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Abstract—Since little is known about how coffee intake affects low-density lipoprotein (LDL) oxidative susceptibility and
serum lipid levels, we conducted an in vivo study in 11 healthy male students of Wakayama Medical University aged between
20 and 31 years fed an average Japanese diet. On days 1-7 of the study, the subjects drank mineral water. On day 7, the sub-
jects began drinking coffee, 24 g total per day, for one week. This was followed by a one week “washout period” during which
mineral water was consumed. Fasting peripheral venous blood samples were taken at the end of each one-week period. LDL
oxidation lag time was approximately 8% greater (p < 0.01) after the coffee drinking period than the other periods. Serum lev-
els of total cholesterol and LDL-cholesterol (LDL-C) and malondialdehyde (MDA) as thiobarbituric acid reactive substances
(TBARS) were significantly decreased after the coffee drinking period. Finally, regular coffee ingestion may favorably affect
cardiovascular risk status by modestly reducing LDL oxidation susceptibility and decreasing LDL-cholesterol and MDA lev-

els.
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Coffee is one of the most widely consumed psy-
choactive beverages in our society. It is a well-known and
extensively utilized psychotropic agent with effects on
mood, cognitive performance, and motor activity. In fact,
many investigators have shown that caffeine, one of the
main constituents of coffee, has a variety of pharmaco-
logical and cellular responses in a wide spectrum of bio-
logical systems [1]. These include stimulation of the cen-
tral nervous system and cardiac muscle, increased urinary
output, and relaxation of smooth muscle. In addition to
caffeine, coffee also contains a relatively large amount of
chlorogenic acid, a tea catechin analog, showing biologi-
cal effects such as antioxidation, antimutation, anticar-
cinogenesis, antibiotic, antihypercholesterolemia, anti-
hypertension, and anti-inflammatory actions [2].
Accordingly, coffee must be a useful beverage for health.
In contrast, some investigators have reported that caffeine
and/or heavy coffee intake may serve as risk factors for
lifestyle-related diseases including heart disease and
osteoporosis as well as periodontal diseases [3, 4], which
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are intimately associated with nutrition, exercise, alco-
hol, smoking, and several other lifestyle factors.

It is currently believed that oxidative modification of
low-density lipoproteins (LDL) by free radicals is a key
early event in the pathogenesis of atherosclerosis [5]. The
rapid uptake of oxidatively modified LDL via a scavenger
receptor leads to the formation of foam cells, and oxi-
dized LDL also has a number of other atherogenic prop-
erties [5]. Several dietary antioxidants have been shown to
inhibit the oxidative modification of LDL [6-8] and,
hence, have the potential to decrease LDL oxidation and
atherogenesis in vivo [9, 10]. However, the efficiency of
the protection of LDL in vivo will depend on several fac-
tors, including the absorption of the antioxidants and how
they interact with lipoproteins. A number of mechanisms
are likely to contribute to inhibition of LDL oxidation by
antioxidants.

However, little information is available with regard to
the absorption or metabolism of coffee [11-13]. In view of
this, the aim of the present study was to investigate the in
vivo effects of coffee on the oxidative modification of
LDL and lipid metabolism.
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MATERIALS AND METHODS

Study design. The study was carried out in accor-
dance with the guidelines of the ethics committee of
Wakayama Medical University. The subjects gave written
informed consent. To assess the effects of chronic coffee
consumption, coffee was consumed by eleven healthy
male students (21 and 31 years of age) from Wakayama
Medical University. They ate usual Japanese diets and
drank only mineral water as a beverage throughout this
study. On days 1-7 before the study (Baseline; B), the sub-
jects drank only mineral water as a beverage. Starting on
day 7 (After one week; A), subjects drank 150 ml coffee
three times per day for one week. This was followed by a
one-week (W) “washout” period during which only min-
eral water was consumed. Fasting peripheral venous blood
samples (at least 12 h after coffee ingestion) were taken at
the end of each one-week period.

Coffee preparation. Coffee was made by dissolving
8 g of Arabica coffee (Ajinomoto General Foods, Inc.,
Japan) in one mug of boiling water immediately before
drinking. Standard mugs (volume of beverage ingested,
150 ml) were used throughout the study.

