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Potential of Coffee Fruit Extract and Quinic Acid on Adipogenesis
and Lipolysis in 3T3-L1 Adipocytes
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This study was to assess the impact of different colors of coffee fruit (green, yellow and red) on
adipogenesis and/or lipolysis using 3T3-L1 adipocytes. Characterization of chemical constituents in
different colors of coffee fruit extracts was determined by ESI-Q-TOF-MS. The cytotoxicity of the extracts
in 3T3-L1 preadipocytes were evaluated by MTT assay. Oil-red O staining and amount of glycerol
released in 3T3-L1 adipocytes were measured for lipid accumulation and lipolysis activity. All coffee fruit
extracts displayed similar chromatographic profiles by chlorogenic acid > caffeoylquinic acid > caffeic
acid. Different colors of raw coffee fruit possessed inhibitory adipogenesis activity in 3T3-L1 adipocytes,
especially CRD decreased lipid accumulation approximately 47%. Furthermore, all extracts except CYF
and their major compounds (malic, quinic, and chlorogenic acid) increased glycerol release. Our data
suggest that different colors of coffee fruit extract have possessed anti-adipogenic and lipolytic properties
and may contribute to the anti-obesity effects.

INTRODUCTION

The prevalence of obesity is linked to an increase of chronic diseases such as insulin resistance and
cardiovascular disease (CVD) (1). It is well known that obesity occur mainly because of an imbalance between
energy intake and utilization, leading to an alteration in body composition, especially in adipocytes (2). Adipose
tissue is recognized as an important organ that regulates of energy metabolism and many physiological functions
including appetite regulation, immunity, glucose and lipid metabolism, reproduction and body weight
homeostasis (3). The excessive of number of adipose tissue and an enlargement in adipocyte size results from
increased storage, proliferation and differentiation of triacylglycerol (TAG). Fat accumulation is considered by
the balance between synthesis (lipogenesis) and breakdown (lipolysis) of TAG (3). Decreases in adipose tissue
mass may possibly induce by promoting lipolysis and inhibiting adipogenesis that reduce obesity. Nowadays,
natural products have received more attention to prevent obesity and other chronic diseases. Several plants have
been shown to have potential for inhibiting adipogenesis (4, 5) and stimulating lipolysis in adipocytes (6, 7).

Coffee (Coffea arabica L.) is members of Rubiaceae family. Several compounds have been found in coffee
fruit including micronutrients (8), chlorogenic, caffeic, and ferulic acid, trigonelline, and caffeine (9, 10). Coffee
has been shown to possess antioxidant, antibacterial (10), antifungal (11), and antiradical activities (12). Many
studies have demonstrated that coffee can prevent of Type 2 Diabetes Mellitus, improve insulin sensitivity,
decreases the risk of parkinson's disease (8), reduces the risk of cancers, hepatoprotective effect and
anti-inflammatory activity (13). Some study suggests that coffee bean is also effective to improve obesity (14,
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15). However, only coffee bean was analyzed, and more research of whole coffee fruit is needed. Normally,
growing coffee fruit begins green color and gradually to change to yellow and red when they ripen. For all that,
antiobesity which underlying the effect of different colors of coffee fruits are still not fully known. In this study,
we characterized bioactive compounds and examined the role of different colors of coffee fruits in inhibition of
adipogenesis and stimulations of lipolysis in 3T3-Lladipocytes. This study provides scientific evidence to
support different colors of coffee fruits as a potential supplement to reduce the risk of obesity and other chronic
diseases.

MATERIALS AND METHODS

Chemicals

3-isobutyl-1-methylxanthine (IBMX), dexamethasone (DEX), insulin, oil red O stain, isopropanol, formalin,
MTT (3-[4,5-dimethylthiazol-2-y1]-2,3-diphenyl tetrazolium bromide), DMSO, Chlrogenic acid, Caffeic acid
(purity = 98.0%), and caffeine were purchased from Sigma-Aldrich, USA.Dulbecco modified Eagle medium
(DMEM), calf bovine serum (CBS), and fetal bovine serum (FBS), trypsin/EDTA, and penicillin/streptomycin
were purchased from GIBCO (BRL Life Technologies, Grand Island, NY, USA). Adipolysis assay kit was
obtained from Merck (Darmstadt, Germany).

