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Introduction
Endothelial dysfunction plays important roles in the patho-
genesis of vascular diseases induced by hyperglycemia in 
diabetes mellitus[1, 2].  The earliest events in diabetic endothe-
lial dysfunction are the expression of cell adhesion molecules 
(CAMs) and adhesion of leukocytes to the endothelium[3, 4].  
Under high glucose conditions, endothelial cells increase the 
expression of CAMs such as vascular cell adhesion molecule-1 
(VCAM-1) and endothelial selectin (E-selectin)[3, 4].  Then, 
numerous leukocytes adhere to the vascular endothelium, 
transmigrate the endothelium and aggravate endothelial 
dysfunction[3, 4].

The mechanisms underlying hyperglycemia-induced vascu-

lar injury are not fully understood.  Hyperglycemia-induced 
overproduction of reactive oxygen species (ROS), such as 
superoxide, the hydroxyl radical and hydrogen peroxide, is 
recognized as the causal factor responsible for diabetic vas-
cular injury[5–7].  ROS increases the adhesiveness of endothe-
lial cells via activation of nuclear factor-kappa B (NF-κB), a 
transcriptional factor for regulating the expression of genes 
including CAMs[8, 9].  Under normal conditions, NF-κB is 
sequestrated in the cytoplasm via binding to inhibitory factor 
of NF-κB (IκB).  Once IκB is degraded, NF-κB is released from 
the NF-κB/IκB complex and translocates from the cytoplasm 
to the nucleus, followed by increasing gene expression of 
CAMs such as VCAM-1 and E-selectin[10–13].  Therefore, inhibi-
tion of ROS overproduction and NF-κB signal pathway activa-
tion may be useful in preventing diabetic vascular injury.

Geniposide (Gen) is an iridoid glucoside that is extracted 
from gardenia jasminoides ellis fruits, which have long been 
used in traditional Chinese medicine[14].  In our previous 
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study, we found that geniposide exerts hypoglycemic effects 
in diabetic mice through inhibiting glycogen phosphorylase 
and glucose-6-phosphatase activities[14].  We also found that 
genipin, the aglycone of geniposide, inhibits endothelial exo-
cytosis in HUVECs by stimulating nitric oxide production[15].  
However, whether geniposide prevents high glucose-induced 
vascular injury was not investigated.  Thus, we performed 
experiments to examine the inhibitory effects of geniposide on 
cell adhesion in HUVECs induced by high glucose and pos-
sible mechanisms of anti-vascular injury activity induced by 
this compound.  

Materials and methods 
Reagents 
Geniposide (Purity: 98% by HPLC) was purchased from the 
National Institute for the Control of Pharmaceutical and Bio-
logical Products (Beijing, China).  2’,7’-bis-(2-carboxyethyl)-5-
(and-6)-carboxyfluorescein, acetoxymethylester (BCECF-AM), 
Reactive Oxygen Species Assay Kit, Nuclear and Cytoplasmic 
Protein Extraction Kit, Cell Counting Kit-8, BAY 11-7082 
(inhibitor of NF-κB), and Cellular NF-κB Translocation Kit 
were obtained from Beyotime Institute of Biotechnology 
(Haimen, China).  Collagenase, Endothelial Cell Growth Sup-
plement (ECGS) and 3,3’,5,5’-tetramethylbenzdine substrate 
solution (TMB) were purchased from Sigma-Aldrich (St Louis, 
MO, USA).  Endothelial cell basal medium (EBM) and fetal 
calf serum (FCS) were obtained from Gibco (Grand Island, 
NY, USA).  The two-step MMLV Platinum SYBR Green qPCR 
SuperMix-UDG kit was obtained from Invitrogen (Invitro-
gen, CA, USA).  Mouse monoclonal antibodies to E-selectin 
and VCAM-1 were purchased from Santa Cruz (Santa Cruz, 
CA, USA).  Rabbit monoclonal antibodies to NF-κB, IκB-a, 
Histone H3 and β-actin were purchased from Cell Signaling 
Technology (Danvers, Massachusetts, USA).  

Cell isolation and culture 
Human umbilical cords were collected into phosphate-
buffered saline (PBS).  HUVECs were isolated from freshly 
obtained human umbilical cords by collagenase digestion of 
the interior of the umbilical vein[16–18].  The cell suspension was 
centrifuged at 1000 round per minute for 5 min, and the cell 
pellet was resuspended in 4 mL of EBM supplemented with 
20% fetal bovine serum, 100 U/mL penicillin and 15 μg/mL 
ECGS.  The cells were plated into 6- or 24-well plates and incu-
bated in a humidified incubator at 37 °C under 5 % CO2.  

