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The present study aims to investigate the effects of almond oil, walnut oil, corn, and
candesartan on the blood pressure (BP) and some biochemical parameters in L-NAME-
induced hypertensive rats. Hypertension was induced experimentally by administration of
L-NAME (40 mg/kg of body weight) dissolved in water by gavage. The animals were
randomly divided into six groups: normal control, hypertensive (HT), HT+ Walnut oil
(Bml/kg body weight), HT+ Almond oil (3 ml/kg body weight), HT+ Candesartan
(3mg/kg body weight) by gavage, and HT+ Corn (%30 of diet), At the end of the
experiments blood sample were taken from rats by heart puncture. The results indicated
that administration with L-NAME induced hypertension after four weeks in rats by
significantly increasing the BP, and significant elevation in the level endothelinl(ET-1),
angiotensin I-converting enzyme (ACE), and serum malondialdehyde (MDA) were
observed. Whereas the levels of nitric oxide (NO) and reduced glutathione (GSH)

decreased. Supplementation of walnut oil, corn, and candesartan for three weeks was
significantly reduced blood pressures, ACE, ET1, and MDA and a non-significant
decrease in ACE concentration by candesartan. While hypertensive rats treated with
walnut oil and corn showed significant elevation of NO, GSH. But almond oil
supplementation diminished MDA and GSH concentrations. Finally, the results revealed
that corn more effectively than walnut oil and near the action of candesartan while
almond oil non-significant effect on hypertension.

Introduction

Hypertension is a universal epidemic, the most common serious chronic health problem, and a high-risk
factor for myocardial infarction, arteriosclerosis, stroke, and end-stage renal disease [1]. The number of
peoples has hypertension increased from 594 million to 1.3 billion only in 40 years from 1975 to 2015 and
expected rise about 30% until 2025, the rise was seen largely in low-and middle-income countries. The
increase may be due to an increased risk factor in those populations WHO reported in 2019 [2]. Most of the
studies reveal that hypertension is caused by endothelial dysfunction [3], endothelial dysfunction can be
detected initially when hypertension become develops. Endothelial function is controlled by a balance
between vasoconstrictors and vasodilators. It is well-known that NO is released from vascular endothelial
cells and causes dilation in the vessel, it’s acting an as important role in regulating vascular tone and growth
[4]. Administration of L-arginine analogs such as NG-nitro-L-arginine methyl ester hydrochloride (L-NAME)
prevents NO production from NO synthase (NOS) and absences of NO enhances vasoconstrictor released in
vessels and finally lead to hypertension [5], L-NAME administration to the rats causes vascular endothelium
damage and suitable to study about hypertension, cardiovascular and kidney disease [6], this model used in an
early stage of hypertension than late vascular alterations and appropriate to test antihypertensive drugs in
vascular protection in the context of NO deficiency [7].
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Many types of antihypertensive drugs make available, peoples especially in developing countries prefer herbal
remedies as alternatives to drugs for control of hypertension and its complications. Furthermore, because their
herbal remedies fewer side effects, cost, and better decency direct the researcher attention towards the search
for new drugs from natural sources [8], many plants and natural products are pronounced as
antihypertensive or hypotensive effects [9], but need more studies to prove the effectiveness and explore the
mechanism of action and also reveal the safety profile to use or not [10], there are several species of medicinal
plants and their extractions commonly used in the blood pressure regulation, including walnut oil and almond
oil [11], they contain a large number of polyphenol compounds, y-tocopherol, a-linolenic acid (ALA), linoleic
acid, L-arginine monounsaturated fatty acids (MUFA), polyunsaturated fatty acid (PUFAs) and anti-oxidant.
Whole-grain corn is as healthy as any cereal grain and a good source for fiber and various vitamins, minerals,
and antioxidants [12]. Candesartan one of the classes of drugs called angiotensin receptor blockers (ARBs), is
using to treat hypertension, strokes, heart attacks, and some other problems via blood to flow more easily in
vessels and relaxing blood vessels [13]. This study was aimed to investigate the role of walnut oil, almond
oil, and corn in improving blood pressure and endothelial dysfunction in L-NAME-induced hypertensive
rats.

Material and methods
Experimental animal

Thirty-six male albino rats (Rattus norvegicus) of about 250-300) body weight & were used. The
experiment was achieved between 4™ April 2019 to 4" June 2019. The animals were divided into six groups
each group with 6 rats. And they were housed under standard laboratory conditions of 12 hours light: 12 hours
dark photoperiod, 22.0 + 4.0° C, and the animals were given standard rat of pellets and tap water ad libitum.

Plant extraction and drug preparation
Almond and walnut oil extraction

A large quantity of the dry repined almond (Prunus amygdalus) and walnut (Juglans regia) seeds were
collected from the Sitek and Hawraman-region of Sulaimania governorates. Seeds were decocted and naked
and ground with using Maulinex electrical grinder into a fine powder. Then dried in an air circulating oven
and preserved for extraction of the oil in a refrigerator thereafter oil was extracted from this powder by using
30 g of this powder into a thimble with analytical grade petroleum ether (boiling point 60-80° C) for 8 hours
as refluxing a solvent using a Soxhlet apparatus (Lab glass-Germany) fitted with 500 ml round-bottomed flask
by using a rotary evaporator, the solvent was removed under vacuum and the remains were dried in an oven at
80° C then the oil filtered and preserved in the dark at 4° C until used [14].

