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ABSTRACT

Cardiovascular disease (CVD) is a leading cause of mortality and is greatly
influenced by lifestyle choices (3). Ischemic heart disease (IHD), a prominent form of
CVD (3), can therefore be reduced by healthier dietary choices. One such choice is the
consumption of functional foods. Functional foods are those which impart an additional
health benefit over their traditional nutritional value (47). Hempseed, a functional food, is
predominantly composed of protein and several health-promoting unsaturated fatty acids,
including linoleic and alpha-linolenic acids. We hypothesized that dietary
supplementation with hempseed would reduce platelet aggregation and protect the heart
from arrhythmias derived from ischemia/ reperfusion (I/R) challenge. In addition, we
hypothesized that hempseed would reduce cholesterol-induced platelet aggregation and
protect the heart against cholesterol-induced arrhythmias derived from I/R challenge.

In this study, male New Zealand white (NZW) rabbits were fed for eight weeks
on one of six dietary interventions: a control diet (RG), a control diet + 10% hempseed
(HP), a control diet + 10% delipidated hempseed (DHP), a control diet + 0.5%
cholesterol (OL), a control diet + 0.5% cholesterol + 10% hempseed (OLHP) and a
control diet + 5% coconut oil (CO). After eight weeks, blood was collected by
venipuncture and used for platelet aggregation studies as well as fatty acid, cholesterol
“ester and triglyceride analysis. Following blood collection, the heart was removed and
perfused (within 60 seconds) with Tyrode’s solution bubbled with 95%0,, 5%C0O;. A 50

minute equilibration period ensured stable readings after which the heart was subjected to



global ischemia for 30 minutes and subsequent reperfusion for 45 minutes. ECGs were
continuously recorded during both ischemia and reperfusion.

We did not observe any significant differences in animal weight amongst the
groups prior to study commencement or upon termination. We found that hempseed
supplementation significantly and selectively increased plasma levels of gamma-linolenic
acid (GLA) and 20:3n-6 from control levels while delipidated hempseed supplementation
did not significantly alter levels of plasma fatty acids when compared to control levels.
Cholesterol supplementation significantly increased plasma levels of all fatty acids with
the exception of GLA, while cholesterol plus hempseed supplementation resulted in a
significant increase in plasma levels of all fatty acids. This indicates that cholesterol
stimulates a non-selective absorption of fatty acids present in the diet. Accordingly,
plasma levels of cholesterol esters and triglycerides were significantly increased in the
OL and OLHP groups. Coconut oil supplementation significantly increased plasma levels
of myristic acid (14:0) but had no effect on plasma concentrations of either cholesterol
esters or triglycerides. Many of these plasma changes were also reflected in tissue fatty
acid content. This included cardiac, hepatic and renal tissues.

Cholesterol supplementation caused a significant elevation in both ADP- and
collagen-induced platelet aggregation in the OL group. This detrimental effect of
cholesterol was reversed by the addition of hempseed to the cholesterol diet (OLHP)
which brought platelet aggregation back to control levels. Hempseed alone, delipidated

hempseed or coconut oil supplementation had no significant effect on platelet

aggregation.
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ECG traces were analyzed for arrhythmias during I/R challenge using the
guidelines set forth in the Lambeth Conventions (109). Ischemia and reperfusion were
treated as two distinct entities. We found no significant differences in either incidence or
duration of ischemia-derived arrhythmias. We found a significant decrease in the
incidence of fibrillation during reperfusion in the OL and OLHP groups as compared to
the DHP group. We did not find any significant differences in the incidence of
tachycardia or the duration of either tachycardia or fibrillation during reperfusion.

This study represents the first investigation to examine the effects of dietary
hempseed on cardiovascular parameters. We can make several important conclusions.
Firstly, supplementation with dietary hempseed results in minimal fatty acid absorption
from the diet unless co-supplemented with dietary cholesterol. Secondly, dietary
cholesterol significantly, but non-selectively, enhances fatty acid absorption of all faity
acids present in the diet. Thirdly, supplementation with dietary cholesterol increases the
level and rate of platelet aggregation which can be returned to control levels by co-
supplementation with dietary hempseed. Finally, after delipidation, hempseed may
become pro-arrhythmic which may be due to the presence of an unknown pro-arrhythmic
entity present in the seed. In conclusion, the ability of hempseed to reduce platelet
aggregation in hypercholesterolemic individuals indicates that hempseed may have
potential in reducing the incidence of cardiovascular disease but our data do not support a
strong role for hempseed in decreasing the incidence or duration of arthythmias in this

model.
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I. INTRODUCTION

Polyunsaturated fatty acids (PUFAs) have been shown to possess cardiovascular
health benefits through careful epidemiological, clinical and experimental studies. One of
the foremost studies, conducted by Bang and Dyerberg, postulated that marine-derived
foodstuff were able to reduce ischemic heart disease (16). It was proposed that PUFAs,
namely eicosapentaenoic and docosahexaenoic acids, were responsible for this observed
effect (17,18,40). Since this study, many others have demonstrated the positive role
PUFAs and PUFA-containing foods have on cardiovascular health (6,14,36,38,53,75,89).
Due to these unique health benefits, the term ‘functional food’ has emerged and has been
applied to foods that impart an additional health benefit over their traditional nutritional
value (47). Plant-derived functional foods, of which an excellent example is flaxseed,
may present an advantage over fish or fish-derived oils as a source of PUFAs. This is due
to gastrointestinal upset after consumption of large quantities of fish oil (26).

Hempseed comes from the flowering top of the hemp plant, a variety of Cannabis
sativa. Cannabis sativa L. has been cultivated in many areas of the world (73) and the
seeds have been used in both Arabic (73) and traditional folk medicine (44) to treat
various disorders. Recent clinical trials have demonstrated the ability of hempseed oil to
treat ear, nose and throat disorders (44) and atopic dermatitis (27). The beneficial
properties of hempseed may be due to its complement of PUFAs. Hempseed possesses a
ratio of omega-6: omega-3 PUFAs of ~4:1. This ratio has been recommended by Health
Canada to promote well-being (50). In addition, hempseed provides an good source of
protein (105) and vitamin E (2). Due to the deficit of current research on dietary

hempseed, it is difficult to hypothesize how it may benefit cardiovascular health. The

viil



goal of this study was to investigate the potential of dietary hempseed to provide a
positive cardiovascular benefit. Specifically, we were interested in testing whether dietary
hempseed could reduce platelet aggregation and/or cardiac ischemia/reperfusion injury,

either of which would have a direct effect on cardiovascular health.
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II. REVIEW OF LITERATURE

(A) Excitation-contraction (EC) coupling in the heart

Cardiac excitation-contraction (E-C) coupling is the mechanism by which cell
surface depolarization leads to Ca®* entry through the sarcolemma causing subsequent
myocyte contraction. Ca® is integral in E-C coupling as it has been shown that blockage
of Ca** entry into the cell leads to electrical and mechanical uncoupling (19).
Specifically, during E-C coupling, an action potential (AP) travels along the sarcolemma
and down the transverse-tubules (T-tubules). T-tubules are extensions of the sarcolemma
that allow the AP to be relayed far into the myocyte (59). The AP causes L-type Ca®*
channels (L, long-lasting) to open which triggers Ca® entry into the myoplasm due to a
large electrochemical driving force (61). This initial Ca®" entry is not sufficient to initiate
contraction but acts on the ryanodine receptor to trigger Ca’* release from the
sarcoplasmic reticulum (SR) (1). Increased myoplasmic Ca®* allows an interaction
between the myosin cross-bridges and the actin thin filaments which leads to cross-bridge
cycling and myocyte contraction (1).

Relaxation is induced by the removal of Ca®* from the myoplasm. In rabbit
ventricular myocytes this is accomplished mostly by the sarcoplasmic/ endoplasmic
reticulum Ca®" ATPase (SERCA) (70%) and the Na'/ Ca*" exchanger (NCX) (28%)
while the remainder is removed by the sarcolemmal Ca**-ATPase and mitochondrial Ca**

uniporter (1% each) (22). Figure 1 details the mechanism of E-C coupling.
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Figure 1: Excitation-contraction coupling in ventricular myocytes. Myoplasmic Ca**
entry (red arrows) and exit (green arrows) during excitation and relaxation is detailed.
NCX: Na*/Ca*" exchanger, SERCA: sarcoplasmic/endoplasmic reticulum Ca®" ATPase,
RyR: ryanodine receptor, PLB: phospholamban, SR: sarcoplasmic reticulum. Modified

from (22).



(B) Cardiac action potential

There are two distinct types of cardiac AP, the slow response and the fast response.
The slow response AP is characteristic of the sinoatrial and atrioventricular nodes. The
fast response AP is characteristic of the atrial and ventricular myocytes and of the
Purkinje fibres. The terms ‘slow response’ and fast response’ refer to the rate of the
action potential upstroke. The fast response AP has five distinct phases resulting from
differing ion permeabilities and is represented in Figure 2.

e Phase 0 is caused by the rapid entry of Na' through voltage-gated Na' channels
(iNa)-

e Phase 1 is an early repolarization caused mainly by a transient outward K*
current (i) and, to a smaller degree, a transient inward Cl” current (probably
Ca2+-activated, Tio2) (59).

e Phase 2 is a plateau caused by a balance between depolarizing and repolarizing
currents. Depolarizing: Ca®* enters through the L-type Ca®" channels (ic,1) which
open as the membrane voltage becomes progressively less negative (1).
Repolarizing: K exits through K* channels conducting the iy, ix and iy currents
(1) and to a lesser extent through delayed rectifier channels (ik, iks) which open
during this phase (59).

e Phase 3 is a repolarization phase and is due to K' efflux through delayed rectifier
channels (ix;, iks) (59).

o Phase 4 is the resting membrane potential and is maintained by the inward

rectifying K* channels (ik;). These channels close upon depolarization (59).
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Figure 2: The fast response cardiac action potential. This type of action potential is
characteristic of the atria, Purkinje fibres and ventricles. Currents responsible for each

phase are depicted below the schematic.



(C) Myocardial ischemia

Myocardial ischemia occurs when coronary artery flow is inadequate to meet
myocardial O, demand (90). This phenomenon may occur via two mechanisms: 1) an
increase in O, demand or 2) a deficit in O, supply (13). Rapidly after the onset of
myocardial ischemia, mechanical performance (contractility) declines (8). The initial
decline in contractility appears to be ATP—independent as illustrated by Figure 3. ATP
levels begin to decline as substrates for oxidative phosphorylation, the principal ATP-
producing pathway in the heart, become insufficient (59). Transiently, anaerobic
glycolysis is increased (59) producing lactate and protons which accumulate (30).
Eventually, due to an insufficient regeneration of NAD", anaerobic glycolysis will also
cease (59). The accumulation of H' (acidosis) competes with Ca®" for protein binding
sites, which inhibits actin-myosin interactions (59). Acidosis also activates the Na'/H"
exchanger (NHE) (15) thereby increasing intracellular Na* levels (71,90). Increased
intracellular Na" levels may raise myocyte osmotic pressure which could lead to cell
membrane rupture (90). Normally, Na* would be removed by the Na'/K* pump, but
during ischemia, this pump is inhibited (15). Therefore, in an attempt to reduce
intracellular Na* levels, Na* is extruded from the cell in exchange for Ca” which raises
intracellular Ca** levels (15,106). This increase in intracellular Ca®* may be countered, in
part, by the ischemia-induced opening of ATP sensitive K* channels which decrease Ca?*
influx (56). Increased intracellular Ca®* may cause contractile protein damage,
phospholipase activation, contracture, myocyte depolarization and mitochondrial damage

(90). Prolonged ischemia will lead to irreversible cardiomyocyte death (myocardial



infarction). The size of the infarcted area will continually increase with extended

ischemia leading to a time dependent loss of myocardial function (24).

(D) Myocardial Reperfusion

Reperfusion restores a supply of oxygen and substrates to the myocardium while
washing away metabolic wastes. Early reperfusion is essential as the rate of myocardial
recovery depends on the length and/or severity of the prior ischemia (35). Paradoxically,
reperfusion does not correct all ischemic pathology but may actually cause further injury
such as myocardial stunning, reperfusion arrhythmias, accelerated death of damaged
cells, microvascular damage (90) and apoptosis (120). For reperfusion injury to occur,
two requirements must generally be satisfied: 1) reestablishment of flow and 2} oxygen
delivery to the ischemic tissue (69). Reperfusion injury may be explained by several
hypotheses: generation of oxygen radicals, Ca®* overload, uncoupling of oxidative
phosphorylation and/or sarcolemma damage (65). Reperfusion-induced production of
oxygen free radicals (62,69) are hypothesized to cause membrane defects which may
increase intracellular Ca®* levels (41,63) thereby unifying several hypotheses. Increased
intracellular Ca®" causes multiple detrimental effects, as described in the previous

section.
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Figure 3: Ischemia onset and levels of contractility, ATP and phosphocreatine. Onset
of ischemia leads to a rapid decline in contractility and phosphocreatine levels. ATP

levels are more gradually depleted. (59)



(E) Cardiac conduction pathway and arrhythmias

The heart possesses automaticity and rhythmicity, i.e. the abilities to initiate and
regulate its own beat, respectively (1). The main pacemaker of the heart is the sinoatrial
(SA) node which is present at the junction between the superior vena cava and the right
atrium. From the SA node, impulses travel throughout the atria to the atrioventricular
(AV) node in the right atrium above the origin of the tricuspid valve. The impulse travels
from the AV node, the source of impulses for ventricular excitation, though the Bundle of
His and down the bundle branches to the Purkinje fibres to excite the ventricles.

