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Involvement of free radicals and nitric oxide (NO) has long been implicated to the
pathogenesis of essential hypertension. Several studies using antioxidants as the radical
scavenger have shown to confer protection against free radical mediated diseases. This
study is designed to investigate the role of antioxidant γ-tocotrienol on endothelial
nitric oxide synthase (NOS) activity in spontaneously hypertensive rats (SHR). SHR's
were divided into four groups namely untreated SHR (HC), treatment with 15mg γtocotrienol/kg diet (γl), 30mg γ-tocotrienol/kg diet (γ2) and 150mg γ-tocotrienol/kg diet
(γ3) and studied for three months. Wister Kyoto (WKY) rats were used as the control
(C). Blood pressure was recorded every fortnightly by tail plethysmography. Animals
were sacrificed and NOS activity in blood vessels was measured by [3H]arginine
radioactive assay. Nitrite concentration in plasma was determined by Greis assay and
lipid peroxides in the blood vessels by spectrofluorometry. This study showed that γtocotrienol significantly reduced systolic blood pressure (SBP) in SHRs with a
maximum reduction in group treated with γ-tocotrienol 15 mg/kg diet (HC: 210±9
mmHg, γl:123±19 mmHg). Blood vessels from untreated SHR showed a reduced NOS
activity compare to that of WKY rats (C: 1.54±0.26 pmol/mg protein, HC:
0.87+0.23pmol/mg protein; p,0.001). γ-tocotrienol improves NOS activity in all the
groups with more significance in group γ2 (p<0.001) and γ3 (p<0.05). Plasma level of
nitrite was reduced in SHR from 55±3 µM/ml in WKY to 26±2 µM/ml (p<0.001).
Plasma nitrite level was reversed by treatment with γ-tocotrienol. (γl: p<0.001, γ2:
p<0.005, γ3: p<0.001, respectively). In all the treatment groups, NOS activity showed
significant negative correlation with blood pressure (γl: r=-0.716, p<0.05; γ2: r=-0.709,
p<0.05; γ3: r=-0.789, p<0.05). For plasma nitrite, although it shows a negative
correlation with blood pressure it was significant only in γl (r=-0.676, p<0.05) and γ2
(r=-0.721, p<0.05). From this study we found that compared to WKY rats, SHR has
lower NOS activity in blood vessels, which upon treatment with antioxidant γtocotrienol increased the NO activity and concomitantly reduced the blood pressure.
These findings further strengthen the hypothesis that free radicals and NO play critical
role in pathogenesis of essential hypertension.
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INTRODUCTION

