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List of abbreviations

ACTH adrenocorticotropic hormone
AMP adenosine monophosphate

ATP adenosine triphosphate

BHT butylated hydroxytoluene

BMI body mass index

BW body weight

CE cholesteryl esters

CHD coronary heart disease

CRP C-reactive protein

DHA docosahexaenoic acid (22:6n-3)
EE ethyl ester

EPA eicosapentaenoic actd (20:5n-3)
FRA free fatty acid

FEM fat-free mass

BEM fat mass

Gl gastrointestinal

HDL. high-density lipoprotein

HSL hormone-sensitive lipase

BW ideal body weight

LDL low-density lipoprotein

LMF lipid-mobilizing factor

LPL lipoprotein lipase

LT leukotrienes

MTRSTFA N-methyl-N-(tert-butyldimethylsilyl)-trifluoroacetamide
NIDDM non-insulin dependent diabetes mellitus
0A oleic acid (18:10-9)

PG prostaglanding

PIF proteolysis-inducing factor

PL phospholipids

Ra rate of appearance

REE resting energy expenditure

RQ respiratory quotient

TAG triacylglycerol

TX thromboxanes

VL.DL very-low-density lipoprotein
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Chapter |

Background

Cachexia is a frequent problem in cancer patients which is characterized by weight
loss, impaired performance and fatigue.”127 In general, administration of nutritional
support does mot improve the condition' nor is any other adequate ftreatment
available,'2” The mechanisms underlying cancer cachexia are poorly waderstood.”®
Factors that may play a role in the etiology of weight loss include increased lipolysis from
adipose tissue,2'2:213 and increased proteolysis in muscle. 130 The potential role of elevated
lipolysis in the occurrence of weight loss in cancer is supported by the recent isolation of a
lipid-mobilizing factor (LMF) from urine of weight-losing cancer patients,”»219 and by
the observation of increased whole-body lipolysis observed in cancer patients, 124,192

Animal studies have shown that weight loss in qunor-bearing mice was effectively
attenuated by n-3 fatty acids derived from fish o0il 214 of which eicosapentacnoic acid
(BPA; 20:5n-3) proved to be the active component,213 Since EPA was found to inhibi
lipolysis and proteolysis in vitro, 1212213 inhibition of lipolysis and/or proteolysis were
assumed to play a role in these beneficial effects i vivo. Purthermore, EPA inhibited
tumor growth in these animals, 21213 Recent uncontrolled clinical studies suggest that EPA
supplementation may reverse weight loss in patients with pancreatic cancer as well, 17,230
It is, however, not yet known whether inhibition of lipolysis and/or proteolysis plays a role
in the effects of EPA in cancer, Tn the present thesis, the results of several studies on the
effects of EPA on lipid metabolism in cancer patients and healthy subjects will be
presented.

Tn this introductory chapter, background information is provided, In the first part of
this chapter, the nomenclature of lipids is explained, and the types of lipids, the process of
intestinal absorption of fat, the transport of lipids throughout the body, and mechanisms
regulating lipolysis are reviewed. In the second part, literature findings regarding n-3 fatty
acids in epidemiological studics are briefly reviewed, metabolic pathways of n-3 and n-6
fatty acids are explained, and the effects of n-3 fatty acids on lipid metabolism and the
inflammatory response are reviewed. In the third and last part of this chapter, different
aspects of cancer cachexia are discussed such as changes in body composition, wulerlying
mechanisms of weight loss with special reference to metabolic abnormalities, and potentiai
treatments of cancer cachexia. Finally, the aims of the cwrrent studies and the outline of
this thesis are presented.
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Introduction

Lipid metabolism in healthy subjects

Lipids'3®

Although lipids fulfili multiple functions in the body, two main fimctions can be
recognized, At first, lipids are an important component of cellular membranes, which are
layers with highly selective permeabiiity that regulate the passage of materials into and out
of the cell. The second important function is the storage of body lipids in adipose tissue, as
an energy source via oxidation pathways, Lipids exist in many different forms, and are
characterized by their a-polar character. A subgroup of this large group of compounds is
formed by lipids containing fatty acids, often in combination with one or two other
molecules such as glycerol or cholesterol. Fatty acids consist of a polar, hydrophilic acid
group and a hydrophobic tait which may be saturated, or unsaturated with double bonds.
The specific characteristics of fatty acids are determined by the length of the carbon chain,
the nunber of double bonds, and the Iocation of the first double bond within the chain.
The nomenciature of fatty acids is based on these characteristics: the number before the
colon indicates the total number of carbon atoms, whereas the number after {he colon
represents the number of double bonds. The munber behind the ‘n’ indicates the position
of the first double bond seen from the methyl end of the chain, According to this notation,
palmitic acid is indicated as 16:0, with 16 carbon atoms and no double bonds.
Eicosapentaenoic acid (EPA} is indicated as 20:5n-3 due to the 20 carbon atoms, 5 double
bonds, and the first double bond starting at carbon 3 from the methyl end of the chain
(Figure 1.1), Another method to indicaie the focation of the double bond, is the so-called
‘A’-notation. In this notation, the location is determined from the carboxyl-end instead of
the methyl end of the chain,

