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Abstract

Coffee is a kind of daily beverage, and its correlation with cardiovascular disease and atherosclerosis is still debatable. The aim of this
study is to investigate the effects of Amstirdam coffee extract (ACE) on lipoprotein-associated phospholipase A2 (Lp-PLA2) and the
inflammatory response in atherosclerosis mouse models. The study used 25 Swiss male mice for five groups (n = 5): healthy mice
fed a normal diet (N); mice fed a high-fat, high-fructose diet (HFFD); mice fed HFFD and treated with ACE at doses of 104 (D1),
520 (D2), and 5200 mg/kg BW (D3). The levels of Lp-PLA2, regulatory T cells (Tregs) (CD4*CD25*CD62L*, CD4*CD25*IL-10%,
CD4+CD25+TGF-+), IL-10 (CD4+IL-10+), and TGF-B (CD4+TGF+) were analyzed using a flow cytometer. Histological analysis
of the mouse aorta was done by hematoxylin and eosin (HE) staining. This study indicated a significant increase in total cholesterol
(TC), triglyceride (TG), LDL, and Lp-PLA2 levels in the HFFD group. HFFD also reduced HDL, IL-10, and TGF produced by CD4
and Tregs compared with the normal group. ACE at all doses significantly reduced Lp-PLA2 levels compared with the HFFD group
(p < 0.05). Interestingly, the administration of 520 mg/kg BW ACE (D2) increased the production of IL-10 significantly compared
to other doses (p < 0.05). The D3 group possessed a high TGF- production and Treg expression level significantly different between
groups (p < 0.05). Foam cells were mostly found in the aorta of the HFFD group compared to the normal and ACE treatment groups.
This study suggested that ACE could reduce Lp-PLA2 enzyme activity and foam cell formation through the immunosuppressive
activity of IL-10 and TGF cytokines.
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Introduction

Atherosclerosis is an inflammatory disease that occurs in
blood vessels, mainly arteries, and is related to the body’s
high levels of lipids and metabolic disorders. Atheroscle-
rosis can lead to ischemic heart disease (IHD) and isch-
emic stroke (IS), which are the main factors in cardio-
vascular disease (CVD) (Kristanti et al. 2022). Based on
Kim (2021), CVD is one of the leading causes of death and
disability, which is continuously increasing. The charac-
teristics of atherosclerosis are lipid accumulation, fibrous
substances, and artery calcification (Jebari-Benslaiman et
al. 2022). The accumulation of lipids, particularly LDL, in
the blood leads to endothelial dysfunction, known as the
first line of atherogenesis (Kotlyarov 2021). LDL then in-
filtrates endothelial cells, penetrates the tunica intima, and
causes the production of anion superoxide and free radi-
cals. Anion superoxide and free radicals can induce oxi-
dized low-density lipoprotein (ox-LDL) and stress oxida-
tion (Marchio et al. 2019). Ox-LDL tends to be attractive
to macrophages through monocyte differentiation, which
is mostly found in atheromatous plaque and leads to the
formation of foam cells (Ganesan et al. 2018).

The lipoprotein-associated phospholipase A2 (Lp-
PLA2) enzyme can be produced by macrophages and
neutrophils in atherosclerosis plaque and has been in-
corporated for assessing the risk of cardiovascular dis-
ease (Cai et al. 2015). Lp-PLA2 is a biomarker specific for
vascular inflammation due to its association with LDL in
the blood (Ngen et al. 2017). This enzyme is commonly
used to predict the prognosis of atherosclerosis. The de-
velopment and progression of atherosclerosis depend on
the role of immunomodulation due to vascular inflam-
mation of atherosclerosis mediated by an autoimmune
response to self-antigens such as ox-LDL in the vascular
wall (Yamashita et al. 2015). Regulatory T cells reported
can reduce inflammation and inhibit plaque formation by
suppressing atherogenic T cells (Pastrana 2013) by con-
tact-dependent suppression or by interleukin (IL)-10 and
transforming growth factor beta (TGF-B) cytokines pro-
duction (Li et al. 2013). Therefore, regulatory T cells show
a promising effect for the treatment of atherosclerosis.

