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ABSTRACT

Hypertension is frequently associated with oxidative stress caused by high production of reactive oxygen
species and compromised antioxidant defenses. Humans with essential hypertension, with or without treat-
ment, and controls were examined (35 hypertensive and 30 normotensive). We noted a discordant response of
the glutathione and thioredoxin systems in essential hypertension and to antihypertensive treatment. Further
studies examining the significance of these thiols in hypertension outcomes are warranted. Antioxid. Redox Sig-

nal. 9, 507-514.

OXIDATIVE STRESS IN HYPERTENSION

TTHE IMPORTANCE OF OXIDATIVE STRESS (OS) in hyper-
tension has received increasing attention in the last
few years. It seems to contribute to maintaining elevated
blood pressure values (25, 27, 30) and to developing hyper-
tension-induced organ damage (12, 17). Marked increases
in OS levels, as well as in reactive oxygen species (ROS)
by-products and reduced activity of some of the antioxidant
mechanisms have been described in essential hypertension
(18). Moreover, antihypertensive treatment was able to re-
duce OS close to normal levels (20). Although the increased
ROS generation has been firmly established from the begin-
ning, several studies have demonstrated that OS in hyper-
tension was the consequence not only of an increase in ROS
production but also of an inadequate response of some of
the antioxidant mechanisms (2). A growing interest exists in
better understanding the behavior of antioxidant mecha-
nisms in hypertension.

GLUTATHIONE AND
THIOREDOXIN SYSTEMS

Cellular and blood redox balance is maintained by the co-
ordinate activity of several antioxidant mechanisms. Glu-
tathione (GSH) and thioredoxin (Trx), two thiol-reducing
systems, play a key role in defense against excessive ROS
generation. These systems participate not only in antioxidant
defense, but also in redox regulation of signal transduction,
transcription, cell growth, and apoptosis (7, 21). Glutathione,
a peptide synthesized by glutamate cysteine ligase (GCL),
composed of two subunits (GCLC and GCLM), and of glu-
tathione synthetase (GSS). GSH is used by glutathione perox-
idases (GPXs) to reduce peroxides and producing glutathione
disulfide or oxidized (GSSG). GPXs are selenium-dependent
proteins codified by six different genes (GPXI to GPX6) in
humans, which occupy different locations in cells and tissues.
Furthermore, glutathione reductase (GSR) reduces GSSG to
GSH.
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Trx is a small dithiol-disulphide protein with two isoforms
codified by two different genes, TRX! and TRX2. Trxl is
present in cytoplasm, nucleus, and extracellular space,
whereas Trx2 is present in mitochondria. Oxidized Trx is re-
duced by thioredoxin reductases (TrxRs), which are codified
by the TXRND1, TXRND2, and TXYRND3 genes. TrxRs are se-
lenoproteins with specific localization in cells and tissues.
TrxR1 has a similar distribution to Trx1, TrxR2 similar to
Trx2, and TrxR3 has been recently characterized and is pres-
ent in a small number of tissues (10). Regulation of these sys-
tems is complex, and they are reciprocally regulated (5, 8,
15). In general, the Trx system is enhanced when the major
intracellular antioxidant GSH is consumed by oxidative
stress, although impaired induction of Trx in tissues from ge-
netically hypertensive rats, despite the relative increment of
oxidative stress, has been described (22). Genetic expression
of these systems seems to be independent, but many times,
their mRNA levels are modified in the same way by different
agents (5, 8).

Although abnormalities in GSH levels and in other compo-
nents of the GSH system have been analyzed in hypertension
(2), little information exists about the status of the Trx system
(11), and overall, about their gene-expression modification.

GENERAL CHARACTERISTICS
OF THE STUDY POPULATION

The study was performed on 35 hypertensive patients in
the absence of antihypertensive treatment and after 3 months
of treatment and on 30 control volunteers. The characteris-
tics of patients and controls are shown in Table 1. Controls
were normotensive and had slightly lower total cholesterol
levels than did the hypertensive patients. Antihypertensive
treatment during 3 months significantly reduced both sys-
tolic and diastolic BP levels for both office BP (from 155 +
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3.1/97.6 £2.2 to 135.4 +3.2/86.3 + 3.1 mm Hg; p <0.001),
as well as for the average of 24-h ambulatory BP (from 140.2
+2.1/89.9 £ 1.6 to 125.3 £ 2.9/77.9 £ 1.4 mm Hg; p <
0.001). The changes were similar in subjects receiving
nonpharmacologic  treatment, an angiotensin-receptor
blocker—based treatment, and in those with a B-blocker—
based therapy (data not shown).

