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ABSTRACT

This study was undertaken to investigate the impact simvastatin chronotherapy on
erythrocytes Nitric Oxide Synthase (NOS) activity. In the present study we select
24 adult human subjects have plasma total cholesterol high borderline
(200-230 mg dL~1). Subjectswere administrated simvastatin (20 mg day time) for
2 months. Afterward, they were recommended for washout period (2 weeks), then
subjectswere administered the same dose at night timefor additional 2 months. The
present results showed that both day time and night time simvastatin treatment
regimen significantly decrease plasma atherogenic index, malondialdehyde and
protein carbonyl levels. However, paraoxonase-1 activity and total thiol level were
significantly increased. Moreover, simvastatin therapy improved nitrite
(NO marker) level sin both plasmaand erythrocytescompared to baselines. Aswell,
simvastatin day time and night time dosing significantly increased erythrocytes
NOS activity (46 and 64%, respectively) compared to baselines. Night time dosing
induced marked increase of NOS activity (19%) compared to day time. This study
confirms that night time dosing boost hypocholesterolemic, antioxidant and NO
modulating effects of simvastatin compared to day time.

Key words: Hypercholesterolemia, chronotherapy, simvastatin, nitric oxide,
paraoxonase-1

INTRODUCTION

Chronotherapy is either imitative or preventive therapy
denotes to the utilization of circadian rhythmic cycles in the
administration of drug in order to maximize efficiency and
minimize side effects of the drug (Biswas et al., 2014). The
suprachiasmatic nucleus drives the daily regulation of
biological signals. Consequently, a marked oscillations of
organ functions, biochemical pathways and other biological
processes were observed during 24 h (Singh et al., 2004;
Subash and Subramanian, 2007). So that understanding
functions of biological clock and identification of modalities
to mani pul ate this system enabl e usto establish chronotherapy
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(Biswaset al., 2014). Despite chronotherapy was documented
in the treatment of many diseases such as bronchial asthma,
angina pectoris, peptic ulcer, diabetes, hypertension and
Hypercholesterolemia (HC) (Biswas et al., 2014). This topic
isstill amatter of research.

It hasbeen reported that cholesterol biosynthesis, glucose
homeostasis, oxidant/antioxidant balance and many other
biochemical process have a marked diurna variations
(Singh et al., 2004; Subash and Subramanian, 2007;
Favero et al., 2014).

HC isoneof thesilent risksfaced by many communities,
it resulted from over activation of 3-hydroxy-3-methylglutaryl
coenzyme A (HMG-CoA) reductase that increase cholesterol
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biosynthesis (Jones and Schoeller, 1990; Subash and
Subramanian, 2007). It has been reported that the activity of
HMG-CoA reductase follows diurnal variation in which
maximal activity at early morning (Jones and Schoeller, 1990;
Subash and Subramanian, 2007). Therefore, the time
dependent targeting of HMG-CoA reductase peak is a good
strategy for HC treatment.

Nitric oxide (NO) is mainly produced by endothelial
Nitric Oxide Synthase (eNOS) and its bioavailability follow
circadian dependent pattern (Reghunandanan and
Reghunandanan, 2006; Antosovaet al., 2009). NO isamajor
player in the regulation of the cardiovascular system and
reduced NO bioavailability has been linked to cardiovascular
disorders (Andrade et al., 2013). The decrease of NO
biocavailability associated with erythrocyte dysfunction and
cardiovascular complications (Mason et al., 2004). In the last
years, erythrocytewas ordered as an additional source of NO
biosynthesis by its own NOS (Kleinbongard et al., 2006). HC
isassociated with oxidative stressand endothelial dysfunction,
this is attributable to endothelial and erythrocyte cells
membrane become cholesterol-enriched (Mason et al., 2004;
Eligini et al., 2013). This is resulted in loss of membrane
integrity, calciumdysregulation, decreased NO productionand
increased risks of vascular diseases (Mason et al., 2004;
Eligini et al., 2013).

Statins are HMG-CoA reductase inhibitors. They
decreased cholesterol levels, modulate NOS activity and have
pleiotropic effects (Mason et al., 2004; Lahera et al., 2007).
These effects include regulation of erythrocytes membrane
cholesterol homeostasis, rheology and antioxidant capacity
(Forsyth et al., 2012; Uydu et al., 2012; Adekunle et al.,
2013). Kamal (2011) suggested that evening statin dosing
elicit more effective treatment than morning dosing.

Despiteseveral studiesinvestigated theeffect of statinson
erythrocytes, until now none of them addressed the effect of
simvastatin chronotherapy (morning versus evening) on
erythrocytes NOS activity and plasma oxidative status.
Therefore, the aim of the present study wasto assessthe effect
of simvastatin chronotherapy on plasma Malondialdehyde
(MDA), Protein Carbonyl (PCO) level, Total Thiol (T-SH) and
Paraoxonase-1 (PON1). Moreover, the effect of ssimvastatin
administration on erythrocytes NOS activity wasinvestigated.

