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Abstract

Atherosclerosis is a leading cause of cardiovascular disease-related death worldwide.
Some studies suggested that the natural ingredients in coffee may negatively affect
cardiovascular diseases, while other studies indicated that coffee contains anti-
inflammatory compounds that are beneficial for cardiovascular diseases. The aim of this
study was to measure the expression of P-selectin in aortic endothelial cells and the level
of serum apolipoprotein A-1 (ApoA-1) in an atherosclerosis rat model after the
administration of arabica and robusta coffee bean extracts at mild-moderate and high
doses. An experimental study was conducted with a complete randomized design using 36
adult male white rats (Rattus norvegicus) divided into six groups: negative control (NC),
positive control (PC), arabica mild-moderate dose (A1), arabica high dose (A2), robusta
mild-moderate dose (R1), and robusta high dose (R2). Animals were induced
atherosclerosis with atherogenic feed and then were treated with arabica and robusta
coffee bean extracts at two different doses for four weeks. The results showed that the
expression of P-selectin in the group of rats treated with robusta coffee bean extract was
lower than arabica coffee bean extract group. Rats with robusta coffee bean extract mild-
moderate dose had the highest ApoA-1 levels compared to other groups significantly
(p<0.05). The level of ApoA-1 was higher in both mild-moderate and high dose of robusta
coffee groups compared to the negative control group (both with p<0.001). In conclusion,
mild-moderate intake of robusta coffee bean extract could reduce aortic P-selectin
immunoexpression and increase serum ApoA-1 levels in an atherosclerosis rat model.

Keywords: ApoA-1, atherosclerotic biomarker, P-selectin expression, cell adhesion
E molecules, immunohistochemistry
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@J/namj-org Atherosclerosis is a leading cause of cardiovascular disease-related death worldwide. Its
pathogenesis involves several important inflammatory components [1-3], including various
BY__NC interrelated cell types such as macrophages, endothelial cells, vascular smooth muscle cells, and
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immune cells [4]. Several anti-inflammatory markers are often measured to elucidate the
pathogenesis of atherosclerosis, including P-selectin and apolipoprotein A-1 (ApoA-1) [5,6]. P-
selectin is a cell adhesion molecule expressed by activated platelets and endothelial cells. It plays
an important role in mediating leukocyte-endothelial interactions and platelet activation, thus
contributing to hemostasis and inflammation [7]. Platelet activation and leukocyte adhesion are
two important processes in the pathogenesis of atherosclerosis [8]. The development of early
lesions of atherosclerosis involves the process of leukocyte and monocyte adhesion to the vascular
endothelium at the site of injury [9,10]. Previous studies have shown that soluble P-selectin in
plasma has a positive correlation with the progressivity of atherosclerotic plaque formation, and
therefore, P-selectin can be used as a biomarker to assess the incidence of atherosclerosis [5,6].
In contrast, ApoA-1 is an antiatherogenic and antioxidant protein that could inhibit
atherosclerotic plaque formation [8,11].

Despite many modern treatments and interventions to reduce the incidence of
atherosclerosis, the prevalence of cardiovascular disease has continued to increase in recent
decades [12,13]. Therefore, nowadays, various natural products have attracted worldwide
attention to be developed for the prevention and therapeutics of cardiovascular diseases through
the bioactive compounds contained in natural products [4]. Natural products are thought to
prevent atherosclerosis through the mechanisms of regulating lipid metabolism, improving
inflammation, stabilizing plaque, and remodeling gut microbiota, making some natural products
used in clinical therapy [14]. One such natural product is coffee. Bioactive compounds found in
coffee are still debated regarding their ability to protect the cardiovascular system [2,15]. Some
studies found that the active ingredients of coffee beans have a negative impact on the
cardiovascular system [2,16]. Meanwhile, other studies provide different results reporting that
coffee beans contain anti-inflammatory compounds that play a role in the pathogenesis of
cardiovascular diseases [16-19].