OXIDATIVE STRESS, GLUTATHIONE,
AND THIOREDOXIN IN
HYPERTENSIVE PATIENTS
AND CONTROLS

Untreated hypertensive patients had lower levels of GSH,
higher levels of GSSG, and a higher GSSG/GSH ratio in
plasma compared with normotensive controls (Table 3). No
relation, however, exists between GSH or GSSG/GSH ratios
and SBP or DBP values, either in the office or as an average
of 24-h ambulatory values. No differences were found for Trx
values between untreated hypertensive patients and nor-
motensive controls (see Table 2). During the antihypertensive
treatment, GSH levels increased significantly, whereas GSSG
levels and the GSSG/GSH ratio were reduced, and no changes
were observed in Trx. Among the treatment groups, no differ-
ences in GSH and GSSG levels and the GSSG/GSH ratio
were present (data not shown).

Mononuclear cells from hypertensive subjects showed
significantly lower GSH but higher GSSG and GSSG/GSH
values than did the control group (see Table 2). Likewise, 8-
0x0-dG and MDA, by-products of ROS-induced DNA dam-
age and lipid peroxidation, respectively, were also signifi-
cantly increased in hypertensive subjects as compared with
the control group. Antihypertensive treatment for 3 months
reduced the OS, measured as the GSSG/GSH ratio, and the
ROS-induced by-products (see Table 2).

TABLE 1. GENERAL CHARACTERISTICS OF THE STUDY POPULATION

Controls Hypertensives Hypertensives

(n=30) p? (n=235) p? treated (n = 35)
Age (yr) 432+93 ns 46.1£1.5
Sex (M/F) 17/13 ns 19/20
Body mass index (kg/m?) 263 +3.8 ns 293+0.5 ns 289+0.9
Office SBP (mm Hg) 127.6 £10.3 p<0.001 155.1+£3.1 »<0.001 135.4+3.2
Office DBP (mm Hg) 75.9+7.0 p<0.001 97.6+2.2 »<0.001 86.3+3.1
24-h SBP (mmHg) — — 140.2 £2.1 p<0.001 1253+2.9
24-h DBP (mm Hg) — — 89.9+1.6 »<0.001 779+ 1.4
Baseline glucose (mg/dl) 96.1 £1.2 ns 103.1+3.2 ns 99.4+ 1.6
Total cholesterol (mg/dl) 1963 +3.2 ns 206.1 +4.2 ns 208.2+4.0
HDL-cholesterol (mg/dl) 48.2+0.5 ns 440+1.2 ns 443+1.3
Triglycerides (mg/dl 121.8+9.2 ns 137.2+9.9 ns 144.3 +10.1
Menopause 0 3 3

Values are expressed as mean + standard error of the mean.

«Values denote differences between hypertensive patients and controls.
bValues denote differences between hypertensive patients in the absence of and after 3 months of antihypertensive treatment.
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TABLE 2. OXIDATIVE STRESS PARAMETERS IN BLOOD AND MONONUCLEAR CELLS
Controls Hypertensives Hypertensives
(n=30) p? (n=235) p’ treated (n = 35)
Plasma
GSH, umol/g Hb 5.6+0.3 <0.001 3.3+0.1 <0.001 6.5+0.1
GSSG, umol/g Hb 1.4+0.2 <0.001 3.91+0.08 <0.001 2.3+0.09
GSSG/GSH 0.22+0.1 <0.001 1.33+0.1 <0.001 0.37+£0.05
MDA, umol/g Hb 0.18 +£0.02 <0.001 0.84 +0.04 <0.001 0.29 £ 0.08
Trx, ng/ml 19.6 £0.6 ns 18.5+0.5 ns 20.2+£0.6
Mononuclear cells
GSH, umol/mg prot 25.1+1.7 <0.001 15.8+0.5 <0.001 24.1+04
GSSG, pmol/mg prot 0.1 £0.02 <0.001 1.1 £0.05 <0.001 0.4+£0.01
GSSG/GSH 0.01 £0.01 <0.001 0.08 +£0.01 <0.001 0.02£0.02
MDA, umol/mg prot 0.14+0.1 <0.001 0.73+0.2 <0.001 0.32+0.09
8-0x0-dG/dG nDNA 3.0+£0.3 <0.001 6.94 £0.15 <0.001 4.49+0.12

Values are expressed as mean + standard error of the mean.

