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 Background: In China, the essential oil of the fruit, Fructus Alpiniae zerumbet (FAZ), is used to treat cardiovascular diseas-
es. Recent in vitro studies have shown that the essential oil of FAZ (EOFAZ) can protect endothelial cells from 
injury. Because of the prevalence of diabetes mellitus and its effects on the cardiovascular system, the aim of 
this study was to investigate the mechanism of the effects of EOFAZ on human umbilical vein endothelial cells 
(HUVECs) treated with high levels of glucose in vitro.

 Material/Methods: The lactate dehydrogenase (LDH) leakage assay was used to detect HUVEC injury. Tumor necrosis factor-al-
pha (TNF-a), interleukin-8 (IL-8), and nuclear transcription factor-kappa B (NF-kB) p65 subunit DNA-binding ac-
tivity was detected. The expression of NF-kB pathway-associated proteins, intercellular adhesion molecule-1 
(ICAM-1), and vascular cell adhesion molecule-1 (VCAM-1) was studied by Western blotting. The cellular loca-
tion of NF-kB in HUVECs was evaluated using immunofluorescence.

 Results: Cell viability and LDH leakage assays showed that high glucose-induced HUVEC injury was reduced by EOFAZ. 
High glucose-induced secretion of IL-8, TNF-a, ICAM-1, and VCAM-1 was reduced, and translocation of the p65 
subunit of NF-kB to the endothelial cell nucleus was inhibited by EOFAZ. Western blotting confirmed that EOFAZ 
blocked the activation of NF-kB induced by high glucose levels. EOFAZ reduced high glucose-induced p65/DNA 
binding to inhibit NF-kB activation.

 Conclusions: The findings of this in vitro study showed that treatment of HUVECs with EOFAZ had a protective role against 
the effects of high glucose levels via the NF-kB signaling pathway.
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Background

Endothelial cell dysfunction is considered to be the basis of 
the pathogenesis of vascular disease associated with diabetes 
mellitus, which is also associated with vascular inflammation 
that may be involved in the progression of the complications 
of diabetes [1,2]. Hyperglycemia is an initiator of vascular en-
dothelial cell injury and dysfunction, leading to vascular dis-
ease [3]. Hyperglycemia can also cause vascular inflammation, 
which is a key component in the development of diabetic vas-
cular disease [4,5]. Also, exposure of endothelial cells to high 
levels of glucose can result in the generation of proinflamma-
tory cytokines and chemokines, including nitric oxide (NOS) 
and cell adhesion molecules that promote inflammatory re-
sponses [6]. The cell adhesion molecules, intercellular adhe-
sion molecule-1 (ICAM-1), vascular cell adhesion molecule-1 
(VCAM-1), and E-selectin are also important inflammatory me-
diators in vascular disease [7,8]. In particular, the activation of 
the nuclear transcription factor-kappa B (NF-kB) signaling path-
way can promote the expression of ICAM-1 and VCAM-1 [9,10].

There is increasing evidence from published studies that NF-
kB signaling cascades can participate in both inflammation 
and apoptosis [11–13]. Also, NF-kB induces the expression of 
inflammatory cytokines, leading to the amplification of the 
inflammatory cascade that results in endothelial cell dam-
age [14,15]. In physiologically normal conditions, the binding 
of NF-kB inhibitor to NF-kB remains inactive, and NF-kB is 
present in the endothelial cell cytoplasm. However, during en-
dothelial cell injury, the NF-kB inhibitor becomes ubiquitinat-
ed, phosphorylated and degraded by activated kinases, which 
leads to the activation of NF-kB. Activated NF-kB is transferred 
into the nucleus to initiate inflammatory cytokine transcrip-
tion to induce inflammation [16,17]. Studies have shown that 
hyperglycemia can activate NF-kB, followed by the upregula-
tion of VCAM-1 and ICAM-1 expression, and ultimately leads 
to cellular damage [18].

In southeast and southwest China, the essential oil of the 
fruit, Fructus Alpiniae zerumbet (FAZ), is used to treat cardio-
vascular diseases and diseases of the digestive tract [19]. FAZ 
is a local Miao traditional Chinese medicine, extensively used 
in Guizhou Province [19]. Recent in vitro studies have shown 
that the essential oil of FAZ (EOFAZ) can protect endothelial 
cells from injury, and exhibits a wide range of pharmacolog-
ical properties, including anti-inflammatory effects, protec-
tion against cardiovascular diseases, and antioxidant activi-
ty [20,21]. Also, we have previously shown that EOFAZ could 
reduce vascular endothelial cell injury using a variety of inju-
rious agents [22].