MATERIALSAND METHODS

Chemicals: Paraoxon, 1,1,3,3-tetramethoxypropane and
5,5'-dithio-bis(2-nitrobenzoic acid) (DTNB) were provided
from (Sigma Aldrich, St Louis, MO, USA). The commercial
diagnostic kits of Total Cholesterol (TC) and Triacylglycerol
(TAG) were provided from (Randox Laboratories, Crumlin,
UK). All other chemicals used of good quality and
analytical grade.

Subjects: Experimental protocol was approved by our

institutional guidelinesfollowed to the guidelines set forth by
the Declaration of Helsinki. Verbal consent was voluntarily
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Table 1. Characteristics of subjects

Parameters Values
Age (years) 57441
Wight (kg) 75+6.8
Height (cm) 176+4.9
Body mass index (km?) 25+2.1

obtained from all subjects prior to participation. Twenty four
adult human male subjects participated in randomized
two-period crossover experiment. Table 1 shows
characteristicsof subjects. Exclusion criteriaincluded physical
inactivity, bad dietary habit, smoking, obesity, diabetes and
other diseases. Inclusion criteria based on plasma Tota
Cholesterol (TC) high borderline (200-230 mg dL 7).

Study protocol: Subjectswere synchronized for 2 weekswith
diurnal activity from about 07:00 to about 22:00 and nocturnal
rest about 8 h. No drugs or food supplements that affect lipid
levelsor antioxidant statusweretaken for 2 weeks aswash out
period. Breakfast was around 08:00, lunch was around 14:00
and dinner was around 20:30. Subjects were instructed to
administer simvastatin  tablets (20 mg day™) 2 h after
breakfast for 2 months (Day time). Afterward, the volunteers
were kept on 2 weeks as wash out period from simvastatin
medication. The subjects were informed to administer
simvastatin tablets at dose level of (20 mg day™™) 2 h after
dinner meal for another 2 month (Night time). The balanced
diets and regular exercise at least (30 min per day) were
recommended for al volunteers throughout the therapeutic
protocol. Figure 1, shows the study protocol. Blood samples
were collected by venipuncture at base lines and after
2 months of each treatment, before dinner meal day time
(20:00) and before breakfast night time (8:00). The blood
samples withdrawn into heparinized tubes centrifuged at
3000 rpm min for 5 min, plasmaand buffy coat were carefully
removed. The erythrocytes were isolated and subsequently
washed three times with cold Phosphate-Buffered Saline pH
7.4 (PBS) containing 0.154 mM NaCl and 10 mM Na,HPO,.
The supernatant and buffy coat were carefully removed after
eachwash. The plasmasampleswereanayzedfor lipid profile
in term of plasma TC, TAG, High Density Lipoprotein
Cholesterol (HDL-C), LDL-C, paraoxonase-1(PON1 activity),
lipid peroxidesintermsof MDA, protein oxidation in terms of
PCO, T-SH and NO in terms of nitrite. The washed
erythrocyte sampleswere analyzed NOS activity and nitrite as
index for erythrocytes NO production.

Lipid profile measurements. Plasma levels of TC, HDL-C
and TAG were assayed enzymatically using commercial test
kits (Randox Laboratories, Crumlin, UK). LDL-C was
calculated using Friedewald equation. The AlPwascal culated
as log (TAG/HDL-C) using the Czech online calculator of
atherogenic risk.

Determination of plasma PON1 activity: The PON1

activity in plasma samples was measured using paraoxon
as substrate, the produced 4-nitrophenol was measured
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Cholesterol borderline subject n =24

Without medical treatment (at least 2 weeks)
blood collection base line-1 samples

2 month (simvastatin 20 mg day time)

Day time simvastatin treatment
blood collection day time samples

2 weeks|washout period

Without smvastatin trestment
blood collection baseline-2 samples

2 month (simvastati ril/ZO mg night time)

Nighttime simvastatin treatment
blood collection night time samples

Fig. 1: Study protocol. The24 Cholesterol borderline subjects
werekept without medication for 2weeks (baseline-1).
Afterward, they were treated with simvastatin
(20 mg day—* time) for 2 months, afterward 2 weeks
washout period and then treated with simvastatin
(20 mg night™ time)

spectrophotometrically. Briefly, 50 uL of plasma were added
to 1 mL of 100 mM Tris—HCI pH 8 buffer containing 20 mM
CaCl, and 5.5 mM paraoxon. The blank sample containing
theincubation mixturewithout plasmawasrun simultaneously
to correct spontaneous substrate hydrolysis. The absorbance
was monitored at 412 nm for 3 min. Enzyme activity was
cal culated using molar extinction coefficient 17100M~*cm™.
One unit of PON1 activity is defined as 1 nM 4-nitrophenol
formed per minute (Paragh et al., 1998).