The tradition of drinking coffee has now become a culture of global society that cannot be
abandoned [20,21]. The most commonly consumed types of coffee beans are arabica and robusta
[22]. Previous studies found that both arabica and robusta coffee beans have a high antioxidant
content that may indicate an anti-inflammatory process and other potential health benefits
[15,16]. Cohort studies have shown that some types of coffee have the ability to inhibit the
incidence of cardiovascular diseases and reduce mortality [23,24]. Bioactive compounds
contained in coffee beans are hypothesized to act as inhibitors of P-selectin expression. Therefore,
platelet and endothelial cell activation does not occur, making coffee an effective agent in
reducing the incidence of atherosclerosis. However, studies assessing the direct effect of coffee on
atherosclerosis are unavailable. The aim of this study was to determine the effect of the
administration of arabica and robusta coffee bean extracts with various concentrations on the
early process of atherosclerosis by assessing the expression of P-selectin in aortic tissues and the
level of plasma ApoA-1.

Methods

Study design and setting

An experimental study with a completely randomized design was conducted using 36 male white
rats (Rattus norvegicus) aged four weeks with a body weight of 200 grams. The rats were divided
into six treatment groups and each group consisted of six rats. The treatment groups were
negative control (NC), positive control (PC), arabica mild-moderate dose (A1), arabica high dose
(A2), robusta mild-moderate dose (R1), and robusta high dose (R2). To induce atherosclerosis,
the atherogenic diet was fed for eight weeks, after which two doses (mild-moderate or high dose)
of arabica or robusta coffee bean extracts were administered for four weeks. The outcomes (aortic
endothelial P-selection expression and serum ApoA-1 level) were then assessed.

Extraction and preparation of arabica and robusta coffee bean extracts

Arabica and robusta coffee beans were collected from Bener Meriah Regency, Aceh Province,
Indonesia. The coffee beans were cleaned, washed thoroughly, drained, and dried. The dried
coffee beans were pulverized using a blender and then sieved to obtain a fine and uniform powder.
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The extraction of arabica and robusta coffee beans was carried out using the maceration method.
A total of 120 grams of coffee bean simplisia powder was soaked with 225 mL of 96% ethanol for
five days with occasional stirring. Then, it was filtered using filter paper to produce filtrate and
pulp. They were then macerated with a 96% ethanol solution of 75 mL, covered with aluminum
foil, and left for two days while occasionally stirring. Re-maceration was done twice. Furthermore,
the macerate was made into a thick extract with a rotary evaporator with the appropriate pressure
and temperature. The resulting thick extract was left at room temperature until the entire ethanol
solvent evaporated. The extract was weighed and stored in a closed glass container and
phytochemical tests were carried out before being used for testing [17,25].

Induction of rat atherosclerosis model and administration of coffee bean
extract

The rats were acclimatized for seven days with a standard diet and ad libitum drinking. On day
8, rats in the negative control group were provided with a standard diet, while rats of the other
groups were provided with an atherogenic diet consisting of 0.2% cholic acid, 2% egg yolk, 5%
goat fat, and 92.8% corn rice to induce atherosclerosis [21]. The atherogenic diet was fed for eight
weeks (56 days) ad libitum. On week 9, the treatment was carried out by administering arabica
and robusta coffee bean extracts for four weeks (28 days) to each group. Arabica and robusta
coffee bean extracts were provided in two doses: mild-moderate (0.18 mg per day) and high doses
(4.5 mg per day) given orally once daily.

Collection of blood and aortic tissue samples

After the treatment for four weeks, all rats were euthanized using 50 mg/kg ketamine and 5
mg/kg xylazine intraperitoneally. A total of 3 mL of blood sample was collected from the heart
and centrifuged using microcentrifugation for 10 mins at 3,000 rpm to obtain plasma. The plasma
was then immediately stored at -80°C for examination of ApoA-1 levels. Aortic tissue samples
were collected and stored in 10% neutral buffered formalin (NBF) fixation solution for three days,
processed into histological preparations and stained with an immunohistochemical method to
determine the expression of P-selectin.

