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Abstract

The sulfonylurea glyburide (GB) is one of the most frequently used drugs in diabetes treatment. Long-term pretreatment with GB causes

elevated basal insulin secretion (BIS) and decreased glucose-stimulated insulin secretion (GSIS). These characteristics may play an important

role for the development of hypoglycemia and secondary failure. Stevioside (SVS), a substance extracted from leaves of Stevia rebaudiana

Bertoni, enhances GSIS but not BIS. The aim of the present study was to clarify whether 24-hour exposure of isolated mouse islets to GB

causes dose-dependent decrease in the GSIS and whether it is possible to counteract this desensitization by SVS. We also tested the impact of

the incretin glucagon-like peptide-1 (GLP-1) on the GB-induced desensitization. After 24-hour preincubation with GB in combination with

SVS or GLP-1, we measured the basal and glucose-stimulated insulin responses and the total islet insulin content. We also determined the

fold change in gene expression of pancreatic and duodenal homeobox 1 and glucose transporter isoform 2. After 24-hour preincubation in

11.1 mmol/L glucose, GB (10�11-10�3 mol/L) caused a dose-dependent decrease in GSIS (16.7 mmol/L glucose) (P b .001). GB

(10�7 mol/L) pretreatment elevated BIS, but neither SVS (10�7 mol/L) nor GLP-1 (10�7 mol/L) could reverse this. Interestingly, the GB-

induced desensitization of GSIS was counteracted by both SVS (P b .05) and GLP-1 (P b .05). SVS reversed the decrease in insulin content

caused by GB pretreatment (P b .05). GB pretreatment did not change gene expression of pancreatic and duodenal homeobox 1 nor glucose

transporter isoform 2, whereas SVS significantly up-regulated the expression of both genes by more than 2-fold (P b .05). Our results

showed that SVS in combination with GB did not reverse GB-induced increase in BIS, whereas both SVS and GLP-1 counteracted GB-

induced desensitization of GSIS. SVS is able to counteract the desensitizing effects of GB and may be a putative new drug candidate for the

treatment of type 2 diabetes mellitus.

D 2006 Elsevier Inc. All rights reserved.
1. Introduction

Insulin resistance and beta-cell dysfunction are funda-

mental defects that contribute to the development of type 2

diabetes mellitus (T2DM), and as such are targets for

primary prevention of disease progression. The United

Kingdom Prospective Diabetes Study (UKPDS) has dem-

onstrated that in T2DM, complications may be significantly

delayed or even prevented with strict glycemic control [1,2].

T2DM typically becomes more severe and difficult to treat

over time. Thus, most patients require drug therapy with

antihyperglycemic agents soon after the disease is diag-

nosed. Sulfonylureas are widely used for the treatment of

T2DM. They enhance insulin release from beta cells by

blocking the adenosine triphosphate (ATP)-dependent K+
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channels and subsequently stimulate exocytosis of the

insulin-containing granules [3]. However, long-term use of

these oral hypoglycemic agents induces desensitization to

metabolic stimuli in patients with T2DM [4]. In normogly-

cemic rats, long-term treatment with sulfonylureas results in

lower insulin content and reduced insulin responsiveness

[5-7]. In the clinical setting, diabetic subjects often develop

secondary failure after long-term treatment with sulfonylur-

eas [8]. Thus, UKPDS showed that monotherapy with oral

agents often fails to maintain glycemic control over time,

and many patients have to switch to treatment with

combinations of oral agents or insulin therapy [1,2].

Although there are many putative causes underlying this

secondary failure, sulfonylurea treatment per se may

contribute to this so-called desensitization [9,10]. Recently,

it has been shown that a reduction in the amount of

pancreas duodenum homeobox 1 (PDX-1) impairs glucose-

stimulated insulin secretion (GSIS) [11]. PDX-1 is a
perimental 55 (2006) 1674–1680
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transcription factor that activates glucose transporter type 2

(GLUT2) gene transcription [11]. The regulation of PDX-1

and GLUT2 gene is of central importance for glucose

responsiveness of the pancreatic beta cells. In addition,

PDX-1 has been implicated in the development of the

pancreas, which includes maturation and differentiation of

pancreatic precursor cells. Mutations in the PDX-1 gene

have been shown to cause pancreatic agenesis and is

implicated in maturity-onset diabetes of young subjects

[12]. Although Tiedge and Lenzen [13] did not find any

change in GLUT2 in pancreatic beta cells from rats treated

with glyburide (GB), one of the most frequently used

sulfonylureas, it is not clear whether these genes are to some

extent involved in the GB-induced desensitization.