Cell viability assay
The HUVECs were seeded at a density of 5×103 cells/well 
in 96-well plates and cultured for 24 h.  Then the cells were 
treated with or without various concentrations of geniposide 
(1, 5, 10, 20, 40 and 80 μg/mL).  After 24 h, cell viability was 
measured using the Cell Counting Kit-8.  Ten microliters of 
the CCK-8 solution was added into each well of the plate.  
The cells were incubated for 2 h in the incubator (37 °C and 
5% CO2).  The absorbance was measured at 450 nm using a 
microplate reader (Bio-Rad).  Cell viability in each well was 

presented as a percentage of the control.

Cell adhesion assay
Human acute monocytic leukemia THP-1 cells were labeled 
with 10 μmol/L BCECF-AM in RPMI-1640 medium containing 
10% FBS at 37 °C for 30 min[19].  The labeled cells were centri-
fuged at 1000 round per minute for 5 min, washed three times 
with PBS, and then resuspended in the medium.  HUVECs 
were treated with low (5 mmol/L) or high (33 mmol/L) 
glucose for 48 h after geniposide pretreatment, and then the 
BCECF-AM-labeled THP-1 cells were added to HUVECs in 
6-well plates.  The cells were co-cultured at 37 °C for 1 h, and 
unbound THP-1 cells were washed three times with PBS.  
BCECF-AM-labeled THP-1 cells bound to HUVECs were 
observed by fluorescence microscopy (Leica DMIRB, Leica, 
Germany) and lysed with 50 mmol/L Tris-HCl, pH 8.0, con-
taining 0.1% sodium dodecyl sulfate.  The fluorescence of cell 
lysates was measured using a spectrofluorometer (FP-6200, 
JASCO, Japan) at excitation and emission wavelengths of 485 
nm and 535 nm, respectively.  The number of adherent cells 
was expressed as fluorescence intensity.  The samples were 
assayed in triplicate.  

Measurement of adhesion molecules 
Adhesion molecules including VCAM-1 and E-selectin on the 
cell surface were measured using cell surface ELISA as previ-
ously described[14].  Briefly, HUVECs were cultured in 24-well 
plates until reaching confluence and then pretreated with vari-
ous concentrations of geniposide for different lengths of time.  
After incubation with low (5 mmol/L) or high (33 mmol/L) 
glucose for 48 h, cells were fixed for 10 min with 1% paraform-
aldehyde at room temperature.  After 3 washes with PBS, the 
fixed cells were probed with mouse anti-human E-selectin or 
VCAM-1 antibody for 1 h.  The cells were washed and incu-
bated with horseradish peroxidase-conjugated secondary 
antibody for 1 h.  After the cells were washed three times with 
PBS, TMB was added for 30 min, and then 1 mol/L H2SO4 
was added to stop the reaction.  Optical density was read in 
a microplate reader at 450 nm.  All assays were performed in 
triplicate.

Measurement of intracellular ROS production 
ROS production was measured using an oxidation-sensitive 
fluorescent probe (DCFH-DA)[20–22].  DCFH-DA penetrates 
cells and is hydrolyzed by intracellular esterases to the non-
fluorescent DCFH, which can be rapidly oxidized to the highly 
fluorescent 2,7-dichlorofluorescein (DCF) in the presence of 
ROS.  HUVECs were cultured in 6-well plates until reaching 
confluence and then pretreated with various concentrations of 
geniposide for different lengths of time.  After incubation with 
low (5 mmol/L) or high (33 mmol/L) glucose for 48 h, cells 
were washed three times with HBSS (without Ca2+ and Mg2+).  
The cells were lysed with cell lysis buffer (PBS containing 20% 
ethanol, 0.1% Tween 20).  After being centrifuged, the super-
natant was transferred to measure the intensity of fluorescence 
(relative fluorescence units) at excitation and emission wave-
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lengths of 485 nm and 530 nm, respectively, using a spectro-
fluorometer.  All assays were performed in triplicate.

