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ABSTRACT

Recent interest has focused on maintenance of healthy levels of redox signalling and the related
oxidants; these parameters are crucial for providing us with concrete nutritional targets that may
help us to better understand and maintain “optimal health”. Following the above hypothesis, we
performed a pilot double-blind, crossover, placebo-controlled, single dose study to measure the
dose-dependent effects of a proprietary plant-based dietary supplement labelled here as S7
(SPECTRA7?), related to how it affected the cellular metabolic index (CMI) in healthy human
participants (n=28). We demonstrated using the electron spin resonance/electron paramagnetic
resonance spectrometer NOXYSCAN that the administration S7 resulted in statistically significant,
long-term, dose-dependent inhibition of mitochondrial and cellular reactive oxygen species gen-
eration by as much as 9.2 or 17.7% as well as 12.0 or 14.8% inhibition in extracellular nicotina-
mide-dinucleotide-phosphate oxidase system-dependent generation of O3, and 9.5 or 44.5%
inhibition of extracellular H,O, formation. This was reflected with dose-dependent 13.4 or 17.6%
inhibition of tumour necrosis factor alpha induced cellular inflammatory resistance and also 1.7
or 2.3-times increases of bioavailable NO concentration. In this pilot study, we demonstrated the
ability of a natural supplement to affect cellular redox signalling, which is considered by many
researchers as oxidative stress. The design and activity of this proprietary plant-based material, in
combination with the newly developed “CMI” test, demonstrates the potential of using dietary
supplements to modulate redox signalling. This opens the door to future research into the use of
S7 for modulation of inflammatory markers, for sports endurance or recovery applications.

Abbreviations: AA: Antimycin A; CGA: chlorogenic acids; CMH: 1-hydroxy-3-methoxycarbonyl-
2.2.5.5-tetramethyl pyrrolidine; CMI: cellular metabolic index; ESR/EPR: electron spin resonance/
electron paramagnetic resonance; H,0,: hydrogen peroxide; hsCRP: high sensitivity C-reactive
protein; HDL: high-density lipoproteins; LDL: low-density lipoproteins; NADPH oxidase: nicotina-
mide-dinucleotide-phosphate oxidase; NOX-15.1: oxygen label (trityl); NO: nitric oxide; O5: super-
oxide anion radical; 02(1Ag): singlet oxygen; OH: hydroxyl anion radical; ROS: reactive oxygen
species; RNS: reactive nitrogen and oxygen species; SOD: superoxide dismutase; SEM: standard
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Introduction

Oxidation-reduction reactions permeate all fundamen-
tal processes, from genome to transcriptome, redox
proteome, redox metabolome, bioenergetic, metabolism
and other life functions [1]. There has been a significant
explosion in the interest in redox signalling and in oxida-
tive stress in many research fields, and an associated
excitement within the general public as well. However,
these molecular reactions and their often-complicated
interrelations have been variously misinterpreted, even
by respected health institutions, and often with a com-
plete disconnection from basic redox biology.

A variety of metabolically controlled nicotinamide-
dinucleotide-phosphate oxidase oxidases (NOX1-5), meta-
bolically controlled mitochondrial sources of reactive oxy-
gen species (ROS) (including O3 and H,0,) as well as
glutathione- and thioredoxin-related pathways, with
powerful enzymatic backup systems, are responsible for
fine-tuning of physiological redox signalling. Knowledge
about these processes can empower advances in research
fields of biochemistry, cell biology, nutritional science,
environmental medicine, and molecular knowledge-based
redox medicine, and can ultimately lead to new discov-
eries of preventive and even therapeutic procedures.
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It is extremely important to understand the exact
mechanisms and complexity of metabolic syndrome
pathways, especially in industrial countries where over
60% of the population is suffering from metabolic syn-
drome. Metabolic syndrome is defined as a cluster of at
least three of the five following medical conditions:
abdominal obesity, elevated blood pressure, elevated
fasting plasma glucose, high serum triglycerides and
low high-density lipoprotein (HDL) levels. Combinations
of these conditions result in 16 possible variations of
the overall syndrome. The pathophysiology is very com-
plex and has been only partially elucidated. The most
important risk factors for the development of metabolic
syndrome are diet, genetics, ageing, sedentary behav-
iour or low physical activity, stress, disrupted chrono-
biology, mood disorders and excessive alcohol use.

It is generally accepted that the current “Western
Diet” especially contributes to the development of
metabolic syndrome due to the fact that this diet is mis-
matched with our biochemistry. The continuous provi-
sion of energy via highly processed dietary
carbohydrate, lipid and protein fuels, absent the bal-
ance provided by physical activity and associated
energy demand, creates a build-up of the mitochondrial
oxidation products associated with progressive mito-
chondrial  dysfunction and insulin  resistance.
Additionally, a moderate elevation of a number of
markers of systemic inflammation including C-reactive
protein, fibrinogen, interleukin-6, tumour necrosis factor
alpha (TNF-o) has been closely associated with meta-
bolic syndrome [2,3]. Additionally, these and a number
of other related markers have been suggested to be
implicated in the eventual development of age-related
cognitive  declines associated with  Alzheimer’s,
Parkinson’s and amyotrophic lateral sclerosis (ALS) [4,5].

Electron paramagnetic resonance (EPR) spectroscopy
is a technique that is recognised in the scientific com-
munity [6,7] for direct observation of ex vivo or in vivo
formation of ROS. Use of cyclic hydroxylamine spin
probe 1-hydroxy-3-methoxycarbonyl-2,2,5,5-tetramethyl
pyrrolidine (CMH) in combination with oxygen label
opens the possibility for simultaneous measurement of
formation of ROS and oxygen consumption under
physiological oxygen concentrations [8]. The advances
in instrumentation (bench-top EPR spectrometer
NOXYSCAN) provided us with an opportunity to per-
form a pilot study to investigate the bioactivity of a
nutritional supplement SPECTRA7 (S7), a formulation of
botanical materials high in preferable phytochemicals
such as catechins, including epigallocatechin gallate
(EGCG), chlorogenic acids (CGA) and curcumin (see
Table 1). The supplement S7 is designed, manufactured
and commercially marketed by FutureCeuticals, Inc.

