
INTRODUCTION

OXIDATIVE STRESS plays an important role in the mecha-
nism(s) of endothelial dysfunction in cardiovascular

diseases (2, 3). Previous studies showed that the impairment
of endothelium-dependent vasodilation as well as the hyper-
contractile response of smooth muscle in coronary arteries
may play an important role in the genesis of coronary spasm
(6, 25). Either vitamin C or E improves the impairment of re-
sponse to acetylcholine in epicardial coronary arteries of pa-
tients with coronary spastic angina (7, 10). It has been shown
that the plasma levels of vitamin E, natural antioxidants, were
decreased in patients with coronary spastic angina (9).

Adult T cell leukemia-derived factor (ADF) was originally
defined as an interleukin-2 receptor a-chain inducer in
human lymphotronic virus-1-transformed cells and is identi-
cal to thioredoxin (20, 23). Thioredoxin is a small multifunc-
tional protein that contains a redox-active dithiol/disulfide in
the active site and shows a variety of biological functions, in-
cluding cytoprotection against oxidative stress (13). Pevious
studies have shown that plasma/serum levels of thioredoxin
are elevated under oxidative stress-associated disorders such
as viral infections and ischemia–reperfusion (12, 14). Re-
cently, thioredoxin in human plasma has been measured
quantitatively by a sandwich enzyme-linked immunosorbent
assay (ELISA) (12, 14). Plasma concentration of thioredoxin
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ABSTRACT

To determine whether plasma levels of thioredoxin are associated with coronary spasm, we measured the
plasma levels of thioredoxin in 170 patients who had <25% organic stenosis in coronary arteriography. Ac-
cording to the results of cardiac catheterization, we divided the patients into two groups: a coronary spastic
angina group (n = 84) and a chest pain syndrome group (n = 86). The plasma levels of thioredoxin were signif-
icantly higher in the coronary spastic angina group than in the chest pain syndrome group (40.7 ± 4.1 versus
18.2 ± 1.1 ng/ml, p < 0.0001). Furthermore, the increased plasma levels of thioredoxin were associated with
high disease activity indicated by the frequency of angina attacks (p = 0.0004). In multiple logistic regression
analysis, the higher levels of thioredoxin [relative risk 14.8, 95% confidence interval (5.13–42.9), p < 0.0001]
and current smoking [relative risk 3.39, 95% confidence interval (1.31–8.75), p= 0 .012] were significant and
independent variables associated with coronary spasm. We demonstrated that the plasma levels of thiore-
doxin were increased in the coronary spastic angina group, and increased levels of thioredoxin were associ-
ated with high disease activity. The plasma levels of thioredoxin and current smoking were risk factors for
coronary spastic angina, and they were independent from other traditional risk factors. Antioxid. Redox Signal. 6,
75–80.
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may be one of the good markers for the host response against
oxidative stress. Until now, there has been no investigation on
the relation between plasma thioredoxin and coronary spasm,
to our best knowledge. The aim of the present study was to
examine the relation between (a) oxidative stress and coro-
nary spasm and (b) oxidative stress and disease activity of
coronary spasm.

MATERIALS AND METHODS

Study protocol

This study enrolled 203 consecutive patients who had
<25% organic stenosis in coronary arteriography. They un-
derwent elective and diagnostic cardiac catheterization for
chest pain at rest in Kumamoto University Hospital. Thirty-
three patients were excluded because they had one of the fol-
lowing exclusion criteria: myocardial infarction, major sur-
gery and trauma, or serious infectious disease within the
previous 4 weeks; malignancies; or chronic inflammatory
disease. Ultimately, 170 (84%) of the 203 patients were in-
cluded in this study. We divided the 170 patients into a coro-
nary spastic angina group and a chest pain syndrome group.
The study included 84 patients with coronary spastic angina
and normal coronary angiograms who underwent cardiac
catheterization in our hospital. The patients with coronary
spastic angina fulfilled all of the following inclusion criteria:
(a) spontaneous anginal attacks associated with ST-segment
elevation or depression on the electrocardiogram at rest; and
(b) coronary artery spasm (total or subtotal occlusion) dem-
onstrated angiographically by intracoronary infusion of
acetylcholine (26). We defined the remaining 86 patients in
whom coronary spasm was not provoked in any coronary
artery as chest pain syndrome patients. The clinical charac-
teristics of the study patients are shown in Table 1. Both
groups did not have peripheral artery disease. All medica-
tions except sublingual nitroglycerin were withdrawn at least
3 days before the coronary arteriography. The study patients

had not taken any pharmacological doses of antioxidants for
at least 1 month before the study. None of the patients had
myocardial infarction, congestive heart failure, cardiomyopa-
thy, valvular heart disease, or any other serious disease. Writ-
ten informed consent was obtained from all patients before
the study. The study was in agreement with guidelines ap-
proved by the ethics committee of our institution.