Immunofluorescence microscopy 
Translocation of NF-κB p65 from the cytoplasm to the nucleus 
was determined using the Cellular NF-κB Translocation Kit 
according to manufacturer’s instructions[23].  Briefly, HUVECs 
were cultured in 24-well plates until reaching confluence and 
then pretreated with 20 μg/mL geniposide for 45 min.  After 
incubation with low (5 mmol/L) or high (33 mmol/L) glu-
cose for 3 h, cells were fixed for 10 min at room temperature.  
After 3 washes with PBS, the fixed cells were blocked for 1 h 
to reduce non-specific binding.  Next, cells were probed with 
the primary NF-κB p65 antibody for 1 h, followed by incuba-
tion with cy3-conjugated secondary antibody for 1 h and with 
DAPI for 5 min before observation.  NF-κB p65 protein and 
nuclei fluoresce red and blue, respectively, and both compo-
nents were photographed using a fluorescence microscope.

Real-time RT-PCR 
Total RNA was extracted from HUVECs using TRIzol Reagent 
according to the manufacturer’s instruction.  One microgram 
of total RNA was used for cDNA synthesis with the Two-step 
MMLV Platinum SYBR Green qPCR SuperMix-UDG kit (Invit-
rogen) in a volume of 20 μL at 37 °C for 60 min and 95 °C for 
5 min.  Primers were designed using the Primer Express oligo 
design software (Applied BioSystems, CA, USA) and synthe-
sized by Invitrogen.  All primer sets were subjected to rigor-
ous database searches to identify potential conflicting tran-
script matches to pseudogenes or homologous domains within 
related genes.  The sequences of the real-time PCR primers for 
GAPDH, VCAM-1 and E-selectin cDNA are listed in Table 1.  
The SYBR Green I assay was used for detecting the products 
from the reverse-transcribed cDNA samples.  GAPDH was 
used as the normalizer.  PCR reactions for each sample were 
performed in duplicate, and the relative gene expression was 
analyzed as described previously.

Preparation of cytoplasmic and nuclear extracts
Cell cytoplasmic and nuclear extracts were prepared using 
the Nuclear and Cytoplasmic Protein Extraction Kit according 
to the manufacturer’s instructions[24].  Briefly, after cells were 

washed with ice-cold PBS and collected into pre-chilled centri-
fuge tubes, cells were centrifuged and resuspended in ice-cold 
cell lysis buffer (10 mmol/L Hepes, pH 7.9; 10 mmol/L KCl; 
0.1 mmol/L EDTA; 1 mmol/L DTT, 0.4% IGEPAL; 2 µg/mL 
protease inhibitor aprotinin; 1 mmol/L phenylmethylsulfonyl 
fluoride (PMSF); 250 µg/mL benzamidine; 2 µg/mL leupep-
tin).  Cell lysates were incubated on ice for 15 min and cen-
trifuged at 12 000 round per minute for 4 min at 4 °C.  Subse-
quently, nuclear pellets were washed in 500 μL of ice-cold cell 
lysis buffer and resuspended in 150 μL of nuclear extraction 
buffer (0.4 mol/L NaCl; 20 mmol/L Hepes, pH 7.9; 1 mmol/L 
EDTA; 1 mmol/L DTT; 1 mmol/L PMSF).  After mixing for 
30 min and centrifuging at 12 000 round per minute for 4 min 
at 4 °C, nuclear extracts in the supernatant were aliquoted 
and stored at -70 °C until use.  Cell cytoplasmic and nuclear 
extracts were quantified using a BCA Protein Assay kit (BPA, 
Beyotime Institute of Biotechnology).  

Protein extraction and western blot analysis 
Cells were lysed with ice-cold lysis buffer.  Cell lysates were 
centrifuged at 10 000 round per minute for 5 min at 4 °C, and 
the supernatants were collected.  Protein concentrations in 
the supernatants were measured using the BCA protein assay 
kit (KangChen Bio-tech Inc, Shanghai, China).  Then, 50 μg of 
protein samples was separated on 10% resolving/4% stack-
ing Tris-HCL gels.  Separated proteins were transferred to 
polyvinylidene difluoride membranes.  The membranes were 
blocked in 5% BSA in 1×Tris Buffered Saline, 0.1% TWEEN-
20 (TBST) for 1 h at room temperature.  Blocked membranes 
were immunoblotted with antibodies to NF-κB, IκB-a, Histone 
H3 and β-actin overnight at 4 °C.  The membranes were then 
washed and probed with a horseradish peroxidase-conjugated 
secondary antibody for 1 h at room temperature.  Chemilumi-
nescence detection was performed with a chemiluminescence 
detection kit (KangChen Bio-tech Inc) according to the manu-
facturer’s instructions.  

