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Coffee brew intake can prevent the reduction of lens
glutathione and ascorbic acid levels in HFD-fed animals
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Abstract. The lens has high concentrations of glutathione (GSH)
and ascorbic acid (AsA) to maintain redox activity and prevent
cataract formation, which is the leading cause of visual impair-
ment worldwide. Metabolic syndrome is reported to be linked
with a higher risk of age-associated cataract. As it was demon-
strated previously that coffee consumption improved high-fat diet
(HFD) -induced metabolic symptoms, it was hypothesized that
coffee intake could delay the onset of obesity related-cataract;
however, the effect of coffee consumption on this type of
cataract remains unknown. Four-week-old male C57BL/6JJms
SLC mice were divided into two groups and were provided
ad libitum access to either a control diet (control groups) or a
HFD (HFD groups). The control groups and HFD groups were
further divided into three or four subgroups for each experiment.
Coffee intake markedly reduced the increase in body weight in
a roasting-time and concentration-dependent manner. Coffee
consumption also prevented the HFD-induced decrease in the
concentration of GSH and AsA, and treatment with pyrocatechol
or caffeine also restored the reduction of antioxidant compounds.
Plasma cholesterol and triglycerides were significantly higher in
HFD groups; however, coffee brew or coffee constituent treat-
ment in the HFD-fed mice group prevented elevation of these
levels. Caffeine is a major coffee component and pyrocatechol
is generated thought the roasting process. These results revealed
that caffeine and pyrocatechol in coffee brew may be the key
constituents responsible for preventing the reduction of lens
GSH and AsA in HFD-fed animals.
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Introduction

Cataract, defined as opacification of the lens, is the leading
cause of visual impairment worldwide. Given the extended
life expectancy and an increased aging of the population, the
burden and impact of age-related cataract are expected to
become more significant. The lens has high concentrations of
glutathione (GSH) and ascorbic acid (AsA), which act to main-
tain redox activity and preserve lens transparency. Given that
lens opacity is a direct result of oxidative stress, the concentra-
tions of these antioxidants are frequently used as markers of
cataract formation, both clinically and in animal models (1,2).
As the mature fibre cells that compose the bulk of the lens lack
the necessary cellular organelles required to perform de novo
protein synthesis, one preferred approach for the prevention
of cataract is the preservation of the redox state in the lens.
Multiple pieces of evidence have suggested the consumption
of antioxidant compounds as a possible prevention strategy
against cataract formation (3-5). There have been reports
that the risk of age-related cataract is increased by metabolic
syndrome or obesity (6,7).

Recently, our laboratory demonstrated that coffee
consumption significantly improved metabolic symptoms in
mice, including body weight reduction and the accumulation
of adipose tissue (8). Owing to the fact that coffee contains
over 1,000 bioactive compounds, including antioxidant,
anti-inflammatory, and anti-cancer agents, the accumulation of
evidence from numerous epidemiological studies has revealed
that coffee consumption could lower the risk of various chronic
illnesses, such as cancer, cardiovascular disease, type 2
diabetes, and cataract (9-11). The effect of coffee consumption
on antioxidant activity is unlikely to be a direct consequence
of the antioxidant properties of the coffee brew; they are more
likely to result from certain constituents of coffee augmenting
endogenous antioxidant defences, such as upregulation of
GSH concentration and glutathione-S-transferase (GST)
activity (12). Numerous studies have shown that consumption
of coffee brew helps to mitigate cataract formation in humans
and animals (5,13,14). We hypothesized that coffee intake could
prevent obesity related-cataracts; however, the effect of coffee
consumption on this type of cataract remains unknown. To
validate this hypothesis, we investigated the effect of coffee on
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obesity-related cataract development. In this study, we evalu-
ated the anti-cataract activity of coffee consumption by using
high-fat diet (HFD)-fed animals as an obesity-induced cataract
model and measured the levels of GSH and AsA in the lens.

