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Abstract. - OBJECTIVE: As an initial step in
exploring the feasibility of oral sulfhydryl as an
adjuvant for improving nitrate ester tolerance,
this study was designed to experimentally test
the adjuvant therapy in a rabbit model of athero-
sclerosis (AS).

MATERIALS AND METHODS: New Zealand
white rabbits with induced AS were random-
ly divided into four groups: AS group, AS + ni-
trate ester group, AS + nitrate ester tolerance
group, and AS + drug combination group. Ad-
ditionally, four equivalent groups with healthy
New Zealand white rabbits without AS were also
conformed. After feeding the animals for 5 days,
the concentrations of superoxide anion (-O,-),
superoxide dismutase (SOD), malondialdehyde
(MDA), nitric oxide (NO), and endothelin-1 (ET-1)
in blood and the relaxation response of the aor-
tic ring were determined in each subject. The
vascular plaques in different treatment groups
were assessed by Hematoxylin and eosin (HE)
staining to investigate the therapeutic value of
sulfhydryl as coadjuvant for improving nitrate
ester tolerance, and changes in blood vessels in
different treatment groups were studied by im-
munohistochemical assays.

RESULTS: Our results showed no significant
differences through time in the concentrations
of -0,-, SOD, MDA, NO, ET-1 between the healthy
control and the nitrate ester groups (p > 0.05).
The levels of SOD and MDA in the nitrate es-
ter tolerance group increased with time, how-
ever, the levels of -O,-, NO and ET-1 decreased
gradually (p < 0.05). The NO, -O,- and ET-1 levels
in both the AS and AS + nitrate ester tolerance
groups were significantly decreased, but SOD
and MDA were significantly increased (p < 0.05).
SOD and MDA in the AS + nitrate ester group de-
creased gradually with time, but -O,-, NO- and
ET-1 levels increased (p < 0.05). The levels of
SOD and MDA in the AS + drug combination and
the drug combination group decreased signifi-
cantly with time, in contrast, those of -O,-, NO-
and ET-1 increased (p < 0.05). The results of HE
staining proved that the atherosclerosis model
was established successfully.
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CONCLUSIONS: We conclude the use of a
sulfhydryl compound as an adjuvant significant-
ly reduced nitrate ester tolerance, and this strat-
egy was safe and looks promising for humans.
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Introduction

Nitrate esters are a traditional drug for the
treatment of cardiovascular diseases'. In 1879,
it was Doctor William Murrell who first used
time nitrate esters in the treatment of angina
pectoris in London?. Nitrate esters include iso-
sorbide mononitrate, nitroglycerin, and isosor-
bidedinitrate, and others. These drugs play an
important role in the treatment of mixed angina
pectoris, acute angina pectoris, and persistent
angina pectoris. They come in contact with the
mitochondrial aldehyde dehydrogenase and then
release nitric oxide (NO), a potent natural vaso-
dilator. Atherosclerosis may be the cause of the
ischemic heart disease, angina pectoris, which is
manifested by chest pain caused by inadequate
blood flow. At low doses, nitrate esters cause
venodilation (widening of the venous blood ves-
sels), nitroglycerin will dilate veins more than
arteries, thereby reducing the preload; this is
thought to be its primary mechanism of action.
However, at higher doses, nitrate esters also
dilate arteries, thereby reducing the afterload?+.
At the same time, nitrate esters help reduce
arterial pressure acting as anti-atherosclerosis
agents decreasing afterload. Dilating the veins
decreases cardiac preload, and lowers the oxy-
gen requirement of the heart whilst at the same
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time reducing ventricular transmural pressure
and improving coronary blood flow>‘. Patients
suffering from angina pectoris can anticipate
episodes and take nitrate esters 5 to 10 min
before performing certain physical activities.
Nitrate esters are available in oral tablets and
solution for intravenous use. The use of these
drugs should be judicious as studies have shown
that continuous exposure to nitrate esters can
cause the body to stop responding normally to
the medications (frequent dosing or continuous
medication for 24-72 hours can cause tolerance).
The use of diuretics, sulfhydryl donors, folic
acid, or other drugs’ can improve or prevent
the nitrate esters tolerance, thus ensuring better
long-term therapeutic effects.