In the spontaneously hypertensive rats (SHR), a model of genetic hypertension
we have shown a reduced endothelial NOS activity and reduced availability of
NO together with an increased free radical generation as evident by increased
production of lipid peroxides and reduced total antioxidant status (1,2).
Endothelial nitric oxide synthase (NOS) produces (NO) from L-arginine in a
calcium and calmodulin dependent process. NO is responsible for the
acetylcholine mediated vascular relaxation through increased cGMP (3). cGMP
inhibits calcium influx and mobilization from intracellular stores (4) thus
facilitating vascular relaxation. Reduced activity of NOS or an accelerated
degradation of NO by oxygen free radical may lead to an impaired vasodilatation,
hence raised blood pressure.
An exaggerated production of superoxide anion (.O2-) by the vascular wall has
been observed in different animal model of hypertension, including SHR (5). In
the majority of cases source of .O2- is uncertain although involvement of
endothelial NOS and xanthine oxidase (6,7) have been suggested. A growing
amount of evidence supports the possibility that increased oxidative inactivation
of NO by an excess of (.O2-) may account for the decrease in available NO and
endothelial dysfunction seen in SHR (8).
Recent studies showed that in hypertension, endothelium dependent vascular
relaxation was impaired (9). So it was postulated that increased free radical
generation would lead to a reduced activity of NOS or an increased removal of
NO in blood vessels, which results in impairment of vascular relaxation. In
addition several studies have demonstrated that (.O2-) can also act as a
vasoconstriction (10). In the mean time, it is reported that L-arginine reduced
blood pressure in experimental animal (11) and superoxide dismutase (SOD) a
potent free radical scavenger, also reduce the blood pressure by increasing the
availability of NO (12).
Dietary modulation of endothelial function by antioxidant vitamin E and C has
long been studied (13). Vitamin E reduces superoxide generation and lipid
peroxidation (14). In our previous studies we have shown α-tocopherol, an active
component of vitamin E reduced systolic blood pressure and lipid peroxidation in
SHR (1,2). In the mean time, study shows a significant up-regulation of
endothelial and inducible NOS activity after antioxidant therapy (15). Carr and
Frei also reported that natural antioxidant can preserve the biological activity of
endothelium-derived NO (14). Tocotrienol, another component of vitamin E has
long been identified as a potent antioxidant (16) and recent studies have utilized
tocotrienol in the treatment and / or prevention of cardiovascular diseases and
cancer (17). In a similar study γ-tocotrienol has shown antioxidant protection in
SHR by reducing lipid peroxidation and enhancing total antioxidant status. We
hypothesize that γ-tocotrienol, being more potent than α-tocopherol, may protect
NOS / NO from the free radical attack thus, may play a beneficial role in the SHR.
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In This study we investigate the role of γ-tocotrienol in the prevention of free
radical mediated attenuation of NOS and NO in the blood vessels from SHR.
MATERIALS AND METHODS
Chemicals. γ-Tocotrienol (90% purity) used in this study was supplied by Palm Oil Research
Institute of Malaysia (PORIM), Bangi, Malaysia. [H] L-arginine (Amersham, UK), leupeptin, pepstatin
and pefabloc (Boehringer Mannheim) and all other reagents used were the highest grade commercially
available and obtained from Sigma Chemical Co. (St Louis, MO) unless otherwise specified.
Animal treatment. Thirty-three male SHR, 150-200 gm, 8-10 weeks old, were caged individually
and maintained on normal or treated rat chow and water ad libitiim for the duration of three month
(12 week). The rats were divided into 4 groups consisting of the SHR control (HC), γ-tocotrienol
treatment with doses 15 mg/kg diet (γl), 30 mg/kg diet (γ2) and 150 mg/kg diet (γ3). Dose of γtocotrienol (γl) has been chosen based on the Recommended Daily Allowance (RDA) of 200 mg
vitamin E / day for a 70 kg adult. Subsequent doses were γ2 (γl x 2) and γ3 (γl x l0). Seventeen age
and weight matched Wister Kyoto (WKY) rats were used as the normal control (C). This
investigation conforms with the institutional guideline for the care and use of laboratory animals.
At the end of the study period the rats were killed by cervical dislocation. Blood was taken
immediately from the heart. Animals were dissected and approximately 3 cm of aorta with intact
endothelium were collected in liquid nitrogen.
Blood pressure monitoring. Blood pressure was measured every fortnightly in all animals using
standard tail cuff method. Tails of the animal were occluded with an appropriate size metal tubular
tail cuff (7/16 inch) and pulse was detected as the cuff pressure was lowered. The pressure at which
the first pulse appears was the measurement of systolic blood pressure (SBP). The occluding tubular
cuff together with pneumatic pulse transducer (Narco Bio Systems, USA) was connected to
electrophysiograph (Narco Bio Systems, USA) cuff outlet. Rat tail was pre-warmed by lamp and
the average of three readings was taken as the final reading.
Measurement of NOS and NO. Nitric oxide synthase activity was measured in blood vessel as
described earlier (2) where production of 3[H]-citrulline from 3[H]-arginine was measured by βscintillation counter. Aorta was cleaned off its surrounding fat and collected in I ml freshly prepared
homogenization mixture (HEPES 20 mM, EDTA 0.05 mM, DTT I mM, leupeptin 0.5 [µg/ml, pepstatin
0.7 [µg/ml, pefabloc 0.5 mM, pH 7.2). Samples were homogenized by Ultra Turrax T25 homogenizer
(Janke and Kunkel, IKA Labortechnik, UK) and then sonicated three times for 20 second in Sonicator
XL (Heat systems, NY). The homogenized samples were ultracentrifuged at 20,000 x g for 25 minutes.
The supernatant (0.34 ml) was mixed with L-[2,3,4,5-3H]-arginine (0.6µci), L-arginine 50 µm, NADPH
2mM, CaCI2 0.45 mM and calmodulin (10µg/ml) in a final volume of 0.4ml and incubated at 37°C for
45 minutes. NG-Nitro-L-arginine methyl ester (LNAME, 1mM) was used for the determination of blank
activity. Immediately after the incubation, assay was terminated by I ml of stop buffer (20 mM IIEPES,
2 mM EDTA, pH 5.5) and the samples were applied to I ml column of DOWEX (50WX-8, 200-400
dry mash, H+ form) which were eluted with 2 mls of water. 3[H] was quantified by liquid scintillation
in a β-counter. NOS activity were expressed as pmol 3[H]-citrulline /mg protein.
Nitric oxide was measured as the breakdown product, N02-. Nitrite levels in the plasma were
determined by reacting it with Greiss reagent (2). 500 µl of plasma was mixed with 50 µl of 6.5M
HCI and 50 µl of 37.5 mM Sulfanilic acid and incubated for 10 minutes in room temperature.
Napthyl ethyline diamine of volume 50 µl (12.5 mM) were added and incubated again for 30 mins
at room temperature. Samples were centrifuged at 1000 x g for 10 minutes and the nitrite was
quantified spectrophotometrically at wavelength 540 nm against the standards.
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Fig.1. Comparison of blood
pressure between SHR and
SHR treated with different
doses of γ Tocotrienol. SHR
= SHR control, γ1= γTocotrienol 15 mg/kg diet,
γ2= γ-Tocotrienol 30 mg/kg
diet, γ3= γ-Tocotrienol 150
mg/kg diet. Values are
mean ± SD. *p<0.05 versus
HC.
Values
in
the
parentheses are the number
of experiments.
Lipid peroxides. Lipid peroxides in blood vessels were measured as thiobarbituric acid reaction
product by spectrofluorometry following well established procedure (1) and were expressed as
nmol MDA (Melondialdehyde) equivalent /mg protein.
Statistical Analysis. Results obtained from different treatment groups were expressed as Mean
± SEM and compared by ANOVA for significant difference. A value of p<0.05 was considered as
significant.
RESULTS