Determination of plasma total thiol: Plasma total thiol
(T-SH) concentration was determined using 5,5 -dithio-bis
(2-nitrobenzoic acid) (DTNB) as described by Hu (1994).
Briefly, 50 uL of the sample were mixed with 1 mL of 0.1 M
Tris EDTA pH 8.2. Forty microliter 10 mM DTNB in
methanol were added and absorption wasmeasured at 412 nm.
The concentrations of thiol groups were calculated using a
molar extinction coefficient of 13600 M~ cm~* and expressed
asuM.

Measurement of plasma lipid peroxidation: Lipid
peroxidation in terms of MDA interacted with thiobarbituric
acid in hot acidic media to produce a pink color that can be
measured spectrophotometrically. The determination
procedure consists of the addition of 1.5 mL of 20% acetic
acid, 1.5 mL of 0.8% thiobarbituric acid, 200 pyL of 8.1%
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sodium dodecyl sulphate and 700 pL of distilled water to a
100 pL sample. The reaction mixture was heated in boiling
water for 60 min. After cooling, 1 mL of distilled water and
5 mL of buthanol/pyridine mixture (14:1 v/v) were added to
the samples. The samples were then centrifuged at 10000 rpm
for 10 min. Absorbance of the supernatant was measured at
532 nm. MDA concentration was calculated using
tetramethoxypropane as standard. Results are given as nM of
MDA (Ohkawaet al., 1979).

Determination of plasma protein carbonyl: Plasma PCO
level swere measured spectrophotometrically using method of
Levine et al. (1990). The proteins were precipitated by the
addition of 10% trichloroacetic acid (TCA). The precipitated
protein samples were resuspended in 1.0 mL of 2 M HCI
containing 2% 2,4- dinitrophenylhydrazine. After incubation
for 1 hat 37°C, the protein samples were washed with al cohol
and ethyl acetate and reprecipitated by the addition of 10%
TCA. The precipitated protein sampleswere dissolved in 6 M
guanidine hydrochloride, and the absorbance was measured at
370 nm. The molar extinction coefficient 22x103 M~ cm™
wasused to calculatethe PCO level, which wasthen expressed
as nM of carbonyl groups formed/mg protein. Total protein
contents was measured spectrophotometrically using Folinkit
(Sigma Diagnostics, St. Louis, MO, USA).

M easur ement of plasmanitrite: Thisassay wasbased onthe
reduction of NO stable end product (nitrate) to nitrite by
nitrate reductase as described by Green et al. (1982). Three
hundred microliter of plasma were deproteinized by adding
600 L of 75mM ZnSO, solution. The mixturewasstirred and
centrifuged at 10000 rpm for 5 min at ambient temperature.
Then 100 pL of supernatants were added to the reaction
mixture containing 40 pL of nitrate reductase (20 mU), 50 pL
of FAD (5 mM), 10 pL of NADPH (0.6 mM) and 250 pL of
phosphate buffer (50 mM). The mixtures were incubated for
lhat37°Cand then 150 pL o f the mixture was added to
450 pL of Griess reagent and incubated in the dark place for
30 min at room temperature. Absorbance was measured at
545 nm. Thenitriteslevel swere cal culated from sodiumnitrite
standard curve and expressed in UM.

Determination of erythrocytes NOS activity: The NOS
activity assay was performed by monitoring the rate of
conversion of L-ARG into citrulline as described by
Mckee et al. (1994). The erythrocyte hemolysate was
incubated with 0.2 mM L-ARG, 10 mM HEPES, 0.425 mM
Ethylene Diamine Tetraacetic Acid (EDTA), 0.45 mM CaCl,,
80 unitsof calmodulin, 1 pM tetrahydrobiopterin, 4 uM Flavin
Adenine Dinucleotide (FAD), 4 pM Flavin Mononucleotide
(FMN), 0.5 mM Dithiothreitol (DTT), 0.16 M sucrose and
1 mM NADPH. One unit of NOS was defined as the amount
of enzyme required to catalyze the conversion of 1 uM of
L-ARG into citrulline/min/mg protein under the assay
conditions used.

Determination of erythrocytesnitritelevel: Theerythrocytes
were hemolysed by addition of ice-cold distilled water and
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hemoglobin was precipitated by addition of cold ethanol and
chloroform. After vortex, the mixture was centrifuged at
10000 rpm for 10 min Carvalho et al. (2004). Clear
supernatants were processed as plasma samples.