A sulfhydryl is a functional group with a strong
odor and weak acidity (ready to be oxidized). The
redox signal transduction of sulfhydryl groups
has been associated with the pathogenesis of
diverse diseases’. The isosorbide mononitrate
(ISMN) capsule is an oral sustained-release for-
mulation commonly used in the clinic; each cap-
sule contains about 100 extended-release pellets,
30% of the drug content gets released very quick-
ly, while the rest exhibits a sustained-release pat-
tern®’. The bioavailability of oral administration
is 100%. The rapidly released ingredients ensure
the onset of action at 15 to 20 min after oral ad-
ministration, and the elimination half-life at 4-5
hours. Due to the sustained-release components
in ISMN, the clinical cardiovascular protection
time is extended for up to 17 hours'*'". The most
common method in the clinic for the prevention
of nitrate resistance tolerance is to provide a dis-
continuous distribution of 24-hour plasma con-
centrations, i.e., by alternating administration of
isosorbidedinitrate and ISMN tablets'?.

To explore an alternative solution, by which
nitrate esters can effectively be used to dilate
blood vessels and improve myocardial ischemia,
while at the same time avoiding the development
of drug tolerance, we designed a research with an
animal model where we tested an approach using
oral administration of the sustained-release cap-
sule of ISMN. The effects on -SH, superoxide an-
ion (*O,-) and endothelin-1 (ET-1) in the tolerance
mechanism of nitrate esters were investigated.

This study explores the possibility of improv-
ing the tolerance to nitrate esters by oral admin-
istration of sulfhydryl groups. Also, experiments
were carried out to investigate the effectiveness
of the adjuvant therapy, thereby providing a first
step for clinical future clinical investigations.
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Materials and Methods

Experimental Materials
1. Twenty-four healthy New Zealand white rab-

bits of either gender, weighing 2000 = 200

g, were randomly divided into four groups:

healthy control, nitrate ester, nitrate ester tol-

erance and drug combination groups, with 6

animals in each. At the same time, twenty-four

more healthy New Zealand white rabbits were
selected for the establishment of atherosclero-
sis (AS) model. Briefly, the abdominal aorta
of each animal was catheterized, and the lo-
cal endothelial layer was disrupted by a bal-
loon-catheter endothelium-stripping method.

Then, animals were fed with a high-fat diet

(0.5% cholesterol + 5% lard + 15% egg yolk

powder + 79.5% normal diet) for 3 weeks,

following with a similar diet without 0.5%

cholesterol (5% lard + 15% egg yolk powder +

79.5% normal diet) for another 5 weeks. Final-

ly, the animals with AS were randomly divided

into four groups: AS, AS + nitrate ester, AS +

nitrate ester tolerance and AS + combination

drugs groups, again with 6 animals in each.

The rabbits in different groups were kept as

follows:

1. Control and AS groups: animals were given
no treatment, and general feeding was of-
fered.

2. Nitrate ester group: animals were adminis-
tered oral isosorbide mononitrate capsules
(manufacturer: Yangtze River Pharmaceu-
tical Group, Shanghai Haini Pharmaceuti-
cal Ltd., Shanghai, China approval number:
Zhunzi H10970331) at the same time once
a day for 5 days (25 mg/pellet), and offered
general feeding.

3. Nitrate ester tolerance group: animals were
administered oral isosorbide mononitrate
capsules at the same times (25 mg/pellet),
twice a day (12 hours intervals), for a total
of 5 days, and offered general feeding.

4. Combination drugs group: animals were ad-
ministered oral isosorbide mononitrate cap-
sules + N-Acetylcysteine (NAC) granules,
and isosorbide mononitrate (25 mg/pellet) +
NAC 100 mg, twice daily every 12 hours for
a total of 5 days. The animals were offered
general feeding.

5. AS + nitrate ester group: animals were ad-
ministered oral isosorbide mononitrate cap-
sules at the same time every day (25 mg/
pellet), for a total of 5 days.
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6. AS + nitrate ester tolerance group: animals
were administered oral isosorbide mononi-
trate capsules every 12 hours (25 mg/pellet)
for a total of 5 days.

