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Dietary red palm oil supplementation protects against
the consequences of global ischemiain theisolated
perfused rat heart
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Activation of the NO-cGMP pathway is associatedhwihyocardial protection against ischemia. During
ischemia, function of this pathway is disturbedtleiis known about the effects of supplements agtiRed
Palm Oil (RPO) on the myocardial NO- cGMP- signglipathway. RPO consists of saturated (SFAs), mono-
unsaturated (MUFAS) and polyunsaturated (PUFA4Y fatids and is an antioxidant rich in natural Betene
and vitamin E (tocopherols and tocotrienols). Tstisdy determined whether dietary RPO-supplemention
protects against the consequences of ischemiademtified a possible mechanism for this protectioong-
Evans rats were fed a control diet or control glas 7g RPO per kg diet for six weeks. Hearts vex@sed
and mounted on a working heart perfusion appara@ardiac function was measured before and aftetdhea
were subjected to 25 minutes of global ischemigeft entricular systolic (LVSP) and diastolic pness
(LVDP), coronary flow (CF), heart rate (HR) and aorbiutput (AO) were measured. To assess NO-cGMP
pathway activity, hearts subjected to the same itiond, were freeze-clamped and analysed for tiss\MdP

and cGMP levels using a RIA method. Furthermorepmmsition of myocardial phospholipid fatty acids by
gaschromatography and blood samples were colldoteserum lipid determinations. The percentagdi@or
output recovery of hearts supplemented with RPO%228 + 3.43 % vs 55.4 2.48 % for controls R < 0.05).

Ten minutes into ischemia the cGMP levels of the RRfplementation group were significantly highearth
the control group (26.5 + 2.78 pmol/g vs 10.1 +8lpmol/g. Total myocardial PUFA content in hearts
supplemented with RPO increased from 54.45 + 1.1&%6rb ischemia to 59.03 + 0.30 % after ischemia
(P<0.05). Results demonstrated that RPO-supplementatiotected hearts against the consequences of
ischemia/reperfusion injury. These findings suggest dietary RPO protects via the NO-cGMP pathway
and/or changes in PUFA composition during ischemp@rfusion.
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Introduction

Red Palm oil (RPO) and its liquid fraction, palneial are
consumed worldwide as cooking oils and as constituef
margarines. These oils are also incorporated mitdlends
used in the manufacture of a variety of food praésland in
home food preparation. It plays a useful role inetimg
energy and essential fatty acid needs in many negié the

scavengers of damaging oxygen free radicals. Twdiest
published in the New England Journal of Medicinewsho
that both men and women who supplement their ditt w
at least 100U of vitamin E per day for at least two years
have a 37-41% drop in the risk of heart disé&&e.Vita-
min E is believed to be the major lipid-peroxidaticimain-

world.! RPO contains a mixture of SFAs (48%), MUFA$reaking antioxidant found in blood plasma and mem-
(42%) and PUFAs (10%)j. Several clinical trails have branes. The insight into the mechanism of heautynias

evaluated palm oil's effects on blood lipids angol
proteins. These studies suggest that palm oil @adch
olein diets do not raise serum total cholesterol)(a6d
LDL cholesterol levels to the extent expected frosrféttty
acid compositiod.

Although many animal feeding studies have shtvat
fish-oil diets rich in n-3 PUFAs prevent ischemmaghiced

suggested that administration of antioxidants megsén
oxidative damage of the heart. It has been shbanhpalm
oil vitamin E mixture containing both alpha-tocoptieand
alpha-tocotrienol was more efficient in the proimctof the
isolated Langendorff heart against ischemia/repinfus
injury than tocopherol alone as measured by itshaec
nical recovery?

cardiac arrhythmiad! only a few reports have been pub-
lished on the protective effects of RPO-supplent@ria Correspondence address: AJ Esterhuyse, Faculty of Applied

against ischemia/reperfusion injuty’

Palm oil and palm oil products are also ndlyieccur-
ring sources of the antioxidant vitamin E constitsetoco-
pherols and tocotrienols. These natural antioxglact as
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Palm oil vitamin E completely suppressed LDH enrecirculating manner and were enclosed in a water-
zyme leakage from ischemic hearts prevented the dgacketed chamber. The temperature of the perfusate a

crease in ATP and creatine phosphate levels anbitedi

well as that of the air surrounding the heart wessrho-

the formation of endogenous lipid peroxidation pro-statically controlled and checked at regular iraésvto

ducts®® Nitric Oxide (NO) is an important regulator of

ensure that the temperature was maintained &€ 37

both cardiac and vascular function and tissue repeirrespective of coronary flow. A cannula, connécte
fusion!* Myocardial NO formation is increased during the pressure transducer, was inserted into thevksit

ischemia and reperfusion, offering protection ag@ain
ischemia/reperfusion injury:*’ However, when NO
plummets during reperfusion, due to rapid quencling
superoxide, the vascular protective regulatory ertgs
become dysfunctional. This may lead to exacerhatifo
tissue injury. The role of reactive oxygen species,
cluding superoxide radical ¢, hydrogen peroxide