Immunohistochemical staining of P-selectin expression

Expression of P-selectin in aortic tissue was identified through immunohistochemistry (IHC)
staining. The IHC staining process employed the avidin-biotin complex method using a Mouse
and Rabbit Specific HRP/DAB Detection THC kit following the manufacturer’s protocol (Cat. No.
ab64264, Abcam, Cambridge, UK) with slight modifications [22]. Briefly, after deparaffinization
and rehydration, the tissues were rinsed. The process of blocking nonspecific proteins was done
using a protein block solution for 10 min at room temperature and the tissues were incubated
with primary antibody P-selectin (Cat No. sc-8419, Santa Cruz Biotechnology, Santa Cruz, USA)
for one night at 4°C and 0.1% Triton-X followed with biotinylated goat antipolyvalent (secondary
antibody). Streptavidin peroxidase was added and incubated for 10 min before 3,3'-
diaminobenzidine (DAB) was applied for 1—10 minutes while controlled under a microscope.
Then counterstained with hematoxylin, dehydrated, and mounted. Assessment of P-selectin
expression based on the intensity of the brown color of the IHC results was carried out using a
four-point scale based on the THC intensity of the cells: negative (0), mild positivity (1+),
moderate positivity (2+), and strong positivity (3+) [26].

Enzyme-linked immunosorbent assay of ApoA-1 level

ApoA-1 levels were measured using the enzyme-linked immunosorbent assay (ELISA) method.
The procedure for measuring ApoA-1 levels was conducted based on the manufacturer’s
instruction (Cat. No. BZ-22185651-EB, Bioenzy, Jakarta, Indonesia). Briefly, 100 pL of plasma
was tested for each sample, of which 100 pL of anti-ApoA-1 antibody biotin and 100 pL of
streptavidin-HRP were used with 9o pL of tetramethylbenzidine (TMB) substrate and 50 pL of
stop solution. The absorbance was measured in a spectrophotometer with a light wavelength of
450 nm.
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Statistical analysis

P-selectin expression data were analyzed descriptively by comparing between study groups. The
comparison of ApoA-1 level data between study groups was analyzed using a one-way analysis of
variance (ANOVA) test followed by Duncan's further test. Statistical analysis was performed using
SPSS 25 (IBM, New York, USA).

Results

Effect of arabica and robusta coffee on P-selectin immunoexpression in aortic
endothelium of atherosclerosis model rats

Our data suggested that the administration of coffee bean extract affected the expression of P-
selectin in the aortic endothelium (Figure 1). The expression of P-selectin in the untreated
atherogenic group (PC) and the group given a high dose of arabica coffee bean extract (A2) had a
higher P-selectin expression compared to the other groups (NC, A1, R1, and R2).

Figure 1. Immunohistochemical staining indicating the expression of P-selectin on the surface of
aortic endothelial cells (arrows) of rats after administration of arabica and robusta coffee bean
extracts. The expression of P-selectin is indicated by the brown color of the endothelium. Coffee
bean extract was able to reduce P-selectin expression in aortic endothelial cells (A1-R2) and
leukocyte accumulation (¥). However, robusta coffee bean extract has better activity in reducing
P-selectin expression in white rat aortic endothelium. NC: healthy untreated group; PC:
atherosclerosis rats without administration of coffee bean extract; A1: atherosclerosis rats with
mild-moderate dose of arabica coffee bean extract; A2: atherosclerosis rats with high dose of
arabica coffee; R1: atherosclerosis rats with mild-moderate dose of robusta coffee; and Ra:
atherosclerosis rats with high dose of robusta coffee bean extract. Bar: 50 pm.

The untreated atherogenic group (PC) showed the initial process of atherosclerotic plaque
formation on the surface of the aortic blood vessels through high expression of P-selectin and also
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the appearance of leukocytes in the lumen of the aorta (Figure 1). However, by giving coffee bean
extract, both arabica and robusta with mild-moderate intake were able to reduce the expression
of P-selectin and block the presence of leukocytes in the injury area due to atherosclerosis
(Figure 1A1, R1, and R2). In the group of rats given a high intake of arabica coffee bean extract,
it was only able to inhibit the presence of leukocytes but not the expression of P-selectin (Figure
1A2).