7. AS + combination drugs group: animals were
administered oral isosorbide mononitrate cap-
sules + NAC granules, and isosorbide mono-
nitrate (25 mg/pellet) + NAC 100 mg, twice
daily every 12 hours, for a total of 5 days.

2. After 5 days, all of the animals were injected
with heparin sodium 1000 U via the ear vein
and, then, were sacrificed by intravenous injec-
tion of 3% pentobarbital sodium. A thoracoto-
my was performed, immediately, the abdomi-
nal aorta was dissected, removed and placed in
K-H solution. Vessels were cut into 5 mm long
segments.

3. The aorta segments from all groups were col-
lected, and the concentrations of -O,- and su-
peroxide dismutase (SOD) in the supernatant
of the homogenate of vessels were determined
using a Luminol Chemiluminescence System.
The concentration of malondialdehyde (MDA)
in the supernatant was determined by TBA
colorimetry, and the concentrations of NO and
ET-1 in the tissue fluids were measured using an
enzyme-linked immunosorbent assay (ELISA)
kit for NO and ET-1. Finally, the relaxation re-
sponses of the blood vessels to different concen-
trations of NTG (N-Methyl-N -nitro-N-nitro-
soguanidine) were measured with a bench-scale
automatic balance recorder after stimulation
with phenylephrine, and the dose-effect rela-
tionship was recorded. This study was approved
by the Animal Ethics Committee of Shanghai
Jiao Tong University Animal Center.

Determination of -O,- Concentration

5 ml of aorta blood from different subjects
were extracted and, then, centrifuged at 1000 X
g for 10 min at 4°C. The plasma supernatant was
collected, and the concentrations of -O,- were
determined with a Luminol Luminescence Kit
(Suzhou Alpha, Suzhou, China) according to the
manufacturer’s instructions'.

Determination of SOD Concentration

5 ml of aorta blood were extracted from dif-
ferent subjects and, then, centrifuged at 1000 x
g for 10 min at 4°C. The plasma supernatant was
collected, and the concentrations of SOD were
determined with a Luminol Luminescence Kit
(Thermo Fisher, Waltham, MA, USA) according
to the manufacturer’s instructions.

Determination of MDA Concentration

Samples of 5 ml of aortic blood were extracted
and centrifuged at 1000 x g, for 10 min at 4°C.
The plasma supernatants were collected, and the
concentrations of MDA were determined with
Luminol Luminescence Kit (Suzhou Alpha, Su-
zhou, China) by measuring the absorbance at 495
nm in a Microplate Reader'.

Determination of Nitric
Oxide Concentration

Samples of 5 ml of aortic blood were extracted
and, then, centrifuged at 1000 x g, for 10 min at
4°C. The plasma supernatants were collected, and
the concentrations of NO were determined using
an ELISA Kit (Thermo Fisher, Waltham, MA,
USA) by measuring the absorbance at 495 nm in
a Microplate Reader'.

Determination of Endothelin-1
Concentration

Samples of 5 ml of aortic blood from differ-
ent subjects were extracted and, then, centri-
fuged at 1000 x g, for 10 min at 4°C. The plas-
ma supernatants were collected, and the con-
centrations of endothelin-1 were determined
using an ELISA Kit (Thermo Fisher, Waltham,
MA, USA) by measuring the absorbance at 495
nm with a Microplate Reader.

HE Staining

Hematoxylin and eosin (HE) staining was
used to determine the morphological features
in different samples; the experiments were con-
ducted following the instructions in the staining
kit (ABI, Foster City, CA, USA). Briefly, frozen
sections were unfrozen at room temperature
for 30 min. They were washed three times with
phosphate-buffered solution (PBS) for 5 min
each, immersed in hematoxylin solution for 3
min, and rinsed with running tap water for 30 s.
Next, they were covered with 1% hydrochloric
acid alcohol for 5 s, and finally, washed with
running tap water for 7 min. A “bluing-up” of
cell nuclei was observed. Then, sections were
stained with eosin for 3 min and washed with
running tap water for 30 s. A sequential submer-
sion into different solutions followed: 70% etha-
nol for 5 s, 80% ethanol for 10 s, 90% ethanol for
1 min, 95% ethanol for 2 min, 100% ethanol I
for 4 min, 100% ethanol II for 5 min, xylene I for
5 min, and xylene II for 5 min. The slides were
then fixed with neutral mounting medium'.
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Statistical Analysis