Cardiac catheterization

Coronary arteriography was performed in all patients
using the Judkins technique in the morning when the patients
were fasting. Incremental doses of acetylcholine (20, 50, and
100 µg/min for 1 min) were infused into the left and right
coronary arteries separately until coronary spasm was in-
duced or the maximal dose was reached as previously re-
ported (4). This method allows us to provoke spasm in both
coronary arteries separately and to safely evaluate the pres-
ence of multivessel spasm. The sensitivity and specificity of
this method for provoking coronary spasm have been vali-
dated (16). A coronary angiogram was obtained at the end of
each infusion. Coronary spasm was defined as a total or
subtotal occlusion of the epicardial coronary arteries associ-
ated with chest pain and ischemic ST-segment changes (26).
We divided the patients with coronary spastic angina into a
high disease activity group and a low disease activity group.
Patients who had spontaneous attacks associated with ST-
segment elevation or depression on the electrocardiogram at
least three times a week were defined as high disease activity.
The other patients with coronary spastic angina were defined
as the low disease activity group.

Blood sampling

The peripheral blood samples were drawn into a tube con-
taining sodium citrate via venipuncture in the morning in a
fasting state after admission. All subjects lay recumbent, and
a 21-gauge needle was inserted into an antecubital vein. The
samples for the thioredoxin assay were immediately cen-
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TABLE 1. BASELINE CHARACTERISTICS OF THE STUDY GROUPS

Coronary spastic Chest pain
Characteristics angina (n = 84) syndrome (n = 86)

Age (years)
Mean 63 ± 1 62 ± 1
Range 41–81 38–80

Sex (n), man/woman (man%) 54/30 (64) 46/40 (53)
Coronary risk factors

Hypertension (BP $ 140/90 mm Hg, n, %) 23 (27) 30 (35)
Diabetes mellitus (n, %) 18 (21) 19 (22)
Obesity (BMI $ 25 kg/m2, n, %) 19 (23) 19 (22)
Current smoking (n, %) 29 (35)* 17 (20)
Serum total cholesterol (mg/ml) 188 ± 4 189 ± 4
Serum LDL cholesterol (mg/ml) 114 ± 3 114 ± 3
Serum HDL cholesterol (mg/ml) 51 ± 2 55 ± 2
Serum triglyceride (mg/ml) 130 ± 8 135 ± 8

Values are expressed as means ± SEM. BMI, body mass index; BP, blood pressure.
*p <  0.05 versus chest pain syndrome.



trifuged (4°C, 3,000 rpm, 15 min) and stored at 280°C until
analyzed.

Plasma thioredoxin assay

Two different kinds of anti-human thioredoxin murine
monoclonal antibodies (ADF-11 and ADF-21) and a sand-
wich ELISA for human thioredoxin were provided by Redox
Bioscience, Inc. (Kyoto, Japan) and used as previously
described (12–14). As a standard, serial dilutions of 5–320 ng/ml
of human thioredoxin were used. Data were analyzed using
Version 2.3 of SOFT max software by matching with four
parameter logit–log transformation of standard human thio-
redoxin.