Materials and methods

Materials. C57BL/6JJms SLC mice were purchased from
Sankyo Labo Service Corporation (Tokyo, Japan). The control
diet (D12450J) and HFD (D1249) for mice were purchased from
Research Diets Inc. (New Brunswick, NJ, USA). The quantifica-
tion kit for GSSG/GSH was purchased from Dojindo Laboratories
(Kumamoto, Japan). 2,6-Dichlorophenolindophenol (DCPIP)
was purchased from Merck KGaA (Darmstadt, Germany).
Caffeine, GSH, dithionitrobenzene (DTNB), AsA, metaphos-
phoric acid, caffeine, and pyrocatechol were purchased from
Wako Pure Chemical Industries, Ltd. (Osaka, Japan).

Animals. Four-week-old male C57BL/6JJms SLC mice were
housed under temperature-controlled condition (23+5°C) with
a 12 h regular light/dark cycle. Mice were euthanized with
isoflurane (5%, inhalation; Wako Pure Chemical Industries
Ltd.). Blood samples were immediately collected form the
vena cava; as much blood as possible was obtained from each
mouse for subsequent measurements. All animal experiments
were conducted in accordance with the approved guidelines
and the National Institutes of Health (NIH) Guide for the care
and use of laboratory animals. The Keio University Animal
Research Committee approved all animal procedures used in
this study [12048-(3)].

Preparation of coffee extract. In this study, we have used
Columbia Arabica coffee because it is one of the most
consumed varieties globally. Roasted Columbia Arabica
coffee beans was obtained from Starbucks Coffee Japan
(Tokyo, Japan). Columbian Arabica coffee green beans were
purchased from Nakaya Coffee (Tokyo, Japan). Coffee beans
were freshly ground before preparing the coffee extract. The
coffee extract was prepared by a common method (drip style),
and divided into aliquots. Coffee concentrations were adjusted
for optical density measurement such that, optical density at
500 nm of 10% green beans extract was 0.05, and that of 10%
roasted beans extract was 0.269.

High-fat diet-treated mice and coffee intake. Four-week-old
male C57BL/6JJms SLC mice were divided into two groups:
Control diet-fed mice (control groups) and HFD-fed mice
(HFD groups). During the experimental period, the control
groups was fed D12450J and the HFD groups was fed D1249
for 7 weeks ad libitum. The control and HFD groups were
further divided into three or four subgroups. For the roasting
experiment, pure water, 60% (v/v) green beans extract, and
60% (v/v) roasted beans extract were allowed for each group
ad libitum. For coffee concentration experiment, pure water,
40% (v/v) coffee extract, and 60% (v/v) coffee extract were
allowed ad libitum (n=6 per group in each experiment). For the
coffee component experiments, pure water, 60% (v/v) coffee
extract, 3.24 mM caffeine, and 20.4 uM pyrocatechol were
administered for each group; these are the equivalent concen-
trations in 60% coffee brew (Table I) (14).
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Table I. Changes in the constituents of coffee extract during
the roasting process.

Coffee beans (mM)

Constituents Green Dark
Caffeine 44 5.610
Chlorogenic acid 4.8 0.234
Pyrocatechol nd. 0.034
Trigonelline 42 1.120

n.d., not detected.

Measurement of GSH. The concentration of GSH in the lens
was determined by using the GSSG/GSH measurement kit in
accordance with the manufacturer's instructions. Briefly, lenses
were homogenized in 5% 5-sulfosalicylic acid dehydrate and
centrifuged. GSH masking reagent or PBS was added to the
supernatant to sequester GSH for the glutathione disulfide
(GSSG) concentration or total glutathione concentration
measurement, respectively, and incubated for 1 h at 37°C. Ten
min after the addition of DTNB, the absorbance at 415 nm was
measured by using a microplate reader infinite M200 (Tecan
Ltd., Ménnedorf, Switzerland).

Measurement of AsA. The levels of AsA in the lens were
determined using DCPIP, as previously reported (15). The
lenses were homogenized in 0.1 M phosphate-buffered saline
(Ph 7.4) and mixed metaphosphoric acid for deproteiniza-
tion. The lens homogenate was centrifuged; subsequently, the
supernatant was titrated with DCPIP and the absorbance at
540 nm was measured by using a microplate reader infinite
M1000 (Tecan Ltd.).