All data were analyzed using the SAS 8.1
statistical software package (SAS Campus Drive
Cary, NC, USA). Data were presented as ~ +£s,
comparisons between two groups were assessed
with double-tailed #-test, comparisons within a
group were assessed with a one-way Analysis of
Variance (ANOVA) followed by Least Significant
Difference as the Post-hoc test. A p-value of less
than 0.05 was considered statistically significant.

Results

Time-dependent Changes in
the Levels of -O,-, SOD, MDA, NO,
and ET-1 in the Control Group

The levels of -O,-, SOD, MDA, NO, ET-1 were de-
termined in the control group at different time points.
The results showed no significant differences be-
tween time points in the control group, see Figure 1.

Time-dependent Changes in
the Levels of -O,-, SOD, MDA, NO,
ET-1 in the AS Group

The levels of -O,-, SOD, MDA, NO, ET-1 were
measured at different time points in the AS group.
Results showed the levels of -O,-, SOD, MDA, NO,
ET-1 exhibited different change trends through the
different time points, as shown in Figure 2. The
levels of SOD and MDA increased gradually in the
AS group, by contrast, the levels of NO, -O,-, and
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Figure 1. Time dependent changes in the levels of *O,-,
SOD, MDA, NO and ET-1 in the control group.
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Figure 2. Time dependent changes in the levels of *O,-,
SOD, MDA, NO, and ET-1 in the AS group.

ET-1 decreased gradually, suggesting that the AS
had an impact on the levels of the markers. When
compared with the levels in the control group,
the levels of NO, -O,-, and ET-lwere significantly
reduced in AS group, but those of SOD and MDA
were significantly increased (p < 0.05).

Time-dependent Changes in
the Levels of -:O,-, SOD, MDA, NO,
ET-1 in the Nitrate Ester Group

The results of Figure 3 suggest that the levels
of -O,-, SOD, MDA, NO, and ET-1 in the nitrate
ester group had different change trends, as com-
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Figure 3. Time dependent changes in the levels of *O,-,
SOD, MDA, NO, and ET-1 in the nitrate ester group.
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pared to the trends seen in the other groups. For
instance, SOD and MDA showed a decreasing
trend, whereas -O,-, NO, and ET-1 increased
gradually, however, the changes were not enough
to show statistical significance (p > 0.05).

Time-dependent Changes in the Levels
of -O,-, SOD, MDA, NO, and ET-1 in the
AS + Nitrate Ester Group

The results shown in Figure 4 showed that -O_-
, SOD, MDA, NO, and ET-1 levels varied with
time. The levels of SOD and MDA were high in
the AS + nitrate ester group, but they decreased
gradually with time (p < 0.05). In contrast, the
levels of -O,-, NO, and ET-1 were low in the AS
+ nitrate ester group, but they increased grad-
ually with time (p < 0.05). This suggests that
isosorbide mononitrate capsules can significantly
increase the levels of -O,-, NO and ET-1, therefore
improving the body’s resistance to AS.

Time-dependent Changes in the Levels
of -O,, SOD, MDA, NO, and ET-1 in the
Nitrate Ester Tolerance Group

The results of Figure 5 show the levels of -O,-,
SOD, MDA, NO, and ET-1 exhibited different
change trends with time. For instance, the lev-
els of SOD and MDA enhanced gradually with
time, but those of -O_-, NO, and ET-1 diminished
gradually in the nitrate ester tolerance group (p
< 0.05).

Time-dependent Changes in the Levels
of -O,, SOD, MDA, NO and ET-1 the AS
+ Nitrate Ester Tolerance Group

As seen in Figure 6, the change trends in
the levels of -O,-, SOD, MDA, NO, and ET-1
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Figure 4. Time dependent changes in the levels of *O,-,
SOD, MDA, NO and and ET-1 in the AS + nitrate ester group.
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Figure 5. Time dependent changes in the levels of *O,-,
SOD, MDA, NO and ET-1 in the nitrate ester tolerance
group.

were different. SOD and MDA increased, but
the levels of -O,-, NO, and ET-1 decreased with
time in AS + nitrate ester tolerance group. The

differences showed a statistical significance (p
< 0.05).