Statistical analysis

All data are expressed as mean values ± SEM. Because the
levels of plasma thioredoxin were not distributed normally,
nonparametric analyses were used. To examine the differ-
ences in thioredoxin level as an independent risk factor be-
tween the coronary spastic angina and chest pain syndrome
groups, multiple logistic regression was conducted using the
following factors as categorical covariates: high levels of
thioredoxin ($3;32.9 ng/ml, which was the 75th percentile of
the distribution of the plasma thioredoxin levels in all the pa-
tients) in this study, age ($70), sex (man%), current smoker
(defined as smoking at least 10 cigarettes per day for $10
years), hypertension (>140/90 mm Hg or requiring antihyper-
tensive medication), diabetes mellitus [according to ADA re-
port (24)], hypercholesterolemia (>220 mg/dl or the use of
lipid-lowering medications), high low-density lipoprotein
(LDL) cholesterol (>130 mg/dl), low high-density lipoprotein
(HDL) cholesterol (<35 mg/dl), and hypertriglyceridemia
(>150 mg/dl). The mean values of continuous variables with a
normal distribution and frequency between the two groups
were obtained by unpaired t test and x2 analysis. Probability
levels of <0.05 were considered significant.

RESULTS

Characteristics of the study population

The clinical characteristics of the study population are
shown in Table 1. There were no significant differences be-
tween the coronary spastic angina and chest pain syndrome
groups in terms of age, sex, hypertension, diabetes mellitus,
obesity, serum total cholesterol, serum HDL cholesterol,
serum LDL cholesterol, and serum triglyceride levels. The
prevalence of cigarette smoking was significantly higher in
the coronary spastic angina group than in the chest pain syn-
drome group (p < 0.05). However, there was no significant
difference between the levels of thioredoxin and current
smoking (p = 0.12, r2 = 0.015).

Plasma levels of thioredoxin

The plasma levels of thioredoxin were significantly higher
in the coronary spastic angina group than in the chest pain
syndrome group (40.7 ± 4.1 versus 18.2 ± 1.1 ng/ml, p <
0.0001) (Fig. 1). In the coronary spastic angina group, the

plasma levels of thioredoxin were significantly higher in the
high disease activity group than in the low disease activity
group (62.9 ± 10.6 versus 31.4 ± 3.5 ng/ml, p = 0.0004)
(Fig. 2). Furthermore, we examined whether medical treat-
ment reduces the plasma levels of thioredoxin in 12 of 25 pa-
tients with high disease activity. As a result, the levels of
thioredoxin were decreased with improvement of disease ac-
tivity by drug therapy (44.3 ± 9.2 versus 19.5 ± 3.1 ng/ml, p <
0.01) (Fig. 3). We also examined whether vitamin E, an
antioxidant, affects the levels of thioredoxin in 15 patients
with stable coronary spastic angina. As a result, the levels of
thioredoxin were significantly decreased by vitamin E
(26.6 ± 2.8 versus 13.4 ± 2.4 ng/ml, p < 0.01).
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FIG. 1. Comparison of plasma thioredoxin levels between
coronary spastic angina and chest pain syndrome groups.

FIG. 2. In patients with coronary spastic angina, compar-
ison of plasma thioredoxin levels between high disease ac-
tivity and low disease activity groups.
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Comparison of thioredoxin levels between
coronary spastic angina and chest pain 
syndrome groups

In multiple logistic regression analysis, the levels of
thioredoxin and current smoking were independent variables
that were significantly different between the coronary spastic
angina and chest pain syndrome groups (Table 2).

DISCUSSION

The present study showed that plasma levels of thiore-
doxin were significantly increased in patients with coronary
spastic angina as compared with those with chest pain syn-
drome. We also demonstrated that in patients with coronary
spastic angina, the plasma levels of thioredoxin were more
increased in the high disease activity group than in the low
disease activity group. Further, the levels of thioredoxin
were decreased with improvement of disease activity by drug
therapy. These f indings may indicate that oxidative stress is
greater when disease activity is high in patients with coro-
nary spastic angina. The multivariate logistic regression

analysis showed that the higher levels of thioredoxin were a
significant and independent risk factor for coronary spastic
angina.

In the current study, the precise mechanisms of the in-
creased oxidative stress in patients with coronary spastic
angina were not determined. It is known that plasma levels of
thioredoxin are elevated under oxidative stress-associated
disorders such as viral infections, ischemia–reperfusion, and
heart failure (5, 12, 14). Therefore, the increased thioredoxin
levels might be the effect of the repetitive ischemia–
reperfusion by coronary spasm. It is possible that increased
plasma thioredoxin levels are not the cause of coronary spas-
tic angina, but the result. Previous studies showed that the im-
pairment of endothelium-dependent vasodilation as well as
the hypercontractile response of smooth muscle in coronary
arteries may play an important role in the genesis of coronary
spasm (6, 25). Both the lack of nitric oxide activity (6, 15)
and the mutation of nitric oxide synthase gene have been re-
ported as a cause of coronary spasm (15, 27). In addition, in-
creased reactive oxygen species inactivate endothelial nitric
oxide and lead to endothelial dysfunction (11, 23). On the
other hand, a previous study showed evidence for superoxide-
dependent coronary spasm (8).

