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ntramedullary Cavity as Implantation Site for Bioartifical Pancreas:
reliminary In Vivo Study
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ABSTRACT

Background. The intramedullary cavity is a widely distributed well-vascularized micro-
environment capable of sustaining grafts, and is a potential site for islet transplantation.
The bone marrow offers sufficient space that may also be suitable for bioartificial pancreas
(BAP) implantation.
Objective. To evaluate the feasibility of bone marrow as an implantation site for BAPs.
Materials and Methods. A calcium phosphate cement chamber satisfies the criteria for
immunoisolation. Mouse insulinoma cells were suspended with agarose gel and enclosed
in a calcium phosphate cement chamber to create a BAP, which was implanted in the
intramuscular space in diabetic swine or the intramedullary cavity in diabetic dogs. Blood
glucose and C-peptide concentrations were determined perioperatively.
Results. In the swine, the mean � SD blood glucose concentration decreased from 413 �
24 mg/dL to 285 � 47 mg/dL, and was maintained in the range of 285 to 336 mg/dL for 15 days.
It increased to 368 to 450 mg/dL after the BAPs were implanted in the intramuscular space.
In the dogs, the blood glucose concentration decreased from 422 � 32 mg/dL to 247 � 52
mg/dL, and was maintained in the range of 247 to 347 mg/dL after the BAPs were implanted
in the intramedullary cavity. The C-peptide concentration increased from 6.1 � 2.8 pmol/L to
104.7 � 16.4 pmol/L when the BAPs were implanted in the intramedullary cavity.
Conclusion. This study indicates superior effectiveness of BAPs implanted in the
intramedullary cavity compared with the intramuscular space. This observation may be
attributed to the greater oxygen tension in the bone marrow. The BAPs in direct contact
with the circulatory system receive sufficient blood flow for function and survival. This
preliminary study demonstrates that the intramedullary cavity may be an implantation site

for BAP transplantation.
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BIOARTIFICIAL PANCREAS (BAP) utilizes the
strategy of immunoisolation to use xenogeneic islets as a

onor supply in the absence of immunosuppression for type 1
iabetes.1 However, most BAPs have been implanted in
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ubcutaneous sites, intramuscular spaces, or the peritoneal
avity. Implantation in these areas may result in failure
ecause of hypoxia and fibrotic tissue envelopment.2–4 A more
romising site is necessary for successful BAP implantation.
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The intramedullary cavity has a widely distributed well-
ascularized microenvironment that may be capable of
ustaining transplanted islets.5 The bone marrow offers
ufficient space that also may be suitable for BAP implan-
ation. Calcium phosphate cement (CPC) has an intercon-
ected porous structure that satisfies the criteria for an

mmunoisolative device.6 The final product of hydrated
PC is calcium-deficient hydroxyapatite, similar to the
patite of human bones, resulting in a suitable material for
mplantation in bone tissue.7 In addition, islet cells enclosed
nside the chamber exhibit normal viability and secrete
nsulin continually, which suggests that a CPC chamber

ight be used for a BAP.
In the present study, mouse insulinoma cells were en-

losed in a CPC chamber to create a BAP. The BAPs were
mplanted in the intramedullary cavity in diabetic dogs, and
n the intramuscular space in swine for comparison. The
easibility of bone marrow as an implantation site for BAPs
as evaluated.

ATERIALS AND METHODS

he CPC chambers were prepared according to previously de-
cribed methods.6 Mouse insulinoma cells (NIT-1) were suspended
n 5% agarose gel and transferred into the preformed CPC
hamber as a BAP. Each BAP contained 1.2 � 107 insulinoma
ells.

