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Effect of palm oil on blood pressure, endothelial function
and oxidative stress

Mohamed A Bayortssc, Phb-? Imad K AbukhalaBsc, phot**and
Agaba A GanafaB,chB, PhD?

! Department of Pharmacology & Toxicology
Space Medicine and Life Sciences Research Centre
*Clinical Research Centre, Morehouse School of Medicine, 720 Westview Drive, SW, Atlanta, USA

The pathogenesis of hypertension has been assbeiéte endothelial dysfunction and oxidative stréste
have previously shown that palm oil (PO), with arsaturated-to-saturated fatty acid ratio closerte and
rich in antioxidants vitamins, reduces oxidativeess-induced hypertension in normal rats. Here, we
investigated the cardiovascular effects of natuitaimin-rich PO using the Dahl Salt-sensitive hypesion
model. Male rats were fed either a high salt (8% NacCl, BiSpw salt (0.3% NacCl, LS) diet with or without
PO (Carotino, 5 g/kg daily) for four weeks. Meanedal pressure (MAP), heart rate, blood flow and
vascular resistance, vascular reactivityvitro as well as remodelling of second-order mesentateries
were measured. Plasma levels of nitric oxide (N#DJstacyclin, thromboxane,ATXA,) and isoprostane
(ISO), were determined by enzyme immunoassay. nRlasieart and kidney GSH and GSSG levels were
analyzed by HPLC and aortic superoxid@y-) production by fluorescence spectrometry. High mduced

an elevation in MAP that was associated with desmdaNO, prostacyclin and GSH: GSSG ratio. Plasma
ISO and TXA, aortic and renal vascular resistance as well aica@,- were increased. Palm oil reduced
MAP, plasma TXA and vascular resistance of the renal and aortiries, and increased the GSH: GSSG
ratio and NO in the LS group. The HS-induced diewain ISO andO,- production and the reductions in
kidney GSH: GSSG ratio, were attenuated by PO.éeffeet of PO was also associated with a reduceseles
wall-thickness: lumen diameter ratio and a greegéaxant effect of mesenteric arteries to acetylinkoin

the LS group. The mortality associated with HS weduced by PO. Thus, palm oil attenuates the
progression of salt-induced hypertension and nityfalia mechanisms involving modulation of enddigdde
function and reduction in oxidative stress.
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Introduction for the beneficial effects of palm oil describedseveral
Palm oil, obtained from the fruit of the tropicahpt Elaeis nutritional studies. Unsaturated fatty acids reduce the for
guineensis, is the second major edible oil used worldwidemation of endothelial contracting substafiaend increase
contributing approximately 23% of the consumptiatet the production of vasodilator prostaglandins, PGid
Previous studies have demonstrated beneficialtsftddO PG, **

on arterial thrombosis and blood pressufe. In a recent  In Dahl Salt-sensitive rats fed a high sadttdihe deve-
study, using Sprague-Dawley rats, treatment witturai lopment of hypertension involves impairment of endo
vitamin-rich PO for five weeks was associated véthe- thelium-dependent vasodilatitn and suppressed nitric
duction in oxidative stress and increases in plapmata- oxide (NO) synthesi§ Endogenous NO plays an impor-
cyclin and NO and reductions in TXAuggesting a pro- tant role in renal hemodynamics and sodium homsissta
tective effect on the endothelium.Natural vitamin rich inducing renal vasodilation and natriure$ighe inhibition
PO, produced using a Palm Oil Research Institute @f NO synthesis, in these rats, has been associaitbd
Malaysia (PORIM)-patented refining short-path dlestion, increased total peripheral resistance and decreblesd
retains most of the qualities of fresh PO, whichuldo flow to many vascular beds. Also, the progression of
otherwise be reduced in the refined, bleached odaiézed hypertension in the Dahl SS rat has been associeitbd
brands> Palm oil is unique from other forms of vegetablgnpairment of vascular prostacyclin (Rproduction and
and animal oils in that it has a high amount obfgwrols enhanced thromboxane, ATXA,) release resulting in
and tocotrienols as well as beta-carotene, whidhaac