Stevioside (SVS), a diterpene glycoside, is one of the

main extracts from the leaves of the plant Stevia rebaudiana

Bertoni. It possesses insulinotropic, glucagonostatic, anti-

hyperglycemic, and blood-pressure-lowering effects

[14-19]. SVS does not, like sulfonylureas, close ATP-

sensitive potassium channels in beta cells [19]. Interestingly,

it increases proinsulin content at both messenger RNA and

protein levels [18]. SVS shares important characteristics

with glucagon-like peptide-1 (GLP-1) on islet cell function

[20]. We found that the basal insulin secretion (BIS) did not

change after short-term pretreatment with SVS, whereas BIS

increased about 3-fold after pretreatment with GB. GSIS

increased dose-dependently after 24-hour pretreatment with

SVS as well as GLP-1, but decreased after pretreatment with

GB [20]. However, we did not explore whether SVS or GLP

has the potential to counteract the GB-induced desensitiza-

tion [20]. Because sulfonylureas are widely used based on

their positive effects on hyperglycemia in T2DM, it is of

interest to clarify whether the desensitization can be

reversed. Consequently, we investigated whether SVS and

GLP-1 may possess positive effects on the GB-induced

desensitization in isolated mouse islets.
2. Materials and methods

2.1. Experimental animals

Adult female NMRI mice (Bomholtgaard Breeding and

Research Centre, Ry, Denmark) weighing 20 to 25 g were

used. The animals were kept on a standard pellet diet, tap

water ad libitum, and a light/dark cycle of 12 hours.

This study was carried out in accordance with the

guidelines of the Danish Council on Animal Care.

2.2. Islet isolation

Islets were isolated by the collagenase digestion tech-

nique [21] as previously described by us [20]. In brief, the

pancreas was retrogradely filled with 3 mL ice-cold Hanks

balanced salt solution (Sigma Chemical, St Louis, MO)

supplemented with 0.3 mg/mL collagenase P (Boehringer

Mannheim, Mannheim, Germany). The pancreas was

removed, incubated for 19 minutes at 378C in a water bath,
and subsequently rinsed with ice-cold Hanks balanced salt

solution, and the islets were handpicked under a stereomi-

croscope. Very large and very small islets were discarded

and only medium-sized islets were used for further studies.

The islets were then incubated overnight at 378C and 95%

normal atmosphere/5% carbon dioxide in 10 mL RPMI

1640 containing 11.1 mmol/L glucose. All RPMI used in

this article contained 10% fetal calf serum. Islets for the

incubation studies were obtained from 6 to 10 mice to

compensate for interindividual differences.

2.3. Agent preparation

GB (Sigma) was added to the medium from stock

solutions (10�1, 10�3, 10�5, 10�7, or 10�9 mol/L) in

dimethyl sulfoxide (DMSO) (Merck, Frankfurt, Germany);

the final concentration of DMSO in all the media of the GB

dose-dependent study was 1%, and in the rest of the studies

was 0.01%. SVS (Wako Pure Chemical Industries, Osaka,

Japan) was added to the medium from a stock solution

(10�3 mol/L) in distilled water, and GLP-1 (Sigma,

St Louis, MO) from a stock solution (10�4 mol/L) in dis-

tilled water.

2.4. Islet incubation and insulin secretion studies

The first part of the study was designed to determine the

dose-response of GB-induced desensitization. After over-

night incubation, mouse islets were preincubated for

24 hours in RPMI (containing 10% fetal calf serum) with

11.1 mmol/L glucose and GB at concentrations of 0, 10�11,

10�9, 10�7, 10�5, or 10�3 mol/L. In the second part of the

study, after overnight incubation, mouse islets were pre-

incubated for 24 hours in RPMI with the addition of 10�7

mol/L GB, 10�7 mol/L GB plus 10�7 mol/L SVS, or 10�7

mol/L GB plus 10�7 mol/L GLP-1, respectively.

