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Abstract

Increased production of reactive oxygen species is a feature of most, if
not all, human disease, including cardiovascular disease and cancer. Dietary
antioxidants may be especially important in protecting against human diseases
associated with free radical damage to cellular DNA, lipids, and proteins.
Yet, present data are not sufficient to quantify micro nutrient requirements
needed to protect against oxidative damage. The antioxidant roles of many
food constituents, including herbs and spices, have not been clarified. The
flow cytometric Microsphere Fluorescent Antioxidant (MFA) assay measures
the oxidation of R-Phycoerythrin (PE) attached to 5.0uM microspheres via a
protein coupling linker. In order to form the Radical monocation, a 25mM stock
solution of ABTS (2,2’-Azino-bis-(3-ethylbenzthiazoline-6-sulfonic acid free
radical) was incubated 12 hr at 4C with potassium persulfate to cause removal
of one electron generating a metastable ABTS cation radical (ABTS+¢). This
stock solution was diluted to 100uM in 50ul, which resulted in 80% quenching
of 15ul of 1x10* PE microspheres. The antioxidant effects were measured
by first incubating the 80% quenching ABTS++ with100pl portions of serial
diluted antioxidants for 30 min. at RT to determine the antioxidants and
concentrations that neutralized the ABTS++ Subsequently,15ul of PE-tagged
microspheres were added to each sample and incubated one hour at RT. The
peak fluorescent channel number was determined for 5,000 microspheres.
The typical percentage protection by the antioxidant standard at 500ng/ml for
Trolox (water soluble Vitamin E derivative) was 82%+0.02 SD, while Vitamin C
restored 78%+0.01SD of the protective effect. For the range of 500-5,000ng/
ml, the protective effects of Trolox and Vitamin C remained constant. On the
average, equivalent percentage protection for the lipid soluble fractions of 10
spice types with duplicates (courtesy of McCormick Science Institute) was not
achieved until the 2,050 pg/ml levels with Cloves, Ginger, and Oregano showing
the highest antioxidant protection. Interestingly, Rosemary, Sage, Thyme and
Turmeric revealed a significant reduction in antioxidant activity at 2,050ug/ml.
These are still significant antioxidant levels that show a secondary reason to use
spices for achieving a measurable antioxidant activity. The MFA assay is very
sensitive to the effects of oxidants, requires little sample, and allows application
to the study of serum samples. Therefore, the antioxidant activity in healthy
volunteers taking compounds to boost the antioxidant activity and to study the
effects of oxidative radiation and chemotherapy may be monitored.
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is oxidized to produce carbon dioxide, and oxygen is reduced
to produce water as shown in the following chemical equation
C.H,,0,+60,26CO,+6H,0+36ATP.

Introduction

Oxidation and reduction reactions occur naturally in the body
and work together to maintain equilibrium in many biochemical

pathways. Oxidation reduction (redox) reactions are processes in There is a delicate balance between oxidation and reduction

which electrons are transferred from one chemical species to another.
Electrons are lost during an oxidation reaction and electrons are
gained in a reduction reaction. When a molecule is oxidized, another
compound must gain the electron and become reduced. Therefore,
redox reactions occur simultaneously to maintain a balance of
electrical charge. A common biological example of oxidation and
reduction occurs during the energy production process, cellular
respiration. The energy produced is the result of a series of redox
reactions. An example of a redox reaction is in the overall reaction
of aerobic cellular respiration in utilizing glucose to produce ATP,
the biological energy currency. In the overall reaction, glucose

in cellular respiration and other biochemical processes. During
metabolism, all oxygen consuming cells create intermediates and by-
products. These molecules are referred to as Reactive Oxygen Species
(ROS) [1,2]. ROS are naturally occurring biological free radicals.
Free radicals are molecules which have a single, unpaired electron in
the valence shell. Free radicals and ROS are highly reactive, unstable
molecules that seek another electron to fill the valence shell. In
order to stabilize ROS, the body performs complimentary reduction
reactions by using biological antioxidants. These molecules buffer
against oxidation and fill electron shells, preventing the buildup of
ROS [3].
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Table 1: Comparisons between Trolox (TX) and Vitamin C (VC) in four separate experiments peak fluorescence channels are shown.