(H,O,) and hydroxyl radical (OH) have long been im-

plicated in the pathogenesis of ischemia/reperfusin
jury. These radicals are predominant both during
chemia and at the time of reperfusion and can nedht
nucleic acids, proteins and lipids, resulting inmdge to
the cell membrane or intracellular organeffesPeroxy-
nitrite (ONOO) is generated by a diffusion-limited re-
action between ©and Nitric Oxidet*18 2°
Protective effects of NO are mediated throtighpro-

duction of cGMP. NO donors given during ischem

possibly protect the myocardium by increasing 8SS suppiementation

cGMP and decreasing cytosolic®averload. Increases

in cCAMP levels associated with ischemia would i s weeks 0

tricle. Left ventricular systolic and diastolic psese,
coronary flow (CF), heart rate and aortic outputOjA
were measured at 5, 10 and 20 minutes before isahem
After 20 minutes, hearts were subjected to 25 rasaff
global ischemia. At the end of ischemia, heartsewe-
perfused in the Langendorff mode for 10 minutes with
2% Lignocaine solution for the initial three-minute
period, followed by the working mode for 15 minutes
Cardiac function was measured at 15, 17, 20 and 25

isminutes during reperfusion. To assess fatty acrdpm

sition and NO-cGMP pathway activity, hearts were
freeze-clamped with Wollenberger clamps pre-coadted
liquid nitrogen and freeze-dried to analyze fostis cy-
clic nucleotide level changes.

Study design

Global
Ischaemia

Pre-perfusion Reperfusion

phase

25 50 75 Time (min)

Cd" levels and exacerbate ischemic and reperfuss
injury.?" In this regard it is possible that cGMP may att
nuate this type of injury by inhibiting the cAMPdiaced

slow inward calcium current thus leading to a daseecin

cytosolic calcium level& Because little is known abou
the protective effect of RPO and the mechanisms

volved, our aim was to determine whether dietaryORF
supplementation protect against the consequenceis-of
chemia and reperfusion.

Material and methods

Experimental model

Male Long-Evans rats were divided into two grous:,
control group receiving normal rat chow (see contjors
below) and an experimental group receiving norrhavc
plus 7g RPO /kg diet (main fatty acid compositi@i:6:0
+ 44%; C18:1 + 39%; C18:2 +10,5%) for six weeks.
The rats were anaesthetized with diethyl ether ahd-i
venously injected with 400 units of heparin, beftine
hearts were rapidly excised and placed in ice-&okbs-
Henseleit buffer. Hearts were transferred to thedard
working heart perfusion apparatus where they were p
fused with a Krebs-Henseleit buffer equilibratedthwi
95% G and 5% CQ at 37C (121.5 mmol/l NaCl; 3.8
mmol/l KCI; 1.2 mmol/l MgCl x 6 HO; 2.5 mmol/l
CaCb. 15.5 mmol/l NaHC@ 1.2 mmol/l KHPO,. 11.0
mmol/l glucose) at a perfusion pressure of 100 gmH
The aorta was cannulated and a retrograde perfustbn
Krebs-Henseleit buffer was initiated. During timstial

Y ——
3 3

* Time points
cAMP
cGMP

Phospholipids

~ Measured Measured

CF

TAG AO

HDL

TC=Total cholesterol; AO=Aortic Output; HDL=High dsity
lipoprotein; Phopholipids=Myocardial total phosppa fatty acids
CF=Coronary Flow; AO=Aortic Output

Diet

Composition of the control diet was as follow:

Substance g/kg Diet
Protein 180 g/kg (min)
Moisture 120 g/kg (min)
Fat 25 g/kg (min)
Fibre 60 g/kg (max)
Calcium 18 g/kg (max)
Phosphorus 7 g/kg (min)

Left ventricular developed pressure (LVDevP) (mmHgQ)
LVDevP (the difference between systolic and diastoli
pressure) was used to measure mechanical fundtitre o
heart. It was calculated by comparing the LVDevfoize
and after ischemia.