Coffee is a kind of non-alcoholic beverage, and its cor-
relation with cardiovascular disease and atherosclerosis is
still debatable. Studies reported that coffee consumption
and the risk of cardiovascular disease had a positive cor-
relation (Liu et al. 2013; Grioni et al. 2015). Several studies
demonstrated no association (Floegel et al. 2012) or were
even conversely associated (Ding et al. 2014, 2015). Thus,
this study aims to investigate the effect of Amstirdam cof-
fee extract (ACE) on Lp-PLA2 reduction and the immu-
nosuppressive activity of Tregs.

Materials and methods

This study was conducted in the Physiology, Structure,
and Animal Development Laboratory, Department of

Biology, Brawijaya University, Malang, Indonesia, in ac-
cordance with the guidelines of EU Directive 2010/63/
EU for animal experiments and approved by the Com-
mittee of Animal Care and Use, Institute of Bioscience,
Brawijaya University (no. 1152-KEP-UB). A completely
randomized design was used as the experimental design,
with five groups and five mice in each group. There were
two main groups: the normal group (N) and the high-fat,
high-fructose diet (HFFD) group. HFFD was prepared
on site in the department which contained 8% duck egg
yolk, 17% beef tallow, 30% fructose, and 0.2% cholic acid
(Oroli et al. 2019). The HHFD induction was done for
5 months which was then separated into 4 groups: HFFD
mice without treatment (HFFD), HFFD mice receiving
Amstirdam coffee extract (ACE) with three dose varia-
tions, such as 104 mg/kg BW (D1), 520 mg/kg BW (D2),
and 5200 mg/kg BW (D3) for 2 weeks. The duration of the
whole experiment was 5 months and 2 weeks.

Male mice of the strain Swiss (aged 7-8 weeks) were
obtained from Laboratorium Penelitian dan Pengujian
Terpadu(LPPT), Gadjah Mada University, Yogyakarta,
Indonesia. Male mice were used due to their being more
responsive to a high-fat diet, which led to a higher level of
fat and lipid serum (Téth et al. 2021). All animal models
were cared for in the Experimental Animal Center, Phys-
iology, Structure, and Animal Development Laboratory,
Brawijaya University, and placed in the animal chamber
with 12/12 dark/light cycles. After one week of acclima-
tion, all animals were divided into two main groups: the
normal group (5 mice) and the HFFD group (20 mice).
Later, the HFFD mouse group would be treated with cof-
fee extract in three different dosages orally. The animal
care was appropriate to the protocol and procedure in the
Molecular Biology Laboratory and the Physiology, Struc-
ture, and Animal Development Laboratory.

Amstirdam coftee is one of the Robusta planted in the
Malang area. Coffee was diluted in aquadest with a 1:10
g/mL ratio, then heated until it reached 80 "C and incu-
bated for 2 hours at the same temperature using a water
bath (Memmert WNB 45). After 2 hours of incubation,
the solution was filtered using filter paper, then stored in
bottles and frozen in the deep freezer (-70 °C) for three
days or until it was frozen. The frozen solution was then
dried using the freeze-drying method (Alpha 1-2 LD
plus). The dosage is based on the average coffee consump-
tion of most people (60 kg body weight) of 2 mg twice
a day. This dosage was then converted into mice’s dosage
based on the FDA table, and it became the absolute dose,
D2 = 520 mg/kg. We modify the absolute dose to have
dose variation with a low dose, D1 = 104 mg/kg (D2/5),
and a high dose, D3 = 5200 mg/kg (D2x10).

The lipid profiles (total cholesterol (TC), triglyceride
(TG), high-density lipoprotein (HDL), and low-density
lipoprotein (LDL)) were evaluated using Lipid ProTM
(Infopia Co., Ltd.) according to the manufacturer’s in-
structions in the last week of the treatment. Next, the
mice’s blood for the assay was taken from the tail vein to
evaluate the serum concentration of TC, triglyceride TG,
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HDL, and LDL. The atherogenic indices, including the
atherogenic index of plasma (AIP), atherogenic coeffi-
cient (AC), cardiac risk ratio (CRR), and cardioprotective
index (CPI), were evaluated using the following equation
(Atho'illah et al. 2017):

o Atherogenic index of plasma (AIP) = Log [TG/HDL];
o Atherogenic coefficient (AC) = [(TC-HDL)/HDL];
o Cardiac risk ratio (CRR) = [TC/HDL);
 Cardioprotective index (CPI) = [HDL/LDL].