potent antioxidants that make it relatively stabdeoxi- Correspondence address. Dr Mohamed A Bayorh, Department
dation’ and doesnot contain the lipid-raising fatty acidof Pharmacology/Toxicology Morehouse School of Meu, 720
(myristic acid) as its saturated fatty acid compufielt has Westview Drive, SW, Atlanta, Georgia 30310-1495A)

been suggested that the high monounsaturation, olgil Tel: 404-752-1714; Fax: 404-752-1164
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acid, at sn2-position of the oil’s triacylglycer@gccounts Accepted 38 June 2005
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further impairment of endothelium-dependent vaso-and 10 mg/kg xylazine, i.m.) and its carotid angdujar
dilation® In the Dahl SS hypertensive rat, there is alsorein were cannulated using PE-50 tubing contaitiiag
evidence of increased oxidative stress charactebigean  parin (20 iu/ml) in 0.9% NaCl. The cannulae werteex
elevated number of circulating leukocytes that poed nalized in the posterior cervical region and ocetligvith
superoxide compared with its normotensive contiftd, a metal plug. Patency of cannulae was maintained b
Dahl salt-resistant raf. When Dahl SS rats were fed a flushing with heparinized saline every twelve hours
high sodium chloride diet they displayed decrecesetit
oxidant capacity of the hypertrophied h&amnd had Indirect blood pressure measurement in consciousrats
increased mortality compared to those on a lowdiett®  Tail cuff plethysmography (Rat Tail Blood Pressure-Mo
Human studies have also shown that levels of saa® f nitor and Universal Oscillograph, Harvard Appardnus,
radical scavengers such as vitamin E and superaksde Holliston, MA) was used to measure indirect MAPeatt
mutase are depressed in hypertensive pafiendsrange rate was calculated from the arterial pulse wavéhat
of antioxidant defenses however, has evolved toxifgt same time.
reactive oxygen species (ROS), a major one of which
the glutathione redox cycfé. Glutathione is the most Collection and storage of blood samples
abundant non-protein intracellular thiol, with niplé  Twenty-four hours after surgery, blood samples (.0m
roles as an antioxidant agéht.Reduced glutathione for measurement of NO and prostanoids, were celect
(GSH) acts to scavenge ROS as well as to regeneraby free flow via the polyethylene cannula in thghti
other antioxidants from their oxidized forfis. In this  carotid artery into chilled heparinized and inddnaein
process, glutathione is converted to its oxidizednf (100 mM) rinsed (for prostaglandin samples) tubed a
(GSSG) which must be reduced by the combination ofeplaced with an equal volume of saline. For ghitme
glutathione reductase and NADPH. Thus, an index ofnd total isoprostane, blood samples (5ml) weréd-wit
cellular oxidative events is the ratio of the levef the drawn via cardiac puncture from all animals undee-a
reduced and oxidized forms of glutathione. Reactivesthesia (ketamine/xylazine mixture) prior to sacef For
oxygen species, such as superoxide radicals, fasn-v determination of reduced (GSH) and oxidized (GSSG)
constrictor isoprostanes from non-enzymatic pembash  glutathione, 0.5ml of ice-cold 0.2M boric acid/1Q8ér-
of arachidonic acit and inactivate nitric oxid&. Thus, chloric acid/10uM y-glutamylglutamate solution (BA/
oxygen free radicals may contribute to arteriolasar PCAANGG) was mixed with 0.5 ml of whole blood and
constriction and vascular resistance, by inactigptiitric  processed for plasma. All blood samples were daged
oxide; decreasing formation and release of prostagy at 3,000x g for 25 min at°@. For isoprostane, butylated
or increasing formation of vasoconstrictor prostdad* hydroxytoluene was added to 1.0ml of plasma to give
In this study, the possible mechanisms undeglyhe final concentration of 0.005% (v/v). All plasmangales
protective effect of palm oil on the vascular efdditm  were frozen in aliquots and stored at -80°C uissbged.
were investigated using the Dahl SS hypertensidn ra

model. Blood flow and vascular resistance studies

The rats were anesthetized using ketamine/xylazilke m
Materialsand Methods ture, a midline laparotomy was performed and tiveeto
Experimental design abdominal aorta (above bifurcation), and renal risse