Corn preparation

Corn (Zea mays) seeds were taken from Altun kopry — Kirkuk governorate. The seeds were dried in an
oven at 50° C for 1 hour then the dried seeds were ground with using an electrical grinder into a fine powder
then mixed with standard chow about 30% of the total volume.

Candesartan cilexetil preparation
Candesartan (ATACAND - Switzerland) was bought from Hemn Pharmacy and it was administrated 3
ml/kg to rats for 3 weeks [13].

Induction of hypertension
Experimentally, hypertension was induced by oral administration of L-NAME (40 mg/kg/day in the water
by gavage for 4 weeks (one week without treatment + 3 weeks with treatment) [15].

Experimental design

The thirty-six rats were divided into six groups, 6 rats in each group; rats in the normal control group were
given standard rat chow and tap water ad libitum (control). Whereas rats in the L-NAME —treated group were
administrated L-NAME (40 mg/kg/day). Animals in the L-NAME-treated group were randomly assigned into
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five subgroups, consisting of (1) L-NAME group (model), (2) Animals received Walnut oil, (3 ml/kg), (3)
Almond oil (3 ml/kg), (4) Corn (30% of standard chow), and (5) Animals received candesartan (3 mg/kg).

Blood Pressure Recording

Blood pressure (SBP and DBP) were recorded at the starting of the experiment and repeated weekly at the
same time. Animals were kept in the cylinders for 5-15 minutes/day for 5 days to recording BP by tail-cuff
technique (Kent Scientific, USA), and before recording the blood pressure the rats were heated for 30 minutes
at 28° C for better detection of tail artery pulse after recorded for about 15-20 times we concluded the mean of
blood pressure. The mean arterial blood pressure (MAP) was calculated [16] using the following
formula: MAP=DBP+0.412 (SBP-DBP).

Blood collection

At the end of experiments (4 weeks), all rats fasted during the night and then anesthetized with ketamine
hydrochloride (50 mg/ Kg body weight) and xylazine (5 mg/kg), the blood sample was taken by heart
puncture put into tubes and the serum were separated by centrifuging at 3000 rpm for 15 minutes.

Estimation of serum biochemical parameters

Serum angiotensin-converting enzyme (ACE), serum nitric oxide (NO), serum endothelinl (ET1), serum
Malondialdehyde (MDA), and serum reduced glutathione (GSH) were measured by enzyme-linked
immunosorbent assay (ELISA) kits (Elabsicence, China).

Statistical analysis
Data were analyzed by using the statistical program Graph Pad (Prism 2019), utilizing one way ANOVA
with multiple comparisons and TukeyTechnique for descriptive analysis.

Results and Discussion

L-NAME-induced hypertensive rats showed a significant (p < 0.001) elevation in the MAP (168.87 +
12.531) highly significant increase in the level of ET-1 (6.32 + 0.626) and decrease significantly level of NO
(27.22 = 4.002) when compared to the control rats group (Table 1). Similar results were observed by a
previous experimental hypertensive study [15, 17, 18] in which they were revealed that oral administration of
40 mg/kg L-NAME once daily for 7 days induced hypertension in rats model. In which blood pressure and
ET-1 increased significantly but decreased significantly NO when compared to the normal control group, L-
NAME is recognized as an inhibitor of NOS result in decrease NO and cause alteration balance between
vasodilator and vasoconstrictor [18] NO plays a very important role in regulates vascular tone and responsible
vasodilation in the endothelium, therefore inhibition generation NO cause vasoconstriction and cause increase
blood pressure [19]. Furthermore, Sventek et al. reported L-NAME can be induced expression of ET-1.
Moreover, it was recently demonstrated that chronic administration of L-NAME cause induces vascular ET-1
gene expression in large conduit arteries [20]. ET-1 is a powerful peptide vasoconstrictor and responsible to
control blood flow that plays an important role in elevate blood pressure in rats model for hypertension.
Treatment of hypertensive rats with walnut oil decreased blood pressure significantly (137.14 + 13.124) and
ET-1 (5.06 + 0.363) but increased NO (44.171 £ 3.753) when compared with the rats model. This result is in
agreement with a previous study [21], walnut oil contains a large amount of omega-3 fatty acids that are
essential for human nutrition. Three types of fatty acids mostly found in walnut oil are linoleic, oleic acid, and
alpha-linolenic acid. MUFA and PUFA are a presence in walnut and their role in cardiovascular protective
was approved. These substances can reduce BP by decrease thromboxane A2 and therefore its vasoconstrictor
effect [22]. Demonstrated walnut or walnut oil can significantly decrease BP and total peripheral resistance
during stress or rest when consumed with the diet for 5-6 weeks [23]. Zhao et al. revealed that foods and oils
containing ALA such as a walnut important role in improve endothelial function and cause reduction of
endothelin-1 expression [24]. Ros, 2010 reported the good effect of the walnut extract by regulating redox
balance and production of NO. Phenol compounds play an important role in the anti-oxidant and NO
production which is a major component of walnut oils [12]. Besides, walnut is good sourcing for L-arginine
which is the amino acid precursor of the endogenous vasodilator NO. Thus, a part of the protecting effect of
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walnut oil on L-NAME-induced hypertension can describe by its antioxidant properties, endothelial
protective, and improvement of endothelium-dependent vasodilation [25].

