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insulin producing cell death

Abstract

Fatty acids (FAs) are important components of cell membranes and precursors of bioactive
molecules. Deficiency of FAhas been associated with development of diseases and tissue
damage in animal models. FAs regulate several cell functions including insulin secretion.
We investigated the effects of FA withdrawal in culture medium on insulin producing cell
(RINmSF) metabolism, survival, and response to death stimuli. Cells were cultivated in
lipid-reduced fetal bovine serum (LRS) medium for 24, 48 or 72h. Cell proliferation was
measured by BrdU incorporation and glucose metabolism by 14CO, production. Production
of reactive oxygen species (ROS) was determined using dichlorofluorescein diacetate
assay. Cells were exposed to death inducers to evaluate the effect of FA deprivation on
RINmSF cell survival and susceptibility to death induction. Loss of plasma membrane
integrity, DNA fragmentation, phosphatidylserine externalization and activation of
caspases were analyzed by flow cytometry. The removal of FAs from the culture medium
increased the number of dead cells as assessed by loss of plasma membrane integrity and
occurrence of DNA fragmentation. Cells cultured in LRS exhibitedhigher cell death rates
as compared to those cultivated with conventional serum. Cultivation in LRS for 48hours
increased phosphatidylserine externalization, caspase activation, ROS production and
glucose oxidation. FA deprivation induced RINmSF cell death through apoptosis and
exacerbated the cell death response to death stimuli. Cell death was associated with changes
in generation of ROS and glucose oxidation.
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Introduction

Fatty acids (FAs) are important components of cell membranes
and play a key role in membrane microdomains (e.g. lipid rafts)
formation.! FAs control production of pro-inflammatory and anti-
inflammatory mediators.? and expression of genes and cell signaling.?
Moreover, FAs are involved in a number of cellular processes such
as cell proliferation and differentiation, as observed in chondrocytes.*
and skeletal muscle cells.’ They are also able to modulate apoptosis
and production of reactive oxygen species in endothelial cells.® and
glucose stimulated insulin secretion (GSIS) in b-cells.?’

GSIS is associated with an increase in glycolytic and tricarboxylic
acid cycle activity and generation of metabolic-secretion factors.®
The major pathways of GSIS is the one in which glycolysis derived
ATP plays a key role in the closure of KATP channels, resulting in
the depolarization of the plasma membrane, opening of Ca voltage-
dependent channels and insulin secretion.”®

FA signaling on pancreatic b-cells can occur through two

different mechanisms: through the GPR40 receptor,highly expressed
in pancreatic b-cells, which increases the intracellular Ca*
concentration and plays an important role in GSIS.*!' or indirectly
through intracellular FA metabolism and generation of lipid signaling
compounds as long-chain Acyl-CoA.*'> which are involved in
pancreatic B-cell exocytosis activity.'?

Studies using MIN6 and INS-1 insulin-producing cell lineshave
shown increases in insulin secretion induced by long-chain FAs
through GPR40 receptor activity.*'* Increase in insulin secretion
was also observed in isolated mice pancreatic islets treated with
polyunsaturated linoleic and a-linolenic acids.'” Dogs treated with
sodium oleate by direct infusion into the circulation also showed
increased insulin secretion.'® Inhumans, a 24h low-grade lipid
infusionhas the same effect observed in dogs."” Although acute
exposure to FAs can potentiate GSIS, chronical exposure can impair
GSIS, as observed in isolatedhuman islets exposed to palmitate'®
or a mixture of oleic and palmitic acids (2:1),” and can even lead
pancreatic b-cell to apoptosis.**

On the otherhand, it was shown that isolated pancreatic islets from
24h fasted ratshad an reduced insulin secretion when stimulated by
glucose, but these results were not observed in vivo, unless animal
were previously treated with an antilipolytic agent, suggesting that
FAs are essential for a suitable insulin response.?!