GSH, gluthation reduced; GSSG, gluthation oxidized; MDA, malondialdehide; TRX, thioredoxin; Hb, hemoglobin; §-oxo-
deoxiguanosine is expressed as the number of oxidized bases/10¢ deoxiguanosine; prot, protein.

«Differences between normotensive and hypertensive patients in the absence of antihypertensive treatment.

tDifferences between initial and 3-month evaluation of antihypertensive treatment.

mRNA LEVELS OF ANTIOXIDANT
GLUTATHIONE AND THIOREDOXIN
SYSTEM COMPONENTS

The mRNA levels of enzymes that control synthesis, re-
generation, and utilization of GSH in mononuclear cells are
shown in Fig. 1. In hypertensive subjects, mRNA levels of
GSS, GSR, GCLC, GCLM, GPX1, GPX4, and GPX6 genes
were significantly lower than those observed in cells from
controls. Only mRNA levels of GPX2 were not different be-
tween hypertensives and controls. No relation exists between
BP values and the mRNA levels analyzed. During antihyper-
tensive treatment, when OS was reduced, the mRNA levels of
the genes of these GSH system enzymes also decreased (see
Fig. 1). No changes were observed in the mRNA of GCLC,
GCLM, and GPX2. In all genes, the mRNA levels after treat-
ment were lower than those in controls, except for the GPX2
gene.

In contrast, variations in the levels of the mRNA from
genes of the Trx system behaved differently (Fig. 2). At base-
line, TRX!/ and TRX2 mRNA levels as well as TRXRI,
TRXR2, and TRXR3 levels were significantly higher in hyper-
tensive patients compared with those for controls. These
mRNA levels decreased during antihypertensive treatment,
although higher mRNA levels remained as compared with
those for controls. Only the mRNA of 7RXR3 did not change
during the treatment (see Fig. 2).

DIFFERENCES BETWEEN GSH
AND TRX SYSTEMS IN HYPERTENSION
AND UNDER TREATMENT

The present study was designed simultaneously to assess
the status of the two main antioxidant systems, GSH and Trx,
in hypertensive subjects in the absence of and during antihy-

pertensive treatment. In hypertensive patients at baseline, in
the presence of chronic OS, a great disparity between the two
systems was observed in plasma. Whereas GSH levels were
significantly lower than they were in controls, no differences
were observed for the Trx levels. Reducing blood pressure
values with antihypertensive treatment was accompanied by a
significant increase of GSH levels, reaching values near to
those of the control subjects. Trx values, however, were not
modified during treatment.

Discrepancies in the mRNA levels of the components of
GSH and Trx systems were also observed. Besides the low
levels of GSH, lower mRNAs levels of GSR, GSS, GCLC,
and GCLM were observed in mononuclear cells of hyperten-
sive subjects as compared with controls. If the mRNA of the
enzymes that tended to maintain GSH levels were reduced, it
might have contributed to the low GSH values observed.
These low mRNA levels decreased even more under antihy-
pertensive treatment when the OS decreased and the GSH in-
creased, possibly because the GSH requirements were lower
than they were in the absence of treatment. The data may indi-
cate that in untreated hypertensives, the expression of the
GSH system was the highest possible and that reducing OS
by antihypertensive treatment reduces the induction of these
genes. These data confirmed previous data in that OS in es-
sential hypertension is dependent not only on an increased
ROS production but also on the abnormal response of the
GSH antioxidant mechanisms (2).