Effect of arabica and robusta coffee on serum apolipoprotein A-1 (ApoA-1)
levels of atherosclerosis rat model

Our data indicated that the mean of ApoA-1levels in the healthy group (NC) was 6.28+1.19 ng/mL
while the untreated atherosclerosis model rat group (PC) was 10.18+1.41 ng/mL (Table 1).
Animals received mild-moderate (A1) and high dose (A2) of arabica coffee bean extract had mean
ApoA-1 levels of 7.44+1.41 ng/mL and 6.30+1.45 ng/mL, respectively, while the mild-moderate
(R1) and high dose (R2) of robusta coffee group had 17.25+1.63 ng/mL and 12.26+3.32 ng/mL,
respectively (Table 1). The lowest ApoA-1 levels were seen in the healthy group, while the highest
ApoA-1 levels were found in the mild-moderate dose of robusta coffee. The mean of ApoA-1 levels
in mild-moderate dose of robusta was higher by 178 ng/mL, 68% compared to the negative
control. The results of statistical analysis indicated that the mean of ApoA-1 levels among study
groups were significantly different (p<0.001) (Table 1).

Table 1. Levels of plasma ApoA-1 in atherosclerosis rat model after administration of arabica and
robusta coffee bean extracts

Groups Plasma ApoA-1  p-value
levels (ng/mL)
Mean+SD

Negative control (NC), healthy untreated group 6.28+1.192 <0.001

Positive control (PC), atherosclerosis rats without administration of coffee  10.18+1.41P
bean extract

Atherosclerosis rats with mild-moderate dose of arabica coffee (A1) 7.44+1.412
Atherosclerosis rats with high dose of arabica coffee (A2) 6.30+1.452
Atherosclerosis rats with mild-moderate dose of robusta coffee (R1) 17.25+1.63¢
Atherosclerosis rats with high dose of robusta coffee (R2) 12.26+3.32P

Different superscripts (a, b, and ¢) on the histogram indicate significant differences (p<0.05)

The post-hoc analysis indicated that the mean of ApoA-1 level was significantly higher in
untreated atherosclerosis rats compared to the healthy animal group (p=0.003) (Figure 2). The
level of ApoA-1 in both mild-moderate and high dose of arabica coffee groups were not
significantly different from the healthy control group (p=0.337 and p=0.984, respectively).
However, both of them had lower ApoA-1 levels compared to untreated atherosclerosis rat group
(p=0.03 and p=0.003, respectively). Both mild-moderate and high dose of robusta coffee groups
had higher ApoA-1 levels compared to the negative control group (p<0.001 and p<0.001,
respectively). Administration of arabica coffee bean extract with mild-moderate and high intake
had no effect on increasing ApoA-1 levels (p=0.374). However, the administration of robusta
coffee bean extract with mild-moderate and high intake was able to increase the serum ApoA-1
levels of atherosclerosis rats significantly and even exceeded the control group (Figure 2). In
addition, it is known that robusta coffee bean extract with a mild-moderate intake provided the
best results in increasing serum ApoA-1 levels of atherosclerosis rats.
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Figure 2. Comparison of serum ApoA-1 levels in atherosclerosis model after administration of
arabica and robusta coffee bean extracts at mild-moderate and high dose. NC: healthy untreated
group; PC: atherosclerosis rats without administration of coffee bean extract; A1: atherosclerosis
rats with mild-moderate dose of arabica coffee bean extract; A2: atherosclerosis rats with high
dose of arabica coffee; R1: atherosclerosis rats with mild-moderate dose of robusta coffee; and
R2: atherosclerosis rats with high dose of robusta coffee bean extract. Different superscripts (a,
b, and c) on the histogram indicate significant differences (p<0.05).

Discussion

This study was conducted to assess the effect of arabica and robusta coffee bean extracts on P-
selectin expression in aortic tissues and the level of plasma ApoA-1, both as markers of the early
process of atherosclerosis. Our study suggested that the expression of P-selectin in aortic
endothelial cells, as shown by the results of immunohistochemical staining, was affected by the
type and dose of coffee bean extracts. In the group of rats administered a mild-moderate dose of
arabica coffee extract, a lower level of P-selectin expression was observed compared to the group
receiving a high intake of arabica coffee extract. However, contrasting results emerged in the
group of rats with robusta coffee extract diet, regardless of intensity, where both groups exhibited
lower levels of P-selectin immunoexpression.

