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Abstract

Use of glyburide in gestational diabetes (GDM) has raised concerns about fetal and neonatal side 

effects, including increased birth weight. Placental nutrient transport is a key determinant of fetal 

growth, however the effect of glyburide on placental nutrient transporters is largely unknown. We 

hypothesized that glyburide treatment in GDM pregnancies is associated with increased expression 

of nutrient transporters in the syncytiotrophoblast plasma membranes.

We collected placentas from GDM pregnancies who delivered at term and were treated with either 

diet modification (n = 15) or glyburide (n = 8). Syncytiotrophoblast microvillous (MVM) and 

basal (BM) plasma membranes were isolated and expression of glucose (glucose transporter 1; 

GLUT1), amino acid (sodium-coupled neutral amino acid transporter 2; SNAT2 and L-type amino 

acid transporter 1; LAT1) and fatty acid (fatty acid translocase; FAT/CD36, fatty acid transporter 2 

and 4; FATP2, FATP4) transporters was determined by Western blot. Additionally, we determined 
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GLUT1 expression by confocal microscopy in cultured primary human trophoblasts (PHT) after 

exposure to glyburide.

Birth weight was higher in the glyburide-treated group as compared to diet-treated GDM women 

(3764 ± 126 g vs. 3386 ± 75 g; p < 0.05). GLUT1 expression was increased in both MVM (+50%; 

p < 0.01) and BM (+75%; p < 0.01). In contrast, MVM FAT/CD36 (−65%; p = 0.01) and FATP2 

(−65%; p = 0.02) protein expression was reduced in mothers treated with glyburide. Glyburide 

increased membrane expression of GLUT1 in a dose-dependent manner in cultured PHT.

This data is the first to show that glyburide increases GLUT1 expression in syncytiotrophoblast 

MVM and BM in GDM pregnancies, and may promote transplacental glucose delivery 

contributing to fetal overgrowth.
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1. Introduction

Currently there is considerable controversy about the use of oral agents to treat 

hyperglycemia in women with gestational diabetes mellitus (GDM). Concomitant with the 

progressive increase in maternal pregnancy body mass index (BMI) [1], GDM has become 

a growing public health concern due to the rapidly rising rates (10–25%) [2,3] of women 

being diagnosed with GDM [4] in obstetric practices adopting the International Association 

of the Diabetes and Pregnancy Study Groups (IADPSG) criteria [5–8]. GDM is associated 

with poor infant outcomes, including fetal overgrowth, and increases the risk for the mother 

as well as the infant to develop metabolic and cardiovascular disease later in life [9,10]. 

GDM is currently treated by diet modification, oral insulin secretagogues or insulin. The use 

of oral insulin secretagogues as an adjunct therapy in GDM has been addressed by several 

guidelines [11,12], and are preferred over insulin by most obstetric providers [13].

Glyburide (a second-generation sulfonylurea; international nonproprietary name: 

glibenclamide) is the only sulfonylurea that has been studied in large randomized control 

trials in GDM women [3,14,15] and was approved as a possible alternative to insulin in 

GDM women [11]. However, recent retrospective studies and meta-analyses have challenged 

the efficacy and relative safety of glyburide. These reports suggest that macrosomia, 

neonatal hypoglycemia, and adverse neonatal outcomes are more common in women treated 

with glyburide compared to insulin and/or metformin [3,16]. Glyburide has a relatively short 

half-life in the circulation and early studies suggested that transplacental glyburide transport 

was negligible [15,17]. More recently, the use of methods with increased sensitivity has 

revealed that transplacental transfer of glyburide, albeit variable, does occur, with average 

neonatal glyburide levels below 10 ng/ml [18,19]. However, the effects of glyburide on 

placental function have received little attention [20].

Glyburide is considered primarily an insulin secretagogue and induces glucose-independent 

insulin release from pancreatic β-cells by inhibiting potassium flux through ATP-sensitive 

potassium channels (KATP) which are widely distributed throughout the body. However, 
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sulfonylureas also have extra-pancreatic effects by stimulating glucose uptake, lipogenesis, 

glycogenesis, and stimulating the expression and translocation of glucose transporters 

(GLUT) [21,22]. Furthermore, in chondrocytes, KATP inhibition increases GLUT1 and 

GLUT3 expression [23].

