaller species, interaction with surrounding tissue or
fragility of resulting casts. We have reported here about a new polyurethane-based casting resin
(PU4iiy) with superior physical and imaging characteristics. Low viscosity, timely polymerization,
and minimal shrinking of PU4ii produces high quality casts, including the finest capillaries. These
casts are highly elastic while retaining their original structure to facilitate postcasting tissue dis-
section and pruning of casts. SEM images illustrate the high reproduction quality, including endo-
thelial cell imprints, features that allow one to discern arterial and veinal vessels. For quantitative
analysis, casts from PU4ii can be imaged using micro-computed tomography to produce digital 3D
reconstructions. The inherent fluorescence of PU4ii is sufficient to reproduce casts with or without
tissue using confocal microscopy (CM). Because of the simplified casting procedure, the high repro-
ducibility and the superior reproduction quality, a combination of vascular corrosion casting using
PU4ii with advanced imaging technologies has great potential to support the description of vascu-
lar defects and drug effects in disease models using mutant mice. Microsc. Res. Tech. 69:138–147,
2006. VVC 2006 Wiley-Liss, Inc.

INTRODUCTION

Corrosion casting is used to examine detailed aspects
of organ and tissue vasculature of many different spe-
cies (Djonov and Burri, 2004; Hodde and Nowell, 1980;
Lametschwandtner et al., 1990). Typically, the scan-
ning electron microscope (SEM) is the tool of choice for
imaging features of normal and pathological morpho-
logy of vertebrate and invertebrate vascular structures.
Although this method creates remarkable three-dimen-
sional impressions, in reality it reproduces casts only
in two-dimensions, which limits the assessment of the
casts to the visible vessels and the accurate morpho-
metric measurements to vessels at the surface of the
cast (Hossler and Douglas, 2001; Minnich et al., 1999,
2001; Minnich and Lametschwandtner, 2000). Despite
several notable attempts using different approaches to
circumvent these limitations, valid three-dimensional
(3D) information can only be obtained with novel tech-
niques like micro-computed tomography (microCT) and
confocal microscopy (CM), providing digital reproduc-
tions of casts.

Various casting materials have been formulated to
meet the needs of obtaining vascular corrosion casts
under specific conditions (Lametschwandtner et al.,
1990). These requirements include processing charac-
teristics during casting, resistance and strength of
resulting casts, and low viscosity. A few commercially
available products meet most of the requirements,
especially for the representation of the smallest blood

vessels, the capillaries. The most commonly used casts
are methyl methacrylate resins such as Mercox (Mura-
kami, 1971) and modified Batson number 17 (Nopani-
taya et al., 1979). However, both lack features that are
critical for answering specific scientific questions, and
therefore may not be suitable for use with newer imag-
ing technologies like microCT and CM. We found that
some of these limitations include fragility of casts
and insufficient coloring of the smallest capillaries. We
tested different resins and report here about a polyur-
ethane elastomere with superior characteristics. Prep-
aration of the new resin polyurethane-based casting
resin (PU4ii) is simple, and polymerization at room
temperature occurs in a timely fashion. The resulting
casts are resistant to maceration and, most notably,
stay highly elastic, without losing their strength, and
retaining the shape and volume of the organ or tissue.
Casts can be further processed and post-treated or dis-
sected for imaging using SEM, CM, or microCT, ren-
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dering astonishing digital 3D reconstructions, which
allow accurate morphometry.

MATERIALS AND METHODS
Animals

Adult C57Bl/6J mice and Wistar rats were obtained
from the in house breeding colony at The Scripps Re-
search Institute. Housing and preparation of animals
was in accordance with institutional and NIH guidelines.