Plant extract preparation

Raw coffee fruits (Green, Yellow, and Red) were provided by Chao-Thai-Pukao Factory, Chiang Mai,
Thailand. Coffee fruits were divided into two parts. The first part was dried by hot air oven at 50°C, and then
blended by using blender machine. Dry coffee fruits were extracted with boiling distilled water (coffee: boiled
distilled water; 1:10) for 30 min. The second parts, fresh coffee fruits were blended with distilled water and
boiled for 30 min. The filtered solution was lyophilized to obtain dry powders. The powder extract was stored at
-20°C until further study. Coffee fruits extract include CGD, CGF, CYD, CYF, CRD, CRF and CRBD. For
quantitative analysis of coffee fruit extracts, stock solutions of seven extracts were prepared by dissolving them
in the mixture solution of acetonitrile and ultra-pure water (3:7 v/v) at 20 mg/mL with the exception of three
samples (CGF, CYF and CRBD) were prepared at 10 mg/mL due to their solubility was limited in this mixture
solution. A mixture of the standard compounds (caffeic acid and chlorogenic acid) each at 10 pg/mL was
injected into the system.

Instrumentation LC-ESI-Q-TOF-MS conditions

Chromatographic experiments were performed using an Agilent 6540 Q-TOF-MS spectrometer (Agilent
Technologies, Singapore) coupled with an Agilent 1260 infinity series HPLC system (Agilent, Waldbonn,
Germany). The HPLC system consists of a vacuum degasser, an autosampler, a binary pump, and a temperature
controlled column compartment. The instrument was also coupled to an electrospray ionization (ESI) source and
proprietary Agilent dual nebulizer. The samples were analyzed by LC-ESI-Q-TOF-MS according to previously
described method with some modifications (10). Briefly, the injection volume was 5 pL for samples and
standards. In the HPLC analysis, a mobile phase of 0.1% formic acid in water (v/v) (A) and 0.1% formic acid in
acetonitrile (v/v) (B), was employed in the linear gradient mode with 10-90% B for 30 min. The separation was
performed with phenomenex Luna C-18 (2), 150 mm x 4.6 mm internal diameter, 5 um particle size column
(Phenomenex Inc., Torrance, CA, USA) at a flow rate of 0.5 mL/min and the column temperature was set to
35°C. The operating MS detection were worked in negative-mode and parameters were as follows: drying gas
(N,) flow rate, 10.0 L/min; drying gas temperature, 350°C; nebulizer pressure, 30 psig; capillary voltage, 3500
V; skimmer, 65 V; octapole RF, 750; and fragmentor voltage, 100 V. LC-MS accurate mass spectra were
recorded across the range 100-1200 m/z with 4 spectra/sec. Peak identification was performed by comparison of
the retention time, mass spectra, and fragmentation patterns with standard compounds, published data and library
search (MassHunter Metlin metabolite PCD/PCDL, Agilent Technologies). Contents of marker compounds were
calculated based on peak area and were determined in triplicate experiments.

3T3-L1 pre-adipocytes cells culture and differentiation

Mouse embryo 3T3-L1 cell line was obtained from the American Type Culture Collection (ATCC, CL-173).
3T3-L1 pre-adipocytes were grown in high glucose-containing Dulbecco's Medium (DMEM), supplemented
with 10% heat-inactivated (56°C, 30 min) bovine calf serum (CFS). Cells were maintained at 37°C in a
humidified 5% CO, atmosphere throughout the experiments. For subculture, the medium was removed, and cells
were detached with 0.25% trypsin in a Ca®’-, Mg*'-free phosphate-buffered saline (PBS) containing 0.2 g/L
EDTA.
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For differentiation of 3T3-L1 preadipocytes to mature adipocytes, 3T3-L1 pre-adipocytes were induced with
differentiation media (DMEM with high glucose content that supplemented with 10% fetal bovine serum
(complete media), 1 uM dexamethasone (DEX), 0.5 mM IBMX, and 10 ug/mL insulin (day 0 to day 1).
Beginning day 2, the medium was replenished with maturation media (complete media and 10 pg/mL insulin)
and maintained at 37°C in a humidified 5% CO, atmosphere. This medium was changed every 2 days until day
10. At this time, the cells exhibited characteristic of mature adipocytes.