In contrast to the GSH system, mRNA levels of TRX7 and
TRX2, as well as of two of the thioredoxin reductases, TRXR
and TRXR2, were significantly higher in hypertensive pa-
tients than they were in controls. When treatment reduced
OS, the mRNA levels of these genes decreased in parallel
with the OS, but they are maintained at higher levels than in
controls. These data may reflect that with chronic OS, the Trx
system was responding by increasing the gene expression.
Lowering OS reduced the level of stimulation, a similar be-
havior pattern to that observed in rapidly induced OS (4, 5).
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1G. 1. The mRNA levels of enzymes pertaining to the GS

system in mononuclear cells from controls and hypertensive
patients in the absence of or during antihypertensive treatment.
(A) GSR and GSS. (B) GCLC and GCLM. (C) Intracellular
GPXs (GPX2 mRNA levels were divided/adjusted by 2 x 103
factor). Quantitative polymerase chain reaction is described in
the Material and Methods section. Results are expressed as
mean + SEM. The error bars are represented in all boxes, but in
some cases, the size is too small to be displayed. *Statistically
significant differences between controls and untreated hyper-
tensive patients. }Statistically significant differences between
untreated and treated hypertensive patients.

The present study tested the final active compounds (GSH
and Trx) of these antioxidant systems in a human model of
chronic OS such as essential hypertension, excluding other po-
tent stimulators of OS: diabetes, dyslipidemia, or smoking. In
untreated patients, no previous antihypertensive medication
was allowed, to avoid not only the impact of BP reduction, but
also the potential drug-induced changes in ROS generation or
in the activity of antioxidant mechanisms in this group. We an-
alyzed mRNA values in circulating mononuclear cells that con-
tribute to the OS burden on the cardiovascular system. Assess-
ing mRNA levels of genes involved in GSH or Trx systems
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FIG. 2. mRNA levels of enzymes pertaining to the TRX sys-
tem in mononuclear cells from controls and hypertensive pa-
tients in the absence of or during antihypertensive treatment.
(A) TRX1 and TRX2. (B) TRXR1, TRXR2, and TRXR3.
Quantitative polymerase chain reaction is described in the Ma-
terial and Methods section. Results are expressed as mean +
SEM. The error bars are represented in all boxes, but in some
cases, the size is too small to be displayed. *Statistically signif-
icant differences between controls and untreated hypertensive
patients. iStatistically significant differences between un-
treated and treated hypertensive patients.

allows us, overall, to know the mononuclear cells’ response
mediated by both systems to the chronic ROS overload.

KNOWLEDGE ABOUT BEHAVIOR
OF BOTH SYSTEMS

Many times, the expression of both systems is enhanced
when oxidative stress is increased (5, 8) but we found a pro-
found disparity in hypertension that could be explained by a
different regulation with the chronic OS present in hyperten-
sion. In this situation, little is known about the regulation and
response of both systems. In nonchronic induced OS, GSH
synthesis is induced by GSH conjugates, GSH depletion, and
oxidative-stress molecules through activation of mRNA tran-
scription of two GCL subunits, GCLC and GCLM (28). Al-
though mRNA levels of both GCL subunits increased in re-
sponse to OS, their ratio can differ depending on the stimulus
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(9). Furthermore, GCL activity is coordinated with the activa-
tion of GSS to induce GSH synthesis. A direct relation has
been observed between mRNA and protein levels in GCL
subunits and GSS (9). In contrast, the regulation of GPXs and
TxrRs, which are selenoproteins, have different paths of tran-
scription, mRNA stabilization, and translation, but when the
selenium levels are normal, the protein level strongly depends
on mRNA levels (1).

DIFFERENT BEHAVIOR OF
GSH AND TRX SYSTEMS

Significant differences in behavior of the two systems
were reflected in response of the GSH system by reduced
mRNA levels and increased levels of mRNA from the Trx
system to the chronic OS present in hypertension. The differ-
ences in behavior were present not only in the basal situation
of hypertensives, but also during antihypertensive treatment.
Although in the GSH system, mRNA levels did not improve
despite the reduction in OS, and move away from control lev-
els, the mRNA levels of the Trx system, although decreasing,
were still higher than those in control subjects. These data
may indicate an activation of the Trx system by chronic in-
creased OS levels and the persistence, but at lower levels,
under antihypertensive treatment.

