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Abstract

Chronic hyper nutrition is associated with marked oxidative stress and inflammation. Recent studies show that intravenously administered ascorbic acid (IVC), which
has been used to treat conditions including fatigue, infection, and cancer, can have an effect on gene expression and epigenetic phenomena. Hence, we analyzed the
effect of IVC on mRNA levels of several genes involved in inflammation and stress response. The gene expression modulation in peripheral blood mononuclear cells
(PBMC:s) from 20 overweight or obese subjects was determined. Participants were infused twice with 15 grams ascorbic acid (AA), with a one-day interval between
treatments. The expression profile of several genes related to the inflammation and anti-oxidative enzymes was quantified by real time reverse transcription polymerase
chain reaction (QRT-PCR). Total AA and dehydroascorbic acid (DHA) were measured in plasma before and after each treatment. Lipid profile and C-reactive
protein (CRP) were measured by Bio-Center Laboratory of the Riordan Clinic by standard procedures. We confirmed that, in our subjects expression of mRNA
levels of Interleukin 4 (IL-4) and Interleukin 6 (IL-6) correlated with inflammation, as indicated by CRP levels. Moreover, mRNA expression of these genes tended
to correlate with body mass index (BMI) and high blood lipid levels. Treatments by IVC resulted in significant increase of blood AA and DHA concentrations.
Analysis of mRNA levels on PBMC before and after IVC showed down-regulation of genes coding for Interleukin 8 (IL-8) and up-regulation of Nuclear factor
erythroid-derived 2 (NRf2), IL-4, Interleukin 10 (IL-10), Tumor necrosis factor alpha (TNF-a), and Interferon gamma (IFN-y). IVC treatment yielded regulation

of immunological genes in PBMCs, suggesting potential benefits in regulating inflammation and redox potential.

Introduction

Obesity can be accompanied by chronic low grade inflammation,
oxidative stress, and a cluster of symptoms including hypertension,
dyslipidemia, impaired glucose tolerance, and insulin resistance
[1-6]. These symptoms, in turn, are associated with respiratory and
cardiovascular disease, type two diabetes, fatty liver, visceral adiposis,
early aging, cancer, and increased mortality [1,2,7-9]. In an effort
to understand the development of adiposity, the interplay between
inflammation, oxidative stress, and obesity has been studied extensively
[1,2].

The chronic low-grade inflammation that accompanies abdominal
obesity is of particular interest, since expression of inflammation
markers, such as CRP and pro-inflammatory cytokines, correlate with
symptoms such as hypertension and insulin resistance [2,5,8,9-17].
Pro-inflammatory cytokines such TNF-a and IL-6 are overexpressed
in obese subjects, as is nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-xB), the transcription factor that controls many
genes associated with inflammation. Moreover, subjects with adiposity
show reduced serum levels of the anti-inflammatory cytokine IL-10
[11-13]. The production of adipokines also changes in patients with
adiposity. Adipose tissue cells produce both pro-inflammatory (leptin,
plasminogen activation inhibitor 1, TNF-a, angiotensinogen, IL-6 and
anti-inflammatory (adiponectin) cytokines, but the balance tilts toward
production of the pro-inflammatory cytokines in overweight and obese
subjects [2].

Changes in cellular gene expression have also been detected in
overweight and obese patients. In obese individuals, adipose tissue
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cells and PBMCs exhibit an increase in gene expression of pro-
inflammatory cytokines [2,10-12,14-16,18]. In addition, mononuclear
cells in these subjects are characterized by increased expression and
activities of transcription factors NF-kB, as well as decreased levels
of the inhibitor of kappa light polypeptide gene enhancer in B cells,
kinase beta (IKKB-B) [11,14]. Diet induced weight loss in patients with
adiposity has been shown to correct gene expression abnormalities
related to pro-inflammatory cytokine production and to reduce NF-xB
activation in PBMCs.