Vascular Corrosion Casting

Standard methods were used for vascular corrosion
casting (Beckmann et al., 2003). Briefly, mice and rats
were deeply anesthetized with pentobarbital (i.p.) and
perfused via the left ventricle, first with 20 mL artifi-
cial cerebrospinal fluid (NaCl, 130 mM; KCl, 3.5 mM;
KH2PO4, 1.25 mM; MgSO4, 1.5 mM; CaCl2, 2.0 mM;
NaHCO3, 24 mM and glucose, 10 mM), or pure NaCl
154 as a substitute to the artificial fluid (both contain-
ing Heparin; 25,000 U/L), and followed by 20 mL of 4%
formalin in PBS, both at 4 mL/min and 110 mm Hg.
All solutions were kept at 358C. Immediately following
perfusion, the polyurethane PU4ii (vasQtec, Switzer-
land), Mercox (Ladd Research, Williston, VT), or Clear
Flex 95 (Smooth-On, Easton, PA) were infused at the
same rate. After resin curing (1–2 days, room tempera-
ture), soft tissue was macerated in 7.5% KOH, followed
by decalcification with 5% formic acid, each for 24 h at
508C. Casts were washed with water and freeze-dried.

Imaging

Casts were evaluated by light microscopy (LM), and
then prepared for SEM (Hitachi S4000) by sputtering
with gold (Beckmann et al., 2003; Krucker et al., 2004;
Meyer, 1989).

For CM, dried casts were embedded into Clear Flex
50 (Smooth-On, Easton, PA), and cut with a vibratome
(Campden Instruments, Loughborough, UK) into 100–
150 lm thick slices. Samples were then imaged using
a Leica DM IRBE inverted microscope equipped with
a Leica TCS 4D confocal laser-scanning device. All
images were acquired with a 103 water lens. Projec-
tions were made from stacks of 50 images using ‘‘Align’’
software (shareware: http://synapses.mcg.edu/tools/
index.stm). Multiple stacks were arranged together
and a final 3D visualization was made with Amira soft-
ware (TGS, Mercury Computer Systems, Inc).

For microCT, casts were dried and completely
immersed in osmium solution (2% OsO4 in H2O) for
several days. Casts were then mounted on custom-
made holders and imaged with a lCT40 (Scanco, Swit-
zerland), or for higher resolution with synchrotron
radiation-based microCT (SRlCT, XTM station, Swiss
Light Source, Paul Scherrer Institute, Switzerland).
Similar to conventional microCT, SRlCT renders
three-dimensional reconstructions of casts, but using
synchrotron radiation rather than conventional X-rays
achieves highest resolutions ranging from 100 nm to
3 lm. 3D reconstruction and calculation of morphome-
try were either made with in house software (Hilde-
brand et al., 1999) or AMIRA software (Heinzer, manu-
script in revision).

RESULTS

We found that the resin PU4ii generally had superior
characteristics for our applications. It was tested with

the addition of 0–40% diluent, and produced consis-
tently good and complete replicas of the mouse brain
vasculature (Fig. 1), including the dense capillary beds.
The brain is considered to be one of the most difficult
vascular structures to replicate (Lametschwandtner
et al., 1984). Also, the vasculature of other organs and
tissues from mice and rat were reproduced impeccably.
Notably, imprints of surrounding tissue like endothe-
lial cell borders and nuclei allowed identification of
venous and arterial vessels at the EM level (Fig. 1D
and E). For all tests we used the same preparation pro-
cedure and the quantity of injected resin was adjusted
to reach approximately five times the physiological
blood volume.

Preparation, Mixing, and Handling

Components of the new resin can be prepared well in
advance of the injection. The resin is mixed together
with the solvent ethylmethylketone (EMK, Merck) or
dichloromethane (DCM, Merck) by weight in a glass
or plastic vial and a small amount of pigment is added.
We used the resin with dilutions of up to 40%, without
considerable loss of reproduction quality or shrinkage.
Shortly before the injection, the amount of hardener
needed (ratio 6:1) can be added to the already prepared
resin/solvent mixture using a large pipette. The result-
ing solution needs to be shaken well (a vortex mixer
can be used), and then transferred into a suitably-sized
syringe. In our experience, syringes with rubber sili-
cone pistons guaranteed a smooth and continuous
injection. To remove small air inclusions in the resin,
the final mixture was set under vacuum for 2–3 min
using a standard vacuum chamber. For slow and con-
tinuous injections, syringe pumps (e.g., Model A-99,
Razel Scientific, Stamford, CT) have proven effective.