A limitation of the present study is that the relations among
mRNA, protein level, and enzymatic activity are complex,
and a direct correlation can not be assumed. Posttranslational
regulation can modify the protein synthesis in several ways.
Even in genes with negligible posttranslational regulation,
protein levels and their activity may be influenced by the
ROS impact, which produces molecular changes that both in-
activate the protein and predispose it to rapid degradation (9,
28). The present study measured blood levels of GSH and
Trx, and mRNA levels were assessed in mononuclear cells,
assuming that the degree of mRNA levels in mononuclear
cells is indicative of general response against chronic in-
creased OS levels in hypertensive patients.

EFFECT OF TREATMENT ON OXIDATIVE
STRESS AND ON MRNA LEVELS

Although the study was not designed to look for differ-
ences between different kinds of treatment, it is worth men-
tioning the absence of differences among the treatment
groups. The absence of differences in mRNA levels was con-
cordant with the observation that lowering blood pressure and
OS are independent of the kind of drug used (2). Although
drugs affecting angiotensin II levels or activity are more spe-
cific to blocking the ROS generation by the NADPH-oxidase
system (6), other mechanisms are responsible for ROS genera-
tion in hypertension. In this way, the increased levels of OS
and the lowered levels of mRNA from the GSH system can in-
dicate that mononuclear cells from hypertensive patients have
a reduced protection against OS. In addition, patients under
treatment show a weaker potential protection, and this can fa-
cilitate OS injury by sporadic or continuous OS insults. These
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alterations may facilitate development of hypertension, endo-
thelial dysfunction, and target-organ damage (12, 17, 27, 30).

The potential role of antioxidant treatment to reduce hyper-
tension-induced cardiovascular risk is a matter of debate.
Long-term clinical trials failed to observe a beneficial impact
of vitamins E or C in reducing cardiovascular events of high-
risk patients, despite improvement in endothelial dysfunction
and other surrogate markers of atherosclerosis (26). The re-
sults are positive in reducing blood pressure levels and renal
damage in animal studies (24). Both vitamins E and C reduce
0OS, acting as ROS scavengers. The possibility of therapies in-
ducing improvement in the mechanisms controlling the GSH
and Trx systems must be explored in the future. N-acetylcys-
teine and S-adenosyl-L-methionine can increase levels of
GSH (23); however, no information exists about the impact
these antioxidants on the genetic regulation of the GSH and
Trx systems in human hypertension.

TRX SYSTEM IS NOT ABLE TO CONTROL
INCREASED OXIDATIVE STRESS LEVELS

Finally, these data also offer information about the relative
importance of the GSH and the Trx systems in the defense
against chronic ROS overproduction in hypertension. Accord-
ing to the observed behavior and the OS status, the GSH sys-
tem plays a more major role than does the Trx system in hy-
pertension in OS control. Probably the Trx system genes are
induced when the intracellular GSH is consumed by too much
hypertension-induced ROS. Therefore, the induction of the
Trx system is an alarm in the host defense against OS. Induced
Trx itself, however, is not enough to scavenge ROS generated
by hypertensive stress but can promote the transcription of
other antioxidant enzymes by its redox regulation of transcrip-
tional factors. Despite this, the Trx system is not able to con-
trol the increased ROS generation when an inadequate re-
sponse by the GSH system exists. Whether the different
behaviors of the two systems can be observed in other human
models of human chronic OS is an intriguing question.

CONCLUSIONS

In conclusion, the differences in the mRNA levels of both
the GSH and Trx systems show a disparity in the response of
each one, an inadequate response by the GSH system and a
normal one by the Trx system. Despite Trx system activation, it
seems to be insufficient for maintaining a normal redox status
in hypertensive subjects. The inappropriate response of the
GSH system and the insufficient control of OS by the Trx sys-
tem despite its overactivity, leave hypertensive patients highly
exposed to the increased ROS generation and its consequences.

ABBREVIATIONS

8-0x0-dG, 8-oxo-deoxiguanosin; BP, blood pressure;
GCL, glutamate cysteine ligase; GSH, glutathione; GSSG,
glutathione disulfide or oxidized; GPX, glutathione peroxi-
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dase; GSR, Glutathione reductase; GSS, glutathione syn-
thetase; MDA, malondialdehide; OS, oxidative stress; ROS,
reactive oxygen species; Trx, thioredoxin; TrxR, thioredoxin
reductase.