Results from this study shows that γ-tocotrienol significantly reduced age
related development of blood pressure in all the treated groups (Fig.1). The best
reduction of blood pressure of 42% was achieved in groups treated with γtocotrienol 15 mg/kg diet. γ tocotrienol increased NOS activity in the blood
vessels which was significant in groups γ2 and γ3 where increase of NOS was
81% (p<0.01) and 21% (p<0.05) respectively (Fg.2). Plasma nitrite level was
significantly reduced in SHR from 54.62±2.96 to 26.24±2.14 µmole/ml.
Fig.2. Comparison of nitric
oxide synthase activity
(NOS) in the blood vessels
between WKY rats, SHR
and SHR treated with gtocotrienol. SHR = SHR
control, γ1= γ-Tocotrienol
15 mg/kg diet, γ2= γTocotrienol 30 mg/kg diet,
γ3= γ-Tocotrienol 150
mg/kg diet. Values are
mean ± SD. *p<0.05 versus
control, #p<0.05 versus
SHR. Values in the
parentheses are the number
of experiments.
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Fig.3. Plasma nitrite levels
compared between control
(WKY), SHR and SHR
treated with γ-tocotrienol.
SHR = SHR control, γ1=γTocotrienol 15 mg/kg diet,
γ2=γ-Tocotrienol 30 mg/kg
diet, γ3=γ-Tocotrienol 150
mg/kg diet. Values are
mean ± SD. *p<0.05 versus
control, #-p<0.05 versus
SHR. Values in the
parentheses are the number
of experiments.