While Treatment of hypertensive rats with corn decreased blood pressure extremely significantly (125.82 +
12.387) and ET-1 (4.93 £ 0.727) but increased NO (47.62 + 5.696) when compared with the control group,
this result line with the previous study [26]. Corn possesses antioxidant activity and contains a large amount of
phenolic compound that is useful for decrease blood pressure, Shah et al. mentioned that rats induced
hypertension were fed corn improve cardiovascular also elevate heart rate [27]. Ohsaki et al. reported
hypertensive rats were administrated ferulic acid reduced BP because that ferulic acid limited ACE activity
also causes a reduction of plasma ACE. The results of increase NO and decrease ET1 rats received corn may
be due to their component that is very rich in component polyphenols that significantly regulate expression of
eNOS and ET-1 in the vascular endothelium [28]. The ability of a phenolic compound to elevate the
expression of the gene encoding eNOS and reduced expression of the gene encoding the vasoconstrictor ET-1
cause vasodilation and reducing blood pressure [29]. revealed corn extract can increase production NO,
moreover showed that NO can inhibits ET-1 production through the suppression of nuclear factor B [30].
There seems to be an opposite relation between NO and ET-1, which may serve to modulate endothelial
function in the vasculature.

However treatment of hypertensive rats with almond oil was unable to prevent and treated the hypertensive
rats and failed to restored blood pressure (166.76 + 14.723), ET-1 (6.26 £ 0.532), and NO (31.34 + 3.682)
when compared with the control group, this result agrees with Al Tamimi, 2016 [31]. Even though almond is a
good source of alpha-tocopherol which has an important role in improving the health of blood vessels and
preventing blood circulation diseases. Al Tamimi et al. reported administration of almond oil to rat model
didn't observe any changes in the rat's BP [32], Khoo, 2016 revealed Regardless of recommendation to receive
more vitamin E to reduce risk factors of CVD but the effect of vitamin E supplementation on the clinic or
ambulatory BP in treated hypertensive patients had not been observed [31], Hussein and Raheem mentioned
that administration almond /almond extract may increase serum NO may be due to their component such
phenolic compound, flavonoids, folic acid, and vitamin E those elements can modulate vascular function their
decrease may due to antioxidant effect of almond oil [33].

Oral administration of candesartan significantly restored the elevation of blood pressure (108.51 + 10.234)
and ET-1 (3.74 £ 0.511) but increased NO (51.71 £ 3.253) when compared with the control rats, these results
are supported by previous finding [34], candesartan is a drug used to control elevated blood pressure by
angiotensin II receptor antagonist because Angiotensin II actions as a vasoconstrictor and stimulation
aldosterone secretion angiotensin II also cause the release of aldosterone. When aldosterone released cause
absorbed sodium along with water and the final result is an elevation in blood pressure, Song et al. results
show that Ang II despite stimulation to secretion aldosterone also can up-regulate ETAR expression and
enhanced ET-1 binding in the aorta and VSMCs [35]. Observed patients with essential hypertension when
treated with candesartan significantly reduction in the level of circulating ET-1 [36]. Moreover, documented
NO restored when the AT-1 receptor blockade by candesartan. The mechanism of improved production of NO
can be by their action of candesartan which is blockade AT1 receptors and cause an increase in the levels of
angiotensin II, then activation of Ang II type 2 (AT2) receptors by increased Ang II. It has been reported that
NO is produced via the activation of AT2 receptors and bradykinin B2 receptors [37]. Figures (1, 2, and 3)
showed the effect of treatments on BP, NO, and ET1 levels.
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Table (1): Effect of walnut oil, almond oil, corn, and candesartan on BP, NO, and ET1 in hypertensive rats.

W Mean arterial Serum nitric oxide pmoL/L Serum endothelin-1
groups pressure(MAP)mmHg pg/mL
Control 108.91+12.531* 63.11 £5.426° 3.5420.434°
Hypertensive 168.87+13.438" 27.22+ 4.002° 6.32+0.626
HT + walnut oil 137.14+13.124* 44.17+3. 753" 5.06+0.336°
HT + almond 166.76+14.723° 31.3443,682° 6.2+0.532"
HT + Corn 125.82+12.387* 47.62+5.696" 4.9+0.728¢
HT + Candesartan 108.51£10.234" 51.71£+3.253* 3.7+0.511°

Value are expressed as mean + S.E. Different letters indicate significant differences between means * = p<0.05, ** =
p<0.01, *** = p<0.00
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Figure-1: Effect of walnut oil (WO), almond oil (AO), corn (CO), and candesartan (CAND) on MAP in hypertensive
(HT) rats.
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Figure-2: Effect of walnut oil (WO), almond oil (AO), corn (CO), and candesartan (CAND) on Serum nitric oxide (NO) in
hypertensive rats.
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Figure-3: Effect of walnut oil (WO), almond oil (AO), corn (CO), and candesartan (CAND) on Serum endothelin-1(ET-
1) in hypertensive rats.