Table 1. The composition of the multifunctional nutritional
supplement S7 and TAC for S7 per serving.

Phytochemical components Units 25mg 50 mg
Chlorogenic acids mg 6.6 13.2
Catechins mg 9.2 18.4
EGCG mg 4.6 9.2
Caffeine mg 0.85 17
Anthocyanins Hg 26.25 525
Trigonelline Hg 27.55 55.1
Curcumin mg 1.05 2.1

Total polyphenols mg 17.2 344

(Momence, IL) for the promotion of circulating NO con-
centrations, support of efficient O, utilisation, and
healthy oxidative status and metabolism.

Materials and methods
Study design

Eight healthy participants (age: 43.3+10.7 years, body
weight: 59.9 + 7.4 kg) were enrolled in the investigation.
The study was carried out according to the Helsinki dec-
laration for clinical trials. All participating subjects were
in good health as confirmed by physical examinations
and clinical routine laboratory tests.

Exclusion criteria

Subjects were excluded if they had been diagnosed
with type 1 and type 2 diabetes, other acute or chronic
disorders (gastrointestinal, pulmonary, renal, cardiac,
neurological or psychiatric disorders), known allergies
to foods or their ingredients. In addition, subjects were
excluded if they were active smokers, using weight-
reducing preparations/appetite suppressants, B-block-
ers, ACE inhibitors or participated in a clinical study
within the last 90 d prior to the beginning of this study.

General procedure

The study was a double-blinded, placebo-controlled
cross-over study. On different days, after a 7-10 d wash-
out period, subjects received either: i) placebo or ii)
25mg S7 or iii) 50mg S7. Examinations began in the
morning at 9 am after at least 10 h fasting period.

In order to distinguish between the different path-
ways involved in the generation of ROS and oxygen
consumption the following parameters were measured
prior and 60, 120, 180 min after consumption of stand-
ard breakfast (bread roll with a glass of water):

e Total cellular ROS/O, consumption.
e Extracellular O3 formation/O, consumption.
e Extracellular H,O, formation/O, consumption.
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Diagram 1. Design of the study.

e Mitochondrial ROS formation/O, consumption.
Performed only prior and after 180 min:

e Determination of cellular TNF-a inflammatory
resistance.

In order to investigate the effect on blood sugar
prior and 60, 120, 180 min after consumption of stand-
ard breakfast (bread roll with glass of water)

e Determination of capillary blood glucose

For details, see Diagram 1.

Cellular metabolic index assay

The principle of the extended “Cellular Metabolic Index”
(CMI) assay, which was developed by Noxygen Science
Transfer & Diagnostics GmbH (Elzach, Germany), is based
upon the monitoring of cellular and mitochondrial gen-
eration of ROS by tracing of an EPR signal using bench-
top EPR spectrometer “NOXYSCAN” equipped with a
Temperature and Gas Controller System (TGC-BIOIII,
Noxygen Science Transfer & Diagnostics GmbH). Spin
probe CMH, 200 pm) and/or compounds such as super-
oxide dismutase (SOD) (50 U/ml), catalase (50 U/ml), anti-
mycin A (AA) (10 um) were mixed into the freshly drawn
capillary blood in order to perform various types of
observations related to ROS generation under controlled

temperature and oxygen concentration (t=37°C,
pO,=110mm/Hg) [9-12]. Addition of oxygen label
(NOX-15.1 — 5 um) to the blood sample allowed us to
monitor oxygen concentrations and cellular, as well as
mitochondrial, oxygen consumption [13,14]. In order to
distinguish pathways involved in generation of ROS and
oxygen consumption we measured:

a. Total cellular ROS/O, consumption — without the
addition of inhibitors.

b. Extracellular O3~ formation/O, consumption -
after addition of SOD.

¢. Extracellular H,0, formation/O, consumption -
after addition of catalase.

d. Mitochondrial ROS formation/O, consumption -
after addition of AA.

We used the following electron spin resonance/elec-
tron paramagnetic resonance (ESR) settings for signal
detection: centre field: g=2.011; sweep width: 60 G; fre-
quency: 9.76 GHz; power: 20 mW; gain: 1 x 103 modula-
tion amplitude: 1.0G; sweep time: 5.24s; number of
scans: 10; number of points: 512; total experimental
time: 5min. Calibration of EPR signal was performed
using calibration solution that had a standard concen-
tration of CM° (10 um) or oxygen label NOX-15.1 (5 pum)
introduced into oxygen permeable 50 ul Pentoxifylline
(PTX) capillary by running of deoxygenation of oxygen
label solution using perfusion of pure nitrogen
(99.99%).
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Cellular TNF-o. inflammatory resistance assay

Our cellular inflammatory resistance assay was used to
provide information about the ability of S7, in presence
of TNF-a, a key factor of inflammation [15], to inhibit
TNF-a stimulation of generation of ROS in blood cells.
Twenty um of capillary blood was mixed with a 20-pl
solution of human TNF-a (40 ng/ml) and spin probe 1-
hydroxy-4-phosphonooxy-2,2,6,6-tetramethylpiperidine

(PPH, 500 um) dissolved in Krebs HEPES buffer (KHB)
(20 mm, pH 7.4). Samples filled in a PTX, oxygen perme-
able capillary tube were placed in the Capillary
Treatment Chamber (CTC BIO-IV, Noxygen Science
Transfer & Diagnostics GmbH) connected to TGC. The
oxygen concentration used for perfusion of CTC was set
to 4% oxygen concentration in order to keep the value
of pO, in the range of 40 mmHg and additional pres-
sure of 10mmHg. The EPR settings were as follow:
centre field: g=2.011; sweep width: 60G; frequency:
9.76 GHz; microwave power: 20mW; gain: 1 x 103
modulation amplitude: 2.2 G; time constant: 40.96 ms;
conversion time: 10.24 ms; sweep time: 5.24s; number
of scans: 10; number of points: 46; experimental time:
60 min.

