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Abstract
Intravenous infusion studies in humans suggest that both VWF and FVIII remain intravascular in
contrast to other coagulation proteins. We explored whether infusion of VWF and FVIII by either
intraperitoneal (IP) or subcutaneous (SC) injection would result in efficient absorption of these
large proteins into the vascular circulation. FVIIInull or VWFnull mice were infused with plasma-
derived or recombinant VWF and/or FVIII by IP, SC, or intravenous (IV) injection. Both VWF
and FVIII were absorbed into the blood circulation after IP injection with a peak between 2 to 4
hours at levels similar to those observed in mice infused intravenously. In contrast, neither VWF
nor FVIII was detected in the plasma following SC injection. Although IV injection achieved peak
plasma levels quickly, both human VWF and FVIII rapidly decreased during the first 2 hours
following IV injection. Following both IV and IP infusion of VWF, the multimeric structure of
circulating VWF was similar to that observed in the infusate. These results demonstrate that both
VWF and FVIII can be efficiently absorbed into the blood circulation following IP but not SC
injection, indicating that IP administration could be an alternative route for VWF or FVIII
infusion.
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Introduction
von Willebrand factor (VWF) is a large multivalent adhesive protein that serves as a carrier
protein for factor VIII (FVIII) and an adhesive link between platelets and the injured blood
vessel wall.1, 2 The basic VWF monomer is a 2050 amino acid protein. Multimers of VWF
can be extremely large, ranging in size from about 450 kDa dimers to greater than 20,000
kDa.3-5 FVIII is synthesized as a 2351 amino acid single-chain glycoprotein with a
molecular weight of 280 kDa, which is proteolytically processed to its circulating
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heterodimeric form, composed of a heavy chain and a light chain.6 FVIII binds VWF non-
covalently, forming a VWF/FVIII complex in plasma.7, 8 The deficiency of VWF results in
von Willebrand disease (VWD), which is a genetic bleeding disorder.9 The deficiency of
FVIII causes hemophilia A, which is an X-chromosome linked genetic bleeding disorder.10

Both severe VWD and hemophilia A are normally treated by intravenous infusion of either
plasma-derived or recombinant proteins.11-13 Both VWF and FVIII are large adhesive
proteins and intravenous infusion studies in humans suggest that both proteins remain
intravascular in contrast to other coagulation proteins, such as factor IX (FIX).14-16 When
FIX is injected intraperitoneally (IP) or subcutaneously (SC) it does achieve access to the
vasculature.17 Large proteins, like VWF and FVIII, have been presumed to be inefficiently
transferred into the vascular space after SC or IP administration. There are at least two
reasons driving us to investigate whether IP or SC administration of these two large proteins
can transfer into the vascular space. One is to explore an effective alternative route for VWF
and FVIII infusion without venous access, which at times might be difficult particularly in
the pediatric population. The other is for gene therapy of von Willebrand disease (VWD) or
hemophilia A. It is well known that the bulk of plasma VWF is derived from endothelial
synthesis.18 In contrast, the precise site of FVIII biosynthesis remains unclear,19-22 although
it has been proposed that synthesis of FVIII occurs in a subpopulation of endothelial
cells.2, 23-27 While the cell that naturally produces VWF might be the ideal target for VWF
expression for severe VWD gene therapy, it is difficult to genetically modify endothelial
cells and implant them into the vasculature. Instead, if VWF can be transferred into the
vascular circulation from extra-vascular space such as the peritoneal cavity, implanting
genetically manipulated cells that express VWF may serve as a mechanism for VWD gene
therapy. The similar approach may also serve as a mechanism for hemophilia A gene
therapy. The aim of this study is to investigate whether VWF and FVIII can be transferred
from extra-vascular space into the vascular space. To address this issue, we infused VWF
and / or FVIII from various sources into mice using various routes to investigate whether
infusion of VWF and FVIII by either IP or SC injection would result in efficient absorption
of these large proteins into the vascular circulation.