Hypertensive rats showed a significant elevation in the level of serum ACE (86.06 + 8.841) and MDA (5.8
+ 0.573) but significantly decreased GSH (8.52 + 1.643) when compere with the control group (Table 2), the
similar result was obtained by a previous experimental hypertensive study [15], L-NAME is recognized as an
inhibitor of NOS resulting in decreased NO a vital vasodilator [15, 38]. Acute and chronic inhibition of NO
produces endothelial dysfunction [39], moreover showed chronic L-NAME administration can modulation of
ACE which is the enzyme responsible for the conversion of Ang I to Ang II, in addition to Ang II induction,
the production of ROS and subsequently, oxidative stress is an important pathogenic factor in L-NAME
induced hypertension [19], vascular remodeling, fibrosis, inflammation and hypertrophy due to decreased NO,
increased Ang I, as well as increased ROS, have all been noted in L-NAME induced hypertension [40].

Orally administration of walnut oil significantly decreased ACE (63.16 £ 9.541) and MDA (4.33 + 0.503)
but elevated GSH (10.84 + 1.205), this result agrees with a previous study [41], it was reported that the
ethanol extract of the walnut fruit can inhibit the effect of angiotensin-converting enzyme CE by 40%. Several
studies have reported walnut improved endothelial function and increased flow-mediated dilation in
overweight volunteers and the relationship between improved endothelial function and walnuts was confirmed
in a systematic review [42], walnut 0il is a good source of phenolic (flavonoid and non-flavonoid) and due to
their content have antioxidant and free radical scavenging properties. It is established the high association
between phenol content and radical scavenging activity of walnut oil, additionally, polyphenols, flavonoids,
vitamin E, and other antioxidant components present in walnuts can serve as natural antioxidants [43]. Bostani
et al. indicated Walnut oil could improve the antioxidant capacity by increasing the activities of antioxidant
enzymes and reduction of MDA, also regulating the expression of oxidative stress-related proteins [25]. The
lesser presence of end-products such as MDA can be translated into a lesser concentration of peroxyl radicals
and hydroperoxyl, both generating factors of lipid oxidation. The reduced concentration of oxidizing agents
may be linked to the enhanced GSH content Moreover showed walnut oil can increase the antioxidant
capacity of cells, the mechanism improves endothelial function by walnuts maybe through promoting the
release of nitric oxide and increased membrane fluidity of endothelial cells [44], a previous study by
Pandareesh et al. showed Long-term dietary supplement walnuts 6% or 9% for a long time significantly
enhanced antioxidant activity and decreased level of MDA and ROS when compared to the control diet [45].
Treatment of hypertensive rats with corn extremely significantly decreased ACE (59.63 £ 7.293) and MDA
(3.71 £ 0.547) while elevated GSH (11.21 = 0.657) when compared with the control rats, these results agree
with previous studies. Fabila-Garca et al. indicted corn extract can inhibit or decrease ACE may be caused by
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the presence of soluble components such as peptides in corn [46]. Other studies show corn has antioxidant
activity and increases NO production by considering the inhibition of peroxynitrite formation induced by
inhibition of tyrosine nitration [47]. The antioxidant activity of maize extracts is maybe due to the presence of
phenolic compounds such as flavonoids and ferulic acid [48]. Ohsaki et al. documented ferulic acid decrease
blood pressure through the reduction of ACE activity [28]. A previous study showed corn extract can
elevation GSH concentration in rats group when treating with corn [49], however, another study showed rats
supplement with corn can reduction in the level of MDA [50]. Ramos-Escudero et al. reported corn extract to
contain some functional compound can penetrate cell membranes and participate in stimulating release
antioxidant enzyme to reduce oxidative damage to cells caused by free radicals and showed a reduction in
MDA level can be observed in the group treated with corn may be due to the presence of polyphenols which is
responsible to scavenge free radicals and to increase levels of endogenous antioxidant enzymes [51].

Administration of almond oil to hypertensive rats the level serum ACE (84.33 + 11.252) was not restored
significantly in comparison to the control group while MDA (4.37 + 0.328 ) and GSH (10.33 £ 0.876) were
restored significantly. Al-Attar documented the same result [52]. Almond oil can be inhibiting or reducing the
progress of various oxidative stress-related diseases through antioxidant and antiradical activity [33], the
reduction in the level of serum MDA in those groups treating with almond oil potentially by anti-oxidant
properties of almonds oil [53]. Moayedi et al. mentioned almond oil supplementation can improve antioxidant
defenses and reduce biomarkers of oxidative also reduce serum concentrations of malondialdehyde MDA and
cholesterol [54]. Moreover, Jia et al. reported that almond oil significantly inhibited the formation of MDA
due to the high content of antioxidants [55]. Moreover, the ability of vitamin-E to scavenge lipid peroxyl
radicals by blocking lipid peroxidation of polyunsaturated fatty acids in membranes, it keeps against lipid
peroxidation through its chain-breaking antioxidant activity [56]. Furthermore, Etim et al. demonstrate chronic
supplement vitamin E improves the GSH/GSSG ratio in patients with essential hypertension [57].

In the present study, serum ACE (87.62 = 10.832) in hypertensive treated rat with candesartan did not
improve while can improve MDA (3.27 + 0.317) and GSH (12.34 + 1.424) when compared with control,
similar results were obtained by a previous studies [58] candesartan blockade binding Ang II with their
receptor and causes elevation of the plasma angiotensin II (Ang II) level and ACE because of a lack of
negative feedback on renin activity or competition of Ang II with the AT1 receptor [59]. Takeda et al.
reported candesartan increased ACE also elevated Angiotensin-converting enzyme 2 (ACE2), it is a homolog
of the ACE enzyme expressed primarily in the vascular endothelium, produce Ang 1-7 by delete single
amino acid from the carboxy-terminus of Ang II [60]. Previous studies suggested that the ACE2—-Ang 1-7 axis
has an important role in hypertensive disease [61], Ang (1-7) is a vasodilator agent that plays important roles
in cardiovascular organs such as the heart, blood vessels, and kidneys having functions frequently opposed to
those attributed to the major effector component of the RAS Ang II [60].