Statistical analysis
Data are expressed as means±SEM or means±SD.  Variables 
between groups were compared using one-way ANOVA, fol-
lowed by Student-Newman-Keuls or Dunnett’s T3 procedure 
when the assumption of equal variances did not hold.  Two-
tailed P values <0.05 were considered statistically significant.  
Statistical analyses were conducted with SPSS 13.0.

Results 
Geniposide inhibits THP-1 cell adhesion to HUVECs induced by 
high glucose concentration
To explore whether geniposide inhibits high glucose–induced 
inflammatory reactions in HUVECs, the effect of geniposide 
on adhesion of monocyte to HUVECs was evaluated using 
fluorescence-labeled monocytes.  As shown in Figure 1A and 
1B, after treatment with high glucose for 48 h, adhesion of 
monocytes to HUVECs significantly increased (P<0.01 com-
pared to normal glucose treatment).  Pretreatment of HUVECs 
with 10 and 20 μg/mL geniposide for 2 h markedly decreased 

Table 1.  PCR primer pairs used to amplify GAPDH, VCAM-1 and E-selectin 
cDNA fragments.   

 
Target Oligonucleotide sequence  Tm oC

       Predicted 
       product size                                   
 
GAPDH F 5′-TTGTTGCCATCAATGACCCC-3′           58              836 bp
 R 5′-TGACAAAGTGGTCGTTGAGG-3′ 
VCAM-1  F 5′-GCAAGGTTCCTAGCGTGTAC-3′          58              336 bp
 R 5′-GGCTCAAGCTGTCATATTCAC-3′
E-selectin F 5′-AACTTCCATGAGGCCAAACG-3′         58               168 bp
 R 5′-TTGTCGTTGCCAGTGTTCAG-3′ 

F, forward primers; R, reverse primer; Tm, melting temperature.
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high glucose-induced monocyte adhesion to HUVECs (P<0.01 
compared to high glucose treatment alone).

Geniposide inhibits the expression of cell adhesion molecules 
(CAMs) in HUVECs induced by high glucose concentration
Since geniposide could inhibit high glucose-induced cell 
adhesion, we investigated whether geniposide inhibited the 
expression of VCAM-1 and E-selectin in HUVECs under high 
glucose conditions.  HUVECs were pretreated with increas-

ing concentrations of geniposide for various lengths of time 
and stimulated with high glucose for 48 h.  The expression of 
VCAM-1 and E-selectin in the HUVECs was measured using 
cell surface ELISA.  As shown in Figure 2A-D, treatment with 
high glucose (33 mmol/L) significantly increased the expres-
sion of VCAM-1 and E-selectin in HUVECs (P<0.01 compared 
to normal glucose treatment).  However, geniposide inhibited 
high glucose-induced expression of VCAM-1 and E-selectin 
in a dose-dependent manner, with a maximal inhibitory effect 

Figure 1. Effect of geniposide on high glucose-induced THP-1 cell adhesion to HUVECs.  
HUVECs were pretreated with or without geniposide and then induced with high glucose (33 
mmol/L ) for 48 h.  Adhesion of fluorescence-labeled THP-1 cells to HUVECs was determined 
as described in Materials and methods.  Adherent THP-1 cells were photographed (×100).  (a) 
Control; (b) High glucose (33 mmol/L); (c) Treatment with 10 µg/mL geniposide for 2 h and 
high glucose; (d) Treatment with 20 µg/mL geniposide for 2 h and high glucose; (e) Treatment 
with 20 µg/mL geniposide for 2 h alone; (B) Quantification of adherent cells (fluorescence 
intensity represented the number of adherent cells).  Data are expressed as means±SEM of 
3 independent experiments.  cP<0.01 vs control (Con), eP<0.05 vs high glucose (HG), iP<0.01 
vs HG.