Time-dependent Changes in
the Levels of -:O,-, SOD, MDA, NO, and
ET-1 in the Drug Combination Group

As seen in Figure 7, that the levels of SOD and
MDA reduced gradually with time, in contrast,
those of -O,-, NO and ET-1 increased instead (p
< 0.05).

Time-dependent Changes in the Levels
of -O,, SOD, MDA, NO, and ET-1 in
the AS + Drug Combination Group

The results showed the levels of -O,-, SOD,
MDA, NO, and ET-1 had different change trends,
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Figure 6. Time dependent changes in the levels of *O,-,
SOD, MDA, NO and ET-1, in the AS + nitrate ester tolerance
group.

1473



L. Chen, J.-Q. Jiang, Y. Zhang, H. Feng

—» -02-
-- SOD
—— MDA
- NO
1.0+ -+ ET-1
=
=
© 0.8+
E
~ 0.6
c
o
‘» 0.4
0
o
a 0.2
X
L
0.0 T T 1
0 2 4 6
Time

Figure 7. Time dependent changes in the levels of *O,-,
SOD, MDA, NO and ET-1 in the drug combination group.

see Figure 8. In the case of SOD and MDA, their
levels decreased with time, but the levels of -O,-,
NO and ET-1 increased significantly instead (p
<0.05).

Comparison of Vascular Plaques in
Different Groups by HE Staining

The plaques in the blood vessels of different
groups were observed by HE staining (Figure 9).
The results show the area of vascular plaques in
the AS group was significantly larger than that
in the control group. Also, the area of vascular
plaques in the AS + nitrate ester tolerance group
was significantly larger than that in the nitrate
ester tolerance group (p < 0.05). However, there
were no significant differences regarding the area
of plaques between the AS + drug combination
group and the non-AS drug combination group (p
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Figure 8. Time dependent changes in the levels of <O,-,
SOD, MDA, NO and ET-1 in the AS + drug combination

group.
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> 0.05), suggesting that combined drugs signifi-
cantly reduced the area of vascular plaques, thus
improving the condition of atherosclerosis.

Discussion

In 1879, 26-year-old British doctor William
Murrell opened a new chapter in the clinical
application of nitrate esters by first reporting
that nitroglycerin was effective in the treatment
of angina pectoris. However, frequent dosing or
continuous administration for 24-72 hours may
induce drug tolerance, manifested by rapid de-
cline or complete disappearance of the effects
against myocardial ischemia and the effects on
hemodynamics, rendering the treatment ineffec-
tive. Besides, there is cross-tolerance between the
different classes of nitrate esters; thus, tolerance
has become a major obstacle for its clinical ap-
plication®. Different theories have been put forth
as possible underlying mechanisms of tolerance
including neurohormonal activation by the drug,
oxidative stress induction, biochemical reactions
resulting in thiol depletion, NO transduction ob-
struction, and mitochondrial dysfunction. Clini-
cal approaches tried to prevent the occurrence of
drug tolerance, including the use of statins and
sulfhydryl group donor drugs.