Fig.4. Generation of lipid
peroxide in the blood
vessels
from
control
(WKY) rats, SHR and SHR
treated with γ-tocotrienol.
SHR = SHR control, γ1= γTocotrienol 15 mg/kg diet,
γ2=γ-Tocotrienol 30 mg/kg
diet, γ3=γ-Tocotrienol 150
mg/kg diet. Values are
mean ± SD. *p<0.05 versus
control, #p<0.05 versus
SHR. Number in the
parentheses is the number
of experiments.

Treatment with γ-tocotrienol enhanced nitrite level in groups γ1, γ2 and γ3 by
25% (p<o.oo1), 13% (p<0.05) and 17% (p<0.05) respectively (Fig.3). On the
other hand lipid peroxide generation was higher in SHR compare to the control
which was significantly reduced by 42% (p<0.05), 59% (p<0.001) and 48%
(p<0.05) respectively in groups γ1, γ2 and γ3 where SHR were treated with
different doses of γ-tocotrienol (Fig.4).
Correlation analysis was done between blood pressure at 12th week and the
parameters in all the groups, treated and untreated (Table 1). Results showed that
NOS activity and NO have a negative correlation with blood pressure. For NOS,
it was significant for groups HC (p=0.038), γl (p=0.046), γ2 (p=0.032) and γ3
(p=0.020). For NO, significant correlation was observed in groups γl (p=0.044)
and γ2 (0.046). On the other hand, lipid peroxide in blood vessel showed a
significant positive correlation with blood pressure in groups HC (p=0.003), γl
(p=0.039), γ2 (p=0.000) and γ3 (p=0.002).
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Table 1. Correlation of NOS, NO and lipid peroxides with blood pressure in experimental groups
after 12 weeks of treatment with different doses of γ-tocotrienol on SHR. Values are mean ±SD.
Parameters

SHR

γ1

γ2

γ3

r value

p value

r value

p value

r value

p value

r value

p value

NOS (BV)

-0.735

0.038*

-0.716

0.046*

-0.709

0.032*

-0.789

0.020*

NO

-0.622

0.100

-0.721

0.044*

-0.676

0.046*

-0.595

0.120

LP

0.892

0.003*

0.731

0.039*

0.919

0.0008

0.898

0.002*

N.B: NOS=Nitric oxide synthase, NO=Nitric oxide, LP=Lipid peroxide, BV=Blood vessel,
SHR=SHR control, γl=γ-Tocotrienol 1-5 mg/kg diet, γ2=γ-Tocotrienol 30 mg/kg diet, γ3=γTocotrienol 150 mg /kg diet. *p<0.05 versus SHR.
DISCUSSION