KATP are expressed in whole placental homogenates and have been localized to the 

syncytiotrophoblast [20]. Thus, a mechanism completely unexplored at this time is the 

potential direct effect of glyburide on placental glucose transport, given KATP are inhibited 

by sulfonylureas and are localized to the syncytiotrophoblast which could increase the 

membrane abundance of glucose transporters, as in other organs. In term placenta, glucose 

transport is mainly mediated by GLUT1, a facilitative glucose transporter, expressed in 

the syncytiotrophoblast microvillous (MVM) and basal (BM) plasma membranes, the 

transporting epithelium of the human placenta [24,25].

Nutrient transport is a primary function of the syncytiotrophoblast and determines fetal 

nutrient availability, which in turn has a major impact on fetal growth. Changes in placental 

glucose, amino acid and fatty acid transporter expression and activity have been associated 

with pathological fetal growth [26]. Indeed, an increased placental capacity to transport 

amino acids has been shown in women with Type 1 Diabetes mellitus and fetal overgrowth 

[27,28]; and system A isoform sodium-coupled neutral amino acid transporter 2 (SNAT2) 

has been reported to be positively correlated to birth weight and upregulated in MVM 

isolated from placentas of obese women [29]. Furthermore, in trophoblast isolated from 

placentas from GDM mothers, L-type amino acid transporter 1 (LAT1) exhibited a greater 

contribution to the uptake of 14C-L-methionine [30]. Recently, expression of fatty acid 

transporter 2 (FATP2), a protein that mediates transplacental transport of fatty acids, was 

demonstrated to be increased in placentas of obese women [31].

Early studies on glyburide and other sulfonylureas focused on their ability to cross the 

placenta. However, almost nothing is known about a possible direct effect of glyburide 

on placental nutrient transporter expression. To address this question, we studied placentas 

from GDM pregnancies treated with either diet modification or glyburide. We isolated 

syncytiotrophoblast plasma membranes to test the hypothesis that the use of glyburide 

in GDM pregnancy is associated with increased expression of nutrient transporters in 

the syncytiotrophoblast plasma membranes. In addition, we used cultured primary human 

trophoblasts (PHT) to determine GLUT1 membrane transporter expression and localization 

after exposure to glyburide in vitro.

2. Materials and methods

2.1. Study participants

Informed written consent was obtained from all participants for placenta collection and 

access to their protected health information as approved by the Institutional Review Board 

at University of Texas Health Science Center San Antonio (HSC20100262H). GDM was 

diagnosed by the two step method of a 50 g glucose challenge which if abnormal (plasma 

glucose >130 mg/dL) was followed by a 100 g 3 h oral glucose tolerance test (3 h OGTT) 

with at least two abnormal plasma glucose measurements (≥95, 180, 155, and 140 mg/dL 
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at fasting, 1, 2, and 3 h, respectively) at 24–28 weeks gestation per ACOG (American 

Congress of Obstetricians and Gynecologists) criteria [11,32]. Participants were stratified 

as GDM controlled by diet modification (Diet; A1GDM) or GDM treated with glyburide 

(Glyburide). The average glyburide dose was 6 mg per day (range 5.0–12.5 mg/day). 

Additional inclusion criteria included: pre-pregnancy/early pregnancy BMI range 18–45 

kg/m2; ultrasound confirmation of gestational age at 14–18 weeks; singleton pregnancy; 

maternal age 18–45 years. Exclusion criteria were: pre-existing diabetes (Type 1 and Type 

2 Diabetes mellitus), rheumatologic, hypertensive and cardiovascular disease, and assisted 

reproductive technology; current use of tobacco, street drugs, or medications (including 

corticosteroids); fetal malformations, or pre-term delivery (before 37 weeks). Table 1 

summarizes the maternal and neonatal characteristics of the two groups. The mean maternal 

BMI was similar between groups. Z-scores for birth weight were calculated for each fetal 

sex and based on data for Mexican-American pregnancies [33] which was the predominant 

ethnicity of the participants. Z-scores for birth weight in White-Non-Hispanic pregnancies 

was calculated using the Fenton curve [34].