The inflammation observed in obese subjects may be triggered
by oxidative stress [19,20]. Excess consumption of glucose and fatty
acids leads to tricarboxylic acid (TCA) cycle overload and increased
Acetyl-CoA production [2]. Excess Acetyl-CoA stimulates production
of reactive oxygen species (ROS) from the electron transport chain
reactions in mitochondria, leading to hydrogen peroxide buildup
[2]. This oxidative stress induces changes in the expression of genes
associated with cancer progression [21,22]. Oxidation may also
influence the length of telomeres, nucleotide sequences at the end
of chromosomes that play a role in cancer and are inversely related
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to insulin resistance [22,23]. Finally, oxidative stress modulates
transcription factors, including NF-kB and activation protein one
(AP-1), involved in differentiation, proliferation, and apoptosis [18].
In contrast, diets high in antioxidant rich foods such as olive oil, fruits,
and vegetables have been shown to lower mRNA levels of inflammatory
cytokines in PBMCs [24,25].

Vitamin C (AA) is a water soluble antioxidant that may also
modulate gene expression [26-28]. When AA is infused intravenously
at doses of 10 grams or higher, it can reach millimolar concentrations
in the blood. At these concentrations, it shows cytotoxicity against
some types of cancer cells [29-31] and inhibits the expression of NF-
kB genes [32-33]. It also suppresses specificity protein transcription
factors (Sp1, 2, 3, and 4) and modulates tumor protein 53 (p53) [34,35].
Several studies have also shown the positive effects of high dose IVC in
cancer patients as an adjunct therapy or by itself [36,37].

Theexperimentsin the present manuscriptaredesigned to determine
if, and how, IVC might affect the mRNA expression levels of PBMCs
in overweight and obese subjects. We have chosen to analyze mRNA
levels on PBMC since they play key roles in the inflammatory process
and are easy to obtain [14,18]. PBMCs have been shown increased
expression of pro-inflammatory cytokine production in obese subjects
[18], correlating with visceral fat amounts and inflammation in these
subjects [14-16,38,39]. Also, PBMCs from overweight individuals have
shown increased secretion of pro-inflammatory cytokines, including
TNF-a, IFN-y, and interleukin two (IL-2), along with decreased
secretion of the anti-inflammatory cytokine IL-10 [24,40]. Therefore,
we measured gene expression of several cytokines and other proteins in
PBMC from overweight subjects before and after treatments with IVC.

Materials and methods

Recruitment of subjects

Twenty subjects (15 women and 5 men, ages 30 to 71) were
recruited for a short-term (one week) study, in order to assess the effect
of IVC on gene expression in PBMCs. Subjects were recruited among
the employees of the Riordan Clinic and provided written informed
consent to participate in the study. The research was in compliance of
the declaration of Helsinki and approved by the Institutional Review
Board of Riordan Clinic.

All participants were in good health as determined by a medical
history and clinical laboratory tests. Subjects fulfilled the following
criteria:

1)  No history of chronic disease

2)  No antibiotic or supplemental vitamin C use for two weeks
before the beginning of the study

3) Nonsmoking

4)  No drugs or nonsteroidal inflammatory drugs two weeks
before and during the study.

Subjects with type 1 diabetes mellitus, autoimmune diseases,
malignant diseases, and infectious diseases were excluded from the
study. Participants maintained their usual habits including physical,
sleeping habits and diet during the study. All subjects were overweight
as defined by a body mass index (BMI) above 25.

After enrollment, participants received two 15 g IVC treatments,
with a one day interval between treatments, following the procedure
outlined in the Riordan IVC protocol (www.riordanclinic.org/
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protocol). Blood samples were drawn immediately before and after
each IVC treatment.

Isolation of PBMC

Whole blood was collected by venipuncture into heparinized
tubes. For PBMC collection, blood was diluted 1:1 with phosphate
buffered saline (PBS), layered on top of Ficoll-Paque Plus (Amersham
Biosciences), and centrifuged at 400 g for 30 minutes at 4°C. PBMC
were then removed from the plasma-Ficoll interface by pipette and
rinsed twice with PBS.

