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1. Summary

The general objectives of this research are to develop long-term functional, implantable
organs based on transformed endocrine cells; to devise methods which allow the thorough
characterization of such systems before implantation; and to improve our understanding of
fundamental biochemical events associated with basal and induced hormone secretion. The
model system used is that of a bioartificial pancreas. During the first year of the project,

experiments were carried out mainly with the mouse insulinoma BTC3 cell line.! Our work

focused on a) characterizing the secretory function of BTC3 cells cultivated as monolayers and
also as spheroids and single cells entrapped in calcium alginate/poly-L-lysine/alginate (APA)
beads under both normoxic and hypoxic conditions; b) evaluating the long-term function of

BTC3 cells in APA beads; ¢) evaluating by nuclear magnetic resonance (NMR) spectroscopy the

bioenergetic status of entrapped BTC3 cells under basal and induced conditions for secretion

and under different oxygen tensions; and d) developing mathematical models describing the
entrapped cell system and using the models to determine design parameters resulting in proper
secretory response. Overall, we are ahead of schedule, and we have also carried out
experiments not described in the original proposal.

2. Work carried out

There were five specific aims in the original proposal:

Specific Aim 1. To characterize the secretory function of BTC3 cells cultivated as single

cells and spheroids of various sizes.

Specific Aim 2. To extend the studies in Specific Aim 1 to conditions of reduced
dissolved oxygen (DO) availability.

ific Aim 3. To use the findings of Specific Aims 1 and 2 in developing microbeads
with BTC3 cells which are responsive to secretagogues. To optimize the

microbead secretory function by adjusting the cell culturing mode, the
geometry of the system, and the cell loading.

Specific Aim 4. To characterize the long-term stability of BTC3 cells in microbeads
allowing and prohibiting passage of serum albumin.

Specific Aim 5. To investigate the energy metabolism of immunoisolated AtT-20 and



BTC3 cells under basal and induced conditions for secretion and under

normoxia and hypoxia. Energy metabolism will be assessed by *'P and
BC NMR spectroscopy and secretion by off-line assays measuring the

levels of secreted polypeptides.

So far, we have performed work on all five of the above specific aims. In particular, we

have accomplished the following.

a) We have prepared [.’;TCB spheroids by inoculating spinner flasks with cells from freshly
trypsinized monolayers and agitating mildly so as to promote cell aggregation. Cells in BTC3
spheroids are rather loosely held together, so spheroids are difficult to grow to diameters larger
than 300 um. In a week-long experiment, we found that BTC3 spheroids of 200 pm in diameter
and single BTC3 cells, both entrapped in 1 mm calcium alginate beads, secreted IRP and

consumed glucose at the same rate. In another experiment that lasted 4 weeks, 200 pm BTC3

spheroids and single BTC3 cells entrapped in 1 mm APA beads also exhibited the same rates of

glucose consumption and insulin secretion. Thus, as proposed originally, we carried out the
ensuing work with the easier preparation, namely, single cells obtained by trypsinizing
monolayer cultures.

b) One of the hypotheses set forth in the original proposal was that BTC3 cells might be

less susceptible to hypoxia than normal islets and thus might be better suited for a diffusion-

based bioartificial pancreas. We have carried out experiments with BTC3 monolayers which

suggest that this hypothesis is indeed true. The head spaces of T flasks with BTC3 monolayers
were gassed with mixtures containing 0% to 20% O,, 5% CO, for pH control, and the balance
N,. The DO level at the cell monolayer was calculated on the basis of a diffusion/reaction

model for the particular cell density and medium depth in each T-flask. Insulin secretion was
not affected at calculated DO levels down to 7 mmHg, but it was severely reduced at a DO

level of 1 mmHg. Thus, insulin secretion from BTC3 cells appears much less susceptible to

hypoxia than secretion from islets, which is affected at DO levels of 60 mmHg and below.