Besides the saturated fatty acids which are mainly present in mammals, three main
famnilies of unsaturated fatty acids exist; the n-9 fatty acids which are found in mammals as

0
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HO = C NAAANANACH, Palmitic acid (16:0)
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HO - C s\ oAAASNAAANAL CHy Oleic acid (18:1n-9)
0

IE
HO - C s Av=uaS =~ CH,  Eicosapentaenoic acid (20:6n-3)

Figure 1.1

Molecular struclure of palmitic acid (16:0), oleic acid (18:1n-9) and eicosapentaenoic acid (20:5n-3).
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OH = G NAANAA R Free fatty acid (FFA)
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Figure 1.2
Molecular structure of triacylglycerols (TAG), phospholipids (PL), cholesteryl esters (CE), free fatty
acids (FFA) and ethyl esters (EE).
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Introduction

well as in piants, the n-6 fatty acids which arc mainly found in vegetables and plants, and
the -3 fatty acids which are mainly found in marine oils derived from fatty fish and algae.

During life, fatty acids can be obfained from the diet, or they can be synthesized
within the body, Since human enzyme systems are not able to introduce new double bonds
beyond A9, fatty acids from the n9, n-6 and n-3 families are not metabolically
interconvertible in mammals, Consequently, the fatty acids [8:2u-6 (linoleic acid) and
18:3n1-3 (w-linolenic acid) are called essential fatty acids and must therefore be provided by
the diet, Within the body, elongation and desaturation of fatty acids takes place to form
various long-chain polyansaturated fatty acids for specific functions,

Different types of lipids!3%187

Within the buman body, different types of lipids have distinct physiological
functions (Rigure 1.2). Triacylglycerols (TAG) consist of three fatty acids esterified (o a
glycerol backbone and are mainly used for fat storage within the adipose tissue, After
hydrolization of TAG, free fatty acids (FFA) are released info the circulation which can
serve as an energy substrate for most ceils, Phospholipids (PL), which are also called
giycerophospholipids, consist of a glycerol hackbone containing two fatty acids and one
phosphoric acid group linked to a polar mofecule. P1, are, together with cholesterol, the
major lipid components of cell membranes. Cholesteryl esters (CE) are fatty acids
esterified to cholesterol. CE are mainly fouad in lipoproteins in blood which provide for
the transport of cholesterol throughout the body. Whether fatty acids are incorporated into
TAG, PL or CE, depends on local lipid concentrations and enzyme activities, but also on
chain length and degree of saturation, Cellular membranes are mainly composed of long-
chain polyunsaturated fatty acids to ensure membrane fluidity, whereas fat stored in
adipose tissue contains refatively high proportions of saturated fatty acids. A type of fatty
acid esterification that does not naturally occur but which is used in oral supplements fo
supply specific fatty acids in relatively higher doses, are the ethyl esters (EB). These
synthetic preparations exist of fatty acids esterified to an ethyl group. Sowe advantages of
EE over naturally occarring TAG mixtures ate that specific fatty acids can be adininistered
in high concentrations without interference with other components or fatty acids, and that
the amount of oil to be taken can be reduced.

Intestinal lipid absorption®137

After ingestion of dietary fat, large lipid droplets within the intestine are emulsified
by bile saits, which results in lipid dropleis of about 1 pm in diameter. Lipids on the
surface of these micelles are hydrolyzed by pancreatic lipase, resulting in free fatty acids,
2-monoacylglycerides, and glycerol. CE are broken down by pancreatic hydrolase into free
cholesterol and fatty acids. After formation of so-called mixed micelles (structures of 50 fo
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100 nm in diameter), the free fatty acids, glycerol and 2-monoacylglycerides diffuse
through the cell membranes into the epithelial cells. Within the epithelial celis, TAG, CE
and PL are resynthesized and incorporated into droplets called chylomicrons, The core of
these chylomicrons consists of TAG, CE and cholesterol, whereas PL and apolipoproieins
are found on the outside. Chylomicrons are released from the cell info the extracellular
fluid, and are subsequently transported to the systemic venous circulation via the lymph
vessels and the main lymphatic duct. Short-chain fatty acids are not reesteritied within the
enterocyte, but are either transported via the portal vein to be reesterified into TAG within
the liver, or directly oxidized. A similar pathway is observed for fatty acids derived from
EE, which are also directly transported to the liver as albumin-bound free acids instead of
being reesterified within the cell, As a consequence, only a minor part of the fatty acids
derived from EE is incorporated into chylomicrons. In contrast with fatty acids supplied as
TAG, chain length does not appear to affect the route of absorption for fatty acids from
EE.