LDL oxidation. Serum was obtained from blood
samples containing 1 mM EDTA by centrifugation at
1500g for 15 min at 4°C. LDL was isolated from the plas-
ma by rapid ultracentrifugation and oxidized as previous-
ly described by Esterbauer et al. [14]. The protein con-
centration was standardized to 50 mg/liter and oxidation
was catalyzed by copper (2 umol/liter) at 37°C.
Conjugated diene formation was monitored at A =
234 nm. The lag phase prior to the onset of rapid LDL
oxidation is seen as a slope with a slow increase in
absorbance. The duration of the lag phase is indicative of
the resistance to oxidation of the LDL being examined.
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Biochemical analysis. Blood and urine chemistry
were carried out by a standard laboratory method using a
7170 autoanalyzer (Hitachi Co., Japan). Malondialde-
hyde (MDA) concentrations were measured as TBARS
using a fluorimetric method.

Assay of caffeine. Caffeine was determined using the
method previously described [15]. One milliliter of serum
was applied to an Octadecyl Speedisk column (10 pm,
Baker Inc., USA), and caffeine was extracted with 400 pl
of methanol. Prior to determination of caffeine by HPLC
(ODS-120 T column, column size 0.46 x 25 cm, Toyo
Soda Co., Japan), extracted samples were diluted 10 times
with the mobile phase consisting of CH;OH/0.1% H;PO,
(3 : 7). HPLC analysis was carried out with the mobile
phase at flow rate of 1.0 ml/min and detection at 260 nm.

Assay of chlorogenic acid in urine. Urinary chloro-
genic acid of three samples was determined by HPLC as
described previously [16]. Following extraction from
urine samples (900 pl) with 1900 pl of ethyl
acetate—methanol (2 : 1 v/v), chlorogenic acid was sepa-
rated using a CI18 column (ODS-120T, column size
0.46 = 25 cm, Toyo Soda Co.) with 10% acetonitrile in
20 mM phosphate buffer (pH 2.4). The flow rate was
1.0 ml/min, and chlorogenic acid was detected at 325 nm.

Statistical analysis. For statistical calculation,
Student’s 7-test was used. Data are given as mean and
standard deviations (mean + SD). A significant difference
was accepted when p < 0.05.

RESULTS

Susceptibility of LDL to oxidation. There was a sig-
nificant increase in the lag time as the susceptibility of
LDL to oxidation before and after coffee consumption
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Fig. 1. Changes in LDL lag time levels at baseline (B), after one week coffee consumption (A) and one week washout period after coffee
consumption (W). a) Changes in individuals; b) mean of 11 observations + SD; * p < 0.001; ** p < 0.005.
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Table 1. Serum lipid levels at baseline (B), after one week
coffee consumption (A) and one week washout period
after coffee consumption (W)

Substance B A W
TC, mg/dl 1852+ 18.3* | 178.7 £ 16.4°| 157.9 + 18.6
TG, mg/dl 93.3 +30.7 67.5+£21.7 73.4 £25.7
LDL-C, 122.1 £24.9%9] 112.1 £20.2¢| 99.0 £17.8
mg/dl
HDL-C, 56.5+13.2 55.8+12.3 50.5+13.2
mg/dl
MDA, 2.9+ 0.4°° 24103 25104
nmol/ml
LP(a), mg/dl 25.1£16.2 232+ 114 | 2371139

Note: Values are means + SD. TC, total cholesterol; TG, triglycerides;
LDL-C, low-density lipoprotein cholesterol; HDL-C, high-
density lipoprotein cholesterol; MDA, malondialdehyde; Lp(a),
lipoprotein a.

* p <0.0005 compared with W.

° » <0.002 compared with W.

¢ p <0.005 compared with W.

d p <0.05 compared with B and W.
¢ p <0.005 compared with A.

" p <0.005 compared with W.

Table 2. Laboratory data at baseline (B), after one week
coffee consumption (A), and one week washout period
after coffee consumption (W)

Substance B A \%%
GOT, U/liter 21.5+5.3 21.7+£5.0 20.3+6.5
GPT, U/liter 26.3+£20.3 21.8+14.0 | 23.7%+13.5
v-GTP, U/liter 279 + 14.1 252+£128 | 25.6x11.7
Ca?*, mg/dl 94+04 9.3+04 9.0+0.3
P,, mg/dl 3605 3504 33%£0.5
Ca’" in urine, 11.3£7.1 11.6 £7.0 14.8 £10.8
mg/dl

Note: Values are means + SD. GOT, aspartate aminotransferase; GPT,
alanine-amino transpeptidase; y-GTP, y-glutamyl transpepti-
dase.

(101.0 £ 8.4 minin B, 130.0 £ 12.9 minin A, and 113.3 £
7.8 min in W, respectively) (Fig. 1).