RNA extraction and qRT-PCR

PBMCs were removed from PBS and 1ml of TriReagent (Sigma-
Aldrich, Hercules CA) was added for RNA extraction following
manufacturer’s instructions. Total RNA quality and quantity was
evaluated using the Nanodrop ND-2000 (Thermo Scientific, Pittsburg
PA) and subsequently converted to ¢cDNA using the iScript RT
supermix in the CFX96 Real-Time PCR Detection System (Bio-Rad,
Hercules, CA, USA). cDNA was than quantified using the Nanodrop
ND-2000 and a total of 250 ng were used to analyze gene-specific
oligonucleotide primers (Table 1) with the SsoAdv Universal SYBR
GREEN Kit. A dissociation curve was run at the end of the reaction
to ensure that only one amplicon was formed and that the amplicons
denatured consistently in the same temperature range for every
sample. The cDNA levels were normalized against housekeeping gene
Ribosomal protein 13 (RPS13).

Plasma ascorbic acid and dehydroascorbic acid levels

Initial levels of reduced and oxidized AA were measured in the
morning between two and three hours after breakfast for each subject.
A two mL aliquot of heparinized whole blood was centrifuged at 1000
g for 10 minutes and plasma was harvested. Plasma was then diluted
1:5 with methanol/water for AA and DHA determinations. The AA
and DHA assays were conducted as described previously [41-42]
using a commercially available kit (“Ascorbic Assay Kit”, Cayman

Table 1: Oligonucleotide primers and PCR conditions for inflammatory response genes.

Genbank Access. # Symbol and Description Primers
NM_000576.2 IL1B

Interleukin 1 beta
NM_000586.3 L2

Interleukin 2
NM_172348.2 L4

Interleukin 4
NM_000600.3 IL6

qPCR*

HsIL1BF: ggagaatgacctgagcacct |56°C
HsIL1BR: ggaggtggagagctttcagt

HSIL2F: ggatgcaactcctgtettge 57°C
HSIL2R: tgtgagcatcctggtgagtt

HSILAF: geagttctacagccaccatg | 58°C
HsILAR: actctggttggcttccttca

HsILG6F: agtcctgatccagttcetge 56°C

Interlukin 6 HSIL6R: aagctgegeagaatgagatg
NM_000584.3 CXCL8 HSILS8F: cagttttgccaaggagtget 58°C

Interleukin 8 HsIL8R: acttctccacaaccctetge
NM_000572.2 IL10 HSIL10F: gccaagecttgtetgagatg | 58°C

Interleukin 10 HSIL10R: aagaaatcgatgacagcgee
NM_000594.3 TNF HSTNEFF: gtcaacctectetetgecat  |57°C

Tumor Necrosis Factor
NM_000619.2 IFNG
Interferon gamma
NF«xB

HsTNFR: ccaaagtagacctgeccaga

HSsIFNGF: gcagagccaaattgtctee  |57°C

HsIFNGR: tgctttgcgttggacattca

NFkBF: gcacgacaacatctcattgg | 58°C
Nuclear factor kappa B |NFkBR: tcccaagagtcatccaggte

NM_001313904.1 |NRf2 NRf2F gegacggaaagagtatgage | 57°C

Nuclear factor erythroid 2| NRf2R gttggcagatccactggttt

RSP13

Ribosomal protein 13

NM_001165412

NM_001017.2 RPS13F:cgaaagcatcttgagaggaaca | 57°C

RPS13R: tcgagccaaacggtgaate

*Initial denaturation at 98°C for 30 seconds, followed by forty cycles of denaturation at
95°C for 10 seconds, annealing for 15 seconds (at temperature given) and extension at 60
°C for 15 seconds.
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Chemical Co.). Briefly, ascorbic acid is oxidized to dehydroascorbic
acid, which then reacts with o-phenylenediamine (ophenylenediamine
dihydrochloride (OPDA), Sigma Aldrich) to form the condensation
product. This allows to measure total ascorbate (AA+DHA). Addition
of buffer instead of oxidizing reagent (Tempol; CAS No: 2226-96-2,
Sigma-Aldrich) results in the measurements of DHA. Concentrations
of AA were calculated by subtraction of DHA from total ascorbate.
The fluorescence emission of the resulting product was measured by
Fluorolog -3 by fluorescence at excitation 340-350 nm and emission
420-430 nm.

Clinical parameters

Lipid profile and CRP in blood serum (collected by venipuncture
and centrifugation) were measured by Bio-Center Laboratory of the
Riordan Clinic by standard procedure.