Arrhythmias are variations from the normal heartbeat rhythm (60). Three
mechanisms have been proposed to explain the development of ventricular arrhythmias:
1) abnormal automaticity, 2) re-entry and 3) afterdepolarizations (90). These mechanisms
fall under two categories, disorders of impulse formation and disorders of impulse
conduction. Abnormal automaticity and afterdepolarizations are disorders of impulse
formation. Automaticity may develop in tissue other than nodal tissue, such as in the
ventricles, which may lead to ectopic beat generation (90). Four or more consecutive
ectopic beats constitute ventricular tachycardia (109) one type of ventricular arrthythmia.
Afterdepolarizations can be early (EAD) or delayed (DAD). EADs occur prior to the end
of the AP at a membrane voltage between -10 and -30mV while DADs occur after full
repolarization (59). Both EADs and DADs can lead to ventricular arrhythmia (90). Re-
entry is a disorder of impulse conduction and is when an impulse re-excites a myocardial
region through which it has previously passed and which is no longer refractory (1} as
seen in Figure 4. Rapid, regular re-entry circuits are one cause of ventricular tachycardia

while micro-re-entry circuits are thought to trigger ventricular fibrillation (90).
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Figure 4: A schematic of a reentry cireunit. In order for reenfry to occur, a
unidirectional block must exist which prevents conduction in one direction but not the

other. As well, the area that the impulse would reenter must not be refractory (60).



(F) Fatty acids

Fatty acids are essential for health (118) and serve multiple functions such as
energy storage and transport, insulation and mechanical protection (39). Fatty acids have
a variable length carbon chain with a methyl terminus and a carboxylic acid head group
(45). They can be categorized based on the degree of saturation of their carbon chains.
Saturated fatty acids (SFAs) possess the maximum number of hydrogen atoms while
monounsaturated fatty acids (MUFAs) and polyunsaturated fatty acids (PUFAs) have
one, or at least two carbon-carbon double bonds, respectively. PUFAs can be subdivided
based on the position of the first double bond relative to the methyl terminus of the chain.
The n-3 and n-6 families, two of the most biologically significant PUFA families, have
their first double bond on either the third or sixth carbon from the methyl terminus,
respectively. The methyl terminus is also known as the omega terminus (45), hence the
common reference to these fatty acids as omega-3 or omega-6 PUFA. Several important
PUFAs can be seen in Figure 5.

Linoleic acid (18:2n-6) and alpha-linolenic acid (18:3n-3) are essential fatty acids
(EFAs) which must be acquired in the diet (45). Deficiency of EFAs can cause impaired
growth and immune function, hair/skin abnormalities, kidney/liver disorders and

premature death (99).
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Figure 5: Structures of (A) linoleic acid, (B) alpha-linolenic acid, (C)

eicosapentaenoic acid and (D) docosahexaenoic acid.
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(G) Polyunsaturated fatty acid metabolism

Linoleic acid (LA) and alpha-linolenic acid (ALA) are metabolized to long chain
n-6 and n-3 PUFA, respectively. In animals, downstream products are formed by
sequential desaturation and elongation at the carboxyl terminus (99). PUFA metabolism
is detailed in Figure 6. The desaturase and elongase enzymes are identical for both the n-
3 and n-6 PUFA families (99) and this enzyme competition makes the n-6: n-3 PUFA
ratio important for health. The A6 desaturase has been shown to decrease in activity with
increasing age (29) indicating that, in older individuals, conversion of LA and ALA to

their respective downstream products may be compromised.
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Figure 6: Metabolism of the n-6 and n-3 polyunsaturated fatty acid families. Both
families use the same desaturase and clongase enzymes. This necessitates that a certain

ratio of the n-6: n-3 families be present for optimal metabolism of both families.
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(H) Importance of the n-6: n-3 PUFA ratio

Typically, the North American diet supplies an n-6: n-3 ratio of 10:1 — 25:1 (99).
This is dramatically elevated over that recommended by Health Canada for an n-6: n-3
ratio of approximately 4:1 (50). This deviation from the recommended ratio is believed to
promote disease pathogenesis (101) as this ratio appears to be an important factor
determining cardiovascular health (110). Evidence from epidemiological studies supports
the importance of a lowered n-6: n-3 ratio. A positive correlation has been observed
between the n-6: n-3 ratio in platelet phospholipids and mortality from cardiovascular
disease (100). In addition, the prevalence of NIDDM in India was decreased when the

diet supplied an LA: ALA ratio of 6: 1 (101).

(1) Eicosanoids

Eicosanoids are fatty acids 20 carbon atoms in length and include the
prostaglandins (PGs), thromboxanes (TXs) and leukotrienes (LTs). Eicosanoids are
synthesized from arachidonic acid and eicosapentaenoic/ docosahexaenoic acids via two
pathways, the cyclo-oxygenase (COX) pathway and the lipoxygenase (LOX) pathway.
The former pathway produces prostaglandins and thromboxanes while the latter pathway
produces leukotrienes. These pathways are named for their key enzymes, cyclo-
oxygenase and lipoxygenase, respectively. Arachidonic and eicosapentaenoic/
docosahexaenoic acids produce different metabolites of the same families while utilizing
the same enzyme systems (5). The metabolism of the n-6 and n-3 PUFA families to form

eicosanoids is shown in Figure 7.
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The eicosanoids have been shown to play a role in arrhythmogenesis. It was
observed that during myocardial ischemia, arachidonic acid metabolites of the COX
pathway were formed (91). These metabolites were found to cause arrhythmias in
cultured neonatal rat cardiomyocytes (57). Conversely, prostaglandin products of the
COX pathway have been shown to decrease ischemia/ reperfusion-induced arrhythmias
(91). In addition to arrhythmogenesis, arachidonic acid-derived thromboxane A; (TXA;)

is a potent vasoconstrictor and platelet aggregator.

15
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Figure 7: Eicosanoid production from arachidonic, eicosapentaenoic and
docosahexaenoic acids. LOX: lipoxygenase, COX: cyclo-oxygenase, LT: leukotriene,

PG: prostaglandin, TX: thromboxane. Modified from (5).
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(J) Cardiovascular benefits of PUFA

PUFAs have been brought to the forefront in the prevention of cardiovascular
disease as they possess hypocholesterolemic, hypotriglyceridemic, anti-thrombotic and
anti-arrthythmic properties. Below is a summary of the actions of several important

PUFAs from both the n-3 and n-6 families.

i) Linoleic acid (LA)

Linoleic acid is the parent fatty acid of the n-6 PUFA family and approximately
12-15g/ day is ingested in a typical North American diet (50). Human studies suggest that
LA plays a role in the reduction of cardiovascular disease (CVD). The Health
Professionals Follow-up Study observed an inverse relationship between LA intake and
fatal coronary heart disease (CHD) (14) while in a separate study, higher adipose levels
of LA have been related with lower CHD mortality (110). Myocardial infarction
survivors were found to have a significantly lower quantity of LA in red-cell membrane
phosphatidylcholine (which indicates long-term intake of dietary fat) as compared to
individuals with no evidence of heart disease (102). The ability of LA to reduce CHD
mortality may be due to its total- and LDL-cholesterol lowering ability (28,119) as
cholesterol levels are an independent risk factor for CVD.

Non-epidemiological evidence also demonstrates the cardiovascular benefits of
LA. In a rat model, an LA-rich diet significantly reduced the incidence and/or duration of
arrhythmias during and/or afier coronary artery occlusion (67,78,79,80). In addition, rats
fed an LA-rich diet demonstrated a significantly reduced number of ventricular extra

beats and a significant reduction in infarct size (78). Furthermore, in a non-human
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primate model, an LA-rich diet significantly increased the fibrillation threshold during
ischemia (82).

The role of LA as an anti-arrhythmic may be due to its action on ion channels. LA
has been documented to increase Ixca in smooth muscle cells (121) which would
accelerate repolarization in situations of Ca®" overload (59). Conversely, LA has also
been found to significantly inhibit Ix and I, (115) which would lengthen the duration of
the action potential. Ix;, which maintains the resting membrane potential, was not
inhibited by LA (115). Therefore, the ability of the cell to maintain its resting membrane
potential is most likely unchanged.

In addition to anti-arrhythmic effects, LA has been shown to affect other
cardiovascular parameters. In a rabbit model, supplementation with corn oil (as a source
of LA) has been shown to significantly decrease both total- and LDL-cholesterol
concentrations (20). In a rat model, dietary sunflower seed oil (source of LA) has been
shown to significantly reduce plasma triglyceride levels in comparison to a control diet
(77). Evening primrose oil (source of LA and gamma-linolenic acid) has been shown to
significantly reduce total cholesterol and triglycerides and significantly raise HDL-
cholesterol in rabbits fed an atherogenic diet (33). Evening primrose oil has also been
shown to significantly reduce the response of platelets to pro-aggregatory factors in
rabbits fed an atherogenic diet (33). However, LA cannot be wholly recommended as an
agent to reduce cardiovascular disease as if is metabolized to arachidonic acid, the

precursor for the pro-thrombotic and pro-aggregatory eicosanoids.
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i) Alpha-linolenic acid (ALA)

ALA is the parent fatty acid of the n-3 PUFA family and approximately 1-3g/ day
is ingested in a typical North American diet (50). Several human studies have observed
cardiovascular benefits associated with dietary ALA. The Lyon Diet Heart Study focused
on a Mediterranean diet rich in ALA for secondary prevention. A protective effect of this
diet was observed with a significant reduction in the rates of cardiovascular events (36).
The Indian Experiment of Infarct Survival supplemented patients with suspected acute
MI with mustard oil (as a source of ALA) and found a significant reduction in total
cardiac events, non-fatal infarctions and total cardiac arrhythmias (103). In a study nested
in the Cardiovascular Health Study, fatty acid levels were measured in plasma collected
previous to cardiac events. It was found that in older adults, higher levels of ALA tended
to lower the risk of fatal ischemic heart disease (64). The Nurses Health Study recruited
registered female nurses to complete lifestyle and medical history questionnaires. It was
observed that nurses who consumed higher levels of ALA had a lower relative risk of
fatal ischemic heart disease (53). A study conducted in Costa Rica examined levels of
ALA in adipose tissue in relation to nonfatal acute MI. It was found that ALA was
associated with a significant reduction in the risk of this event (21). In a study conducted
with participants of the National Heart, Lung, and Blood Institute Family Heart Study, a
food frequency questionnaire was used to collect data on total linolenic acid (alpha- and
‘gamma-) intake. It was found that total linolenic acid intake was inversely correlated with
serum {riacylglycerol concentrations (37). In a small clinical study, an ALA-rich diet was
shown to significantly reduce levels of total- and LDL-cholesterol (119). In addition,

supplementation with flaxseed oil (source of ALA) was shown to significantly reduce
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platelet aggregation (10) while ALA itself was also shown to reduce platelet aggregation
(104).

Non-clinical evidence provides support for the cardiovascular benefits described
above. In a dog model, ALA was found to protect against ischemia-induced fatal
ventricular arrhythmia (23) while in a rabbit model, dietary flaxseed (source of ALA) was
found to significantly reduce the incidence of ischemia-derived ventricular fibrillation
(12). In addition, canola oil supplementation (source of ALA and oleic acid) was found to
significantly lower the incidence of ventricular fibrillation and mortality during
reperfusion in comparison to olive oil supplementation (source of oleic acid) (83).
Finally, in a rabbit model, flaxseed oil supplementation (a source of ALA) was found tfo
significantly lower platelet aggregation (108).

The anti-arrhythmic actions of ALA may be due to its effects on ion channel
conductance. ALA significantly inhibited Iy, in neonatal rat cardiomyocytes (112) which
would hinder the generation of an action potential. In addition, ALA was found to inhibit
T-type Ica (31) which would prevent Ca® entry. ALA was observed to have both
stimulatory (54) and inhibitory (111) effects on Ig,. This inconclusive evidence may
result from a difference in species or cell age. ALA also significantly inhibited Ix and I,
(115) which would increase the duration of the action potential. ALA had no effect on Ik,
(115), therefore, the ability of the cell to maintain its resting membrane potential 1s most
likely unchanged. ALA has also been observed to stimulate Na*-Ca** exchange (95).
During ischemia, the Na'/Ca®* exchanger extrudes Na' in exchange for Ca® and
increasing its function would reduce the Na' load in the cell. However, this would also

lead to increased Ca®* entry which is detrimental.
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iii) Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)

EPA and DHA are downstream metabolites of the n-3 family. The typical North
American diet provides approximately 0.10 — 0.15g/day of these fatty acids (50). The
observation that Greenland Eskimos were resistant to ischemic heart disease prompted
the hypothesis that marine derived foodstuff (as a source of unsaturated fatty acids) may
be cardioprotective (16). Since then, several human studies have demonstrated a definite
cardiovascular benefit of fish consumption and of EPA and DHA supplementation. The
US Physicians Health study was a prospective cohort study which questioned male
physicians about their fish consumption. An inverse relationship was observed between
fish consumption and the risk of sudden cardiac death (6). The Nurses Health Study
recruited registered female nurses to complete lifestyle and medical history
questionnaires. A significant inverse relationship was observed for the consumption of
fish and omega-3 PUFAs and the incidence of CHD events (52). The Finnish, Italian and
Dutch cohorts of the Seven Countries Study demonstrated an inverse relationship
between faity fish consumption and 20-year CHD mortality (89). The Multiple Risk
Factor Intervention Trial (MRFIT) was a clinical trial designed to study the primary
prevention of CHD. A significant inverse relationship was observed between the
predominant fatty acids found in fish and mortality from CHD, CVD and all-causes (38).
GISSI-Prevenzione was a clinical trial investigating the efficacy of long-chain n-3
PUFAs (EPA and DHA) and/or vitamin E in patients with recent myocardial infarction
(MI). An early, highly significant reduction in sudden cardiac death was observed with n-
3 PUFA supplementation (75). The Indian Experiment of Infarct Survival Study

investigated the efficacy of fish oil in patients with suspected acute MI. After one year of
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supplementation, a significant reduction in total cardiac events, non-fatal infarctions and
cardiac deaths were observed (103). A prospective study in men from Shanghi, China
showed that those who consumed over 200g/week of fish and shellfish had a 59%
reduction in the risk of fatal MI compared to those consuming less than 50 g/week (117).
Finally, in individuals from a Japanese fishing village, an increased threshold to 50%
maximal platelet aggregation was observed as compared to a Japanese farming village
(49). This finding was observed in association with a significant elevation in plasma
levels of EPA, DHA and AA as well as an increase in the EPA: AA ratio (49).