2.2. Placenta collection and processing

Placentas from GDM pregnancies delivering at term (≥37 weeks gestation) were collected 

immediately after delivery and processed on ice. Approximately 100 g of villous tissue 

were rinsed in ice-cold physiological saline, transferred to ice-cold buffer D (250 mmol/L 

sucrose, 10 mmol/L HEPES; pH 7.4), containing protease and phosphatase inhibitors 

(Sigma-Aldrich; St Louis, MO) and homogenized on ice. Placental homogenates were 

frozen in liquid nitrogen and stored at −80 °C until further processing.

2.3. Isolation of microvillous and basal plasma membranes

Isolation of syncytiotrophoblast MVM and BM was performed according to established 

protocol [35]. Briefly, after initial separation of cellular debris, the MVM was purified 

by MgCl2-precipitation and BM was purified by sucrose gradient centrifugation. Isolated 

MVM and BM vesicles were snap-frozen in liquid nitrogen and stored at −80 °C in 

buffer D containing protease and phosphatase inhibitors. Alkaline phosphatase activity, a 

measurement of MVM enrichment, was 15.3 ± 0.8 fold enriched compared to placental 

homogenate; and ferroportin-1 protein expression, a BM marker, was 36.0 ± 8.0 fold 

enriched compared to homogenates. There was no difference in MVM or BM enrichments 

between the two groups.

2.4. Immunoblotting analysis

MVM or BM proteins (1–20 μg) were separated by SDS-PAGE on pre-cast gels (Bio-Rad, 

Hercules, CA) and transferred to poly-vinylidene fluoride membranes (at 30 V constant, 

overnight at 4 °C). Membranes were stained with Amido Black (Sigma-Aldrich) for 

loading normalization. Blocking was carried out for 1 h at room temperature in 5% nonfat 

milk in Tris-buffered saline (TBS)-Tween, and membranes were incubated in primary 

antibody diluted in 1–3% BSA in TBS-Tween. Protein expression of GLUT1 (Millipore; 

Billerica, MA), fatty acid translocase (FAT/CD36), FATP2 and FATP4 (AbCam, Cambridge, 

MA), SNAT2 (a generous gift from Dr. Prasad at University of Georgia, Augusta) and 

LAT1 (Cell Signaling, Beverly, MA) was determined in MVM and BM. Horseradish 
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peroxidase-conjugated secondary anti-rabbit (Cell Signaling) was used and immunolabeling 

was visualized with enhanced chemiluminescent detection solution (Thermo Scientific, 

Waltham, MA) and a G:BOX Chemi XT4 gel imaging system (Syngene, Cambridge, United 

Kingdom). Densitometry was performed using ImageJ software (http://rsbweb.nih.gov/ij/; 

National Institutes of Health). For GLUT1, target protein expression in each individual 

lane was normalized to β-actin (Sigma-Aldrich) and for the remaining targets, total protein 

loaded was determined by Amido Black staining.

2.5. Isolation, culture and treatment of primary human trophoblasts

Primary human trophoblasts (PHT) were isolated from term placentas using an adaptation 

of the Kliman method [36], as previously described [37]. Briefly, placental villous tissue 

was digested in trypsin (Invitrogen, Carlsbad, CA) and DNase (Sigma-Aldrich). The 

supernatant was layered onto newborn calf serum and spun for 10 min at 2200 rev/min 

(1000 × g) at 20 °C. Pellets were resuspended in DMEM (Sigma-Aldrich) and layered 

onto a discontinuous Percoll density gradient and centrifuged for 30 min at 2800 rev/min 

(1500 × g). The bands between 35 and 55% Percoll were collected and mixed with 

cell culture medium (DMEM: Ham’s F-12 Nutrient Mixture (Invitrogen) 1:1, 10% FBS 

(Atlanta Biologicals, Lawrenceville, GA), 1% gentamicin, 0.2% benzylpenicillin, 0.2% 

streptomycin, 0.6% glutamine) and centrifuged at 2200 rev/min for 10 min. The final pellet 

was resuspended in cell culture medium and plated at 37 °C, 95% air/5% CO2 onto chamber 

slides (Lab-Tek; Waltham, MA) at a cell density of 0.5 × 106. Following 18 h of culture, 

attached cytotrophoblasts were washed Dulbecco’s phosphate-buffered saline (PBS) and 

culture media was changed daily. At 66 h (total culture time), PHT were treated with 10, 

20 or 50 μmol/L glyburide (glibenclamide; Sigma-Aldrich) or vehicle control (DMSO; max. 

concentration in culture medium 0.1%; untreated) for 24 h.