A better way to evaluate the effect of hypoxia on the cellular secretory response is to
perfuse the cells directly with medium containing a known and controlled concentration of
oxygen. For this, we have fabricated a microperfusion system of the type described in the
original proposal, but with the following modification: a cotton bed was found to be
inadequate for keeping the cells in place, so a cellulosic bed is used instead. Control
experiments have shown that cellulose has no major effect on cellular metabolism and secretion.
Experiments with this system on the effects of hypoxia on insulin secretion are currently under
way. We shall also use the microperfusion apparatus to evaluate the effect of insulin
accumulation in the medium on insulin secretion. This is of importance in modeling the function
of entrapped cells (see paragraph 3 below).

<) We have measured effective diffusivities through APA beads and constructed a first set
of diffusion/reaction models for the immobilized cell system. Rates of glucose and oxygen
consumption are described by Monod-type expressions, whereas insulin secretion is described

by a more complicated model that simulates a biphasic secretory response’.

The model solutions suggested that, besides glucose concentration, two other parameters
that may be affecting the function of entrapped cells are the DO and insulin levels. We are

currently conducting experiments with the microperfusion apparatus to characterize the effect

of these two parameters on BTC3 secretory function; these measurements will be incorporated

in the next generation of our models that express the insulin secretion rate as a function of the

concentrations of glucose, oxygen and insulin in the surrounding medium.

d) The long-term function of BTC3 cells in APA beads has been characterized in perfusion

experiments carried out in spinner flasks and in the packed bed reactor also used for the NMR

studies. Histological and metabolic studies suggest that there is growth of entrapped BTC3

cells during the first twenty days resulting in approximately a doubling of metabolic and
secretory activities. Following this growth, metabolism and secretion remain essentially
constant. There is also a major rearrangement of the cell distribution in the beads: cells are
initially all viable and homogeneously distributed; upon propagation, the cell density in the
periphery increases while cells in the bead interior die; by day 45, beads contain a rim of viable
cells, whereas inner cells are necrotic. It appears that this rearrangement occurs because of cell

proliferation in the periphery, which reduces the amount of DO and possibly other nutrients



diffusing to inner cells; thus inner cells die from starvation.

e) The bioenergetics of BTC3 cells in the immunoisolated APA environment at different

glucose and oxygen levels have been evaluated by *’P NMR spectroscopy. Young entrapped cell
preparations exposed to media with 0 and 16 mM glucose do not exhibit a change in the levels
of intracellular nucleotide triphosphates (NTP); older preparations do exhibit a decrease in
NTP upon switching from 16 to 0 mM glucose. Both young and old preparations exhibit a
roughly tenfold higher insulin secretion at 16 relative to 0 mM glucose. The cause of the
different effect of glucose on NTP is unknown and currently under investigation.

APA beads with BTC3 cells exposed to hypoxic conditions (DO of 20% to 5% air

saturation from the bioreactor inlet to outlet) exhibited a reduction in intracellular NTP and
insulin secretion rate by roughly 50% from the levels prevailing under normoxic conditions (DO
level at the bioreactor inlet and outlet 60% and 10% air saturation, respectively). Following a
two-day hypoxic episode, it took roughly 2 days a for NTP to recover to the pre-hypoxic levels
after restoration of normoxia.

f) Besides the above, we have also carried out some work not described in the original

proposal. Genetically engineered insulin-secreting cells, including the BTC3 cell line, are

generally glucose hypersensitive, i.e., insulin secretion is near maximal at much lower than

physiologic glucose levels. Entrapment alone does not alleviate hypersensitivity: BTC3 cells in

APA beads constitute a glucose-hypersensitive system. The obvious way to realize a normally
responsive bioartificial construct would be to entrap normally responsive cells. Indeed,
molecular biologists are working towards developing normally responsive continuous cell lines,
and successes in this area have started to appear. On the other hand, it might be possible to
design a normally responsive construct based on glucose hypersensitive cells. We investigated
this possibility by constructing mathematical models describing the behavior of two systems: (i)
cells entrapped in beads and surrounded by an immobilized glucose-consuming enzyme; and (ii)
cells coimmobilized with the enzyme in beads. It was assumed that the enzyme converted
glucose to a non-secretagogue for the cells. Model simulations showed that, with properly
chosen values of design parameters, the first system can mimic the response of normal islets.
Thus, it is theoretically possible to fabricate a normally responsive construct based on
hypersensitive cells.