Materials and Methods
Materials

Alphanate, a human plasma-derived VWF/FVIII concentrate, was obtained from Grifols
Biological Inc (Los Angeles, CA). Humate P, another human plasma-derived VWF/FVIII
concentrate containing high molecular multimers,28 was obtained from CSL Behring (King
of Prussia, PA). Refacto, a recombinant human B-domain deleted FVIII (rhFVIII), was
obtained from Wyeth Pharmaceuticals (Collegeville, PA). Human recombinant VWF was
kindly provided by Baxter International Inc. (Vienna, Austria). The Coatest SP4 FVIII Kit
was purchased from DiaPharma (Franklin, OH). Biotin-conjugated and non-conjugated
rabbit anti-human VWF antibody, which cross-reacts with murine VWF, was purchased
from Dako (Carpinteria, CA). Both mouse anti-human VWF monoclonal antibody, AVW1,
and mouse anti-mouse VWF monoclonal antibody, 344.3, were produced by our laboratory.
PNPP (p-Nitrophenyl Phosphate, Disodium Salt) substrate was purchased from Thermo
Fisher Scientific (Rockford, IL). PPACK (D-Phe-Pro-Arg-chloromethylketone) was
purchased from Enzo Life Sciences International, Inc. (Plymouth Meeting, PA). Horseradish
Peroxidase (HRP) conjugated Goat anti-rabbit antibody was purchased from Pierce
(Rockford, IL).
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Animal procedures
Animal studies were performed according to a protocol approved by the Institutional Animal
Care and Use Committee of the Medical College of Wisconsin. Infusates were diluted in
Blood Bank saline (0.85% NaCl, pH 6.7) (OpticsPlanet, Inc., Northbrook, IL) to 5 U/ml.
FVIII knockout (FVIIInull) mice were infused with human plasma-derived VWF and FVIII
(Alphanate or Human P) or recombinant FVIII (ReFacto) at a dose of 50 U / kg by
intraperitoneal (IP), sub-cutaneous (SC), or intravenous (IV) administration. VWF knockout
(VWFnull) mice were used for recombinant VWF (Baxter) infusion studies. All infusions
were the first exposure for the animals.

As a comparison, normal mouse plasma, as a source of plasma derived VWF, was infused
into VWFnull mice at a dose of 12.5 U / kg by IP or IV administration. For these
experiments, plasma containing 1 U/ml of murine VWF was collected from C57BL/6 mice
using PPACK anticoagulant at a final concentration of 80 μM.

For blood sampling, 100 μl of blood was collected by tail bleed into microcentrifuge tubes
containing 0.1 vol of 0.1 M sodium citrate at various time points after infusion. Blood cells
were removed by centrifugation at 5000 rpm for 10 min, platelet poor plasma was
centrifuged once more at 10,000 rpm for 10 min and plasma was used for assays.

VWF antigen (VWF:Ag) assay
The levels of VWF:Ag were determined by means of a solid phase capture enzyme-linked
immunosorbent assay (ELISA). For human VWF ELISA, AVW1 was used as a capture
antibody. For mouse VWF ELISA, 344.3, was used as a capture antibody. Bound VWF was
detected with biotin-conjugated rabbit anti-human VWF antibody (Dako) that cross reacts
with murine VWF and Alkaline Phosphatase-conjugated Steptavidin (Jackson
ImmunoResearch Laboratories, West Grove, PA). After the final washing step, plates were
developed with PNPP substrate and the change in optical density read at 405 nm. A standard
curve was constructed by plotting known amounts of infusate against Vmax (mOD/min) at
405 nm.