Aortic output recovery (AO) (%)

Coronary flow and aortic flow rates were measurgd b
collecting one-minute samples of the respectivaefit.
Aortic Output Recovery was calculated by dividirge t

perfusion in the Langendorff mode, excess tissue wa8O after ischemia with AO before ischemia and ex-

removed from the hearts and the opening to thealeft
um was cannulated.
Following a five-minute stabilisation period ithe

pressing these values as a percentage recovery.

Biochemical analysis

Langendorff mode, hearts were switched to the warkin The CAMP and cGMP levels were determined using ra-

mode (see study design). Hearts were perfusachion-

dioimmunoassay kits obtained from Amersham Corp.
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(Amersham, UK). For cGMP assays, freeze-clampedecovery of hearts from the RPO-supplemented gvoas
hearts were freeze-dried and 20-25 mg of dry tisgag 89.0 + 8.1% as compared to the 81.0 £ 6.0 % LVD€&vP o
extracted in 5% trichloroacetic acid. The extracdach- hearts obtained from rats fed the normal diet (E)g.
ple was ether-washed three times for five-minuteshwa
cycles. These samples were diluted 1:10 (V/V) andhortic output recovery (%)
acety-lated for thé®l-labeled cGMP assay. ThedJor  After 25 minutes of global ischemia and 25 minubés
the cCMP assay was 25 pmol/tfBe.For the cAMP  reperfusion, percentage AO recovery of hearts fthen
assays, 20-25 mg freeze-dried tissue were extragithkd RPO-supplemented group were 72.9 + 3.4% vs 55.4 *
perchloric acid, neutralized and assayed. Thg 1@  2.5% for the control grouplP<0.05 (Fig. 2).
this assay was 1.92 mmol/tubie.

Effects of RPO - supplementation on ischemic cAMP
Heart muscle total phospholipid fatty acids and cGMP levels
Hearts isolated from rats fed standard rat chovgtan-  Myocardial cAMP levels were not affected by RPO-sup
dard rat chow and RPO for six weeks were perfusedhlementation (Fig. 3). The cGMP levels of the RPO-
freeze clamped and freeze-dried tissue was usddtés-  supplemented group were higher than the contraligro
mine the influence of the supplementation on then-co 10 minutes into ischemia. cGMP levels at 10 minutes

position of myocardial phospholipid fatty acifs?® ischemia were 26.5 + 2.78 pmol/g in hearts of RBO-
supplemented group, and 10.1 + 1,78 pmol/g in begafrt
Serum lipids the control group R<0.05) (Fig.4).

Animals were weighed weekly during the RPO supple-

mentation period and blood was collected beforeadtet  Serum lipids

the six-week period for both the control and theORP The mean baseline concentrations of total choldstero
supplemented groups. The blood was centrifugedefor the control group was 1.19 + 0.04 mmol/l and afier
minutes at 3000 rpm to obtain serum and analysed faveeks RPO-supplementation it was 1.12 + 0.06 mmol/l
lipid profiles i.e. total cholesterol (TC), HDL-clesiterol  For the RPO-supplemented group, the mean baseline
and triglycerides. Aliquots of the supernatantevana- value was 1.42 + 0.04 mmol/l and after 6 weeksasw
lyzed for lipid parameters. The serum lipid profilas 1.40 + 0.03 mmol/l. The mean baseline concentatas
determined using a Ciba Corning Express 550 instnime serum HDL-cholesterol in the control group were90:9

and Ciba Corning reagents employing enzymatic an®.03 mmol/l and after 6 weeks it was 1.01 = 0,07iimo

colorimetric methods. In the RPO-supplemented group the mean baseline val
was 1.17 + 0.05 mmol/l and after 6 weeks it wa$ #2
Statistical methods 0.04 mmol/l. Serum concentrations of triglycerisesre