In this study, we used white rabbits to estab-
lish an AS model and conformed groups with
those and healthy controls in order to examine
different manifestations of nitrate ester toler-
ance in the different groups. Our results showed
that the levels of SOD and MDA (markers of
oxidative stress) in AS rabbits were significantly
higher, but -O,-, NO, and ET-1 were significant-
ly lower when compared with healthy control
group rabbits. Also, the levels of SOD and MDA
were significantly higher (p < 0.05), but the
levels of -O,-, NO, and ET-1 were decreased in
the AS + nitrate ester tolerance group compared
to the same levels in the AS + nitrate ester
rabbits. In addition, the levels of -O,-, NO, and
ET-1 were significantly increased in the AS +
drug combination compared with those in the
AS + nitrate ester tolerance group (p < 0.05).
Nitrate esters act as non-endothelium-dependent
exogenous nitric oxide (NO) donors'é, they can
bind thiol groups in the sarcolemma forming
nitrosothiol (S-nitrosothiols) by way of the glu-
tathione S-transferase of smooth muscle cells
of blood vessels. NO binds to Fe?" contained in
the active site of the heme of soluble guanylyl
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Figure 9. Observation of the area of vascular plaques by HE staining. A, control group; A’, AS group; B, nitrate ester
tolerance group; B’, AS + nitrate ester group; C, nitrate ester tolerance group; C’, AS + nitrate ester tolerance group; D, drug
combination group; D’, AS + drug combination group. The blue color shows the lipid (Magnification * 100).
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cyclase (sGC) forming a complex, thereby acti-
vating sGC'. Guanylate cyclase produces cyclic
guanosine monophosphate (cGMP) from gua-
nosine triphosphate (GTP), cGMP, in turn, acti-
vates cGMP-dependent protein kinase C (PKC),
which plays a role in decreasing intracellular
calcium levels, for instance, inhibiting extra-
cellular Ca*" influx, and accelerating the sarco-
plasmic reticulum’s intracellular Ca?" uptake,
leading to relaxation of the muscle cells and thus
to dilation of blood vessels'®. N-Acetylcysteine
(NAC) is a carrier of an active -SH, a precursor
of active intracellular glutathione (GSH), and
an oxygen free radical scavenger in vivo. The
oral agent can be absorbed well, reaching the
peak of plasma concentration after 2-3 hours of
ingestion, and it displays an average terminal
elimination half-life of 5.6 hours”. At present,
the commonly used agents in the clinic include
oral medicine (effervescent tablets and granules)
and injections; they have been widely used as
expectorants, for liver protection, and for detox-
ification. The roles of NACs as -SH donors and
oxygen free radical scavengers can effectively
counter the “thiol depletion” and “superoxide
anion” actions, which are closely related to the
mechanism of nitrate esters tolerance, providing
a theoretical basis for antagonizing the tolerance
of nitrate esters20.

Conclusions

Oral administration of a sulfhydryl group ad-
juvant with the nitrate therapy can significantly
improve nitrate esters’ tolerance, and this strate-
gy is safe and promising for clinical trials.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) BraTiN K, KissiNGer PT, BrRINER RC, BRUNTLETT CS.
Determination of nitro aromatic, nitramine, and
nitrate ester explosive compounds in explosive
mixtures and gunshot residue by liquid chro-
matography and reductive electrochemical de-
tection. Anal Chim Acta 1981; 130: 295-311.

2) GokeL A, Kumar G, Pavne GF, Duge SK. Plant cell bio-
degradation of a xenobiotic nitrate ester, nitro-
glycerin. Nat Biotechnol 1997; 15: 174-177.

1476

3)

10)

11)

12)

13)

14)

15)

16)

ZHao X, Yinon J. Identification of nitrate ester ex-
plosives by liquid chromatography-electrospray
ionization and atmospheric pressure chemical
ionization mass spectrometry. J Chromatogr A
2002; 977: 59-68.

TAacHoN R, PicHon V, Le Borgne MB, MineT JJ.
Use of porous graphitic carbon for the analy-
sis of nitrate ester, nitramine and nitroaromat-
ic explosives and by-products by liquid chroma-
tography-atmospheric pressure chemical ionisa-
tion-mass spectrometry. J Chromatogr A 2007;
1154: 174-181.

CHavez DE, Hiskey MA, Naup DL, ParrisH D. Synthe-
sis of an energetic nitrate ester. Angew Chem Int
Ed Engl 2008; 47: 8307-8309.

TAcHON R, PicHoN V, L BorgNE MB, MineT JJ. Use of
porous graphitic carbon for the analysis of nitrate
ester, nitramine and nitroaromatic explosives
and by-products by liquid chromatography-atmo-
spheric pressure chemical ionisation-mass spec-
trometry. J Chromatogr A 2007; 1154: 174-181.

NowmaN A, ANG DS, OcstoN S, LANG CC, STRUTHERS
AD. Effect of high-dose allopurinol on exercise
in patients with chronic stable angina: a ran-
domised, placebo controlled crossover trial. Lan-
cet 2010; 375: 2161-2167.