Although the effects of FAs on pancreatic b-cell functions.*!"1420
have been well documented, the molecular consequences of FA
deficiency on pancreatic b-cell function remain to be clarified. Some
studieshave already reported the relationship of specific nutrient
deficiencies with posteriorhigh risk of diabetes andhyperglycemia,*
however; only few of them approach the cellular mechanisms of b-cell
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response to the deficiency conditions.® We studiedherein the effect of
FA deprived serum, the only source for FA in the culture conditions,
on insulin-producing RINmSF cell function and death. We report for
the first time that FA withdrawal inhibits cell proliferation and causes
cell death by apoptosis.

Material and methods

Reagents

RPMI-1640 medium,hEPES, penicillin and streptomycin were
purchased from Invitrogen (Carlsbad, CA, USA). Lipid-reduced fetal
bovine serum was purchased fromhyClone (South Logan, Utah, EUA).
Propidium iodide was purchased from ICN Biomedicals (Costa Mesa,
CA, USA), sodium bicarbonate from Labsynth Products (Diadema,
SP, Brazil), MTT, DMSO, 2-mercaptoethanol and sodium pyruvate
from Sigma-Aldrich Co. (St. Louis, MO, USA) and staurosporine
from Invitrogen Corporation (Camarillo, CA, USA). Cell culture
additions (e.g. culture flasks, plates and conical tubes) were purchased
from Corning (Corning, NY, USA).

Cell lines culture conditions

RINmSF and INS-1E cell lines were obtained from the Institute
of Clinical Biochemistry of thehannover Medical School (Hannover,
Germany). The RINmS5F cell line is a clone derived from the parent
RIN-m cells (derived from a rat insulinoma). These cells produce and
release insulin but, unlike the parental cell line, they do not produce
somatostatin. Cells were cultured in RPMI-1640 medium containing
11.1mM glucose and 10% (v/v) fetal calf serum (FCS). The medium
was supplemented with glutamine (2mM), hEPES (20mM),
streptomycin (10,000mg/mL), penicillin (10,000UI/mL) and sodium
bicarbonate (24mM).

INS-1E cell line, established from a radiation-induced rat islet cell
tumor, were cultured in RPMI-1640 medium containing 10% (v/v)
FCS and supplemented with glutamine (2mM), hEPES (10mM),
streptomycin  (10,000mg/mL), penicillin (10,000UI/mL), sodium
pyruvate (1mM) and 2-mercaptoethanol (50mM).

Cells were maintained in an incubator (Sanyo, Middlesex,
UK) with ahumidified atmosphere at 37°C and 5% CO,. For the
experiments, cells were seeded in culture plates and maintained with
medium containing conventional fetal bovine serum (CS) for 8h.
After this period, a culture medium without FCS replaced the previous
one and cells were then maintained under this condition overnight.
Afterwards, cells were cultured with either CS or lipid-reduced serum
(LRS) for 24, 48 or 72h.

Cell proliferation assay

The technique of bromodeoxyuridine (5-bromo-2’-deoxiuridine),
a pyrimidine analog to thymidine, which is selectively incorporated
into nuclear DNA of proliferating cells, was used to estimate cell
proliferation. The quantification of incorporated BrdU in newly
synthesized DNA was performed by immunohistochemistry
using anti-BrdU antibodies (Cell Proliferation Kit ELISA, BrdU,
Roche Applied Science, Mannheim, Gernany), according to the
manufacturer’s instructions. Briefly, after cultivation with medium
containing CS or LRS for 24, 48 or 72h, cells were incubated with
BrdU (10mM) for 2h. After this period, cells were fixed with Fix Denat
solution, which causes DNA denaturation, exposing the incorporated
BrdU for immunodetection. After 30minutes, cells were incubated
with anti-BrdU antibody conjugated with peroxidase for 90minutes.
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For anti-BrdU quantification, TMB (tetrametilbenzidine) peroxidase
substrate was added for 20min and afterwardsh2SO4 (25mL of 1M
solution) was added to stop reaction. The results were obtained by
spectrophotometry (562/650nm).