Statistical analysis: The data were analyzed using one-way
ANOVA followed by Tukey-Kramer test for multiple
comparisons. The data were expressed as the MeantSD of
each group. A probability value of p<0.05 was used as the
criterion for significance.

RESULTS

Lipid profile: The present results show that evening or
morning administration of simvastatin resulted in significant
decrease of plasma TC, TAG, LDL-C and Al (p<0.05).
However, HDL-C levels were increase by 18 and 16.3%,
respectively compared to baseline values (Table 2). However,
night administration of simvastatin elicits a marked decrease
of TC, TAG, LDL-C and Al compared to day time.

Paraoxonase-1 activity: In the present study, night or day
simvastatin supplementation significantly increased PON1
activity compared to those at baselines (43 and 26%,
respectively). However, evening simvastatin administration
caused marked increase of PON1 activity (17%) compared to
morning intake (Fig. 2).

T-SH, PCO and MDA: As shown in Table 3 night or day
simvastatin treatment significantly increased T-SH level
(44.7 and 24.4%, respectively) compared to those at baselines.
On the other hand, markers of protein oxidation (PCO) and
lipid peroxidation (MDA) plasma levels decreased with both
simvastatin treatments compared to baselines (p<0.05).

However, evening simvastatin administration caused a
significant increase in PCO and MDA compared to morning
regimen.

Table 2: Effects of evening or morning simvastatin treatment on plasma
levelsof TAG, TC, HDL-C, LDL-C and AIP

Parameters

(mgdL™) Baseline-1 Day time Baseline-2 Night time
TAG 109.000+8.73  84.940+13.6" 107.500+9.73 79.810+15.6*
TC 218.900+7.63 180.500+13.4* 207.100+9.89 171.400+14.1°
HDL-C 65.400+5.58  76.050+5.92° 67.530+5.58 79.700+6.20°
LDL-C 117.700+13.2  78.680+8.66° 118.700+11.23 73.740+20.5%
Al -0.136+0.14  -0.311+0.04* -0.159+0.11  -0.360+0.02*

Dataexpressedin Mean+SD, n= 6, a: Significant decrease from baselinewas
observed, b: Significant increase from baseline was observed, p value<0.05

Table3: Effectsof eveningor morning simvastatintreatment onplasmalevels
of T-SH, MDA and PCO

Parameters Base line-1 Day time Baseline-2  Night time
T-SH (uM)  451.300+70.7 561.500+60.1% 457.200+74.1 661.700+57.8%
MDA (nM) 5.483+0.95 3.315+0.51° 5.112+0.84 2.158+0.27°
PCO 0.598+0.14  0.407+0.06° 0.523+0.14  0.249+0.05°
(nM/mg Pro)

Data expressed in Mean+SD, n = 6, a Significant increase from baseline
and/or Day time was observed, b: Significant decrease from baseline and/or
Day time was observed and p value<0.05
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Nitric oxide: In the current results, morning or evening
simvastatin medication significantly increased plasma nitrite
level 46 and 88%, respectively compared to baselines.
Furthermore, night time dosing of simvastatin induced
significant increase of nitrite level compared to day dosing by
22%. Figure 3 displays the effect of simvastatin on plasma
nitrite.

Regarding to erythrocyte NO markers the present results
show that simvastatin day time and night time dosing
significantly increased erythrocyte NOS activity (46 and 64%,
respectively) compared to NOS activity in baselines samples.
However, night time dosing induced significant increases in
NOS activity (19%) compared to day time (Fig. 4). In respect
to erythrocytes nitrite, day time and night time dosing of
simvastatin administration increased nitrite level by 34 and
55% compared to baselines. On the other hand, night time
dosing increased nitrite level by 17% compared to morning
administration. Figure 5 represents erythrocyte nitrite level.
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Fig. 2: Effects of day time and night time simvastatin
treatment on plasma PON1 activity, Data is
expressed asMeantSD, n=6, a: Significanceincrease
from baseline-1 wasobserved, b: Significanceincrease
from day time was observed and c: Significance
increase from baseline-2 was observed
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Fig. 3: Effects of day time and night timesimvastatin
treatment on plasma nitrite levels, Dataisexpressed
as MeantSD, n = 6, a Significance increase from
baseline-1 was observed, b: Significance increase
from day time was observed and c: Significance
increase from baseline-2 was observed
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Fig. 4: Effectsof day timeand night time simvastatin regimen
on erythrocytes NOS activity, Data is expressed as
MeantSD, n = 6, a Significance increase from
baseline-1 wasobserved, b: Significanceincreasefrom
day time was observed and c: Significance increase
from baseline-2 was observed
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Fig. 5. Effects of day time and night timesimvastatin
treatment on erythrocytes nitrite levels, Data is
expressed asMeantSD, n=6, a: Significanceincrease
frombaseline-1wasobserved, b: Significanceincrease
from day time was observed and c: Significance
increase from baseline-2 was observed

DISCUSSION

The chronotherapy consistent with the body’s circadian
rhythm that matching the release of specific biological signal
produce a good therapeutic effects and minimize the side
effect of medications (Biswas et al., 2014). Méelatonin is
involved in biological clock function and its secretion
reaches peak value after midnight. It has direct
antioxidant activity: up regulates antioxidant enzymes,
enhances non-enzymatic antioxidants and modulates NO
bioavailability (Chakravarty and Rizvi, 2011; Xuet al., 2012).