Because of the prevalence of diabetes mellitus and its effects 
on the cardiovascular system, the aim of this in vitro study 

was to investigate the mechanisms of the effects of EOFAZ 
on human umbilical vein endothelial cells (HUVECs) treated 
with high levels of glucose and to examine the role of the NF-
kB signaling pathways.

Material and Methods

Chemical and herbal materials

The fruit, Fructus Alpiniae zerumbet (FAZ), was collected in 
Zhenfeng County, Guizhou Province, China. The content of 
the essential oil from FAZ (EOFAZ) was assessed by Associate 
Professor Chen Zuyun, and the voucher specimen (Number: 
20151026) was stored in the Key Laboratory of Optimal 
Utilization of Natural Medicinal Resources, the High Educational 
Key Laboratory of Guizhou Province for Natural Medicinal 
Pharmacology and Druggability, Guizhou Medical University [19]. 
The essential oil was extracted from the fruit of Alpinia zerum-
bet by steam distillation, and the yield was 1.3%. Analysis of 
the chemical constituents of the essential oil was performed 
by gas chromatography-mass spectrometry (GC-MS), as pre-
viously described [23].

Materials

D-glucose (Lot No. 405A0918) and D-mannitol (Lot No. 
1126F038), and a bicinchoninic acid (BCA) assay kit were ob-
tained from Beijing Solarbio Science & Technology Co., Ltd. The 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) and pyrrolidine dithiocarbamate (PDTC) were obtained 
from Sigma-Aldrich (St. Louis, MO, USA). Nuclear transcription 
factor-kappa B (NF-kB) p65 rabbit polyclonal antibody, phos-
pho-NF-kB p65 (Ser536) antibody, IkBa (NF-kB inhibitor) an-
tibodies, NF-kB activation-nuclear translocation assay kit and 
lysis buffer were all obtained from the Beyotime Institute 
of Biotechnology (Jiangsu, China). The lactate dehydroge-
nase (LDH) activity assay kit was acquired from the Nanjing 
Jiancheng Bioengineering Research Institute (Nanjing, China). 
Antibodies to VCAM-1 and ICAM-1 were purchased from Santa 
Cruz Biotechnology (Santa Cruz, CA, USA).

Cell culture

Primary human umbilical vein endothelial cells (HUVECs) and 
selected endothelial cell culture medium, 1% endothelial cell 
growth supplement, 1% penicillin/streptomycin solution and 
5% fetal bovine serum were obtained from ScienCell Research 
Laboratories (San Diego, CA, USA). Cultures were maintained 
in a humidified environment, 37°C and 5% CO2. HUVECs be-
tween three and five passages were used in all experiments.
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MTT colorimetric assay for assessing cell metabolic activity 
and cell viability

MTT was used to assess the viability of  HUVECs. Cells were 
seeded into 96-well plates and cultured until they reached 
80% confluence. The cells were then exposed to the indicat-
ed concentrations of glucose for 24 h or pre-incubated with 
the indicated concentrations of EOFAZ for 1 h. The superna-
tant was discarded and 20 μl of 5 mg/ml MTT were added to 
each well for 4 h. Then, 100μl dimethyl sulfoxide (DMSO) was 
added to solubilize the formazan crystals and shaken for 10 
min. The ELx800 microplate reader (General Electric, Fairfield, 
CT, USA) was used to determine the optical density (OD) with 
the spectrometric absorbance of 490 nm. The cell survival rate 
(%) was calculated using the following equation:

survival rate �%� = OD treated
OD control × 100 

 Lactate dehydrogenase (LDH) leakage assay

LDH release, or leakage, is related to the permeability of cell 
membranes and can be measured as a biomarker of cell in-
jury. For the LDH leakage assay, following HUVEC treatment, 
the culture media was collected and centrifuged for 10 min 
at 1000×g, and the LDH activity in the supernatant was mea-
sured as the level of extracellular LDH activity. LDH activity 
was measured by determining the absorbance at 405 nm us-
ing the ELx800 microplate reader (General Electric, Fairfield, 
CT, USA), in accordance with the manufacturer’s instructions.