At the end of the experiment, all animals were sacri-
ficed, and the spleens were isolated for antibody staining
and flow cytometry analysis. The spleen was crushed and
mixed with phosphate buffer saline (PBS, Gibco) until ho-
mogeneous. Homogenate was then centrifuged (HERMLE
7326 K) at 2500 rpm at 10 °C for 5 minutes. The pellet was
resuspended in 1 mL of PBS and distributed to a microtube
for antibody staining. Antibody staining was done with
extracellular and intracellular antibodies. Extracellular
antibodies such as fluorescein isothiocyanate (FITC)-con-
jugated anti-mouse CD4 (BioLegend), phycoerythrin
(PE)-conjugated anti-rat CD25 (BioLegend), and CD11b
were added to the cell for 50 | and incubated for 20 min-
utes. Intracellular antibodies such as PAFAH Polyclonal
Antibody-conjugated Cyanin (Cy) 5.5, Cross Reactive Spe-
cies: Human, Mouse, Rat (Bioss) to evaluate the enzymatic
activity of Lp-PLA2 from CD11b, PE/Cy7-conjugated an-
ti-mouse IL-10 (BioLegend), and TGF beta 1 Polyclonal
Antibody-conjugated Cy3, Cross Reactive Species: Human,
Mouse, Rat (Bios Additional reagents were needed before
adding intracellular antibodies, including Fixation Buffer
(BioLegend) for 50 second and incubated for 20 minutes
and Perm Wash Buffer (BioLegend) for 400 second and
then centrifuged before staining intracellular antibodies.
After being stained, the cells were incubated for 20 minutes
and then added to PBS for flow cytometry analysis.

The preparation of aortic histopathology was done to
evaluate the accumulation of foam cells in the aortic tis-
sue. Aortas were isolated from the mice and then fixed
using 10% formalin. The preparation was done using the
paraffin method and stained with H&E stain. The out-
come of flow cytometry was analyzed using FlowJo v10

Table 1. ACE improves the lipid profile of HFFD mice.

for Windows (FlowJo LLC, Ashland, OR). The data was
then analyzed using one-way ANOVA and continued with
the Duncan Multiple Range Test (DMRT) at a significance
level of 5%. These tests were carried out using GraphPad
Prism 8 (GraphPad Software Inc., La Jolla, CA).

Results and discussion

TC, TG, HDL, and LDL had significant increases (p < 0.05)
in HFFD mice compared to the normal group. Our result
showed that LDL, TG, and TC in HFFD mice increased by
around 1.5-1.7 folds compared to normal mice. ACE ad-
ministration improves TC, TG, HDL, and LDL in HFFD
mice significantly more than in HFFD mice alone. It was
unexpected that ACE administration at a higher dose did
not significantly differ from the HFFD group (Table 1). In-
terestingly, the AIP, AC, and CRR were elevated in HFFD
mice compared to normal mice, while the CPI declined.
The ACE administration reduced AIP, AC, and CRR sig-
nificantly (p< 0.05) compared to HFFD mice. The athero-
genic indices are beneficial to assess the risk of cardiovas-
cular disease development. Our study showed that ACE
administration could improve CPI in HFFD mice.

Lp-PLA2 is a typical marker of atherogenesis, charac-
terized by the formation of atheroma plaque in the vas-
cular wall. In atherosclerosis, Lp-PLA2 is produced by
macrophages (CD11b*) that infiltrate into the sub-endo-
thelial layer of the vascular wall. We observed that HFFD
enhanced the production of Lp-PLA2 from macrophages
in the spleen significantly (p 0.05), as seen in Fig. 1. This
study indicated a significant increase in Lp-PLA2 pro-
duction from CD11b* cells in the HFFD group compared
to the normal group (31.24% vs. 9.75%) (p< 0.05). After
treatment with ACE for two weeks, the production of Lp-
PLA2 by CD11b* cells were significantly decreased in all
doses (D1:16.75%, D2:12.81%, D3: 18.51%) (Fig. 1b). The
Lp-PLA2 level produced by CD11b* cells in D2 was close
to that of the normal group.

