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صلختسمليميظنتلارودلانمققحتللةساردلاهذهتيرجأ:ثحبلافادهأ
ليثميدو٩٠ةيرارحلاةمدصلانيتوربىلعواكاكاموربويثلوفنملوناثيلإا
-ممستتاضيرمامزلابنمةمجانلاةيناطبلاايلاخلللثامتملاريغنينجرأ
.لمحلا

ةلحرملايف.ةيرشبلاةرسلانمةيناطبلاايلاخلاىلعلوصحلامت:ثحبلاقرط
،)جلاعريغنم(مكحتلاةعومجم؛تاعومجمىلإايلاخلاميسقتمتو،ةجومتملا
-ممستتاضيرمامزلابنم٪٢ىلإتضرعتيتلاةيناطبلاةيلخلاةعومجم
تاضيرمامزلابنم٪٢ىلإتضرعتيتلاةيناطبلاةيلخلاةعومجم،لمحلا
ةفلتخمتاعرجبواكاكاموربويثنملوناثيلإاصلختسمبتجلوعولمحلا-ممست
ةطساوب٩٠ةيرارحلاةمدصلانيتوربىوتسمليلحتمتامك.)١٠٠;٥٠;٢٥(
ريغنينجرأليثميدلضرعتلاليلحتمت.ةصاملاةيعانملاتاميزنلإاصحف
.ةيعانملاةيولخلاءايميكلامادختسابلثامتملا

يف٩٠ةيرارحلاةمدصلانيتوربىوتسملضافخناكانهناك:جئاتنلا
متدقو.لمحلا-ممستتاضيرمنمةذوخأملاامزلابللتضرعتيتلاةعومجملا
٥٠تاعرجلايفواكاكاموربويثصلختسمبظوحلملكشبضافخنلاااذهطيبثت
يفةريبكةدايزىلعلمحلا-ممستتاضيرمنمةذوخأملاامزلابلاتلمع.١٠٠و
ةدايزلاهذهطيبثتمت.مكحتلاةعومجمعمةنراقملابلثامتملاريغنينجرأليثميد
.ىلعأنيتعرجبهؤاطعإمتيذلاواكاكاموربويثصلختسمءاطعإبظوحلملكشب
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Abstract

Objectives: This study was conducted to investigate the

modulatory role of an ethanol extract of Theobroma ca-

cao beans on heat shock protein 90 (HSP90) and asym-

metric dimethylarginine (ADMA) levels of endothelial

cells under the influence of plasma of pre-eclamptic

patients.

Methods: The endothelial cells were obtained from a

human umbilicus. In the confluent phase, the cells were

subdivided into groups: the control group (no treatment),

the endothelial cell group that was exposed to 2% pre-

eclamptic patients’ plasma, and the endothelial cell

group that was exposed to 2% pre-eclamptic patients’

plasma and treated with the ethanol extract of T. cacao at

various doses (25, 50, or 100 ppm). Analysis of HSP90

levels was carried out by an enzyme-linked immunosor-

bent assay. Quantification of ADMA was conducted by

immunocytochemistry.

Results: There was a decreased HSP90 level in the group

exposed to the pre-eclamptic patients’ plasma. This

decrease was significantly attenuated by the extract of

T. cacao at the doses of 50 and 100 ppm. The pre-

eclamptic patients’ plasma significantly increased
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ADMA level as compared with the control group. This

increase was significantly attenuated by the administra-

tion of the T. cacao extract at the two highest doses.

Conclusions: The extract of T. cacao beans protected the

endothelial cells that were exposed to pre-eclamptic pa-

tients’ plasma by increasing HSP90 levels and reducing

ADMA levels.

Keywords: ADMA; Ethanol extract; HSP90; In vitro; Stress

protein

� 2017 The Authors.