Viscosity and Shrinkage

To determine the most important physical character-
istics for vascular corrosion casting we tested viscosity,
curing time, and shrinkage of the PU4ii.

Viscosity. The ideal casting resin has a minimal pre-
polymerization, retaining low viscosity for extended
time to allow a constant perfusion of the vasculature
that guarantees a complete filling of the capillary
bed. However, high viscosity is necessary for minimal
shrinkage, which is necessary to obtain high replica-
tion quality (Lametschwandtner et al., 1990; Van Der
Zwan and Hillen, 1990; Weiger et al., 1986). The viscos-
ity of PU4ii was measured at increasing dilutions using
a rheolab mc1 viscometer (Physica, Germany, data not
shown) and a low volume blood viscometer (AST-100,
Brookfield, Middleboro, MA). Two different solvents
EMK (Fig. 2A) and DCM (data not shown) at 0, 10, 20,
30, and 40% dilution were tested at room temperature.
PU4ii retained low viscosity for up to 25 min using a
30% dilution with EMK. Together with an alternative
hardener, the period of low viscosity can be additionally
prolonged (data not shown). DCM is a suitable solvent
for PU4ii, however, dosage was difficult because of
its low vapor pressure during the mixing procedure
affected the visible quality of the cast. In addition,
casts prepared with DCM dissolved in ethanol, a draw-
back if casting is combined with standard immuno-
histochemistry.
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Shrinkage. To determine shrinkage, commercially
available tubing of various diameters made of 3 differ-
ent materials (Teflon, vinyl and polyethylene, from
Fisher Scientific) were filled with resin prepared as

described above with either DCM or EMK solvent at 0,
10, 20, and 30%. Each series was repeated three times
each time using freshly prepared resin. After 24 h, the
tubing containing the resin was cut into 1–2 mm thick

Fig. 1. SEM images of vascular corrosion cast of mouse brain. A:
Overview of the whole brain with the olfactory bulb on the right side.
Clearly visible is the ascending middle cerebral artery of the right cor-
tex and the veinal drainage at the surface. The cerebellum and pons
(left) is separated from the cortex by the transverse sinus. B: Detail of
the lateral cortex with the middle cerebral artery (arrow). C: The com-
plete reproduction of the dense capillary network within the cortex
illustrates the quality of the cast. D: The morphology of the vascula-

ture is entirely retained with PU4ii. Imprints of the surrounding
endothelial cells on larger vessels allow for the identification of
arteries and veins. The artery on the left shows elongated cellular
and nuclear imprints (arrowhead) and a constriction (arrow) at the
descending arteriole. The parallel vein on the right shows rounded
cellular and nuclear imprints (arrowhead). E: Detail of an artery
within the cortex. Endothelial cell border (arrows) and nuclear
imprints (arrowheads) are replicated.
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slices with a McIlwain tissue chopper. Fifteen sections
per series were transferred into a petri dish and imme-
diately photographed under a microscope. Tubing and
resin retained their circular shape. The resin was visi-
ble as a dark solid sphere surrounded by the trans-
lucent tubing. Using Corel Draw (Corel Corp, Ottawa,
Canada), the inner wall of the tubing and the resin
boundaries were traced, and the respective diameter
and area were determined. Petri dishes were covered
and kept at room temperature for 1 week before repeat-
ing the measuring procedure. Average shrinkage was
calculated for diameter and area as the difference be-
tween tubing and resin. The average maximal shrink-
ing with 30% dilution using EMK was 6.8% after 1
week (Fig. 2B).