Glucose oxidation measurement

Glucose oxidation was determined as previously described by
Leighton et al.?*® Andhirabara et al.”’ Briefly, after being cultured
with LRS or CS for 24, 48, or 72h, RINmS5F cells (3x106per well)
were incubated with PBS containing 0.3uCi/mL D-.U-14C-glucose,
for lhour. After the incubation period, 14CO, production (measured
as 14CO, release from.U-14C-glucose decarboxylation) was
determined in a Packard Tri-Carb-2100TR liquid scintillation counter
(PerkinElmer Life Sciences., Boston, MA).

Determination of production of reactive oxygen species (ROS)
and nitrosative species

To measure the generation of ROS and nitrosative species,
2x104cells were seeded onto 96-well black plates and cultured
for 24, 48 and 72h. The cells were then pre-incubated with 10uM
dichlorofluorescein diacetate DCFDA for 30min at 37°C. The medium
containing DCFDA was discarded and fresh medium was added with
the respective fetal serum-CS or LRS. After incubation for 24h, the
plates were analyzed at 480/520nm excitation/emission using the
fluorescence reader Victor2 1420 Multilabel Counter (Perkin Elmer,
Fremont, CA). The results were normalized to the number of viable
cells and expressed as relative fluorescence units.

Treatment with either UV radiation or staurosporine

After cultivation with either CS or LRS for 24, 48 and 72h,
RINmSF cells were exposed to UV radiation for 10min or treated
with staurosporine (100nM) during 24h for 10min. Staurosporine
was dissolved in ethanol. The final concentration of ethanol in culture
medium did not exceed 0.05% that is not toxic to the cells 28.

Cell membrane integrity assay

After cultivation with either CS or LRS and exposure either to
UV or staurosporine, RINmSF cells were trypsinized, collected and
centrifuged at 1,000rpm for Smin at 4°C. The pellet was suspended in
500mL phosphate-buffered saline (PBS) and 50mL propidium iodide
(PT) solution (50mg/mL in PBS) were added. Cells were analyzed
using a FACScalibur flow cytometer (Becton Dickinson, San Juan,
CA, USA). Since PI is ahighly water-soluble fluorescent compound, it
cannot pass through intact membranes and so it is not found in viable
cells. Fluorescence was measured using the FL2 channel (orange-
red fluorescence-585/42nm). Ten thousand events were analyzed per
experiment. Cells with PI fluorescence were then evaluated by using
the Cell Quest software (Becton Dickinson).

DNA fragmentation assay

DNA fragmentation was analyzed by flow cytometry after
DNA staining with PI according to method previously described.”’
After cultivation with either CS or LRS and exposed to either UV
or staurosporine, RINmS5F cells were trypsinized, collected and
centrifuged at 1,000rpm for Smin at 4°C. The pellet was suspended
in 300mL solution containing 50 mg/mL PI, 0.1% sodium citrate, and
0.1% Triton-X-100, which permeabilized cells allowing the dye to be
promptly incorporated into DNA. PI intercalates between the bases
with little or no sequence preference.”” Fluorescence was measured
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and analyzed as described above.
INS- I E viability assay

The tetrazolic MTT (3-.4,5-dimethylthiazol-2yl-2,5-
diphenyltetrazolium bromide thiazolyl blue) salt was used to measure
the viability of cells cultured in the absence of FA. INS-1E cells were
collected by trypsinization and seeded in 96 wells plates, and grown
with CS or LRS for 24, 48 or 72h. The medium was then discarded
and 100uL solutions with 10 parts of Krebs-Ringer buffer and 1 part
MTT (5mg/mL in PBS) was added. The tetrazolium salt is cleaved
by mitochondrial dehydrogenases, resulting in formation of formazan
crystals, soluble only in organic solvents. This cleavage occurs in
live cells only 30. After 1h, MTT solution was discarded and 100mL
of DMSO (dimethyl sulfoxide) were added. The cell viability was
measured by spectrophotometry (562/650nm).