In 3 swine (Lee-Sung pigs, aged 6–8 months, and weighing 8–10
g), diabetes was induced via intravenous injection of 180 mg/kg of
treptozotocin. After streptozotocin injection, the mean � SD
onfasting blood glucose concentration increased from 104 � 13
g/dL to 413 � 24 mg/dL. The diabetic swine were implanted with

4 BAPs (1.68 � 108 cells total) in the intramuscular space between
he biceps femoris and the vastus lateralis. In 3 dogs (English
eagles, aged 1–2 years, and weighing 8–11 kg), diabetes was
Fig 1. Blood glucose concentration in diabetic animals bef
nduced via intravenous injection of 90 mg/kg of alloxan. The blood
lucose concentration increased from 121 � 12 mg/dL to 422 � 32
g/dL. The diabetic dogs were implanted with BAPs as follows. A

ongitudinal skin incision was made along the long axis of the knee,
nd a parapatella approach was used to expose the patellar groove
f the distal femur. Seven BAPs were implanted through the canals
reated using a hand reamer into the intramedullary cavity of the
istal femur. The same procedure was performed in another thigh,
nd 14 BAPs (1.68 � 108 cells total) were implanted. The blood
lucose concentrations in the swine and dogs were measured,
nd venous blood samples were collected for determination of
-peptide.

ESULTS

n the swine, the mean � SD blood glucose concentration
ecreased from 413 � 24 mg/dL to 285 � 47 mg/dL at 1 day
ostimplantation, and was maintained in the range of 285 to
36 mg/dL for 15 days. Thereafter, it increased to 368 to 450
g/dL, revealing implant failure (Fig 1). In the dogs, the

lood glucose level decreased quickly from 422 � 32 to
47 � 52 mg/dL at 1 day postimplantation, and was
aintained in the range of 247 to 347 mg/dL for 31 days,

ndicating that the implanted BAPs secreted insulin contin-
ously.
The C-peptide serum concentration in diabetic animals

as negligible when analyzed using a mouse C-peptide
ssay (3.3–9.6 pmol/L for swine, and 2.9–8.3 pmol/L for
ogs). At 3 weeks postimplantation, the concentration was

n the range of 11.3 � 4.0 pmol/L in the swine, and
ncreased to 104.7 � 16.4 pmol/L in the dogs.

ISCUSSION

he effectiveness of BAPs implanted in the intramuscular
pace or intramedullary cavity was compared. Although the
ore and after bioartificial pancreas (BAP) implantation.
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pecies of recipients were different, their body weight and
nitial blood glucose concentrations were similar. The

ean � SD blood glucose concentration in diabetic animals
ecreased from 413 � 24 mg/dL to 308 � 17 mg/dL and was
aintained for 15 days before increasing to 398 � 35
g/dL. The BAPs exhibited only partial function for 2
eeks when implanted in the intramuscular space. It was
ssumed that insufficient oxygen tension at this site may
ave contributed to graft failure.8 The blood glucose con-
entration decreased from 422 � 32 mg/dL to 247 to 347
g/dL for 31 days when BAPs were implanted in the

ntramedullary cavity, which indicates that the implanted
APs functioned continuously. This finding was consistent
ith the C-peptide concentration, which was low and
egligible when the BAPs were implanted in the intramus-
ular space. The concentration in animals with BAPs im-
lanted in the intramedullary cavity was one-third that in
ealthy animals.9

The BAPs implanted in the intramedullary cavity showed
onger effectiveness than those implanted in the intramus-
ular space. This may be because the sufficient partial
xygen tension (40–60 mm Hg) in the bone marrow is
ignificantly higher than that in the intramuscular space
�10 mm Hg).10,11 BAPs require sufficient blood flow for
unction and survival. The blood glucose concentration in
ecipients with BAPs implanted in the intramedullary cavity
as lower than in animals with BAPs implanted in the

ntramuscular space. This may be attributed to rapid insulin
elivery by the circulatory system within the bone marrow.
n contrast, insulin is only delivered by passive diffusion
hen the BAP is implanted in the intramuscular space. The
lood concentration decreased over time, which it was
ssumed may be due to bone tissue growing progressively in
he CPC chamber, accelerating mass diffusion between the
raft and the recipient, subsequently enhancing the func-

ions of the BAPs.

c
s

In conclusion, this preliminary study demonstrated that
he intramedullary cavity as an implantation site is superior
o the intramuscular space, and could represent an alterna-
ive site for implantation. An increased number of im-
lanted BAPs should be considered to achieve insulin

ndependence in recipients with diabetes.
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