Cell Viability Assay

Cell viability was measured using MTT (3-[4,5-dimethylthiazol-2-yl]-2,3-diphenyl tetrazolium bromide)
assay. 3T3-L1 preadipocyte cells were plated in 96-well plates at a density of 20,000 cells/well for 24 h. Cells
were fasting with serum-free medium overnight and then exposed to the coffee fruits extracts (200,400, 800, and
1000 pg/mL) for 24 h. Two hours before the end of the treatment, MTT reagent (0.5 mg/mL, 10 pl) was added
to each well and incubated until completed treatment. The colored crystal of produced formazan was dissolved in
200 uL of 100% isopropanol and was read by absorbance at 595 nm using a microplate reader. The percent
viability was calculated as the ratio of absorbance of treated group divided by the absorbance of control group,
and then multiplied by 100.

Lipid accumulation by oil red O staining

To examine the effect of coffee fruit extracts and their active compounds on lipid accumulation, 3T3-L1 cells
were treated with various concentrations of coffee fruits extracts (200,400, 800, and 1000 pg/mL) in
differentiation media or maturation media starting at day 0 until the end of the experiment days (day 10). Cells
were washed twice with ice-cold PBS and fixed with 10% (v/v) formalin for 1 h. Cells were then rinsed with
60 % isopropanol and stained with Oil red O working solution for 10 min. The staining of lipid droplets in
adipocytes was rinsed three times with PBS and then was observed under an inverted microscope. Stained oil
droplets were extracted with 100% isopropanol and absorbance was measured at 510 nm using a microplate
reader.

Measurement of lipolysis by glycerol assay

Lipolytic activity of coffee fruit extracts and their active compounds was performed by measuring their
ability to release glycerol from mature adipocytes. Briefly, adipocytes cells were fasting with glucose-and
serum-free medium overnight. Cells were washed twice with PBS and further incubated with various
concentrations of coffee fruits extract (200, 400, and 800 pug/mL) or isoproterenol (10 pM) (lipolysis inducer) in
Hang’s buffer for 4 h. Medium was collected for measuring the glycerol release by colorimetric assay (adipolysis
assay kit) using absorbance at 570 nm.

Statistical analysis

All data were represented as mean + standard error of the mean (SEM) of at least three separate experiments.
The statistical analysis was analyzed by Kruskal-Wallis test or analysis of variance (ANOVA) followed by
Bonferroni multiple comparison tests. P values less than 0.05 were considered to be statistically significant.

RESULTS AND DISCUSSIONS

The separation of chemical constituents of seven coffee fruit extracts (coffee green dry (CGD), coffee green
fresh (CGF), coffee yellow dry (CYD), coffee yellow fresh (CYF), coffee red dry (CRD), coffee red fresh (CRF),
and coffee red bean dry (CRBD)) were achieved using reverse phase C-18 column with gradient acetonitrile
under acidic condition as mobile phase. The total ion chromatograms (TIC) of tested samples were obtained with
the negative ionization mode (Figure 1).

The results demonstrated that all extracts displayed similar chromatographic profiles. In this study, three
active compounds (caffeic acid, chlorogenic acid and caffeoylquinic acid) were mainly focused. The retention
time values (tr) and m/z, [M-H] obtained with individual compounds are summarized in Table 1.
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Figure 1.

I Total ion current (TIC) chromatograms of coffee fruit extracts (a)
| CGD, (b) CGF, (c) CYD, (d) CYF, (e) CRD, (f) CRF, (g)

T CRBD.Monitored in negative ionization-mode. The peak

i numbers and compounds identification were summarized in Table
o L

(@

Table 1. Retention time and molecular ion mass (m/z) of three marker compounds obtained from LC-ESI-QTOF-MS.