Male Dahl Salt-sensitive rats (Harlan Sprague-Dgwle were carefully isolated. A reasonable length @7aim)
Indianapolis, IN), four to five weeks old, were gp@d  of each artery was freely isolated from surrounding
five per cage in our animal facility that has 1Buhlight/  tissues while avoiding injury to the vessel andaeelt
dark cycles, with the temperature controlled at233€.  nerves and veins. Subsequently, miniaturized flovbes
Rodent Lab Chow™ (Purina Mills Inc., Richmond, IN) (1R and 2SD) were placed around the blood vessels.
and water were made available ad lib for one wekor  Ultrasonic coupling gel was placed in the probesets
to being placed on the test diets and weekly tiienea contact site to prevent air bubbles. The probeswivere
the indirect mean arterial pressure (MAP), hed#t (BIR)  then connected to a small animal ultrasonic flowteme
and body weight were measured. Following acclima(T206 Dual Channel, Transonic Systems, Inc., lthaca,
tization, six animals were sacrificed and usedrwvide  NY) which was coupled to an IBM compatible computer
basal data. The rest were individually housed a&d s Basal blood flow, blood pressure and heart rateewer
parated into two dietary groups (low and high gadtups  monitored until stable readings were obtained. \sc

and fed 0.3% and 8.0% NaCl, respectively) and,eas r resistance was calculated by dividing MAP by blood
quired, were further split into control and palm @9/  flow.

kg/d by gavage) treated groups for two and fourkvee

duration. The PO used in these experiments, Caftin  Tissue harvesting for in vitro studies

was a kind gift from PORIM. The composition ofdtuil  |mmediately following cardiac puncture the heardan

as specified by the manufacturer is: saturated5@%; both kidneys were harvested from all the animald an

monounsaturated fat, 39%; polyunsaturated fat, 1d#; some were frozen in liquid nitrogen and stored8&tG.

rotene (provitamin A), 500 ppm; and vitamin E, 8@0rp  Tissue weights were measured and expressed as afrati
tissue weight to body weight. Selected tissuear(tend

Animal surgery kidney) and blood vessels (aorta, carotid, renamer

After the final MAP and HR measurements were takensenteric arteries) were put into cold oxygenaté]’%(@z;

each animal was anesthetized (using 70 mg/kg ketami 506 CQ, mixture) HEPES-buffered Ringer solution
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(composition in mM: 115 NaCl; 5 KCI; 1.8 Ca£0.8 Chemicals

MgSQ,; 0.9 NaBPO, 26 NaHCQ; 10 glucose; 10 Chemicals were purchased from Sigma Chemical Col.

HEPES, pH 7.4). (St. Louis, MO). The 0.3% and 8% NaCl diets were
obtained from Harlan Teklad (Madison, WI). Enzyme

Measurements of plasma NO, prostanoids, psoprostane ~ immunoassay kits were obtained from Cayman Chemical

and glutathione Co. (Ann Arbor, MI).

Enzyme immunoassay kits (Cayman Chem. Corp., Ann

Arbor, MI) were used to measure plasma levels afth ~ Data analysis

boxane A (as TXB), prostacyclin (as 6-keto-PGiF, Values were reported as mean * standard error (SEM),

and total 8-isoprostanes (free and esterifiedpratiog to ~ Where n refers to the number of rats used. Statistical

the manufacturer's instructions. Plasma nitricdex{as ~ Significance P<0.05) was evaluated using either Stu-

nitrates + nitrites) was measured by microplateayss dent's “t’-test, or for multiple groups, analysisvariance

using the Greiss reagent (Cayman Chemical Corp.YANOVA) followed by the Tukey-Kramer multiple com-

Total, oxidized and reduced glutathione were simultaParison test. For microvessel reactivity, each dose

neously measured by HPLC fluorescence detection d§sponse curve was expressed as the percent dfthe

described previous8, with modifications according to induced constriction by each vessel by the formula:

protocols of Abhukhalaf and colleagufds. Vascular Response (%) = [(diameter before NE-ctirren
diameter)/ (diameter before NE-diameter after N&J)O.
M easurement of tiwe|eve{sof g|utathione Dose-response curves were Compared using a tWO'Way

Prior to homogenization, tissues (heart and kidwegte ~ANOVA for repeated measurements followed by the
mixed 1:1 (w:v) with ice-cold 10% PCA/BYGG solu- Student.-Newman—KeuIs method for pairwise multiple
tion. The mixture was then centrifuged at 3,000otg25  COMparisons.