Chan et al. mentioned candesartan anti-oxidative effect significantly decreased lipid peroxidation level
(MDA) and increased GSH level in the liver tissues compared with induced animals. The antioxidant and anti-
inflammatory effect of candesartan was attributed to the blockade of angiotensin receptor and inhibition of
Ang-II which is responsible for the generation of ROS via activation of (NADPH-oxidase) enzyme which is a
major source of ROS and oxidative stress in different tissues that mediates tissue damage [62].
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Table (2): Effect of walnut oil, almond oil, corn, and candesartan on ACE, MDA, and GSH in the hypertensive rat.

—w Serum angiotensin- Serum Serum Glutathione
Group converting enzyme (ACE) Malondialdehyde (GSH) pg/mg
ng/g (MDA) pmol/LL
control 53.13+7.825" 2.63 +0.361° 14.74+1.425*
Hypertensive 86.06 +8.841° 5.8+0.573" 8.52+1.643"
HT + walnut oil 61.66+ 9.541° 4.33+0.503° 10.84+1.205°
HT + almond 84.33+11.252° 4.37+0.328°¢ 10.33+0.876™
HT + Corn 57.63+7.293" 3.71+0.547 < 11.21+0.657¢
HT+Cand 87.62+10.832" 3.27+0.317“ 12.34+1.424°

Value are expressed as mean + S.E. Different letters indicate significant differences between means * = p<0.05, ** =
p<0.01, *#* =p<0.001

Conclusion

The present study provides evidence that the walnut oil and corn exhibited considerable antihypertensive
potential. Walnut oil, corn, and candesartan significantly normalized the elevated systolic and diastolic BP as
well as the pulse rate after three weeks of treatment, while almond oil non-significant effect on blood pressure
in hypertensive rats. Walnut oil and corn were efficient to improve endothelial dysfunction and reversed the
effect of L-NAME-induced hypertension as well. Moreover, the present study suggested a multimechanistic
action mediating the walnut oil and corn antihypertensive effect including antioxidant, ET-1, and ACE
inhibitory action in addition to the up-regulation of eNOS expression. These findings point out the augmented
beneficial effects of walnut oil and corn as a complementary treatment in the management of hypertension and
its complications.

References

[1] Chockalingam, A., Campbell, N. R., & Fodor, J. G. "Worldwide epidemic of hypertension". Canadian
Journal of Cardiology, Vol. 22, No.7, pp. 553-555. (2006).

[2] Zhou, B., Bentham, J., Di Cesare, M., Bixby, H., Danaei, G., Cowan, M. J. & Taddei, C. "Worldwide
trends in blood pressure from 1975 to 2015: a pooled analysis of 1479 population-based measurement
studies with 19- 1 million participants". The Lancet, Vol. 389, No.10064, pp. 37-55. (2017).

[3] Félétou, M., & Vanhoutte, P. M."Endothelial dysfunction: a multifaceted disorder [the Wiggers Award
Lecture] ". American Journal of Physiology-Heart and Circulatory Physiology, Vol. 291, No. 3, pp.H985-
H1002. (2006).

[4] Robbins, K. S., Shin, E. C., Shewfelt, R. L., Eitenmiller, R. R., & Pegg, R. B. "Update on the healthful
lipid constituents of commercially important tree nuts".Journal of Agricultural and Food
Chemistry, Vol. 59, No. 22, pp. 12083-12092. (2011).

[5] Cho, E. J., Park, M. S., Kim, S. S., Kang, G., Choi, S., Lee, Y. R., & Jeon, B. H. "Vasorelaxing activity of
Ulmus davidiana ethanol extracts in rats: activation of endothelial nitric oxide synthase". The Korean
Journal of Physiology & Pharmacology, Vol. 15, No. 6, pp.339-344. (2011).

[6] Weisburger, J. H. " Lycopene and tomato products in health promotion". Experimental Biology and
Medicine, Vol. 227, No. 10, pp.924-927. (2002).

[7] Rowley, K., Cohen, J., Jenkins, A. J., O'Neal, D., Best, J. D., Walker, K. Z., & O'Dea, K. "Inflammation
and vascular endothelial activation in an Aboriginal population: relationships to coronary disease risk
factors and nutritional markers". Medical Journal of Australia, Vol. 178, No. 10, pp.495-500. 2003.

[8] Obouayeba, A. P., Latte, T., Okoma, M., Diabaté, S., & Kouakou, T. H. "Evaluation of immuno-
stimulatory activity of alkaloids Mitragyna ciliata in rabbits [Oryctolagus cuniculus] ". International
Journal of Biosciences, pp. 200-206. (2014).

50



JZS-A Volume 22, Issue 2, December 2020

[9] Anwar, M. A., Al Disi, S. S., & Eid, A. H. "Antihypertensive herbs and their mechanisms of action": part
II. Frontiers in Pharmacology, Vol. 7, No. 50. (2016).