Cigarette smoking is a major risk factor for coronary
spasm (19, 21), and it has been shown that cigarette smoke
contains large amounts of free radicals such as superoxide
anions and hydroxyl radicals (1, 18), which could degrade
endothelium-derived nitric oxide (11, 17). Cigarette smoking
would, therefore, be expected to predispose patients to coro-
nary spasm. In the present study, the prevalence rate of cur-
rent smoking was significantly higher in the coronary spastic
angina group than in the chest pain syndrome group.

In the present study, the levels of thioredoxin were de-
creased by the antioxidant vitamin E. We have previously
shown that, in patients with coronary spastic angina, the ad-
ministration of vitamin E as a dietary supplement decreased
oxidative stress and improved endothelial function, with re-
sulting decrease in the number of anginal attacks (10). Thus,
the administration of antioxidants might be one of the thera-
peutic options for treating patients with coronary spastic
angina. A sensitive indicator of oxidative stress such as thiore-
doxin could be a useful marker for antioxidative treatment.
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FIG. 3. Plasma thioredoxin levels in the coronary spastic
angina group on admission and after treatment.

TABLE 2. MULTIPLE LOGISTIC REGRESSION ANALYSIS: VARIABLES DIFFERING BETWEEN THE CORONARY

SPASTIC ANGINA AND CHEST PAIN SYNDROME GROUPS

Variable Relative risk 95% CI p value

Plasma thioredoxin > 32.9 ng/ml 14.8 5.13–42.9 <0.0001
Current smoking 3.39 1.31–8.75 0.012
Age $ 70 years 0.64 0.29–1.41 0.27
Man 0.92 0.39–2.20 0.86
Diabetes mellitus 1.04 0.41–2.62 0.93
Hypertension 0.61 0.27–1.36 0.23
Total cholesterol > 220 mg/dl 1.97 0.57–6.80 0.29
LDL cholesterol > 130 mg/dl 0.84 0.29–2.40 0.74
HDL cholesterol < 35 mg/dl 0.24 0.04–1.59 0.14
Triglyceride > 150 mg/dl 1.87 0.75–4.63 0.18

CI, confidence interval.
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Conclusions

We showed that plasma levels of thioredoxin were in-
creased in the coronary spastic angina group and higher
thioredoxin levels were associated with high disease activity
indicated by the frequency of anginal attacks. Furthermore,
the plasma levels of thioredoxin and current smoking were
risk factors for coronary spastic angina, and they were inde-
pendent from other traditional risk factors.
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REFERENCES

1. Benowitz NL. Drug therapy. Pharmacologic aspects of cig-
arette smoking and nicotine addition. N Engl J Med 319:
1318–1330, 1988.

2. Diaz MN, Frei B, Vita JA, and Keaney JF Jr. Antioxidants
and atherosclerotic heart disease. N Engl J Med 337: 408–
416, 1997.

3. Gryglewski RJ, Palmer RM, and Moncada S. Superoxide
anion is involved in the breakdown of endothelium-derived
vascular relaxing factor. Nature 320: 454–456, 1986.

4. Kaikita K, Ogawa H, Yasue H, Sakamoto T, Suefuji H,
Sumida H, and Okumura K. Soluble P-selectin is release
into the coronary circulation after coronary spasm. Circu-
lation 92: 1726–1730, 1995.

5. Kishimoto C, Shioji K, Nakamura H, Nakayama Y, Yodoi
J, and Sasayama S. Serum thioredoxin levels in patients
with heart failure. Jpn Circ J 65: 491–494, 2001.

6. Kugiyama K, Yasue H, Okumura K, Ogawa H, Fujimoto
K, Nakao K, Yoshimura M, Motoyama T, Inobe Y, and
Kawano H. Nitric oxide activity is deficient in spasm ar-
teries of patients with coronary spastic angina. Circulation
94: 266–271, 1996.