Figure 2. Effect of geniposide on high glucose-
induced VCAM-1 and E-selectin expression in 
HUVECs.  HUVECs were pretreated with or without 
the indicated concentrations of geniposide for 
various lengths of time and then cultured with high 
glucose for 48 h.  VCAM-1 and E-selectin expression 
in HUVECs was measured using cell surface ELISA.  
(A) Pretreatment with geniposide for 2 h inhibited 
VCAM-1 expression in HUVECs in a concentration-
dependent manner.  (B) Pretreatment with 20 
µg/mL geniposide inhibited VCAM-1 expression 
in HUVECs in a time-dependent manner.  (C) 
Pretreatment with geniposide for 2 h inhibited 
E-selectin expression in HUVECs in a concentration-
dependent manner.  (D) Pretreatment with 20 µg/
mL geniposide inhibited E-selectin expression in 
HUVECs in a time-dependent manner.  Data are 
expressed as means±SEM (n=3) of fold changes 
compared to control values.  cP<0.01 vs control 
(Con), eP<0.05 vs high glucose (HG), iP<0.01 vs HG.
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achieved at 40 μg/mL (Figure 2A and 2C).  The significant 
inhibition caused by geniposide was observed within 1 h after 
the start of pretreatment and increased in a time-dependent 
manner (Figure 2B and 2D).  

Geniposide inhibits mRNA expression of CAMs in HUVECs under 
high glucose concentration 
In order to further clarify the mechanism responsible for the 
changes in the levels of CAMs, we next examined the effect of 
geniposide on mRNA expression of VCAM-1 and E-selectin 
in HUVECs under high glucose conditions.  HUVECs were 
pretreated with increasing concentrations of geniposide for 
various lengths of time and then cultured with high glucose 
for 48 h.  The expression of VCAM-1 and E-selectin in the 
HUVECs was evaluated by real-time RT-PCR.  As shown in 
Figure 3A–3D, high glucose significantly increased mRNA 
expression of VCAM-1 and E-selectin in HUVECs (P<0.01 
compared to normal glucose treatment).  However, geniposide 
inhibited high glucose-induced mRNA expression of VCAM-1 
and E-selectin in a dose-dependent manner, with a maximal 
inhibitory effect achieved at 40 μg/mL (Figure 3A and 3C).  
The inhibition caused by geniposide was observed within 1 h 
after the start of pretreatment and increased in a time-depen-
dent manner (Figure 3B and 3D).  This suggests that genipo-
side suppresses VCAM-1 and E-selectin expression at the gene 
level.  

Effect of geniposide on HUVEC viability
We next examined the effect of geniposide on HUVEC viabil-
ity to determine whether the inhibitory effect of geniposide on 
expression of VCAM-1 and E-selectin is related to the cytotox-
icity induced by this compound.  HUVECs were treated with 

geniposide at concentrations of 1, 5, 10, 20, 40 and 80 μg/mL 
for 24 h.  The results showed that geniposide at the above 
concentrations had no inhibitory effect on HUVEC viability 
(Figure 4).  

Geniposide inhibits high glucose-induced ROS overproduction 
To determine whether the effect of geniposide on CAM 
expression was related to its ability to inhibit ROS production, 
intracellular ROS generation was measured with a fluores-
cent probe.  As shown in Figure 5A and 5B, exposure to high 
glucose resulted in a more than 2-fold increase in ROS gen-
eration compared to that induced by normal glucose.  In con-
trast, pretreatment with 5–20 µg/mL geniposide significantly 

Figure 4.  Effect of geniposide on HUVEC viability.  HUVECs were treated 
with geniposide (1, 5, 10, 20, 40 and 80 μg/mL) or vehicle for 24 h.  After 
treatment, cell viability was determined with the Cell Counting Kit-8.  Data 
are expressed as means±SD (n=3).

Figure 3.  Effect of geniposide on high glucose-
induced VCAM-1 and E-selectin mRNA expres-
sion in HUVECs.  HUVECs were pretreated with 
or without the indicated concentrations of 
geniposide for various lengths of time and then 
induced with high glucose for 48 h.  VCAM-1 and 
E-selectin mRNA expression in HUVECs was 
analyzed by real-time RT-PCR.  (A) Pretreatment 
with geniposide for 2 h inhibited VCAM-1 
mRNA expression in HUVECs induced by high 
glucose in a concentration-dependent manner.  
(B) Pretreatment with 20 µg/mL geniposide 
inhibited VCAM-1 mRNA expression in HUVECs 
induced by high glucose in a time-dependent 
manner.  (C) Pretreatment with geniposide for 
2 h inhibited E-selectin mRNA expression in 
HUVECs induced by high glucose in a concen-
tration-dependent manner.  (D) Pretreat ment 
with 20 µg/mL geniposide inhibited E-selectin 
mRNA expression in HUVECs induced by high 
glucose in a time-dependent manner.  Data are 
expressed as means±SEM (n=3) of fold changes 
compared to control values.  cP<0.01 vs control 
(Con), eP<0.05 vs high glucose (HG), iP<0.01 vs 
HG.
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decreased high glucose-induced ROS production compared to 
that induced by high glucose treatment alone (Figure 5A).  In 
addition, the inhibitory effect of geniposide on high glucose-
induced ROS production was observed after pretreatment 
with 20 μg/mL geniposide for 1 h and increased in a time-
dependent manner (Figure 5B).