[10] Da-Costa-Rocha, 1., Bonnlaender, B., Sievers, H., Pischel, 1., & Heinrich, M. "Hibiscus sabdariffa L.—A
phytochemical and pharmacological review". Food Chemistry, Vol. 165, pp. 424-443. (2014).

[11] Ros, E., & Hu, F. B. Consumption of plant seeds and cardiovascular health: " epidemiological and
clinical trial evidence". Circulation, Vol. 128, No. 5, pp. 553-565. (2013).

[12] Ros, E. "Health benefits of nut consumption". Nutrients, Vol. 2, No. 7, pp.652-682. (2010).

[13] Husain, A., Azim, M. S., Mitra, M., & Bhasin, P. S. A review on candesartan: "Pharmacological and
pharmaceutical profile". Journal of Applied Pharmaceutical Science, Vol. 1, No. 10, pp. 12-17. (2011).
[14] Ali, M. A., Al-Hattab, T. A., & Al-Hydary, 1. A. "Extraction of date palm seed oil [ Phoenix dactylifera]
by Soxhlet apparatus". International Journal of Advances in Engineering & Technology, Vol. 8, No. 3,

pp-261. (2015).

[15] Abdel-Rahman, R. F., Hessin, A. F., Abdelbaset, M., Ogaly, H. A., Abd-Elsalam, R. M., & Hassan, S. M.
"Antihypertensive effects of roselle-olive combination in L-NAME-induced hypertensive rats". Oxidative
Medicine and Cellular Longevity. (2017).

[16] Meaney, E., Alva, F., Moguel, R., Meaney, A., ALVA, J., & WEBEL, R. "Formula and nomogram for
the sphygmomanometric calculation of the mean arterial pressure". Heart, Vol. 84, No. 1, pp. 64-64.
(2000).

[17] Mali, V. R., Mohan, V., & Bodhankar, S. L. "Antihypertensive and cardioprotective effects of the
Lagenaria siceraria fruit in N G-nitro-L-arginine methyl ester [L-NAME] induced hypertensive
rats". Pharmaceutical biology, Vol. 50, No. 11, pp.1428-1435. (2012).

[18] Sung, J. H., Jo, Y. S., Kim, S. J., Ryu, J. S., Kim, M. C., Ko, H. J., & Sim, S. S. "Effect of lutein on L-
NAME-induced hypertensive rats". The Korean Journal of Physiology & Pharmacology, Vol. (17), No. 4,
pp-339-345. (2013).

[19] Higashi, Y., Kihara, Y., & Noma, K. "Endothelial dysfunction and hypertension in aging". Hypertension
Research, Vol. 35, No. 11, pp.1039-1047. (2012).

[20] Sventek, P., Turgeon, A., & Schiffrin, E. L. "Vascular endothelin-1 gene expression and effect on blood
pressure of chronic ETA endothelin receptor antagonism after nitric oxide synthase inhibition with L-
NAME in normal rats". Circulation, Vol. 95, No. 1, pp.240-244. (1997).

[21] Scott, N. J., Ellmers, L. J., Pilbrow, A. P., Thomsen, L., Richards, A. M., Frampton, C. M., & Cameron,
V. A. "Metabolic and Blood Pressure Effects of Walnut Supplementation in a Mouse Model of the
Metabolic Syndrome". Nutrients, Vol. 9, No. 7, pp.722. (2017).

[22] Silva, A. C. T. D., Cardozo, L. F., Cruz, B. O. D., Mafra, D., & Stockler-Pinto, M. B. "Nuts and
cardiovascular diseases: focus on Brazil nuts". International Journal of Cardiovascular Sciences, Vol. 32,
No. 3, pp.274-282. (2019).

[23] Fit6, M., Cladellas, M., De la Torre, R., Marti, J., Munoz, D., Schréder, H., & Bruguera, J. "Anti-
inflammatory effect of virgin olive oil in stable coronary disease patients: a randomized, crossover,
controlled trial". European Journal of Clinical Nutrition, Vol. 62, No. 4, pp.570-574. (2008).

[24] Zhao, H., Li, J., Zhao, J., Chen, Y., Ren, C., & Chen, Y. "Antioxidant effects of compound walnut oil
capsule in mice aging model induced by D-galactose". Food & nutrition research,Vol. 62. (2018).

[25] Bostani, M., Aqababa, H., Hosseini, S. E., & Ashtiyani, S. C. "A Study on the effects of walnut oil on
plasma levels of testosterone pre and post-puberty in male rats". American Journal of
Ethnomedicine, Vol. 1, No. 4, pp.266-275. (2014).

[26] Siyuan, S., Tong, L., & Liu, R. "Corn phytochemicals and their health benefits". Food Science and
Human Wellness, Vol 7 No. 3, pp.185-195. [2018].

[27] Shah, T. R., Prasad, K., & Kumar, P. "Maize—A potential source of human nutrition and health": A
review. Cogent Food & Agriculture, Vol. 2, No. 1, pp.1166995. (2016).

[28] Ohsaki, Y., Shirakawa, H., Koseki, T., & Komai, M. "Novel effects of a single administration of ferulic
acid on the regulation of blood pressure and the hepatic lipid metabolic profile in stroke-prone

51



JZS-A Volume 22, Issue 2, December 2020

spontaneously hypertensive rats". Journal of Agricultural and Food Chemistry, Vol. 56, No. 8, pp. 2825-
2830. (2008).