7. Kugiyama K, Motoyama T, Hirashima O, Ohgushi M, Soe-
jima H, Misumi K, Kawano H, Miyao Y, Yoshimura M,
Ogawa H, Matsumura T, Sugiyama S, and Yasue H. Vita-
min C attenuates abnormal vasomotor reactivity in spasm
coronary arteries in patients with coronary spastic angina.
J Am Coll Cardiol 32: 103–109, 1998.

8. Laurindo FR, da Luz PL, Uint L, Rocha TF, Jaeger RG,
and Lopes EA. Evidence for superoxide radical-dependent

coronary vasospasm after angioplasty in intact dogs. Cir-
culation 83: 1705–1715, 1991.

9. Miwa K, Miyagi Y, Igawa A, Nakagawa K, and Inoue H.
Vitamin E deficiency in variant angina. Circulation 94:
14–18, 1996.

10. Motoyama T, Kawano H, Kugiyama K, Hirashima O, Oh-
gushi M, Tsunoda R, Moriyama Y, Miyao Y, Yoshimura M,
Ogawa H, and Yasue H. Vitamin E administration improves
impairment of endothelium-dependent vasodilation in pa-
tients with coronary spastic angina. J Am Coll Cardiol 32:
1672–1679, 1998.

11. Murohara T, Kugiyama K, Ohgushi M, Sugiyama S, and
Yasue H. Cigarette smoke extract contracts isolated porcine
coronary arteries by superoxide anion-mediated degrada-
tion of EDRF. Am J Physiol 266: H874–H880, 1994.

12. Nakamura H, De Rosa S, Roederer M, Anderson MT,
Dubs JG, Yodoi J, Holmgren A, Herzenberg LA, and
Herzenberg LA. Elevation of plasma thioredoxin levels in
HIV-infected individuals. Int Immunol 8: 603–611, 1996.

13. Nakamura H, Nakamura K, and Yodoi J. Redox regulation
of cellular activation. Annu Rev Immunol 15: 351–369,
1997.

14. Nakamura H, Vaage J, Valen G, Padilla CA, Bjornstedt M,
and Holmgren A. Measurements of plasma glutaredoxin
and thioredoxin in healthy volunteers and during open-
heart surgery. Free Radic Biol Med 7–8: 1176–1186, 1998.

15. Nakayama M, Yasue H, Yoshimura M, Shimasaki Y,
Kugiyama K, Ogawa H, Motoyama T, Saito Y, Ogawa Y,
Miyamoto Y, and Nakao K. T-786®C mutation in the 
59-flanking region of the endothelial nitric oxide synthase
gene is associated with coronary spasm. Circulation 99:
2864–2870, 1999.

16. Okumura K, Yasue H, Matsuyama K, Goto K, Miyagi H,
Ogawa H, and Matsuyama K. Sensitivity and specificity of
intracoronary injection of acetylcholine for the induction
of coronary artery spasm. J Am Coll Cardiol 12: 883–888,
1988.

17. Ota Y, Kugiyama K, Sugiyama S, Ohgushi M, Matsumura
T, Doi H, Ogata N, Oka H, and Yasue H. Impairment of
endothelium-dependent relaxation of rabbit aortas by ciga-
rette smoke extract—role of free radicals and attenuation
by captopril. Atherosclerosis 131: 195–202, 1997.

18. Pryor WA and Stone K. Oxidants in cigarette smoke. Radi-
cals, hydrogen peroxide, peroxynitrate, and peroxynitrite.
Ann N Y Acad Sci 686: 12–27, 1993.

19. Sugiishi M and Takatsu F. Cigarette smoking is a major
risk factor for coronary spasm. Circulation 87: 76–79,
1993.

20. Tagaya Y, Maeda Y, Mitsui A, Kondo N, Matsui H, Hamuro
J, Brown N, Arai K, Yokota T, and Wakasugi H. ATL-
derived factor (ADF), an IL-2 receptor/Tac inducer homol-
ogous to thioredoxin; possible involvement of dithiol-
reduction in the IL-2 receptor induction. EMBO J 8:
757–764, 1989.