APPENDIX

Notes

1. Materials and methods

The Sandwich enzyme-linked immunosorbent assay (ELISA) kit
for Trx1 was provided by Redox Bio Science (Kyoto, Japan). Ready-
To-Go You Prime First-Strand Beads Kit was purchased from GE
Healthcare Bio-Sciences (Uppsala, Sweden). Primers were from
Sigma-Aldrich (St. Louis, MO).

2. Selection of study participants

Patients were invited to participate if the following criteria were
met: (a) essential hypertension defined according to the criteria of the
VII Joint National Committee (4); (b) aged 25-55 years; (c) WHO
grade I-1I; and (d) never previously treated for hypertension. Patients
with diabetes mellitus, fasting glucose in serum >120 mg/dl, total cho-
lesterol levels >240 mg/dl, or cigarette consumption were excluded. A
group of healthy, normotensive, nonsmokers were selected as a control
group. The Ethics Committee of the Hospital approved the study, and
the patients gave their informed written consent to participate.

After enrollment, hypertensive patients were given the usual treat-
ment, which included a nonpharmacologic treatment consisting of
moderate salt restriction and a low-calorie diet, if overweight, with or
without a course of nonrandomly allocated antihypertensive drugs
based on B-blockers (atenolol), or angiotensin-receptor blocker
(telmisartan). Hydrochlorothiazide was added when necessary to
maintain the blood pressure (BP) goal of <135/85 mm Hg.

Blood pressure was measured using a mercury sphygmomanometer
in the office, according to the recommendations of the British Hyper-
tension Society (19), and using an oscillometric monitor (Spacelabs
90202 or 90207, Issaguah, WA) in ambulatory conditions during 24 h
on a regular workday. Blood samples were obtained in the morning
after a minimum of 8 h of fasting. Serum biochemical profiles were
measured using an autoanalyzer and under standard procedures.

3. GSH, GSSG, Trx, MDA, and 8-ox0o-dG measurement

The OS status was evaluated by measuring the GSSG/GSH ratio in
plasma and mononuclear cells, as well as the ROS-induced by-prod-
ucts, malondialdehide (MDA) and 8-oxo-deoxiguanosin (8-0x0-dG).
GSH and Trx levels were measured to assess the functional capacity of
the two systems.

Heparinized whole blood was diluted with saline medium, and
mononuclear cells were isolated by Ficoll-Hypaque centrifugation fol-
lowed by three washes. Blood plasma was separated by whole-blood
centrifugation. MDA, GSH, and GSSG levels were measured in plasma
and in mononuclear cells using previously described protocols based
on HPLC (2, 16, 29). The Trx levels were measured in plasma using a
sensitive sandwich ELISA kit (Redox Bio Science, Kyoto, Japan) ac-
cording to the manufacturer’s instructions. The cellular protein content
was measured using the Bradford method.

For genomic 8-0x0-dG quantification, DNA was isolated by fol-
lowing the method of Gupta with the modification described by Muiiiz
(14). Isolated DNA was washed twice with 70% ethanol, dried, and
dissolved in 200 pl of TE buffer for its enzymatic digestion and was an-
alyzed as previously described (5).

4. Total RNA extraction and quantitative
polymerase chain reaction (Q-PCR)

The response to chronic OS was assessed by measuring the mRNA
levels of the components of the GSH and Trx systems in mononuclear
cells. Total RNA was extracted from blood mononuclear cells purified
by the Ficoll Hypaque method, and RNA was treated with DNase |
from Roche Diagnostics (Basel, Switzerland) to remove any contami-
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nating DNA (24). One microgram of treated RNA was reverse-tran-
scribed to cDNA using Ready-To-Go You Prime First-Strand Beads
(Amersham Pharmacia Biotech) with random primers. Primer sets
from each candidate gene were designed by Primer3 software (22) and
synthesized by Sigma (Table 3). Measurement of gene expression was
performed using the ABI PRISM 7000 Sequence Detection System
and SYBR Green Master Mix (Applied Biosystems; Madrid, Spain) by
following the manufacturer’s instructions. Standard curves were gener-
ated for each gene to determine the PCR efficiency and quantification
of the copies of each mRNA in the samples. Linear regression analysis
of all standard curves documented in all cases an R? value of =0.99.
Normalization of samples was performed by the reference gene, glyc-
eraldehyde-3-phosphate dehydrogenase (GAPDH), as previously de-
scribed (26). All PCR products were tested with agarose gel elec-
trophoresis and with dissociation curves (Fig. 3). Correct amplification
was verified in all samples and in all reactions by dissociation curves.