min at 4C. The supernatant was collected and frozen at

-80°C until assayed. An aliquot was taken for protien ~ Results .

termination by the BioRad methdd.Total, reduced, and Changesin mean arterial blood pressure and heart rate
oxidized glutathione were measured as describegteabo Salt-sensitive (SS) rats, on the HS diet, showesfoa

for plasma. gressively greater MAP elevation at compared tg¢hmn
LS and LS + POP <0.05. Rats treated with PO in both
Measurement of superoxide production the HS and LS groups had lower pressures compared to

Superoxide production was measured by the dihydro0se given salt diets alorie,<0.05. At 4 weeks, the BP
ethidium/DNA fluorescence assay as previously descrchange was 56 2 mmHg in the HS, 39 + 1 mmHgén th
bed?® Briefly, aortas were thawed, cleaned of connecHS + PO, 22+ 1 mmHg in the LS group, and 6 +2 mm
tive tissue and homogenized (glass/glass) in icel co Hg in the LS + PO, (Fig. 1A). There were no sigrafit
HEPES buffer (containing 25 mM HEPES, 1 mM EDTA changes in heart rate regardless of the levelatfdi salt
and 0.1 mM phenylmethylsuflonyl fluoride) (1:10,w)/  ©OF PO intake (Fig. 1B).

After centrifugation at 6,000x g for 5 min atG4 the su-

permatant was collected, frozen and stored #iG8Bro-  Plasma, kidney and heart GSH: GSSH ratio
tein was determined in an aliquot of each homogehgt The plasma GSH:GSSG ratio progressively decreased
the Bio-Rad metho® from a basal value of 8.2 + 1 t0 4.9 + 0.2 and3®4 in

Superoxide production was measured in thevatig e HS, and 3.7 £+ 0.3 and 4.2 + 0.2 in the HS + &2
reaction mixture (0.2 ml total): 10puM dihydroethidi, and 4we_eks respectively,<0.05. It did not significantly
0.5mg/ml salmon testes DNA, 10 pg of homogenate prochange in the LS group, (7.1 + 0.3 and 6.0 + 0.5}, b
tein and the appropriate substrate for either NABH increased inthe LS + PO,t08.9 +1 and 12.8 % 2,and
NADPH oxidase (0.1mM NADH or NADPH). This 4 weeks, respectively (Fig. 2A). The kidney GSHSGS
mixture was incubated on a 96 well microplate fom3in  ratio decreased from a basal value of 7.2 + 0.3.80+
at 37C. Ethidium/DNA fluorescence was measured at a®.4 and 5.5 + 0.6 at 2 and 4 weeks respectiveltherHs;
excitation of 475nm and an emission of 610nm oiy@-C  but was not much different from the basal in theHBO
fluor Il fluorescence plate reader (Biosearch Potslu (6.3 + 0.6 and 7.8 + 0.4) and the LS group (6.13tdhd
Bedford, MA). The data was expressed as fluorescenc7.0 + 0.6). It was higher in the LS + PO (10.6.8)at 4

units/min/mg protein. weeks, P<0.05 (Fig. 2B). The heart GSH: GSSG de-
_ o creased from a basal value of 5.4 + 0.6, to 3.93ahd
Microvessel reactivity 3.6 £ 0.3 at 2 and 4 weeks, respectively, in the &8l

In these studies, the vasodilator responses tglaketine 39 + 0.4 at 4 weeks in the HS + PO. It didn’trsig

(Ach) were assessed after preconstriction with 1010 ficantly change in the LS group (4.6 0.3 and 48.1),

epinephrine (NE), using the Living Systems Instrumeny ; increased in the LS + PO at 4 weeks to 8.1 +13
tation (Burlington, Vermont, USA) as previously de—P<0 05 (Fig. 2C)

scribed® The measurements were performed at intra-
vascular pressures determined from blood pressae r
dings from each group OT anlmqls. Vascular res,’rmnseSuperoxide production, via NADH and NADPH oxidases
were assessed by measuring the internal and ektbana at 2 and 4 weeks was higher in the aortas fromoratdS

gweters of each vessel. In addition to wgll to Itr]]nmz!sf, diet compared to the basal and LS valtes).05. The
ose-response curves were expressed as the pelcentyact of HS was attenuated and normalizedthe
NE-induced constriction.