FVIII:C assay
The levels of FVIII activity (FVIII:C) in the infused animals were quantitated by a modified
FVIII chromogenic assay that we have developed using the Coatest SP4 FVIII Kit as
previously reported.29 Briefly, plasma was diluted in 1x Coatest buffer, and 25 μl of diluted
plasma was added to 96-well microtiter plates in duplicate. Assay components, including
FIXa, FX, CaCl2, and phospholipid, were added to each well, and the plate was incubated at
37°C for 10 minutes. The chromogenic FXa substrate S-2765 was added and the plate was
transferred immediately to a ThermoMax microplate reader (Molecular Devices, Sunnyvale,
CA) preset at 37°C. A standard curve was constructed by plotting known amounts of
rhFVIII (Refacto) in 1x Coatest buffer against Vmax (mOD/min) at 405 nm minus 490 nm.

VWF multimer analysis
VWF multimer structure was analyzed using non-reducing LiDS-agarose electrophoresis.
VWF Multimers from plasma samples or infusates were separated through a 0.65% (w/v)
HGT(P) agarose gel (Lonza, Rockland, ME) containing 0.1% lithium dodecyl sulfate (LiDS)
(Fisher Scientific, Fair Lawn, NJ) for 4 hours at 120 V using a horizontal gel unit with
running buffer containing 100 mmol/L Tris, 133 mmol/L glycine, and 0.1% LiDS. Proteins
were then transblotted onto Immobilon-P PVDF membrane (Millipore, Medford, MA) for 2
hours at 12 V in 11 mmol/L NaH2PO4 and 40 mmol/L Na2HPO4. Membranes were then
blocked with 5% nonfat dry milk for 1 hour and incubated overnight with rabbit anti-VWF
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antibody (Dako) at a concentration of 1 μg/ml. After washing with PBS containing 0.05%
(v/v) Tween 20, membranes were incubated with Horseradish Peroxidase (HRP) conjugated
Goat anti-rabbit antibody at 1:20,000 for 1 hour, developed with Pierce SuperSignal
Chemiluminescent substrate, and bands were visualized by exposure to x-ray film (BioMax
film; Eastman Kodak, Rochester, NY).

Data analysis and statistical analysis
The half-lives of the VWF or FVIII were determined by calculation of the first-order rate
constant for the elimination phase from the slope of the VWF:Ag or FVIII concentration
against time.30, 31 The levels of VWF:Ag and FVIII:C from various time points were used to
generate the factors in a formula for exponential decay [C (t) = C0 e−λt] using Excel
software. C0 is the initial concentration of VWF or FVIII, and C (t) is the concentration
remaining at a given time t. λ is the calculated decay constant. The half-life (t1/2) was
calculated from exponential decay using a formula: t1/2 = ln2 / λ.

The data are presented as mean ± SD. The significance of differences between groups of
mice was evaluated by 2-tailed Student’s t test. A value of P < 0.05 was considered
statistically significant.

Results
Recovery of human VWF or FVIII in the vascular circulation in mice after protein
administration using various routes

Both human VWF and FVIII, either plasma-derived or recombinant, were absorbed into the
blood circulation after IP injection with a peak between 2 to 4 hours at levels similar to those
observed at these time points in mice infused intravenously. In contrast, neither VWF nor
FVIII was detected in the plasma following SC injection. Although IV injection achieved
peak plasma levels quickly, both human VWF and FVIII rapidly decreased during the first 2
hours following IV injection (Figures 1A-E). As expected, endogenous murine FVIII was
rescued in VWFnull mice after VWF infusion by both IV and IP administration (Figure 1F).

There was no difference in the levels of remaining VWF (P = 0.45) or FVIII (P = 0.97) in
mouse plasma between Alphanate and Humate P infusion so those data were combined as
plasma-derived human VWF (phVWF) or FVIII (phFVIII). Only 24.9 ± 8.3 % of peak
plasma-derived human VWF levels remained in the plasma two hours after intravenous
injection. In contrast, 37.7 ± 10.4% of peak recombinant human VWF (rhVWF) remained in
the plasma two hours after IV injection, which is significantly higher than the residual
plasma-derived VWF (P < 0.01) (Figure 2A). There was 50.4 ± 8.9% residual FVIII in
plasma at two hours after IV infusion of recombinant FVIII (rhFVIII), which is significantly
higher than the residual plasma-derived FVIII (38.9 ± 11.2%) (P < 0.05) (Figure 2B).