Phosphatidylserine externalization assay

Phosphatidylserine (PS) externalization assay was performed in
RINmMSF cells grown in the absence or presence of FAs. Annexin V was
used to determine PS externalization. This protein binds to negatively
charged phospholipids as it is PS. The Annexin V Apoptosis Detection
Kit was used (sc-4252 AK, Santa Cruz Biotechnology) to carry out
this assay.

Cells were treated with trypsin and centrifuged at 1,200rpm for
10min. The supernatant was discarded and cells were suspended in
200mL buffer. Five mL FITC (fluorescein isothiocyanate) conjugated
with annexin were added in each sample as well as 20mL PL
Afterwards, the cells were incubated in the dark at room temperature
for 15min. Cells were analyzed by flow cytometry. Viable cells did not
present fluorescence either for PI or FITC. Cells undergoing necrosis
flourished to both fluorophores whereas those on apoptosis flourished
to FITC only 31.

Activation of caspases 3,8,9 and 12

Activation of caspases 3, 8 and 9 was assessed in RINmSF cells
cultivated with either LRS or CS for 24 or 48h using Red Caspase-3,
-8 and -9 Staining Kits (PromoCell, heidelberg, Germany), according
to the fabricant’s instruction. After staining and washing, cell
suspensions were immediately submitted to analysis in the CyFlow
ML cytometer (Partec, Miinster, Germany). A total of 20,000 events
were acquired. Results were analyzed by FlowJo software (Tree Star,
Ashland, OR). The results were expressed as percentage of positive
cells grown with CS.

Statistical analysis

Results are expressed as means + SEM. Statistical analyses were
carried out using one-way ANOVA followed by Tukey’s post-test for
multiple comparisons. Prism analysis program (Graphpad, San Diego,
CA, USA) was used and differences were considered significant for
p<0.05.

Results

Cell proliferation

FA withdrawal decreased cell proliferation by 60 and 80% after 48
and 72h in culture, respectively (Figure 1).
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Figure | Proliferation rates of RINm5F cells cultured in the presence of
either conventional serum (CS) or lipid reduced serum (LRS). Cells (2x10*
per sample) were grown with either CS or LRS for 24, 48 or 72h. After
cultivation, cells were incubated with BrdU for 2h. Incorporated BrdU in
newly synthesized DNA was determined by immunohistochemistry. Results
are presented as means*SEM of four experiments in triplicates. Results were
analyzed by ANOVA and Tukey’s post-test and differences were considered
significant at p<0.05. *Statistically different from the CS group; *Statistically
different from the previous period.

Glucose metabolism and production of reactive
oxygen species

Glucose oxidation was measured in RINmSF cells cultured for
24, 48 and 72h (Figure 2). Conversion of U-"*C-glucose to “CO, was
significantly increased (by 2.5-fold) in cells cultured with LRS for
72h as compared to the CS condition.
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Figure 2 Glucose oxidation in RINm5F cultured in the presence of either
conventional serum (CS) or lipid reduced serum (LRS). Cells (3x10° cells
per sample) were grown with either CS or LRS for 24, 48 or 72h. After
cultivation, cells were incubated with [U-'*C]-glucose. “CO, production was
then measured. Results are presented as means+SEM of three experiments
in triplicates. Results were analyzed by ANOVA and Tukey’s post-test and
differences were considered significant at p<0.05. *Statistically different from
the CS group; “Statistically different from the previous period.

Generation of reactive oxygen species (ROS) in RINmSF cells was
measured through oxidation of DCFDA (Table 1). A marked increase
in production of ROS was observed in cells cultured with LRS for 48
(15-fold) and 72 (50-fold)h as compared to CS.