Cholesterol biosynthesis has diurna periodicity due to
nocturnal increases of cholesterol biosynthesis precursors
and increase activity of HMG-CoA reductase. Therefore, in
this work night treatment with simvastatin gives
pronounced effect than morning. Also, at night the high peak
of melatonin decreasescholesterol biosynthesisand enhances
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itsmetabolisminto bileacids (Favero et al., 2014). Al reflects
atherogenic /anti-atherogenic lipoproteins balance and it is a
measure of responseto treatment. In this study, administration
of simvastatin resulted in significant decrease of TC, TAG,
LDL-C and Al; However, HDL-C levels were increased as
compared to basal levels. These results are in agreement with
several studies reported that statin therapy improves lipid
profile and decreases atherogenic index (Pereira et al., 2004;
Adekunle et al., 2013). Favero et al. (2014) reported that
melatonin is biological atheroprotective agent, it ameliorates
profile and antioxidant status. Therefore, the positive effects
of simvastatin were significantly increased by evening dosing
rather than in morning. The obtained results consistent with
many workers reported that night time statin dosing gives
a good therapeutic response (Adekunle et al., 2013;
DeGiorgi et al., 2013). In contrast, some studies reported that
there is no significant difference between administration of
simvastatin in morning or in evening manner (Yoon et al.,
2011).

Additionally, diurnal fluctuations of antioxidant enzymes
activity was documented in mammals including humans
(Singh et al., 2005; Xu et al., 2012). The PONL1 is one of
antioxidant enzymes protecting against oxidative damage
(Nezami et al., 2011). In the present study, administration of
simvastatin evening or morning increased PON1 activity
compared to baselines. Likewise, Costaet al. (2011) reported
that simvastatin treatment was increased PONL1 activity.
However, evening simvastatin  administration caused
significant increase in PON1 activity compared to morning
dosing. Similarly, Kamal (2011) demonstrated that evening
treatment of statin induced better antioxidant profile than
morning dosing. Moreover, melatonin plays a role in
upregulation of antioxidant enzymes such as reductases and
peroxidases (Berra and Rizzo, 2009; Chakravarty and Rizvi,
2011; Xu et al., 2012). Similarly, PON1 has peroxidase
activity, therefore it may be induced by melatonin.

Several studies reported that there is a day and night
fluctuation of oxidative stress parameters in animals and in
humans (Singh et al., 2004; Subash and Subramanian, 2007;
Chakravarty and Rizvi, 2011; Xu et al., 2012). Herein,
simvastatin treatment preserves T-SH level compared to basal
levels. These findings are consistent with the study of
Zinellu et al. (2012) demonstrated that simvastatin therapy
induced a significant increase of T-SH levels. Moreover,
Chakravarty and Rizvi (2011) demonstrated that high level of
thiols is in nocturnal samples. The protective roles of thiols
against biomolecules oxidative damage  are aready
established (Nagy et al., 2007). Therefore, plasma levels of
PCO and MDA were decreased by simvastatin treatment. The
effect of night dosing was more noticeable on PCO and MDA
than day regimen. Likewise, Chakravarty and Rizvi (2011)
founded that decreased lipid peroxidation in nocturnal
samples. At night, level of melatonin is increased leading to
direct antioxidant activity, up regulation of antioxidant
systems and suppression of free radicals producing systems
(Berraand Rizzo, 2009; Chakravarty and Rizvi, 2012). Thisis

| Volume 11 | Issue 5| 2015 |



Int. J. Pharmacol., 11 (5): 448-455, 2015

the possible cause for decreasing lipid peroxidation and
protein oxidation inthe nocturnal samplesin the present work.
Moreover, severa studies reported that treatment with statin
decreased oxidative stress, correct antioxidant status and
decreases oxidation of biomolecules (Shin et al., 2007,
Aydin et al., 2009). The reduction of lipids and protein
oxidation by simvastatin seemsto be related to its antioxidant
effect (Pereiraet al., 2004).