The half-life (t1/2) of human VWF and FVIII in mouse plasma
Following IV injection, the t1/2 for human plasma derived VWF and FVIII in mice were
1.13 ± 0.30 hours and 2.10 ± 0.34 hours, respectively, when all time points are included.
The t1/2 for IV administration of recombinant human VWF and FVIII in mice were 1.63 ±
0.43 hours and 3.25 ± 0.58 hours, respectively. Half-life calculations following IP injection
include only data following the peak at 2 hours because both proteins were still in the
process of being absorbed into the blood circulation during the first two hours. Although not
a strictly valid comparison, when the half-life calculations include data only following the
peak after administration, the t1/2 of both human VWF and FVIII after IV administration is
significantly shorter than for IP injection (Figures 3A-D).
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When we measured VWF and FVIII in the plasma of infused mice including data only after
the 2 hour time point, the t1/2 of both proteins following IV injection was not significantly
different from those obtained by IP administration, although IP half-life in general appears
to be slightly longer for both plasma-derived and recombinant proteins. The 2 hour t1/2 of
plasma-derived VWF was 1.36 ± 0.35 hours following IV injection and 1.82 ± 0.90 hours
following IP administration (P = 0.11), and the t1/2 of plasma-derived FVIII was 2.79 ± 0.98
hours after delivery by IV injection and 3.76 ± 1.10 hours by IP injection (P = 0.13). The t1/2
of rhVWF was 1.97 ± 0.34 hours following IV injection and 2.43 ± 0.37 hours by IP
injection (P = 0.11), and the t1/2 of rhFVIII was 4.97 ± 1.67 hours by IV injection and 5.85 ±
1.14 hours by IP injection (P = 0.40) (Figures 3A-D).

When we compared infused plasma-derived versus recombinant VWF and FVIII using
combined IV and IP data after the two hour time point, the half-lives of human plasma-
derived VWF and FVIII in mouse plasma were 1.56 ± 0.72 hours and 3.49 ± 1.25 hours,
respectively, which was significantly shorter than those obtained following recombinant
human VWF and FVIII infusions (2.17 ± 0.33 hours, and 5.03 ± 2.55 hours, respectively)
(see Table 1). The difference between plasma-derived and recombinant VWF and FVIII was
further compared by utilizing another pharmacokinetic parameter, the area under the curve
(AUC). As seen in Table 2, AUC for recombinant VWF and FVIII were significantly higher
(1.81 times and 1.38 times, respectively) than those obtained following plasma-derived
VWF and FVIII infusion.

Recovery of mouse plasma-derived VWF in the vascular circulation in mice after
administration by various routes

To study the recovery of mouse plasma-derived VWF in the vascular circulation after
infusion using IP and IV routes, plasma from C57BL/6 mice was infused into VWFnull mice.
Disappearance of infused mouse VWF is significantly slower than human VWF. Murine
VWF was still detectable in mouse plasma 24 hours after infusion, while human plasma-
derived VWF dropped to undetectable levels at 8 hours after infusion (Figure 1A). At two
hours after IV infusion of mouse plasma-derived VWF, 83.6% of peak levels were still
present, significantly higher survival compared to human plasma-derived VWF (24.9 ± 8.3
%) (P < 0.01). Twenty-four hours after infusion, 20.1 ± 4.7% of peak mouse VWF still
remained (Fig 4A).