Production and hosting by Elsevier Ltd on behalf of Taibah

University. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
Introduction

Pre-eclampsia is a syndrome that develops in pregnant
women in the form of hypertension and proteinuria after 20
weeks of pregnancy. This syndrome affects 3e5% of preg-

nancies and occurs due to a placental abnormality. Because it
affects only pregnant women, this disorder can lead to
complications, which may happen before or after childbirth

to the mother or the child. Pre-eclampsia is dangerous, and
early detection efforts and the best treatment of this disorder
are still not satisfactory.1,2 The final effect of this disorder is

expressed as the incomplete invasion degree of the
trophoblast and endothelial cell dysfunction, which trigger
placental dysregulation.3

Heat shock proteins (HSPs) are expressed by all cells.
These proteins have diverse functions; one of their functions is
to assist the cells in the defence against stress. Some HSPs are
constitutively expressed, and others are adaptively expressed

in response to specific injuries.4 Heat shock protein 90
(HSP90) is the most abundant chaperone, estimated at
approximately 1e2% of total cellular protein.5 Research has

proved that the increase in Hsp90 levels occurs in red blood
cells of pre-eclamptic patients’ umbilical cord compared to
normotensive pregnant women.6 In pre-eclampsia, a decrease

in endothelial cell viability is associated with an increase in
HSP90 expression.7 Other studies have revealed that this heat
shock protein is down-regulated in peripheral blood of pre-
eclamptic patients with or without foetal growth restriction.8

Nitric oxide (NO) is also involved in the development of
pre-eclampsia. Anomalous regulation of NO metabolism is
caused by down-regulation of NO synthase owing to

competitive inhibition by asymmetric dimethylarginine
(ADMA).9 The latter is an endogenous competitive inhibitor
of NO synthase and plays a role in endothelial dysfunction.10

Various studies have confirmed that ADMA levels are
increased in pre-eclamptic patients11e17 although the
results of some studies are inconsistent.18,19 In fact, the

ADMA level is an indicator of the risk of pre-eclampsia in
pregnancy.20 Considering that endothelial NO synthase
(eNOS) interacts with HSP90 as a regulatory protein,21

changes in NO regulation should alter HSP90 expression.

Until now, no studies have proved HSP90 regulation or its
relation to ADMA in endothelial cells of pre-eclamptic pa-
tients. Moreover, no studies have shown an influence of an

herbal ingredient on HSP90 and ADMA in endothelial cells
of pre-eclamptic patients.

Theobroma cacao is a plant currently used in beverages

and foods by people all over the world. T. cacao contains a
flavonoid that can protect blood vessels. Some researchers
have stated that T. cacao can inhibit atherosclerosis through

modulation of oxidative stress and inflammation and nor-
malisation of blood pressure and blood lipid levels.22 Several
studies have suggested that T. cacao can inhibit the up-
regulation of vascular factors in pre-eclampsia, including

IL-6, sVCAM-1, and ET-1.23 One in silico study proved that
T. cacao ingredients can interact with eNOS; this effect
suggests that T. cacao will also affect HSP90.24 In addition,

flavanols from cacao may interfere with various disruptors
of NOS activity, such as NADPH oxidase and ADMA.25

As far as we know, no studies have revealed a protective

effect of T. cacao on endothelial cells in pre-eclampsia
through HSP90 modulation and ADMA down-regulation.
Therefore, in this study, we implemented exposure of endo-
thelial cells to plasma of pre-eclamptic patients and evalu-

ated the effects of a T. cacao extract on HSP90 and ADMA.

Materials and Methods

Isolation and culture of human umbilical vein endothelial
cells (HUVECs)

This study was conducted in vitro. HUVECs that reached
the confluent state were subdivided into five groups: the
control group (no treatment), endothelial-cell group that was
exposed to 2% pre-eclamptic patients’ plasma, and an

endothelial-cell group that was exposed to 2% pre-eclamptic
patients’ plasma and treated with an ethanol extract of
T. cacao at various doses (25, 50, or 100 ppm). Isolation and

cultivation of HUVECs were carried out according to
methods detailed in other studies.23,24,26

Isolation of plasma of pre-eclamptic patients

This procedure was carried out according to the method
described elsewhere.23,24,26 This procedure was approved by

the Health Research Ethical Committee, Faculty of
Medicine, Brawijaya University, Malang, Indonesia. Pre-
eclampsia plasma concentration of 2% is the optimal dose

that is capable of eliciting a response: a decrease in the
diameter of relaxed blood vessels according to another
study.27