Animal studies also suggest that EPA and DHA provide protection from
cardiovascular disease. In a rat model, fish oil supplementation led to a significant
reduction in the incidence and/or duration of arrhythmias during both ischemia and
reperfusion (79,80,93). It was found that both rat (93) and non-human primate (82) hearts
from animals supplemented with fish oil had a higher fibrillation threshold. In addition,
non-human primate hearts were found to have a significantly higher left ventricular
gjection fraction and end diastolic volume (81). In a rat model, fish oil supplementation
significantly decreased the myocardial oxygen consumption (MVO,), significantly
increased the efficiency of cardiac oxygen use and significantly increased the cardiac
output of reperfused hearts compared to respective controls (94).

The anti-arrhythmic effects of fish oil may be due to the actions of EPA and DHA
on ion channels. EPA and DHA have been observed to inhibit voltage-gated sodium
channels (74,112,114) which would hinder the generation of an action potential. EPA and
DHA were found to inhibit Iy (115) and I, (74) which would lengthen the duration of the

action potential. EPA and DHA were found to have no effect (115) on Ix; which is
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responsible for maintaining the resting membrane potential. EPA and DHA had an
inhibitory effect on L-type Ic,, (74). Inhibition of L-type I, may shorten action potential
duration thereby maintaining electrical stability and diminishing arrthythmogenesis (11).
In addition, EPA and DHA were found to inhibit T-type Ic, (31) which would prevent
Ca®" entry. EPA has been shown to inhibit the release of Ca*" from the SR (86), and more
specifically, both EPA and DHA have been shown to reduce the ryanodine receptor
channel open probability (51). Inhibiting the release of Ca® from the SR, which may
become overloaded post-ischemia, may help prevent Ca®" triggered arthythmias (86).
Actions of EPA and DHA are not limited to channels as they have been shown to
decrease the activity of the sodium-hydrogen exchanger (NHE) (43). The NHE is
activated during ischemia and functions to exchange H' for Na'. In addition, EPA and
DHA have been shown to significantly inhibit the cardiac Na'/Ca®" exchanger (NCX)
current (113). During ischemia, the NCX removes Na’ in exchange for Ca®* thereby
raising intracellular Ca** levels.

Effects of EPA and DHA, other than those on ion channels, may also play a role
in improving cardiovascular health. Platelet aggregation stimulated by thrombin, collagen
and ADP was significantly lower in a fish oil supplemented diet when compared to a con
oil supplemented diet (108). It has also been observed that supplementation with fish oil
elevates the concentration of inducer (ADP/ collagen/ arachidonic acid) required to reach

50% maximal platelet aggregation (70).
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(K) Functional foods

Functional foods have been identified to play a key role in protection against
cardiovascular disease. While no definitive classification has been applied, a functional
food is considered to be any potentially healthful food that may provide a health benefit
beyond its traditional nutritional value (47). This is in contrast to nutraceuticals, which
are food extracts and are presented in a form not usually associated with food (i.e. pills,
oils, etc.) (55). Several well-known functional foods include soybeans, oats, garlic, tea,
flaxseed and fish (48). The two latter foods, flaxseed and fish, contain polyunsaturated
fatty acids (PUFAs), and have been of particular interest in reducing cardiovascular

disease.

(L) Hempseed

Hempseed comes from the flowering top of the hemp plant, Cannabis sativa L, an
annual herbaceous plant which grows 4-15 feet in height (4). Canadian hempseed
typically contains ~2ppm THC although Canadian regulation limits THC content to
10ppm for hempseed products (68). Hempseed can be hulled, without loss of nutritional
value, to make a more malleable seed. Hulled hempseed is composed primarily of fatty
acids (44g fatty acids/100g hulled hempseed) and protein (33g protein/ 100g hulled
hempseed) as detailed in Figure 8. The fatty acids in hulled hempseed are principally
unsaturated (39g unsaturated fatty acids/100g hulled hempseed) with only a small
proportion in a saturated form (5g saturated fatty acids/100g hulled hempseed). After
hempseed oil extraction, the composition of the fatty acids can be ascertained (Table 1).

It can be seen that the prominent fatty acids in hempseed oil are linoleic acid and alpha-
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linolenic acid which form 55.2% and 20.0% of the total fatty acids, respectively. These
two fatty acids are termed essential fatty acids as they cannot be manufactured by the
body. The protein content of hulled hempseed (33g protein/100g hulled hempseed) is
composed mainly of edestin (65%), a legumin class reserve protein (92) while the
remainder is albumin (35%) (2). The proteins present in hempseed provide all essential
amino acids (105). The carbohydrates present are mostly dietary fibre (7%) although low
levels of sugars (3%) are also present (2). Hempseed is a source of vitamin E (mostly
gamma-tocopherol) providing 100-150 mg/100g (2) but its levels are dependant upon
seed maturity (96).

There is a limited amount of research on the health-related benefits of hempseed.
Historically, hempseed has been used in both Arabic (73) and folk medicine (44). In
Arabic medicine, it has been used as a diuretic, to evacuate bile and phlegm and in the
treatment of tapeworms, vitiligo (a skin disorder) and leprosy (73). In folk medicine, a
decoction from crushed hempseed has been used to treat urinary tract inflammation and
inflammation of the prostate (44). Hempseed oil has been used in Arabic medicine to
treat ear and skin diseases as well as tumours and as a painkiller (73). However, this
information must be viewed cautiously as hempseed used at that time was probably not of
the industrial type and may have contained higher levels of THC. In an open clinical trial,
hempseed oil was used to lessen treatment time of ear, nose and throat disorders (44). In
addition, clinical symptoms of atopic dermatitis were beneficially affected by dietary
hempseed oil (27). This is thought to be due to the linoleic and gamma-linolenic acids

present in hempseed (32).
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Hempseed appears to be a promising functional food; however, due to the lack of
research, it is difficult to know if hempseed may benefit cardiovascular health. This study

is a necessary first step in elucidating the possible cardiovascular benefits of hempseed.
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Figure 8: Composition of hulled hempseed. Every 100g of hulled hempseed provides
39g of unsaturated fatty acids, 33g protein, 12g carbohydrates, 6g ash, 5g saturated fatty
acids and 5g moisture.

Modified from the Hemp Oil Canada Inc. website (2)
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Table 1: Fatty acid composition of hempseed oil.

% of total fatty acids
Saturated fatty acids
Palmitic acid (16:0) 6.50%
Margaric acid (17:0) 0.03%
Stearic acid (18:0) 2.50%
Arachidic acid (20:0) 0.40%
Behenic acid (22:0) 0.20%
Lignoceric acid (24:0) 0.06%
Monounsaturated fatty acids
Palmitoleic acid (16:1) 0.12%
Oleic acid (18:1n-9) 10.50%
Polyunsaturated fatty acids
Linoleic acid (18:2n-6) 55.20%
Gamma-linolenic acid (18:3n-6) 3.10%
Alpha-linolenic acid (18:3n-3) 20.00%
Stearidonic acid (18:4n-3) 1.20%
Eicosaenoic acid (20:1) 0.50%
Total fatty acids ~100%

Modified from the Hemp Oil Canada Inc. website (2)
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1II. HYPOTHESES

Supplementation with dietary cholesterol will increase platelet aggregation
induced by ADP/ collagen and increase the incidence and/ or duration of
arthythmias during ischemia/reperfusion (I/R) challenge in comparison to a
control diet.

Supplementation with dietary hempseed will induce a decrease in platelet
aggregation induced by ADP/ collagen and decrease the incidence and/ or
duration of arrhythmias during I/R challenge in comparison to other dietary
interventions.

Co-supplementation of dietary hempseed and dietary cholesterol will decrease
cholesterol-induced platelet aggregation and decrease the cholesterol-induced

increase in incidence and/or duration of arrhythmias during /R challenge.
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1V. OBJECTIVES

To determine if the rate and extent of platelet aggregation is influenced by dietary
cholesterol, coconut oil or hempseed using two distinct pro-aggregatory stimuli.
To determine if dietary cholesterol, coconut oil or hempseed could alter plasma
cholesterol and triglyceride levels as well as fatty acid content and composition.
To determine if dietary cholesterol, coconut oil or hempseed could alter tissue
(cardiac, hepatic, renal) fatty acid content and composition.

To determine if dietary cholesterol, coconut oil or hempseed could alter the length
of the QT interval during the equilibration period.

To determine if dietary cholesterol, coconut oil or hempseed could alter left
ventricular end diastolic pressure and left ventricular developed pressure during
ischemia and reperfusion.

To determine if dietary cholesterol, coconut oil or hempseed could alter the
incidence and duration of arrhythmias during ischemia and reperfusion.

To determine if dietary hempseed can reverse any or all of the

electrophysiological and metabolic changes induced by dietary cholesterol.
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V. MATERIALS AND METHODS

(A) Materials

All materials and equipment used in this study are listed in Table 2.

Table 2: List of materials.

Material

Source

Acetyl chloride (C;H;ClO)

Sigma Aldrich

AcgKnowledge 3.7.3 Software

Biopac Systems

Adenosine diphosphate (ADP)

Chrono-log Corporation

Aggregometer Chrono-log Corporation
Analytical balance Mettler Toledo

Benzene (CgHg) Omnisolv

Calcium chloride (CaCl,) Sigma-Aldrich

Centrifuge Eppendorf

Chloroform (CHCl3) Fisher Scientific

Cholesterol Federal Co-operatives Limited
Cholesterol standard Sigma Diagnostics

Coconut oil

Kissan International

Coffee Grinder

Braun

Collagen

Chrono-log Corporation

CO-0OP Complete Rabbit Ration

Federal Co-operatives Limited

Custom perfusion apparatus

Dr. Anton Lukas

Delipidated hempseed Hemp Oil Canada Incorporated
Dextrose Fisher Scientific
Dry bath incubator Fisher Scientific

Gas chromatograph:

Varian GC/MS/MS with CP-3800
GC, CP-8400 autosampler and a
Flame lonization Detector (FID)

Varian

Hempseed

Hemp Oil Canada Incorporated
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Heparin Sigma-Aldrich
Homogenizer Polytron
Incubator Lab-Line

Infinity Cholesterol Liquid Stable
Reagent

Thermo Electron Corporation

Magnesium chloride (MgCly)

Fisher Scientific

Male New Zealand White Rabbits

Southern Rose Rabbitry Farm

Methanol (CH;OH) Fisher Scientific
Microplate reader Dynex Technologies
Microplate shaker Labsystems

MP100 data acquisition system

Harvard Apparatus Canada

95% N, 5% CO; (gas) Welders Supply (Winnipeg, MB)
N, (liquid) Medigas

95% 03, 5% CO; (gas) Welders Supply (Winnipeg, MB)
Potassium carbonate (K,COs) Fisher Scientific

Potassium chloride (KCI) Sigma-Aldrich

Rotary evaporator Biichi

Sodium bicarbonate (NaHCO3) Sigma-Aldrich

Sodium chloride (NaCl) Sigma-Aldrich

Sodium phosphate (NaH,POy) Sigma-Aldrich

Sodium sulfate (Na;SO4) Fisher Scientific

Triglyceride standard Sigma Diagnostics

Triglycerides Liquid Incorporating
Dynamic Stabilization Technology

Thermo Electron Corporation

Vacutainer blood collection needles

Becton-Dickinson

Vacutainer holder

Becton-Dickinson

Vacutainers with EDTA

Becton-Dickinson

Vacutainers with sodium citrate

Becton-Dickinson

Vortex

Thermolyne

Whatman filter paper

Fisher Scientific
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(B) Interventional diets

Six interventional diets were made: 1) control, 2) a control diet supplemented
with (w/w) 10% hempseed, 3) a control diet supplemented with (w/w) 10% partially
delipidated hempseed, 4) a control diet supplemented with (w/w) 0.5% cholesterol, 5) a
control diet supplemented with (w/w) 10% hempseed and 0.5% cholesterol, 6) a control
diet supplemented with (w/w) 5% coconut oil. Hempseed was ground in a Braun coffee
grinder, water was added to the partially delipidated hempseed and the coconut oil was
heated to 25°C to facilitate homogenous distribution with the control diet. During mixing,
approximately equal amounts of water were added to each interventional diet. Once
mixed, interventional diets were ground to resemble rabbit chow, spread in a thin layer

and air dried over a period of 2-3 days. The diets were stored at 4°C until used.

(C) Animals

Male New Zealand white (NZW) rabbits were acquired from Southern Rose
Rabbitry in Manitoba. A mandatory conditioning period of 7 days preceded
interventional diet commencement. Rabbits were maintained at a constant temperature in

a 12 hour light/dark cycle.