Aortic superoxide production
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Figure 1. Effect of Palm Oil and Dietary Salt on the chaimgéA) mean arterial pressure and (B) heart ratenfthe basal values, in
Dahl Salt-sensitive rats. Data are representedesnm SEM forN = 12 animals per group at 2 weeks, &he 6 at 4 weeks.
Sianificant differenceP <0.05) is denoted as asterisk (*) for effect of P& (+) for effect of HS anw) for effect of HS+PC

presenceof PO. In the LS + PO group, superoxide pro-The level in the HS + PO (391 + 14) was not much
duction via these enzymes, at both 2 and 4 weelss wdlifferent from the HS group. In the LS + PO groupARX
lower compared to the HS groupg?<0.05 (Fig. 3A and was decreased (131 + 5), compared to basal and LS,
3B). P<0.05, (Fig. 4B).

Plasma levels of | soprostane and Thromboxane A, Plasma levels of nitric oxide, prostacyclin

Plasma levels of total isoprostane (pg/ml) werevaled  Plasma prostacyclin (pg/ml) progressively decreased
at 2 and 4 weeks in the HS gro{@36 + 41 and 26%  the HS group, and was lower at 4 weeks (115 + #)-co
161) compared to the basal (65 + 10 pg/ml), LS (88 * 14pared to the basal (303 + 9) and LS at both 2 andeks
and 129 * 5), and LS + PO (71 = 8 and 99 + 12), re{261 + 42 and 29 + 35p<0.01. In the HS + PO group
spectively;P<0.05. The effect of HS was attenuated in the(330 * 9), the level was normalized to the basaliea
PO + HS group at both 2 and 4 weeks, (140 + 8 &7d+1 P <0.05. It did not change significantly in the LS drfsl
16, respectively)P<0.05; but not completely normalized, + PO groups, (Fig. 5A). Plasma NO (uM) was de@éas
(Fig. 4A). Plasma TXA(pg/ml) progressively increased at 2 and 4 weeks in the HS group (32 + 5 and 29,+ 2
in the HS group and was higher at 4 weeks (426 = 49compared to basal (38 = 6) and LS (52 + 4). Thelleve
compared to basal (185 + 25) and LS (238 + P¥0.05. the HS + PO was not different from the HS. Ateeks,
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Figure 2. Effect of Palm Oil and Dietary Salt on (A) plesn{B) heart and (C) kidney GSH:GSSG ratio in D&alt-sensitive rats.
Data are represented as mean + SEM for six anipegilgroup. Significant differenc®<€0.05) is denoted as asterisk (*) for effect of

LS+PO, (+) for effect of HS and () for effect oBHPO.

plasma NO was significantly elevated in th8 +
PO group (78 + 5), compared to basal and P$0.01
(Fig. 5B).

Effect of palm oil and dietary salt on aortic and renal

blood flow and vascular resistance in dahl salt-sensitive
rats

As shown in Figure 6, rats fed a HS diet had sigauiftly

lower rates of blood flow in both the aortic (1%6.3)
and renal (2.8 £ 0.1 ml/min) arteries comparech® ItS
(17.8 £ 0.6 ml/min) and (4.3 = 0.2 ml/min), respeely.

Administration of PO resulted in higher rates obda
flow in the LS group (23.2 + 0.8 vs 17.8 + 0.6 foet
aortic artery and 5.6 £ 0.4 vs 4.3 = 0.3 for theate
artery), but not the HS (15.2 £ 0.8 vs 11.6 + @Bthe
aortic artery and 3.5 £ 0.2 vs 2.8 = 0.1 for theate
artery). Vascular resistance in the HS group wigheh
compared to the LS in both the aortic (16 + 0.6 miHg
ml/min vs 8.1 + 0.5) and renal (65.6 + 3.1 vs 34.8.2)
blood vessels, respectivel§<0.05. In both groups, con-
current consumption of PO resulted in reduced Jascu
resistance; in the aorta (11.7 +1.1 vs 16 + 6tGHe HS
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Figure 3. Effect of Palm Oil and Dietary Salt on aortic supxide production via (A) NADH and (B) NADPH in Dabalt-sensitive
rats. Data are represented as mes&BEM for six animals per group. Significant diffece P<0.05) is denoted as asterisk (*) for

effect of LS+PO. (+) for effect of HS anuw) for effect of HS+PC

and 5.3 + 0.2 vs 8.1 + 0.5 for the L¥%0.05, and in the
renal artery, (51.9 £ 5.8 vs 65.6 + 3.1 and 222D2tvs
34.6 £ 3.2 mmHg/ml/min) (Fig. 7).