Measurement of cholesterol and triglyceride levels in plasma.
Plasma sampels were separated by centrifugation of whole
blood with heparin, and were stored at -80 before analysis. The
total cholesterol and triglyceride levels were measured with
SPOT-CHEM II and Kensin-2 strip (Arkray, Minneapolis,
MN, USA).

Statistical analysis. Data were presented as the
mean =+ standard error of the mean (SEM) of six different
animals, and triplicate determinations were performed in
each experiment. Statistical analysis of data was performed
using one-way analysis of variance (ANOVA) with a post-hoc
Tukey's multiple comparison test with SPSS software
version 24 (BM Corp., Armonk, NY, USA). P<0.05 was
considered to indicate a statistically significant difference.

Results

Roasting affects the anti-cataract ability of coffee brew. In
this study, an obesity-related cataract model was induced by
an HFD treatment. Using this model, we investigated whether
the roasting process of coffee affected obesity-related cata-
ract risks. The body weights of mice on day 0 and 49 is shown
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Figure 1. Effect of green beans coffee and roasting beans coffee in HFD-fed mice. (A) Body weights of HFD-fed mice treated with coffee brew from green
beans or roasted beans on day 0 and day 49. (B) GSH and (C) AsA levels were measured for HFD-fed mice. GSH and AsA levels are measured by using DTNB
and DCPIP, respectively. All results are expressed as the mean + standard error of the mean. Triplicate determinations were performed in each experiment
(n=6 in each group). "P<0.05. HFD, high-fat diet; GSH, glutathione; AsA, ascorbic acid; DTNB, dithionitrobenzene; DCPIP, 2,6-dichlorophenolindophenol.

in Fig. 1A. HFD-treated mice were significantly heavier
than those fed the control diet; moreover, roasted coffee
intake markedly reduced this increase in body weights.
Subsequently, we investigated the effect of coffee intake
on the antioxidant levels of the lens. In the control groups,
there was no change in GSH concentration with the different
brew treatment (Fig. 1B). The GSH concentration of the lens
was significantly reduced to 0.53 ymol/g in the HFD group.
However, this reduction in GSH was rescued with brew treat-
ment: The GSH concentrations in the HFD-green beans group
and HFD-roasted coffee group were 0.78 and 0.90 ymol/g,
respectively (Fig. 1B).

As the level of AsA in the lens is also a well-established
cataract marker, we measured the ASA concentration in the
lens in control- and HFD-treated mice. In the control groups,
the AsA concentrations of the lens were unaffected by the
treatments, whereas HFD-fed mice had significantly lower
AsA levels. The AsA concentration in the lens of HFD-fed
mice was 2.2 mg/100 g lens wet weight (Fig. 1C). Coffee intake
ameliorated the HFD-induced AsA reduction, raising the
concentrations to 3.60 and 5.90 mg/100 g lens wet weight for
the green beans extract and dark-roasted coffee extract treat-
ment groups, respectively (Fig. 1C). These results suggested
that coffee consumption could prevent the reduction in the
concentrations of GSH and AsA and that dark-roasted coffee
was more effective than green-beans coffee for the treatment
of HFD-induced obesity and cataract risk.

Coffee consumption ameliorated HFD-induced obesity and
cataract risk. We administered three different concentrations
of coffee extracts to HFD-fed mice to investigate the effect
of coffee concentration effects on body weight and lens
anti-oxidant compounds levels. The body weight increase in
HFD-fed mice was abolished by treatment with 60% coffee
extract, but not by 40% coffee extract (Fig. 2A). No significant
changes were observed in the concentration of GSH in the
controls with or without treatment, for all tested concentrations
of coffee extract. Conversely, HFD-fed mice showed a marked
reduction in GSH concentration without treatment, but coffee
brew treatment in HFD-fed mice ameliorated GSH reduction

(Fig. 2B). Next, we measured AsA levels in HFD-fed mice to
evaluate the anti-cataract effect of coffee. The concentration of
AsA in the lens of control mice was unaffected by the different
brew treatments. The AsA levels were significantly lower in
HFD-fed mice, but coffee intake prevented this reduction in
AsA (Fig. 2C). Collectively, these results indicated that coffee
consumption could prevent HFD-induced reduction of GSH
and AsA levels in a concentration-dependent manner.