(D) Feeding
Each rabbit received 250g/day of one of six interventional diets and were
continuously monitored for weight and health. Rabbits were fed their respective diets for

56 days (8 weeks).
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(E) Blood/ Plasma

i) Blood collection

Approximately 20mL of blood was acquired from each rabbit by venipuncture of
the jugular vein. Collection of blood was in vacutainers containing either sodium citrate
or EDTA to prevent blood coagulation. Tubes containing EDTA were put immediately
on ice after blood collection. Tubes containing sodium citrate remained at room

temperature.

i) Platelet aggregation analysis

Blood collected with sodium citrate remained at room temperature for 30 minutes.
Following this period it was centrifuged at 100xg for 15 minutes to isolate the platelet
rich plasma (PRP). The plasma was re-centrifuged at 2400xg for 15 minutes to isolate the
platelet poor plasma (PPP) which was used as a blank for platelet aggregation. Either
collagen (4 ug/mL) or adenosine diphosphate (10uM) was added to the PRP to induce
platelet aggregation. Both the extent (% aggregation) and rate of platelet aggregation (%

change/ min) was recorded with a Chrono-log Aggregometer.

iii) Plasma collection
Blood collected with EDTA was centrifuged at 1800xg for 10 minutes at 4°C. The
red blood cell-free plasma was removed, aliquoted and snap-frozen in liquid nitrogen.

Plasma was stored at -80°C.
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iv) Triacylglycerol (1TG) assay

Plasma TG levels were measured enzymatically. Triglycerides Liquid
Incorporating Dynamic Stabilization Technology reagent was pre-warmed (37°C) in a 96
well micro-plate. One of 0.9% NaCl (w/v), standard (250 mg/dL TG) or plasma sample
was added to the warmed reagent in a 1: 100 ratio. Gentle agitation facilitated mixing.
After 5 minutes of incubation at 37°C, the absorbance of each well was measured at
500nm. Based on the standard reading, the concentration of TG was determined (see

below):

[TG] = absorbance of unknown x concentration of standard (mg/dL)
absorbance of standard

Any plasma sample with excess lipid was diluted in 0.9% NaCl (w/v) to prevent
interference with spectrophotometric analysis. Data was corrected for any dilution

performed.

v) Cholesterol ester (CE) assay

Plasma CE levels were measured enzymatically. Infinity™ Cholesterol Liquid
Stable reagent was pre-warmed (37°C) in a 96 well micro-plate. One of 0.9% NaCl (w/v),
standard (200 mg/dL CE) or plasma sample was added to the warmed reagent in a 1: 100
ratio. Gentle agitation facilitated mixing. After 5 minutes of incubation at 37°C the
absorbance of each well was measured at 500nm. Based on the standard reading, the
concentration of CE was determined (see below):

[CE] = absorbance of unknown x concentration of standard (mg/dL)
absorbance of standard
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Any plasma sample with excess lipid was diluted in 0.9% NaCl (w/v) to prevent
interference with spectrophotometric analysis. Data was corrected for any dilution

performed.

(F) Tissue Collection

One lobe of liver and one kidney was collected. All tissues were washed in 0.9%
NaCl (w/v) and snap frozen in liquid nitrogen. Tissues were stored at -80°C.
The heart was collected after use in Langendorff method of ischemia/reperfusion.

The heart was snap frozen in liquid nitrogen and stored at -80°C.

(G) Fatty acid analysis
i) Fatty acid extraction

Tissue (cardiac, hepatic, renal)

Fatty acids were extracted from the heart, liver and kidney by the Folch method
(42). Briefly, organ pieces were minced and weighed to 1 g. These tissues were then
homogenized in SmL of 2:1 (v/v) CHCI3:CH30H using a Polytron homogenizer (3x10
seconds at 7200 RPM). Next, the homogenate was transferred to a graduated cylinder,
and the original homogenization tube was refilled with SmL of 2:1 (v/v) CHCl;:CH3;0H.
The solution was homogenized again using the above method and transferred into the
same graduated cylinder containing the first batch of homogenate. This step was
repeated one more time. It is important to note that the homogenization step was

performed in a cold room (4°C) with samples maintained on ice.
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In a fume hood, the homogenate was poured into a separatory funnel. The empty
tube was then rinsed with 2 x 2.5mL portions of 2:1 (v/v) CHCl;:CH3;0H and the rinses
added to the separatory funnel. Next, 4.2mL of 0.73% NaCl (w/v) was added. Extraction
of the lipids into the organic phase resulted from vigorous agitation ensuring adequate
mixing of the organic and aqueous layers. Separation of the two phases occurred
overnight (~16 hours). The organic layer was then collected, dried over Na;SO4 and
filtered into a pre-weighed round bottom flask. Removal of the CHCI; was facilitated
using a rotary evaporator (40°C), after which the lipids were further dried under a steady
stream of N,(g). The round bottom flask was then reweighed to determine the overall

lipid weight. Samples were then resuspended in 3mL of CHCl; and stored at -20°C.

Interventional diets

Fatty acids were extracted from the interventional diets by an adaptation of the
Folch method (42). The interventional diet was ground (Braun coffee grinder), weighed
to 1g in a glass beaker and then transferred to a separatory funnel. From a 40mL volume
of 2:1 (v/v) CHCl3:CH30H, an aliquot was used to rinse out the beaker and the washing
was transferred into the separatory funnel. This was repeated two more times. Next, the
remaining solvent was added to the funnel such that the total volume of solvent was
40mL. Next, 8.4mL of 0.73% NaCl (w/v) was added and the funnel was shaken
vigorously. Following separation of the organic and aqueous phases (~16 hours), the
bottom CHCl; layer was collected and then the aqueous layer was once again extracted
with 40mL of the 2:1 (v/v) CHCl;:CH;0H mixture and 8.4mL of the NaCl solution.

Once again, the organic layer was collected and combined with the first batch. The lipid
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solution was dried over NaySO,, filtered and the solvent removed via rotary evaporation
(40°C). The exposed lipids were then dried under N»(g). Lipid weights were determined
using the same methodology as previously described. Samples were then stored in 3mL

of CHCl; at -20°C.

ii) Fatty Acid Esterification

Fatty acids were esterified by the Lepage method (66). For plasma fatty acid
esterification, samples of plasma were added to a 2mL solution of 4:1 (v/v) CH;0H:C¢Hg
after which two-hundred microliters of C,H3;ClO were then added and the mixture
vortexed. For extracted tissue/diet esterification, an aliquot of the extract in CHCl; was
placed under a stream of nitrogen to evaporate the solvent. Following this, 3:2 (v/v)
CH;0H:CgHg and 5:100 (v/v) C,H;ClO:CH;0H was added to tubes containing the
nitrogen evaporated extracts and vortexed. From this point onward, both plasma and
tissue/diet extracts follow an identical protocol. The tubes were weighed to obtain a
weight prior to the esterification reaction. Next, they were heated for 1 hour at 95°C to
promote methanolysis during which they were vortexed every 15 minutes. Once cool,
they were re-weighed to evaluate the possibility of sample evaporation. Samples having
a percent difference greater than 1% were rejected. Neutralization of the reaction
occurred upon the addition of 6% K,CQO;. Liberation of the organic solvent containing the
fatty acid methyl esters (FAMES) resulted after centrifugation for 5 minutes at 4500xg at

22°C.
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iii) Gas chromatography analysis of FAMEs
An aliquot of the upper benzene layer was removed and analyzed by gas
chromatography (GC) on a Varian GC/MS/MS instrument equipped with a CP-3800 GC,

CP-8400 autosampler and a Flame Ionization Detector (FID).

(H) Ischemia/ reperfusion on isolated hearts

Rabbits were anesthetized with isoflurane. Once blood was collected, the rabbits
were injected with heparin to prevent blood coagulation. The thoracic cavity was opened
and the aorta severed to remove the heart. The heart was mounted on the canula of a
custom perfusion apparatus where it was perfused at 20 mL/ min with Tyrode’s solution
within 60 seconds of excision, as previously described (25). Tyrode’s solution contained
(in mmol/L): NaCl 115.0; NaHCO; 28.0; NaH,PO4 0.5; Dextrose 20.0; KCl 4.0; CaCl,
2.0; MgCl, 0.7 and was continuously bubbled with 95% O,, 5% CO,. The right atrium
was removed and the atrioventricular node crushed (by hemostat) to allow external
pacing. A hook electrode placed high in the right ventricle provided external pacing at 2
Hertz (120 beats/ minute).

Left ventricular pressure was measured by placing a deflated latex balloon into
the left veniricle where it was inflated to a baseline of 5 mmHg. The balloon was
connected to a pressure transducer which monitored left ventricular end-diastolic pressure
and left ventricular developed pressure.

An electrocardiogram was recorded by immersing the heart into a circulating bath

of Tyrode’s solution bubbled continuously with 95% 0O,, 5% CO,. Three electrodes
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present in the walls of the bath formed Einthoven’s configuration and provided ECG
leads I, II and II1.

Right ventricular and bath temperatures were monitored and maintained at 37 +
0.5°C. An equilibration period of 50 minutes ensured the temperature of the right
ventricle and bath was stabilized at 37°C as well as to produce stable ECG and pressure
tracings. After equilibration, global ischemia was initiated by eliminating buffer flow to
the heart and bubbling the bath continuously with 95% N, 5% CO,. Global ischemia
lasted 30 minutes and was followed by a 45 minute reperfusion period.

A schematic of the perfusion apparatus is shown in Figure 9.

40



Perfusion
Solution

LvDP i Latex
Balloon

- ECG

e | MAP
Electrode

Figure 9: Modified perfusion apparatus. Diagram provided by Dr. A. Lukas. ECG:
electrocardiogram; MAP: monophasic action potential; RA: right arm; LA: lefi arm; LE:

left foot.
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(1) Electrocardiogram (ECG) analysis

i) Left ventricular pressure

Left ventricular end-diastolic pressure (LVEDP) values were taken as the baseline
pressure between stimulated left ventricular contractions. Left ventricular developed
pressure (LVDP) values were taken as the peak pressure of a stimulated contraction
minus the LVEDP for that same contraction. LVDP must achieve 30mmHg during the

equilibration period in order for the ECG trace to be included for analysis.

ii) QT interval

QT intervals were measured during the last 10 seconds of the equilibration period.
Three separate measurements of this interval as seen in Figure 10, from the beginning of
the Q-wave to the end of the T-wave (1), were obtained for each heart. Each QRS-T
complex measured was checked to ensure it was a stimulated beat (ie. fell at a 0.5 sec
interval) as the duration of the QT interval depends on heart rate (59). Animals used for
measurement of the QT interval must satisfy the same criteria as for ECG analysis. As

well, the Q and T deflections must be readily identifiable to ensure correct quantification.

iii) Arrhythmia
ECGs were analyzed for arrhythmias based on the parameters set at the Lambeth
Conventions (109). Ventricular tachycardia was defined as a “run of 4 or more

consecutive ventricular premature beats” (109). Ventricular fibrillation was defined as
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when “individual QRS deflections can no longer be distinguished from one another” and
“a rate can no longer be measured” (109). Incidence and duration of tachycardia/
fibrillation in ischemia/ reperfusion was recorded. Incidence of tachycardia and
fibrillation was classified as continuous tachycardia or fibrillation = 30 seconds,
respectively. The duration of tachycardia or fibrillation was the total length of

tachycardia or fibrillation, respectively.
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Q-1 interval

Figure 10: Schematic of the P-QRS-T complex. The Q-T interval is taken from the

beginning of the Q-wave to the termination of the T-wave.
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(J) Statistical analysis

Data was analyzed for statistical significance by one-way analysis of variance
(ANOVA) followed by a Student-Newman-Keuls post hoc test. Values were expressed as
mean =+ standard error (SEM). Incidence of arrhythmia data was analyzed for significance
by the Fisher Exact test. Within incidence of arrhythmia graphs, no error bars are present
as these graphs compare proportions, not means. Statistical significance was reached at a
p-value < 0.05.

Statistical significance is denoted in graphs and tables as a letter. Within a graph,
if two bars have a different letter assigned to them, those bars are statistically significant.
Within a table, if two numbers (within the same row) have a different letter assigned to
them, those two numbers are statistically significant. This lettering system was adopted to

demonstrate statistical significance between all groups instead of just between select

groups.

45



VI. RESULTS

(A) Diet composition
Objective: To analyze diet extracts by gas chromatography to determine fatty acid
corntent.

Each diet was sampled and extracted three individual times to increase accuracy.
Table 3 shows the fatty acid nomenclature and Table 4 shows the fatty acid composition
of the six diets. The hempseed (HP) diet was significantly enriched in several fatty acids
including 16:0, 18:0, 20:0, 22:0, 18:1n-9, 20:1n-9, 18:2n-6 (LA), 18:3n-6 (GLA) and
18:3n-3 (ALA) in comparison to the control (RG) diet. The partially delipidated
hempseed diet (DHP) diet was significantly enriched in 20:0, 20:1n-9, LA, GLA and
ALA in comparison to the RG diet. The levels of these fatty acids in the DHP diet were
approximately half those found in the HP diet with the exception of 20:1n-9 which was
approximately at the same level. The cholesterol (OL) diet was significantly depleted in
16:0, 18:0, 16:1, 18:1n-9, 18:1n-7, 20:1n—§ in comparison to the RG diet. The
cholesterol-hempseed (OLHP) diet was significantly enriched in 20:0, 22:0, 20:1n-9, LA,
GLA and ALA in comparison to the RG diet. As well, the OLHP diet was significantly
depleted in 16:1 in comparison to the RG diet. The CO diet was significantly enriched in

14:0, 16:0, 18:0 and 18:1n-9 in comparison to the RG diet.
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Table 3: Fatty acid nomenclature.

