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صخلملا

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

،ةيناطبلاايلاخلاةيامحىلعواكاكاموربويثلوفصلختسملمع:تاجاتنتسلاا
ةيرارحلاةمدصلانيتوربةدايزبلمحلا-ممستتاضيرمامزلابلتضرعتيتلا

.لثامتملاريغنينجرأليثميدجارختساليلقتو٩٠

نيتورب؛لوناثيلإاصلختسم؛لثامتملاريغنينجرأليثميد:ةيحاتفملاتاملكلا
داهجلإانيتورب؛ربتخملايف؛٩٠ةيرارحلاةمدصلا

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 Q8conducted 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-
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eclamptic patients’ plasma significantly increased ADMA

expression as compared with the control group. This in-

crease was significantly attenuated by the administration

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
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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 childQ9 . 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 hasQ10

proved that the increase in Hsp90 levels occurs in red blood
cells of pre-eclamptic patients’Q11 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 thatQ12 HSP90 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 haveQ13 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 endothelial
relaxation of blood vessels Q14according 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 of the Q15Coffee 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 Q16to n-
hexane (1:3, w/v Q17) and incubated for 48 h at room tempera-
ture. Then, the extract was filtered through Whatman paper

(size 40). The precipitate was oven-dried at a temperature of
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