Effect of palm oil and dietary salt on in-vitro micro-
vascular reactivity of the mesenteric arteries in dahl
salt-sensitive rats

The vasodilator response to Acetylcholine (Ach) sigs
nificantly lower in the HS group compared to the L&
the maximum dose of Ach, (fOM), vessels in the HS
group maintained response of about 61% of NEgadu
constriction compared to 15% in the LS grdes0.01.

Concurrent administration of PO did not signifidgnt
alter the response induced by HS, but in the LSmrthe
vascular response to Ach was further increasedléved
of 2% of NE-induced constrictio®, <0.05 (Fig 8).

Effect of palm oil and dietary salt on wall thickness and
lumen diameter of the mesenteric arteries in dahl salt-
sensitive rats

The wall thickness to lumen diameter ratio of thénlIl2S
rats given HS and HS + PO was higher comparedeo th
LS and LS+POP<0.05. Concurrent consumption of PO
resulted in a lower ratio in the HS grodx0.05, (Fig. 9).
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Figure 4. Effect of Palm Oil and Dietary Salt on plasma (g9prostane and (B) thromboxane levels in Dahl-Saisitive rats.
Data are represented as mean + SEM for six anipglgroup. Significant differencé®(<0.05) is denoted as asterisk (*) for
effect of LS+PO, (+) for effect of HS andl) for effect of HS+PO.

Mortality

All the rats in the low salt groups, with or withtgoalm
oil, survived the diets. However only 58% of tlasron
the high salt survived during the observation pkridn
contrast, all of the rats on high salt supplementeith
palm oil survived (Table 1).

Discussion
Data from this study show that dietary suppleméonat

with natural vitamin-rich palm oil (PO) attenuatesdo-
thelial dysfunction, oxidative stress and the niiyta
associated with salt-induced hypertension ghi3alt-
sensitive (SS) rats. The pressor response in SSedta
high salt was associated with increased productibn
superoxide anion in the aorta, isoprostanes isnmaand
reductions in plasma, kidney and heart GSH: GS3$G. ra
Aortic superoxide production was increased, viahbot
NADH/NADPH oxidases. The above effects of HS were
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Figure 5. Effect of Palm Oil and Dietary Salt on plasmg phostacyclin and (B) nitric oxide in Dahl Salt-s#ive rats. Data
are represented as mean + SEM for six animals npeipg Significant differencé<0.05) is denoted as asterisk (*) for effect of
LS+PO, (+) for effect of HS andj for effect of HS+PO.

Table 1. Percent survival of dahl saensitive rats fe attenuated and normalized in the presence of Pi€o, &
PO and Low or High Salt for four weeks the rats fed a normal salt diet, consumption ofr&ilted
in lower levels of superoxide production. PO isiehr

Diet Percent Survival source of tocopherol and tocotrienol fractions ib&min
E, as well as beta-carotene, essential componerttseof
Low Salt 100 diet that function as antioxidarits.
. Consistent with the superoxide data, there avaso-
Low Salt +Palm Oil 100 gressive reduction in the (FB)SH: GSSG ratio in radg;fjs
High Salt 58 in plasma, kidney and the heart. The developmghyo
pertension in Dahl SS has been associated wittg-a si
High Salt + Paim Oil 100 nificantly decreased glutathione and GSH-peroxidade

vity, which is exaggerated by NaCl loaditfgAdmini-
P <0.05, effect of HS versus LS, LS+PO and HS+PO. stration of PO normalized the GSH: GSSG ratiothe
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Figure 6. Effect of palm oil and dietary salt on (A) aortand (B) renal blood flow in dahl salt-sensitivésra Data are
represented as mean +SEM for six animals per gr8ignificant difference K<0.05) is denoted as asterisk (*) for effect of
LS+PO, (+) for effect of H!