Common name Code
Moyristic acid 14:0
Miyristoleic acid 14:1
Palmitic acid 16:0
Palmitoleic acid 16:1
Stearic acid 18:0
Oleic acid 18:1n-9
Vaccenic acid 18:In-7
Linoleic acid 18:2n-6
Gamma-linolenic acid 18:3n-6
Alpha-linolenic acid 18:3n-3
Arachidic acid 20:0
Eicosenoic acid 20:1n-9
Eicosadienoic acid 20:2n-6
Behenic acid 22:0
Methyl 8-11-14 cicosatrienoic acid 20:3n-6
Eicosatrienoic acid 20:3n-3
Arachidonic acid 20:4n-6
Eicosapentaenoic acid 20:5n-3
Erucic acid 22:1
Docosatetraenoic acid 22:4
Tetracosenoic acid 24:1n-9
Docosahexaenoic acid 22:6n-3
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Table 4: Fatty acid content of the diet as a function of dietary intervention.

SFA RG HP DHP oL OLHP co
14:0 364.9 + 342.9 + 3533+ 259.8 + 2642+ | 82598+

: 6.1° 28.8° 12.5% 6.4° 6.2° 295.9°
16:0 04238 + | 10938.7+ | 10127.0+ | 80952+ | 97419+ | 13212.6 +

' 228.2° 540.0° 280.2%0 154.2° 154.3*° 452.4°
18:0 35107+ | 42905+ | 3675.0+ | 2817.7+ | 3683.5+ | 4657.1%

' 87.8% 219.1° 88.8° 76.4° 70.7° 159.2°
50:0 119.9 + 440.0 + 240.6 + 1023 3825+ 138.7 +

' 4.9 29.3% 19.0° 2.2 9.3¢ 6.5
20 139.1 + 260.2 + 160.7 + 1323 + 251.0+ 133.9+

' 3.8° 13.9° 33.2° 1.8 5.9 4.7°
MUFA RG HP DHP OL OLHP Cco
14:1 0.0+£0.0° | 0.0£0.0% | 0.0+00* | 0.0+0.0* | 0.0+0.0° | 0.0+ 0.0°
61 5772 & 542.0 + 552.8 + 400.9 + 427.7 + 541.6 +

' 15.1° 20 .4 16.4° 9.4° 7.9° 17.5°
1810 | 138011 [ 173611+ | 14992.7 & | 11586.7+ | 15454.8 | 16464.0 +

' 406.3 828.8° 323.0¢ 116.6° 263.9%° | 512.0%%¢
18107 | 1481.0% | 15112+ | 13845+ | 90544 | 1230.0% | 1159.1+

' 111.3% 144.8° 116.3% 10.0° 29.6%° 39.4%°
20-1ng | 2498 348.5 + 292.6 + 170.3 & 304.6 + 242.6 +

' 8.9 21.2° 7.2¢ 2.7 7.6° 11.7

_ 771 + 79.5 + 108.7 + .| 660+ .
22:1 g o 1812 ogb | 496£49 soub | 48.8£9.6
PUFA RG HP DHP OL OLHP Cco
1826 | 11687.8% | 31757.7+ | 182825+ | 11453.9+ | 30676.6+ | 11381.3+

' 304.7° 1738.8° 384.5° 274.3% 489.3° 341.8°

_ .| 8553+ 3473 + . | 7427+ R
18:3n-6 | 0.0+0.0 £0.8" e 0.0+ 0.0 1658 0.0+ 0.0
18303 | 2031.0% | 82433+ | 43345+ [ 21521+ | 78603+ | 23817+

' 75.7° 480.9° 71.7° 54.6° 137.7° 74.4*
20ome | 456 86.3 + 943 + 272+ 68.0 + 56.4 +

' 4.6 10.4* 29.1° 0.8° 5.6*° 2.6*°
20:3n-6 | 0.0+0.0* | 0.0+£0.0° | 0.0£0.0* | 0.0+0.0*° | 0.0+£0.0° | 0.0+0.0°
20:3n-3 | 0.0+£0.0*° | 0.0+0.0° | 0.0+0.0° | 0.0£0.0° | 0.0+0.0* | 0.0+0.0°
20:4n-6 120'72,? 140;;& 132'12f 08405 | 5.6+1.5 |19.6+1.8°
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20:5n-3 | 0.0£0.0* | 0.0£0.0° | 0.0£0.0° | 0.0£0.0" | 0.0£0.0° | 0.0+ 0.0°
a a a a 10.4 a
22:6n-3 | 0.0+0.0" | 0.0£00° | 0.0£0.0° | 9.6£9.6 10.4° 0.0+£0.0

Mean + SEM are shown for each group (n = 3) and are represented as pg FAME/g diet.

Significant differences amongst groups are denoted by a different superscript.
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(B) Body weight and animal health.
Objective: To analyze rabbit body weight and heath status during the eight week dietary
intervention.

Animals were weighed prior to diet commencement and at termination. All
animals included in the calculation of mean body weight completed the assigned diet for
56 + 3 days. One animal in the OLHP group ceased feeding and was removed from the
study at 50 days. This animal was removed from the data analysis. Figure 11 shows the
pre- and post-diet animal weights. No statistically significant differences in animal
weight were observed amongst the groups.

All animals were monitored daily and no animals were removed from the study

due to illness.
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Figure 11: Rabbit body weights as a function of dietary intervention. Mean + SEM
values are shown for each group either prior to study commencement (A) or at

termination (B) (n= 9-10). There were no significant differences in body weight amongst

the groups at either time point (p > 0.05).
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(C) Plasma levels of cholesterol esters, triglycerides and fatty acids.

Objective: To analyze plasma for cholesterol ester, triglyceride and fatty acid levels after
an eight week dietary intervention.

Plasma was isolated from blood collected at termination. The plasma was
analyzed for cholesterol ester (CE), triglyceride (TG) and fatty acid content. Figure 12
shows both the plasma CE and TG levels for each group. Significant differences exist
between groups for both plasma CE and TG levels. The OL and OLHP groups had
significantly elevated levels of plasma CE and TG in comparison to all other groups. As
well the OLHP group had a significantly elevated plasma CE level as compared to the
OL group.

Table 5 shows the plasma fatty acid content as a function of dietary intervention.
Levels of 14:0 were significantly elevated in the OL, OLHP and CO groups as compared
to the RG group. As well, a significant elevation of 14:0 was observed in the OL and
OLHP groups as compared to the CO group. Levels of 16:0, 18:0, 20:0 and 22:0 were
significantly elevated in the OL and OLHP groups when compared to all other groups. As
well, the OLHP group was significantly elevated in these fatty acids over the OL group.
Levels of 14:1, 16:1, 18:1n-9, 18:1n-7, 20:1n-9 and 24:1n-9 were significantly elevated in
the OL and OLHP groups when compared to all other groups. In addition, the OLHP
level of 24:1n-9 was significantly elevated over the OL group. Levels of LA, ALA,
20:2n-6, 20:3n-6, 20:4n-6, 20:5n-3 and 22:6n-3 were significantly elevated in the OL and
OLHP groups when compared to all other groups. As well, the OLHP levels of these fatty

acids were significantly elevated over the OL levels. Levels of 20:3n-6 were also
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significantly elevated in the HP group as compared to the RG, DHP and CO groups but
were significantly lower than the levels in the OL and OLHP groups. Levels of GLA
were significantly elevated in the HP and OLHP groups as compared to the RG, DHP,

OL and CO groups with the OLHP levels of this fatty acid significantly elevated over the

HP levels.
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‘Figure 12: Plasma cholesterol ester and triglyceride levels as a function of dietary
intervention. Mecan + SEM values are shown for cholesterol ester (A) and triglyceride
(B) concentrations. n=4 for all groups. Significant differences amongst groups (p < 0.05)

are denoted by a different letter.
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Table 5: Fatty acid content of plasma as a function of dietary intervention.

SFA RG HP DHP OL OLHP Cco
14:0 31.4+£2.0%]299+46%[39.0+45 | 828+5.6° | 92.5+4.1° |58.1+2.1°
16:0 321.7 + 384.6 + 3719+ 2633.9 + 3342.1 + 309.3 +

' 19.8° 40.6 43.2% 287.0° 82.1° 15.0°
18:0 159.0 + 219.8 + 183.5+ 017.5 + 1167.5 + 184.7 =

: 6.0° 23.0° 15.5° 84.1° 52.8° 18.7°
200 | 0.0£0.0° | 0.0%0.0° | 0.0+0.0° | 56.6+11.2° li;'gci 0.0+ 0.0°
22:0 0.0£0.0° | 0.0£0.0° | 0.0+0.0* | 60.7+4.7° | 81.1+0.9° | 0.0+0.0°
MUFA RG HP DHP OL OLHP Cco
14:1 00£0.0° | 0.0£0.0° | 5.5+3.6° | 247+1.4° | 169+54° | 0.0£0.0°

_ . . .| 7333+ 7073 + .
16:1 463+55°353+2.1°1449+96 P 333" 38.8+2.7
1810 | 4455+ 458.4 + 456.0 + 52452 & 5856.9 + 3275+

' 22.0° 47.6° 58.9° 477.4° 78.8" 16.9*

_ . . .| 3302+ 3309+ .
18:1n-7 | 33.9+3.8%(30.9+4.2* | 38.0+7.7 3798 gt 223+1.7
20:1n-9 | 5.5+3.5° | 7.9+3.0*° | 6.7+4.4% | 33.3+35% | 37.1+1.1° | 0.0+0.0°
24:1n-9 | 0.0+0.0* | 0.0+£0.0° | 0.0+£0.0° | 108.0£9.9° | 123.1+£1.5° | 0.0 < 0.0°
PUFA RG HP DHP OL OLHP co
18one | 3217 657.2 + 3883 2620.7 £ 6564.1 + 360.4 +

‘ 19.72 109.5% 31.12 283.0° 129.5° 41.7
18:30-6 | 0.0+ 0.0° léfﬁ 0.0+0.0° | 45+1.7° | 523+1.5° | 0.0+ 0.0°

_ .| 1189+ .| 469.8 1656.3 + .
18:3n-3 | 39.8+2.4 07 pn | 59.5%5.8 16.8" g 36.0+1.4
20:2n-6 | 5.5+3.5° 1 6.3+3.1° | 58+3.8 | 404+41% | 729+3.0° | 49+3.1%
20:30-6 | 0.0+ 0.0° 12'35 64+42° | 455+5.1° | 104.6+443% | 0.0£0.0°

_ 2 a .| 2238+ 3133+ .
20:4n-6 | 41.9+£2.2% | 42.1+53*141.0+5.3 5o gh 50 50.0+6.8
20:5n-3 | 0.0+0.0° | 0.0+0.0° | 0.0+£0.0° | 13.7+£3.0° | 19.4+03° | 0.0+ 0.0°
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22:6n-3 | 0.0+£0.0° | 0.0£0.0° | 0.0£0.0° | 26.4+58" | 36.0£0.9° | 0.0+0.0°

Mean + SEM are shown for each group (n=3 for RG, OLHP and CO while n=4 for HP,
DHP and OL) and are represented as pg FAME/mL plasma. Significant differences

amongst groups (p < 0.05) are denoted by a different superscript.
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(D) Platelet aggregation,
Objective: To analyze platelet aggregation after an eight week dietary intervention.

Blood was collected from animals by venipuncture at termination (8 weeks).
Platelet aggregation was stimulated by the addition of either ADP or collagen, both of
which are recognized to activate platelets in vivo (84). ADP recruits platelets to the site of
vascular injury (7) while collagen supports platelet adhesion and directly activates the
cells which initiate aggregation and coagulant activity (88). Figure 13 shows total platelet
aggregation (%) while Figure 14 shows the rate of platelet aggregation (% change/min).
Significant differences exist amongst groups for both ADP- and collagen-induced platelet
aggregation. The OL group had significantly increased ADP-induced aggregation as
compared to every group except DHP. The OLHP group experienced significantly
reduced collagen-induced aggregation when compared to every group except RG. In both
instances the OLHP group had a significantly reduced level of aggregation compared to
the OL group. Significant differences exist between groups in the rate of both ADP- and
collagen-induced platelet aggregation. The OL group had a significantly increased rate of
ADP-induced aggregation compared to every group except DHP. The OLHP group had a
significantly decreased rate of ADP-induced aggregation compared to both DHP and OL
groups. The OL group had a significantly increased rate of collagen-induced aggregation
when compared to all groups. Again, in both instances the OLHP group had a
significantly reduced rate of platelet aggregation compared to the OL group. All groups,
with the exception of the OL group, exhibited rates of aggregation that were similar to

control values.
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Figure 13: Total platelet aggregation as a function of dietary intervention. Mean +
SEM values are shown for each group for either ADP-induced (A) or collagen-induced
(B) platelet aggregation (n = 7-10). Significant differences amongst groups (p < 0.05) are

denoted by a different letter.
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Figure 14: Rate of platelet aggregation as a function of dietary intervention. Mean +
SEM values are shown for each group for either ADP-induced (A) or collagen-induced
(B) platelet aggregation. n=8 for RG, HP, OL; n=7 for DHP; n=9 for OLHP; n=10 for

CO. Significant differences amongst groups (p < 0.05) are denoted by a different letter.
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(E) Tissue levels of fatty acids

Objective: To analyze cardiac, hepatic and renal tissue for fatty acid levels after an eight
week dietary intervention.

i) Cardiac:

Table 6 lists cardiac fatty acid content as a function of the different dietary
interventions. Levels of 14:0 were significantly lower in the OL group as compared to the
RG and CO groups. As well, the CO group had a significantly higher level of 14:0 over
all other groups. Levels of 16:0 were significantly lower in the DHP and OL groups as
compared to the RG group. Levels of 20:0 were significantly higher in the OL and OLHP
groups as compared to the HP, DHP and CO groups. Levels of 22:0 were significantly
higher in the OL and OLHP groups as compared to all other groups. Levels of 14:1 were
significantly higher in the CO group as compared to all other groups. Levels of 18:1n-9
were significantly lower in the DHP and OL groups as compared to the RG group. Levels
of 18:1n-7 were significantly lower in the OLHP group as compared to the RG group.
Levels of 20:1n-9 were significantly higher in the OL group as compared to the DHP
group. Levels of LA were significantly higher in the HP and OLHP groups as compared
to the DHP and OL groups. Levels of GLA were significantly higher in the HP and
OLHP groups as compared to all other groups. As well, the level of GLA in the OLHP
group is significantly higher than in the HP group. Levels of ALA were significantly
lower in the OL group as compared to the HP and OLHP groups. As well, levels of ALA
were significantly higher in the OLHP group as compared to the DHP and CO groups.
Levels of 20:2n-6 were significantly higher in the OLHP group as compared to the HP,

DHP and CO groups. Levels of 20:3n-6 were significantly higher in the HP, OL and
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OLHP groups as compared to the RG, DHP and CO groups. As well, the level of 20:3n-6
was significantly elevated in the OL and OLHP groups over the HP group. In addition,
the level of 20:3n-6 was significantly elevated in the OLHP group over the OL group.
Levels of 20:4n-6 were significantly higher in the CO group as compared to the DHP
group. Levels of 22:6n-3 were significantly higher in the OL group as compared to the

DHP and CO groups. Levels of 18:0, 16:1, 24:1n-9 and 20:5n-3 are unchanged.
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Table 6: Fatty acid content of cardiac tissue as a function of dietary intervention.