Lipids abnormality increases cholesterol infiltration into
the endothelial cells and erythrocytes (Mason et al., 2004;
Eligini et al., 2013). In addition to endothelia cells,
erythrocytes are involved in transport, metabolism and
biosynthesisof NO (Ramirez-Zamoraet al ., 2013). Chol esterol
enrichment associated with disruption of L-arginine active
transport into erythrocytes and endothelia cells, so, the
NO production was decreased (Mason et al., 2004,
Eligini et al., 2013). Under HC condition, statins persevered
structural and functional features of erythrocyte membranes
and oxidant/antioxidant balance. This may attributed to
statins therapy which (Tziakaset al., 2009) decreases cellular
cholesterol inclusion (Mason et al., 2004; Forsyth et al., 2012;
Uydu et al., 2012). Also, statins scavenge free radicals,
preserve NOS cofactors, prevent NOSuncoupling and enhance
NOS activity (Ozuyaman et al., 2008; Harisa et al., 2012;
Li and Forstermann, 2013). Moreover, melatonin is
endogenous agent ameliorate the fatty infiltration into
endothelial cellsand restoresNO levels (Favero et al., 2014).

The increased NO in the present study with simvastatin
treatment in congruence with severa studies reported that
statins improve NO bioavailability (Ozuyaman et al., 2008;
Harisa et al., 2012; Li and Forstermann, 2013; Glutkina,
2013; Andradeet al., 2013). Moreover, it has been established
that atheroprotective effect of statinsis mediated by restoring
the normal NO/peroxynitrite balance (Heebaet al ., 2009). The
night dosing of simvastatin resultedin anincrease of NO level
compared to day treating. Similarly, Antosova et al. (2009)
confirmed that NO has circadian variations with ahigher peak
during morning hours. Also, melatonin is able to quench the
superoxide, and decrease conversion of NO to peroxynitrite
(Favero et al., 2014).

CONCLUSION

Thisstudy provesthat night simvastatin dosing elicit more
beneficial effects than day time dosing as indicated by
decrease of Al and TC, MDA and PCO; however, it enhances
T-SH and PON1 activity. These effects improve
microenvironment for both eNOS and erythrocyte-NOS to
produce NO that has beneficial effects on erythrocytes and
endothelia cells. A relatively small sample size was the
limitation of this study, large-scale prospective studies are
needed to confirm thisissue.

ACKNOWLEDGMENTS

The author extends his appreciation to the Deanship of
Scientific Research at King Saud University, Saudi Arabiafor

Www.ansinet.com

funding the work through the research group project No.
RGP-238. The authors declare that there are no conflicts of
interest.

REFERENCES

Adekunle, A.S., JO. Fatoki and T.I. Adelusi, 2013.
Antihyperlipidemic and antiatherogenic activity of
simvastatin may involve modulation of the expression of
lecithin: Cholesterol acyl transferase. Acta Biochimica
Polonica, 60: 579-583.

Andrade, V.L.,, JT. Sertorioo N.M. Eleuterio,
JE. Tanus-Santos, K.S. Fernandes and V.C. Sandrim,
2013. Simvastatin treatment increases nitrite levels in
obese women: Modulation by T"#C polymorphism of
eNOS. Nitric Oxide, 33: 83-87.

Antosova, M., A. Bencova, A. Psenkova, D. Herle and
E. Rozborilova, 2009. Exhaled nitric oxide-circadian
variations In hedthy subjects. Eur. J. Med. Res,
14: 6-8.

Aydin, S., H. Uzun, V. Sozer and T. Altug, 2009. Effects of
atorvastatin therapy on protein oxidation and oxidative
DNA damagein hyperchol esterolemic rabbits. Pharmacol.
Res., 59: 242-247.

Berra, B. and A.M. Rizzo, 2009. Melatonin; Circadian rhythm
regulator, chronobiotic, antioxidant and beyond.
Clin. Dermatol., 27: 202-209.

Biswas, N., RK. Sahoo, A. Guha and K. Kuotsu,
2014. Chronotherapeutic delivery of
hydroxypropylmethylcellulose based mini-tablets: An
invitro-in vivo correlation. Int. J. Biol. Macromal.,
66: 179-185.

Carvaho, F.A., R. Mesquitay, J Martins-Silva and
C. Saldanha, 2004. Acetylcholine and choline effects on
erythrocyte nitrite and nitrate levels. J. Applied Toxical.,
24: 419-427.

Chakravarty, S. and S.I. Rizvi, 2011. Day and night GSH and
MDA levels in healthy adults and effects of different
doses of melatonin on these parameters. Int. J. Cell. Bial.
10.1155/2011/404591

Chakravarty, S. and S.I. Rizvi, 2012. Circadian modulation of
human erythrocyte plasma membrane redox system by
melatonin. Neurosci. Lett., 518: 32-35.