Bioavailable NO concentration assay

After 5min of centrifugation at 1600 x g, heparinised
venous blood sample at room temperature was then
frozen in liquid nitrogen and kept at —80°C.
Measurement of NOHb content was performed at 77 K
with liquid nitrogen-filled quartz finger dewar. EPR
spectrometer NOXYSCAN equipped with new designed
cavity, operating at 86 kHz field modulation was utilised
to collect ESR spectra at the 9.7 GHz X band using the
following settings: microwave power, 50 mW; modula-
tion amplitude, 8G; centre field, 2.01g; sweep width,
60 G; conversion time, 20ms; time constant, 80 ms;
number of scans 60; total detection time, 600s. The
amount of detected NO, a second key signalling mol-
ecule of vascular physiology [16,17], was determined

from the calibration curve for the intensity of the EPR
signal of erythrocytes treated with known concentra-
tions of nitrite (1-25 pm) and Na;S,0, (20 mm).

Chemicals

The spin probes CMH, 1-hydroxy-4-phosphonooxy-
2,2,6,6-tetramethylpiperidine, the metal chelators defer-
oxamine and diethyldithiocarbamate. KHB, and the oxy-
gen label NOX-15.1 were obtained from Noxygen
Science Transfer & Diagnostics. All other chemicals and
reagents used were of analytical grade and were pur-
chased from Sigma-Aldrich (St. Louis, MO) unless other-
wise specified.

Statistical analysis

Data are presented as the mean+SEM. Comparisons
were made using Student’s t-test or ANOVA. Regression
analysis was performed with the best fitting for a linear
or exponential relationship. Differences are considered
significant at p < .05.

Results

According to the study protocol, we recruited general
healthy participants between the ages of 24 and 55
years with body weight of 59.9+7.4kg and BMI of
22.1+1.9. Cardiovascular parameters such as heart rate
78.3+6.2 b/min, and systolic 121.5+7.9 mmHg as well
as diastolic 76.0+6.8-mmHg blood pressures did not
exceed the values of healthy persons. Also, haemogram,
metabolic-, inflammatory and lipid-profile values repre-
sented in Table 2 do not exceed the range of healthy
persons. As Figure 1 immediately below demonstrates,
50mg of S7 produced significant inhibition of cellular
formation of ROS at 60 min. This effect reached maximal
value after 2 h and persisted another hour after admin-
istration. In comparison to total generation of ROS, cel-
lular oxygen consumption exhibited first significant

Table 2. Laboratory parameters — haemogram, metabolic-, inflammatory- and lipid-profile.

Haemogram Inflammatory parameters

Haemoglobin (g/dl) 14+0.6 Leucocytes (tsd/pl) 72+17
Erythrocytes (mio/pl) 45+0.2 CRP (mg/l) 1.5+04
Haematocrit (%) 40.0+1.3

MCH (pg) 31117 Aggregability

MCV (fl) 88.9+33 Thrombocytes (tsd/ul) 257.7+24.1
MCHC (g/dl) 35.0+0.9

Metabolic-profile Lipid-profile

Insulin (mU/1) 45+1.6 Triglyceride/neutral fat (mg/dl) 953+123
Glucose/whole blood (mg/dl) 106 +9.0 Cholesterol 203.3+9.6
HbA1c (mm) 348+1.1 HDL-Cholesterol (mg/dl) 62.8+15.4

LDL-Cholesterol (mg/dl) 12.8+8.3
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Figure 1. Effect of single dose of S7 on cellular metabolic
index “total ROS generation” in human participants. CMI value
for a healthy person is age and gender dependent and equal
the value 220-240 nm/s. Detection of reactive oxygen species
was performed using spin probe CMH (200 um) and bench-
top EPR spectrometer NOXYSCAN in eight generally healthy,
fasted (minimum 12 h) participants. Green columns (placebo):
prior to and 60, 120, 180 min after consumption of standard
breakfast (bread roll with glass of water); Blue columns (25 mg
S7): after consumption of standard breakfast and capsule with
25mg of S7; and Red columns (50 mg S7): after consumption
of standard breakfast and capsule with 50 mg of S7. For EPR
settings please refer to “Material and methods” section. Data
are mean (n=8)+SEM, *p < .05 vs. placebo.

changes after 2h of administration of both 25 and
50mg S7 dosages indicating long-term changes of
redox signalling in human blood cells (see Figure 2).
Observation of oxygen concentration changes was pos-
sible due to the optimisation of modulation amplitude
1G, which made it possible to follow EPR amplitude of
separately appearing CM-radical and oxygen label EPR
lines [9]. We observed that mitochondrial-dependent
ROS generation after inhibition of mitochondrial respira-
tory chain complex Ill using 10 um of AA, delivered
comparable behaviour as “total” cellular formation of
ROS. Only administration of 50mg S7 induced signifi-
cant inhibition after 2 h; this inhibition persisted after
3 h. It is important to note here that generation of mito-
chondrial ROS in healthy persons represented approxi-
mately 15% from baseline cellular values in healthy
subjects and approximately 25% in metabolic syndrome
subjects (data not shown). Surprisingly, mitochondrial
oxygen consumption data, one of the important aspects
of redox signalling, revealed that there were significant
changes after only 60 min of administration of S7 dos-
ages of both 25 and 50 mg. These changes reached the
maximal low value after 2h of administration and
stayed low for yet another 60 min of administration.
Mitochondrial oxygen consumption represents over
85% of cellular oxygen consumption. In these healthy