3. Work for next year

Work for the upcoming year will focus on the following areas.

a) The microperfusion apparatus will be used to obtain an accurate evaluation of the

effects of DO level and insulin accumulation on insulin secretion from BTC3 cells. This system

has the following advantages over the T flask setup described in paragraph 2.b above: (i) cells
are perfused with medium containing DO at a level that can be directly monitored and
controlled; (ii) the secretory response can be measured with a much better time resolution; and
(iii) the morphology of cells is typical of that found in APA beads. Results will be incorporated

in a model of secretion from BTC3 cells which accounts, besides glucose, for oxygen and insulin

levels. The new kinetic expressions will be incorporated in a comprehensive diffusion/reaction
model of beads with entrapped cells. The model will be used to calculate nutrient and
metabolite profiles in beads and secretory responses under conditions mimicking the in vivo

environment.

b) We shall continue our work on characterizing the bioenergetics of BTC3 under different

conditions. We shall further study the effects of hypoxia, and we shall investigate the
hypothesis that the glucose level has a different effect on intracellular NTP depending on the
oxygen concentration that the cells are exposed to.

c) We shall initiate our ®C NMR studies of immunoisolated BTC3 cells. In particular, we

shall begin to investigate how the fluxes through the TCA cycle and the glycolytic pathway
change with culture conditions and whether there is a correlation between TCA and/or
glycolytic activity and insulin secretion.

4, Egdggt items

During the first year of the project, the following personnel was supported out of the
NSF grant: A. Sambanis, Principal Investigator, one summer month; E. Tziampazis, graduate
research assistant, twelve-month stipend. A post-doctoral associate will start working full-
time on the project as of September 1, 1995. An amount of approximately $21,000
(corresponding to the 6-month salary of the post-doctoral associate plus fringe benefits and
overhead) is proposed to be transferred to the next year budget. Thus, the budget for the



second year of the grant will consist of the originally proposed $70,727 plus the above

carryover amount.

5. Presentati ublications

The work in the following presentations and publications was at least partially
supported by the NSF grant.

Presentations

A. Sambanis and 1. Constantinidis, “Tissue Engineering of Artificial Endocrine Organs”,
Presented at the American Association for the Advancement of Science, Atlanta, Georgia,
February 16-21, 1995.

K K. Papas, A. Sambanis, I. Constantinidis, and R.C. Long, Jr., “Monitoring of Immunoisolated
Insulinomas by NMR: Effect of Glucose and Oxygen Levels”, Presented at the Annual
American Institute of Chemical Engineers Meeting, San Francisco, California, November 13-18,
1994.

E. Tziampazis and A. Sambanis, “Engineering a Bioartificial Pancreas Based on Continuous
Insulin-Secreting Cell Lines”, Presented at the American Association for the Advancement of
Science, Atlanta, Georgia, February 16-21, 1995.

E. Tziampazis and A. Sambanis, "Engineering a Bioartificial Pancreas Based on Continuous
Insulin-Secreting Cell Lines," Presented at the 1995 F.L. (Bud) Suddath Memorial Symposium,
Georgia Institute of Technology, Atlanta, Georgia, April 7-8, 1995.

A. Sambanis, K.K. Papas, E. Tziampazis, R.C. Long, Jr. and I. Constantinidis, "Tissue
Engineering a Bioartificial Pancreas Based on Transformed Endocrine Cells," Presented at the
1995 ASME/AIChE/ASCE/BMES Summer Bioengineering Conference, Beaver Creek,
Colorado, June 28-July 2, 1995.

Publications
E. Tziampazis and A. Sambanis, "Engineering a Normally Responsive Bioartificial Pancreas
Based on Glucose-Hypersensitive Cells,” submitted.