2.6. Measurement of lactate dehydrogenase

Lactate dehydrogenase (LDH) release into PHT-conditioned culture medium, an indicator 

of cell viability, was measured using a LDH Cytotoxicity Assay kit (Thermo Scientific) 

according to the instructions of the manufacturer. LDH release from PHT was compared to 

maximal LDH release using an internal positive control provided with the kit.

2.7. Immunofluorescence and confocal microscopy

At 90 h, PHT were fixed in 4% paraformaldehyde for 10 min at room temperature and 

blocked using 5% BSA in PBS for 1 h followed by anti-GLUT1 incubation for 1 h, and 

secondary goat anti-rabbit Alexa Fluor 633 (Invitrogen). An internal negative control was 

obtained by omission of the primary antibody. After washing with PBS-Tween, mounting 

was performed with ProLong-GOLD with DAPI (Thermo Scientific). Immunofluorescent 

images were captured using a Zeiss LSM 780 microscope at 63× magnification using oil 

immersion. Images were captured in the same laser settings with four Z-stack at 1 μm-step 

interval. Analysis of representative images was performed using Imaris software (Bitplane, 

Concord, MA). Channel-1 (GLUT1 staining), and the mean data intensity (maximun and 

minimun data intensity) was normalized to data volume (μm3).
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2.8. Data presentation and statistical analysis

Data are presented as mean ± SEM or + SEM, n represents number of individual placentas 

studied. Statistical analysis and plotting was performed using GraphPad Prism version 

6 (GraphPad Software, Inc. La Jolla, CA). Gaussian distribution of the samples was 

determined by D’Agostino and Pearson omnibus normality test and statistical significance 

between Diet and Glyburide groups was determined by Student’s unpaired t-test. A p value 

< 0.05 was considered statistically significant.

3. Results

3.1. Increased birth weights in glyburide treated group

Maternal BMI and gestational age were comparable between glyburide versus diet groups 

(Table 1). However, birth weight was significantly increased in GDM mothers treated with 

glyburide compared to those treated with diet (Table 1; p = 0.012), in agreement with 

previous reports [38,39]. To adjust for gestational age and fetal sex, we calculated a birth 

weight Z-score. Z-score calculations revealed that one newborn male in the glyburide group 

(Z-score 1.403) and one female in the diet group (Z-score 1.530) were large for gestational 

age (LGA), and we found a strong trend towards a significant difference between Z-scores 

in the glyburide and the diet groups (p = 0.052) for male newborns. 3 h OGTT measurement 

results were comparable; and birth length and placental weights did not differ between 

groups.

3.2. Increased MVM and BM GLUT1 expression in glyburide treated group

Protein expression of GLUT1 was assessed in isolated MVM and BM from 

syncytiotrophoblast of glyburide and diet-treated mothers. GLUT1 protein expression was 

significantly increased in placentas from glyburide treated GDM pregnancies in both MVM 

(+50%; p = 0.0015; Fig. 1A) and BM (+75%; p < 0.0001; Fig. 1B) compared to placentas 

from diet-treated GDM mothers.

3.3. Unaltered placental expression of amino acid transporters between diet and 
glyburide treated group

Protein expression of amino acid transporters SNAT2 and LAT1 was assessed in MVM and 

BM from syncytiotrophoblast isolated from placentas of glyburide or diet-treated mothers. 

SNAT2 (Fig. 2A) and LAT1 (Fig. 2B) protein expression levels were comparable between 

groups (Fig. 2A–B).