FREE RADICAL RESEARCH 5
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Figure 2. Effect of S7 on cellular oxygen consumption of
blood cells. Oxygen consumption analysis was performed sim-
ultaneously with detection of ROS using spin-label NOX-15.1
(5um) and bench-top EPR spectrometer NOXYSCAN in eight
generally healthy, fasted (minimum 12h) participants. Green
columns (placebo): 60, 120, 180 min after consumption of
standard breakfast (bread roll with glass of water) and placebo
capsule; Blue columns: after consumption of standard break-
fast and capsule with 25mg of S7; and Red columns: after
consumption of standard breakfast and capsule with 50 mg of
S7. Data are mean +SEM (n=8), *p < .05 vs. placebo.

subjects, we observed a non-significant trend in time-
dependent reduction of extracellular superoxide gener-
ation. The fact that this trend did not change after
administration of S7 or placebo indicated low, healthy
expression of enzymes as NOX,. Because S7 contains
botanical materials rich in phytochemicals known to be
potent for neutralisation of H,O, (such as catechins,
CGAs and curcumin), we evaluated ongoing inhibition
of peroxidases and enzymes (such as xanthine oxidase)
that generates H,0, [18,19]. This effect was observed
only after administration of 50 mg S7 (see Figures 3 and
4). Such effects underpin possibility of inhibition of
H,0, (ROS) formation in mitochondria (see Figure 5),
based upon reports of H,0, diffusion formed by SOD,.
These effects were confirmed by application of a highly
sensitive assay based on detection of extracellular gen-
eration of H,0, induced by addition of exogenous TNF-
alpha to the blood samples. Three hours after adminis-
tration of both 25 and 50 mg S7 we noted significant
depletion of TNF-alpha induced H,0, formation (see
Figure 6). Both inhibition of extracellular peroxidase
dependent H,0, formation and TNF-alpha induced gen-
eration of H,0, also demonstrated changes in cellular
resistance to inflaimmation as demonstrated in our pre-
vious study [9]. In this pilot study, we investigated the
effect of S7 on endothelial function based on analysis of
circulating, bioavailable NO concentrations [17,20]. The
mean value of the examined subjects was in the range
26.4+6.7nm. These values are not typical for healthy
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Figure 3. Influence of S7 on “extracellular” H,0, formation in
blood cells. The H,0, formation was analysed in human blood
using EPR spectrometer NOXYSCAN, spin probe CMH (200 um)
after addition of catalase (50 U/ml) in the blood samples taken
prior to, and at 60, 120, 180 min after consumption of stand-
ard breakfast (bread roll with a glass of water). Green columns
(placebo): after consumption of standard breakfast and pla-
cebo capsule; Blue columns: after consumption of standard
breakfast and capsule with 25mg of S7; and Red columns:
after consumption of standard breakfast and capsule with
50mg S7. The values of H,0, generation were calculated as
delta value between “total” and “Catalase” sample. Data are
mean = SEM (n=8), *p < .05 vs. placebo.
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Figure 4. Influence of S7 on “mitochondrial” oxygen consump-
tion of blood cells. Mitochondrial oxygen consumption was
performed simultaneously with detection of ROS using spin-
label NOX-15.1 (5pum) and bench-top EPR spectrometer
NOXYSCAN after addition of Antimycin A (10 um) prior to and
at 60, 120, 180 min after eating standard breakfast (bread roll
with a glass of water). Green columns (placebo): after con-
sumption of standard breakfast and placebo capsule; Blue col-
umns: after consumption of standard breakfast and capsule
with 25mg of S7; and Red columns: after consumption of
standard breakfast and capsule with 50mg of S7. The values
of oxygen consumption were calculated as delta value
between “Cellular” and “Antimycin A” sample. Data are
mean + SEM (n=8), p < .01 vs. placebo.

persons but are in fact typical for the aged persons. It is
interesting that the observed two-fold elevation of cir-
culating NOHb following administration of both 25 and
50mg S7 was actually much greater (up to 4-5 times)

M Placebo W S7-25mg m S7-50mg

Changes of mitochondrial 02 consumption in %

-80 * *

1h-after 2h-after 3h-after
Figure 5. Effect of S7 on “mitochondrial” ROS generation in
blood cells collected from human volunteers. Detection of
mitochondrial ROS generation was performed using spin
probe CMH (200 um) and bench-top EPR system NOXYSCAN
and measured as delta between the value for “total gener-
ation” and value after addition of Antimycin A (10 um) in the
blood samples taken prior to, and at 60, 120, 180 min after,
consumption of standard breakfast (bread roll with glass of
water). Green columns represent placebo values after con-
sumption of standard breakfast; Blue columns (placebo): after
consumption of standard breakfast and capsule with 25 mg of
S7; and Red columns after administration 50 mg of the S7 cap-
sule with standard breakfast. Data are mean+SEM (n=38),
*p < .05 vs. placebo.
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Figure 6. Dose-dependent effects of S7 on TNFa induced a
cellular inflammatory response. Induction of extracellular H,0,
formation was measured in blood samples from the study
subjects after stimulation with 40 ng/ml of exogenous human
TNFo and was analysed using EPR system NOXYSCAN and
non-membrane permeable spin probe PPH (500 um). Green
columns (placebo): before and 180 min after consumption of
standard breakfast (bread roll with glass of water) with pla-
cebo capsule; Blue columns: before and 180 min after con-
sumption of standard breakfast and capsule with 25 mg of S7;
and Red columns: before and 180 min after consumption of
standard breakfast and capsule with 50mg of S7. Data are
mean + SEM (n=8), p < .05 vs. placebo.

in persons with initially lower baseline values of NOHb.
In addition to the observed biological effects on cellular
and mitochondrial metabolic activity reflecting changes
of ROS generation, oxygen consumption, inflammatory
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Figure 7. Changes in blood glucose concentration after sup-
plementation of standard breakfast with or without placebo/
S7. Green line (placebo): before and 60, 120, 180 min after
consumption of standard breakfast (bread roll with glass of
water) and placebo capsule; Blue line: after consumption of
standard breakfast and capsule with 25mg of S7; and Red
line: after consumption of standard breakfast and capsule with
50mg of S7. Data are mean+SEM (n=8), *p<.05 vs.
placebo.

resistance and endothelial function, we also examined
the potential of S7 to limit plasma glucose concentra-
tions induced after consumption of bread roll (see
Figure 7).