Amount 5000 ng 2500ng 1250ng 625ng 313ng 156ng 78.1ng 39.0ng 19.5ng 9.8ng 4.9ng 2.4ng
VC1 32,141 33,678 34,462 34,192 32,562 10,509 5,353 3,756 3,204 3,099 3,347 3,534
VC2 33,575 33,407 34,528 34,167 32,271 9,786 5,516 3,215 3,450 3,087 3,288 3,128
VC3 31,881 32,220 33,029 33,084 31,969 9,078 4,725 3,560 3,264 3,213 3,117 3,139
VC4 32,080 29,668 30,569 33,530 32,728 7,275 4,103 3,216 3,093 3,074 3,042 3,438

Mean Vit C 32,419 32,243 33,147 33,743 32,383 9,162 4,924 3,437 3,253 3,118 3,198 3,310
X1 34,857 33,958 34,935 35,147 21,895 7,774 4,616 3,483 3,519 2,832 3,269 3,068
TX2 35,415 34,988 35,039 35,341 25,442 7,310 4,500 3,395 3,178 3,000 3,116 3,219
TX3 33,900 34,477 34,981 34,964 20,408 7,255 4,219 3,368 3,309 2,897 3,175 3,210
TX4 33,921 34,448 34,616 34,416 23,952 7,603 4,777 3,279 3,283 3,281 3,276 3,393

Mean TX 33,354 34,468 34,893 34,967 22,924 7,485 4,528 3,381 3,322 3,002 3,209 3,222

There is significant literature linking polyphenol-rich foods
like fruits, vegetables, and spices to the prevention of cancer,
cardiovascular disease, diabetes, and cognitive degeneration [4-
7]. These diseases are also linked with oxidative damage; therefore,
the antioxidant properties are thought to be responsible for disease
protection [8-10]. Since there is a correlation, it is important to
determine the most effective antioxidants and the mechanisms by
which they operate.

Despite the presence of endogenous antioxidant systems,
oxidative damage can accumulate over time. Numerous studies have
shown the intake of antioxidants can provide health benefits [11].
Dietary antioxidants in particular have consistently been associated
with health benefits. Frequent consumption of antioxidant-rich foods
such as fruits, vegetables, and spices has been shown to decrease the
risk of the diseases linked with oxidative damage. For example, a
study analyzed the diets of over 900 men and women. Individuals who
consistently consumed an antioxidant-rich diet showed considerably
lower glycemic index levels, putting them at a much lower risk for
developing type II diabetes [12]. Furthermore, antioxidant-rich
medicinal plants significantly inhibited enzymes that promote high
blood pressure and high blood sugar, both of which are risk factors
for type II diabetes [13].

Population studies have revealed a correlation in antioxidant
food consumption and disease risk. Asian populations, who regularly
consume more fruits and vegetables than populations with a western
diet, exhibit a lower incidence of cancers [14]. In vitro studies have
shown polyphenols present in fruits and vegetables inhibit cancer
cell growth and tumor angiogenesis, while promoting cancer cell
death [15]. A study of 800 elderly men showed daily consumption of
fruits, vegetables, and tea led to increased plasma antioxidant levels
and positive cardiovascular health [16]. The chemical components
and physiological mechanisms by which these foods combat disease
are still being researched. However, most studies attribute health
benefits to a group of compounds called polyphenols. Polyphenols
are very stable molecules with multiple phenol rings which are able
to neutralize free radicals. Studies have revealed a strong positive
relationship between antioxidant capacity and phenol content [17,18].

There is a large amount of literature linking polyphenol-rich
foods like fruits, vegetables, and spices to the prevention of cancer,
cardiovascular disease, diabetes, and cognitive degeneration. These

diseases are also linked with oxidative damage; therefore, the
antioxidant properties are thought to be responsible for disease
protection. Since there is a correlation, it is important to determine
the most effective antioxidants and the mechanisms by which they
operate. The purpose of this study is to develop a sensitive, accurate,
and multifunctional assay to study antioxidant compounds which
can be applied to biological testing. The new assay will build upon
principles established in previous testing methods and introduce flow
cytometry and microsphere technology as the means of analysis. The
assay should yield results comparable to accepted methods and prove
to be an effective tool in antioxidant research.