21. Takaoka K, Yoshimura M, Ogawa H, Kugiyama K,
Nakayama M, Shimasaki Y, Mizuno Y, Sakamoto T, and
Yasue H. Comparison of the risk factors for coronary
artery spasm with those for organic stenosis in a Japanese
population: role of cigarette smoking. Int J Cardiol 72:
121–126, 2000.

THIOREDOXIN AND CORONARY ARTERY SPASM 79



22. Tesfamariam B and Cohen RA. Free radicals mediate en-
dothelial cell dysfunction caused by elevated glucose. Am
J Physiol 263: H321–H326, 1992.

23. Teshigawara K, Maeda M, Nishino K, Nikaido T,
Uchiyama T, Tsudo M, Wano Y, and Yodoi J. Adult T leuke-
mia cells produce a lymphokine that augments interleukin 2
receptor expression. J Mol Cell Immunol 2: 17–26, 1985.

24. The Expert Committee on the Diagnosis and Classifica-
tion of Diabetes Mellitus. Report of the Expert Committee
on the Diagnosis and Classification of Diabetes Mellitus.
Diabetes Care 20: 1183–1197, 1997.

25. Yasue H and Kugiyama K. Coronary spasm: clinical fea-
tures and pathogenesis. Intern Med 36: 760–765, 1997.

26. Yasue H, Horio Y, Nakamura N, Fujii H, Imoto N, Sonoda
R, Kugiyama K, Obata K, Morikami Y, and Kimura T. In-
duction of coronary artery spasm by acetylcholine in pa-
tients with variant angina: possible role of the parasym-
pathetic nervous system in the pathogenesis of coronary
artery spasm. Circulation 74: 955–963, 1986.

27. Yoshimura M, Yasue H, Nakayama M, Shimasaki Y, Sum-
ida H, Sugiyama S, Kugiyama K, Ogawa H, Ogawa Y,
Saito Y, Miyamoto Y, and Nakao K. A missense
Glu298Asp variant in the endothelial nitric oxide synthase
gene is associated with coronary spasm in the Japanese.
Hum Genet 103: 65–69, 1998.

Address reprint requests to:
Hisao Ogawa, M.D.

Department of Cardiovascular Medicine
Kumamoto University School of Medicine

1-1-1 Honjo
Kumamoto City 860-8556, Japan

E-mail: ogawah@kumamoto-u.ac.jp

Received for publication September 5, 2003; accepted October
1, 2003.

80 MIYAMOTO ET AL.



This article has been cited by:

1. Björn Owe-Larsson, Karin Ekdahl, Tobias Edbom, Urban Ösby, Håkan Karlsson, Christer Lundberg,
Mathias Lundberg. 2011. Increased plasma levels of thioredoxin-1 in patients with first episode
psychosis and long-term schizophrenia. Progress in Neuro-Psychopharmacology and Biological
Psychiatry 35:4, 1117-1121. [CrossRef]

2. Yoshiki Kusama, Eitaro Kodani, Akihiro Nakagomi, Toshiaki Otsuka, Hirotsugu Atarashi, Hiroshi
Kishida, Kyoichi Mizuno. 2011. Variant Angina and Coronary Artery Spasm: The Clinical Spectrum,
Pathophysiology, and Management. Journal of Nippon Medical School 78:1, 4-12. [CrossRef]

3. Akira Funayama, Tetsu Watanabe, Toshiaki Tamabuchi, Yoichiro Otaki, Shunsuke Netsu, Hiromasa
Hasegawa, Shintaro Honda, Mitsunori Ishino, Takanori Arimoto, Hiroki Takahashi, Tetsuro Shishido,
Takuya Miyamoto, Joji Nitobe, Isao Kubota. 2011. Elevated Cystatin C Levels Predict the Incidence
of Vasospastic Angina. Circulation Journal . [CrossRef]

4. Taku Osugi, Shu-ichi Saitoh, Ken Matumoto, Mituru Muto, Kazuhiko Aikawa, Hiroshi Ohkawara,
Kouichi Sugimoto, Masashi Kamioka, Toshiyuki Ishibashi, Yukio Maruyama. 2010. Preventive Effect
of Chronic Endothelin Type A Receptor Antagonist on Coronary Microvascular Spasm Induced by
Repeated Epicardial Coronary Artery Endothelial Denudation in Pigs. Journal of Atherosclerosis and
Thrombosis 17:1, 54-63. [CrossRef]