The t1/2 of mouse VWF in mouse plasma was 7.26 ± 2.38 hours and 8.13 ± 1.45 hours by IP
administration and IV administration, respectively, if we calculated data obtained from 2 to
6 hours, for comparability with human VWF before it is cleared due to its much shorter
survival. The t1/2 of mouse VWF in mouse plasma was 12.51 ± 6.20 hours and 12.27 ± 2.79
hours by IP administration and IV administration, respectively, if we used data points from 2
to 24 hours for half-life calculations. If we used all data points from the peak at 5 minutes to
24 hours for IV injection, the t1/2 of mouse VWF was 11.50 ± 2.10 hours, which is not
significantly different from the t1/2 data obtained from 2 hours to 24 hours for both IP and
IV injections (Fig 4B). The t1/2 of infused mouse plasma-derived VWF was significantly
longer than those obtained from human VWF, including both plasma-derived human VWF
and recombinant human VWF, regardless of the route of infusion (Figures 4B and 4C).

Multimeric structure of circulating VWF in the infused animals
Since multimers of VWF can be extremely large, we wanted to know whether the whole
range of multimers of VWF can be absorbed into the vascular circulation after IP
administration. VWF multimer structure was analyzed using non-reducing LiDS-agarose
electrophoresis. rhVWF contained higher molecular weight VWF multimers, but less intense
low molecular multimers compared to plasma-derived VWF preparations including both
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Humate P and Alphanate. Following both IV and IP infusion, the multimeric structure of
circulating VWF at 2 hours was similar to that observed in the infusate, whether plasma-
derived or recombinant VWF (Figure 5), indicating that the entire spectrum of VWF
multimers was similarly distributed into the vasculature using either the IV or IP route.

Discussion
The standard method of treatment for both severe von Willebrand disease (VWD) and
hemophilia A is intravenous infusion of either plasma-derived or recombinant replacement
proteins (VWF for VWD and FVIII for hemophilia A). 11, 12 Since VWF and FVIII are large
adhesive proteins, we wanted to know whether other routes, including IP and SC injection of
these proteins, would result in efficient absorption into the vasculature. In the current
studies, we infused VWF and FVIII into mice through various routes including IP, IV, and
SC injections. We discovered that both proteins were efficiently absorbed into the blood
circulation following IP injection with a peak between 2 to 4 hours after infusion at levels
similar to those observed in mice infused intravenously, but were not detected in the
circulation after SC injection.

There are two potential routes for the absorption of fluid and proteins from the peritoneal
cavity into blood circulation. One is via the abdominal lymph vessels. The other is a
transcapillary absorption processes. There is evidence demonstrating that fluids (with
proteins) in the peritoneal cavity are absorbed into the vasculature through drainage into
lymphatics lining the surface of the diaphragm under normal intraperitoneal pressure 32-35.
Transient therapeutic levels of plasma FVIII were achieved in mice implanted
intraperitoneally with encapsulated cells producing FVIII36 or injected intraperitoneally with
lentiviral vector encoding human B-domain deleted FVIII,37 demonstrating that FVIII can
reach the circulation from the peritoneal space. Our studies demonstrated that both VWF
and FVIII were absorbed into the vasculature following IP injection, but not by SC injection,
indicating that absorption of both proteins is most likely via the diaphragmatic lymph
vessels. Transcapillary absorption may not be a major contributor because both
subcutaneous tissues and the peritoneal cavity have abundant microvasculature. Previous
studies of extravascular FIX injection have demonstrated that subcutaneous injection of FIX
can result in significant levels of plasma FIX, indicating that FIX can be taken up via
transcapillary absorption17. This may be due to differences of molecular size or protein
structure between FIX and FVIII or VWF.

Conventional IV injection is the fastest way to raise plasma VWF and FVIII levels. Unlike
intravenous injection, intraperitoneal administrations of both VWF and FVIII do not
distribute immediately into the blood circulation. The protein concentrations in blood
following intraperitoneal administration increased over the first two hours, then became
similar to those after intravenous injection when equivalent doses of protein were injected.
For the first two hours following IV injection, the levels of both VWF and FVIII in plasma
decreased quickly, while plasma levels of proteins delivered by IP injection steadily increase
to their peak over this same time period. After the 2 hour time point, clearance rates are
similar for both IV and IP delivery. These results indicate that the IP route could be an
effective route for VWF and FVIII infusion.