Serum lipid levels. Throughout the study after coffee
consumption, serum lipids, including total cholesterol

(TC), LDL-cholesterol (LDL-C), and MDA decreased
significantly while triglycerides (TG), HDL cholesterol
(HDL-C), and lipoprotein a (Lp(a)) did not change sig-
nificantly (Table 1). These changes continued at one week
after coffee consumption.

Other laboratory data. Throughout the study, there
were no significant changes regarding other blood and
urine chemistries (Table 2).

Caffeine and chlorogenic acid concentrations. As
shown in Fig. 2, coffee consumption led to an increase in
serum caffeine concentration from 0.31 = 0.03 pg/ml in
B, 1.68 £ 0.03 pug/ml in A, and 0.51 + 0.03 pg/ml in W,
respectively. Chlorogenic acid was not detected in serum
(data not shown). On the other hand, urine chlorogenic
acid concentrations did not show significant changes
(1.01 £0.76 ug/mlin B, 2.18 £ 2.74 ug/mlin A, and 1.30
0.23 pg/ml in W, respectively) (Fig. 3).

DISCUSSION

The effects of coffee on health have been debated
throughout the last four centuries since the Arab
Abdelkader first wrote about the drink in 1587. Recently,
many investigators have suggested that polyphenols as
antioxidants in Japanese tea appear to protect the human
body against cardiovascular disease, liver disease, and
malignancies [2]. Regarding antioxidants, coffee con-
tains chlorogenic acid and caffeic acid, common con-
stituents of coffee. Therefore, coffee should also be
expected to be a useful beverage for human health.
According to the report of Cooper et al. [17], the medi-
an daily caffeine consumption was estimated to be 210 mg
(range 0-849.6 mg) from intakes of coffee, tea, and other
caffeinated beverages. According to the report of
McAnlis et al. [18], coffee did not affect serum lipid lev-
els and susceptibility of LDL to oxidation in humans.
The object of this study was, therefore, to assess whether
consumption of relatively large amounts of coffee and
the control of the beverage over a week affected serum
lipid levels and/or protected the LDL from oxidation.
According to the data from serum caffeine concentra-
tions of the present study, this study design is appropriate
for investigating the effect of coffee consumption on
serum lipids and in vitro LDL susceptibility. In this study,
coffee ingestion resulted in a significant decrease in
serum levels of cholesterol, LDL cholesterol, and MDA,
and a significant decrease in susceptibility of LDL to
oxidation, indicating that coffee consumption might
protect against atherosclerosis due to lowering serum
lipid levels and improving LDL susceptibility. Although
the reasons for discrepancies compared with a few previ-
ous reports [18, 19] are not yet clear, it may be due to the
difference of the study design, especially relatively large
amounts of coffee consumption and the strictly con-
trolled beverage intake in our study. Recently, however, a
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Fig. 2. Changes in serum caffeine concentrations at baseline
(B), after one week coffee consumption (A) and one week
washout period after coffee consumption (W). Mean of 11
observations + SD; * p < 0.002.

Fig. 3. Changes in urine chlorogenic acid concentrations at
baseline (B), after one week coffee consumption (A) and one
week washout period after coffee consumption (W). Mean of
three observations + SD.

report consistent with our results was published [20]. The
addition of increasing concentrations of coffee had a very
highly significant dose dependant effect on the LDL oxi-
dation [21], suggesting that the antioxidants present in
coffee if absorbed in large enough quantities should be
able to protect the LDL from oxidation in vivo.
Subsequent studies were carried out to see whether or not
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compounds in coffee are absorbed into the serum at high
enough quantities to protect the LDL from oxidative
modification in vivo.

There is, however, very little known about coffee
absorption and metabolism in vivo [11-13], and the extent
of absorption of coffee remains an important unsolved
problem in judging its potential health effects. In this
study, chlorogenic acid, one of the major antioxidants of
coffee, was not detected in serum and did not change in
parallel with coffee consumption in urine, demonstrating
that plasma chlorogenic acid might be present as a conju-
gated form with glutathione [16]. This study also showed
urinary chlorogenic acid concentrations did not change
after coffee consumption, indicating that chlorogenic acid
is present in the diet as part of fruits and vegetables [16].

In summary, it therefore seems likely that any car-
dioprotective effects of coffee are a reduction of serum
lipid and MDA levels, and a decrease in the susceptibility
of LDL to oxidation. However, large-scale controlled
studies, including age, sex, race, and lifestyle will be
required to resolve whether coffee is a useful beverage for
human health.
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