Cells (2x10%) were pre-incubated with dichlorofluorescein
diacetate for 30min and then cultured with either CS or LRS for
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24, 48 or 72h. After cultivation, production of ROS was analyzed
by fluorescence. Results are presented as meanstSEM of five
experiments in triplicates, normalized using the number of viable cells
and expressed as relative fluorescence units. Results were analyzed by
ANOVA and Tukey’s test and differences were considered significant
at p<0.05. *Statistically different from CS; “Statistically different
from the previous period.

Table | Production of reactive oxygen species (ROS) in RINm5F cells
cultured in the presence of either conventional serum (CS) or lipid reduced

serum (LRS) for 24, 48, or 72hours

24h 48h 72h
CS 18.0+4.2 24.3+6.4 36.5+6.9
LRS 48.6+14.6 721.5+351.5%# 2036.4+10.3%#

Effect of LRS on cell death parameters

Reduction of FA in the culture medium for 48h increased (by
two-fold) the number of RINmSF cells with phosphatidylserine (PS)
externalization, one of the main features of apoptotic cells (Figure 3).
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Figure 3 Percentage of RINmMS5F cells with phosphatidylserine (PS)
externalization after 24 or 48h in the presence of either conventional serum
(CS) or lipid reduced serum (LRS). Cells (8x10° per sample) were grown with
either CS or LRS for 24 or 48h. After cultivation, cells were incubated with
FITC and Pl and were analyzed by flow cytometry. Results are presented
as means*SEM of four experiments in triplicate. Results were analyzed by
ANOVA and Tukey’s test and differences were considered significant at
p<0.05. *Statistically different from CS group; “Statistically different from
previous periods.

Pl, Propidium lodide; FITC, Fluorescein Isothiocyanate.

A decisive step of cell commitment to apoptotic death is an
activation of caspases. We measured the activation of caspases 3, 8
and 9 in RINmS5F cells cultured with CS or LRS (Figure 4). Activation
of these caspases was significantlyhigher after 48h in LRS conditions
in comparison to 24h. There was no detectable caspase activation in
CS cultured cells.

RINmSF cell death response to LRS incubation and treatments
with either UV radiation or staurosporine

LRS decreased the number of viable RINmSF cells by 30% and
75%, after 48 and 72h, respectively (Figure 5A). Lipid deprivation per
se also caused an augmentation in the number of cells with fragmented
DNA (by 40%) after 72h in culture (Figure 5B).
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The exposure to UV radiation for 10min caused a significant
decrease in the proportion of cells with intact plasma membrane
after being cultivated with LRS for 24 and 72h by 70% and 95%,
respectively. The UV radiation effect was 20% less pronounced in CS-
cultured cells after 24h in comparison to LRS conditions (Figure 5A).
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Figure 4 Activation of caspases 3, 8 and 9 in RINm5F cells cultured in the
presence of either conventional serum (CS) or lipid reduced serum (LRS)
for 24 or 48h. Cells (1x10¢) were grown with CS or LRS for 24 or 48h. After
cultivation, caspase activation was measured by CyFlow ML cytometry. Results
are presented as means*SEM of four experiments in triplicates. Results
were analyzed by ANOVA and Tukey’s test and differences were considered
significant at p<0.05. *Statistically different from the CS group; “Statistically
different from the previous period.
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Figure 5 Effect of either UV radiation or staurosporine (STP) on RINm5F cell
viability and DNA fragmentation. Cells exposed to UV radiation for 10min or
staurosporine (100Nm) for 24h were grown with convention serum (CS) or
lipid reduced serum (LRS) for 24, 48 or 72h. Afterwards, cells were analyzed
concerning plasma membrane integrity (A) and DNA fragmentation (B) by flow
cytometry. Results are presented as means+SEM of four to seven experiments
in triplicate. Results were analyzed by ANOVA and Tukey’s post-test and
differences were considered significant at p<0.05. $Statistically different from
cells not challenged with UV radiation or staurosporine; *Statistically different
from the CS group; *Statistically different from the previous period.