Previous studies have highlighted the impact of caffeine and chlorogenic acid, the main
components of coffee, on P-selectin levels in the bloodstream [7,21]. Platelet activation triggers
the translocation of P-selectin from intracellular granules to the outer membrane, while
fibrinogen induces platelet aggregation by bridging GPIIb/IIIa between adjacent platelets [15,16].
Studies have demonstrated that chlorogenic acid significantly decreased P-selectin expression on
platelets [14,27]. Notably, the content of chlorogenic acid (an important biologically active dietary
polyphenol) is higher in robusta coffee beans compared to arabica coffee [14]. This distinction in
polyphenol content might explain why in the group of rats administered robusta coffee extract,
P-selectin expression was lower than in the group given arabica coffee extract, as found in the
present study. The findings underscore the potential influence of coffee components, particularly
chlorogenic acid, in modulating P-selectin levels.

Overexpression of P-selectin can lead to endothelial dysfunction, platelet activation and
leukocyte adhesion that trigger plaque formation on the endothelial surface [6,8]. One potential
therapeutic approach is to decrease or inhibit P-selectin expression using P-selectin inhibitors.
These agents could be derived from active compounds in coffee beans that might interfere with
P-selectin binding to ligands, inhibiting leukocyte adhesion and platelet activation. By blocking
P-selectin-mediated interactions between activated endothelial cells and leukocytes, P-selectin
inhibitors could reduce inflammation and thrombosis in patients with atherosclerosis [6].
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Our data found that the rats subjected to an atherogenic diet along with varying intensities
of arabica coffee bean extract had no significant differences in plasma ApoA-1 levels. These
findings align with a previous study which explored the impact of arabica coffee consumption
across a range of intensities on plasma ApoA-1 levels and found no significant effect [28].
However, another study investigating the influence of arabica coffee on a group of 70 healthy
individuals found an increase in high-density lipoprotein (HDL) in the blood [29]. The high-
density lipoprotein (HDL) was highly correlated with the level of ApoA-1, indicating a protective
effect against cardiovascular incidents [29]. In contrast, distinct outcomes were noted in the
group of rats administered robusta coffee bean extract, both at mild-moderate and high intake
coffee consumption. Our study revealed that robusta coffee bean extract, irrespective of intensity,
was more effective in increasing plasma ApoA-1 levels in an atherosclerosis rat model. This effect
could be attributed to the caffeine content in coffee, which has antioxidant and anti-inflammatory
properties that are beneficial for cardiovascular health. According to a previous study, the caffeine
content of robusta coffee beans is twice as high as that of arabica coffee, presumably contributing
to the more pronounced protective effect [30]. The heightened antioxidant activity of coffee
beans, influenced by polyphenol components, especially chlorogenic acid, further supports this
outcome. Robusta coffee contains more chlorogenic acid than arabica coffee, and previous studies
have demonstrated the ability of chlorogenic acid to reduce concentrations of lipids, cholesterol,
triglycerides, and various lipoproteins, which directly impacting plasma ApoA-1 levels [16,23,31].
This collective evidence underscores the potential cardiovascular benefits associated with the
administration of robusta coffee bean extract in the context of atherosclerosis.

Conclusion

Mild-moderate intake of robusta coffee bean extract could reduce aortic P-selectin
immunoexpression and increase serum ApoA-1 levels in an atherosclerosis rat model. Bioactive
compounds in coffee beans have the potential effect to prevent atherosclerosis in the early stages.

Ethics approval

This study has obtained ethical approval to use rats as experimental animals from the Ethics
Committee for the Use of Experimental Animals of the Faculty of Veterinary Medicine,
Universitas Syiah Kuala, Aceh, Indonesia, with No.244/KEPH/VII/2023.

Acknowledgments

This study was supported by a Master Thesis Research Grant (No. 20103420110001). The authors
would like to thank all staff in The Centre for Experimental Animal, Universitas Syiah Kuala for
the assistance.