3.4. Reduced MVM fatty acid transporter expression in GDM mothers treated with 
glyburide

Expression of fatty acid transport proteins FAT/CD36, FATP2 and FATP4 was assessed 

in purified syncytiotrophoblast MVM and BM isolated from placentas of glyburide and 

diet-treated mothers. FAT/ CD36 and FATP2 protein expression were significantly reduced 

(−65%; p = 0.01 and −65%; p = 0.02 respectively) in MVM from the glyburide group (Fig. 

3A and B respectively), compared to the diet group. In contrast, protein expression of FAT/

CD36 and FATP2 was unaltered in syncytiotrophoblast BM. FATP4 protein was expressed 
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in both MVM and BM and levels were comparable between placentas from glyburide and 

diet-treated mothers (Fig. 3C).

3.5. Glyburide promotes GLUT1 translocation to the plasma membrane in PHT

PHT were isolated from normal term healthy placentas and cultured for 90 h. GLUT1 

protein expression was confirmed at 90 h using immunofluorescent staining with an 

antibody which detects the C-terminus of human GLUT1. Pixel intensity mean per volume 

(μm3) analysis, calculated for each of the concentrations of glyburide used demonstrated 

that treatment with 10, 20 and 50 μmol/L glyburide in vitro for 24 h resulted in 

progressively increased immunofluorescent staining of GLUT1, compared to untreated 

control cells (Suppl. Fig.1). Specifically, 50 μmol/L glyburide treatment for 24 h resulted 

in maximun GLUT1 immunostaining intensity without affecting cell viability (Suppl. Fig. 

2), and exhibited increased GLUT1 localization to the plasma membrane of PHT (Fig. 4A) 

compared to vehicle treated cells (Fig. 4B). Z-stack images at 1 μm step interval revealed 

localized GLUT1 staining at the PHT plasma membrane, arrows indicate representative 

staining associated with the plasma membrane/cell surface (Fig. 4A). GLUT1 staining 

intensity was markedly lower in untreated PHT (Fig. 4B).

4. Discussion

Glyburide treatment for GDM in this small cohort was associated with increased birth 

weight as previously described [38,39]. We report, for the first time, that glyburide 

treatment of GDM pregnancies was associated with increased GLUT1 expression in 

syncytiotrophoblast MVM and BM. Additionally, women receiving glyburide treatment 

demonstrated a significant reduction of fatty acid transporter expression in MVM with 

no change in the BM. Furthermore, 24 h glyburide treatment in cultured PHT increased 

GLUT1 expression and localization to the plasma membrane. We propose that the increase 

in GLUT1 expression in MVM and BM in GDM pregnancies treated with glyburide 

directly contributes to transplacental glucose delivery, and provides a novel explanation for 

accelerated fetal growth in these pregnancies.

Fetal growth is dependent on fetal nutrient availability, which is determined by the capacity 

of the placenta to transport nutrients. The syncytiotrophoblast is a highly specialized 

multinucleated epithelial cell layer covering the surface of the chorionic villi that mediates 

nutrient transport; it is strategically positioned at the maternal-fetal interface, therefore 

regulating nutrient supply to the fetus [26]. Glucose transfer across the human placenta 

occurs by facilitated diffusion, which at term is primarily mediated by GLUT1. GLUT1 

is asymmetrically distributed in the syncytiotrophoblast, expressed at several-fold higher 

levels in the MVM (maternal facing) as compared to than BM (fetal-facing) [24,25]. The 

BM is therefore believed to be the rate-limiting step for transplacental glucose transport 

[40], and changes in BM glucose transporter expression will have significant consequences 

for the maternal-fetal transfer of glucose and fetal growth. There is evidence that GLUT1 

expression is increased in the BM of pregnancies complicated by Type 1 Diabetes mellitus 

and fetal overgrowth [41,42], favoring glucose transfer to the fetus.
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We report, for the first time, that glyburide treatment of GDM mothers significantly 

increased expression of GLUT1 compared to GDM women treated with diet modification 

in both MVM and BM of the syncytiotrophoblast. Factors determining net glucose transfer 

include the maternal-fetal concentration gradient and the transport capacity of the exchange 

area determined by the density of GLUT1 transporters. The increased expression of GLUT1 

in the syncytiotrophoblast MVM and BM in the glyburide treated group reported in this 

study is therefore expected to increase the functional capacity of the exchange barrier to 

transport glucose and the net flux of glucose according to the prevailing maternal-fetal 

gradient. This suggests that, glyburide may directly enhance net placental transfer of glucose 

to the fetus contributing to increased birth weight.