NC, non-treated cells; UV, ultraviolet radiation; STP, starurosporine.

Exposure to UV radiation increased the proportion of cells with
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DNA fragmentation in both culture conditions (CS or LRS). After
24h of UV light exposure, more than 50% of both CS- and LRS-
cultured cells presented DNA fragmentation (Figure 5B). After 48h
of UV radiation, a decreased number of cells with fragmented DNA
cultured in CS were observed. The percentage of cells with DNA
fragmentation did not change in LRS-culture conditions after 48h
in comparison to 24h. After 72h in CS conditions, the percentage of
cells with fragmented DNA was similar to that observed after 48h.
The percentage of cells with fragmented DNA was significantlyhigher
(about 25%) after 24 and 48h in LRS cultured cells.

Treatment with 100nM staurosporine caused a similar decrease in
the number of viable cells in both CS- and LRS-culture conditions
after 24h. The sensitivity to staurosporine did not become more
pronounced after 48 and 72h in CS culture,however, for LRS-cultured
cells the percentage of dead cells was increased by 35% after 48h as
compared with 24h. Under LRS conditions, the proportion of viable
cells was reduced to 5% only after 72h (Figure 5A). Staurosporine
caused a significant increase in the number of cells with fragmented
DNA after 72h in LRS (by 65%) or in CS- (by 38%) conditions
(Figure 5B).

The susceptibility of insulin-producing cells to FAs withdrawal
in the culture medium was also tested in INS-1E linage, by MTT
assay. As observed in RINmSF cells, there was a decrease in cell
viability after 24, 48 and 72h of cultivation in LRS, when compared
to cultivation in conventional serum (Table 2).

Table 2 Viability analysis of INS-1E cells grown with conventional and lipid
reduced FBS for 24,48 e 72h

24h 48h 72h
(&N 100+2.93 100+2.23 100+2.35
LRS 88.41+2.43* 69.16+3.12%# 61.95+4,26%#

Cells (2x10*) were cultured with either CS or LRS for 24, 48 or
72h. After cultivation, cells were incubated with MTT solution and
cell viability was determined by spectrophotometry. Results are
presented percentage means +SEM of five experiments in triplicates,
normalized as percentage of CS group of the same time and expressed
as relative fluorescence units. Results were analyzed by ANOVA and
Tukey’s test and differences were considered significant at p<0.05.
*Statistically different from CS; “Statistically different from the
previous period.

Discussion

Althoughhumans are able to synthesize a number of FAs,
cholesterol and lipid-derivatives under physiological conditions, diet
is the main source of lipids for the body. Furthermore, as some FAs
cannot be synthesized (essential FAs), its abundance in the cell is
exclusively dependent on exogenous supply.3>3* The impact of a diet
deficient in essential fatty acids was studied in the beginning of the
past century in animal models; the aim was to study the effects of
vitamin E deficiency and, since this is a lipophilic compound, animals
were exposed to a diet free of lipids, which resulted in injuries to the
skin and tail, growth impairment andhair capillary fragility, among
others.* These symptoms were reversed by lipid administration but
not by vitamin E replacement.

Therefore, cells can produce some FAs but do not generate
essential polyunsaturated FAs, which play an important role in plasma
membrane domain formation and fluidity, production of eicosanoids
and activation of signaling transduction and transcriptional factors.**’
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Under deficiency of FAs, there would be an increase in the proportion
of saturated FAs that are associated with cytolipotoxicity.?

Although cultured pancreatic b-cells can produce FAs from
glucose.®® evidence is presentedhere that withdrawal of fatty acids
from tissue culture medium promotes RINmSF cell death and increases
the susceptibility of these cells to death inducers, as observed in the
protein deficiency. The results presentedherein point out that fatty
acids are involved in RINmSF cell proliferation, glucose metabolism
and survival.