5. Statistical analysis

For each variable, the values were expressed as mean + standard
error of the mean values. The differences between hypertensive and
control groups were assessed using a nonparametric unpaired test and a
paired test to assess the differences between baseline and during treat-
ment in hypertensive patients. Two-tailed values of p < 0.05 were con-
sidered statistically significant.

FIG.3 Di _ ; | ; .1
tive PCR, and (B) agarose gel electrophoresis gel photograph
of PCR products. Quantitative polymerase chain reaction is de-
scribed in the Material and Methods section.
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TABLE 3.  QUANTITATIVE RT-PCRA PRIMERS

Symbol Gene product Accession number Sequence
GAPDH Glyceraldehyde-3 NM_002046 (+)-CTGGAAGATGGTGATGGGATTTC
phosphate dehydrogenase (—)-GAAGGTGAAGGTCGGAGTCAAC
GSR Glutathione reductase NM_000637 (+)-ATCCCCGGTGCCAGCTTAGG
(—)-AGCAATGTAACCTGCACCAACAA
GSS Glutathione synthetase NM_000178 (+)CTCACTGGGATGTGGGTGAAGAAG
(—)-TCCTCCCCATATAGGTTGTTACCTC
GCLC Glutamate-cysteine ligase, NM_001498 (+)-GCGATGAGGTGGAATACATGTTG
catalytic subunit (—)-CTCCCATACTCTGGTCTCCAAAGG
GCLM Glutamate-cysteine ligase, NM_002061 (+)-AATCCTGATGAAAGAGAAGAAATGAAAG
modifier subunit (—)-TCCATCTTCAATAGGAGGTGAAGC
GPX1 Cellular glutathione peroxidase NM_000581 (+)-AAACCAGTTTGGGCATCAGGAGAAC
(—)-ATGAGCTTGGGGTCGGTCATAAG
GPX2 Glutathione peroxidase 2 NM_002083 (+)-CATCAGGAGAACTGTCAGAATGAGG
(gastrointestinal) (—)-TAGGGGAGCTTGTCCTTCAGGTAG
GPX3 Glutathione peroxidase 3 NM_002084 (+)-CAGAGCCGGGGACAAGAGAAG
(plasma) (—)-CGGACATACTTGAGGGTAGGAAGGA
GPX4 Glutathione peroxidase 4 NM_002085 (+)-AGATCCACGAATGTCCCAAGTC
(phospholipid hydroperoxidase) (—)-ACGTTGGTGACGATGCACAC
GPX6 Glutathione peroxidase 6 NM_182701 (+)-GGGGTAACAGGCACCATCTATGAG
(olfactory) (—)-TTCAGCTCCTCCTGTAGTGCATTC
TRXR1 Thioredoxin reductase 1 NM_003330 (+)-CCCTGCAAGACTCTCGAAATTATG
(—)-CTACTCGGTAGCCCCAATTCAAAG
TRXR2 Thioredoxin reductase 2 NM_145748 (+)-TATGGCTGTGTGGGGCTGTC
(—)-ACCATCTTTACATAACACTGGGATGC
TRXR3 Thioredoxin reductase 3 BC050032 (H)-TGGTGGCACTTGTGTAAATGTAGG
(—)-GGTTCTGAATCGCTTTTGTCATTG
TRX1 Thioredoxin NM_003329 (+)-AGACTCCAGCAGCCAAGATGG
(—)-GAGAGGGAATGAAAGAAAGGCTTG
TRX2 Mitochondrial thioredoxin NM_012473 (+)-CACTTCCAGAGCCCTGCAGAC
(—)-CACTGGTGTCTCACTGTTGACCAC
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