Discussion

In this pilot study, we delivered evidence of ability to
modify the redox signalling of human cells by in clinico
administration of a botanical nutritional supplement S7
that, at a 50-mg dosage, contains 36.8% catechins
(184mgq), 26.2% of CGAs (26.2mg), 18.4% EGCG
(9.2mg), 4.2% of curcumin (2.1 mg), and 3.4% caffeine
(1.7 mg). The concentration of vitamins, minerals and
other micronutrients in the S7 supplement are in the
microgram or nanogram range and can be considered
as biologically non-relevant for short-term investigation
protocol. The observed multifaceted effects of this
new formulation were in compliance with the compo-
nents of healthy redox balance hypothesis [21] by
modulation of:

a. Healthy flux of free radicals.

b. Levels of antioxidants coupled with recycling
systems.

¢.  Nutritional support to help maintain optimal levels
of antioxidants and cofactors.

d. Enzyme systems that repair or recycle and replace
damaged cellular materials.

Tea polyphenols known as catechins are present in
different S7 botanical ingredients but are most concen-
trated in green tea extract. The main types of catechins
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Figure 8. Influence of S7 on “extracellular” superoxide (03~)
generation in blood cells. Superoxide formation was analysed
in human blood using EPR spectrometer NOXYSCAN, spin
probe CMH (200 um) after addition of SOD (50 U/ml) in the
blood samples taken prior to and at 60, 120, 180 min. Green
columns (placebo): after consumption of standard breakfast
(bread roll with a glass of water) and placebo capsule; Blue
columns: after consumption of standard breakfast and capsule
with 25mg of S7; and Red columns: after consumption of
standard breakfast and capsule with 50 mg of S7. The values
of superoxide generation were calculated as delta value
between “total” and “SOD” sample. Data are mean+SEM
(n=28).

present in green tea are epicatechin, epigallocatechin,
epicatechin gallate and EGCG [22]. Previous studies
reported that catechins may increase the antioxidant
capacity of human plasma [23,24], enhance the activ-
ities of antioxidant enzymes by scavenging excess free
radicals and improving the vitality of intracellular cata-
lase and SOD to inhibit oxidative damage, reducing
lipid peroxidation to protect the body based on based
on participants’ blood samples [25]. In addition, EGCG
was shown to promote the expression of p53, p21 and
NF-kB, thus inducing the apoptosis of vascular smooth
muscle cells so as to inhibit the development of athero-
sclerosis [26]. Also, catechins can reduce the accumula-
tion of cholesterol and its oxidation products in artery
walls when combined with free radicals in vivo, thus
improving blood circulation and potentially contribu-
ting to the prevention of atherosclerosis [27]. Other
studies [28-32] also suggested that consumption of tea
polyphenols may promote cardiovascular health due to
activation of CuZn-SOD activity, and by increasing
enzyme expression — a parameter also observed by
SOD-dependent extracellular O3~ generation (Figure 8)
in this current study.

Earlier science has suggested that dietary CGA - the
major group of coffee polyphenols - may reduce oxida-
tive stress and improve nitric oxide (NO) bioavailability
by inhibiting excessive production of ROS in the
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Figure 9. Influence of S7 on circulating NO' concentration in
blood of human subjects. Bioavailable NO level was analysed
in human blood according to material and methods described
by the protocol for detection of circulating NOHb concentra-
tion in blood samples. Green columns (placebo): before and
180 min after consumption of standard breakfast and placebo
capsule; Blue columns: before and 180 min after consumption
of standard breakfast and capsule with 25 mg S7; and Red col-
umns: before and 180min after consumption of standard
breakfast and capsule with 50 mg S7. Data are mean + SEM
(n=28), *p < .05 vs. placebo.

vasculature, and lead to the attenuation of endothelial
dysfunction [33,34]. It was reported that the initial CGA
metabolite, caffeic acid, significantly increased SOD,
catalase and glutathione peroxidase (GPx) activity [35].
Consumption of CGA reduced fasting plasma glucose
[36-38], increased sensitivity to insulin [39] and slowed
the appearance of glucose in circulation after glucose
load [40] in animal studies. Recently, it has been
reported that CGA also activates adenosine monophos-
phate-activated protein kinase, a sensor and regulator
of cellular energy balance, leading to beneficial meta-
bolic effects, such as suppression of hepatic glucose
production and fatty acid synthesis [41] which corre-
lated with our pilot study results (see Figure 7). The
most dominant CGA identified in green coffee bean
extract are 5-O-caffeoylquinic acid (5-CQA), 4-O-caffeoyl-
quinic acid (4-CQA) and 3-O-caffeoylquinic acid (3-CQA),
along with the presence of different isomers [42-44].

Caffeine as another active phytochemical compound
in S7 may exert direct and indirect contrasting effects
on the vascular tissue by different mechanisms of action
and on a wide range of molecular targets. In endothelial
cells, caffeine acts directly by increasing intracellular cal-
cium and stimulating the production of NO through the
expression of the endothelial NO synthase enzyme
causing vasodilatation [45], which may explain the
effect of S7 as represented in Figure 9.

Curcumin is considered to be an antioxidant due to
the B-diketone group in its structure [46-48]. Joe and
Lokesh determined in 1994 that the most important
mechanisms by which curcumin is able to promote the

majority of its activities are by inhibition of superoxide
radicals, hydrogen peroxide and NO radical [49].
Other studies proposed that curcumin also enhances
the activity of many antioxidant enzymes such as SOD,
catalase, GPx [50] and haeme oxygenase-1 (OH-1) [51].
In accord with these findings, we demonstrated in
Figure 8 significant elevations of SOD activity and in
Figure 3 increases in catalase activity. These activities
reduce lipid peroxidation, thereby decreasing the hep-
atic damage [52,53]. Another study demonstrated that
in human hepatocyte L02 cell line curcumin was able to
prevent the ROS formation by increasing SOD activity
and reducing glutathione levels after treatment with
the antimicrobial feed additive quinocetone as a gener-
ator of free radicals [54].