Competing interests

All the authors declare that there are no conflicts of interest.

Funding

This research was funded through Master Thesis Research Grant 698/UN11.2.1/PT.01.03/
DPRM/202, Institute for Research and Community Service, Universitas Syiah Kuala.

Underlying data

Derived data supporting the findings of this study are available from the corresponding author
on request.

How to cite

Ekawati W, Heriansyah T, Kamarlis RK, et al. Immunoexpression of aortic endothelial P-selectin
and serum apolipoprotein A-1 levels after administration of arabica (Coffea arabica) and robusta
(Coffea canephora) coffee bean extracts: In vivo study in atherosclerosis rat model. Narra J 2024;
4 (2): €794 - http://doi.org/10.52225/narra.v4i2.794.

Page 7 of 9


http://doi.org/10.52225/narra.v4i2.794

(=
=
IS
2

=

>

S

S

o
O
+—

S

o
g=
(9]

Ekawati et al. Narra ] 2024; 4 (2): €794 - http://doi.org/10.52225/narra.v4i2.794

References

1.

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Ding M, Bhupathiraju SN, Satija A, et a/. Long-term coffee consumption and risk of cardiovascular disease: A systematic
review and a dose-response meta-analysis of prospective cohort studies. Circulation 2014;129(6):643-659.

Godos J, Pluchinotta FR, Marventano S, et a/. Coffee components and cardiovascular risk: Beneficial and detrimental
effects. Int J Food Sci Nutr 2014;65(8):925-936.

Ridwan M, Sari IP, Salawati L, et al Association between six-minute walk distance and prognosis of atherosclerotic
coronary heart disease post-cardiac rehabilitation. Narra J 2023;3(3):e242.

Cheng R, Jiang L, Gao H, et a/. A pH-responsive cluster metal-organic framework nanoparticle for enhanced tumor
accumulation and antitumor effect. Adv Mater 2022;34(42):2203915.

Ridker PM, Buring JE, Rifai N. Soluble P-selectin and the risk of future cardiovascular events. Circulation
2001;103(4):491-495.

Johnson-Tidey RR, McGregor JL, Taylor PR, et a/. Increase in the adhesion molecule P-selectin in endothelium overlying
atherosclerotic plaques. Coexpression with intercellular adhesion molecule-1. Am ] Pathol 1994;144(5):952-961.

Sommer P, Schreinlechner M, Noflatscher M, et a/ Increasing soluble P-selectin levels predict higher peripheral
atherosclerotic plaque progression. J Clin Med 2023;12(20):6430.

Collins RG, Velji R, Guevara NV, et al. P-selectin or intercellular adhesion molecule (Icam)-1 deficiency substantially
protects against atherosclerosis in apolipoprotein E-deficient mice. J Exp Med 2000;191(1):189-194.

Frak W, Wojtasinska A, Lisinska W, et a/. Pathophysiology of cardiovascular diseases: New insights into molecular
mechanisms of atherosclerosis, arterial hypertension, and coronary artery disease. Biomedicines 2022;10(8):1938.

Cejkova S, Kralova Lesna I, Poledne R. Monocyte adhesion to the endothelium is an initial stage of atherosclerosis
development. Cor Vasa 2016;58(4):e419-e425.

Barrett TJ, Distel E, Murphy AJ, et al Apolipoprotein Al) promotes atherosclerosis regression in diabetic mice by
suppressing myelopoiesis and plaque inflammation. Circulation 2019;140(14):1170-1184.

Happonen P, Voutilainen S, Salonen JT. Coffee drinking is dose-dependently related to the risk of acute coronary
events in middle-aged men. J Nutr 2004;134(9):2381-2386.

Higashi. Coffee and endothelial function: A coffee paradox? Nutrients 2019;11(9):2104.

Lukitasari M, Saifur RM, Nugroho DA, et a/. Cardiovascular protection effect of chlorogenic acid: Focus on the molecular
mechanism. F1000Res 2020;9:1462.

Bonita J, Mandarano M, Shuta D, et a/. Coffee and cardiovascular disease: In vitro, cellular, animal, and human studies.
Pharmacol Res 2007;55(3):187-198.