One important function of VWF is that it mediates the adhesion of platelets to sites of
vascular injury 38. Since the largest multimers of VWF are most effective in promoting
platelet adhesion 39, it is important to assure that the whole spectrum of VWF multimers is
absorbed into the circulation to provide hemostatic activity after administration. We
analyzed VWF multimer structure in plasma samples collected 2 hours after infusion and
found that the structure of VWF multimers following IP or IV injection was similar to the
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infusates. The fact that the full range of VWF multimers present in infusates were absorbed
into the vasculature with equivalent efficiency whether delivered by IP or IV infusion,
indicates that VWF delivered by IP infusion should be fully functional in circulation.

Our studies have demonstrated that in mice the t1/2 of recombinant human VWF and FVIII
are significantly longer than those of human plasma-derived VWF and FVIII. There are
several possible explanations for these observations, including 1) the recombinant human
VWF contains higher molecular weight VWF multimers that are not present in the plasma-
derived VWF preparations used; 2) the structures of recombinant VWF or FVIII differ from
the plasma-derived proteins in subtle or not so subtle ways (e.g. recombinant human FVIII
used was a B-domain deleted product, while plasma-derived FVIII is the full-length protein.
For human plasma-derived FVIII, the B-domain is much more divergent than the rest of the
protein compared to mouse FVIII); 3) pooled plasma products contain a complex mixture of
different polymorphic proteins, while recombinant proteins are a single type; and 4)
glycosylation could be different between plasma-derived and recombinant proteins.

Previous reports have demonstrated that the half-life of human plasma-derived VWF in
humans is about 11.2 hours 15. When human plasma-derived VWF (either Alphanate or
Humate-P) was infused into mice, the half-life was only about 1.6 hours. When mouse
plasma-derived VWF was infused into mice, the half-life was about 11.5 hours, which is
very similar to the half-life in the human / human system. There is a nearly 20% difference
in amino acid sequence between human and mouse VWF that is likely to result in
recognition of the foreignness of a “xeno-transfusion” when human VWF is infused into
mice. Other factors, such as altered cleavage by ADAMTS13 or other plasma proteases and
differences in protein glycosylation, might also contribute to more rapid clearance of human
VWF in the mouse model.

In conclusion, our studies demonstrate that intraperitoneal injection of both VWF and FVIII
can efficiently transfer these proteins into the vascular space. This implies that
intraperitoneal administration could be an effective alternative route for VWF and FVIII
infusion when there is difficulty attaining venous access. Long-acting pharmaceuticals based
on delayed-release biodegradable microspheres have been shown to have a long duration of
action following extra-vascular injection.40, 41 Regardless of the need for an alternative
route for infusion, administration of the encapsulated VWF or FVIII into peritoneal cavity
may lead to a safe and effective long-acting sources of replacement proteins that would be
beneficial for VWD or hemophilia A patients undergoing prophylaxis. Implanting cells that
are genetically modified to produce recombinant proteins might provide a gene therapy
strategy that could be beneficial in treatment of patients with VWD or hemophilia A.
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Figure 1. Circulating levels of VWF and FVIII in the infused animals
Animals were infused with human VWF and /or FVIII from various sources at 50 IU/kg
using varying routes. Plasma samples were collected at various time points for VWF:Ag
ELISA or FVIII:C assay. Fig. 1A shows the levels of VWF in FVIIInull mice over a 24 hour
period after infusion of Alphanate containing plasma derived human VWF (phVWF) and
FVIII (phFVIII). A human-specific VWF:Ag ELISA assay was used. Fig. 1B shows the first
4 hours after infusion of Alphanate in another experiment. Fig. 1C shows the levels of VWF
in VWFnull mouse plasma after infusion of recombinant human VWF (rhVWF). Fig. 1D
shows the levels of FVIII in FVIIInull animals that were infused with Alphanate. Fig. 1E
shows the levels of FVIII in FVIIInull mice that were infused with recombinant human FVIII
(rhFVIII). Fig. 1 F. shows that endogenous murine FVIII was restored in VWFnull mice
when rhVWF was infused whether by IP or IV injection.