Statistical analysis

The analysis and comparisons of mRNA expression levels were
carried out using the Kaleidagraph (Synergy Software, Reading PA,
USA) and Systat Software ( San Jose, CA, USA) statistical software.
Data are presented as mean + SD. Pre and post treatment comparison
was performed using paired t-tests and ANOVA. Differences in mean
values were considered significant at the level of 95% (p<0.05). Outliers
in gene expression data were removed based on the interquartile
range test. The 274 method was used to calculate differences in gene
expression.

Results

Initial Parameters

Basic characteristics of the subjects at the beginning of the study
are presented in the Table 2. No adverse effects were observed after
IVC infusions. Based on comparison of mean values to normal
ranges, subjects in general were obese (three quarters of the subjects
had mean BMI values above 30) with elevated cholesterol levels and
abnormally high lipid-to-HDL ratios. This occurs because while HDL
levels tend to fall within the normal range, the levels of other lipids
(cholesterol, triglycerides, VLDL, and LDL) tend toward higher levels,
with significant percentages of patients showing above-normal values.
Blood pressure levels were, on average, normal, but the mean CRP level
for these subjects was substantially above normal, with seventy percent

Table 2: Initial parameter values for study subjects.

Parameter Mean = SD Normal Range |Abnormal Cases

Age (yrs.) 45+ 14

Systolic BP (mm Hg) 124+ 15

Diastolic BP (mm Hg) 77+ 11

Body Mass (kg) 96 +26

BMI 342+94 18.5t025.0 74% Obese (26% Overweight)
Cholesterol (mg/dL) 200+44 100 to 200 mg/dL |47% Above Normal Range
Triglycerides (mg/dL) 144+£70 35to 150 mg/dL | 33% Above Normal Range
VLDL (mg/dL) 28.7+14.0 |5 to 30 mg/dL 33% Above Normal Range
HDL (mg/dL) 50.7+16.5 129 to 80 mg/dL | 7% Below Normal Range
LDL (mg/dL) 121+42 50 to 100 mg/dL | 80% Above Normal Range
Cholesterol/HDL Ratio 42+12 0to4.4 47% Above Normal Range
LDL/HDL Ratio 26+1.0 |0to3.2 40% Above Normal Range
Glucose (mg/dL) 101£25 65t099 mg/dL | 33% Above Normal Range
Plasma Ascorbate (uM) |50+ 37 34 to 114 pM 15% Below Normal Range
C-Reactive Protein (mg/L) 6.0+5.2 0to 1.9 mg/L 71% Above Normal Range
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of the subjects having CRP levels outside the normal range, suggesting
that inflammation was an issue in many of the subjects.

Plasma ascorbate and dehydroascorbate

Prior to intravenous ascorbate treatments, the average plasma
ascorbic acid concentration was 50 + 37 uM, and most values fell within
the normal range (Table 2). Intravenous infusions increased these AA
levels by roughly two orders of magnitude, with mean value one hour
post infusion reaching 6.4 + 3.1 mM (or 6400 + 3100 uM). We observed
a linear relationship between the post-IVC plasma AA concentrations
and the dose given, normalized to body mass (r=0.60, p<0.01; data
not shown). The mean dehydroascorbic acid concentration in plasma
before treatment was 55 + 30 uM, and the initial mean AA:DHA ratio
was 1.1 £0.8.

After IVC, the mean DHA concentration increased to 2.0 + 1.6
mM and the AA:DHA ratios increased dramatically. This is shown in
Figures 1(a-c), where distributions of AA, DHA, and AA:DHA before
and after IVC infusion are shown.

The difference in X-axis scale between Figures la (before IVC)
and 1b (after IVC) show the two order of magnitude increase due to
infusion. According to our data, the infusion increase in AA is more
than three times as great as that of DHA, but is also more variable,
leading to the wide range in AA:DHA values observed post infusion
(Figure 1c). The AA:DHA ratios, in fact, show a strong (r=0.77) inverse
correlation with CRP concentration. Since CRP is an inflammation
marker, and inflammation is thought to be accompanied by oxidative
stress, the data in Figure 2 are consistent with the idea that redox
conditions accompanying inflammation may increase the rate of AA
oxidation to DHA.

mRNA gene expression levels before IVC infusions

We examined potential correlations between mRNA levels in
PBMC and CRP, BMI, and various lipid profile parameters. Based on
linear regression, mRNA expression of IL-6 and IL-4 increase with
increasing CRP levels (linear regression, r=0.55, p<0.02 and r=0.52,
p<0.02 respectively) while mRNA levels of IFN-y slightly decreased
with increasing CRP levels (r=0.26, p<0.17). The results for IL-4 are
illustrated in Figure 3. This suggests that mRNA expression levels of
some inflammatory cytokines were higher in patients who showed
higher levels of inflammation via CRP concentration.