Jeszka-Skowron M, Sentkowska A, Pyrzynska K, et a/. Chlorogenic acids, caffeine content and antioxidant properties of
green coffee extracts: Influence of green coffee bean preparation. Eur Food Res Technol 2016;242(8):1403-1409.
Rachmawati E, Rohman MS, Sargowo D, et al/. Decaffeinated coffee and green tea extract inhibit foam cell

atherosclerosis by lowering inflammation and improving cholesterol influx/efflux balance through upregulation of
PPARy and miR-155. F1000Res 2021;10:1175.

Echeverri D, Montes FR, Cabrera M, et a/. Caffeine’s vascular mechanisms of action. Int J Vasc Med 2010;2010:1-10.

Tsirimiagkou C, Basdeki ED, Kyriazopoulou KAA, et a/. Habitual consumption of instant coffee is favorably associated
with arterial stiffness but not with atheromatosis. Clin Nutr ESPEN 2021;45:363-368.

Angelo AFB, Augustin AK, Bi K, et al. Acute toxicity of the aqueous extract of roasted and ground beans of Coffea
canephora robusta in the Wistar rat. Pharma Innovation 2016;5(12):1-5.

Assa A, Loppies JE, Amalia AN, et a/. Chemical compounds and sensory characteristics of Arabica coffee (Coffea arabica)
as a novel speciality coffee from Sinjai Regency, Indonesia. Food Res 2021;5(S2):107-112.

Tagwadin DA, Sulaiman AN, Akmal S, et a/ Potensi budaya minum kopi (ngopi) dalam membangun kembali
koeksistensi masyarakat Aceh paska konflik. J Ilm Islam Futura 2019;19(1):86.

Lara-Guzméan OJ, Medina S, Alvarez R, et a/. Oxylipin regulation by phenolic compounds from coffee beverage: Positive
outcomes from a randomized controlled trial in healthy adults and macrophage derived foam cells. Free Radic Biol
Med 2020;160:604-617.

Chieng D, Kistler PM. Coffee and tea on cardiovascular disease (CVD) prevention. Trends Cardiovasc Med
2022;32(7):399-405.

Sri T, Rubiyanti R. Pengaruh pemberian ekstrak biji kopi arabika (Coffea arabica L.) terhadap histopatologi lambung
tikus putih galur Wistar. Fitofarmaka J [Im Farm 2020;10(1):32-41.

Page 8 of 9



(=
=
IS
2

=

>

S

S

o
(@)
+—

S

o
g=
(9]

26.

27.

28.

29.

30.

31

Ekawati et al. Narra ] 2024; 4 (2): €794 - http://doi.org/10.52225/narra.v4i2.794

Bencze J, Szarka M, Koéti B, et al. Comparison of semi-quantitative scoring and artificial intelligence aided digital image
analysis of chromogenic immunohistochemistry. Biomolecules 2021;12(1):19.

Dos Santos MD, Almeida MC, Lopes NP, et a/. Evaluation of the anti-inflammatory, analgesic and antipyretic activities
of the natural polyphenol chlorogenic acid. Biol Pharm Bull 2006;29(11):2236-2240.

Zhou B, Carrillo-Larco RM, Danaei G, et a/. Worldwide trends in hypertension prevalence and progress in treatment
and control from 1990 to 2019: A pooled analysis of 1201 population-representative studies with 104 million
participants. Lancet 2021;398(10304):957-980.

Gebeyehu GM, Feleke DG, Molla MD, et al. Effect of habitual consumption of Ethiopian Arabica coffee on the risk of
cardiovascular diseases among non-diabetic healthy adults. Heliyon 2020;6(9):e04886.

You DC, Kim YS, Ha AW, et al. Possible health effects of caffeinated coffee consumption on Alzheimer’s disease and
cardiovascular disease. Toxicol Res 2011;27(1):7-10.

Meng S, Cao J, Feng Q, et a/. Roles of chlorogenic acid on regulating glucose and lipids metabolism: A review. Evid
Based Complement Alternat Med 2013;2013:1-11.

Pagegofg