During the recent years, involvement of free radicals in the pathogenesis of
essential hypertension became a major point of research. As the vascular
endothelium is the major site for the regulation of vessel tone and NO can be
scavenged by increased endothelial production of free radicals (18), study of
endothelial dysfunction in relation to increased free radicals may provide more in
sight to the mechanism of this disease process. Impaired NOS activity in the
experimental hypertensions reported by previous studies correlate with our
findings of increased lipid peroxides in the blood vessels of SHR and further
supports the hypothesis of free radical involvement in SHR.
Acetylcholine mediated vascular relaxation is manifested through the release
of NO in the vascular endothelium which elevates cGMP (3). It was reported
earlier that free radical can reduce the NOS activity thus, decreasing NO (19).
The exact mechanism is not clear, but it may be via direct reduction of NO
synthesis from NOS (20) or by interruption of endothelial receptor signal
transduction (21). Beside this, free radical can act directly on NO and make it less
available. In agreement with these suggestions, a reduced NOS activity in the
blood vessels of SHR was observed in this study together with reduced NO in
plasma. Our finding of a negative correlation between lipid peroxides in blood
vessel with the NOS activity and NO further strengthen the role of free radicals
in the activity and availability of NOS and NO in this experimental hypertension.
It has been reported earlier that, NOS also can generate .O2- (19), which may
be the reason in young SHR where there is an upregulation of NOS and the
increased radical generation can be overcome by L-NAME (22). In the mean
time, other studies hypothesize that increased NOS activity in SHR is the
compensatory response to increased free radicals that leads to the development of
hypertension (23). On the contrary, suppression of development of hypertension
have been achieved by inhibiting nitric oxide synthase (24), whereas, Lin and coworkers reported that prolonged reduction of blood pressure can be achieved by
using NOS gene delivery (25). This confusion, whether increased NOS or
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decreased NOS is involved in this model of hypertension have been resolved by
the study of Chou et. al. where they reported that, reduced eNOS (endothelial
NOS) is involved in the development of hypertension, whereas increased iNOS
(inducible NOS) is the consequences of pathological state of vessels associated
with hypertension in SHR (26). Findings from this study also correlate with this
hypothesis that reduced activity of endothelial NOS system is involved in the
process of developing blood pressure in SHR which can be reversed by
administering antioxidant.
Treatment with γ-tocotrienol increased the NOS activity in all the treated
groups in a variable manner together with increased NO availability. This
explains how the γ tocotrienol prevent the age related development of raised
blood pressure observed in our study. From this observation it may be
hypothesized that in SHR there is a progressive increase in free radical generation
which reduces NOS activity and NO, either directly or via producing lipid
peroxides which contributes to the development of high blood pressure.
Antioxidant γ-tocotrienol scavenges this free radical, maintains the NOS activity
and availability of NO and reduces the lipid peroxide formation, thus preventing
the development of raised blood pressure. This is also in accordance with our
previous study where we reported prevention of development of raised blood
pressure in SHR by γ-tocotrienol via reducing lipid peroxidation and by
enhancing total antioxidant status in SHR (27).
Correlation that observed for NOS and NO with blood pressure in this study
gave an insight into their complex role in the regulation of blood pressure. It is
postulated that lipid peroxides have an effect on NOS and NO level that
influenced the blood pressure. The effect of lipid peroxide on blood pressure was
reflected as a positive correlation between the two parameters observed in this
study. Peroxynitrite (ONOO-) generated from NO by .O2- can produce
peroxynitrous acid, which is one of the most potent reactive oxygen species in the
biological system (28). In this context, further elucidation is required to ascertain
whether this influence of lipid peroxides on blood pressure is a direct effect on
the vessel or mediated through NOS and NO.
In this study low dose of γ-tocotrienol (15 mg/kg diet) has shown better
protection than the higher doses although higher doses have also shown the
antioxidant protection. This increased efficacy of low dose of γ-tocotrienol over
the higher dose in reducing blood pressure is not unusual. It may be attributed to
the pro-oxidant activity of this vitamin in higher dose. There are reports showing
that under certain condition vitamin E may act as a pro-oxidant and actually
enhance rather than retard lipid peroxidation (29).
In conclusion, from this study we found that the age related development of
raised blood pressure in SHR could be attributed to reduced NOS activity with a
decreased NO availability due to increased production of free radicals. γtocotrienol prevented this development of age related raised pressure in SHR by
increasing the NOS activity in blood vessel and increasing NO availability. This
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improvement of NOS and NO are mediated through the antioxidant properties of
γ-tocotrienol where it effectively scavenges the free radicals. As a positive
response was obtained with γ-tocotrienol treatment of SHR, the involvement of
free radicals in the pathogenesis of essential hypertension was further ascertained.
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