Polymerization and curing. Complete polymeriza-
tion of PU4ii in small quantities, such as in vessels of
rats and mice, should theoretically be within minutes
at room temperature. Shrinking under the experimen-
tal conditions, an indirect measurement of polymeriza-
tion was determined to be minimal after 24 h of curing.
However, the surrounding tissue may influence the
curing. Animals and tissues were kept over night or for
days at room temperature without further manipula-

tions. No significant changes in cast quality and
angioarchitecture could be detected.

Handling of Casts

Because casts retain the elasticity and durability
of the PU4ii, manipulation is extremely simple. The
handling before and during the maceration procedure
is less critical than with methyl methacrylate resin.
Isolation using ordinary dissection tools and methods
before maceration can facilitate identification of organ
or tissue specific vasculature. After maceration, scis-
sors or razorblades can be used as well for the dissec-
tion and pruning of PU4ii casts. Because of initial tech-
nical limitations of the SRlCT, we cut mouse cortex
into square blocks of 1–2 mm side length using razor-
blades. Casts made with methyl methacrylate resins
are rigid and incredibly brittle, which would not allow
such a treatment. However, attempts to cut such casts
using lasers have been described by others (Hodde and
Nowell, 1980).

Quality of Replication

Casts produced with the PU4ii resin show a very
high quality of luminal surface replication. Details of
capillaries as well as imprints of endothelial cells are
perfect and comparable to those of good methyl meth-
acrylate casts (Hodde and Nowell, 1980; Weiger et al.,
1986) (Figs. 1 and 3). Details of endothelial nuclei
and cellular borders are replicated with superb details,
as seen on EM micrographs (Figs. 1D and 1E). In
most cases vasculature casted with complete fills of all
arteries and veins retained all architectural and mor-
phological features of the tissue. Endothelial imprints
are easily distinguishable in afferent and efferent ves-
sels. Typical examples are shown in Figures 1, 4–6.
Small rodents, such as mice and rats, perfused intra-
cardially usually produce casts of the entire body. In
Figure 6, a complete cast of a mouse is shown. Easily
visible are all organs and the small vessels of extrem-
ities. Replications of the mouse brain always included
the dense network of capillaries of the cortex (Fig. 1)
and hippocampus. Notable are that even the smallest
capillaries are stained solid blue, an advantage for vis-
ualization with light microscopy (Figs. 5 and 6). Ex-
travasations, corrugated surfaces, or plastic strips
(‘‘mummified’’ tissue) as often described with Mercox
and methyl methacrylate casts (Aharinejad et al.,
1993a) were never observed in casts made with PU4ii
(Fig. 3B). This may help to cast the vasculature of
lymph tumors in mouse models as shown in Figures 5
and 6. The layering of the vasculature and the charac-
teristic morphology of the tumor vasculature is
retained.

Imaging Properties of PU4ii

Confocal Microscopy. An exceptional feature of the
new resin PU4ii is the inherent fluorescence (Figs. 6D
and 6E). The fluorescence of PU4ii is over a wide range
and excitations from UV upto green–yellow range are
more or less identical. However, fluorescence is low
when excitation is above 580 nm, with a single peak at
735 nm (excitation: 633 nm). The first successful at-
tempt using CM showed that this technique together
with PU4ii promises a real insight into casts of various
tissues, giving three-dimensional information that will
allow complete morphometrical analysis. CM has been

Fig. 2. Physical properties of PU4ii: Viscosity and curing. A:
Increasing dilution with EMK prolongs the period of low viscosity as
measured with a low volume blood viscometer. Low viscosity notably
persists for up to 25 min with 30% dilution making it possible to per-
fuse large volumes without significantly prolonging the polymeriza-
tion time. If even longer periods are needed an alternative hardener
is available. B: Shrinkage was assessed using 3 different types of tub-
ing (data pooled). Although increasing dilutions with EMK and DMC
influenced shrinkage, the actual shrinking measured was below 10%
(n ¼ 45 per data point, mean percent of shrinking, 6 SEM covered by
symbols).
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used previously in vascular studies using fluorescent
resins for injection (Castenholz, 1995; Rodriguez-Baeza
et al., 1998).