kidney but not the heart or plasma. This patterahainge Further supporting evidence for the antioxidaoten-
is consistent with the inter-organ translocatiamnover, tial of PO was shown by its ability to reduce that-s
and metabolism of GSH; there is a relatively rapich-  induced isoprostane elevation. This effect may the- a

over of GSH in the kidney compared to the othesus, buted to its vitamin E fraction, which has been demo
where GSH is resistant to transpeptidafforin the low  strated to suppress isoprostane generatiovivo and

salt group fed PO, the GSH: GSSG ratio was inctbasereduce atherosclerosis in ApoE-deficient niitePlasma
over time, which implies that in the presence of BSH levels of isoprostane are considered to be a sensihd

is preserved and a high antioxidant potential isnma reliable measure of in-vivo oxidative stré$sit should be
tained. Long term feeding of PO, in experimental an noted, however, that the isoprostane levels were no
mals, has been associated with increased actif/tymer-  normalized, implying that the high salt-induceddative

oxide dismutase (SOD), GSH- peroxidase and GSH corfiress and vascular remodelling, which was evident
tent 3 early as two weeks, may not be completelynsadby
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Figure 7. Effect of Palm Oil and Dietary Salt on (A) aoréind (B) renal vascular resistance in Dahl Salsisea rats. Data are
represented as mean + SEM for six animals per gr8igmificant differenceR<0.05) is denoted as asterisk (*) for effect of
LS+PO, (+) for effect of H¢

PO. Endothelial dysfunction, associated wittidative PO, however, the levels of TXAvere not significantly
stress induced by HS, was manifested by alteratiotiee  altered, further suggesting that high salt-inducedative
plasma levels of TXA prostacyclin and NO. The role of stress may partially impair endothelial protect@fiect of
TXA, in the development of salt-induced hypertensionPO. As regards prostacyclin, plasma levels in thb kalt
has previously been demonstrated. For instancei@o group decreased over time. It is possible thatattera-
al, (1995) showed that administration of the thron@ex tions in GSH and increases in superoxide anioncissal
synthetase inhibitor, OKY-046, had a protectiveeeffon  with a high salt diet have an inhibitory effect pro-
hypertensive renal damage in Dahl SS fatsikewise, stacyclin formation. Prostacyclin levels, howeveere
our findings show that administration of PO wasoass normalized to the basal values in the high saltugro
ciated with reduction in the plasma levels of TXAthe following the administration of PO. Earlier studiasrats
low salt group. Palmvitee™, a PO-fraction rich atd- showed that treatment with PO reduced TEXa&nd
trienols, has been shown to decrease thromboxame s¥facilitated the utilization of arachidonate for ptacyclin
thesis in human®. In the high salt group administered synthesis, hence decreasing the thromboxane/pyctitac
ratio?
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Figure 8. Effect of Palm Oil and Dietary Salt on the resp® of mesenteric arteries, preconstricted with
Norepinephrine, to incremental doses of Acetylai®iin Dahl Salt-sensitive rats. Data are repregememean +
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mesenteric arteries in Dahl Salt-sensitive ratdalmae represented as mean + SEM for six animalgmeip.
Significan difference P <0.05) is denoted as (+) for effect of HS a+) for effect of HS+PC



MA Bayorh, IK Abukhalaf and AA Ganafa

33

The unsaturated fatty acid fraction of PO may be reduction in thromboxane levels induced by PO countgb

sponsible for the increased production of P&l Also,
alterations in the GSH-GSSG system are capabletdf a
vating and/or inactivating many enzymes that mdgcaf
prostanoid synthesis. For instance, changes ieriagme
activities of glutathione peroxidase and glutatkiome-
ductase following antioxidant therapy with vitantinhas
been linked to an increase in the GSH: GSSG ratib a
prostacyclin level§’

Nitric oxide levels were reduced in the SS @t high
salt compared to those on low salt, consistent it
vious observations in our laboratdfyDuring oxidative
stress, superoxide anion reacts with NO at a higer
than it does with SOD to form peroxynitrite, a putey-
totoxic oxidant, hence reducing the available N¢.
This is probably one of the major mechanisms by lwhic
oxygen free radicals affect vascular resistancd, @mn-
tribute to arteriolar vasoconstriction and elevatis peri-
pheral resistance. Palm oil, on the other hantteased
plasma levels of NO in the LS group, but did noe-att
nuate the suppressive effect of high salt. It hesnbob-
served that some natural antioxidants may prestree
biological activity of endothelium-derived nitricide, by
either decreasing oxidative stress or directly skating
NO synthesié!