After the above-mentioned different preincubations,

islets were rinsed once with modified Krebs-Ringer buffer

(KRB) supplemented with 3.3 mmol/L glucose and 0.1%

human serum albumin (Sigma). The KRB contained

125 mmol/L NaCl, 5.9 mmol/L KCl, 1.2 mmol/L MgCl2,

1.28 mmol/L CaCl2, and 25 mmol/L HEPES (pH 7.4, all

from Sigma). After 30-minute preincubation in normal

atmosphere at 378C, single islets were handpicked and

incubated in 100 lL KRB with glucose concentration of 3.3

or 16.7 mmol/L. Our experiments were designed to pair the

size of islets in different groups to balance the diversity of

islet size. A similar distribution of islet size was used in

different groups. After 60-minute incubation in normal

atmosphere at 378C, 50 lL of the medium was collected and

frozen for analysis of insulin.

2.5. Insulin content

After 24-hour culture with the different agents as

described in the second part of the study, groups of 10 islets

each were transferred to 1 mL of glycine-bovine serum

albumin (BSA) (Roche Molecular Biochemicals, Man-

nheim, Germany) buffer (glycine 100 mmol/L, 0.25%



Fig. 1. Dose-dependent effects of GB pretreatment on GSIS in isolated

mouse islets. After 24-hour pretreatment with GB ranging from 0, 10�11,

10�9, 10�7, 10�5, and 10�3 mol/L in RPMI with 11.1 mmol/L glucose and

1% dimethyl sulfoxide (DMSO), single islets were incubated at 16.7 mmol/

L glucose for 1 hour and the medium was collected for insulin assay. Each

bar presents the meanF SEM from 16 incubations of single islets. *P b .05

and **P b .001 denote significant differences from the control without GB.

Fig. 2. The effects of SVS or GLP-1 on GB-induced BIS and GSIS in

isolated mouse islets. Islets were treated for 24 hours with 10�7 mol/L GB

alone or in combination with 10�7 mol/L SVS or 10�7 mol/L GLP-1 in the

presence of 11.1 mmol/L glucose and 0.01% DMSO. Single islets were

subsequently removed from the medium and incubated in 3.3 or

16.7 mmol/L glucose alone for 1 hour. Each bar represents the mean F
SEM from 32 incubations of single islets. The control data of SVS and

GLP-1 alone (marked with b$Q) have previously been published [20].

*P b .05 and **P b .001 denote significant differences from the control

without GB. #P b .05 denotes significant differences from the control vs

that of GB alone.
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BSA, pH 8.8). Insulin was released by sonicating twice

(Branson Sonifier 250, Danbury, CT) for 14 seconds on ice.

After centrifugation for 30 minutes at 16000 rpm, the

supernatant was collected and frozen at �208C for later

insulin assay.

2.6. Insulin assay

Insulin was analyzed by radioimmunoassay using a

guinea pig antiporcine insulin antibody (Novo Nordisk,

Bagsvaerd, Denmark) and mono-[125I]Tyr A14–labeled

human insulin (Novo Nordisk) as tracer and rat insulin as

standard (Novo Nordisk). The separation of bound and free

radioactivity was performed using ethanol [22]. The inter-

and intra-assay variation coefficients were both less than

10%. SVS, GB, and GLP-1 did not interfere with the insulin

assay at the concentrations studied.

2.7. Isolation of RNA

After 24-hour culture with the different agents as

described in the second part of the study (except 10�7 mol/L

GB plus 10�7 mol/L GLP-1), 200 islets were transferred to

1 mL TriZol reagent (Gibco BRL Life Technologies,

Roskilde, Denmark) and total RNAwas extracted according

to the manufacturer’s instructions. RNA was quantified by

measuring absorbency at 260 and 280 nm. The integrity of

the RNAwas checked by visual inspection of the 2 ribosomal

RNAs 18S and 28S on an agarose gel.

2.8. Real-time reverse transcription-polymerase

chain reaction

Relative real-time transcription-polymerase chain reac-

tion (PCR) was performed on an ICycler machine (BioRad)
using SYBR-Green detection and 18S rRNA as internal

normalizer. Complementary DNA was made by using

IScript (BioRad). The RNA samples were treated with

deoxyribonuclease to remove residual genomic DNA

(TURBO DNA-free, Ambion, Austin, TX). Primer pairs

were designed by using OLIGO 6.0 (Medprobe, Oslo,

Norway). The primer efficiency was optimized with

temperature gradient PCR for different primer concentra-

tions, and specificity was evaluated by using melt curves

and standard electrophoresis. All primer pairs were opti-

mized to amplify the amplicon to near-100% efficiency, and

therefore we used the DDCt method to calculate the relative

gene expression (as described in User Bulletin 2, 1997, from

Perkin-Elmer covering the aspect of relative quantization of

gene expression). All samples were amplified in triplicate.