Glibenclamide (glyburide) has been an attractive alternative to insulin treatment in GDM 

given it is the only sulfonylurea that has been studied in large randomized controlled 

trials in women with GDM, and transplacental transfer is less than metformin. However, a 

retrospective cohort study in 9173 women treated with glyburide or insulin demonstrated 

that newborns treated with glyburide were more likely to experience adverse outcomes 

than those treated with insulin [3], and a recent meta-analysis suggested that glyburide 

was inferior to insulin and treatment failures were higher with metformin alone than 

glyburide alone [16]. It has been postulated that this could be due to transplacental transfer 

of glyburide which could result in fetal hyperinsulinemia and excess growth [13,18]. 

Glyburide is transported across the placenta mediated by drug efflux systems expressed in 

the syncytiotrophoblast, in particular by breast cancer resistance proteins [43], multidrug 

resistance proteins and, to a lesser extent, through P-glycoprotein [44]. However, the 

relationship between placental glyburide transport and effects of glyburide on placental 

function is unclear. Moreover, there are no previous studies of the direct effect of glyburide 

on placental nutrient transport. Our data supports a direct effect of glyburide on the placenta 

by altering the delivery of nutrients to the fetus, but the mechanism by which glyburide is 

exerting these effects remains unexplored.

To test causality, we performed in vitro experiments using cultured placental trophoblasts 

treated with different doses of glyburide to determine the translocation of GLUT1 to the 

plasma membrane. We used a range of glyburide doses (10, 20 or 50 μmol/ L), previously 

tested in vitro in placental models [20,45], which did not induce cellular toxicity (as 

measured by PHT LDH release). Our results demonstrated that in vitro, glyburide treatment 

induced a dose-dependent increase in GLUT1 immunostaining in PHT. Indeed, evaluation 

of GLUT1 staining by confocal microscopy using 1 μm Z-stack step intervals confirmed 

specific plasma membrane localization, compared to untreated cells. The redistribution 

of GLUT1 to the plasma membrane was dose-dependent with the lower glyburide doses 

tested (10 and 20 μmol/L) exhibiting less intense immunostaining (data not shown). These 

experiments provide indirect support for the concept that glyburide, rather than more 

severe hyperglycemia, causes the up-regulation in MVM and BM GLUT1 expression 

observed in GDM women treated with glyburide. Additionally, previous studies from Illsley 

and coworkers [46] show that glucose transport activity and, to a lesser extent, glucose 

transporter expression are down-regulated in choriocarcinoma cells and placental villus 

explants in response to hyperglycemia supporting that the increased translocation of GLUT1 

to the plasma membrane reported in this study was due to glyburide and not hyperglycemia. 
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Furthermore, the 3 h OGTT values were comparable between clinical groups, providing 

further support that hyperglycemia is not the cause of the increased GLUT1 expression in 

the glyburide treated group. Collectively, these data suggest that the increased translocation 

of GLUT1 to the syncytiotrophoblast plasma membrane in the glyburide treated group is an 

effect of glyburide rather than metabolic differences between the two groups.

It is well established that glyburide inhibits KATP [47]. In the placenta, KATP has been 

previously shown to be localized to the syncytiotrophoblast [20]. While KATP have been 

functionally linked to pancreatic β-cell insulin secretion [48], KATP appears to regulate the 

abundance of GLUT1 and GLUT3 in chondrocytes [23] and GLUT1 in adipocytes [49]. 

Whether glyburide has a similar effect in the placenta is unknown. We hypothesized that 

glyburide modulates expression and localization of GLUT1 to the MVM and BM and 

found increased expression in the placental plasma membranes of GDM women treated with 

glyburide compared to diet alone. Our in vitro data is consistent with a cause-and-effect 

relationship between glyburide and the observed increase in expression of GLUT1 in the 

MVM and BM of glyburide treated GDM mothers. We speculate that glyburide, through its 

pharmacological inhibition of syncytiotrophoblast KATP, mediates an increase in GLUT1 

abundance to the microvillous and basal plasma membrane. However, the underlying 

mechanism by which KATP interacts with GLUT1 (directly or indirectly) remains to be 

explored.