Materials and Methods

Preparation of the target fluorescent microspheres

The Microsphere Fluorescent Antioxidant (MFA) assay uses
the BD Accuri flow cytometer (BD Biosciences) to measure the
fluorescent quenching of Phycoerythrin bound to 5.0uM carboxylated
polystyrene spheres. As shown in Figure 1, the MFA assay utilizes
polystyrene microspheres (Bangs Lab) with carboxyl chemical
groups. The carboxyl group allows for easy attachment via the
EDAC linker (Bangs Lab) to the primary amine groups of the R-R-
Phycoerythrin (PE) protein (Sigma-Aldrich). PE is a light harvesting
protein from the phycobiliprotein family isolated from marine algae
[19,20]. The protein can be used as a label or probe when conjugated
to microspheres, antibodies, or biomolecules in a cell [21]. PE is one
of the most useful and versatile fluorochromes, because it has abroad
excitation spectrum and is significantly brighter and more stable than
other fluorescent proteins [22]. The optimal absorption is in the blue-
green range of the visible spectrum between 490 and 560nm and the
emission spectrum is above 610nm in the orange- red range [23].

The PE-coupled 5.0um microspheres emit orange-red fluorescence
when excited by the 488nm blue laser as shown by the fluorescent
microscopy image in Figure 2. The fluorescence can be quantified by
the flow cytometer. The uninhibited fluorescent microspheres serve
as areference standard for the quenching fluorescence using the MFA
assay.

The microspheres were prepared according to the procedure
in the PolyLink coupling kit. In order to prepare the fluorescent
microspheres, 0.0980g of the 5um polystyrene microspheres
were weighed in a 2.5ml micro centrifuge tube. The microspheres
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Table 2: TROLOX Standard Antioxidant recovery vs. Lipid fraction SPICES MFA assay results with average peak fluorescence of the PE quenching and recovery with

antioxidant. The sum fluorescence is used to generate bar graphs in Figure 7.

TROLOX* TX FL SPICES* 1L Basil 2L B.Pepper 3L Cinn. 4L Cinn. 5L Cloves 6L Ginger
.5 ug 28295 200 ug 14263 17894 8476 8919 23182 22628
0.25 pg 25031 100 pg 18052 18706 8585 9895 24956 24248
0.125 pg 15069 50 ug 6227 10251 3014 5900 24279 23642
0.0625 pg 11982 25 ug 4344 7116 3287 3850 24503 24402
0.031 pg 8887 12.5 ug 4054 4631 3260 3312 22628 23423
0.016 pg 6566 6.25 pg 3065 3590 2531 3318 22342 15210
0.008 pg 3570 3.13 pg 3072 3097 2878 3026 22774 6359
0.004 pg 2967 1.56 ug 2212 2131 2208 2150 21819 2766
Sum Fluoresc 55291 67416 34239 40369 186482 142679
TX 1hr** 7L Ginger 8L Oregano 9L Oregeno 10L R.Pepper Beads Start Beads lhr
5 g 25957 200 ug 22411 15724 14148 23429 29647 26059
0.25 pg 22614 100 ug 23460 20397 19288 24506
0.125 ug 10947 50 ug 23253 21282 20009 20887
0.0625 pg 9320 25 ug 23837 22232 21221 14322
0.031 ug 7057 12.5 ug 23649 16998 21436 5452
0.016 ug 5445 6.25 ug 20317 7122 19937 4007
0.008 ug 2925 3.13 ug 10346 3718 13125 3471
0.004 ug 2568 1.56 ug 3289 2346 3351 2267
Sum Fluoresc 150560 109819 132514 98340
were centrifuged for 8min. at 3500rpm (1500xg) at 4C and the
supernatant was removed. A 60ml portion of the Polylink Coupling "
Buffer (PCB) was added to re suspend the microspheres, and they Ri-N-C=-R, oy

were centrifuged again under the same conditions. After removing
the supernatant, the microspheres were resuspended in 1.36ml of
PCB. Just before addition, 0.0400g of Polylink EDAC was weighed
and dissolved in 200ul of PCB. 160ul of EDAC solution was then
added to the microspheres. Immediately after adding EDAC, 20ug of
R-phycoerythrin (R-PE) was also added. The solution was allowed to
incubate for one hour at room temperature in the dark with gentle,
periodic mixing. After incubation, the solution was centrifuged at 4C
for 10 minutes at 3500rpm (400xg) and the supernatant was removed.
The microspheres were resuspended in 2ml of Polylink Wash Buffer
(PWB). The centrifuge process was repeated two more times to ensure
excess protein and EDAC were removed [Polylink datasheet]. The
microspheres were stored in 2ml of PWB at 4C in the dark at were
stable at least 30-60 days. Before use, the solution was diluted with
wash buffer until a rate of about 300 events per second was recorded
on the flow cytometer.