5. Xiang Yang Zhang, Da Chun Chen, Mei Hong Xiu, Fan Wang, Ling Yan Qi, Hong Qiang Sun,
Song Chen, Shu Chang He, Gui Ying Wu, Colin N. Haile. 2009. The novel oxidative stress marker
thioredoxin is increased in first-episode schizophrenic patients. Schizophrenia Research 113:2-3,
151-157. [CrossRef]

6. E. V. Kalinina, N. N. Chernov, A. N. Saprin. 2008. Involvement of thio-, peroxi-, and glutaredoxins in
cellular redox-dependent processes. Biochemistry (Moscow) 73:13, 1493-1510. [CrossRef]

7. Talin Ebrahimian , Rhian M. Touyz . 2008. Thioredoxin in Vascular Biology: Role in Hypertension.
Antioxidants & Redox Signaling 10:6, 1127-1136. [Abstract] [PDF] [PDF Plus]

8. Dae Kyoung Cho, Jin-Oh Choi, Sung Hea Kim, Jinoh Choi, Il Rhee, Chang-Seok Ki, Sang-Chol Lee,
Hyeon-Cheol Gwon. 2007. Ischemia-modified albumin is a highly sensitive serum marker of transient
myocardial ischemia induced by coronary vasospasm. Coronary Artery Disease 18:2, 83-87. [CrossRef]

9. Tomohiro Sakamoto, Yoshitaka Shintomi, Michihiro Yoshimura, Hisao Ogawa. 2007. Successful
Treatment of Refractory Angina Pectoris due to Multivessel Coronary Spasm with Valsartan. Internal
Medicine 46:17, 1425-1430. [CrossRef]

10. Hervé Lemarechal, Yannick Allanore, Camille Chenevier-Gobeaux, Ohvanesse G. Ekindjian, André
Kahan, Didier Borderie. 2006. High redox thioredoxin but low thioredoxin reductase activities in the
serum of patients with rheumatoid arthritis. Clinica Chimica Acta 367:1-2, 156-161. [CrossRef]

11. Kumuda C. Das . 2005. Thioredoxin and Its Role in Premature Newborn Biology. Antioxidants & Redox
Signaling 7:11-12, 1740-1743. [Abstract] [PDF] [PDF Plus]

12. Hajime Nakamura . 2005. Thioredoxin and Its Related Molecules: Update 2005. Antioxidants & Redox
Signaling 7:5-6, 823-828. [Abstract] [PDF] [PDF Plus]

13. Hajime Nakamura . 2004. Thioredoxin as a Key Molecule in Redox Signaling. Antioxidants & Redox
Signaling 6:1, 15-17. [Citation] [PDF] [PDF Plus]

http://dx.doi.org/10.1016/j.pnpbp.2011.03.012
http://dx.doi.org/10.1272/jnms.78.4
http://dx.doi.org/10.1253/circj.CJ-11-0008
http://dx.doi.org/10.5551/jat.2147
http://dx.doi.org/10.1016/j.schres.2009.05.016
http://dx.doi.org/10.1134/S0006297908130099
http://dx.doi.org/10.1089/ars.2007.1985
http://www.liebertonline.com/doi/pdf/10.1089/ars.2007.1985
http://www.liebertonline.com/doi/pdfplus/10.1089/ars.2007.1985
http://dx.doi.org/10.1097/MCA.0b013e328010a49f
http://dx.doi.org/10.2169/internalmedicine.46.0132
http://dx.doi.org/10.1016/j.cca.2005.12.006
http://dx.doi.org/10.1089/ars.2005.7.1740
http://www.liebertonline.com/doi/pdf/10.1089/ars.2005.7.1740
http://www.liebertonline.com/doi/pdfplus/10.1089/ars.2005.7.1740
http://dx.doi.org/10.1089/ars.2005.7.823
http://www.liebertonline.com/doi/pdf/10.1089/ars.2005.7.823
http://www.liebertonline.com/doi/pdfplus/10.1089/ars.2005.7.823
http://dx.doi.org/10.1089/152308604771978309
http://www.liebertonline.com/doi/pdf/10.1089/152308604771978309
http://www.liebertonline.com/doi/pdfplus/10.1089/152308604771978309