Consistent with the observed alterations idogmelial
factors, there was a reduction in blood flow andiran
crease in vascular resistance of both the renalaanitc
arteries in Dahl SS rats fed high salt. Furtheemtrere
was an increase in the wall-thickness to lumen dtam
ratio, as well as reduced response to acetylchdatirthe
mesenteric arteries. In the HS group, PO did ngt si
nificantly alter these parameters, whereas in thgilosp
the MAP and vascular resistance were reduced, lmodl b

to the vasodilator effect in the LS group. Consisteith
the changes in blood flow and resistance in théazamd
renal arteries, administration of HS diet in thehD8S
rats impaired endothelium-dependent vascular rétaxa
to acetylcholine in mesenteric arteries, suggesiiteyed
responsiveness of vascular smooth muscle cells@Qo N
With administration of PO, the HS effect was nd-si
nificantly modified, but in the LS group endothelium
dependent relaxation to acetylcholine was muchtgrea
It is possible that HS diet induces significantotdar re-
modelling that may not be completely reversed by. PO
Consumption of HS in the Dahl SS rat, also incrdake
wall-thickness to lumen diameter ratio of the mésen
arteries. An increase in the optical density & thedia,
probably due to thickening of the walls of the artend
narrowing of the lumen was observed in blood vesgel
the HS group. This is suggestive of hypertroptae r
modelling to allow for the adaptation to the in@ean
wall stress during hypertensiéh.Arterial remodelling is
mediated, in part, by synthesis and release oflfopeo-
duced growth and vasoactive factors, and is antagap
process occurring in response to chronic changes-in
terial pressure or flow. In hypertension, oxidatstress
promotes vascular smooth muscle cell proliferatom
hypertrophy, collagen deposition, and alteratiaonsdti-
vity of matrix metalloproteinases, which lead tickien-
ing of the vascular media and arterial remodelfthg.
Administration of PO in the HS group was associated
with a significant reduction in the wall-thicknesslumen
diameter ratio, suggesting that PO has a proteetifezt
on vascular remodelling induced by HS.

Our findings also show that dietary suppleraton
with PO reduced the mortality associated with hsgit.

flow was increased. Administration of PO in the LS Ayhough renal failuré® and cerebral vascular diseflse
group caused a much greater response to Ach in the, e heen shown to be a prominent factor in thetatityr

mesenteric arterieid vitro and reduced wall-thickness to
lumen diameter ratios.

These observations on the effect of HS aresistant
with earlier studies, which suggested that the lbgve
ment of high blood pressure in Dahl salt-sensitats is
related to an inability of the renal vasculatureditate
following high-salt diet supplementatidfiThis is thought
to be due to inhibition of NO synthesis, that le&nlsn-
creased total peripheral resistance and decredsed b
flow to many vascular bed3.The increase in blood flow
and reduction in vascular resistance in the LS graap
ministered PO may be related to increased avatialoif
NO. We previously showed that administration of iRO
normal rats was associated with elevation of NO iand
creased cGMP levefs. NO diffuses out of endothelial
cells, where it is synthesized, and stimulates giad®
cyclase in vascular smooth muscle cells, causisguar
relaxation* Palm oil did not completely modify the HS
effect, probably because of suppressed NO syntlogsis
the elevation in superoxide anion, induced by HS. |
creased superoxide anion, per se, has been assbwiii
impaired endothelium-dependent vascular relaxadiod
increased vascular contractile reactivity. These effects
may be mediated directly by increasing {Ga or in-
directly by reducing the concentrations of NO.islalso
possible that the increase in prostacyclin leveld ee-

induced by high salt, it could be speculated thatpiro-
tective effect of PO may be related to the decraase
oxidative stress and preservation of endotheliattion.
Taken together, these findings suggest that palnated
nuates the progression of salt-induced hypertenaiuh
mortality, via mechanisms involving reduction ini-ox
dative stress and modulation of endothelial fumctidhe
effect of PO involves improvement in endothelium-
dependent relaxation and a reduction in vasculsiste
tance and remodelling induced by HS.
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