Oxidative and nitrosative stress pathways have
shown to be upregulated in subjects with the metabolic
syndrome [55]. These pathways contribute significantly
to the progression of cardiovascular risk factors com-
monly associated with the metabolic syndrome such as
hypertension, insulin resistance and diabetes leading
to atherosclerosis and coronary heart disease or
stroke [56].

In particular, oxidative and nitrosative stress have
been shown to be associated with endothelial dysfunc-
tion. A number of studies have demonstrated that sec-
ondary plant compounds such as polyphenols can
significantly improve endothelial dysfunction [57].

Another recent meta-analysis reported a 45% reduc-
tion of all-cause and cardiovascular mortality in subjects
with increased biomarkers of polyphenol intake such as
enterolactone [58]. The result of the present study may
further improve our understanding how secondary
plant compounds, for example, those contained in S7,
may help to reduce oxidative stress and improve endo-
thelial function. Another finding of this examination
was the reduction in blood sugar by S7 following a
standardised test meal. This could possibly be explained
by a reduced hepatic glycogenolysis, increased insulin
secretion and more important, by a reduced glucose
uptake in the small intestine. Polyphenols have shown
to reduce hepatic glycogenolysis by inhibiting glycogen
phosphorylase and by inhibiting glucose uptake by
reducing the activity of the sodium-dependent glucose
transporter 1 [59,60]. Therefore, the compounds of S7
may not only reduce oxidative and nitrosative stress
but also may help regulate increased blood sugar con-
centrations in subjects with the metabolic syndrome.

Conclusions

For the first time, we were able to measure the ability
of a multifunctional botanical dietary supplement to
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influence redox signalling and cellular metabolic activ-
ity. Results obtained after ingestion of S7 suggests the
potential use of the supplement in correcting dysba-
lanced redox signalling inherent in metabolic disorders
that are accompanied by lowered NO bioavailability,
elevated inflammatory response and blood glucose
levels. Based upon these early observations, further
research is justified into how S7 may ultimately support-
ing a natural dietary regulation of these in products
designed to target sports recovery, sports performance,
cardio-health, metabolic health and generally healthier
ageing.

Acknowledgements

Herewith, we thank Dr. V. Kagan (Director of the Center for
Free Radical and Antioxidant Health, Vice-Chairman of the
Environmental and Occupational Health Department at the
University of Pittsburgh) for review and helpful discussion
during editing of this manuscript.

Disclosure statement

Boris Nemzer, PhD and John M. Hunter are employees of
VDF FutureCeuticals. Bruno Fink is an employee of Noxygen
Science Transfer & Diagnostics GmbH. No other authors have
any potential conflicts of interest.

References

1. Sies H, Berndt C, Jones DP. Oxidative stress. Annu Rev
Biochem 2017;86(1):715-748.

2. Al-Shorman A, Al-Domi H, Fagih A. Markers of subclin-
ical atherosclerosis in schoolchildren with obesity and
metabolic syndrome. Swiss Med Wkly 2017;147:
w14446.

3. Garcia-Escobar E, Monastero R, Garcia-Serrano S,
Gomez-Zumaquero JM, Lago-Sampedro A, Rubio-
Martin E, et al. Dietary fatty acids modulate adipocyte
TNFa production via regulation of its DNA promoter
methylation levels. J Nutr Biochem 2017;47:106-112.

4. Paouri E, Tzara O, Kartalou GI, Zenelak S, Georgopoulos
S. Peripheral tumor necrosis factor-alpha (TNF-a)modu-
lates amyloid pathology by regulating blood-derived
immune cells and glial response in the brain of AD/
TNF transgenic mice. J Neurosci 2017;37(20):5155-5171.

5. Islam MT. Oxidative stress and mitochondrial dysfunc-
tion-linked neurodegenerative disorders. Neurol Res
2017;39(1):73-82.

6. Dikalov S, Griendling KK, Harrison DG. Measurement of
reactive oxygen species in cardiovascular studies.
Hypertension 2007;49(4):717-727.

7. Hawkins CL, Davies MJ. Detection and characterisation
of radicals in biological materials using EPR method-
ology. Biochim Biophys Acta 2014;1840(2):708-721.

8. Chapple SJ, Keeley TP, Mastronicola D, Arno M, Vizcay-
Barrena G, Fleck R, et al. Bach1 differentially regulates
distinct Nrf2-dependent genes in human venous and

10.

11.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24,

FREE RADICAL RESEARCH 9

coronary artery endothelial cells adapted to physio-
logical oxygen levels. Free Radic Biol Med
2016;92:152-162.

Nemzer BV, Fink N, Fink B. New insights on effects of a
dietary supplement on oxidative and nitrosative stress
in humans. Food Sci Nutr 2014;2(6):828-839.
Mrakic-Sposta S, Gussoni M, Montorsi M, Porcelli S,
Vezzoli A. Assessment of a standardized ROS produc-
tion profile in humans by electron paramagnetic reson-
ance. Oxid Med Cell Longev 2012;5:973-927.

Fink B, Dikalov S, Bassenge E. A new approach for
extracellular spin trapping of nitroglycerin-induced
superoxide radicals both in vitro and in vivo. Free Radic
Biol Med 2000;28(1):121-128.

Bassenge E, Fink N, Skatchkov M, Fink B. Dietary sup-
plement with vitamin C prevents nitrate tolerance.
J Clin Invest 1998;102(1):67-71.