EisenBerg DM, DAvis RB, ETTNER SL, APPEL S, WILKEY
S, VaN Rompay M, Kesster RC. Trends in alternative
medicine use in the United States, 1990-1997: re-
sults of a follow-up national survey. JAMA 1998;
280: 1569-1575.

BARNES PM, PoweLl-GRINER E, McraNN K, NAHIN RL.
Complementary and alternative medicine use
among adults: United States, 2002. Adv Data
2004; (343): 1-19.

BarNEs PM, Broom B, Nawnin RL. Complementary
and alternative medicine use among adults and
children: United States, 2007. Natl Health Stat
Report 2008; (12): 1-23.

TinoLe HA, Davis RB, PHiLLies RS, EiseNBerg DM.
Trends in use of complementary and alternative
medicine by US adults: 1997-2002. Altern Ther
Health Med 2005; 11: 42-49.

MAcLENNAN AH, WiLson DH, Tavior AW. Prevalence
and cost of alternative medicine in Australia. Lan-
cet 1996; 347: 569-573.

Mori K, Ikarl' Y, Jono S, EMoto M, SHiol A, KovAamA
H, SHou T, IsHIMURA E, INABA M, HARA K, NisHizAWA Y.
Fetuin-A is associated with calcified coronary ar-
tery disease. Coron Artery Dis 2010; 21: 281-285.

McoanieL M, Samapy H. Use of coronary physiolo-
gy in the catheterization laboratory to guide treat-
ment in patients with coronary artery disease.
Curr Treat Options Cardiovasc Med 2011; 13: 35-
45.

Munzer T, Gori T, Keaney JJ, Maack C, DAIBER A.
Pathophysiological role of oxidative stress in sys-
tolic and diastolic heart failure and its therapeutic
implications. Eur Heart J 2015; 36: 2555-2564.

Li XY, Sun JF, Hu SQ. The renin-angiotensin sys-
tem blockers as adjunctive therapy for cancer: a



Sulfhydryl as an adjuvant against nitrate ester tolerance in an animal model

17)

18)

meta-analysis of survival outcome. Eur Rev Med
Pharmacol Sci 2017; 21: 1375-1383.

ZANNAD F, CanNoN CP, CusHmAN WC, Bakris GL,
MEenonN V, Perez AT, FLeck PR, MEeHTA CR, KuPFER S,
WiLsoN C, Lam H, WHiTE WB; EXAMINE INVESTIGA-
Tors. Heart failure and mortality outcomes in pa-
tients with type 2 diabetes taking alogliptin ver-
sus placebo in EXAMINE: a multicentre, ran-
domised, double-blind trial. Lancet 2015; 385:
2067-2076.

PonNikowski P, VAN VELDHUISEN DJ, ComIN-CoLET J, ERTL
G, KomaipA M, MAREEV V, McDONAGH T, PARKHOMENKO
A, Tavazzi L, Levesaue V, Mori C, RouBerT B, FiLiPPA-
T0s G, RuscHiTzkA F, Anker SD. Beneficial effects of
long-term intravenous iron therapy with ferric car-

19)

20)

boxymaltose in patients with symptomatic heart
failure and iron deficiency dagger. Eur Heart J
2015; 36: 657-668.

JenseN MK, Bartz TM, MukamAaL KJ, Diousse L, Kizer
JR, TrRACY RP, ZIEMAN SJ, Rimm EB, Siscovick DS, SHLI-
pak M, Ix JH. Fetuin-A, type 2 diabetes, and risk
of cardiovascular disease in older adults: the car-
diovascular health study. Diabetes Care 2013; 36:
1222-1228.

Ix JH, Katz R, DE Boer IH, KesTENBAUM BR, PERALTA
CA, Jenny NS, Buborr M, ALusoNn MA, Criaui MH,
Siscovick D, SHuPAk MG. Fetuin-A is inversely asso-
ciated with coronary artery calcification in com-
munity-living persons: the Multi-Ethnic Study Of
Atherosclerosis. Clin Chem 2012; 58: 887-895.

1477