microCT. To obtain sufficient contrast, several X-ray
opacifiers were tested. We experimented with the
addition of 2–5% of BaSO4 powder (Sachtoperse HU-N,
Germany) or nanoparticles of silver (Johnson Matthey
& Brandenberger AG, Switzerland) to the resin. While
the mixing of these products with the resin was unpro-
blematic, we observed frequent, clumping of particles.
This ultimately resulted in obstruction of some of the
finest vessels and capillaries. Improving imaging con-
trast, by adding mixtures of heavy metals such as lead
and uranium, has been described by others (Hodde and
Nowell, 1980). In our investigation, the best results
were obtained using the impregnation technique. Casts
were submerged in uranyl acetate or osmium solutions
for several hours and in some instances several days as
shown in Figures 5D–F.

DISCUSSION

The primary constituent of established resins used
for corrosion casting nowadays (i.e., Mercox, Technovit,
and Batson) is an acrylic resin. Their low viscosity,
resistance to alkaline, and acidic treatment, as well as
their short curing time, are favorable characteristics
for vascular corrosion casting. However, a significant
disadvantage of acrylic resins is their lack of tensility,
particularly elasticity, which allows unwanted break-
ing of the material during the casting procedure or sub-
sequently during maceration and handling. Novel poly-
urethane based elastomers produce form- and shape-
retaining, resilient yet elastic casts and molds of any
size with minimal shrinkage and almost unlimited
possibilities for additional processing, analysis, and
storage. These attributes are essential if correct 3D
calculations are needed for morphometrical and archi-
tectural analysis.

In this study we have presented an evidence that the
new polyurethane-based casting resin (PU4ii) produces
casts with exceptional physical characteristics such as
high elasticity while retaining form stability and inher-
ent fluorescence. Vascular corrosion casts made from

mice and rats show impeccable reproduction qualities
of all sizes of vessels, including the dense network of
brain capillaries. These casts can be imaged with SEM,
CM and microCT, allowing a qualitative description of
the vasculature and a quantitative analysis of morpho-
metrical indices, such as vessel volume, vessel surface,
thickness, spacing, and number, as well as connectivity
and tortuosity. Although microCT has been used for
3D reconstruction of vascular corrosion casts earlier, to
our knowledge it has never been used for a compre-
hensive morphometrical analysis of rodent vasculature
(Bentley et al., 2002; Wirkner and Richter, 2004).

The storage and preparation of PU4ii is simple and
comparable to other available casting materials such
as Mercox, Technovit or Batson’s. We found that even
larger volumes (700 mL) can be easily mixed and in-
jected, which is an advantage for the casting of larger
specimens. The mixing of PU4ii and the perfusion
needs to be performed in a well ventilated room or ide-
ally in a hood. All experimenters should wear protec-
tive wear, including gloves and respiratory filters. Af-
ter resin has cured, the disposal of unused material is
uncritical.

Essential for the quality of casts is the careful prepa-
ration of the animals. For rodents, the type of anesthe-
sia greatly influences the quality of the casts. Inhalant
anesthetics such as halothane interfere significantly
with blood pressure (Steffey et al., 2003) most likely
limiting the perfusion with the resin leading to incom-
plete casts. In our hands, pentobarbital anesthesia was
easy to control and in most cases perfusions were very
successful. Curing of the resin at room temperature is
essentially complete after 24 h, but prolongation up to
5 days assures curing of large vessels. Casted tissue
can be stored over weeks before maceration without
notable effects on casts. Corrosion casts made with the
solvent MEK are maceration resistant (KOH, NaOH,
formic acid) and can also be treated with alcohol for
prolonged time.

As illustrated in this study, PU4ii produces nearly
indestructible vascular corrosion casts with excep-
tional reproduction quality. Dense networks of capilla-
ries as well as anastomoses were successfully casted.