Komarov DA, Dhimitruka I, Kirilyuk IA, Trofimiov DG,
Grigor'ev IA, Zweier JL, et al. Electron paramagnetic
resonance monitoring of ischemia-induced myocardial
oxygen depletion and acidosis in isolated rat hearts
using soluble paramagnetic probes. Magn Reson Med
2012;68(2):649-655.

Bobko AA, Dhimitruka |, Eubank TD, Marsh CB, Zweier
JL, Khramtsov VV. Trityl-based EPR probe with
enhanced sensitivity to oxygen. Free Radic Biol Med
2009;47(5):654-658.

Feuerstein GZ, Liu T, Barone FC. Cytokines, inflamma-
tion, and brain injury: role of tumor necrosis
factor-alpha. Cerebrovasc Brain Metab Rev 1994;6(4):
341-360.

Dikalov S, Fink B. ESR techniques for the detection of
nitric oxide in vivo and in tissues. Methods Enzymol
2005;396:597-610.

Pisaneschi S, Strigini FA, Sanchez AM, Begliuomini S,
Casarosa E, Ripoli A, et al. Compensatory feto-placental
upregulation of the nitric oxide system during fetal
growth restriction. PLoS One 2012;7(9):e45294.

Kelley EE, Khoo NK, Hundley NJ, Malik UZ, Freeman BA,
Tarpey MM. Hydrogen peroxide is the major oxidant
product of xanthine oxidase. Free Radic Biol Med
2010;48(4):493-498.

Landmesser U, Spiekermann S, Preuss C, Sorrentino S,
Fischer D, Manes C. Angiotensin Il induces endothelial
xanthine oxidase activation: role for endothelial dys-
function in patients with coronary disease. Arterioscler
Thromb Vasc Biol 2007;27(4):943-948.

Fink B, Dikalov S, Fink N. ESR techniques for the detec-
tion of nitric oxide in vivo as an index of endothelial
function. Pharmacol Rep 2006;58:8-15.

Droge W. Free radicals in the physiological control of
cell function. Physiol Rev 2002;82(1):47-95.

Chen CH, Ho ML, Chang JK, Hung SH, Wang GJ. Green
tea catechin enhances osteogenesis in a bone marrow
mesenchymal stem cell line. Osteoporos Int
2005;16(12):2039-2045.

Yamamoto Y, Matsunaga K, Friedman H. Protective
effects of green tea catechins on alveolar macrophages
against bacterial infections. Biofactors 2004;21(1-4):
119-121.

Manach C, Williamson G, Morand C, Scalbert A,
Rémésy C. Bioavailability and bioefficacy of



Downloaded by [Boris Nemzer] at 14:32 09 November 2017

10 @ B. V. NEMZER ET AL.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

polyphenols in humans. I. Review of 97 bioavailability
studies. Am J Clin Nutr 2005;81(1 Suppl):2305-242S.
Ruidavets J-B, Teissedre P-L, Ferrieres J, Carando S,
Bougard G, Cabanis J-C. Catechin in the Mediterranean
diet: vegetable, fruit or wine? Atherosclerosis 2000;
153(1):107-117.

Hofmann CS, Sonenshein GE. Green tea polyphenol
epigallocatechin-3 gallate induces apoptosis of prolifer-
ating vascular smooth muscle cells via activation of
p53. FASEB J 2003;17(6):702-704.

Liu XX, Lin QL, Shi ZP. Effect of catechin and epicate-
chin on serum lipid level in mice. J Hunan Agric Univ
2002;28:232-233.

Kuriyama S, Shimazu T, Ohmori K, Kikuchi N, Nakaya N,
Nishino Y. Green tea consumption and mortality due
to cardiovascular disease, cancer, and all causes in
Japan: the Ohsaki study. JAMA 2006;296(10):
1255-1265.

Sasazuki S, Kodama H, Yoshimasu K, Liu Y, Washio M,
Tanaka K, et al. Relation between green tea consump-
tion and the severity of coronary atherosclerosis
among Japanese men and women. Ann Epidemiol
2000;10(6):401-408.

Nakachi K, Matsuyama S, Miyake S, Suganuma M,
Imai K. Preventive effects of drinking green tea on
cancer and cardiovascular disease: epidemiological evi-
dence for multiple targeting prevention. Biofactors
2000;13(1-4):49-54.

Sano J, Inami S, Seimiya K, Ohba T, Sakai S, Takano T.
Effects of green tea intake on the development of cor-
onary artery disease. Circ J 2004;68(7):665-670.
Kuriyama S. The relation between green tea consump-
tion and cardiovascular disease as evidenced by epi-
demiological studies. J Nutr 2008;138(8):15485-1553S.
Ohga N, Hida K, Hida Y, Muraki C, Tsuchya K,
Matsuda K, et al. Inhibitory effects of epigallocatechin-3
gallate, a polyphenol in green tea, on tumor-associated
endothelial cells and endothelial progenitor cells.
Cancer Sci 2009;100(10):1963-1970.

Yan H, Peng KJ, Wang QL, Gu Z, Lu Y, Zhao J, et al.
Effect of pomegranate peel polyphenol gel on cutane-
ous wound healing in alloxan-induced diabetic rats.
Chin Med J (Engl) 2013;126(9):1700-1706.

Jung U, Lee M, Park Y, Jeon S, Choi M.
Antihyperglycemic and antioxidant properties of caffeic
acid in dB/dB mice. J Pharmacol Exp Ther
2006;318(2):476-483.

Andrade-Cetto A, Wiedenfeld H. Hypoglycemic effect of
Cecropia obtusifolia on streptozotocin diabetic rats. J
Ethnopharmacol 2001;78(2-3):145-149.

Rodriguez de Sotillo DV, Hadley M. Chlorogenic acid
modifies plasma and liver concentrations of: choles-
terol, triacylglycerol, and minerals in (fa/fa) Zucker rats.
J Nutr Biochem 2002;13(12):717-726.

Rodriguez de Sotillo DV, Hadley M, Sotillo JE. Insulin
receptor exon 11+4/— is expressed in Zucker (fa/fa)
rats, and chlorogenic acid modifies their plasma insulin
and liver protein and DNA. J Nutr Biochem
2006;17(1):63-71.

