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ABSTRACT
Hyperlipidemia especially LDL accumulation causing inflammation in blood vessel. CRP and MMP-9 are component that triggering in inflammation process. This study to know activity of robusta coffee against hyperlipidemia on this component. This study using male wistar rats were divided into three
groups ; normal, hyperlipidemia and that were given coffee with high fat diet groups. Robusta coffee was given 3.6x10-6 m3 by intragastric gavage. Blood
collection was carried out using infra-orbital for analysis of LDL levels. Furthermore, the experimental animals were sacrificed and coronary arteries were
taken for CRP and MMP-9 immunohistochemical staining. Data were analyzed using ANOVA followed LSD test. Results show The highest expression score
for CRP and MMP-9 within the hyperlipidemia group was 188.27 ± 1.8 and 277.56 ± 2.1. The decrease in the expression score of CRP and MMP-9 happened within the ones that were given coffee with 59.33 ± 1.5 and 116.7 ± 0.2 each. Results showed that were differences in the expression of CRP and
MMP-9 in all groups (p <0.05). In conclusion, activity robusta coffee can decreases the expression of CRP and MMP-9 against hyperlipidemia.
Key words: Coronary disease; hyperlipidemia; robusta coffee.

1 INTRODUCTION
Hyperlipidemia is a condition where the High
Density Lipoprotein (HDL) decreases and cholesterol
levels, triglycerides and Low Density Lipoprotein (LDL)
increase (Anthony et al., 2012). The phenomena caused LDL
accumulation on the blood vessel wall, causing oxidative
stress, which would decrease the bio-availability of Nitric
Oxide (NO) and increase the Reactive Oxygen Species (ROS).
The increasing level of ROS will cause the oxidation
of LDL and turn it into ox-LDL which, then, will be processed
as a foreign object that induced the CRP secretion, which is
an acute phase within the liver Chung, Makambi and Soldin
(2014), Bentzon (2014). CRP functions during the opsonization
mechanism of oxLDL, triggering the phagocytosis process
and forming foam cells (Calabro; Golia; Yeh, 2009). The
accumulation of foam cell will form fibro-fatty lesion which
then maturate and form a mature atherosclerotic plaque
(fibrous cap). Fibrous cap consists of two main components:
the center rich in lipids and the extracellular matrix, that
contains collagen and protein (Bentzon, 2014). CRP also
induce MMP-9 secretion with the endothelium cell (Fonseca;
Lima; Couto, 2014).
The result of the research shows that there is an escalation
of matrix metalloproteinase-9 (MMP-9) expression, in addition
to the core of fibrous cap (Yabluchanskiy, 2012). MMP-9
has a role in the degradation of collagen and elastin, immune
response stimulation during the early stage of pathogenesis
and disease progression, sitokin and kemokin activity. The
higher MMP-9, the thinner the matrix extracellular component
(collagen) in the fibrous cap which will cause the fibrous cap to
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become unstable and rupture (Newby, 2015). The phenomena
can cause various complications such as coronary disease,
when the coronary artery ruptures until antioxidant substance
that can be found in coffee is needed.
Coffee contains phytopharmaceutical substances that
may potentially act as antioxidants. There are various types
of coffee that contain phytopharmaceutical substances, one
of them is Robusta, that which has more fitofarmaka more
phytopharmaceutical substances than others (Farah, 2012).
Robusta coffee contains several alkaloids and polifenol
substances such as caffeine, chlorogenic acid (CGAs), ferulic
acid (FA), and Dihydrocaffeic acid (DHCA) (Farah, 2012).
Caffeine has the effect to enhance the cell migration of the
endothelium and re-endotheliumination, CGAs acts as an antitumor and MMP-9 inhibitor, FA acts as a potent antioxidant;
DHCA acts as an MMP-2 inhibitor and MMP-9 for the cerebral
ischemic rats model (Lee; Lee; Bu, 2015; Silva; Batista, 2017;
Fang et al., 2012). Based on the explanation, the writers aim
to find out the effect of Robusta coffee on CRP and MMP-9
expression against hyperlipidemia.