Preparation of control oxidant, ABTS+e

ABTS (Sigma-Aldrich) is the common name for the compound
2,  2-azino-bis(3-ethylbenzthiazoline-6-sulphonic  acid).  The
radical cation form (ABTS+e) is made by reacting potassium
persulfate with ABTS in water. Upon the addition of the ABTS+e,
the PE fluorescence of the microspheres will be quenched in direct
proportion to the concentration of the ABTS. When oxidized, PE
exhibits proportionally diminished fluorescence resulting in a lower
peak channel number. In all of these studies, the ABTS+s is quenched
by the antioxidants before exposure to the PE labeled microspheres.
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Figure 1: EDAC coupling with R-Phycoerythrin (Protein) to the 5.0 um
carboxylated polystyrene microspheres.

Figure 2: Fluorescent
microspheres.

image of the R-Phycoerythrin-labeled 5.0um

The antioxidant works by reducing both the ABTS+e to ABTS, which
does not quench the PE fluorescence.

The ABTS+. was prepared by weighing out 0.0685 g of ABTS and
adding 2.5ml of water to create a 50mM ABTS solution. A 150mM
solution of potassium persulfate was prepared by dissolving 0.1015g
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Figure 3: Kinetics of the quenching of the PE labeled microspheres by
ABTS+. And recovery of fluorescence (antioxidant activity) by the Trolox.
Second panel shows the PE fluorescence flow cytometry distribution of the
PE labeled microspheres.
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Figure 4: Stability of the Trolox standard curve fresh and two hrs later at
room temperature.

of potassium persulfate in 2.5ml of water. Both the ABTS+ solution
and persulfate solution were combined and incubated at 4C for 12hrs
in order for the radical cation to stabilize [24]. Before use, 100pl of
ABTS+e solution was diluted in 1.5ml of water. A 180pl portion of this
solution was diluted with 13ml of pure water. Through experiment, it
was determined that 50l of the final dilution will cause about 80-90%
inhibition of PE fluorescence, which is an ideal percentage inhibition
range to measure inhibition recovery.

Trolox is the antioxidant standard

Trolox is the antioxidant standard for the assay and is considered
to be the gold standard in antioxidant testing. Trolox (Cayman
Chemical Co.) is the trade name for the water-soluble vitamin E
analog, 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid. All
other antioxidants tested in the assay are compared to the antioxidant
activity of Trolox. Fluorescence of the microspheres will more closely
approach the original, uninhibited fluorescence (increased peak
channel number) as the strength of the antioxidant increases. The
exponential quenching of ABTS+e is directly proportional to the
effectiveness of the antioxidant used in these studies.

The Trolox was prepared by dissolving 0.0025g of Trolox in 1ml

of acetone, which was diluted to 50ml with pure water. Before the
experiment, the solution was diluted by 110 to create a solution with
500ng of Trolox per 100pl. The diluted acetone had no effect on the
MFA Assay.

Spice extracts were prepared by McCormick® Spices

Spice extracts were prepared by McCormick® Spices and were
provided as concentrated extract solutions. Fourteen spice samples
were made in alipophilic solutions for a total of 14 samples.
Approximately 0.5g of each sample was accurately weighed and was
extracted with two 5ml portions of methylenechloridehexane (50:50
v/v) solution. The extraction solutions were combined and the solvent
was removed using a Turbovap concentrator. The resulting residue
was redissolved in 10.0ml of acetone, creating a concentrated solution
for lipophilic. antioxidant analysis. Solutions were stored at 4C to
maintain stability. The extract solutions require dilution prior to the
experiment due to the sensitivity of the flow cytometer. Following
dilution, the average concentration was about 500ug of spice per
100pl. Aqueous dilution for both sample types is acceptable. For this
study, 10 lipophilic samples, some in duplicate, were selected to show
the utility of the MFA assay.