[29] Nicholson, S. K., Tucker, G. A., & Brameld, J. M. "Effects of dietary polyphenols on gene expression in
human vascular endothelial cells". Proceedings of the Nutrition Society, Vol. 67, No. 1, pp.42-47. (2008).

[30] Khoo, H. E., Azlan, A., Tang, S. T., & Lim, S. M. "Anthocyanidins and anthocyanins: colored pigments
as food, pharmaceutical ingredients, and the potential health benefits". Food & Nutrition Research,Vol.
61, No.1, pp. 1361779. (2017).

[31] Al Tamimi, J. Z. "Effects of Almond Milk on Body Measurements and Blood Pressure".Food and
Nutrition Sciences, Vol. 7, No. 06, pp.466. (2016).

[32] Choudhury, K., Clark, J., & Griffiths, H. R. "An almond-enriched diet increases plasma a-tocopherol and
improves vascular function but does not affect oxidative stress markers or lipid levels". Free radical
research, Vol. 48, No. 5, pp.599-606. (2014).

[33] Hussein, R. H., & Raheem, S. A. "Effect of Almond Seeds Oil Extract and Some Antioxidant Agents on
lipid profile and Oxidative Stress in Induced Diabetes Mellitus in Rats". IIBEES., Vol. 5, pp.8-15. (2016).

[34] Ono, H., Minatoguchi, S., Watanabe, K., Yamada, Y., Mizukusa, T., Kawasaki, H., & Fujiwara, H.
"Candesartan decreases carotid intima-media thickness by enhancing nitric oxide and decreasing
oxidative stress in patients with hypertension". Hypertension Research, Vol. 31, No. 2, pp. 271-279.
(2008).

[35] Song, A. L., Zeng, Z. P., Tong, A. L., Lu, L., Chen, S., Li, M., & Sun, M. L. "Differences of blood
plasma renin activity, angiotensin Il and aldosterone levels in essential or secondary
hypertension". Zhonghua nei ke za zhi, Vol. 51, No. 4, pp.294-298. (2012).

[36] Ghiadoni, L., Virdis, A., Magagna, A., Taddei, S., & Salvetti, A. "Effect of the angiotensin Il type 1
receptor  blocker  candesartan  on  endothelial  function in  patients  with  essential
hypertension". Hypertension, Vol. 35, No. 1, pp.501-506. (2000).

[37] Patinha, D., Fasching, A., Pinho, D., Albino-Teixeira, A., Morato, M., & Palm, F. "Angiotensin II
contributes to glomerular hyperfiltration in diabetic rats independently of adenosine type I
receptors". American Journal of Physiology-Renal Physiology, Vol. 304, No. 5, pp.F614-F622. (2013).

[38] Pechdnovd, O., Dobesovd, Z., Cejka, J., Kunes, J., & Zicha, J. "Vasoactive systems in L-NAME
hypertension: the role of inducible nitric oxide synthase". Journal of hypertension, Vol. 22, No. 1, pp.167-
173.(2004).

[39] Zhou, X., & Frohlich, E. D. "Analogy of cardiac and renal complications in essential hypertension and
aged SHR or L-NAME/SHR". Medicinal Chemistry, Vol. 3, No. 1, pp.61-65. (2007).

[40] Forstermann, U. "Nitric oxide and oxidative stress in vascular disease". Pfligers Archiv-European
Journal of Physiology, Vol. 459, No. 6, pp.923-939. (2010).

[41] Ziai, S. A., Rezazadeh, S. H., Dastpak, A., Shabestari, A., Taghizadeh, M., Naghdibadi, H. A., &
Poorhoseini, L. "Study of the ACE inhibitory effect of medicinal plants used in Iranian folk-medicine as
antihypertensive remedy". Journal of Medicinal Plants, Vol. 4, No. 20, pp.53-74. (2006).

[42] Bhardwaj, R., Dod, H., Sandhu, M. S., Bedi, R., Dod, S., Konat, G. & Nanda, N. "Acute effects of diets
rich in almonds and walnuts on endothelial function". Indian Heart Journal, Vol. 70, No. 4, pp. 497-501.
(2018).

[43] Jahanban-Esfahlan, A., Ostadrahimi, A., Tabibiazar, M., & Amarowicz, R. "A comparative review on the
extraction, antioxidant content and antioxidant potential of different parts of walnut [Juglans regia L.]
fruit and tree". Molecules, Vol. 24, No. 11, pp.2133. (2019).

[44] Cortés, B., Niiez, 1., Cofan, M., Gilabert, R., Pérez-Heras, A., Casals, E., & Ros, E. "Acute effects of
high-fat meals enriched with walnuts or olive oil on the postprandial endothelial function". Journal of the
American College of Cardiology, Vol. 48, No. &, pp.1666-1671. (2006).

[45] Pandareesh, M. D., Chauhan, V., & Chauhan, A. "Walnut supplementation in the diet reduces oxidative
damage and improves antioxidant status in transgenic mouse model of alzheimer’s disease". Journal of
Alzheimer's Disease, Vol. 64, No. 4, pp.1295-1305. (2018).

52



JZS-A Volume 22, Issue 2, December 2020

[46] Fabila-Garca, P., Dublan-Garcia, O., Gémez-Olivan, L. M., Baeza-Jiménez, R., & Lopez-Martinez, L. X.
"In vitro antioxidant and bioactive properties of corn [Zea mays L.] ". Archivos Latinoamericanos de
Nutricién, Vol. 67, No. 4. (2017).