Geniposide inhibits high-glucose-induced NF-κB signaling 
pathway activation
In this study, we explored the effect of geniposide on high glu-
cose-induced NF-κB signaling pathway activation using West-
ern blotting and immunocytochemistry.  As shown in Figure 
6A, high glucose significantly increased NF-κB p65 expression 
by about 3-fold in nuclear extracts compared to that induced 
by normal glucose.  In contrast, pretreatment with 5, 10, or 
20 μg/mL geniposide for 1 h markedly inhibited high glucose-
induced nuclear NF-κB p65 expression in a dose-dependent 
manner (Figure 6A).  Furthermore, high glucose significantly 
decreased IκB-α expression levels in the cytoplasm.  However, 

pretreatment with 5, 10, or 20 µg/mL geniposide for 1 h mark-
edly inhibited the high glucose-induced decrease in IκB-α 
expression in a dose-dependent manner (Figure 6B).  

To confirm the Western blotting result, we observed the 
translocation of NF-κB p65 using immuocytochemistry.  As 

Figure 5. Effect of geniposide on high glucose-induced ROS production 
in HUVECs.  HUVECs were pretreated with or without the indicated 
concentrations of geniposide for various lengths of time and then induced 
with high glucose for 48 h.  High glucose-induced ROS production in 
HUVECs was measured with an oxidation-sensitive fluorescent probe 
(DCFH-DA).  (A) Pretreatment with geniposide for 2 h inhibited high 
glucose-induced ROS production in HUVECs in a concentration-dependent 
manner. (B) Pretreatment with 20 µg/mL geniposide inhibited high 
glucose-induced ROS production in HUVECs in a time-dependent manner.  
Data are expressed as means±SD (n=3) of fold changes compared to 
control values.  cP<0.01 vs control (Con), eP<0.05 vs high glucose (HG), 
iP<0.01 vs HG.

Figure 6.  Effect of geniposide on high glucose-induced NF-κB activation.  
HUVECs were pretreated with or without the indicated concentrations 
of geniposide for 1 h and then induced with high glucose for 48 h.  Cell 
cytoplasmic and nuclear extracts were prepared, electrophoresed and 
separated.  Protein levels of NF-κB p65 in nuclear extracts and IκB in 
cytoplasmic extracts were detected using Western blot analysis.  (A) 
Representative Western blots of NF-κB p65 in nuclear extracts for the 
indicated concentrations of geniposide pretreatment.  (B) Representative 
Western blots of IκB in cytoplasmic extracts for the indicated 
concentrations of geniposide pretreatment.  (A-1) Semiquantitative 
analysis of NF-κB p65 in nuclear extracts.  (B-1) Semiquantitative analysis 
of IκB in cytoplasmic extracts.  Data are expressed as means±SEM (n=3) 
of fold changes compared to control values.  cP<0.01 vs control (Con), 
eP<0.05 vs high glucose (HG), iP<0.01 vs HG.  
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shown in Figure 7B, high glucose caused greater NF-κB p65 
translocation into the nucleus compared to that induced by 
normal glucose.  However, pretreatment with 20 µg/mL 
geniposide inhibited the translocation of NF-κB p65 from the 
cytoplasm to the nucleus (Figure 7C).  These results were con-
sistent with the results of Western blotting.  

 Furthermore, we compared the inhibition ratio of genipo-
side and an NF-κB inhibitor, BAY 11-7082, on NF-κB activation 
and VCAM-1 expression in HUVECs under high glucose con-
ditions.  The cells were pretreated with 20 μg/mL geniposide 

or 4 μg/mL BAY 11-7082 for 1 h or 3 h and then incubated 
with 33 mmol/L glucose for 48 h.  The proteins were extracted 
and the levels of IκB-α and VCAM-1 were analyzed by West-
ern blot.  As shown in Figure 8, treatment with geniposide and 
BAY 11-7082 for 1 h or 3 h could completely reverse the high 
glucose-induced decrease in IκB-α levels.  However, more 
potent inhibition of high glucose-induced VCAM-1 expres-
sion was observed with a 3-h treatment with either compound 
compared to the 1-h treatment (Figure 8).  In addition, geni-
poside had the same inhibition ratio on high glucose-induced 
NF-κB activation and VCAM-1 expression as BAY 11-7082 
(Figure 8).