Each coffee constituent affected the anti-cataract ability.
Subsequently, we determined the constituent(s) of coffee
directly responsible for the positive effects on cataract risk.
The animals were treated with 60% coffee extract, 3.24 mM
caffeine, or 20.4 uM pyrocatechol in each group. These
concentrations represent the equivalent concentrations of the
compounds in a 60% coffee brew (14). In the HFD groups, the
body weight of mice on day 49 was reduced by coffee brew,
caffeine, and pyrocatechol treatment (Fig. 3A). The equiva-
lent treatments in the control group resulted in no changes
in the GSH level in the lens. The levels of GSH in the lens
were significantly reduced in HFD-fed animals; however, the
reduction in GSH level in the lens was restored by treatment
with coffee, caffeine, and pyrocatechol (Fig. 3B). Similarly,
there were no changes in the levels of AsA in any treatment
group in control-fed animals. The levels of AsA were also
significantly reduced in the lens of HFD-treated animals. The
co-administration of HFD and coffee brew, caffeine, or pyro-
catechol rescued the reduction in AsA levels (Fig. 3C). These
results suggested that caffeine and pyrocatechol in coffee brew
may be the key constituents responsible for the preventing the
reduction of GSH and AsA levels in the lens and reducing
cataract risks of roasted coffee brew.

Coffee constituents affected the levels of plasma cholesterol
and triglycerides. Subsequently, we quantified the levels of
plasma cholesterol and triglycerides to evaluate the effects
of coffee and coffee constituents on blood. Total cholesterol
levels in HFD-fed mice were significantly higher compared
to the levels in control diet group. Coffee brew, caffeine, or
pyrocatechol treatment in HFD-fed mice group prevented



NAKAZAWA et al: COFFEE BREW CAN PREVENT THE REDUCTION OF GSH AND ASA IN THE LENS 1423

A Day 0 Day 49 B * C,, *
40 - r 14¢ | ] [ |
[ W — * sk *
s 12 ) = 1
a0} E '[' e
C] i1 1 2 of M
225 2 =
2 S 08 2 st
% 2 - S
4 E R
%-. = 0.6 &
EREL 3 = 3}
-] = =
S 0.4 =
10F i = 2F
= S
sl % o2 ;m: nl
0 ' 2 3 0 o = 3 -] = = 0 ] (d = 3 - =
s 2 aF S 22288 = = R = R R = -~ = =2 = =
Coffee > $8°588 58§83°5%8 cCoffee> § S S 3§ 3 Coffee 5 2 3 S 3 3
(,c‘;rll::ol HFD ch;'t::ol HFD Control diet HFD Control diet HFD

Figure 2. Measurement of body weight, and lens GSH or AsA level in HFD-treated mice with various concentrations of coffee brew. (A) Body weights of
HFD-fed mice with various concentrations of dark-roasted coffee brew on day 0 and 49. Several concentrations of coffee brew were administered to HFD-fed
mice and the levels of (B) GSH and (C) AsA were measured in the lens. All results are expressed as the mean =+ standard error of the mean. Triplicate determi-
nations were performed in each experiment (n=6 in each group). ‘P<0.05. HFD, high-fat diet; GSH, glutathione; AsA, ascorbic acid.
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Figure 3. Levels of GSH and AsA in lenses of HFD-fed mice treated with each coffee component. (A) Body weights of HFD-fed mice treated with coffee
components on day 0 and 49. The concentrations of (B) GSH and (C) AsA in the lenses of HFD-fed mice administered each component. All results are
expressed as the mean + standard error of the mean. Triplicate determinations were performed in each experiment (n=6 in each group). "P<0.05. HFD, high-fat
diet; GSH, glutathione; AsA, ascorbic acid