Peak no. retention time (tg, min) m/z, [IM-H] compounds
1 7.44 353.0737 caffeoylquinic acid
2 8.75 353.0737 chlorogenic acid
3 10.39 179.0239 caffeic acid

Peak 1 and 2 showed the same molecular ion [M-H] at m/z 353.0373. With the aid of available commercials
standard, it was possible to identify Peak 2 as chlorogenic acid while the other compound, peak 1, was identified
as an isomer, caffeoylquinic acid by comparing the fragmentation pattern with spectrometric characteristics
previously reported in literatures (10, 16). For Peak 3, this compound conclusively identified by comparing
retention time and mass spectra with that of commercial standards. It showed molecular ion [M-H] at m/z
179.0239 and identified as caffeic acid. Contents of three marker compounds in seven extracts were calculated
based on their peak area and are shown in Table II.

Table I1. Contents of marker compounds in different coffee fruit extract. The experiments were done in triplicate and the
data are express as mean + SEM

Samples Content of marker compound (mg/100 mg of extract, %w/w)
caffeoylquinic acid * chlorogenic acid caffeic acid total

CGD 0.433+0.055" 0.955+0.036 0.026+0.001""" 1.414+0.090
CGF 0.169+0.038 1.036+0.181 0.0080.002 1.212+0.210
CYD 0.313+0.022 0.633+0.023 0.026+0.003""" 0.971+0.047
CYF 0.252+0.054 1.093+0.049™" 0.011+0.002 1.355+0.012
CRD 0.339+0.072 0.721+0.137 0.021+0.003 1.081+0.207
CRF 0.20420.017 0.697+0.106 0.008+0.001 0.909+0.114

CRBD 0.558+0.050 1.256+0.027 0.025+0.003 1.839+0.074"

Remark: * equivalent to mg of chlorogenic acid, p <0.05 vs. the other extract in total marker compound contents, * p<0.05

vs. the same color in caffeoylquinic acid, ***p<0.05 vs. the same color in chlorogenic acid, ™ p<0.05 vs. the same color in

caffeic acid.

Determination of caffeoylquinic acid content was calculated by equivalent to mg of chlorogenic acid. All
results were expressed as mg of interested compound/100 g extract (%w/w). Among all tested extracts, the
coffee red bean dry (CRBD) significantly showed the highest content of total marker compounds (1.839+0.129
mg/100 g of extract). Moreover, the total content in CYF also showed significantly different from that of CYD.
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However, the content of total marker compounds of each group of coffee fruit extracts (fresh or dry extracts)
showed no significant difference among groups. A similar variation profile could also be observed in all coffee
fruit extracts, the content of chlorogenic acid > caffeoylquinic acid > caffeic acid, respectively. Interestingly,
caffeoylquinic acid content in CGD was significantly higher than CGF, while CYF found chlorogenic acid more
than CYD. Additionally, CGD and CYD displayed caffeic acid greater than that CGF and CYF, respectively.
Our result revealed that CRBD extract contains the highest content of total marker compounds. The variation in
the content of constituents might lead to the variation of therapeutic effects.

To determine the suitable concentration of coffee fruit extracts (CGD, CGF, CYD, CYF, CRD, CRF, and
CRBD) on 3T3-L1 preadipocyte cells, cell viability was studied using MTT method. Treating with 200,400, 800,
and 1000 pg/mL of extracts for 24 h had no effect on cell viability (Figure 2).

Based on these results, further investigations were carried out at a concentration ranges. In this study, we
investigated the antiobesity effect by regulated adipogenesis and lipolysis of many colors of coffee fruit extracts
in 3T3-L1 adipocytes. Excessive energy not only leads to obesity but also increases the number and size of
adipocytes that triacylglycerols (TAG) accumulation. Fat accumulation is regulated by the balance between
lipogenesis and lipolysis of TAG (3). Lipogenesis is a process that occurs preferentially in adipose tissue, stores
excess energy as TAG (3, 17). Lipolysis is the catabolic process that occurs in adipose tissue, leading to the
breakdown of TAG into free fatty acids and glycerol (18). Up to date, there are few data on adipogenesis and
lipolysis of raw coffee fruit.