Fig. 3. SEM images of vascular corrosion cast with methyl methacrylate (Mercox). A: Detail of
middle cerebral artery with branching. Visible are the cellular and nuclear imprints of the surrounding
endothelial cells (arrowheads). B: Artery covered with ‘‘plastic strips’’ (arrow). Such extravasations are
typical for methyl methacrylate casts and described in the literature as mummified smooth muscle cells.
The inset illustrates the regularity of the pattern.
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From whole body casts tissues and organs can be sepa-
rated and collected without significant damage or loss.
The use of PU4ii significantly improves the informa-
tion content of corrosion cast preparations.

Anatomists and physiologists interested in studying
the vascular and lymphatic architecture and morpho-
logy usually are faced with the problem of choosing the

right casting material. Size of the specimen, density
and size of the vasculature, detail of the vessel surface,
and durability of the resulting cast all are important
variables. Several publications deal with problems of
vascular corrosion casting, which have been described
extensively in reviews e.g., (Hossler and Douglas,
2001; Lametschwandtner et al., 1984, 1990). We there-

Fig. 4. SEM images of vascular corrosion cast with PU4ii of mouse
organs. A–C: Vascular structure of the kidney. Typical pattern of the
vascular structure at the kidney surface (A). Transverse sections
through kidney. Glomeruli are seen below kidney surface (B). Detail
of glomerular lobules consisting of very tortuous and densely packed
capillaries (C). D: Vasculature of the mouse intestine. Vessels of the
serosa and muscular layer at the surface form a delicate network
(arrowheads) above the vein and artery (arrows) of the mesenterica.

Partially visible are the capillaries of the mucosa. E: Nasal mucosa of
the mouse conchae. The many anastomoses (arrows) are typical.
F: Mouse eye: network of retinal capillaries lying over the inner capil-
lary bed as part of the choroidal vasculature. Arrows point to translu-
mimal tissue pillars, typical for intussusceptive angiogenesis. The
insert illustrates the unique casting properties of PU4ii that allows
high resolution visualization of such details.
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fore focus exclusively on comparing methyl methacry-
late casts with the new PU4ii technique. Some of the
characteristics of the resins used have been compared
in tables of former studies (Hodde and Nowell, 1980)
and many criteria for the injection media have been
formulated earlier (Gannon, 1978; Nowell and Lohse,
1974).

Prolongation of Polymerization

Prolongation of polymerization was achieved by
using a special hardener. The injection time was
extended upto 45 min. This can be helpful in large
objects as well as in cadaveric vessels were penetration
of the resin is extremely slow and the vasculature
extended. Preliminary results show that quality is

Fig. 5. 3D reconstruction of casts from primary lymphatic tumor
and mouse brain using micro computed tomography. A–D: Lymphatic
tumor in a mouse model. A: SEM overview of the right primary lymph
tumor. B: Detail illustrating the layering of the tumor vasculature.
Vasculature at the surface of the tumor seems normal, but the blood
vessels underneath are disorganized and dilated. C: LM image of an
isolated cast from a primary lymph tumor. D: 3D reconstruction using
of cast shown in (C) with low resolution microCT. E, F: Hierarchical

3D imaging of mouse brain cast made with PU4ii. E: 3D rendering of
whole brain using low resolution microCT. All vessels larger than
16 lm are reproduced. F: A cube (�1 mm diameter) indicated in (E)
within the lateral cortex was reconstructed using SRlCT with local
tomography. The nm resolution allows the reproduction of the small-
est capillaries. Special software allows for the determination of
morphological parameters, e.g., vascular density, connectivity, blood
volume.