No template controls and no amplification controls were

included for each gene as negative controls.

PCR cycling parameters are as follows: 958C for

3 minutes, 45 cycles (958C for 30 seconds, 568C to 608C
for 20 seconds, 728C for 20 seconds), 728C for 10 minutes.

Primers used were PDX-1 sense 5V-CCTCCACCACCACC-
TTCCA-3V, antisense 5V-CGCTGTGTAAGCACCTCCTG-
3V; GLUT2 sense 5V-GGAAGGATCAAAGCAATGTTG-3V,
antisense 5V-TTCGTCCAGCAATGATGAG-3V; and

18S rRNA sense 5V-CTTTGGTCGCTCGCTCCTC-3V, an-
tisense 5V-ACCGGGTTGGTTTTGATCTG-3V.



Fig. 3. The effects of GB alone or in combination with SVS or GLP-1 on

insulin content in isolated mouse islets. One hundred islets were cultured in

each Petri dish for 24 hours with 10�7 mol/L GB alone or in combination

with 10�7 mol/L SVS or 10�7 mol/L GLP-1 in the presence of 11.1 mmol/L

glucose and 0.01% DMSO. Subsequently, 10 islets each were transferred to

1 mL of glycine-BSA buffer and sonicated after which insulin measure-

ments were carried out. The insulin content was expressed as nanograms

insulin per milliliter per 10 islets. Each bar represents the mean F SEM

from 30 repeats. $Indicates the groups of SVS and GLP-1 alone that have

previously been published [20]. *P b .05 and **P b .001 denote

significant differences from the control without GB. #P b .05 denotes

significant differences from that of GB alone.
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2.9. Statistical analysis

We performed statistical analysis with one-way analysis

of variance or Student unpaired t test. Each treatment

condition was compared with control. We considered

differences between 2 groups significant at P values less

than .05. Data are expressed as mean F SEM.
ig. 4. The effects of GB, SVS, or GB and SVS on (A) PDX-1 or (B) GLUT2

ene expression in isolated mouse islets. After 24-hour pretreatment with

0�7mol/L GB, 10�7 mol/L SVS, or 10�7 mol/L GB plus 10�7 mol/L SVS in

e presence of 11.1 mmol/L glucose and 0.01%DMSO, 200 islets were used

extract RNA. All data are expressed as fold change relative to the gene

xpression of controls (mean F SEM of 3 separate observations). *P b .05

nd **P b .001 denote significant differences from the control without GB.
3. Results

3.1. GB-induced dose-dependent desensitization of beta cells

After 24-hour pretreatment with GB at concentrations of

10�11, 10�9, 10�7, 10�5, or 10�3 mol/L in the presence of

11.1 mmol/L glucose and 1% DMSO, we exposed the islets

for 1 hour to 16.7 mmol/L glucose. We found a significant

decrease in the GB-induced GSIS (n = 16, P b .001). As can

be seen in Fig. 1, GB decreased GSIS in a dose-dependent

manner. Even at the very low level (10�11 mol/L), we found

a desensitizing effect of GB pretreatment (n = 16, P b .05).

DMSO (1%) had no effect on insulin secretion (n = 16,

P = 0.46).

3.2. Effects on the BIS and GSIS of pretreatment with GB in

the presence of SVS or GLP-1

After 24-hour pretreatment with GB (10�7 mol/L)

alone or in the presence of SVS (10�7 mol/L) or GLP-1
(10�7 mol/L), the islets were subsequently incubated for

1 hour with low (3.3 mmol/L) or high (16.7 mmol/L)

glucose concentration (Fig. 2). As expected, GB per se

increased the BIS at low glucose concentration (321% F
32.5% vs 100%F 13.8%, n = 32, P b .001). SVS or GLP-1

in combination with GB did not change the enhanced BIS

(307% F 50.5% or 321% F 50.2% vs 100% F 13.8%, n =

32, P b .001, respectively). In accordance with the dose-

finding study mentioned above, we found the pretreatment

with GB decreased GSIS (16.7 mmol/L glucose) (30.9% F
3.2% vs 100% F 9.8%, n = 32, P b .001). SVS and GLP-1

were able to counteract the GB-induced desensitization

of GSIS, ie, increased the GSIS after 24-hour pretreat-

ment (75.5% F 7.5% or 85.4% F 10.6% vs 30.9% F 3.2%,

n = 32, P b .001, respectively).