We also determined the effect of glyburide treatment on the expression of placental amino 

acid and fatty acid transporters in GDM women. MVM and BM SNAT2 and LAT1 

expression were not significantly different between the glyburide and diet treated groups. 

At present, there are no literature reports demonstrating regulation of system A or L amino 

acid transporters by glyburide in any tissue. On the other hand, glyburide treatment of GDM 

mothers was associated with reduced expression of FAT/CD36 and FATP2 in MVM of the 

syncytiotrophoblast, with no effect on the expression of fatty acid transporters in the BM. 

To what extent these changes impact transport of fatty acids across the placenta remains 

elusive, given the lack of understanding of the mechanisms mediating transplacental fatty 

acid transport and that the changes occurred only in the MVM.

Our study, although limited to small numbers, has provided the first evidence that 

glyburide promotes expression and localization of GLUT1 to the MVM and BM of the 

syncytiotrophoblast. Some placental functions show sexual dimorphism [50], however the 

relatively small sample size in the glyburide group precludes a robust assessment of 

sex differences in placental responses to glyburide treatment in our study. However, the 

similar birth weight Z-scores in male and females in the glyburide group suggest that the 

overrepresentation of males in this group does not drive the difference in birth weights. In 

addition, our studies in cultured PHT isolated from both male and female placentas, showing 

a robust effect of glyburide on GLUT1 plasma membrane translocation, does not support a 

sex difference in the effects of glyburide on GLUT1 membrane trafficking.

In conclusion, we propose that increased GLUT1 translocation to the plasma membrane 

could directly lead to increased transplacental glucose transfer, fetal hyperglycemia, fetal 

hyperinsulinemia, and contribute to increased birth weight. This may therefore provide a 

Díaz et al. Page 9

Placenta. Author manuscript; available in PMC 2024 February 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



novel mechanism for the association between glyburide treatment and increased birth weight 

in GDM.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
GLUT1 expression in purified syncytiotrophoblast membranes isolated from placentas 

of GDM women treated with diet or glyburide. Representative immunoblots with 

corresponding histograms illustrating relative protein expression of GLUT1 in 

syncytiotrophoblast MVM (A) and BM (B) isolated from placentas from diet and glyburide 

treated groups. Data are mean + SEM; n = 15/diet; n = 8/glyburide. Statistical significance 

was determined using Student’s unpaired t-test, *p < 0.01.
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Fig. 2. 
Amino acid transporter expression in purified syncytiotrophoblast membranes isolated from 

placentas of GDM women treated with diet or glyburide. Representative immunoblots with 

corresponding histograms illustrating relative protein expression of SNAT2 (A) and LAT1 

(B) in syncytiotrophoblast MVM and BM isolated from placentas from diet and glyburide 

groups. Data are mean + SEM; n = 15/diet; n = 8/glyburide. Statistical significance was 

determined using Student’s unpaired t-test.
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Fig. 3. 
Fatty acid transporter expression in purified syncytiotrophoblast membranes isolated from 

placentas from diet (D) and glyburide treated (GLY) mothers. Representative immunoblots 

with corresponding histograms illustrating relative protein expression of FAT/CD36 (A), 

FATP2 (B) and FATP4 (C) in syncytiotrophoblast MVM and BM isolated from placentas 

from diet and glyburide groups. Data are mean + SEM; n = 15/diet; n = 8/glyburide. 

Statistical significance was determined using Student’s unpaired t-test, *p < 0.05.
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Fig. 4. 
Representative confocal laser scanning microscopy images showing dual immunofluorescent 

staining for GLUT1 protein (red) and nuclear counterstain (blue) in PHT at 90 h. PHT were 

treated for 24 h with 50 μmol/L glyburide (A) or were untreated (B). 1 μm step interval 

Z-stack images were captured at 63× (A–B); scale bar 50 μm. Arrows indicate GLUT1 

staining associated with PHT cell surface (A).
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