2 MATERIAL AND METHODS
This research has the ethical clearance from the
ethical committee of the Faculty of Dentistry of University
of Jember No. 256/UN25.8/KEPK/DL/2019. The material of
this research were follows : fifteen of 2-3 month male wistar
rats (LPPT UGM, Yogyakarta) were randomly divided into
three groups. One, control group was fed with normal food
(Feedmill-Malindo, Gresik), second is hyperlipidemia group
was fed with high fat diet food. High fat diet food making is
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done by mixing 0,003 kg of pig fat and 0,002 kg of duck egg
yolk (Harsa, 2014), and the third group is coffee group was fed
with high fat diet food and coffee solution 3.6x10-6 m3. Coffee
powder (PTPN XII, Jember) solution making by conversion
coffee dose in humans . After the conversion is done, the rats
are given 18 kg.m-3 ground coffee were diluted into boiling
water (100 °C). Experimental animals were grouped into
three groups: control group, hyperlipidemia and coffee group .
Both groups with hyperlipidemia and those given coffee were
treated with a high-fat diet, with 5x10-6 m3 every morning
using intragastric gavage. Subsequently, the ones given coffee
with 3.6x10-6 m3 by intragastric gavage too. After 4 weeks,
the experimental animals were anesthetized using Ketamine
HCl (Phzer Co). Then, euthanasia was then carried out and the
coronary artery was taken by the cardiac surgery. The process
of coronary artery extraction was done carried out by taking
a longitudinal cut below 3 mm from the atrial and ventricular
border (Eckman et al., 2013). The heart organ was fixed into
PBS (Phosphate Bufer Saline/Sigma) solution for 24 h. The next
step was the histochemical process, before cutting the liquid
paraffin. Immunolocalization of CRP and MMP-9 expression
using CRP kit antibody (1:200 dilution, Santa Cruz®) and
MMP-9 kit antibody (1:400 dilution, Santa Cruz®), DAB
(Diamonobenzinidine/Daco), HRP (horseradish peroxidase)
and was left for one night at 4 oC. After this, the object was
then observed under a microscope with 400x magnification.
Expressions of CRP and MMP-9 were calculated using histo
score (h-score) (Indriani; Saputra; Maker, 2017).

2.1 Statistical Analysis
Result are reported as mean ± standart deviation.
Differences between groups were compared using ANOVA
test. P<0.05 was followed LSD test.

Figure 1: CRP and MMP-9 expression scores using H-Score.
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3 RESULTS
3.1 CRP and MMP-9 Expression
CRP and MMP-9 expression scores were measured
using the H-score showing on average, the highest CRP and
MMP-9 expression was found in the group with hyperlipidemia
with 188.27 ± 1.88 and 277.56 + 0.48 each. For the groups
to which coffee was given, a decline towards the number of
59.33 ± 1.50 and 116.07 + 1.02 was observed to the average
CRP and MMP-9 expression of the control group (Figure 1).
The highest expression of CRP and MMP-9 was found in
the hyperlipidemia group which was characterized by a deeper
brown color intensity than the control group and the coffee
treatment group. The lightest brown color occurred within the
control group, while in the coffee treatment group there is was a
touch of brown with moderate intensity (Figure 2).
One Way Anova test result had a significant value (p
<0.05), which shows a significant difference in the CRP and
MMP-9 expression scores in all groups (Table 1). To determine
the difference in CRP and MMP-9 expression scores between
treatment groups, a post hoc LSD test was performed. The
LSD test showed a significant difference between all treatment
groups (p <0.05).

4 DISCUSSION
The result of this study shows that there is an increase in
LDL levels in the hyperlipidemia group compared to the coffee
treatment group and the control group. This condition occurs
due to the deposit of lipids in hepatocytes are metabolized into
triglycerides and cholesterol esters. Cholesterol esters in LDL
will be carried to the liver and steroidogenic tissues such as the
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adrenal glands, testicles, and ovaries that have LDL cholesterol
receptors. Some LDL cholesterol will experience oxidation

which will trigger an inflammatory response (Sudoyo et al.,
2010).

Figure 2: An immunohistochemical description of coronary artery preparations with an-adjustment of 400 x. CRP expression is
shown in figures (A), (B), and (C). MMP-9 expression is shown in figures (D), (E), and (F). Control group (A) and (D), hyperlipidemia
group (B) and (E), and treatment groups of coffee (C) and (F). The yellow arrow shows endothelium cells that do not express CRP
and MMP-9, while the red arrow shows endothelium cells that express CRP and MMP-9. Description: L (lumen).

Coffee Science, 15:e151744, 2020
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Table 1: Summary ANOVA test result CRP and MMP-9 expression score.

CRP Between groups
Within Groups
Total
MMP 9 Between groups
Within Groups
Total

Sum of Squares

df

Mean Square

F

Sig.