3.3. Effects on the insulin content of pretreatment with GB

and in the presence of SVS or GLP-1

Islets were pretreated with GB (10�7 mol/L) alone or

GB (10�7 mol/L) with SVS (10�7 mol/L) or GLP-1

(10�7 mol/L) for 24 hours. Subsequently, 10 islets were

sonicated and the insulin content was determined. As seen

in Fig. 3, GB significantly decreased insulin content in
F
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mouse islets (n = 32, P b .001). Only SVS was able to

counteract the decreased insulin content in the islets (n = 32,

P b .05). GLP-1 had a tendency to reverse impaired

insulin content, but the P value was not statistically

significant (n = 32, P b .096).

3.4. Effects on the PDX-1 and GLUT2 gene expression after

pretreatment with GB in the presence of SVS

The gene expressions of PDX-1 and GLUT2 were

determined after 24-hour pretreatment with GB

(10�7 mol/L), SVS (10�7 mol/L), or the combination

(Fig. 4A and B). GB pretreatment did not significantly change

PDX-1 or GLUT2 gene expression (n = 3, P = 0.07; n = 3,

P = 0.14, respectively). In contrast, SVS enhanced the gene

expression of PDX-1 (230% F 10% vs 100% F 5%, n = 3,

P b .001) and GLUT2 (220%F 9% vs 100%F 17%, n = 3,

P b .05). The combination of SVS and GB significantly

increased the gene expression of PDX-1 compared with

control (140% F 10% vs 100% F 5%, n = 3, P b .05),

whereas it did not significantly differ from that of GB alone

(140% F 10% vs 110%F 7%, n = 3, P = 0.127) (Fig. 4A).

The combination of SVS with GB did not significantly

increase GLUT2 expression compared with control (130%F
17% vs 100% F 17%, n = 3, P = 0.17) or with GB alone

(130% F 17% vs 120% F 13%, n = 3, P = 0.67) (Fig. 4B).
4. Discussion

In the present study, we demonstrated that 24-hour GB

pretreatment causes elevated BIS and dose-dependent

decrease in GSIS. SVS and GLP-1 in combination with

GB cannot counteract the increased BIS but counteracts the

GB-induced desensitization of GSIS. A small increase in

insulin content accompanies the counteractive effects of

SVS. The clinical importance of this finding is unknown.

SVS enhances PDX-1 and GLUT2 gene expression more

than 2-fold; furthermore, SVS in combination with GB

increases PDX-1 gene expression compared with control.

Recently, we have revealed that SVS, a compound

isolated from the plant S rebaudiana Bertoni, exerts a

direct insulinotropic action in isolated mouse islets and the

clonal beta-cell line, INS-1, in a glucose-dependent way

apparently without affecting KATP-sensitive channels or the

cyclic adenosine monophosphate (cAMP) system

[18,19,23]. In contrast to the effects of pretreatment with

GB, SVS pretreatment does not cause a stimulation of BIS

and does not desensitize beta cells [20]. Now we explored

the effects of the combination of SVS and GB in terms of

increased BIS and decreased GSIS.

Previous studies either on whole pancreas or on isolated

islets using dynamic perifusion or static incubation methods

showed that GB can cause desensitization [9,24-26]. We

chose the static model because it saves time as well as

isolated mouse islets. However, the static model is not the

best to use to study desensitization in vitro; special caution

should be taken in interpreting the data. GB at concen-
trations ranging from 10�11 to 10�3 mol/L caused a dose-

dependent desensitization. The concentration of 10�6 mol/L

GB corresponds to the peak concentration in serum 1 or

2 hours after administration of 2.5 mg of GB [27]; the

concentration of GB falls to 10�8 mol/L after 12 to 24 hours

[28]. Consequently, a GB concentration of 10�7 mol/L was

selected for our further studies. An equimolar concentration

of SVS (10�7 mol/L) was chosen based on its high potency

[19,20]. Elevated levels of proinsulin are considered

indicative of beta-cell dysfunction [29]. Previously, we

have shown that 24-hour SVS pretreatment does not

increase BIS per se [20]. In the present study, we found

that neither SVS nor GLP-1 was able to counteract the

GB-induced increase in BIS.