Experimental procedure

The standard protocol for the assay is as follows. A 96- well
microtiterplate is used to contain the samples for the test. The
preparation procedure ensures an equal volume of solution in each
sample well of the microtiter plate. In the first well, 200ul of properly
diluted Trolox is added. For the remaining wells in the top first
row, 200ul of desired spice extracts are added in a concentration
matching the Trolox. A 100yl portion of pure water is added to the
remaining wells of the microtiterplate. Serial dilutions are performed
by removing 100l from the first row of wells and mixing the solution
with the 100ul of water in the second row of wells. A 100ul portions
was removed from each well in the second row and mixed with
the water in the third row. The procedure is repeated until all eight
rows have been diluted. In the eighth row, 100pl are removed and
discarded. By performing this procedure, each sample contains half
the amount of antioxidant after each dilution. To each well 50ul of
ABTS+e was added and allowed to incubate with the antioxidant for a
few minutes. After the solutions are prepared, 15l of Phycoerythrin-
labeled microspheres are added to each sample well. The samples
are incubated at room temperature (22-24C) for 1 hour in the dark.
After incubation, the samples are analyzed in the red fluorescent PE
channel using the Accuri C6 flow cytometer and C Flow Plus software
package (BD Biosciences).

By running the flow cytometer in kinetic mode, as shown in
Figure 3, the oxidant effect of ABTS+e on the PE labeled microspheres
rapidly attenuates the fluorescence. The addition of Trolox supplies
an electron per ABTS+e causing recovery of PE fluorescence within
seconds.

Before testing the samples, a blank solution of microspheres is run
to determine the original, uninhibited fluorescence peak fluorescent
channel. A software gate is applied to the population representing the
majority of the microspheres. The gate eliminates outliers from the
sample reading and removes background readings from extraneous
particles which may be in the solution. A new graph can be made
to record the average fluorescence for each sample, and the gate
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Four Trolox Curves
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Figure 5: Four Trolox standard curves using the MFA assay. The typical
percentage protection by the antioxidant standard at 500 ng/ml for Trolox was
82% + 0.02 SD n=4.
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Figure 6: Antioxidant recovery curves for 10 preparations of lipid soluble
spices. Compared to each other, cloves>Ginger>Red Pepper showed the
strongest antioxidant activity.

applied to all graphs and data readings. The FL-2 (red) channel is
used to measure fluorescence, because the 488 nm solid state laser
emission can excite the PE fluorochrome. Each sample is run on
the flow cytometer until 3,000 events are recorded inside the gated
area. The average FL-2 peak for these events is recorded. All sample
measurements are compared to the original uninhibited fluorescence
and all spice sample measurements are compared to Trolox. After all
samples have been analyzed, the Trolox and microsphere blank are
recorded a gain to check for stability of the standard Trolox curve
before and after the typical two-hour analysis time frame (Figure 4).

Results

In Tables 1 and 2, the peak channel fluorescent channels are shown
to verify the precision of the MFA assay Preliminary experiments
were completed to determine effective concentrations of ABTSe+
for inhibiting microsphere fluorescence. ABTSe+ showed to be a
very effective oxidant, in quenching even strong fluorescence by 50
% at 300uM. The concentration of ABTSe+ used provides significant
inhibition to allow antioxidants to demonstrate protection.

In (Table 2, Figures 4, and 5), the range of Trolox antioxidant
recovery (vitamin C was similar, Table 1) was with a maximum
recovery Range of 200-300 ng of Trolox.

Maximum recovery for the lipid soluble spices varied between 50
to less than 2pg/well (Table 2, Figures 6 and 7). For the spices, (Figure
6) maximum antioxidant activity was seen with Cloves, Ginger, and
Red Pepper. The antioxidant recovery with Trolox at fresh and 1-2
hrs after analyses can be seen in Table 1 and 2. The stability of the
MFA assay is shown in shown in Figure 4 at two hours.

Trolox and vitamin C were significantly superior antioxidants
than any of the spices as shown in Table 1, and 2, where Trolox
(vitamin E) and vitamin C, were very effective in the ng/ml range vs.
pg/ml range for the spices.

The sum fluorescence over the entire range of concentrations was
recorded with each experiment to quantify which spice allowed the
most overall fluorescence, which signified the strongest antioxidant

to reverse the oxidant effect of the ABTS+e. Ideally, the spice which
demonstrates the most average fluorescence over the concentration
range would be the most effective antioxidant. For the lipophilic
samples, cloves showed significantly better fluorescence among the
species. The results shown in Figure 6 indicate that each spice sample
may have an optimal range for antioxidant activity. In several of the
experiments, the highest concentration of antioxidant did not show
the greatestamount of fluorescence protection. Athigh concentrations
in vitro, some antioxidants show pro-oxidant behavior, which may or
may not occur in vivo.