To examine the anti-adipogenic effects of coffee fruit extracts, lipid accumulation in adipocytes was
examined quantitatively and qualitatively with Oil Red O staining. 3T3-L1 cells were treated with various
concentrations of the extracts (200,400, 800, and 1000 pg/mL) during the process of differentiation (Day 0 - Day
1) to maturation (Day 2 — Day 10) for 10 days. Based on microscopic observation, the Oil-red O staining
revealed a reduction in the number of lipid droplets in the presence of all coffee fruit extracts (CGD, CGF, CYD,
CYF, CRD, CRF, and CRBD) at 800 pg/mL as shown in Figure 3.
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®CGD  Figure 2.
120 1 BCGE  Cytotoxic effects of coffee fruit
3 100 '_'_':': :i i E ?f g? extracts on 3T3-L1 cells. Cell
E, % Eu% :E E 2 ocrp  Viability was measured by MTT
% = E: ; E__ acrr  assays. 3T3-L1 cells were treated
Z 609 = :E 1 5 acrgp  With different concentrations
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Figure 3. Coffee fruit extracts on lipid accumulation in adipocytes cells. Cells were treated with or without coffee fruit
extracts (800 pg/mL); (A) Control, (B) CGD, (C) CGF, (D) CYD, (E) CYF, (F) CRD, (G) CRF, (H) CRBD.
Cells were stained with Oil Red O and observed under the microscope (10X).
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The presence of CRD extracts significantly decreased the lipid droplet content approximately 47% (Figure
4). 3T3-L1 cells treated with CGF, CYD, and CRF at 400 pg/mL and 800 pg/mL significantly reduced lipid
accumulation compared to untreated cells. Significant reduction in lipid accumulation was observed in cells
treated with 200 pg/mL of CRBD (Figure 4). Moreover, their active compounds showed inhibitory effect on
lipid accumulation of 3T3-L1 cells by approximately 63% inhibition as shown in Figure 5.
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B Caffeine Lipid accumulation in 3T3-L1
cells treated with active
compounds (125, 250, and 500
uM) for ten days. The results
represent as Mean+SEM, (N=3).
* indicates significant
differences at p < 0.05.
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The present study demonstrated that the different colors of raw coffee fruit possessed inhibitory adipogenesis
activity in 3T3-L1 cells. Maki et al. reported that coffee has effectively prevented HFD-induced obesity (15).
They showed that roasted coffee intake was significantly decreased in body weight, glucose, free fatty acid, total
cholesterol, and insulin levels in the blood. They also found that coffee extract reduced the accumulation of
adipose tissue (epididymal fat, retroperitoneum fat, and mesenteric fat) in mice and inhibited adipogenesis in
3T3-L1 preadipocytes (15). Aoyagi et al. supported that coffee reduced lipids accumulation during adipocytic
differentiation of 3T3-L1 cells by suppressing, the peroxisome proliferator-activated receptor y (PPARY), the
expression of a transcription factor controlling the differentiation of adipocytes and some differentiation marker
genes (adiponectin (aP2), CCAAT-enhancer-binding protein o (C/EBPa), glucose transporter 4 (GLUT4), and
lipoprotein lipase (LPL) during adipocyte differentiation (19). It have been reported that raw green coffee beans
extract decreased perirenal and epididymal white adipose tissue weights, and triglyceride level low in serum and
liver in rat (20). Previous studies evidence that coffee contains several compounds including several
micronutrients (8), chlorogenic, caffeic, and ferulic acid, trigonelline, and caffeine (9, 10). Raw green coffee
beans are rich in caffeine, chlorogenic acid, quinic acid, caffeic acid, and p-coumaric acid, while roasting raw
coffee beans reduces the caffeine and chlorogenic acid contents (20, 21). Our results are in agreement with those
of other authors who showed that their active compounds of coffee suppress of lipid accumulation. It have been
reported that caffeine did not effect on the differentiation of 3T3-L1 pre-adipocytes to mature adipocytes, but it
suppressed the accumulation of lipid during mature adipocytes (22). Chlorogenic acid, gallic acid, o-coumaric
acid and m-coumaric acid were suggested to have antiobesity effects by decreasing preadipocyte proliferation
and causing cell cycle arrest in the G1 phase (23). Alam et al. provided evidence that hydroxycinnamic acid
derivatives (cinnamic acid, p-coumaric acid, ferulic acid, caffeic acid, chlorgenic acid, rosemarinic acid) prevent
adipocyte differentiation and decrease lipid profile in animal models (24). Caffeic acid and chlorogenic acid
decreased body weight, visceral fat mass and plasma leptin and insulin levels and also inhibited fatty acid
synthase, 3-hydroxy-3-methylglutaryl CoA reductase and acyl-CoA:cholesterol acyltransferase activities in liver
in high-fat diet induced obese mice (25). Liao et al. suggested that caffeic acid demonstrated a potential as an
anti-obesity agent by suppression of body weight, visceral fat mass, lipogenic enzymes and hepatic lipid
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accumulation (26). O-coumaric acid inhibited intracellular triglyceride, glycerol-3-phosphate dehydrogenase
(GPDH) activity in 3T3-L1 adipocytes (27). O-coumaric acid was suggested to have anti-adipogenesis mediated
through the down-regulated expression of adipogenic transcription factors (PPARy and C/EBPR) and
adipocyte-specific proteins (leptin), and then the up-regulated expression of adiponectin (27). O-coumaric acid
also decreased body weight, liver organ, and adipose tissue weights of peritoneal and epididymal fat pads in high
fat diet rats (28). Therefore, it is possible that anti-adipogenic activity may be effects of these active compounds
in extracts.