Data from UKPDS indicates that 6 years’ monotherapy

with sulfonylurea is associated with 44% secondary failure

[8]. In this regard, desensitization appears to be an important

step in the secondary failure of oral antidiabetic treatment

[30]. We have previously demonstrated that 24-hour expo-

sure to SVS as well as GLP-1 enhances GSIS [20].

Furthermore, SVS increases insulin content as well, whereas

GLP-1 only tends to increase the insulin content [20]. This

provided the possibility of exploring whether administration

of SVS or GLP-1 can counteract the GB desensitization. In

the present study, we demonstrated that SVS as well as GLP-

1, to some extent, could counteract GB-induced desensitiza-

tion in the static model of insulin secretion. According to

Bratanova-Tochkova et al [31], there are 4 well-established

pathways of beta-cell stimulus-secretion coupling, as fol-

lows: (1) the KATP channel–dependent pathway, (2) the

KATP channel–independent, Ca2+-dependent pathway of

glucose action, (3) activation of phospholipases and protein

kinase C (PKC), and (4) stimulation of adenylyl cyclase

activity and activation of protein kinase A. An SVS-induced

activation of phospholipases and PKC is a possible pathway

because no cAMP change is involved in this signal

transduction, and we previously demonstrated that SVS does

not affect the cAMP levels [19]. This pathway increases

phosphoinositide turnover resulting in mobilization of stored

calcium to increase [Ca2+]i level and increasing production of

diacylglycerol, which activates PKC isoforms.

The counteractive effect of SVS on GB desensitization

was accompanied by a small increase in insulin content.

GLP-1 tended to increase the insulin content, but did not

reach statistical significance. There was no statistically

significant difference between the effects of SVS and GLP-1

on the GB-induced effects on insulin content.

It should be noted that we have added only 0.01%

DMSO to the media. Kemp and Habener [32] recently

reported that 0.5% to 2.5% DMSO had a synergistic effect

on GLP-1–stimulated insulin secretion and gene transcrip-

tion in INS-1 cells. However, the concentration of DMSO

we used is more than fifty times less. Thus, we find it

unlikely that the stimulatory effect of GLP-1 on GSIS can

be explained by an action of DMSO, but more likely an

effect of GLP-1 per se.
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SVS enhanced PDX-1 and GLUT2 gene expression more

than 2-fold. Interestingly, GB pretreatment per se did not

change the expression of the 2 genes. Addition of SVS to

GB, increased PDX-1 but not GLUT2 expression. On the

other hand, GB inhibited the SVS-induced increase in the

transcription of PDX-1 and GLUT2.

Recently, Ahlgren and coworkers [33] demonstrated a

striking reduction in GLUT2 expression in the islets of

PDX-1 heterozygote mice and suggested that impaired

expression of GLUT2 might be a general cause of

hyperglycemia and T2DM. The expression of PDX-1 and

GLUT2 in islets from PDX-1+/� mice was reduced to 68%

and 55%, respectively, and the in situ perifused pancreas of

mice secreted about 45% less insulin to a glucose

stimulation (16.7 mmol/L glucose) [11]. These data

corroborate well with our observations that SVS pretreat-

ment increased both PDX-1 and GLUT2 gene expressions

and that this was accompanied by enhanced GSIS and

insulin content. Tiedge and Lenzen [13] found that 1-hour

GB treatment did not normalize GLUT2 messenger RNA

reduction induced by 2 days’ fasting. We also observed that

GB alone did not change PDX-1 nor GLUT2 gene

expressions, implying that these 2 genes may not play an

important role in the GB desensitization. We found that GB

in combination with SVS decreased the SVS-induced

increase in PDX-1 and GLUT2 expression, indicating a

deleterious effect of GB.

In conclusion, SVS does not influence BIS but counteracts

the suppressed glucose-stimulated insulin release induced by

GB. Both increased insulin content and effects of SVS on

PDX-1 and GLUT2 gene expressions may play a role in this

beneficial phenomenon. SVS may be able to ameliorate the

GB-induced secondary failure. It should be stressed that the

desensitization found in vitro needs to be confirmed in long-

term and in vivo studies to verify that the positive effects

of SVS are preserved and play an important clinical role.
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