Opverall, the lipophilic-derived spice fraction was more consistent
in showing antioxidant activity than the hydrophilic-derived spices
(data not shown). Part of the reason for this was the hydrophilic
spice extracts were prepared in a solution containing acetic acid.
While the concentration of acetic acid is small, this assay is sensitive
to low concentrations of acid. The acid may have reacted with the
PE, causing inhibition at high spice concentrations. Furthermore,
PE has been shown to perform better as a fluorochrome in lipophilic
environment [25].

PE-labeled microspheres are stable for at least six weeks when
stored at 4C. None of the experiments showed significant variation
between initial and final fluorescent experimental readings (Table 2
and Figure 4).

Trolox and vitamin C patterned closely to one another as seen
in Table 1. Both provided significant protection from oxidant
concentrations in the nmol range. The low concentrations used in
these experiments demonstrate the sensitivity of the flow cytometry
MFA assay. Trolox and vitamin C are accepted as potent antioxidants.
The typical percentage protection by the antioxidant standard at
500ng/ml for Trolox (water soluble Vitamin E derivative) was 82%
+0.02 SD n=4, while Vitamin C restored 78% =+ 0.01SD n=4 of the
protective effect. For the range of 500-5,000ng/ml, the protective
effects of Trolox and Vitamin C remained constant.

Discussion

The purpose of this study is to develop a sensitive, accurate, and
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Curve Integration of the L1-L10
Lipid Soluble McCormick Spices
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Figure 7: Curve integration of Figure 6 showing the spices with the
highest oxidative activity, which is a summation of antioxidant activity at all
concentrations.

multifunctional assay to study antioxidant compounds which can
be applied to biological testing. The new assay builds around flow
cytometry and microsphere technology as the means of analysis. The
assay yields results comparable to accepted methods and proves to be
an effective tool in antioxidant research.

Studies relating spice consumption to health benefits are
surprisingly difficult because dietary intake is hard to quantify.
Food surveys often do not account for spice consumption because
spices are used as seasoning ingredients in a meal. Spice usage varies
highly in manufactured and prepared food, and home use is typically
random and prepared taste. The USDA has data on the inventory
and production of herbs and spices in the United States, which can
provide a rough estimate on consumption. As of 2006, the estimated
per-capita spice consumption was 3.3 pounds per year. This was a
2 pound per person increase since 1966 [26]. Analysis studies on
cultural recipes have been conducted to estimate spice consumption
for certain populations. In United States recipes, an average of 5
spices was used per dish. Usage ranged from 1.6 spices per recipe
in Norway to 6.9 spices per recipe in Indonesia and other Asian
countries [27]. Although specific data is difficult to obtain, there are
relationships between spice consumption and disease incidence. A
population study in Singapore revealed men and women age 60-93
demonstrated better cognitive performance on a mental health exam
where turmeric is consumed regularly in diet [28]. Another study
found the country of Georgia to have a low incidence of colorectal
cancer, despite the high meat content of the Georgian diet. The result
is thought to be caused by the liberal use of spices in meat processing
and preservation. The study measured the antioxidant capacity of the
Georgian spices and found high antioxidant activity and phenolic
content in spices like caraway, barberry, and red pepper [29].

Laboratory studies have also revealed potential health implications
for spice consumption. Curcumin, derived from the dietary spice
turmeric, has been found to have profound anti-cancer properties
[8,9,30]. One study in particular showed that curcumin inhibited
the proliferation of K562 leukemia cells by inducing cell death [9].
Curcumin was not studied in the water soluble fraction in this study