Extraction

T. cacao beans were obtained from PTPN XII Jl, Raja-

wali 49, Surabaya, East Java, Indonesia. Beans obtained in
dry form were the voucher provided by the Coffee and Cacao
Research Center, Jember, East Java, Indonesia. Extraction

was carried out by pulverizing the cocoa beans by 400 mesh
grinding. Next, 300 g of the powdered cacao beans was
added to n-hexane (1:3, w/v) and incubated for 48 h at room
temperature. Then, the extract was filtered through What-

man paper (size 40). The precipitate was oven-dried at a

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Figure 1: HSP90 levels in HUVECs culture medium of various cell

groups. Note: Data are presented as mean � standard deviation;
ap < 0.05 as compared to the control group; bp < 0.05 as

compared with the HUVEC group that was exposed to pre-

eclampsia plasma (PP); Hsp90: heat shock protein 90; ng/ml:

nanograms/milliliter.

Figure 2: ADMA level in various groups of HUVECs. Note: Data

are presented as mean � standard deviation; ap < 0.05 as

compared to the control group; bp < 0.05 as compared to

HUVECs that were exposed to pre-eclampsia plasma (PP);

ADMA: asymmetric dimethylarginine; %: percentage of cells that

contain ADMA.
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temperature of 45e50�C for 3e4 h. Finally, maceration was
carried out with 70% ethanol (1:3) for 2 � 24 h. This process

separated polyphenolics. These polyphenolic compounds
were dried in the vacuum oven for 8e9 h at 45e50�C. These
procedures generated 14.7 g of extract.

HSP90 analysis

Analysis of HSP90 levels was carried out in a HUVECs
medium. Analysis was carried out by an enzyme-linked
immunosorbent assay (ELISA) technique. The ELISA kit
was purchased from Biolegend Inc., catalogue #430507,

USA. Analytical procedures were performed in accordance
with the sequence of procedures stated in the kit’s manual.

ADMA analysis

For immunohistochemical detection of ADMA, tissue

slides were deparaffinised, hydrated, and washed with PBS.
Before ADMA staining, endogenous peroxidase activity was
inhibited with 3% H2O2 in methanol. Slides were incubated

for 30 min with a 1:200 dilution of an anti-ADMA antibody
(BD Transduction Laboratories, Franklin Lakes, NJ) and
signals were revealed using an immunoperoxidase kit (Vector
Laboratories, Burlingame, CA). Control slices were stained

with a secondary antibody only. All the slices were coun-
terstained with hematoxylin (Fisher Scientific). Immunoflu-
orescent detection of ADMA was also conducted to confirm

the immunohistochemical staining and to quantify ADMA
fluorescent staining. Tissue slices were deparaffinised, hy-
drated, and pre-treated with 0.1% trypsin for 30 min at 37�C
for antigen retrieval purposes. After that, the slices were
blocked and next treated with a 1:200 dilution of the anti-
ADMA antibody and a 1:200 dilution of an anti-rabbit

biotin-conjugated secondary antibody (Invitrogen, Carls-
bad, CA). Image analysis was performed under a light mi-
croscope (400� magnification) in a blinded fashion by two
independent observers. Data are presented as percentages of

ADMA level in cells.

Ethics

This study’s protocol passed the ethical review and was
approved by the Health Research Ethical Committee, Fac-

ulty of Medicine, Brawijaya University, Malang, Indonesia.

Statistical analysis

HSP90 and ADMA data are shown as means � standard
deviation. Differences between treatment groups were ana-
lysed by one-way ANOVA in the SPSS 17.0 statistical soft-

ware. If there was significance of some data in the ANOVA,
then a Least Significant Difference test was carried out. A
differencewith p< 0.05was defined as statistically significant.