SFA RG HP DHP OL OLHP Cco
14:0 289.5 + 199.0 + 1543 + 90.3 + 1703+ | 11375+

' 18.5° 4270 13.6™° 35.4° 59.4%° 64.7°
16:0 47699+ | 36004+ | 20427+ | 28375+ | 3668.1+ | 3943.6+

' 287.7° 500.9%° 147.6° 383.5° 616.1%° 190.7%°
18:0 27177+ | 23214+ | 20787+ | 18496+ | 22225+ | 2610.6+

' 496.5° 111.4° 179.2° 136.8° 114.8° 287.5°

. 14.8 + . . | 315+ 32.9+ .
20:0 9.13,1) 52+2.8 0.0+ 0.0 9.31, 10.51) 02+£0.2

. a X . ] 559+ 447 + .
22:0 07+04% | 52+420° | 03+02 15 g 186" 2.6+1.1
MUFA RG HP DHP OL OLHP Cco
14:1 48+23 | 34423 | 00+£0.0° | 0.0+0.0° | 3.3+2.1° 1§.§bi
161 506.1 + 3126+ 261.4 + 273.7 + 2955 + 364.5 +

: 31.6° 69.8° 19.1° 71.0° 85.2° 74.8%
(8o | 55398+ | 37824% | 32172+ | 28767+ | 3883.7% | 4218.2%

: 365.5° 636.1*° 178.2° 443.8° 720.9*° 185.4°
R REE 554.8 + 553.9+ 623.9 & 5073+ 620.8 +

' 46.9° 78.0%° 30.3*° 55.3%0 67.0° 31.5%0

_ 49.0 + 25.9 + .| 603% 47.6 + 377+
20:In-9 1 3 e 14320 | 144£43°1 " 5.5 12.3%b
24:1n-9 | 0.0+0.0*° | 0.0+£0.0° | 0.0£0.0* | 0.0+0.0° | 0.0+0.0° | 0.0+0.0°
PUFA RG HP DHP oL OLHP Co
18on.g | 59086 | 7084.6+ | 51033+ | 4259.0+ | 75332+ | 5676.1%

: 371.5%° 551.0° 219.9° 371.8° 911.7° 116.6™°
18:30-6 | 0.0 % 0.0° 3?'(2)5: 04404 | 0.0+£0.0° | 622494 | 0.0+0.0°
18303 | 0567% 773.0 + 386.3 + 283.7 + 926.1 + 403.4 +

: 48.3%b° 152.9%¢ 39.0%° 50.7° 216.6° 36.9%°

_ 472+ . .| 595+ 79.8 + .
20206 | gab | 29.5+7.97| 198435 6 5ub 55 26.2+ 6.3

_ 45.0 & 80.8 + . 1111+ 156.4 + ]
20:3n-6 10.2° 65" 54.0+4.8 g1 lagl |449%£20
20-dn.g | 28003+ | 2709.1% | 2498.0% | 2721.6+ | 26881+ | 3186.7+

: 173.8%P 124.4%0 153.1° 137.8*° 54,70 84.5°

, 421+ R R .| 403+ .
20:5n-3 foq | 388%1.9]393+1.4")43.045.0 o | 514+13
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22:6n-3

81.9+
12.0™°

813+
10.8*P

489 +
7.5°

105.0 £
10.8°

70.8 +
3.0°0

583+
9.7°

Mean + SEM are shown for each group (n=4) and are represented as pg FAME/ g tissue).

Significant differences amongst groups (p < 0.05) are denoted by a different superscript.
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ii) Hepatic:

Table 7 lists the hepatic fatty acid content as a function of the different dietary
interventions. Levels of 14:0 were significantly higher in the CO group as compared to
all other groups. Levels of 16:0, 20:0, 16:1, 18:1n-9, 18:1n-7, 20:1n-9 and ALA were
significantly higher in the OL and OLHP groups as compared to all other groups. As
well, levels of 16:0, 20:1n-9 and 18:3n-3 were significantly higher in the OLHP group as
compared to the OL group. Levels of 18:0 were significantly higher in the HP group as
compared to all other groups. Levels of 22:0 were significantly higher in the OL and
OLHP groups as compared to the DHP group. Levels of LA were significantly higher in
the HP and OLHP groups as compared to the RG group. Levels of LA were significantly
higher in the HP, OL and OLHP groups as compared to the DHP group. Levels of LA
were significantly higher in the OLHP group when compared to all other groups. Levels
of GLA were significantly higher in the HP and OLHP groups as compared to all other
groups. As well, levels of GLA were significantly higher in the OLHP group as compared
to the HP group. Levels of 20:2n-6 were significantly higher in the OLHP group as
compared to all other groups. Levels of 20:3n-6 were significantly higher in the HP, DHP
and OLHP group as compared to the RG and CO groups. As well, levels of 20:3n-6 were
significantly higher in the HP and OLHP groups as compared to all other groups. Levels
of 20:4n-6 were significantly higher in the HP group as compared to the DHP and OL
groups. As well, levels of 20:4n-6 were significantly higher in the CO group as compared
to the OL group. Levels of 20:5n-3 were significantly higher in the RG group as
compared to the HP and DHP groups. As well, levels of 20:5n-3 were significantly higher

in the OL and OLHP groups as compared to the RG, HP and DHP groups. As well, levels
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of 20:5n-3 were significantly higher in the OLHP group as compared to the CO group.
Levels of 22:4 were significantly higher in the HP and OLHP groups as compared to the
DHP group. As well, levels of 22:4 were significantly higher in the OLHP group as
compared to the OL and RG groups. Levels of 22:6n-3 were significantly higher in the

HP group as compared to the OL group. Levels of 14:1 and 22:1 were unchanged.
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Table 7: Fatty acid content of hepatic tissue as a function of dietary intervention.

SFA RG HP DHP OL OLHP Cco
14:0 98.6 + 48.0 + 54.9 + 231.8 & 275.9 & 764.5 +

' 29.9 19.4% 16.5% 29.2° 34.5° 128.1°
16:0 47772+ | 46747+ | 3691.1+ | 9308.9% | 11952.6+ | 58142+

: 216.3% 407.9* 111.4 607.8° 1332.8° 590.0%
18:0 47353+ | 6293.1+ | 4094.0+ | 4023.6+ | 49649+ | 49199+

: 230.8° 426.7° 273.7° 224,82 477.5% 332.7°

_ .| 207+ . | 866+ 100.5 + 18.5+
20-0 0.0 :t 0.0 10.13 0.0 i 0.0 5'7‘3 4_8b 11.93
20 73.8 + 76.2 + 59.7 + 1223 + 118.8 + 72.6 +

' 10.2%° 17.4%b 15.0° 9.6 7.2° 15.7>°
MUFA RG HP DHP OL OLHP co

. a a s | 264+ . | 216+
14:1 0.0+0.0° | 0.0£0.0° | 0.0£0.0 10.1° 48+3.1 10.2°
161 360.1 + 1952 + 1775+ | 30019+ | 25014+ | 312.8+

' 65.2° 51.1° 30.8° 299.4° 334.7° 32.2°
18:1n0 | 52707+ | 3637.1+ | 36203+ | 204735 | 23577.8+ | 49683+

' 352.9* 322.3° 204.2? 1940.6° 1954.9° 273.8°
18107 562.8 + 448.0 + 3827+ | 22055+ | 22332+ | 5215+

' 57.5° 59.2° 29.5° 187.8° 197.6° 43.3°

, . R .| 884+ 140.9 = 394+
20:1n-9 | 13.8+6.3%|17.4+£72%|11.4+46 10,9 13.3° 13.1°
22:1 0.0+0.0° | 0.0£0.0° | 0.0£0.0*° | 0.0+£0.0* | 0.0£0.0° { 0.0<0.0°
PUFA RG HP DHP OL OLHP co
180n.6 | 6477-5+ | 91835+ | 57203+ | 8358.7+ | 184019+ | 7114.0+

' 335.3%¢ 629.7° 351.7° 649.1*° 1031.9% | 526.6%¢
18:3n-6 | 0.0%0.0° 42’21,* 0.0+£0.0° | 27+2.7° | 81.9+6.6°| 0.0+0.0°
18303 329.6 + 517.9 + 2888+ | 10956+ | 32299+ | 4345+

' 29.3% 70.3 28.7° 118.9° 305.6° 32.5°

_ .| 1535+ 110.6 = 1529+ 374.8 + 126.4 +
20:20-6 | 99.0£7.3 26.3% 19.5° 13.0° 28.1° 26.1°
20306 115.8 + 633.9 + 275.6 + 209.0 + 628.5 + 123.7 +

' 6.9° 53.4° 15.7° 24.7%¢ 37.5° 7.7
r0dng | 1812.1% | 21555+ | 1455.0% | 13249+ | 16874+ | 19254+

' 123.3%¢d 158.2%4 88.3%¢ 113.1° 9g.22¢d 179.7%¢

_ 31.0 + b b | 65.7% | 469+
20:5n-3 15 48 0.0+£0.0° | 0.0£0.0 sged | 74570 g
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5.4 183.5 + 265.7 + 173.0 + 184.7 + 282.5 & 207.0 +
: 16.8%¢ 33.1%0 15.9° 22.5%¢ 16.6° 15.5%0¢
92603 86.7 + 141.8 + 87.6 + 64.5 + 82,5+ 101.1 +
: 13.1%° 23.5° 9.0*° 16.9° 5.5%b 18.6*°

Mean + SEM are shown for each group (n=4) and are represented as pg FAME/g liver.

Significant differences amongst groups (p < 0.05) are denoted by a different superscript.
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iii) Renal:

Table 8 lists renal fatty acid content as a function of the different dietary
interventions. Levels of 14:0 were significantly elevated in the CO group as compared to
all other groups. Levels of 18:0 were significantly higher in the HP group as compared to
the DHP, OL and CO groups. As well, the OLHP group had a significantly higher level
of 18:0 over the OL and CO groups. Levels of 20:0 were significantly higher in the HP
and OLHP groups as compared to the RG group. A significantly elevated level of 22:1
was found in the OL group as compared to all other groups. Significantly higher levels of
LA and GLA were found in the HP and OLHP groups as compared to all others. There
was a significantly higher level of 20:2n-6 found in the OLHP group as compared to the
CO group. There were significantly higher levels of 20:3n-6 found in the HP, DHP, OL
and OLHP groups as compared to the RG and CO groups. As well, the levels of 20:3n-6
in the HP and OLHP groups were significantly higher than those found in the DHP and
OL groups. A significantly higher level of 20:3n-3 was found in the HP group as
compared to all other groups. A significantly higher level of 20:5n-3 was found in the HP
and CO groups as compared to the DHP and RG groups. A significantly higher level of
22:4 was found in the OL and OLHP groups as compared to the RG, HP and DHP
groups. As well, the level of 22:4 in the OLHP group is significantly elevated over the
CO group. Levels of 22:5 in the HP group are significantly elevated over the DHP group.
As well, levels of 22:5 are significantly highest in the OLHP group as compared to all
others. Levels of 16:0, 22:0, 14:1, 16:1, 18:1n-9, 18:1n-7, 20:1n-9, ALA, 20:4n-6 and

22:6n-3 were all unchanged.
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Table 8: Fatty acid content of renal tissue as a function of dietary intervention.