Undernutrition effects in pancreatic b-cells were also studied
by Merezak et al.** in which b-cells from fetus of rats fed a protein
restricted-diet exhibited ahigher apoptotic rate than the controls, when
challenged in culture with a nitric oxide donor or IL-1f. Garofano et
al.?* showed that prolonged malnutrition until weaning impairs b-cells
development but not b-cells proliferation. Subsequent re-nutrition is
followed by increased beta-cell proliferation but this is insufficient to
fully restore beta-cell mass.

FAs are important plasma membrane components and a source
of ATP through the b-oxidation pathway in pancreatic b-cells.*’
Therefore, cultivation in the absence of FAs would be expected to
reduce cell proliferation and increase glucose oxidation as observed.
In addition, cultivation in the absence of FA also induced RINmS5F
death as indicated by loss of plasma membrane viability and DNA
fragmentation, and ROS production.

DNA fragmentation, PS externalization and caspase activation
archallmarks of the apoptotic process.*’ The changes induced by
LRS on these parameters observed are quite consistent. This raised
the question about the underlying mechanisms. Considering that
pancreatic b-cells are recognized to behighly susceptible to oxidative
stress due to low expressions and activities of the antioxidant enzymes
e.g. catalase and superoxide dismutase,*>* the starting point could be
the production of ROS, observed already after 24h of cultivation in
medium without FAs that became even more significant after 48 and
72h.

Caspase activation is known to be involved in cell death induced
by production of ROS.** Caspases -9 and 3 are activated when
ROS act in mitochondria, triggering events that will culminate in
cytochrome c release. Caspase 8 is activated as a consequence of the
ROS effects on apoptotic ligands such as the tumor necrosis factor-
related apoptosis-inducing ligand (TRAIL).**¥ Putting together all
events in a time line, we observed at first a significant rise in PS
externalization and production of ROS, and then an activation of
caspases 3, 8 and 9. After 72h, cells presented DNA fragmentation
and an evenhigher production of ROS. Apoptosis caused by oxidative
stress is commonly reported in cells exposed tohigh concentrations
of FAs wherein the peroxisomes are the major site of thishydrogen
peroxide production.*-

According to the Randle Cycle, also known as the “glucose-
fatty acid cycle”, there is an inverse relationship between fatty
acid availability and glucose consumption.’' In the fasted state as
well as after ahigh-fat meal, the increase in the fatty acid/glucose
ratio causes glucose oxidation inhibition; the increase in fatty acid
oxidation raises citrate concentration and ATP/ADP ratio, which in
turn inhibits phosphofructokinase activity and, consequently, the
glycolytic pathway.’? Therefore, in a situation of fatty acid deficiency,
an increase in glucose oxidation would be expected, as found and as
observed in rats with plasma free fatty acids deficiency.>® A similar
pattern of glucose consumption was observed for lipid synthesis.
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The body of results presentedhere is able to point out to another
aspect of FA metabolism in pancreatic beta cells, contributing with the
discussion about the consequences of nutrient restriction on the field
of pancreatic cells and insulin production, since we present, for the
first time,how B-cells respond to FAs absence. A remaining question
from this study is whether there are specific groups, or specific fatty
acids that can trigger or counteract the death response observedhere.
For that, other studies are necessary to investigate the reposition of
FAs, separately, in order to observe if this addition can revert the
effects caused by the nutritional restriction.

Conclusion

Deficiency of FAs promoted increased glucose oxidation most
likely in order to maintain energy supply and lipid synthesis.
Removal of FAs also caused an increase in production of ROS in
pancreatic b-cells, which led to cell death. The combination of DNA
fragmentation, phosphatidylserine externalization and activation of
caspases suggests an apoptotic mechanism of cell death although loss
of membrane integrity was also observed.
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