To examine the relationship between PBMC mRNA levels and
BMI, we divided subjects into quartiles based on BMI:

QI: below 28.0;
Q2:28.0 to 39.7;
Q3:39.7 to 41.6;
Q4: above 41.6.

Figure 4 shows the ratio of mRNA levels for subjects in the fourth
quartile (Q4) to those in the first quartile (Q1). According to our data,
the increases in BMI are associated with a three-fold increase in the
expression of IL-6, along with less dramatic increases in TNF-a, IL-1,
IL-8, and CRP. Meanwhile, IL-10, IL-2, and IFN-y were downregulated
in the heaviest subjects relative to the least heavy.

Figure 5, shows the significant correlation between PBMC IL-6
expression and BMI. In general, mRNA expression in PBMC showed
a trend with increased BMI: direct association between BMI and
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Figure 1. a) AA and DHA concentrations prior to IVC; b) AA and DHA concentrations after 15 grams IVC infusions; ¢) Distributions of the ratio AA to DHA concentrations before and

after 15 grams IVC infusions.
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Figure 2. Ratio of AA to DHA in plasma of overweight subjects after IVC. Data fit:
¥ =537 (=0.77).

pro-inflammatory markers IL-8, IL-6, IFN-y and inverse association
with IL-10, IL-2, but for most of markers the correlations were not
statistically significant.

In addition, we examined potential correlations between
PBMC mRNA levels of selected genes and lipid profile parameters.
Correlations were analyzed between the target gene expressions and
cholesterol, triglycerides, VLDL, HDL cholesterol, LDL, cholesterol
to HDL ratio and LDL to HDL ratios. TNF-a expression correlated
directly with triglycerides (r=0.4, p<0.1), VLDL (r=0.4, p<0.1) and
cholesterol/HDL ratio (r=0.41, p<0.09), while correlating inversely
with HDL (R=-0.44, p<0.07). Other correlations we found included:
IL-8 and cholesterol (R=0.4, p<0.1),IL-10 and VLDL (R=-0.37, p<0.14),
IL-6 and cholesterol (R=0.69, p<0.01), IL-6 and LDL (r=0.6, p<0.01);
IL-4 and cholesterol/HDL (R=0.45, p<0.06), and IL-4 and LDL/HDL
ratio (R=0.43, p<0.08). These results confirm the idea that conditions
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Figure 3. Correlation between CRP concentrations and mRNA IL-4 gene expression levels
before IVC treatments (r=0.52).

associated with adiposity, such as dyslipemia, are accompanied by
changes in PBMC gene expression favoring inflammation.

Effect of IVC on PBMC gene expression

Table 3 shows PBMC mRNA expression levels of various cytokines
during the time course of the study. In general, IL-1, IL-2, IL-6 and NF-
kB showed no discernable, statistically significant, systematic changes
during the time frame of the study. For the cytokines IL-4, IL-10, NRf2
and TNF-a gene expression levels remained constant during the first
IVC, but then rose after the second IVC infusion (Table 3).

The most dramatic and statistically significant changes during the
study occurred with IL-8 and IFN-y expressions. Data for all changed
genes are shown in Figure 6A and 6B.