K K. Papas, I. Constantinidis, R.C. Long, Jr., and A. Sambanis, "Effects of Oxygen on Metabolic
and Secretory Activities of BTC3 Monolayers," in preparation.
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The general objectives of this research are to develop long-term functional systems
based on encapsulated, transformed, hormone-secreting cells; to devise methods which allow
the thorough characterization of such constructs before implantation; and to improve our
understanding of fundamental biochemical events associated with basal and induced hormone

secretion. The model system used is that of a bioartificial pancreas. So far, experiments have
been carried out mainly with the mouse insulinoma BTC3 cell line [1]. During the second year of
the project, our work focused on a) evaluating the effects of dissolved oxygen (DO) and insulin

levels on secretion from BTC3 cells cultivated as single cells in a microperfusion apparatus; b)

characterizing the long-term function of BTC3 cells in APA beads and in calcium alginate beads

without the PLL coating; c) developing mathematical models describing the reorganization of
cells in APA beads with time; d) evaluating by nuclear magnetic resonance (NMR) spectroscopy
the bioenergetic status of BTC3 cells entrapped in calcium alginate/ poly-L-lysine (PLL)/
alginate (APA) beads under basal and induced conditions for secretion and under different

oxygen tensions; and e) encapsulating BTC3 cells in synthetic hollow fibers and evaluating the

function of these constructs. Overall, we are ahead of schedule, and we have also carried out

studies under c) and e) above not described in the original proposal.

2. Work carried out

There were five specific aims in the original proposal:

Specific Aim 1. To characterize the secretory function of BTC3 cells cultivated as single
cells and spheroids of various sizes.

Specific Aim 2. To extend the studies in Specific Aim 1 to conditions of reduced
dissolved oxygen (DO) availability.

Specific Aim 3. To use the findings of Specific Aims 1 and 2 in developing microbeads

with BTC3 cells which are responsive to secretagogues. To optimize the

microbead secretory function by adjusting the cell culturing mode, the
geometry of the system, and the cell loading.

Specific Aim 4. To characterize the long-term stability of BTC3 cells in microbeads
allowing and prohibiting passage of serum albumin.



Specific Aim 5. To investigate the energy metabolism of immunoisolated AtT-20 and
BTC3 cells under basal and induced conditions for secretion and under
normoxia and hypoxia. Energy metabolism will be assessed by *P and

“C NMR spectroscopy and secretion by off-line assays measuring the
levels of secreted polypeptides.

So far, we have performed work on all five of the above specific aims. In experiments

performed during the first year of the project, we compared the rates of glucose consumption
and insulin secretion by BTC3 cells entrapped as single cells and as spheroids of 200 pmin
diameter in 1 mm APA beads. We found these rates to be statistically the same, so all
subsequent work was carried out with the easier preparation, namely, single cells obtained by

trypsinizing monolayer cultures. With regard to Specific Aims 2-5, our accomplishments during
the second year of the project were as follows.

a) To evaluate the effect of culture conditions on BTC3 cell function, we fabricated a
microperfusion system in which trypsinized cells are loaded in a cellulosic bed and perfused
with medium of the desired composition. Control experiments have shown that cellulose has no

major effect on BTC3 cell metabolism and secretion. The microperfusion system was then used
to evaluate the effect of extracellular insulin and of hypoxia on BTC3 secretory function. High

insulin and low oxygen levels prevail in APA beads with PTC3 cells due to diffusional

limitations [2]. It was found that exogenous porcine insulin at concentrations of 1,000 - 50,000

microunits/ml does not affect BTC3 secretory function, i.e., there is no feedback effect of insulin

on its own secretion. Furthermore, the insulin secretion rate (ISR) under high glucose was the
same at dissolved oxygen (DO) tensions of 11 - 40 mmHg, but it was significantly lower at a
DO tension of 3 mmHg. These results are compatible with our findings with monolayer cultures
obtained during the first year of the project [3].