Enzyme-linked immunosorbent assay (ELISA)

Following treatment with EOFAZ, the cell supernatant was col-
lected to detect the concentration of tumor necrosis factor-a 
(TNF-a) and interleukin (IL)-8 using commercial ELISA kits, and 
according to the manufacturer’s instructions (Boster Biological 
Technology, Wuhan, China).

NF-kB nuclear translocation by immunofluorescence

The major subunit p65 of NF-kB was detected by immunoflu-
orescence staining to confirm whether NF-kB was activated 
in the HUVECs, as shown by nuclear translocation. The cells 
were transferred to six-well plates, the culture medium was 
removed, and the cells were washed twice with phosphate 
buffered saline (PBS). The HUVECs were fixed in 4% para-
formaldehyde for 10 min, washed three times with PBS, and 
blocked with a solution of PBS containing 5% bovine serum 
albumin (BSA) for 1 h at 37°C. After discarding the BSA, the 
cells and the primary antibody against NF-kB p65 were incu-
bated at room temperature for 1 h, then washed three times 
with PBS and incubated with Cy3-labeled secondary antibody 
for 2 h. The cells were washed twice with PBS and stained with 

4’, 6-diamidino-2- phenylindole (DAPI). After adding anti-fade 
medium, the cellular pattern of immunofluorescence staining 
was evaluated using an Eclipse Ti-U fluorescence microscope 
(Nikon Corporation, Tokyo, Japan).

Western blotting

HUVECs were harvested, and protein was extracted using a ly-
sis buffer containing protease and phosphatase inhibitors. Cell 
lysates were prepared in lysis buffer and spun at 13,000 rpm at 
4°C for 20 min. A commercial BCA protein assay kit was used to 
measure the protein concentration of the cell lysates. Samples 
were analyzed by 10% stacking sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) and transferred to 
polyvinylidene fluoride (PVDF) membranes (Millipore, Bedford, 
MA, USA). The membranes were blocked with 5% nonfat dried 
milk powder in TBS containing 0.1% Tween 20 for 1 h at room 
temperature and incubated overnight at 4°C with primary an-
tibodies directed against phosphorylated NF-kB p65 (1: 1000), 
IkBa (1: 1000), ICAM-1 (1: 1000), VCAM-1 (1: 800), and GAPDH 
(1: 10,000). After washing the blots to remove excessive pri-
mary antibody binding, the membranes were incubated for 1 h 
with horseradish peroxidase (HRP)-conjugated goat anti-rabbit 
IgG (1: 5000) at room temperature, followed by enhanced che-
miluminescence (ECL) detection (Amersham Biosciences, UK). 
Densitometric measurements of the Western blot band analysis 
were performed using Syngene Gel Imaging System (Bio-Rad).

NF-kB DNA-binding assay

To evaluate NF-kB DNA-binding, the cellular nuclear proteins 
were extracted from HUVECs using a nuclear extraction kit 
(Beyotime Institute of Biotechnology). The NF-kB p65 subunit 
DNA-binding activity was then studied in the nuclear extract 
obtained using an NF-kB p65 transcription factor assay kit, 
according to the manufacturer’s protocol (Cayman Chemical 
Company, Ann Arbor MI, USA). The NF-kB in the cellular nu-
clear proteins was specifically bound to the NF-kB responsive 
element in the sequence of specific double-stranded DNA. 
Incubation at room temperature for 1.5 h with a primary an-
tibody against NF-kB (1: 500) was performed. After washing, 
HRP-conjugated goat anti-rabbit IgG (1: 1000) was incubated 
to supply a sensitive colorimetric readout at 450 nm using the 
ELx800 microplate reader (General Electric, Fairfield, CT, USA)

Statistical analysis

Data were obtained from a minimum of three to five inde-
pendent experiments and expressed as the mean ± standard 
deviation (SD). Statistical analysis was undertaken using a 
Student’s t-test for two groups, and a one-way ANOVA fol-
lowed by Scheffe’s test for multiple comparisons. P<0.05 was 
considered to be statistically significant.
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Results

Essential oil of Fructus Alpiniae zerumbet (EOFAZ) protected 
human umbilical vein endothelial cells (HUVECs) from high 
glucose-induced injury

The viability of human umbilical vein endothelial cells (HUVECs) 
measured using an MTT assay, showed that cell viability re-
mained stable and was not significantly altered by treatment 
with EOFAZ at 0.25−4 µg/mL for 24 h (Figure 1A). Treatment 
of HUVECs with glucose (5.5–75 mmol/L) reduced cell viabili-
ty in a dose-dependent manner (Figure 1B). Also exposure to 
35 mmol/L glucose for 24 h significantly reduced cell viabili-
ty to 68.7%±3.4% (P<0.01). Therefore, a high concentration of 
glucose (35 mmol/L, with exposure for 24 h) was used as the 
model condition in subsequent experiments. Also, prevention 

of high glucose-induced HUVEC injury by essential oil of Fructus 
Alpiniae zerumbet (EOFAZ) was dose-dependent (Figure 1C).