Shearer J, Farah A, de Paulis T, Bracy DP, Pencek RR,
Graham TE. Quinides of roasted coffee enhance insulin

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

action in conscious rats. J Nutr 2003;133(11):
3529-3532.

Bassoli BK, Cassolla P, Borba-Murad GR, Constantin J,
SalgueiroPagadigorria CL, Bazotte RB, et al. Chlorogenic
acid reduces the plasma glucose peak in the oral glu-
cose tolerance test: effects on hepatic glucose release
and glycaemia. Cell Biochem Funct 2008;26(3):320-328.
Ong KW, Hsu A, Tan BK. Anti-diabetic and anti-lipi-
demic effects of chlorogenic acid are mediated by
ampk activation. Biochem Pharmacol 2013;85(9):
1341-1351.

Jaiswal R, Patras MA, Eravuchira PJ. Profile and charac-
terization of the chlorogenic acids in green Robusta
coffee beans by LC-MS(n): identification of seven new
classes of compounds. J Agric Food Chem
2010;58(15):8722-8737.

Farah D, Monteiro M, Donangelo CM, Lafay S.
Chlorogenic acids from green coffee extract are highly
bioavailable in humans. J Nutr 2008;138(12):2309-2315.
Mullen W, Nemzer B, Ou B, Stalmach A, Hunter J,
Clifford MN, et al. The antioxidant and chlorogenic acid
profiles of whole coffee fruits and influenced by the
extraction procedures. J Agric Food Chem 2011;59(8):
3754-3762.

Umemura T, Ueda K, Nishioka K, Hidaka T, Takemoto H,
Nakamura S. Effects of acute administration of
caffeine on vascular function. Am J Cardiol 2006;98(11):
1538-1541.

Sandur SK, Pandey MK, Sung B, Ahn KS, Murakami A,
Sethi G. Curcumin, demethoxycurcumin, bisdemethoxy-
curcumin,  tetrahydrocurcumin  and  turmerones
differentially regulate anti-inflammatory and anti-prolif-
erative responses through a ROS-independent mechan-
ism. Carcinogenesis 2007;28(8):1765-1773 [doi:10.1093/
carcin/bgm123] [PubMed: 17522064].

Wright JS. Predicting the antioxidant activity of curcu-
min and curcuminoids. J Mol Struct Theochem
2002;591(1-3):207-217.

Priyadarsini  KI, Maity DK, Naik GH, Kumar MS,
Unnikrishnan MK, Satav JG, et al. Role of phenolic O-H
and methylene hydrogen on the free radical reactions
and antioxidant activity of curcumin. Free Radic Biol
Med 2003;35(5):475-484.

Joe B, Lokesh BR. Role of capsaicin, curcumin and diet-
ary n-3 fatty acids in lowering the generation of react-
ive oxygen species in rat peritoneal macrophages.
Biochim Biophys Acta 1994;1224(2):255-263.

Reddy AC, Lokesh BR. Effect of dietary turmeric
(Curcuma longa) on iron-induced lipid peroxidation in
the rat liver. Food Chem Toxicol 1994;32(3):279-283.
Jeong GS, Oh GS, Pae HO, Jeong SO, Kim YC, Shin MK,
et al. Comparative effects of curcuminoids on endothe-
lial heme oxygenase-1 expression: ortho-methoxy
groups are essential to enhance heme oxygenase activ-
ity and protection. Exp Mol Med 2006;38(4):393-400.
Reddy AC, Lokesh BR. Effect of curcumin and eugenol
on iron-induced hepatic toxicity in rats. Toxicology
1996;107(1):39-45.

Rukkumani R, Aruna K, Varma PS. Curcumin influences
hepatic expression patterns of matrix metalloprotei-
nases in liver toxicity. Ital J Biochem 2004;53(2):61-66.



Downloaded by [Boris Nemzer] at 14:32 09 November 2017

54,

55.

56.

57.

Dai C, Tang S, Li D, Zhao K, Xiao X. Curcumin attenu-
ates quinocetone-induced oxidative stress and geno-
toxicity in human hepatocyte L02 cells. Toxicol Mech
Methods 2015;25(4):340-346.

Hohn A, Konig J, Jung T. Metabolic syndrome, redox
state, and the proteasomal system. Antioxid Redox
Signal 2016;25(16):902-917.

Mozos |, Luca CT. Crosstalk between oxidative and
nitrosative stress and arterial stiffness. Curr Vasc
Pharmacol 2017;15(5):446-456.

Suganya N, Bhakkiyalakshmi E, Sarada DV, Ramkumar
KM. Reversibility of endothelial dysfunction in diabetes:
role of polyphenols. Br J Nutr 2016;116(2):223-246.

58.

59.

60.

FREE RADICAL RESEARCH 11

Rienks J, Barbaresko J, Nothlings U. Association of
polyphenol biomarkers with cardiovascular disease
and mortality risk: a systematic review and meta-
analysis of observational studies. Nutrients 2017;
9(4):1-11.

Leonidas DD, Hayes JM, Kato A, Skamnaki VT,
Chatzileontiadou DS, Kantsadi AL. Phytogenic poly-
phenols as glycogen phosphorylase inhibitors: the
potential of triterpenes and flavonoids for glycaemic
control in type 2 diabetes. Curr Med Chem 2017;
24(4):384-403.

Kim Y, Keogh JB, Clifton PM. Polyphenols and glycemic
control. Nutrients 2016;8(1):1-27.



	Oxidative stress or redox signalling &hx2013; new insights into the effects of a proprietary multifunctional botanical dietary supplement
	Introduction
	Materials and methods
	Study design
	Exclusion criteria
	General procedure
	Cellular metabolic index assay
	Cellular TNF- inflammatory resistance assay
	Bioavailable NO concentration assay
	Chemicals
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	Disclosure statement
	References