b) One of the hypotheses presented in the original proposal was that the availability of high
molecular weight nutrients is important for the viability and function of entrapped cells. To
address this hypothesis, cells were entrapped at an initial density of 3x107 cells/ml in APA
beads and in calcium alginate beads without the PLL coating. Entrapped cells were

propagated in spinner flasks operated in perfusion mode. Results from earlier studies had



shown that the APA beads impose a molecular weight cutoff between 45 kDa and 67 kDa,
whereas uncoated calcium alginate beads allow permeation of proteins bigger than 150 kDa.
During the first two weeks in culture, cells in calcium alginate exhibited somewhat higher rates
of glucose consumption (GCR), lactate production (LPR) and insulin secretion than cells in
APA. Over a longer period of approximately one month, however, the rates from the two
preparations became similar. Coating calcium alginate beads with PLL after 10 days in culture
did not have a significant effect on GCR, LPR and ISR. The major difference between the two
bead preparations was their stability: uncoated calcium alginate beads started disintegrating in
the spinner flasks after approximately 15 days of propagation, whereas APA beads remained
structurally intact for periods in excess of a month. Thus, the overall conclusion from these
studies is that the PLL layer does not compromise the function of entrapped BTC3 cells, but it

has a significant stabilizing effect on bead structure.

¢) As described in last year's progress report, histological studies have revealed that a major
rearrangement of cells occurs in APA beads as they are propagated in culture: shortly after the
preparation of beads, cells are mostly viable and homogeneously distributed; upon
propagation, the cell density at the bead periphery increases while cells in the bead interior die;
by day 45, beads contain a dense rim of viable and necrotic cells, whereas the inner cells are
much fewer and necrotic. To investigate whether this reorganization occurs simply because of
cell proliferation at the bead periphery which reduces the amount of DO available to inner cells,
we constructed a model accounting for these processes and compared its predictions with the
experimental results. The basic elements of the model were as follows: DO was assumed to be
the limiting nutrient for cell growth; saturation kinetics were used to describe cell growth and
oxygen consumption; cell death was assumed to occur with zero order kinetics; Fickian
diffusion described transport of DO through the bead; and there was an upper limit to the
extent of cell growth in any locale within the bead due to space limitation. It was found that
with experimentally reasonable parameter values, the model solutions simulated all the
essential features of the observed cellular reorganization in beads.

d) During the second year of the project, a significant amount of work was carried out on
characterizing the effects of low glucose and oxygen on entrapped BTC3 cell bioenergetics

evaluated by *P NMR spectroscopy. It should be noted that this work was only partly
supported by the NSF grant. Entrapped cells were propagated in our NMR-compatible



perfusion system for periods in excess of 40 days. The profile of a typical culture is shown in
Figure 1. Glucose episodes involved switching cell-laden beads from the maintenance medium
containing 15 mM glucose to 0 mM glucose for 4 hours, then back to the maintenance medium;
such episodes were carried out in all four phases P1-P4 (Figure 1) of the culture. Exposure to
glucose-free media always caused a drastic reduction in ISR, had no effect on OCR, and its
effect on the level of intracellular nucleotide triphosphates (NTP) depended on culture
conditions. In particular, exposure to zero glucose did not affect intracellular NTP in phase P1,
but it caused a reduction in NTP in phases P2 and P4 (Figure 2). It should be noted that most
of NTP is attributable to ATP. These findings may be due to the higher fraction of hypoxic cells
during phases P2 and P4 relative to phase P1, which was caused by the reorganization of cells
in beads. It is possible that exposure over four hours to zero glucose does affect NTP in well
oxygenated cells, but it reduces NTP in hypoxic cells.

Similar experiments were carried out to evaluate the effect of reduced DO levels on ISR
and intracellular NTP. Four-hour exposures to reduced DO caused a reduction in NTP but had
no effect on ISR. Longer (3-4 days) exposures to reduced DO reduced both NTP and ISR.

The above findings have important implications both in tissue engineering a bioartificial

pancreatic construct, and also in understanding the fundamental biology of insulin secretion.