We chose three doses of EOFAZ (0.25, 1.0, and 4.0 µg/mL) to 
evaluate its protective effect. Lactate dehydrogenase (LDH) 
leakage can be used as a biomarker of cell membrane dam-
age. The degree of LDH leakage was significantly increased 
in HUVECs exposed to 35 mmol/L of glucose alone. However, 
preincubation with EOFAZ for 1 h reduced the increased lev-
els of LDH leakage. To eliminate the effect of osmotic pressure 
of high glucose levels on LDH leakage, cells were exposed to 
D-mannitol with the same osmotic pressure as high glucose. 
it was confirmed that D-mannitol did not cause a significant 
increase in LDH leakage (Figure 1D).
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Figure 1.  Effects of the essential oil of the fruit, Fructus Alpiniae zerumbet (EOFAZ) on glucose-induced cell viability and injury of 
human umbilical vein endothelial cells (HUVECs). (A) The viability of HUVECs during treatment with various concentrations 
of EOFAZ for 24 hours. Cell viability was assessed using an MTT assay (n=6). (B) HUVECs were incubated with different 
concentrations of glucose for 24 h. Cell viability was assessed using an MTT assay (n=6). (C) HUVECs were pretreated 
with various concentrations of EOFAZ for 1 h before stimulation with high glucose (35 mmol/L) for 24 h. Cell viability was 
assessed via an MTT assay (n=6). (D) The expression of lactate dehydrogenase (LDH) leakage in culture supernatants of 
HUVECs was measured by enzyme-linked immunosorbent assay (ELISA) (n=5). Mannitol was used as an osmotic control. Data 
are presented as the mean ± standard deviation (SD). * P<0.01.
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EOFAZ reduces the secretion of inflammatory cytokines

To determine whether EOFAZ inhibited the expression of in-
flammatory cytokines in 35 mmol/L glucose-stimulated HUVECs, 
the levels of TNF-a and IL-8 were measured using an enzyme-
linked immunosorbent assay (ELISA). Figure 2 showed that high 
glucose increased TNF-a and IL-8 expression, and EOFAZ pre-
treatment reduced high glucose-induced TNF-a and IL-8 ex-
pression in a dose-dependent manner.

EOFAZ downregulated the expression of cell adhesion 
molecules in high glucose-induced HUVEC injury

The inhibitor of nuclear transcription factor-kappa B (NF-kB), 
pyrrolidine dithiocarbamate (PDTC) was used to detect cell ad-
hesion molecule expression in high glucose-induced HUVECs 
via NF-kB signaling. The Western blot analysis showed that 
high glucose increased VCAM-1 and ICAM-1 production in 
HUVECs. PDTC inhibited the effects of high glucose on ICAM-1 
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Figure 2.  The essential oil of the fruit, Fructus Alpiniae zerumbet (EOFAZ) reduced the high glucose-induced secretion of tumor necrosis 
factor (TNF)-a and interleukin (IL)-8 in human umbilical vein endothelial cells (HUVECs). Cells were pre-protected with EOFAZ 
(0.25, 1.0, and 4.0 μg/mL) for 1 h, then exposed to high glucose levels (35 mmol/L) for 24 h. (A) The expression of TNF-a 
and (B) IL-8 on culture supernatants of human umbilical vein endothelial cells (HUVECs) were measured by enzyme-linked 
immunosorbent assay (ELISA) (n=5). Data are presented as the mean ±SD. * P<0.01.
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Figure 3.  The effects of the essential oil of the fruit, Fructus Alpiniae zerumbet (EOFAZ) on the high glucose-derived increased 
production of ICAM-1 and VCAM-1 in human umbilical vein endothelial cells (HUVECs). HUVECs were incubated with EOFAZ 
(0.25, 1.0, and 4.0 μg/mL) or PDTC (20 μM) for 1 h, then exposed to high glucose (35 mmol/L) for 24 h. Western blotting 
analysis was performed to analyze the expression level of ICAM-1 and VCAM-1 (n=4). Data are shown as the mean ±SD. 
# P<0.01 vs. control. * P<0.01 vs. the high glucose group.