SFA RG HP DHP OL OLHP co
140 172.5 + 182.9 + 110.7 + 219.7 + 2114+ 450.6 +

: 43.2° 74.9% 31.9% 60.6% 58.0° 85.7"
16:0 46508+ | 5114.9+ | 3854.0% | 52423+ | 52922+ | 3880.0+

' 532.2° 858.1° 441.3? 715.6° 762.9% 284.1°
18:0 20058+ | 3428.1+ | 2880.6+ | 253890+ | 31194+ | 2500.3+

' 136.9%b<d 69.1° 146.8>¢4 149.3° 128.5%" 158.4%¢

_ .| 487+ 33.6+ 36.7 + 45.7 + 40.9 +
20:0 24.7+28 3.3 4.7 6.1%0 4.5 9.2
22:0 64.2 + 4.0° 63';* 75.3 + 5.6* 7131'585 82,24+ 6.0° | 70.5 + 4.5°
MUFA RG HP DHP OL OLHP co

. .| 312+ . 312+ 49.6 + )
14:1 18.9+6.2 oqn | 15788 1512 o |339£97
161 744.1 + 7913+ | 5894+ | 10497+ | 12284+ | 3813+

: 161.6° 300.3? 182.6° 246.1° 304.9° 92.6%
18:1n.0 | 57494+ | 58384+ | 4506.0% | 66115+ | 64487+ | 3967.0=+

: 803.6 1289.4° 579.6° 1142.5 1023.0° 380.5%
1817 743.0 + 7651+ | 6664+ 965.9 + 769.0 + 5255+

' 68.3 157.8 64.0° 110.12 100.7% 25.5°

_ 415+ 415+ .| 745+ 48.3 + R
20:1n-9 1697 loqn | 291£55 o1 38 |ost | 234+48
22:1 0.0+0.0* | 0.0+00* | 0.0+0.0° li';b* 0.0+ 0.0* | 0.0+ 0.0°
PUFA RG HP DHP oL OLHP co
18om.6 | O117.0% | 85475+ | 60415+ | 63452+ | 8956.4+ | 4902.0+

: 452,32 914.6° 421.9° 677.0° 736.7° 297.0°%

_ .| 423+ . .| 403+ .
18:3n-6 | 0.0+ 0.0 100 0.0+ 0.0* | 0.0+£0.0 s 0.0+ 0.0
18303 4643 + 9069+ | 4275+ 616.1+ | 1029.0+ | 299.1+

: 111.4° 297.0 102.5% 169.3 212.1% 67.2°
20916 01.8+ 111.1 + 95.7 £ 97.0+ 128.6 + 715+

' 10.5%® 15.8%0 5,890 16.6™° 8.0° 8.0°
20306 120.9 + 323.6+ | 2424+ 2223 + 367.4 + 145.6 +

' 7.0° 18.2° 16.7° 16.1° 21.3° 22.0°
20:3n-3 | 6.0+2.3° 22,;'bi 67+1.8 | 9.4+£43* [ 144+2.7*] 4.5 £2.3°
s0dnc | 29653+ | 2968.1% | 2807.0% | 23152+ | 2888.1+ | 2679.4+

: 144.7% 130.1° 136.1% 198.8° 97.5% 214.1%
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20:5n3 | 72427 42:23 6.0+3.1° 251 '92,;& 233.'2%,5 3%5
o 730= | 766 | 6liz | 1177« | 1406= | 903%

' 7.0%9 6,244 4.5%4 15.7%¢ 10.9° 10.5%4
oot $38x | 1152% | 789 | 1035+ | 1418 | 954%

: 5.9% 4.4° 6.8 13.6 9.9¢ 3.1
22:6n-3 | 67.8+8.1° 9111'5()? 75.8 + 8.5° 5161'53;'5 73.9 4 8.0° | 77.1 + 4.8°

Mean + SEM are shown for each group (n=4) and are represented as pg FAME/g kidney.

Significant differences amongst groups (p < 0.05) are denoted by a different superscript.
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(F) Left ventricular end diastolic and developed pressures

Objective: To analyze left ventricular end diastolic pressure (LVEDP) and left
ventricular developed pressure (LVDP) in each rabbit heart after an eight week dietary
intervention,

Left ventricular diastolic and systolic pressure readings were taken every five
minutes during the experiment. Diastolic and systolic pressures became indistinguishable
between 10 — 30 minutes of ischemia. Readings were only taken from stimulated beats (at
0.5sec intervals) and data was not included if it was thought to be altered by a non-
stimulated beat in close proximity. There were no significant differences detected
amongst groups for either LVEDP (Figure 15) or LVDP (Figure 16) at any time point

prior to ischemia, during ischemia or during reperfusion.
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Figure 15: Left ventricular end diastolic pressure (LVEDP) as a function of dietary
intervention. Mean + SEM values are shown for each group at each time point (n = 4-

10). There were no significant differences amongst the groups (p > 0.05).
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Figure 16: Left ventricular developed pressure (LVDP) as a function of dietary
intervention. Mean + SEM values are shown for each group at each time point (n = 4-

10). There were no significant differences amongst the groups (p > 0.05).
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(G) OT intervals

Objective: To analyze the duration of the QT interval in each rabbit heart after an eight

week dietary intervention.

QT interval measurements were taken during the last 10 seconds of the
equilibration period (ie. before the onset of ischemia). For each heart, three separate QT
interval measurements were done and the mean taken. Figure 17 shows the mean QT
interval duration for each group. Although the HP group demonstrated a trend to have the

shortest QT interval, there were no significant differences amongst the groups.
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Figure 17: Duration of cardiac QT interval as a function of dietary intervention.
Mean + SEM values are shown for each group (n = 5-8). There were no significant

differences amongst the groups (p > 0.05).
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(H) Arrhythmias
Objective: To analyze incidence and duration of arrhythmias during
ischemia/reperfusion challenge after an eight week dietary intervention.

ECG traces from ischemic challenge and reperfusion were analyzed for
arrhythmias based on the parameters set at the Lambeth Conventions (109). Ischemia and
reperfusion were treated as two distinct entities. The incidence of arrthythmia was defined
as an occurrence of either tachycardia or fibrillation =30 sec. The duration of arrhythmia
was taken as the total period of either tachycardia or fibrillation. There were no
significant differences in the incidence of tachycardia or fibrillation during ischemia
(Figure 18). There was no significant difference in the incidence of tachycardia for
reperfusion-derived arrhythmias (Figure 20 A). The incidence of reperfusion-derived
fibrillation was significantly lower in the OL and OLHP groups as compared to the DHP
group (Figure 20 B). There were no significant differences in the duration of tachycardia
or fibrillation for either ischemia- (Figure 19) or reperfusion- (Figure 21} derived

arrthythmias.
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Figure 18: Incidence of ischemia-derived arrhythmias as a function of dietary
intervention. Values are shown as a percentage of positive incidence (%) for either
tachycardia (A) or fibrillation (B) (n = 8-10). There were no significant differences

amongst the groups (p > 0.05).
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Figure 19: Duration of ischemia-derived arrhythmias as a function of dietary
intervention. Mean + SEM values are shown for each group for tachycardia (A) and
fibrillation (B) (n = 8-10). There were no significant differences amongst the groups (p >

0.05).
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Figure 20: Incidence of reperfusion-derived arrhythmias as a function of dietary
intervention. Values shown are the percentage of positive incidence (%) for tachycardia
(A) or fibrillation (B) (n = 7-9). No significant differences exist in (A) (p > 0.05);

significant differences amongst groups in (B) (p < 0.05) are denoted by a different letter.
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Figure 21: Duration of reperfusion-derived arrhythmias as a function of dietary
intervention. Mean + SEM values are shown for tachycardia (A) and fibrillation (B) (n =

7-9). There were no significant differences amongst the groups (p > 0.05).
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VII. DISCUSSION

Three basic hypotheses were evaluated in this study. First, we tested the
hypothesis that supplementation with dietary cholesterol would increase platelet
aggregation induced by ADP/ collagen and increase the incidence and/ or duration of
arrhythmias during ischemia/reperfusion (I/R) challenge in comparison to a control diet.
Second, we tested the hypothesis that dietary supplementation with ground hempseed
would induce a decrease in ADP/ collagen induced platelet aggregation and reduce the
incidence and/ or duration of arrhythmias during I/R challenge in comparison to other
dietary interventions. Third, we hypothesized that hempseed would reduce the
detrimental effects of cholesterol on the two aforementioned parameters. Specifically, it
was hypothesized that the unique composition of fatty acids present in hempseed would
provide the mechanism responsible for these cardioprotective effects.

The hypothesis that hempseed would produce functional effects on the
aforementioned parameters depends upon the efficient absorption of hempseed-derived
fatty acids after eight weeks of dietary supplementation. After ingestion and subsequent
translocation to the intestinal mucosal cells, fatty acids are processed based on chain
Iength. A chain length of <12 carbon atoms allows direct fatty acid entry into the portal
blood while longer chains are further processed into triacylglycerols, phosphatidylcholine
and cholesteryl esters (45). Resynthesized lipids combine with protein and carbohydrates
forming chylomicrons which enter the lymphatic circulation and, eventually, the blood
(45). Therefore, plasma fatty acid levels should give an excellent indication of fatty acid

absorption.
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The hempseed supplemented (HP) diet provided significantly elevated levels of
16:0, 18:0, 20:0, 22:0, 18:1n-9, 20:1n-9, LA, GLA and ALA over control levels. Plasma
derived from HP rabbits exhibited significantly elevated levels of only GLA and 20:3n-6
over control levels. This is surprising for two reasons: 1) 20:3n-6 was not present in the
HP diet and 2) LA and ALA, the two most abundant fatty acids in hempseed were only
marginally elevated (p > 0.05). The elevation in 20:3n-6 can be readily explained as
20:3n-6 is a downstream metabolite of GLA. However, the lack of a significant increase
in plasma levels of LA or ALA suggests either a limited absorption of these fatty acids
from the HP diet or a rapid metabolism of LA and ALA into tissue storage sites.

After entering the blood stream, chylomicrons and endogenously formed very-low
density lipoprotein (VLDL) are transported throughout the body. They undergo site-
specific hydrolysis via lipoprotein lipase to release free fatty acids and diacylglycerols
which are readily absorbed (45). In accordance with fatty acid levels in HP plasma, we
saw significant elevations in only GLA and 20:31n-6 in the HP cardiac tissue over control
levels. However, the only cardiac tissue available had already undergone I/R challenge,
as our main interest was in cardiac function after /R challenge and the role that
hempseed-derived fatty acids may have. Since ischemia-activated phopholipase A, (116)
cleaves fatty acids from membrane phospholipids (1), cardiac fatty acid levels may not be
an accurate representation of tissue fatty acid levels under non-I/R challenge conditions.
Therefore, it was important to examine fatty acid levels in other tissues not exposed to
I/R challenge. We also examined fatty acid levels in two other major organs, the liver and
the kidney. In these organs, levels of fatty acids are preserved, unlike those from cardiac

tissue, as they were immediately removed from the body, snap-frozen and stored at -
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70°C. Furthermore, as the liver plays a major role in lipoprotein metabolism it would
most accurately reflect tissue accumulation of all fatty acids. Hepatic fatty acid levels
were altered in the HP group. We observed significantly elevated levels of 18:0, LA,
GLA and 20:3n-6 over control levels, three of which were significantly elevated in the
diet. The latter, 20:3n-6, was not present in the diet but is formed by GLA metabolism.
As stated previously, only GLA and 20:3n-6 were significantly elevated in the plasma.
This suggests that 18:0 and LA may be rapidly cleared from the plasma and stored in
hepatic tissue. Our hepatic fatty acid levels are consistent, to some extent, with renal fatty
acid levels. We observed a significant elevation in renal levels of LA, GLA and 20:3n-6
as compared to the control. However, we also saw significant increases in 20:0, 20:3n-3
and 20:5n-3 of which only 20:0 was present at detectable levels in the HP diet.

The cholesterol supplemented (OL) diet had no significant elevations in fatty acid
levels as compared to the control. In contrast, plasma levels of all fatty acids were
significantly elevated as compared to the control with the notable exception of GLA.
Concurrently, plasma levels of triglycerides and cholesterol esters were significantly
elevated over control, HP, DHP and CO levels. Dietary cholesterol had a dramatic
influence on dietary fatty acid absorption as several of the significantly elevated plasma
fatty acids were not present at detectable levels in the OL diet. This finding is comparable
to a study by Thomson et al, who observed that transient feeding of a high-cholesterol
diet (2%) increased jejunal permeability to fatty acids (107). However, the significant
increase in most plasma fatty acid levels in the OL group was not translated to increased
cardiac fatty acid levels. We observed that over 60% of the fatty acids in cardiac tissue

were either present at decreased levels or not present at all compared to control levels.
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Only two fatty acids, 22:0 and 20:3n-6, showed significant increases in cardiac tissue as
compared to the control. These findings may be due to phospholipase A,-mediated
cleavage of fatty acids within cardiac tissue, resulting in their washout by the perfusate.
Fatty acids levels within hepatic and renal tissue also changed due to cholesterol
supplementation. We saw significant increases in 16:0, 20:0, 16:1, 18:1n-9, 18:1n-7,
20:1n-9, ALA and 20:5n-3 in hepatic tissue while in renal tissue, we observed a
significant increase in 22:1, 20:3n-6 and 22:4 (as compared to hepatic/renal conirols,
respectively). The elevations observed in hepatic and renal tissue are dissimilar
suggesting that these tissues may have distinctively different affinities for fatty acid
uptake.

The cholesterol-hempseed supplemented (OLHP) diet provided significantly
elevated quantities of 20:0, 22:0, 20:1n-9, LA, GLA and ALA as compared to the control.
The dietary level of these fatty acids was similar to the HP diet. However, unlike the HP
group, where plasma levels of only two fatty acids were significantly elevated, plasma
levels of all fatty acids were significantly elevated in the OLHP group as compared to the
control. Concurrently, plasma cholesterol ester levels were significantly elevated over all
other groups while plasma triglyceride levels were significantly elevated over control,
HP, DHP and CO levels. The observation of increased fatty acid absorption in OLHP
plasma is similar to our findings in OL plasma and is assumed to be due to the same
mechanism of cholesterol-facilitated fatty acid absorption. In the OLHP plasma we found
that levels of several fatty acids (16:0, 18:0, 20:0, 22:0, 24:1n-9, LA, GLA, ALA, 20:2n-
6, 20:3n-6, 20:4n-6, 20:5n-3 and 22:6n-3) were significantly elevated over those in the

OL plasma. As levels of these fatty acids surpass those in either the HP or OL plasma,
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there must be an additive effect of co-supplementation of hempseed and cholesterol
which enhances absorption of hempseed-derived fatty acids. The increased levels of all
plasma falty acids did not directly translate to increased cardiac fatty acid levels. This is
similar to our findings for the OL group. Once more, over 60% of the cardiac fatty acid
levels in the OLHP group were either decreased (as compared to the control) or not
present. Only three fatty acids, 22:0, GLA and 20:3n-6 were significantly increased in the
cardiac tissue as compared to the control. Notably, this is comparable to the HP group
where we saw a significant increase in GLA and 20:3n-6 over control levels. This
suggests that these two fatty acids may be preferentially absorbed by cardiac tissue from
the plasma. Fatty acid levels within the liver and kidney were also altered in the OLHP
group. Unlike cardiac tissue, we observed significant elevations in hepatic levels of
several fatty acids (16:0, 20:0, 16:1, 18:1n-9, 18:1n-7, 20:1n-9, LA, GLA, ALA, 20:2n-6,
20:3n-6, 20:5n-3 and 22:4) as compared to the control. This finding was not confirmed in
the renal tissue where levels of only 20:0, LA, GLA, 20:3n-6, 22:4 and 22:5 were
significantly elevated over control levels. However, all fatty acids significantly elevated
in renal tissue were significantly elevated in hepatic tissue, with the exception of 22:5.
Therefore, hepatic tissue may be better able to absorb plasma-derived fatty acids. This
may be due to its more direct role in lipoprotein metabolism.