Figure 6.
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considered as statistically
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To explore whether these colors of coffee extract also influence on lipolysis effects, glycerol release in
culture medium were measured. Normally, the releasing of glycerol from cells into culture was used as a marker
of adipocyte lipolysis. Isoproterenol, a B-adrenergic agonist and a lipolysis stimulating agent, was used as a
positive control. 3T3-L1 cells were treated with various coffee fruit extracts concentrations (200, 400, and 800
pg/mL) for 4h. The content of free glycerol release in cell culture medium in the 3T3-L1 adipocytes was
determined. Our results demonstrated that all coffee fruit extract except CYF increased glycerol release when
compared with that the untreated cells as shown in Figure 6.

Furthermore, their active compounds (200 uM) on glycerol release were also determined. We found that
malic, quinic, chlorogenic acid were significantly increased glycerol release when compared with control as
shown in Figure 7. It can be suggested that the decreased glycerol release treated with coffee fruit extract may be
the effects of their active compounds, especially malic, quinic, chlorogenic acid.

2.5 1
Figure 7.
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Our study provides the first evidence that each color of coffee fruits extracts stimulated different liberation of
glycerols in 3T3-L1 adipocytes. Thus, these colors of coffee fruits extracts have lipolytic properties and could be
a potential candidate in stimulation of lipolysis in adipose tissue. In addition, we found that their major
compounds (malic, quinic, and chlorogenic acid) increased glycerol release. It can be suggesting that a
mechanism of these active compounds may contribute to lipolytic activity of these different colors of coffee
extract as well. Sung et al. have shown that caffeine 0.05% intake for ten weeks reduced weights of liver,
epididymal and retroperitoneal adipose tissues, kidney, testis, and spleen in obese mice (29). Caffeine has been
reported to enhance noradrenaline-induced lipolysis in fat cells (30). Caffeine (1.0 mg/mL) and chlorogenic acid
(0.1 and 1.0 mg/mL) have a lipolytic activity by releasing of free fatty acids from human adipocytes (31).
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CONCLUSIONS

In conclusion, our data reveal that coffee fruits suppressed the accumulation of droplets and promoted
production of lipolysis. We suggest that each coffee fruits color may have future application in antiobesity and
may decrease the risk of other chronic diseases. However, research on mechanisms of molecular pathways
underlying the antiadipogenic and lipolytic properties and antiobesity effects in vivo need to be further explored.
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