Discussion
In this study, we found that geniposide inhibits cell adhesion, 
expression of CAMs, ROS overproduction and NF-κB signal 
pathway activation in HUVECs under high glucose condi-
tions.  To our knowledge, this is the first report of an inhibi-
tory effect of geniposide on high glucose-induced cell adhe-
sion and vascular injury.

In our study, incubation of HUVECs with high glucose sig-
nificantly increased monocyte adhesion to endothelial cells 
and the expression of VCAM-1 and E-selectin.  The results 
were consistent with those of previous studies[25].  We also 
found that geniposide significantly inhibited monocyte-

Figure 7.  Effect of geniposide on high glucose-induced nuclear trans-
location of NF-κB p65 in HUVECs.  HUVECs were pretreated with 20 µg/mL 
geniposide for 1 h and then were induced with high glucose for 12 h.  The 
cells were fixed and labeled with two fluorescent probes.  The results were 
observed by fluorescent microscopy, where NF-κB p65 appears red and 
the nucleus appears blue (×400).  (A) NF-κB p65 stains in HUVECs under 
normal glucose conditions.  (A-1) Nuclear stains in HUVECs under normal 
glucose conditions.  (B) NF-κB p65 stains in HUVECs under high glucose 
conditions.  (B-1) Nuclear stains in HUVECs under high glucose conditions.  
(C) NF-κB p65 stains in HUVECs pretreated with 20 μg/mL geniposide 
under high glucose conditions.  (C-1) Nuclear stains in HUVECs pretreated 
with 20 μg/mL geniposide under high glucose conditions.

Figure 8. The inhibitory effect of geniposide and NF-κB inhibitor BAY 11-
7082 on NF-κB activation and VCAM-1 expression in HUVECs under high 
glucose conditions.  HUVECs were pretreated with 4 μg/mL BAY 11-7082 
or 20 μg/mL geniposide for 1 or 3 h and then incubated with 33 mmol/L 
glucose for 48 h.  The proteins were then extracted, and the levels of 
IκB-α and VCAM-1 were analyzed by Western blot.  Data are expressed as 
means±SEM (n=3) of fold changes compared to control values.  cP<0.01 
vs control (Con), eP<0.05 vs high glucose (HG), iP<0.01 vs HG.



960

www.nature.com/aps
Wang GF et al

Acta Pharmacologica Sinica

npg

endothelial cell adhesion and decreased the expression of the 
two adhesion molecules at the gene and protein levels.  In the 
presence of geniposide, CAM expression in endothelial cells 
decreased, which in turn attenuated adhesion of circulating 
leukocytes onto endothelium surfaces and improved endothe-
lial function.  Accordingly, CAMs are regarded as potential 
targets for therapeutic intervention in the process of vascu-
lar injury[26].  Some agents that can interfere with VCAM-1, 
P-selectin and E-selectin expression in endothelial cells have 
shown to be effective in treating diabetic vascular injury[26].  
Our findings suggest that geniposide may represent a novel 
agent for blocking adhesion of leukocytes to endothelial cells 
through interfering with CAM expression.

 In this study, we were interested in the determining the 
mechanism by which geniposide inhibits endothelial cell 
adhesion in the presence of high glucose.  Since previous 
studies have shown that geniposide possesses in vitro anti-
oxidant activity under oxidative stress induced by hydro-
gen peroxide[27, 28], we first investigated whether geniposide 
inhibited high glucose-induced ROS overproduction.  In our 
study, exposure of endothelial cells to high glucose resulted 
in increased levels of intracellular ROS.  However, this over-
production was prevented by pretreatment with 5−20 μg/mL 
geniposide for 2 h.  Our results suggest that the inhibitory 
effects of geniposide on cell adhesion may be related to its 
anti-oxidative activity.