In order to differentiate the role of hempseed-derived fatty acids from hempseed
itself, we provided a diet including partially delipidated hempseed (DHP). We expected
our DHP diet to provide levels of fatty acids comparable to the control diet. However, in
the DHP diet, we saw significant increases in several fatty acids (20:0, 20:1n-9, LA, GLA

and ALA) over control levels. While significantly increased, these fatty acids were
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present at approximately 50% of the levels present in the HP diet (with the exception of
20:1n-9). This depletion of fatty acids in the DHP diet transferred to the plasma where
there were no significant changes in plasma fatty acid levels as compared to the control.
GLA was not significantly elevated in the plasma (as it was in the HP group) as
compared to the control group. This suggests that a minimum level of GLA is required in
the diet in order to translate fo increased plasma levels. In agreement with the lack of
change in plasma fatty acid levels, there were no significant increases in fatty acid levels
in either cardiac tissue, hepatic tissue (with the exception of 20:3n-6) or renal tissue (with
the exception of 20:3n-6) as compared to the control. It is difficult to explain the
increases in 20:3n-6 levels in these tissues. It is possible that an increased affinity for
20:3n-6, over other fatty acids, exists in these tissues. In summary, these results indicate
that the DHP diet was appreciably depleted in fatty acids which lead to minimal changes
in plasma and tissue fatty acids from control levels and serves as a suitable dietary
control in this experimental model.

Two reasons existed for including a coconut oil supplemented (CO) diet. First,
this diet provided ~5% SFA which is comparable to saturated fatty acid (SFA) levels in
dietary hempseed (~5%). We were interested to see if this level of dietary SFA had its
own effect on our study parameters. Secondly, we were interested to see if this level of
dietary SFA would provide comparable effects to cholesterol supplementation as both
dietary cholesterol and dietary SFA provide a mechanism to raise plasma cholesterol
levels. We expected SFA levels in the CO diet to be significantly elevated over the
control diet. In agreement, we observed a significant increase in levels of 14:0, 16:0 and

18:0. However, only 14:0 was significantly elevated in the plasma over control levels. As
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previously discussed, this limited increase in plasma fatty acids may reflect either limited
fatty acid absorption or rapid metabolism into tissue storage sites. Due to minimal levels
of SFA in the CO plasma, an SFA-mediated increase in cholesterol levels may not be
possible. In agreement, we observed no significant difference in plasma cholesterol ester
or triglyceride levels as compared to the control. This finding was in contrast to the study
of Nevin ef al which provided a CO supplemented diet and found significant decreases in
both serum cholesterol and triglycerides (compared to a ground nut control) (87). The
discrepancy between our study and the one conducted by Nevin ef a/ may be due to
limited fatty acid absorption from the CO diet in the present study or the different control
groups used as a reference point. Tissue fatty acid levels correlated well with our plasma
observations in the CO group. In agreement with plasma results, levels of 14:0 were
significantly elevated in cardiac, hepatic and renal tissue as compared to their respective
controls. We also observed a significant increase of 14:1 in cardiac tissue and 20:5n-3 in
renal tissue as compared to their respective controls. These results suggest that 14:0 may
be preferentially absorbed, and therefore available to the tissue, over other SFA.

Our hypothesis that dietary hempseed would reduce ADP- and collagen-induced
platelet aggregation was based upon previous observations of a reduction of platelet
aggregation by LA, GLA, dihomo-GLA, ALA, EPA and DHA (10,33,46,49,97,104,108).
As stated previously, our HP, DHP and CO groups did not demonstrate a significantly
altered profile for most plasma fatty acids. In addition, these groups did not raise plasma
cholesterol levels. Therefore, we did not expect, nor did we observe, a difference in
platelet aggregation in these three groups as compared to the control. In contrast, in the

OL group, we observed a significant increase in platelet aggregation from control levels.
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This increase in platelet aggregation was most likely due to the significantly increased
plasma cholesterol levels in this group. This is in agreement with a study by Renaud ef al,
which demonstrated a positive correlation between platelet cholesterol and ADP-induced
platelet aggregation (98). This is also in agreement with other studies which
demonstrated an increase in platelet aggregation in hyperlipidemic rabbits (33,34) and
hypercholesterolemic patients (85). However in the OLHP group, where plasma
cholesterol levels remained elevated, we observed no change in platelet aggregation from
control values. This indicates that another mechanism, other than a reduction in plasma
cholesterol, must be responsible for reducing platelet aggregation in this group. In the
OLHP plasma, significant increases in levels of most SFA, one MUFA and all PUFA
were seen compared to OL plasma levels. However, the most striking difference was in
GLA levels where we observed a ~12-fold increase in the OLHP group, over the OL
group. This fatty acid was present in the hempseed supplemented diets but not present in
the RG, OL or CO dietary interventions. It is suggested, therefore, that this PUFA in the
hempseed may have inhibited the cholesterol-induced stimulation of platelet aggregation.
In agreement with our findings, it has been shown that evening primrose oil (EPO), as a
source of LA and GLA, can inhibit platelet aggregation. De La Cruz ef al have shown
that supplementation with EPO significantly elevates the concentration of inducer (ADP/
collagen) required to reach 50% maximal platelet aggregation (ECsy) in
hypercholesterolemic rabbits (33). In addition, EPO supplementation has been shown to
significantly reduce thrombin-induced platelet aggregation in butter fed rabbits (97).
However, this may have been due to the observed significant reduction in plasma total

cholesterol and triglycerides (97) which we did not see in our study. Finally, in
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hyperlipidemic patients, EPO supplementation has been shown to significantly reduce
platelet aggregation (46). However, the observed significant reduction in serum total-
cholesterol, LDL-cholesterol and triglycerides may have provided the mechanism
responsible (46). Nonetheless, GLA may be responsible for the observed reduction in
platelet aggregation in the OLHP group. As platelet aggregation is thought to be
associated with myocardial infarction and sudden ischemic death (76) and platelet
aggregation is increased in hypercholesterolemic individuals (33,34,85,98), this effect of
dietary hempseed may have a significant potential for reducing the incidence of
cardiovascular disease.

Our hypothesis that dietary hempseed would reduce ischemia/reperfusion injury
was based on previous observations of a protective effect of LA, ALA, DHA and EPA
during /R challenge (12,23,67,78,79,80,81,82,83,93). The first parameter we assessed
was left ventricular end diastolic pressure (LVDEP), the pressure within the ventricle
after filling. Ventricular filling depends, in part, on ventricular compliance during
diastole. During ischemia, calcium overload can lead to contracture, a state of sustained
excess contraction (90) which restricts ventricular compliance. The second parameter we
assessed was LV developed pressure (LVDP), a measure of the efficiency of LV
contraction. During ischemia, measurement of either LVDP or LVEDP is difficult due to
an early, severe depression of ventricular developed pressure (9). Therefore, during this
period of depressed systolic function, accurate measurements of these parameters were
not possible. During reperfusion, recovery of ventricular developed pressure allowed us
to accurately measure LVEDP and LVDP. We found that LVEDP was elevated in all

post-ischemic, reperfused hearts but we detected no significant differences amongst the

89



groups. In addition, we did not observe any significant differences amongst the groups in
the post-ischemic recovery of LVDP. These results are in agreement with the results of
Ander et al (unpublished results) where dietary supplementation with flaxseed (another
dietary source of PUFA) did not induce any changes in post-ischemic end diastolic or
systolic function.

The third parameter we assessed was the duration of the QT interval.
Measurement of this interval gives a valuable index of ventricular action potential
duration (59). Prolonged QT intervals are associated with transient, rapid, polymorphic
ventricular tachycardia (torsades de pointes) which can clinically manifest as syncope
(58). During the P-QRS-T interval, as depicted in Figure 10, the start of the Q-wave
represents the initiation of ventricular depolarization while the termination of the T-wave
indicates full ventricular repolarization. We took measurements of the QT interval during
the last 10 seconds of the equilibration phase, as ischemia may cause abnormalities of
action potential duration (90). There were no significant differences in QT interval
duration amongst the groups. This is in contrast to Ander ef a/ who found a significantly
longer QT interval due to dietary cholesterol supplementation and a significantly shorter
QT interval due to dietary flaxseed supplementation and dietary flaxseed + cholesterol
supplementation, as compared to control values (12). We did observe a trend for the HP
hearts to have the shortest QT interval duration, which is similar to the aforementioned
study by Ander et al after dietary flaxseed supplementation (source of ALA) (12).
Therefore, dietary hempseed may provide protection from arrhythmias by shortening the
duration of the QT interval. A larger sample size, however, may be needed to establish

statistical significance.
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The fourth parameter we assessed was the incidence and duration of cardiac
arrhythmias during both global ischemia and reperfusion. Cardiac arrhythmias are the
result of an inability of the heart to maintain its rhythm (60). Certain arrhythmias, such as
ventricular fibrillation, are lethal if left untreated. Ischemic challenge may cause cardiac
arrhythmias, as ischemia modifies ion handling, and therefore electrical conduction, in
the heart. In our study, we induced global ischemia in the heart to identify the effects of
our dietary interventions on arrhythmia generation. We did not observe any significant
differences in either incidence or duration of arrhythmias during global ischemia. This
was anticipated for the HP, DHP and CO groups due to minimal fatty acid uptake, into
both plasma and cardiac tissue. This is in agreement with our platelet aggregation results
where we also observed no significant differences in these three groups from the control.
In contrast to our hypothesis, the OL group showed no significant increase in either
incidence or duration of arrhythmias during ischemia over control levels. This is
surprising as it is well established that hypercholesterolemia, which our cholesterol-fed
animals clearly demonstrated, increases susceptibility to ventricular arrhythmia (12,72).
The reason for this discrepancy between our findings with cholesterol-fed animals and
those previously reported is not clear. However, due to the inability of
hypercholesterolemia to increase ventricular arrhythmia, we did not observe a significant
decrease in arrhythmia generation due to hempseed and cholesterol co-supplementation
as compared to cholesterol supplementation alone. During reperfusion, we did not
observe any significant differences in the incidence of tachycardia. However, we did
observe a significant decrease in the incidence of fibrillation in the OL and OLHP groups

as compared to the DHP group. This finding was unexpected for two reasons. Firstly, in
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contrast with our hypothesis, this finding demonstrates the possibility that hempseed may
be pro-arrhythmic when it contains a reduced lipid level. Secondly, the OL group showed
no incidence of fibrillation. As stated previously, hypercholesterolemia increases the
susceptibility of the heart to ventricular arrhythmia (12,72). Therefore, we expected an
increased incidence of arrhythmia in this group. Conversely, the observation that
hempseed and cholesterol co-supplementation significantly decreases the incidence of
fibrillation as compared to delipidated hempseed supplementation demonstrates the
beneficial properties of hempseed-derived fatty acids. As mentioned previously, the
OLHP group demonstrated significant elevations in plasma levels of all fatty acids
compared to the control while the DHP group demonstrated no significant elevations in
any plasma fatty acid levels over the control. This indicates that the OLHP group should
benefit from the fatty acids present in hempseed while the DHP group should obtain very
limited benefits. As stated previously, the OLHP hearts had a significantly elevated level
of GLA as compared to the DHP hearts. This elevated cardiac GLA level may protect
against I/R derived arrhythmias. This is comparable to Charnock, who saw a significant
reduction in ischemia/reperfusion-derived arrhythmias after dietary EPO or borage oil
supplementation (sources of GLA) in comparison to a saturated fat control (29).
Therefore, the absence of incidence of fibrillation in the OLHP group during reperfusion
may reflect a potential anti-arthythmic effect of dietary hempseed in
hypercholesterolemic individuals.

From this study, which is the first to examine the effects of dietary hempseed on
cardiovascular parameters, we can make several important conclusions. Firstly,

supplementation with dietary hempseed results in minimal fatty acid absorption from the
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diet unless co-supplemented with dietary cholesterol. Secondly, dietary cholesterol
significantly, but non-selectively, enhances fatty acid absorption of all fatty acids present
in the diet. Thirdly, supplementation with dietary cholesterol increases the level and rate
of platelet aggregation which can be returned to control levels by co-supplementation
with dietary hempseed. Finally, after removing a portion of its lipids, hempseed may
possess pro-arrhythmic properties. This may be due to the presence of an unknown pro-
arrthythmic entity present in the seed. In conclusion, the ability of hempseed to reduce
platelet aggregation in hypercholesterolemic individuals suggests that hempseed may
have potential in reducing the incidence of cardiovascular disease. This would not appear

to occur by decreasing the incidence or duration of arrhythmias.
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