[47] Pannala, A., Razaq, R., Halliwell, B., Singh, S., & Rice-Evans, C. A. "Inhibition of peroxynitrite
dependent tyrosine nitration by hydroxycinnamates: nitration or electron donation?" Free Radical
Biology and Medicine, Vol. 24, No. 4, pp.594-606. (1998).

[48] Liu, J., Wang, C., Wang, Z., Zhang, C., & Lu, S. "The antioxidant and free-radical scavenging activities
of extract and fractions from corn silk [Zea mays L.] and related flavone glycosides". Food Chemistry,
Vol. 126, pp.261-269. (2011).

[49] Wang, F., Li, Y., Zhang, Y. J., Zhou, Y., Li, S., & Li, H. B. "Natural products for the prevention and
treatment of hangover and alcohol use disorder". Molecules, Vol. 21, No. 1, pp.64. (2016).

[50] Saleh, A. A., Abudabos, A. M., Ali, M. H., & Ebeid, T. A. "The effects of replacing corn with low-tannin
sorghum in broiler’s diet on growth performance, nutrient digestibilities, lipid peroxidation and gene
expressions related to growth and antioxidative properties". Journal of Applied Animal Research. Vol. 47,
No.1, pp. 532-539. (2019).

[51] Ramos-Escudero, F., Muiioz, A. M., Alvarado-Ortiz, C., Alvarado, A., & Yénez, J. A. "Purple corn [Zea
mays L.] phenolic compounds profile and its assessment as an agent against oxidative stress in isolated
mouse organs". Journal of medicinal food, Vol. 15, No. 2, pp.206-215. (2012).

[52] Al-Attar, A. M. "Therapeutic influences of almond oil on male rats exposed to a sublethal concentration
of lead". Saudi Journal of Biological Sciences, Vol. 27, No. 2, pp.581-587. (2020).

[53] Jenkins, D. J., Kendall, C. W., Marchie, A., Parker, T. L., Connelly, P. W., Qian, W., & Spiller, G. A.
"Dose response of almonds on coronary heart disease risk factors: blood lipids, oxidized low-density
lipoproteins, lipoprotein [a], homocysteine, and pulmonary nitric oxide: a randomized, controlled,
crossover trial". Circulation, Vol. 106, No. 11, pp.1327-1332. (2002).

[54] Moayedi, A., Rezaei, K., Moini, S., & Keshavarz, B. "Chemical compositions of oils from several wild
almond species". Journal of the American Oil Chemists' Society, Vol. 88, No. 4, pp.503-508. (2011).

[55] Jia, X. Y., Zhang, Q. A., Zhang, Z. Q., Wang, Y., Yuan, J. F, Wang, H. Y., & Zhao, D.
"Hepatoprotective effects of almond oil against carbon tetrachloride induced liver injury in rats". Food
Chemistry, Vol. 125, No. 2, pp. 673-678. (2011).

[56] Serbecic, N., & Beutelspacher, S. C. "Anti-oxidative vitamins prevent lipid-peroxidation and apoptosis in
corneal endothelial cells". Cell and tissue research, Vol. 320, No. 3, pp.465-475. (2005).

[57] Etim, O. E., Ndem, J. L. and Bassey, U. E. “Effect of ethanol leaves extract of Justicia schimperi on liver
enzymes, serum proteins and bilirubin”, International Journal of Research in Medical Sciences, Vol. 4,
No. 7, pp.2593. (2017).

[58] Murad, H. A., Gazzaz, Z. J., Ali, S. S., & Ibraheem, M. S. "Candesartan, rather than losartan, improves
motor dysfunction in thioacetamide-induced chronic liver failure in rats". Brazilian Journal of Medical
and Biological Research, Vol. 50, No. 11. (2017).

[59] Ichikawa, S., & Takayama, Y. "Long-term effects of olmesartan, an Ang Il receptor antagonist, on blood
pressure and the renin-angiotensin-aldosterone system in hypertensive patients". Hypertension
Research, Vol. 24, No. 6, pp.641-646. (2001).

[60] Takeda, Y., Zhu, A., Yoneda, T., Usukura, M., Takata, H., & Yamagishi, M. " Effects of aldosterone and
angiotensin Il receptor blockade on cardiac angiotensinogen and angiotensin-converting enzyme 2
expression in Dahl salt-sensitive hypertensive rats". American journal of hypertension, Vol. 20, No. 10,
pp-1119-1124. (2007).

[61] Donoghue, M., Hsieh, F., Baronas, E., Godbout, K., Gosselin, M., Stagliano, N.,& Breitbart, R. E. "A
novel angiotensin-converting enzyme—related carboxypeptidase [ACE2] converts angiotensin I to
angiotensin 1-9". Circulation Research, Vol. 87, No. 5, pp. el-€9. (2000).

53



JZS-A Volume 22, Issue 2, December 2020

[62] Chan, E. C., Jiang, F., Peshavariya, H. M., & Dusting, G. J. "Regulation of cell proliferation by NADPH
oxidase-mediated signaling: potential roles in tissue repair, regenerative medicine and tissue
engineering". Pharmacology & Therapeutics, Vol. 122, No. 2, pp.97-108. (2009).

54