elevation of total cholesterol (Fig. 4A). Next, the levels of  Discussion

plasma triglycerides in HFD-fed mice were measured, with

or without administration of coffee constituents. Plasma  In HFD-induced obese animals, critical organs, such as the
triglycerides level was significantly higher in HFD-fed mice, heart and kidney, are closely associated with elevated oxida-
however, increase in triglycerides level was negated by admin-  tive stress, as indicated by reduced levels of GSH, antioxidant
istration of coffee constituents (Fig. 4B). enzymes such as glutathione peroxidase (GPx) and catalase
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Figure 4. Levels of total cholesterol and triglycerides in HFD-fed mice treated with each coffee component. After seven weeks of HFD or control diet feeding,
blood was collected and plasma samples were separated by centrifugation (A) Total cholesterol levels of HFD-fed mice treated with coffee components.
(B) Triglyceride levels in plasma. All results are expressed as the mean =+ standard error of the mean (n=6 in each group). 'P<0.05. HFD, high-fat diet.
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Figure 5. Inhibitory mechanism of cataract onset by coffee extract. Coffee brew intake could reduce cataract risks that ameliorates the HFD-induced GSH and

AsA reduction. HFD, high-fat diet; GSH, glutathione; AsA, ascorbic acid.

(CAT), and elevated levels of malondialdehyde (MDA) and
protein carbonyls (16). It is well established that the lens
possesses an antioxidant defence system to minimize oxida-
tive stress and protect against injury. GSH and AsA are the
principal antioxidants in the lens, however, the levels of these
compounds can become depleted with age, resulting in oxida-
tive stress and, subsequently, mixed disulphide formation,
protein aggregation, light scattering, and ultimately cataract
formation. The preferred prevention strategy against cataracts
is the maintenance of the antioxidant levels in the lens. In this
report, we identified that coffee brew intake might reduce
obesity-related cataract risks and maintain the normal GSH
and AsA levels in the lens (Fig. 5).

It has been reported that 15-20% of obese rats between
350 and 450 days of age would develop spontaneous cataracts
that were not apparent in age-matched controls (17). Another
study on obese hyperglycaemic rats revealed bilateral cataracts
in 240-day-old rats (18). In the current study, we evaluated
the anti-cataract effects in HFD-treated mice for 7 weeks. In
these mice, cataract formation was not observed using slit-lamp
microscopy (data not shown); nonetheless, GSH and AsA levels
in the lens were significantly lower than those of control mice
(Figs. 1B and C, 2B and C, 3B and C). Previous studies have

reported that reduction in concentrations of AsA and GSH
predisposed to cataract and promoted the onset of mature cata-
ract (1,19,20). We have recognized that mice fed with HFD for
7 weeks presented with pre-cataract stage. Coffee brew, caffeine,
and pyrocatechol were hypothesized to exert preventive effects
against cataract by preventing reduction of AsA and GSH.
Caffeine, the major coffee component, is reported to act as
an antioxidant to scavenge hydroxyl radical (OHe) and inhibit
oxidative stress (21). Pyrocatechol has also been reported to
mimic anti-oxidant effects through the activation of Nrf2,
heme-oxygenase-1 (HO-1), and NQO-1 (22). Therefore, the
intake of coffee brew containing caffeine and pyrocatechol acts
through several mechanisms to minimize cataract progression.
Pyrocatechol in coffee is reported to be generated thought the
roasting process and the significance of this roasting process is
supported by our current data, which suggested that dark-roasted
coffee brew rescued the HFD-induced reduction in GSH and
AsA levels in the lens stronger than green beans coffee brew.
As age-related cataract progression in humans is very slow
and therapeutics must be applied for a long duration to amelio-
rate or prevent the development of cataracts, it is vital to study
the long-term safety of pharmacological therapies. In addi-
tion, it would be economically beneficial to find anti-cataract
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agents in the human diet that can be consumed daily. Here,
we demonstrated that daily coffee consumption could reduce
onset of obesity-related cataract risks to prevent the reduction
of GSH and AsA levels in the lens.
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