144 T. KRUCKER ET AL.



Fig. 6. Mouse vascular cast with PU4ii and partial 3D reconstruc-
tion using confocal microscopy. A: Intracardial perfusion of the PU4ii
resin produces a complete cast of a mouse. All organs are visible and
even the finest capillaries are perfectly reproduced. Note the intense
staining of capillaries. The out-flowing resin accumulated in the chest
cavity forming a solid blue deposit of the PU4ii around the heart. B, C:
Lymph node carcinoma in a mouse model. B: Overview of primary

lymph node tumors and C: Detail illustrating the typical disorganized
structure of the vessels within the tumor. D: Partial reconstruction of
cortical vasculature acquired with confocal microscopy taking advant-
age of the inherent fluorescence of the PU4ii. E: 3D reconstructions of
z-stack of fluorescent slices. The blood vessels appear thicker than
depicted in (E) because of a software filtering effect.
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comparable (Meyer et al. Polyurethane elastomere: a
new material for the visualization of cadaveric blood
vessels. Microsc Res Tech, manuscript in preparation).
In many aspects the new polyurethane resin PU4ii
could be better, and studies are under way to further
improve the qualities. Currently, the major drawbacks
are toxicity and the relatively short shelf life after seals
of storage containers are broken. However, the poten-
tial of polyurethane resins are not yet exhausted. Sev-
eral aspects will be improved such as inherent stability,
prolonged processing time, intensity and specificity of
fluorescence, and radio-opacity (which is important
for enhanced contrast with microCT), particularly
local tomography at the highest possible resolution. Di-
rect imaging of blood vessel systems has been described
recently by Plouraboue and colleagues (Plouraboue
et al., 2004). They report on an application of high-reso-
lution X-ray synchrotron tomography to image large
microvascular networks in biological tissue samples.
Ba and Fe were used as contrast agents together with
a gelatin polymer to prevent the contrast agent flowing
out of the vessels. They came to the conclusion that
Ba–sulfate was most successful in terms of sample
preparation and image quality in absorption mode.

Extravasations and Mummification

A major disadvantage of methyl methacrylate cast-
ing resins is the penetration of endothelial cells, the
extravasation produced corrugated surfaces (Fig. 3B).
Such unbiological extravasations are known as ‘‘plas-
tic strips’’ or as ‘‘mummified tissue’’ (Aharinejad et al.,
1993b). Although we have seen extravasations in ani-
mal models (unpublished results), we have never found
the above described artifacts in casts made with PU4ii.
However, we have observed these phenomena regularly
in our casts made from methyl methacrylate (Fig. 3).

Aharinejad et al. (1993a) have reported about extra-
vasations and suggest that mechanisms other than
the high perfusion pressure are involved in the cause.
Possible alterations of the wall permeability of the
vascular wall may well be due to methyl methacryl-
ate. However, the exact mechanisms remain unclear.
Othake et al. (2004) and colleagues recently used a
middle artery occlusion model to examine the distri-
bution of resin-extravasation and ischemic avascular
areas They describe four different types of extravasa-
tions: spheroidal, conglomerative, large-massive, and
worm-like types. Three or more hours after the occlu-
sion, the number of extravasations remarkably in-
creased and their distribution spread widely. This was
explained by the possibility of by brain edema or hem-
orrhagic infarction.

Potential of Using PU4ii and Vascular
Corrosion Casting

There is a wide range of disorders associated with
alterations of the central and peripheral vascular sys-
tem, and angiogenesis plays a fundamental role in
many normal physiological processes and as well as a
number of pathological conditions including tumor
growth, rheumatoid arthritis, ischemic retinopathies,
macular degenerations and chronic asthma. More re-
cently, neurodegenerative diseases other than vascular
dementia or stroke have also been associated with vas-

cular alterations. In addition to long established mod-
els such as orthotopic tumor models, mutant mice mod-
eling disease, such as Alzheimer’s disease, become
increasingly important in studying disease progression
and treatment. In addition, the study of angiogenesis
and lymphangiogenesis demands 3D visualization at
very high resolution (Djonov and Burri, 2004). Vascu-
lar corrosion casting in combination with appropriate
imaging technologies could provide considerably more
information than reconstructions from serial sections
obtained with conventional histological techniques.
The improved casting and imaging qualities of PU4ii,
which allow a combination of such technologies, has
the potential to phenotype genetically manipulated
animals, supporting drug discovery through a descrip-
tion of vascular defects in various diseases and effects
of drug treatments on these vascular defects.
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