Values are presented as mean * SEM. Significancsignificantly increased in the RPO supplementedugro
between groups was determined by ANOVA. For pairedN=10) after 6 weeks [from 0.56 + 0.07 mmol/|GB7 +
comparisons the Student’s t test was usee0.05 was  0.08 mmol/l P<0.05)]. In the control group it was 0.54 +
considered significant. 0.07 mmol/l before and 0.76 + 0.10 mmol/l after the
week diet (Fig.5).
Results
Left ventricular developed pressure (LVDevP) Heart muscle total phospholipid fatty acids com-
The pre-ischemic LVDevP of RPO-supplemented andposition (%)
control hearts were similar. After 25 minutes oblgdl  Our results show that supplementation with RPO edus
ischemia and 25 minutes of reperfusion, ti®&vP significant changes in fatty acid composition of any
cardial tissue with a significant increase in myda
- total SFA composition (37.95 + 0.95%) versus cdntro
E140 hearts (34.42 + 0.37%). No significant changesioed
in MUFA and PUFA composition. During the perfusion
protocol, the event of ischemia altered fatty aciim-
position. The myocardial total SFA composition de-
80 :g‘:gm' creased significantly from 37.95 + 0.95% beforéésuia
to 33.59 + 0.24% after ischemia in hearts of theugr
supplemented with RPCP€0.05). Concurrently, myo-
cardial total PUFA composition in hearts of the upo
2 supplemented with RPO increased from 54.45 + 1.11%
before ischemia to 59.03+0.30 % after ischerRi=((05),
with no changes in total myocardial MUFA compositio

Left Ventricular Developed
e
o

O 41
20min 15minafter 17 minafter 20 minafter 25 min after
perfusion  ischaemia  ischaemia  ischaemia ischaemia

Time Discussion
Our results demonstrate that RPO-supplementatifan-of
Figure 1. The effect of RPO-supplementation on ed protection against ischemia/reperfusion injurythie

left ventricular developed pressure during prévésaic  isolated perfused working heart as reflected byrawed
perfusion and reperfusiobE& 10). aortic output recovery. These data support therfgslof
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Figure2. % Aortic output recovery of hearts in the RPO-seppgnted group versus
hearts of the control groupl(= 10) (*P<0.05)
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Figure 3. Myocardial cCAMP levels for hearts of rats on RBpplemented di
versus hearts of control dieN<5).
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Figure4. Myocardial cGMP levels for hearts of rats on R&fPplemented diet versus hearts of control
diet (N=5) (*P <0.05
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Figure5. Serum lipid profile before and after 6 week RPOpemened and control diet
were administeredN = 10) (*P <0.05 RPO group vs. corresponding control group)
(#P <0.05 RPO before vs. RPO after)
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SFA = Saturated fatty acids; MUFA = Monounsatuwidtdty acids; PUFA = Polyunsaturated fatty acids
Tn-6 = Polyunsaturated fatty acids (n-6); Tn-31=3) Polyunsaturated fatty acids

Figure 6. Heart muscle total phospholipid fatty acids 2@wmés nh perfusion and 10 minut
in reperfusion respectively, for RPO supplementedug versus control group.N£10)
(*P<0.05 for the group before and after ischemid)<@05 for RPO vs. the correspond

Serbinovaet al.,** who showed that palm oil vitamin E of myocardial PUFAs. Normally, linoleic acid (LA)
was more effective in the protection againsésnia/ undergoes a series of elongations and desaturatins
reperfusion injury in the isolated Langendorff pedd yield Arachidonic acid (AA). To our knowledge notala
heart than tocopherol alone. Based on our restpre-  exist on the effect of ischemia on Elongase and Desa
pose that the protective effect of RPO may be @fat turase activity. Many studies have focused oneffiect
with either its antioxidant characteristics andébanges of FA on arrhythmias. Contradictory results egis the

in the fatty acid composition of the myocardiumidgr o the effect of AA on the development of arrhytasni
ischemia/reperfusion. Abeywardena and co-workers | j and co-worker& found that free AA is able to prevent
algo argued that RPO protection lies m.a",a}ncéaltﬁ'/ arrhythmias, but the major cyclooxygenase metadmlit
acids and endogenous antioxidants during ischeraia/ (PGD2, PGE2, PGF2 and TXA2) derived from AA are

perfusion. arrh ; :
. . . . . ythmogenic. However, prostacyclins (PGIl2),0als
The protective effect against ischemia/repsoiu of synthesized from AA, are anti-thrombotic agents

tEe |n<rj]|V|duaI fa(tjty IamdsllnMRUPFC,)A\needs co.n.S|deratAI- as a vasodilator in blood vessels and have an anti-
though myocardial tota composition was un- arrhythmogenic effect. No clear relationship exists

char!ged over the 25 _minute perioq of ischemia, MYOhetween the availability of AA in myocardial phogph
cardial PUFA content increased during the sameogeri lipids and eicosanoid profile. Abeywardena and co-

This was associated.wi_th improved-reperfusion aorti?/vorkeré showed that a chemically refined palm oil-
output recovery and |nd|cat§s that dletary RP_(_)—haapp supplementation for twelve months had no effect on
mentation for six weeks may increase the bioaviiiab prostacyclin production from AAin rat myocardial
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tissue. Concurrently, thromboxane A2 production wasupplementation increases cGMP levels that mayeconf
inhibited. Another palm oil supplement (with a near some of the cardioprotection to the ischemic ambre

identical fatty acid profile) in the same study wied no
thromboxane A2 inhibition. This argues that thromdom
A2 production is unlikely to be mediated via fattyids.
In another study (Abeywarderfal.'), myocardial pro-

stacyclin production was increased after ischemitn w

fused heart.