The accumulation of foam cells in the mouse aorta was
correlated with the expression of Lp-PLA2 production. As
seen in Fig. 2, the aorta of HFFD mice showed relative-
ly high foam cell accumulation, mainly found in tunica

Parameters N HFFD D1 D2 D3
TC (mg/dL) 112* +10.79 187+ 7.0 100* + 5.63 141° + 5.47 175°+9.42
TG (mg/dL) 77*+17.62 123<+5.20 1125+ 10.85 96 +9.85 99 + 20.59
HDL (mg/dL) 45° +6.11 332+ 6.36 75+ 3.66 54 + 6.5 60° + 6.86
LDL (mg/dL) 61+ 10.5 91° +2.48 56* + 8.57 59 + 6.63 84 + 4.42
AIP 0.23*+ 0.04 0.58"+0.11 0.17* £ 0.02 0.24* £ 0.1 0.21* £ 0.05
AC 1.38°+0.18 4.174+0.05 0.33*+£0.14 1.61%+0.21 1.93°+ 0.32
CRR 2.38*+0.18 5.17¢+0.05 1.332 £ 0.14 2.61%+0.21 2.93°+0.32
CPI 0.74" + 0.03 0.37* £ 0.07 1.35°+ 0.2 0.94" +0.22 0.72> +0.08

Information: TC = total cholesterol; TG = triglyceride; HDL = high-density lipoprotein; LDL = low-density lipoprotein; AIP = atherogenic index of
plasma; AC = atherogenic coefficient; CRR = cardiac risk ratio; cardioprotective index. N: normal-fed mice (non-high-fat-fructose diet); HFFD: high-
fat-fructose diet mice (w/o administration of ACE); D1: HFFD mice receiving ACE 104 mg/kg body weight; D2: HFFD mice receiving ACE 520 mg/
kg body weight; D3: HFFD mice receiving ACE 5200 mg/kg body weight. The different notation on the chart was considered significantly different

for each group at p < 0.05, and vice versa on the DMRT post hoc test.
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Figure 1. Reduction of Lp-PLA2 production after ACE treatment in mice fed a high-fat, high-fructose diet. The expression of Lp-
PLA2 production in mice fed with HFFD and administered ACE was determined from flow cytometry analysis (Fig. 1A). The per-
centage of Lp-PLA2 production in mice fed with HFFD and administered ACE The data are mean SD (n = 5). N: normal-fed mice
(non-high-fat-fructose diet); HFFD: high-fat-fructose diet mice (w/o administration of ACE); D1: HFFD mice receiving ACE 104
mg/kg body weight; D2: HFFD mice receiving ACE 520 mg/gram BW; D3: HFFD mice receiving ACE 5200 mg/kg BW. The different
notation on the chart was considered significantly different for each group at p< 0.05 and vice versa on the DMRT post hoc test.
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Figure 2. ACE administration reduced foam cells in aorta histopathology (M = 400x) in mice fed a high-fat, high-fructose diet for
5 months. The black arrow shows the accumulation of foam cells in the tunica media, and the asterisk (*) shows the lumen of the
aorta. N: normal-fed mice (non-high-fat-fructose diet); HFFD: high-fat-fructose diet mice (w/o administration of ACE); D1: HFFD
mice receiving ACE 104 mg/kg body weight; D2: HFFD mice receiving ACE 520 mg/kg body weight; D3: HFFD mice receiving ACE
5200 mg/kg body weight.

media, compared to normal mice (pointed by the arrow). The reduction of LDL after administering ACE showed

The tunica media also formed a bulge into the lumen that
caused the narrowing of the vascular wall. The accumula-
tion of foam cells in the aortic wall tends to decrease after
treatment with ACE for two weeks, particularly in D1 and
D2. The aortic wall thickness also tends to decrease close
to the normal condition compared to the HFFD mice
without ACE treatment.

a correlation between a good prognosis (shown by the re-
duction of aortic wall thickness) and the pathogenesis of
atherosclerosis (Table 1). LDL-C reduction has also been
implicated in the reduction of foam cell formation, as
shown in Fig. 2. One factor that affects Lp-PLA2 enzyme
activity is lipid levels. Our study found both the reduc-
tion of Lp-PLA2 activity and LDL-C level related to the
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reduction of foam cell formation (Table 1 and Fig. 2) and
the high level of LDL-C and Lp-PLA2 produced by mac-
rophages in D3 over the two other doses related to more
foam cell formation (Table 1 and Fig. 2).