For instance, since the OCR by BTC3 cells does not increase under glucose induction, DO

gradients within beads are not amplified under such conditions. Furthermore, since there exist
conditions under which NTP is affected but ISR is not and vice versa, these two parameters are

not always positively correlated. Thus, intracellular ATP is not the sole messenger for induced
secretion.

Studies have also been initiated on the use of *C NMR spectroscopy to evaluate the
relative fluxes through the glycolytic and the tricarboxylic acid (TCA) pathways in free and
APA-entrapped BTC3 cells. Cells in monolayers and entrapped in beads were exposed for four
hours to media containing 10 mM *C glucose labelled at the C1 position, then were washed
with cold saline and extracted with perchloric acid. *C NMR spectra revealed higher C3-
lactate to TCA-related metabolites in extracts from entrapped cells relative to extracts from
monolayers. These results are indicative of a more hypoxic environment in APA beads.



e) In addition, we have carried out work not described in the original proposal. We have

investigated the possibility of macroencapsulating BTC3 cells by enclosing them in synthetic

semipermeable hollow fibers. Macrocapsules have the advantage of being completely
retrievable after implantation. Initial experiments involved polysulfone fibers with a 30,000

(PS30) molecular weight cutoff filled with BTC3 cells suspended in 0.75% agarose at a density

of 2x10° cells per ml of matrix. Gelled 0.75% agarose behaves as a viscous liquid, so it has
excellent flow properties for filling hollow fibers with complete removal of air. Gelled agarose
can also be pushed out of fibers by applying only modest pressure with a syringe. Histological
cross-sectional examination of PS30 capsules, shortly post-encapsulation, showed an even
distribution of viable cells within the agarose matrix throughout the length of fibers. Capsules
were successfully maintained in vitro for up to 45 days in batch mode with replenishment of
medium every 2 days. 'Encapsulated cells were consuming glucdse and a significant amount of
insulin was being secreted at 45 days post-encapsulation.

r I t

Work for the third year of the project will focus on the following areas.

a) We shall continue our modeling studies at the cellular and the encapsulated cell construct

levels. A model will be developed relating glucose metabolism to insulin secretion in BTC3 and

P pancreatic cells. Specifically, the model will account for glucose transport into cells; glucose

metabolism through glycolysis, the pentose-phosphate pathway and the TCA cycle, and the
concomitant generation of energy through oxidative phosphorylation; regulation of ion channel
activity; and the resulting increase of intracellular calcium and exocytosis. The model will also
account for the effects of oxygen level through its effect on oxidative phosphorylation, as well
as for insulin feedback inhibition through the binding of insulin to receptors and inhibition of the

pentose phosphate pathway; such inhibitory effects have been observed with normal B cells but

not with the BTC3 line. This model should be helpful in distilling the available biological

knowledge on insulin secretion into a quantitative and coherent, yet concise, representation, and
through its predictive ability, in directing further experimental studies. Furthermore, through the
mechanistic descriptions of the effects of glucose, dissolved oxygen, and insulin on ISR, the
model should allow for a better assessment of entrapped cell function, since cells in beads are
exposed to a range of DO, glucose, and insulin concentrations.



b) We shall continue the work on characterizing the biochemistry and function of BPTC3 under

different culture conditions. We shall further study the effects of glucose and hypoxia on OCR,
GCR, LPR, ISR, and on the levels of metabolites detectable by *P, *C and 'H NMR
spectroscopy.

¢) Hollow fibers allow the encapsulation of cells embedded in different types of extracellular

matrix; thus, we shall expand our studies on macroencapsulation of BTC3 cells to evaluate the

effect of extracellular matrix on cell and macrocapsule function. Cells embedded in agarose,
collagen or no extracellular matrix (controls) will be encapsulated in polysulfone fibers of
30,000 and 100,000 molecular weight cutoff. Rates of glucose consumption, lactate production
and insulin secretion will be measured in long-term in vitro experiments. The changes in cell
distribution within the fibers will be characterized histologically.

4. Presentations/publications

The work in the following presentations and publications was at least partially
supported by the NSF grant.