For IL-8, a pro-inflammatory cytokine, gene expression in PBMCs
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Figure 4. Ratio of mRNA expression for heaviest quartile to that for the lightest quartile,
minus one (negative values show downregulation in Q4 subjects relative to Q1).
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Figure 5. Correlation between body mass index (BMI) and IL-6 mRNA levels in PBMCs
(r=0.78).

decreased during the time course of the study, with values before
IVC infusions (Pre) being significantly higher than those after IVC
infusions (Post). This is especially interesting since IL-8 is up-regulated
by oxidative stress; adding the antioxidant ascorbate may reduce
IL-8 mRNA levels by reducing oxidative stress. In the case of NRf2,
a molecule associated with cellular response to oxidative stress, and
one that is below normal in obese subjects in general, gene expression
after second IVC infusion was significantly higher than that seen
before IVC. This is also a potentially positive development, as NRf2
signaling is involved in the upregulation of enzymes that mediate the
detoxification of reactive metabolites and ROS.

Discussion

The subjects in this study tended toward obesity, and showed typical
symptoms of adiposity, including elevated cholesterol and lipid levels
(other than HDL), high blood glucose concentrations, and abnormally
high levels of the inflammation marker CRP. Conditions associated
with adiposity, in turn were accompanied by changes in PBMC gene
expression favoring inflammation. For example, mRNA levels of
IL-6 and IL-4 correlated with BMI and with CRP concentration, as
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did TNF-q, IL-1, IL-8, to a lesser degree. Moreover, mRNA levels of
TNF-y and IL-8 correlated with cholesterol levels in these subjects.
This is consistent with observations in the literature that inflammatory
cytokine levels correlate with obesity [17]. High CRP levels also
correlated with reduced AA:DHA ratios, consistent with reports in the
literature associating inflammation in obese subjects with oxidative
stress.

The investigation of the association mRNA levels of pro-
inflammatory and anti-inflammatory markers in PBMCs before
treatment with BMI sorted by quartiles (Q3 vs. Q1) demonstrated
upregulated mRNA levels of IL-6 (ratio 3.8), IL-1, IL-8, TNF-a and
serum CRP and reduced mRNA levels of IL-10, IL-2, INF-y and NRf2.

Since IVC is used extensively in our clinic, and, as it was shown
in our studies, high dose intravenous ascorbic acid can act to reduce
inflammation [44-45], we were interested in learning how IVC
might affect inflammation in subjects with adiposity. The treatments
of participants by IVC resulted in significant increase of AA, DHA
concentrations and ratio AA to DHA in blood. This ratio was decreased
with increased levels of inflammation in participants, which may
be explained by increased level of oxidative stress in subjects with
metabolic syndrome.

Our study was too short-term to examine how vitamin C might
benefit health overall for these subjects and more females than males
were included, but we did learn that the infusions can have some
effect on PBMC gene expression. For instance, mRNA levels of the
inflammatory cytokine IL-8 were reduced significantly during the
study, while expression of NRf2, which plays a role in counteracting
oxidative stress, was increased. On the other hand, mRNA levels
of TNF-q, IL-4 and IL-10 remained constant until the second IVC
infusion, at which point they increased. TNF-a has distinct effects
on adipose tissue, including stimulation of lipolysis, suppression of
lipogenesis, induction of adipocyte dedifferentiation, and impairment
of pre-adipocyte differentiation in vitro. TNF-a may also induce
apoptosis in human adipose cells [43]. Thus, the increase in TNF-a
expression may be beneficial in modifying adipose tissue mass.

We did not see an effect of IVC infusion on mRNA levels of NF-
kB. This is somewhat surprising since multiple treatments with IVC
have been shown to reduce levels of inflammatory cytokines in patients
with cancer and rheumatoid arthritis [44-45]. These studies measured
concentration, rather than gene expression, and used treatments
carried out of over a longer duration.

mRNA levels of the pro-inflammatory cytokines (IL-1, IL-6) were
not significantly affected by IVC, but this may simply be a case of
not having enough replicate data points, or may be due to the short
duration of the study (two infusion, one week). The treatment caused
upregulation of anti-inflammatory markers such as IL-10 and IL-4. We
also found up-regulation of mRNA expression of INF-y as the result of
the treatments (p<0.002).