Tregs have a potential effect on suppressing pro-athero-
genic agents by releasing anti-inflammatory cytokines or in-
hibiting pro-inflammatory cells such as Th1 cells and mac-
rophages. The previous study showed that HFFD caused the
decline of Treg subsets. The lowest level of Nave Tregs was
found in the HFFD group (33.83%) (Fig. 3). It was indicat-
ed that HFFD decreased the number of naive Tregs signifi-
cantly (p 0.05) compared to the normal group (72.51%). As
treated by ACE, the level of naive Tregs increased in all doses
(D1: 58.34%, D2: 50.57%, D3: 69.43%). As shown in Fig. 3,
the highest level of the relative number of naive Tregs after
treatment with ACE was found in D3, close to the normal
condition (p 0.05). Interestingly, the reduction of nave Tregs

was also followed by the reduction of IL-10 (Fig. 3B) and
TGF (Fig. 3C) expressed by Tregs. Our result demonstrated
that HFFD also caused a significant reduction of IL-10 and
TGF- (p 0.05) (Fig. 3E, F). ACE administration improved
naive Tregs and their products (IL-10 and TGF- cytokines).

Anti-inflammatory cytokines IL-10 and TGF- are pro-
duced by various cells; one is a CD4" T cell. HFFD was
reported to alter CD4* T cells to become effector cells
and secrete massive pro-inflammatory cytokines (Arifah
et al. 2020). IL-10 has a significant role in inhibiting the
production of pro-inflammatory cytokines such as TNF-,
IFN-, and IL-1, while TGF-B maintains the homeostasis
of T cells in the site of inflammation (Nur’aini et al. 2019).
We observed that HFFD mice showed the lowest levels of
both IL-10 (Fig. 4) and TGF-B (Fig. 5) produced by CD4*
T cells compared to the normal group (p 0.05). The admin-
istration of ACE and IL-10*CD4" tends to increase at D2
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Figure 3. ACE administration increased the level of regulatory T cells in mice fed a high-fat, high-fructose diet for 5 months. The
level of regulatory T cell A. CD4*CD25'*CD62L* subsets, B. CD4*CD25'IL-10* subsets, and C. CD4+CD25+TGF-+subsets of mice
fed with HFFD and administration of ACE from flow cytometry analysis. The percentage of regulatory T cell D. CD4*CD25*CD62L*
subsets, E. CD4*CD25*IL-10* subsets, and F. CD4+CD25+TGF-+ subsets of mice fed with HFFD and administered ACE The data
are mean SD (n = 5). N: normal-fed mice (non-high-fat-fructose diet); HFFD: high-fat-fructose diet mice (w/o administration of
ACE); D1: HFFD mice receiving ACE 104 mg/kg body weight; D2: HFFD mice receiving ACE 520 mg/kg body weight; D3: HFFD
mice receiving ACE 5200 mg/kg body weight. The different notation on the chart was considered significantly different for each

group at p<0.05 and vice versa on the DMRT post hoc test.
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Figure 4. Administration of ACE increased IL-10 production (CD4IL-10*) in mice fed with a high-fat, high-fructose diet for 5
months. The expression of CD4*IL-10* in mice fed with HFFD and administered ACE was determined by flow cytometry analysis
(Fig. 4E). The percentage of regulatory cells (CD4*IL-10*) in mice fed with HFFD and administered ACE (Fig. 4F) The data are mean
SD (n = 5). N: normal-fed mice (non-high-fat-fructose diet); HFFD: high-fat-fructose diet mice (w/o administration of ACE); D1:
HFFD mice receiving ACE 104 mg/kg body weight; D2: HFFD mice receiving ACE 520 mg/kg body weight; D3: HFFD mice receiv-
ing ACE 5200 mg/kg body weight. The different notation on the chart was considered significantly different for each group at p < 0.05
and vice versa on the DMRT pos hoc test.
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Figure 5. The effect of ACE increased TGF-f production (CD4*TGF-B*) in mice fed with a high fat-fructose diet for 5 months. The
expression of TGF-p (CD4*TGF-f*) of mice fed with HFFD and administration of ACE from flow cytometry analysis (Fig. 5G). The
percentage of regulatory (CD4'IL-10*) of mice fed with HFFD and administration of ACE (Fig. 5H). Data are mean + SD (n=5). N:
normal fed mice (non-high fat-fructose diet), HFFD: high fat-fructose diet mice (w/o0 administration of ACE), D1: HFFD mice receiv-
ing ACE 104 mg/kg body weight, D2: HFFD mice receiving ACE 520 mg/kg BW, D3: HFFD mice receiving ACE 5200 mg/kg BW. The
different notation on the chart was considered significantly different for each group at p < 0.05 and vice versa on DMRT post hoc test.