4764
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Huang N. et al.: 
EOFAZ protects HUVECs from glucose-induced injury

© Med Sci Monit, 2017; 23: 4760-4767
LAB/IN VITRO RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



and VCAM-1 expression (Figure 3). These results indicated 
that NF-kB might be indispensable to the high glucose-in-
duced expression of ICAM-1and VCAM-1 in HUVECs. We pre-
treated HUVECs with EOFAZ at the indicated concentrations 
(0.25, 1.0, and 4.0 µg/mL). As shown in Figure 3, the pretreat-
ment of HUVECs with EOFAZ significantly inhibited the high 
glucose-induced effect on the levels of ICAM-1 and VCAM-1.

EOFAZ blocks high glucose-induced activation of NF-kB

Because the NF-kB pathway is a crucial mediator of inflamma-
tion, the effect of EOFAZ on high glucose-induced NF-kB path-
way activation was studied. In the immunofluorescence assay 
to determine whether EOFAZ could affect the high glucose-acti-
vated NF-kB pathway, p65 was found to be transferred into the 

cell nucleus of the HUVECs, and that EOFAZ reduced the phos-
phorylation of p65 in a dose-dependent manner. Also, EOFAZ 
pretreatment significantly inhibited the effect of high glucose 
by reducing the levels of p65 and IkBa (Figure 4A). The de-
crease in NF-kB expression induced by high glucose was medi-
ated by an increase in NF-kB p65 translocation into the nucle-
us, which was also inhibited by EOFAZ. (Figure 4B). Therefore, 
these findings demonstrated that high glucose-mediated NF-
kB activation could be inhibited by EOFAZ.

Effects of EOFAZ on the DNA binding activity of NF-kB p65 
induced by high glucose in HUVECs

High glucose stimulation was found to increase significantly 
the NF-kB p65 DNA binding activity. Following pretreatment 
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Figure 4.  The essential oil of the fruit, Fructus Alpiniae zerumbet (EOFAZ)-mediated blockade of high glucose-induced nuclear 
transcription factor-kappa B (NF-kB) activation. HUVECs were incubated with EOFAZ (0.25, 1.0, and 4.0 μg/mL) or 
pyrrolidine dithiocarbamate (PDTC) (20 μM) for 1 h, then exposed to high glucose (35 mmol/L) for 24 h. (A) NF-kB p65, p65 
phosphorylation, and IkBa were examined by Western blotting (n=4). Data are presented as the mean ±SD. # P<0.01 vs. 
control; * P<0.01 vs. the high glucose group. (B) High glucose significantly increased the translocation of NF-kB p65 from the 
cytoplasm to the nucleus, and EOFAZ attenuated this addition. Immunofluorescence assay (×200 magnification) (n=5) was 
used to detect the inhibition of high glucose-induced p65 nuclear translocation with EOFAZ or pyrrolidine dithiocarbamate 
(PDTC). Images were obtained using a fluorescent microscope. Nuclei were stained with DAPI (blue). NF-kB p65 was stained 
with Cy3 (red). NF-kB p65 was localized in the cytoplasm of control cells. HUVECs exposed to high glucose levels exhibited 
significant translocation of p65 to the nucleus. After pretreatment with different concentrations of EOFAZ or PDTC (20 μM) 
for 1 h, p65 was significantly retained in the cytoplasm.
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of HUVECs with different doses of EOFAZ for 1 h, NF-kB p65 
DNA binding activity was found to decrease in a dose-depen-
dent manner (Figure 5).

Discussion

Diabetic vascular disease provides a key pathological basis 
for vascular endothelial dysfunction, for which high concen-
trations of glucose is one of the important risk factors for vas-
cular endothelial dysfunction. A high glucose concentration is 
also a primary factor involved in the development of vascu-
lar inflammation [24]. Also, high levels of glucose cause acti-
vation of the innate immune system and the persistence of 
a microinflammatory state. Therefore, endothelial inflamma-
tion and dysfunction may provide potential targets for inter-
vention as an effective strategy to prevent and delay compli-
cations associated with diabetes mellitus [25]. Recently, our 
laboratory has reported that the Chinese herbal medicine, es-
sential oil of Fructus Alpiniae zerumbet (EOFAZ), may protect 
against cardiovascular disease via its anti-inflammatory and 
anti-hypertensive effects [26]. In this in vitro study, human um-
bilical vein endothelial cells (HUVECs) treated with high levels 
of glucose to determine whether EOFAZ could protect endo-
thelial cells from high glucose-induced injury.