 Then, we investigated the relationship between geniposide-
induced cell adhesion inhibition and NF-κB signal pathway 
activation.  NF-κB regulates the expression of many important 
genes related to cell adhesion such as VCAM-1 and E-selectin.  
These two genes have putative binding sites for NF-κB in 
their promoter regions for activation of gene expression[29–33].  
Therefore, we hypothesized that inhibition of cell adhesion 
by geniposide may be related to inhibition of the NF-κB sig-
nal pathway.  Our study showed that high glucose treatment 
induced cytoplasmic IκB degradation and NF-κB translocation 
from the cytoplasm to the nucleus.  In contrast, pretreatment 
with geniposide prevented cytoplasmic IκB degradation and 
NF-κB translocation from the cytoplasm to the nucleus in a 
dose-dependent manner.  Our results suggest that the inhibi-
tory effect of geniposide on cell adhesion may be related to 
inhibition of the NF-κB signal pathway.  More recently, Liu 
et al reported that geniposide inhibits interleukin-6 and inter-
leukin-8 production in lipopolysaccharide-induced HUVECs 
by blocking p38 and ERK1/2 signaling pathways[34].  In addi-
tion to ROS and the NF-κB pathway, extracellular regulated 
protein kinase (ERK), C-jun N-terminal kinase (JNK) and 
p38, the main members of mitogen-activated protein kinase 
(MAPK) family, may also be involved in high glucose-induced 
VCAM-1 and E-selectin expression.  Accumulated evidence 
has demonstrated that endothelial damage induced by high 
glucose can alter cellular functions via activation of ERK1/2, 
JNK, and p38[35, 36].  In fact, a recent study has shown that 
geniposide protects PC12 cells from oxidative damage via 
upregulated phosphorylation of ERK1/2[37].  Furthermore, 
penta-acetyl geniposide, the derivative of geniposide, induced 

apoptosis via ERK-, p38- and JNK-mediated AP-1 activation in 
C6 glioma cells[38].  Taken together, the JNK, p38 and ERK1/2 
pathways may also be involved in the inhibitory effect of 
geniposide on high glucose-induced VCAM-1 and E-selectin 
expression and monocyte adhesion.

 In our study, NF-κB pathway inhibition could be rapidly 
induced by geniposide pretreatment for 1 h.  Our results are 
consistent with those in other studies.  For example, Lee et al  
reported that pretreatment with an aqueous extract of Buddleja 
officinalis (ABO) for 30 min suppressed high-glucose-induced 
vascular inflammatory processes by inhibiting NF-κB activa-
tion in HUVECs[25], demonstrating that the NF-κB pathway 
can be rapidly inhibited by small natural compounds.  How-
ever, it should be noted that complete inhibition of NF-κB acti-
vation occurred with 1-h geniposide treatment, whereas maxi-
mal inhibition of VCAM-1 and E-selectin expression and ROS 
generation was observed 4 h after drug exposure.  This fact 
suggests that there is a time lag from the activation of NF-κB 
to the subsequent response of particular genes.  This phenom-
enon has also been observed by other research groups.  For 
example, Shimada et al  reported that maximal NF-κB activity 
was observed at 30 min and sustained for 2 h in human umbil-
ical vein endothelial cells (HUVECs) after treatment with 
lysophosphatidic acid, a proinflammatory lysophospholipid, 
but the expression VCAM-1 and ICAM-1 was delayed, peak-
ing at 4 h and remaining for up to 8 h post-drug treatment[39].  
In another report, Manna et al  observed that NF-κB activation 
induced by tumor necrosis factor (TNF) can be observed 15 
min after stimulation, whereas the earliest time reactive oxy-
gen intermediate (ROI) generation was observed was 1 h post-
stimulation[40].  Our study also showed that geniposide had the 
same inhibition ratio of high glucose-induced NF-κB activation 
and VCAM-1 expression as the NF-κB inhibitor BAY 11-7082.  
However, the mechanism by which geniposide-mediated 
peak inhibition of NF-κB activation occurred 3 h prior to peak 
suppression of CAM expression and ROS generation remains 
unclear.  It cannot be ruled out whether geniposide may have 
directly modified VCAM-1 and E-selectin expression or if 
other unknown mechanisms are involved in this complicated 
process.  

In conclusion, the present study demonstrates that geni-
poside inhibits high glucose-induced cell adhesion and the 
expression of VCAM-1 and E-selectin in HUVECs.  The mech-
anism underlying the inhibitory effects of this compound on 
cell adhesion and adhesion molecule expression may occur 
through inhibition of ROS overproduction and NF-κB signal 
pathway activation.  Our findings suggest that geniposide, 
a novel cell adhesion inhibitor, may be used as a preventive 
agent for diabetic vascular injury.
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