75393.140

2

37696.570

4.08453

.000

83.080

9

75476.220

11

140122.562

2

70061.281

3.67554

.000

17.158

9

1.906

140139.720

11

Based on the result of this study, it seems that the
CRP and MMP-9 expression are the most intense in the
endothelium cells when the artery group with hyperlipidemia
is given a high-fat diet. Increased expression of CRP and
MMP-9 occurs as a result of continuous inflammation by oxLDL. The inflammatory process that occurs begins with an
increase in Reactive Oxygen Species (ROS) and a decrease in
the bioavailability of Nitric Oxide (NO) so that endothelium
cells experience dysfunction and increased permeability. This
causes LDL to oxidize to form oxLDL (Wu et al., 2017).
The process, will trigger CRP secretion by hepatocyte cells
(Chung; Makambi; Soldin, 2014).
CRP plays an active role in endothelium dysfunction
and the formation and development of atherosclerotic plaques,
where it has been found in atherosclerotic plaques. CRP
performs down-regulated transcription of endothelial nitric
oxide (NO) synthase (eNOS) in endothelium cells, resulting
in a decrease in the amount of released NO. This inhibition
of NO production facilitates apoptotic endothelium cells. CRP
also regulates intercellular adhesionmolecular 1 (ICAM-1),
VCAM-1, and E-selectin adhesion molecules. Besides, CRP
stimulates the migration and proliferation of vascular smooth
muscle cells, neointimal formation, and ROS production.
Another mechanism by which CRP actively participates in
atheroma formation is facilitating through the opsonization
of LDL by macrophages which then becomes foam cells
and develops into atheroma plaques (Montero et al., 2006;
Cardoso; Paulos, 2017). CRP can induce MMP-9 secretion by
smooth muscle cells that cause instability in atheroma plaques
(Fonseca; Lima; Couto, 2014).
Decreased expression of CRP and MMP-9 occurrs in
the coffee treatment group compared to the hyperlipidemia
group. Decreased expression of CRP and MMP-9 in the
coffee treatment group is suspected due to the content of
phytopharmaceutical compounds found in coffee. Chlorogenic
acid (CGAs) has an anti-inflammatory effect by inhibiting the
secretion of pro-inflammatory cytokines in PBMC (Peripheral
Blood Mononuclear Cells) (Krakauer, 2002). Chlorogenic acid
(CGAs) plays an important role as an anti-tumor agent through
Coffee Science, 15:e151744, 2020

inhibition of MMP-9 and it has been proven to inhibit MMP-9
(Marco; Fischer; Henle, 2011; Jin et al., 2005). Based on the
results of existing studies, it is proven that CGAs and caffeine
are effective in inhibiting the signals of PKD, IKK, NF-kB and
IL-8 which are inflammatory pathways through the binding
of intracellular ROS. In addition, the mechanism of CGAs
and kefins in inhibiting MMP-9 expression is related to other
transduction signals such as antioxidant and redox signaling
pathways, which can increase HO-1 (Heme Oxygenase-1) and
NQO-1 regulation (NAD (P) H dihydrogenase), which are
antioxidant enzymes and have been known to act as a protector
of endothelium cells against oxidative stress. The regulatory
mechanisms of HO-1 and NQO-1 occur through activation
of Nrf-2 (Nuclear factor erythroid 2-related factor 2) and Akt
phosphorylation which is also known as kenase-B proteins
(Shin et al., 2017).
Another coffee component, ferulic acid, inhibits the
expression of CRP and MMP-9 through 5 main pathways
by direct binding to ROS, stabilizing unstable molecules by
donating one electron, inhibiting oxidative enzymes, such as
xanthine oxidase, protein kinase C, and others resulting in
a reduction in ROS production, binding of transition metals
such as Fe2 and Cu involved in the conversion of O2- and
H2O into free radicals, and repairing damage that occurs
in cells such as damage to membrane lipids, proteins, and
deoxyribonuceat acid (DNA) cells (Silva; Batista, 2017).
The mechanism of inhibition of free radicals by ferulic
acid causes inhibition of the pro-inflammatory secretion of
cytokines so that it can reduce the expression of CRP and
MMP-9 in endothelium cells in the intima of the rats’ coronary
artery (Fang et al., 2012; Lampiasi; Montana, 2016). Another
coffee substance that has positive effects is dihydrocaffeic
acid (DHCA). Based on existing in vitro studies showing that
DHCA at a concentration of 100 mg.mL-1 can inhibit MMP-9
and MMP-2 in the mouse model of cerebral ischemia (Lee;
Lee; Bu, 2015).
MMP-9 expression in the control group is lower than
that in the hyperlipidemia group and coffee treatment group.
This happens since the control group is the only one that is
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given a standard diet so that LDL does not occur in the intima
tunica. In general, under normal conditions MMP-9 is also
secreted to normal limit but if there is inflammation there will
be an increase in MMP-9 (Wulandari et al., 2016).
The LSD test result shows a significant difference
between groups. A significant difference between the coffee
treatment group and the hyperlipidemia group shows that
coffee intake can reduce MMP-9 expression. Decreasing
MMP-9 expression occurs due to the coffee content which has
anti-inflammatory and anti-oxidant effects.

5 CONCLUSION
Robusta coffee can reduce the expression of CRP and
MMP-9 in coronary artery endothelium cells that are induced
by hyperlipidemia.
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