Costa, L.G.,, G. Giordano and C.E. Furlong, 2011.
Pharmacological and dietary modulators of paraoxonase
1 (PON1) activity and expression: The hunt goes on.
Biochem. Pharmacol., 81: 337-344.

De Giorgi, A., A.M. Menegatti, F. Fabbian, F. Portaluppi
and R. Manfredini, 2013. Circadian rhythms and
medical diseases: Does it matter when drugs are
taken? Eur. J. Intern. Med., 24: 698-706.

Eligini, S., B. Porro, A. Lualdi, I. Squellerio, F. Vegliaand
E. Chiorino et al., 2013. Nitric oxide synthetic pathway in
red blood cells is impaired in coronary artery disease.
PL0OS One, Val. 8. 10.1371/journal.pone.0066945

| Volume 11 | Issue 5| 2015 |



Int. J. Pharmacol., 11 (5): 448-455, 2015

Favero, G., L.F. Rodella, R.J. Reiter and R. Rezzani, 2014.
Melatonin and its atheroprotective effects: A review.
Mol. Cell Endocrinal., 382: 926-937.

Forsyth, A.M., S. Braunmuller, J. Wan, T. Franke and
H.A. Stone, 2012. The effects of membrane cholesterol
and simvastatin on red blood cell deformability and ATP
release. Microvasc. Res., 83: 347-351.

Glutkina, N.V., 2013. Effect of simvastatin on the oxygen
transport function and prooxidant-antioxidant balance in
blood. Eksp Klin Farmakol, 76: 22-25.

Green, L., D. Wagner, J. Glogowski, P. Skipper, J.S. Wishnok
and S.R. Tannenbaum, 1982. Analysis of nitrate, nitrite
and [®N] nitrate in biological fluids. Anal. Biochem.,
126: 131-138.

Harisa, G.l., F.K. Alanazi, RA. El-Bassat, A. Malik and
G.M. Abdalah, 2012. Protective effect of pravastatin
against mercury induced vascular cells damage:
Erythrocytes as surrogate markers. Environ. Toxicol.
Pharmacol., 34: 428-435.

Heeba, G., M.E. Mosehy, M. Hassan, M. Khalifa,
R. Gryglewski and T. Malinski, 2009. Anti-atherogenic
effect of statins: Role of nitric oxide, peroxynitrite and
haem oxygenase-1. Br. J. Pharmacol., 156: 1256-1266.

Hu, M.L., 1994. Measurement of protein thiol groups and
glutathione in plasma. Meth. Enzymol., 233: 380-385.

Jones, P. and D.A. Schoeller, 1990. Evidence for diurna
periodicity in human cholesterol synthesis. J. Lipid. Res.,
31: 667-673.

Kamal, S.M., 2011. Effects of single-dose morning and
evening administration of pravastatin on antioxidant
markers in cholesterol-fed Rabbits. J. Exp. Pharmacol.,
3: 51-58.

Kleinbongard, P.,, R. Schulz, T. Rassaf, T. Lauer and
A. Dgam et al., 2006. Red blood cells express a
functional endothelial nitric oxide synthase. Blood,
107: 2943-5291.

Lahera, V., M. Goicoechea, S.G. de Vinuesa, M. Miana,
N. de las Heras, V. Cachofeiro and J. Luno, 2007.
Endothelial dysfunction, oxidative stress and
inflammation in atherosclerosis: Beneficial effects of
statins. Curr. Med. Chem., 14: 243-248.

Levine, R.L., D. Garland, C.N. Oliver, A. Amici and
I. Climent et al., 1990. Determination of carbonyl content
in oxidatively modified proteins. Meth. Enzymol.,
186: 464-478.

Li, H. and U. Forstermann, 2013. Uncoupling of endothelial
NO synthase in atherosclerosis and vascular disease.
Curr. Opin. Pharmacol., 13: 161-167.

Mason, R.P., M.F. Walter and R.F. Jacob, 2004. Effects of
HMG-CoA reductase inhibitors on endothelial function:
Role of microdomains and oxidative stress. Circulation,
1009: 1134-1141.

Mckee, M., C. Scavone and N.A. Nathanson, 1994.
Nitric oxide, cGMP and hormone regulation of
active sodium transport. Proc. Natl. Acad. Sci. USA.,
91: 12056-12060.

Www.ansinet.com

Nagy, L., M. Nagata and S. Szabo, 2007. Protein and
non-protein sulfhydryls and disulfides in gastric mucosa
and liver after gastrotoxic chemicals and sucrafate:
Possible new targets of pharmacologic agents.
World J. Gastroenterol., 13: 2053-2060.