To the best of our knowledge, this is the first report to demon-
strate the effects of EOFAZ on endothelial cell injury induced 
by high levels of glucose. The MTT and lactate dehydrogenase 

(LDH) leakage assay showed that pre-incubation with EOFAZ 
significantly reduced high glucose-induced cell injury. Also, 
EOFAZ significantly decreased the secretion of the proinflam-
matory cytokines, tumor necrosis factor (TNF)-a, and interleu-
kin (IL)-8, thereby reducing the HUVEC inflammatory pheno-
type. These findings indicate that EOFAZ is a cytokine inhibitor.

Adhesion molecules are a class of glycoprotein molecules that 
interact on the cell surface and mediate cell-cell interactions 
and interactions between cells and the extracellular matrix 
(ECM). The cell adhesion molecules, ICAM-1and VCAM-1, me-
diate leukocyte and vascular endothelial cell adhesion, as well 
as leukocyte activation, thereby triggering a proinflammatory 
response [27]. Previous studies have shown that ICAM-1 and 
VCAM-1 expression is closely related to the development of 
diabetic vascular disease [28]. Also, NF-kB signaling manifests 
as a deep involvement in the inflammatory process, particu-
larly regarding the regulation of ICAM-1and VCAM-1 expres-
sion [29]. Moreover, the expression of these adhesion molecules 
is regulated by nuclear transcription factor-kappa B (NF-kB) 
and other transcription factors. The results of this study show 
that EOFAZ can inhibit the elevated expression of ICAM-1and 
VCAM-1 induced by high glucose concentrations, suggesting 
that EOFAZ inhibits the inflammation associated with diabet-
ic vascular endothelium. This anti-inflammatory effect may be 
achieved by inhibiting the activation of transcription factors. 
NF-kB translocation into the nucleus initiates a variety of pro-
inflammatory cytokines, adhesion molecules, chemokines, and 
growth factors and thus, participates in host defense and in-
flammatory responses.

Also, nuclear transcription factor-kappa B (NF-kB) is expressed 
in endothelial cells and plays a key role in the regulation of 
vascular endothelial growth factor [30,31]. Therefore, the in-
hibition of NF-kB activity may be an important pathway for 
the control of vascular inflammation, as well as delaying the 
progression and improving vascular complications of diabe-
tes mellitus. We used different concentrations of EOFAZ in 
the culture medium before stimulating the vascular endothe-
lial cells with a high glucose concentration. Our results dem-
onstrate that EOFAZ inhibited NF-kB activation in high glu-
cose-induced vascular endothelial cells in a dose-dependent 
manner. The findings of this study have shown, for the first 
time, that EOFAZ as a natural product can protect endotheli-
al cells cultured in vitro from high glucose-induced endothe-
lial dysfunction by inhibiting the activation of the NF-kB sig-
naling pathway.

Conclusions

The findings of this study have shown that the natural essen-
tial oil of the fruit, Fructus Alpiniae zerumbet (EOFAZ) might be 
a modulator of NF-kB signaling pathway and this finding may 
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Figure 5.  Effects of the essential oil of the fruit, Fructus Alpiniae 
zerumbet (EOFAZ) on the DNA binding activity of 
nuclear transcription factor-kappa B (NF-kB) p65 
induced by high glucose levels in human umbilical 
vein endothelial cells (HUVECs). The nuclear proteins 
were extracted using a commercial nuclear extraction 
kit. NF-kB p65 subunit DNA-binding activity was then 
studied in the nuclear extract obtained using the NF-
kB p65 transcription factor assay kit (n=5). Data are 
presented as the mean ±SD. * P<0.01.
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explain the protective effects of EOFAZ on endothelial dysfunc-
tion induced by high concentrations of glucose. The findings 
from this in vitro study require support from controlled clinical 
studies to determine the potential role of EOFAZ in the treat-
ment of diabetes-related vascular disease.
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