Results

Figure 1 shows HSP90 levels in endothelial cell media of
various cell groups. The HSP90 level was significantly
lower in the pre-eclampsia plasma group than in the no-

treatment control group (p < 0.05). Among the doses of
25, 50, and 100 ppm T. cacao bean extract, only the two

highest doses significantly prevented the decrease in the
HSP90 level (p < 0.05); the dose of 50 and 100 ppm caused a
level comparable to that in the no-treatment control group
(p > 0.05). There was no difference in HSP90 levels between

the dose of 50 and 100 ppm (p > 0.05).
ADMA amounts in endothelial cells in various treatment

groups are presented in Figures 2 and 3. ADMA level was

significantly higher in the pre-eclampsia plasma group than
in the no-treatment control group (p < 0.05). The increase in
ADMA level was lowered significantly after administration

of the T. cacao bean extract at the doses of 50 or 100 ppm.
This decrease made ADMA levels equivalent to those in the
no-treatment control group (p > 0.05).
Discussion

HSP90 is a cell chaperone that participates in regulation
of the conformation of some proteins to protect signal
transduction and cell proliferation and to prevent
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apoptosis.28 In the present study, HSP90 levels decreased
significantly in endothelial cells that were exposed to pre-

eclamptic patients’ plasma in comparison with the control
group (no treatment). This finding indicated that pre-
eclamptic patients’ plasma contained various factors such

as down-regulators of HSP90 expression. In other words, the
endothelial cell protection mechanism involving HSP90 was
weakened by the pre-eclampsia plasma exposure. Further-

more, this decrease disturbed eNOS coupling activity
because the association of eNOS with HSP90 is required for
eNOS coupling activity. Our in vitro study is an extension of
previous findings that HSP90 is down-regulated in the pe-

ripheral blood of pre-eclamptic patients with or without
foetal growth restriction.8 Another study revealed a decrease
in HSP90 expression in HUVECs of pre-eclamptic patients.29

The findings of this study contradict some previous findings.7
Figure 3: Immunohistochemical analysis for detection of ADMA lev

ADMA is distributed. ADMA presence in immunocytochemical results

that do not contain ADMA are indicated by a purple colour. The im

croscope. The no-treatment control group (A), the endothelial-cell grou

the endothelial-cell group that was exposed to 2% pre-eclamptic patie

various doses: 25 ppm (C), 50 ppm (D), and 100 ppm (E).
According to one study, HSP90 forms a complex with
eNOS to maintain NO levels.30 In the present study, we

found that the ADMA amount was significantly higher
in the endothelial-cell group that was exposed to pre-
eclamptic patients’ plasma than in the no-treatment con-

trol group. Our finding is indicative of two points. Firstly,
either ADMA up-regulation occurred or there was
ADMA addition from the pre-eclampsia plasma to the

endothelial-cell culture medium resulting in the increase of
ADMA levels. Secondly, a loss of endothelial-cell pro-
tection, which was marked by the decrease in HSP90
levels, happened at least due to the increased ADMA

expression. Some studies have proved that ADMA is
present in blood and correlates with the severity of pre-
eclampsia.31,32
els in HUVECs. The arrow indicates an endothelial cell in which

is indicated by brown staining in the nucleus and cytoplasm. Cells

age was captured at 400� magnification by means of a light mi-

p that was exposed to 2% pre-eclamptic patients’ plasma (B), and

nts’ plasma and was treated with an ethanol extract of T. cacao at
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In the present study, the two highest doses of the T. cacao
extract prevented the decrease in the HSP90 expression and

increased the ADMA concentration to levels comparable to
those in the no-treatment control group. This result indicated
that active ingredients of T. cacao can attenuate the changes

in HSP90 and ADMA levels induced by pre-eclampsia
plasma in endothelial cells. Our study extends other find-
ings that the action of T. cacao does not involve only NO

stimulation. HSP90modulation in this study led to inhibition
of ADMA expression.33 The amount of produced ADMA is
dependent on the extent of methylation of arginine in protein
and the protein turnover rate.33 One study showed that

epicatechin of T. cacao can induce phosphorylation or
activation of HSP90,34 and accordingly, HSP90 expression
increased after administration of the two highest doses of

the T. cacao extract here. A flavanol from T. cacao can
suppress ADMA activity.25

Conclusion

The extract of T. cacao beans protected endothelial cells

that were exposed to pre-eclamptic patients’ plasma by up-
regulating HSP90 and reducing ADMA levels.
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