Shi et al. Page 10

Haemophilia. Author manuscript; available in PMC 2013 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. Residual VWF and FVIII in mouse plasma after intravenous infusion
Animals were infused with VWF and / or FVIII by IV injection. Blood samples were
collected at various time points. The levels of VWF:Ag were determined by ELISA. FVIII:C
was evaluated by Chromogenic assay. Fig. 2A shows the residual VWF from either plasma-
derived (Alphanate or Humante P) (phVWF) or recombinant VWF (rhVWF) at two hours
after IV administration. Fig. 2B shows the residual FVIII from either plasma-derived
(Alphanate or Humate P) (phFVIII) or recombinant FVIII (rhFVIII) at two hours after
intravenous infusion.
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Figure 3. The half-life of human VWF and FVIII in mouse plasma
Animals were infused with VWF and / or FVIII by either IV or IP administration. The levels
of VWF:Ag were determined by ELISA. FVIII:C was evaluated by Chromogenic assay.
Half-life was calculated using exponential decay. Fig. 3A shows the half-life of plasma-
derived human VWF (phVWF); Fig. 3B shows that the half-life of recombinant human
VWF (rhVWF); Fig. 3C shows the half-life of plasma-derived human FVIII (phFVIII); Fig.
3D shows the half-life of recombinant FVIII (rhFVIII).
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Figure 4. Comparison of human and murine plasma VWF clearance in mice
Plasma from C57BL6 mice was used as a source of mouse plasma-derived VWF (mpVWF)
for infusion using either IV or IP administration. The levels of VWF:Ag were determined by
ELISA. Fig. 4A shows that the clearance of mouse VWF and human VWF in the infused
animals. Fig. 4B demonstrates the half-life difference between human VWF and mouse
VWF in mouse plasma after IP or IV administration. Fig. 4C shows the half-life of both
plasma-derived and recombinant human VWF, including both IP and IV data, are
significantly shorter than plasma-derived mouse VWF.
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Figure 5. Multimeric structure of VWF in the infused mouse plasma
Plasma samples were collected from mice two hours after infusion, analyzed by LiDS-
agarose gel electrophoresis (0.65% agarose), and detected by Western blot using Dako
polyclonal antibody. An ISTH standard plasma and the various infusates were used as
controls. Multimer analysis of plasma from infused mice revealed vascular distribution of
full-range multimers of similar density following either IP or IV administration.
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Table 1
The half-life of human VWF and FVIII in mouse plasma

VWF (hours) FVIII (hours)

Plasma-derived
1.56 ± 0.72 (n = 34) 

†
3.49 ± 1.25 (n = 21) 

‡

Recombinant
2.17 ± 0.33 (n = 18) 

†
5.03 ± 2.55 (n = 18) 

‡

†
means P < 0.01.

‡
means P < 0.05.
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Table 2
The AUC (Area Under Curve) pharmacokinetic parameter of human VWF and FVIII
estimated by analysis of residual protein profile

VWF (%. hr) FVIII (%. hr)

Plasma-derived
188.73 ± 33.32 

†
375.4 ± 50.19 

‡

Recombinant
340.97 ± 44.89 

†
516.43 ± 109.52 

‡

Animals were infused with human VWF and /or FVIII from various sources using intravenous administration. Plasma samples were collected at
various time points from 5 minutes to 24 hours for VWF:Ag ELISA or FVIII:C assay. Data were converted to the percent of peak VWF or FVIII at
5 minutes for analysis of the pharmacokinetic parameter AUC. The area under the time concentration curve was calculated based on the linear
trapezoidal rule using the GraphPad Prism 4 software.

†
means P < 0.01.

‡
means P < 0.05.
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