because of the acetic acid problem in the MFA assay. However, the
literature clearly shows curcumin has antioxidant activity and directly
toxic to cancer cells [8,9]. Cinnamon is a powerful antioxidant
which has been linked to the prevention of type II diabetes and
cardiovascular disease. A laboratory study was performed on rats
with high cholesterol. Rats who were given cinnamon along with
cholesterol medication exhibited higher levels of endogenous serum
antioxidants, nitricoxide, and high-density lipoproteins (“good
cholesterol”) than untreated rats. These results indicate cinnamon
supplementation improved cardiovascular function in the test rats
and could help prevent cardiovascular disease [31]. Red Pepper was
evaluated for the contents of different antioxidants compounds and
their antioxidant activities in jalapeno peppers. The antioxidant
activity assay showed that the EID or ido and Grande had strongest
antioxidant activity [32]. Clove (Syzygiumaromaticum) is one of
the most valuable spices that has been used for centuries as a food
preservative and for many medicinal purposes. Clove is native to
Indonesia, but now is cultured in several parts of the world including
Brazil in the state of Bahia. This plant represents one of the richest
sources of phenolic compounds such as eugenol, eugenolacetate
and gallic acid [33]. Ginger has antioxidant properties that might
be attributed to their hydroxyl groups and suitable solubilizing
sidechains [34]. Oregano has been widely used in folk medicine to
alleviate inflammation-related diseases, respiratory and digestive
disorders, headaches, rheumatism, diabetes and others. These
potential health benefits are partially attributed to the phytochemical
compounds in oregano such as flavonoids and phenolic acids [35].

The principles outlined for the new assay have been established
as effective through previous testing techniques. The most widely
accepted and referenced antioxidant assay technique is the Oxygen
Radical Absorbance Capacity (ORAC) assay [36]. The ORAC assay,
first developed in 1993 [37], measures the change of fluorescence
intensity of a fluorescent probe when exposed to different
concentrations of oxidants and antioxidants. The original protocol
used beta-phycoerythrin as the fluorescent protein and Trolox as
the antioxidant standard. The oxidant was AAPH (2,2’-azobis(2-
amidino-propane) dihydrochloride),a molecule similar to ABTS [38].
The ORAC assay procedure has remained relatively unchanged, but
other fluorescent probes such as fluoresce in are commonly used [39].
Solutions containing fluorescent probes are prepared an uninhibited
sample is scanned to obtain original fluorescence. The oxidant AAPH
is added to the solution. Over time, AAPH quenches fluorescence,
but the addition of Trolox help store store fluorescence to the probes.
Fluorescence is measured by a spectrophotometer, a technique used
to measure the intensity of light at a certain wave length. ORAC units
are used to quantify antioxidant activity. One ORAC unit is equal to
the net protection provided by 1pumol of Trolox [37-39]. The majority
of studies, including those referenced in this study, have used the
ORAC approach to determine antioxidant activity.

Other antioxidant assays have utilized the ABTS radical cation.
The experimental methods for this oxidant have typically included
spectrophotometry and decolorization, not fluorescence [40,41].
The technique has been criticized, because the antioxidant reaction
proceeded at a faster rate than the oxidation reaction, reducing the
system before any changes were observed. While the assay showed the
protective properties of antioxidants, no measurable value was given
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for antioxidant activity [42]. With the sensitivity of fluorescent flow
cytometry, we have determined a better technique in which the ABTS
is already stabilized in radical form before being added to a system.
This allows antioxidants to demonstrate the ability to neutralize pre
existing free radicals [42]. The proposed flow cytometry assay utilizes
the pre-formed radical cation species of ABTS.

The data presented in this paper provide proof of principle for
this new MFA assay. The studies have shown significant precision and
accuracy in comparing antioxidant activity. The use of fluorescence-
based flow cytometry has increased sensitivity and resolution. Thus
far, most antioxidant assays have been performed entirely in vitro
without using human serum or cells. While the preliminary testing
is performed in vitro, the flow cytometry assay may be modified
to test the antioxidant activity in human serum. Our results from
previous studies (data not shown) suggest the assay could work well
under physiological conditions. The measurement of antioxidant
activity in serum after eating antioxidant-rich meals, will enable
a better understand how dietary antioxidants react in the body.
The use of microspheres and flow cytometry introduces versatility
because multiple parameters can be tested using a single sample.
Microspheres also allow for the attachment of antibodies to detect
specific biomarkers in human serum. Antibodies can be made to
specifically detect endogenous antioxidants in serum such as super
oxidedismutase, glutathione eperoxidase, and catalase. They can also
be made to indicate oxidant and antioxidant activity in specific parts
of a cell, such as the mitochondria. A single sample may contain
microspheres of various sizes for getting protocols in which each size
microsphere is labeled with specific antibodies and fluorochromes for
analyses from a single sample.
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