Our results showed no increase in total sechoie-
sterol in the RPO supplemented group. These datmar
agreement with other studies, which showed thatatiot
saturated dietary fats raise total serum cholestéro

refined, bleached and deodorized palm oil (RBDPO)JTriglycerides were increased in all the groups after
supplementation for nine months. However, Abeywarsix-week period with a significant difference iretRPO -
dena and co-workef$ argues that this increase in pro- supplemented group. The baseline difference betiree

stacyclin production may not be mediated by fattida
alone but that endogenous antioxidants may playea r
The increase in PUFAs during ischemia/repafum
the current study, suggest that PUFAs may be irmebla
the protection against ischemia/ reperfusion injuifhe
mechanism of fatty acid protection remains elusinel
needs further investigations. Generally, the meishaof

control and RPO-supplemented groups cannot be ex-
plained and requires further investigation, sinceugs
were randomly divided without preference.

Currently little documented data exist on dffifects of
dietary RPO-supplementation and post ischemic reco-
very linked to the NO-cGMP pathway, heart musctalto
phospholipid fatty acid composition and antioxidant

eicosanoid action is to bind to membrane receptorsstatus. The findings of this study create oppotiemifor
leading to generation of second messengers such &agther investigations to elucidate mechanisms Ived
cAMP and C&".°?"?® As myocardial cCAMP levels were in car-diac protection.

not significantly affected throughout the proto@olthe

RPO supplemented hearts, prevention of fatal cardiaConclusion
arrhythmias may depend on the net effect of thesem Dietary RPO-supplementation protects against the co

bolites, which is determined by the status of AAtahe-

lism and the contents of n-6 and other fatty atffs:"%
Interaction between cardiac endothelium dekripeo-

staglandins and NO determines myocardial

sequences of global ischemia in the isolated pedfuat
heart. The mechanism of protection may involveNke
cGMP pathway and/or myocardial fatty acid compo-

perforsitional changes during ischemia/reperfusion.

mance?® Our results suggest that the NO-cGMP pathway

is involved in the protective effect of RPO. Thewted
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Dietary red palm oil supplementation protects agaist the consequences of global
iIschemia in the isolated perfused rat heart
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—EE— SR (NO—CGMP) &R IHGE 5 OB IR 5. U, 2R 10 D B btk
il BEEAb A, LR LU NO— cGMP/E S AL K@ IE I T M IC AR/ o LUAFR il 2 A v 0 i
P FRANVURI G 7 R AN 2 ANHURI TR D7 1R, 10 HAS | A AR B — S N ERAIYEA R ECE A M AT =) 1
PUEAA] . AU IT T IRE Bfh 78 2ERRA 2 5 HAA DRy O UL a5 (0 4 S LT REAILA . K BRUERIME oS B2
TPk BT B2 AR+ ZDARAR 7 5K, MR 6 JA SR, SRR BRI I [ AE IE RS AT IO I HE RS B s
B s A 25 23 Bh AT S RO IR ThRe, A A=k (LVSP) filErskh (LVDP) sk ifiji &

(CP) . % (HR) MUKFINKHHE (AO) o FEAHFISAE T, KO AE4l 234k (freeze-clampedd , KU
GPETTIEM TR IR — R (cAMP) FIA S H—R (cGMP) &, LALFT NO—cGMPIZEIE
PEo BbAh, HAAR G E T O UG IR DR AR, WCR MR REAS, e T s e gl . #hFe20ksihi ik
SO IE Rk H VK S % 72.9 + 3.43 % AR %0 55.4+ 2.48 % @il 10 7380, #hsmlfrimd
KEDWL cGMP /K-35 5 7% 4] (26.5 +2.78 pmol/g vs 10.1 + 1.78 pmol/g  #h 7840 Az 41 K D ILEZ A
MIFIERE (PUFA) & ik FF LG AT 54.45 + 1. 11985 N4 1 45 90 5 59.03 £ 0.30 % 45 B0, REfrth
Fe LT RARE I BE AR R SO LS I F I S R AR5 . IXEER LR, BE RN TS 20 AR A AR 4V ] & 3mk NO
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