Nezami, N., A. Ghorbanihaghjo, H. Argani, J. Safa,
N. Rashtchizadeh and A.M. Vatankhah, 2011. Lovastatin
enhances paraoxonase enzyme activity and quells
low-density lipoprotein susceptibility to oxidationin type
2 diabetic nephropathy. Clin. Biochem., 44: 165-170.

Ohkawa, H., N. Ohishi and K. Yagi, 1979. Assay for lipid
peroxidesinanimal tissuesby thiobarbituric acid reaction.
Anal. Biochem., 95: 351-358.

Ozuyaman, B., M. Grau, M. Kem, M.W. Merx and
P. Kleinbongard, 2008. RBC NOS. Regulatory
mechanisms and therapeutic aspects. Trends Mol. Med.,
14: 314-322.

Paragh, G., I. Seres, Z. Baogh, Z. Vaga and
I. Karpati et al., 1998. The serum paraoxonase activity in
patients with chronic renal failure and hyperlipidemia.
Nephron, 80: 166-170.

Pereira, E.C., M.C. Bertolami, A.A. Faludi, A. Sevanian and
D.S.P. Abdalla, 2004. Antioxidant effect of simvastatinis
not enhanced by its association with a-tocopherol in
hypercholesterolemic patients. Free Radic. Biol. Med.,
37: 1440-1448.

Ramirez-Zamora, S., M.L. Mendez-Rodriguez, M. Olguin-
Martinez, L. Sanchez-Sevilla, M. Quintana-Quintana,
N. GarciasGarcia and R. Hernandez-Munoz, 2013.
Increased erythrocytesby-products of arginine catabolism
are associated with hyperglycemiaand could beinvolved
inthe pathogenesisof type 2 diabetes mellitus. PLoS One,
Vol. 8. 10.1371/journal .pone.0066823

Reghunandanan, V. and R. Reghunandanan, 2006.
Neurotransmitters of the suprachiasmatic nuclei.
J. Circadian Rhythms, Vol. 4. 10.1186/1740-3391-4-2

Shin, M.J,, N. Chung, JH. Lee, Y. Jang and E. Park et al.,
2007. Effects of simvastatin on plasma antioxidant
status and vitamins in hypercholesterolemic patients.
Int. J. Cardiol., 118: 1731-1777.

Singh, R, RK. Singh, A.K. Tripathi, N. Gupta and
A. Kumar et al., 2004. Circadian periodicity of plasma
lipid peroxides and anti-oxidant enzymes in pulmonary
tuberculosis. Indian J. Clin. Biochem., 2: 14-20.

Singh, R.,, RK. Singh, RK. Singh, A.K. Tripathi and
G. Cornelissen et al., 2005. Chronomics of circulating
plasma lipid peroxides and anti-oxidant enzymes
and other related molecules in cirrhosis of liver.
Biomed. Pharmacother., 59: S229-S235.

Subash, S. and P. Subramanian, 2007. Influence of
N-Phthaloyl GABA on the circadian rhythms of lipid
peroxidation and antioxidants in wistar Rats under
constant light. Iran. J. Pharamacol. Therapeut.,
6: 115-118.

| Volume 11 | Issue 5| 2015 |



Int. J. Pharmacol., 11 (5): 448-455, 2015

Tziakas, D.N., G.K. Chaikias, D. Stakos, |.K. Tentes and
A. Thomaidi et al., 2009. Statin use is associated with a
significant reduction in cholesterol content of erythrocyte
membranes. A novel pleiotropic effect? Cardiovasc.
Drugs Ther., 23: 471-480.

Uydu, H.A., S. Yildirmis, C. Orem, M. Calapoglu, A. Alver,
B. Kural and A. Orem, 2012. The effects of atorvastatin
therapy on rheological characteristics of erythrocyte
membrane, serum lipid profile and oxidative status in
patientswith dyslipidemia. J. Membr. Biol., 245: 697-705.

Xu, Y.Q., D. Zhang, T. Jin, D.J. Cai and Q. Wu et al., 2012.
Diurnal variation of hepatic antioxidant gene expression
in mice. PLoS One, Val. 7.

Www.ansinet.com

455

Yoon, HS, SH. Kim, JK. Kim, SH. Ko and
JE. Ko et al., 2011. Comparison of effects of morning
versusevening administration of ezetimibe/simvastatinon
serum cholesterol in patients with primary
hypercholeseterolemia. Ann. Pharmacother., 45: 841-849.

Zinellu, A., S. Sotgia, G. Loriga, L. Deiana, A.E. Sattaand
C. Carru, 2012. Oxidative stress improvement is
associated with increased levels of taurine in CKD
patientsundergoinglipid-lowering therapy. Amino. Acids,
43: 1499-1507.

| Volume 11 | Issue 5| 2015 |



	IJP.pdf
	IJP.pdf
	Page 1