A. Sambanis and I. Constantinidis, "Tissue Engineering of Artificial Endocrine Organs,”
Presented at the American Association for the Advancement of Science, Atlanta, Georgia,
February 16-21, 1995.

E. Tziampazis and A. Sambanis, "Engineering a Bioartificial Pancreas Based on Continuous
Insulin-Secreting Cell Lines," Presented at the American Association for the Advancement of
Science, Atlanta, Georgia, February 16-21, 1995.

E. Tziampazis and A. Sambanis, "Engineering a Bioartificial Pancreas Based on Continuous
Insulin-Secreting Cell Lines," Presented at the 1995 F.L. (Bud) Suddath Memorial Symposium,
Georgia Institute of Technology, Atlanta, Georgia, April 7-8, 1995.

A. Sambanis, K.K. Papas, E. Tziampazis, R.C. Long, Jr. and I. Constantinidis, "Tissue
Engineering a Bioartificial Pancreas Based on Transformed Endocrine Cells," Presented at the
1995 ASME/AIChE/ASCE/BMES Summer Bioengineering Conference, Beaver Creek,
Colorado, June 28-July 2, 1995.

Constantinidis, I, Papas, K.K., Long, R.C. Jr. and Sambanis, A., "Towards the Development of
a Bioartificial Pancreas: *P NMR Studies of Inmunoprotected BTC3 Insulinoma Cells," Society
of Magnetic Resonance Annual Meeting, Nice, France, August 19-25, 1995.

Mukundan, N.E., Flanders, P.C., Long, R.C. Jr., Gamcsik, M.P., Sambanis, A. and
Constantinidis, 1., "Towards the Development of a Bioartificial Pancreas: ®*C NMR Studies of

Immunoprotected BTC3 Insulinoma Cells," Society of Magnetic Resonance Annual Meeting,



Nice, France, August 19-25, 1995.

Sambanis, A., "Development and Characterization of Bioartificial Endocrine Tissues: The Case
of the Bioartificial Pancreas,” Department of Biological and Agricultural Engineering, University
of Georgia, Athens, GA, November 9, 1995.

Tziampazis, E. and Sambanis, A., "Development of an Extravascular Bioartificial Pancreas
Based on Transformed Cells,” Presented at the Annual American Institute of Chemical
Engineers Meeting, Miami Beach, Florida, November 12-17, 1995.

Sambanis, A., Papas, K.K., Long, R.C,, Jr. and Constantinidis, I., "Towards the Development of

a Bioartificial Pancreas: NMR Studies of Alginate- Entrapped Mouse Insulinomas," Keystone
Symposium on Tissue Engineering, Taos, New Mexico, January 23-28, 1996.

Tziampazis, E. and Sambanis, A., "Insulin Secretion from Entrapped BTC3 Cells: Effect of

Oxygen and Insulin Gradients within Polymer Beads," Engineering Foundation Conference on
Cell Culture Engineering V, San Diego, California, January 28 - February 3, 1996.
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CULTURE HISTORY
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Figure 1. Profile of a typical long-term perfusion culture for NMR studies. Time zero
corresponds to connecting the fixed bed bioreactor to the perfusion loop and initiating medium
circulation. Top panel: DO and temperature profiles at the input (DO, T,) and output
(DOgour, Tour) of the bioreactor. Arrows H indicate times when bead samples were removed
from the bioreactor for histology. Bottom panel: Profile of OCR as percent of initial. Initial
OCR is the average of measurements during the first 24 hours of the experiment. Horizontal
arrows P1-P4 define the four phases of the culture during which zero glucose and low oxygen
experiments were performed. Vertical arrows ID indicate times during which one-dimensional
chemical shift imaging experiments were carried out.
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Results from three zero glucose episodes performed during phases P1, P2 and P4
of a perfusion culture. Graphs show the imposed changes in glucose concentration and the
resulting effects on ISR, B-NTP and P, the latter two measured by *'P NMR. Initial values are

the averages of the measurements during the 4 hours preceding each glucose step down.