The possibility that IVC increases mRNA levels of NRf2 (there was
not a change from the beginning of the study to the end of the first
injection, but levels post-IVC infusion were significantly higher than
levels immediately prior to infusion for the second IVC) is of interest
due to the link between inflammation and oxidative stress. Aerobic
organisms are thought to have acquired this gene through evolution in
order to protect them against ROS damage [46-49]. NRf2 expression
is induced by oxidative stress, and is central to efficient detoxification
of reactive metabolites and ROS [50,51]. Over two-hundred gene
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Table 3: Average normalized gene expression levels for each of the four time points (pre- and post- IVC infusion 1 and pre-and post- IVC infusion 2) along with p-values are given obtained

from paired t-tests.

IPre I Post II Pre II Post p-value (prel/postl) | p-value (pre2/post2) p-value (prel/post2) Effect of IVC
1L-1 Mean 0.0078 0.0080 0.0151 0.0085 0.36 0.08 0.14 No Effect
SD 0.0076 0.0071 0.0157 0.0064
1L-2 Mean 0.0011 0.0017 0.0008 0.0011 0.12 0.22 0.47 No Effect
SD 0.0013 0.0018 0.0006 0.0017
IL-4 Mean 0.0016 0.0014 0.0016 0.0019 0.13 0.04 0.08 Increase at final
Ve
SD 0.0006 0.0009 0.0008 0.0010
IL-6 Mean 0.0002 0.0002 0.0002 0.0002 0.44 0.06 0.16 No Effect
SD 0.0001 0.0001 0.0001 0.0001
1L-8 Mean 0.0660 0.0318 0.0410 0.0236 0.001 0.05 0.002 Decrease
SD 0.0468 0.0297 0.0370 0.0183
IL-10 Mean 0.0002 0.0002 0.0004 0.0003 0.058 0.03 0.03 Increase
SD 0.0002 0.0001 0.0006 0.0003
IFN-y Mean 0.0010 0.0014 0.0012 0.0024 0.004 0.001 0.002 Increase
SD 0.0007 0.0012 0.0012 0.0023
TNF-a Mean 0.0018 0.0021 0.0015 0.0040 0.30 0.02 0.03 Increase
SD 0.0018 0.0017 0.0018 0.0044
NF-«xB Mean 0.0022 0.0028 0.0024 0.0022 0.08 0.48 0.43 No Effect
SD 0.0019 0.0026 0.0032 0.0028
NRf2 Mean 0.0094 0.0106 0.0045 0.0097 0.22 0.003 0.42 Increase at final
e
SD 0.0074 0.0094 0.0032 0.0065
6a 6b In summary, our pilot study demonstrated that high dose vitamin
C (IVC 15g) has potential effects in alleviating inflammatory status
i ; : and improving defense status of PBMCs in subjects with metabolic
. e : syndrome.
001 9. £
Ty o : ]] o The limitations of the study are the small size of the analyzed
E , g : . ‘ 1 population; participants were .not sepa.rated by sex and the higher
i R | number of females than males included in our research study. Further
f I ; research in this area and clinical studies of the efficacy of intravenous
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Figure 6. a) Gene expression levels of IL-8 in PBMCs before (pre) and after (post) two
injections; b) Gene expressions of IL-10, TNF-a, IFN-y pre and post IVCs and NRf2 —after
second IVC.

products are thought to be under the transcriptional control of NRf2,
including enzymes responsible for the production of antioxidants and
reducing equivalents [47,52]. The main classes of NRF2-regulated
genes include anti-oxidative enzymes like NAD(P)H:Quinone
oxidoreductase (NQO1), epoxide hydrolase, aldehyde dehydrogenase,
aldo-keto reductase, catalase, heme oxygenase 1 (HO-1), and enzymes
involved in glutathione homeostasis, including glutathione reductases,
peroxiredoxin, thioredoxin and thioredoxin reductases and glutathione
peroxidase [50,53]. Moreover, NRf2 activation leads to an increased
cellular energetics and redox potential [52,53]. Declines in NRf2
levels with ageing promotes oxidative damage, and age related NRf2
inhibition is observed in Parkinson’s, Alzheimer’s, and Huntington’s
diseases as well as atherosclerosis [49-56].

The activation of NRf2 by high dose vitamin C treatment can
induce the protection against age-related degenerative diseases and
cancer. Further studies of the effects of high does vitamin C on NRf2
gene expression would offer the potential to develop treatment to
promote longevity, healthy ageing and lower cancer incidence.
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