(15.47%) and D3 (9.17%) (p 0.05). The administration of ~support the pathogenesis of atherosclerosis. The dietary
ACE also increased TGF-B +CD4" cell levels significantly ~ fat will be metabolized through the exogenous or endoge-
(p< 0.05), particularly at D1 (6.17%) and D3 (8.72%). nous pathway, resulting in fatty acids and triglycerides el-

The induction of HFFD caused the formation of plaque  evating blood circulation (Srivastava et al. 2000). Besides,
in the aortic wall and disrupted the immune system to the lipid profile, including LDL and HDL, is involved in
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the mechanism of atherosclerosis pathogenesis. Accu-
mulation of LDL activates the TLR (toll-like receptor)
pathway and inhibits the activation of the transcription
factor LXR-RXR (Liver X Receptor-Retinoid X Recep-
tor) that is responsible for the process of cells cholesterol
efflux to HDL particles or ApoA-1 to transport back to
the liver (Tall and Yvan-Charvet 2015). In the event of
LDL transport failure to the liver, the infiltration of LDL
into sub-endothelial space increases (Emini Veseli et al.
2017). LDL accumulation undergoes oxidative modifica-
tion, progressively forming oxidized LDL (ox-LDL) and
inducing an inflammation response. It is characterized by
overexpression of chemotactic proteins, including mono-
cyte chemoattractant protein-1 (MCP-1) and adhesion
molecules (vascular cell adhesion molecule-1 (VCAM-1),
E-selectin, and P-selectin). Adhesion molecules promote
blood-containing monocyte infiltration into the arterial
wall. Monocytes differentiate into macrophages, which
then phagocytes ox-LDL, form foam cells, and contribute
to plaque development (Buscemi et al. 2010).

Our study found that ACE treatment improved the lip-
id profile and aortic wall histology of mice, except in D3. It
can be assumed that its high dose causes endothelial dys-
function and increases the level of Lp-PLA2 in dose 3. In
line with that, the high compound of caffeine can be toxic
and cause endothelial dysfunction, as shown by a study
on healthy subjects. The study found a reduction of FMD
(flow-mediated dilation) as figured in endothelial function
performance after ingestion of caffeinated coffee (Matsu-
da et al. 2011). However, the previous study demonstrated
that the right dose of caffeine or polyphenol from coffee
down-regulated sterol regulatory element-binding pro-
tein (SREBP)-1, fatty acid synthase (FAS), and acetyl-CoA
carboxylase (ACC), which have pivotal roles in fatty acid
synthesis (Vitaglione et al. 2019). The blockade of genes
that contribute to fatty acid synthesis will lead to fatty liv-
er improvement. The previous study demonstrated that
coffee consumption increased liver LXR and up-regulat-
ed both ATP-binding cassette subfamily A1 (ABCA1) and
ATP-binding cassette subfamily G1 (ABCG1) gene expres-
sion (Vitaglione et al. 2019; Zhang et al. 2022). As we stat-
ed before, LXR- maintained cholesterol homeostasis, thus
elevating the cholesterol metabolism through two main
transporters, ABCA-1 and ABCG-1 (Maiolino 2015).

The release of lysophosphatidylcholine and oxidized fat-
ty acids through the phospholipid substrate on the LDL-C
surface can trigger inflammatory cascades (Cimmino et al.
2017). Inflammation causes the recruitment of lympho-
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