Transport of lipids'®7

TAG-containing chylomicrons within the circulation are taken up by the liver, After
metabolization and reesterification, TAG constitute the basic components of very-low-
density lipoproteins (VL.DL) together with TAG formed from free acids, VLDL is released
into the circulation to deliver TAG to the peripheral tissues. At the surface of peripheral
endothelial cells, VLDL-TAG are hydrolyzed by lipoprotein lipase into glycerol and free
fatty acids which arc taken up by the cells, After fatty acid uptake by adipocytes,
reesterification of fatty acids to TAG takes place. Also other lipoproteins such as low-
density lipoprotein (LDL) and high-density lipoprotein (HDL) play an important role in the
transport of cholesterol and TAG throughout the body.

Regulation of lipolysis

Lipids and carbohydrates are the main substraies for energy production. In the
postprandial state, glucose is the most important energy substrate for most organs, In the
post-absorptive state, however, energy production from glucose is graduatly shifted
towards processes that use fatty acids as substrate for oxidation. In order to provide this
substrate, lipolysis -the processes in which TAG are hydrolyzed to fatty acids and glycerol-
increases, and free fatty acids are released from adipose tissue into the circulation, In this
condition, lipoflysis is mainly mediated by adipose tissue hormone-sensitive lipase (HSL)
(Figure [.3). HSIL is activated by hormones such as glucagon, cpinephrine, growth
hormone, adrenocorticotropic hormone (ACTH), thyroid hormone and cortisol, whereas
insulin is the most imporiant inhibitory hormone, However, fipolysis does not only take
place within adipose tissue, but also in the liver aid on the surface of peripheral
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endothelial cells. During the post-absorptive state, these lipases (f.e. lipoprotein lipase and
hepatic lipase) play only a relatively minor role in whole-body lipolysis. Within this thesis,
the term ‘whole-body lipolysis’ will refer to the fotal release of glycerol into the plasma
compariment as a result of all lipolytic processes within the body. The term ‘palmitic acid
release’ will refer only to those lipolytic processes where fatty acids are released into the
circulation, i.e. HSL-tnediated lLipolysis witlin the adipose fissue.

To muscle, liver, ete. To liver

VLDL 1oL T

Blood \ j
Fatty acids Gly:rof

Glycerol

Adipose
tissue

Figure 1.3

After a meal, triacylglycerols from very-low densily lipoprotein (VLDL) are hydrolyzed by lipoprotein
lipase (LPL), and VLDL is converted info intermediate density lipoprotein (IDL). Patly acids diffuse into
the adipose tissue, and are slored as triacylgiycerols after recsterification, During Lthe postabsorplive state,
triacylglycerols are degraded into glycero! and fatty acids by hormone-sensilive lipase (TISL). Glycerol
diffuses out of the cell and is taken up by the liver. Fatty acids also diffuse into the blood to be oxidized,
stored or metabolized in muscle, liver or other tissues, or fatty acids are reesterified within the tissue,

After fatty acids have been taken up by periplieral tissues such as muscle, oxidation
via mitochondrial fB-oxidation takes place. Tn each cycle of B-oxidation, a fatty acid is
shortened by two carbons, yiclding reduction equivalents for adenosing triphosphate (ATP)
production via the respiratory chain. Besides $-oxidation, fatty acids can also be degraded
by peroxisomal oxidation. This pathway can handle very long chain fatty acids (=20
carbons) which are poor substrates for mitochondrial 3-oxidation. In contrast with the
mitochondrial B-oxidation, the peroxisomal oxidation does not generate ATP since it is not
coupled to the respiratory chain, The process of fatty acid oxidation is not directly
regulated but is proportional to FFA coencentrations in plasma and in ¢the specific organ or
cell, This implicates that fatty acid oxidation is mainly regulated at the Ievel of adipose
tissue HSL which provides the substrate for this this process,

15



Chapter 1

n-3 Fatty acid metabolism

n-3 Fatty acids in epidemiological studies

In the 1970s, it was reporied that Bskimos ad fow rates of coronary heart disease
(CHD) and cancer despite their high-fat diet,!1:12:55 EPA appeared to play a role in these
effects, since EPA was found to have anti-thrombotic effects by reducing platelet
aggregation,’® In 1985, the 20-year follow-up study from the Dutch town of Zutphen
renewed the interest in the *fish oil hypothesis® by reporting that mortality from CHE was
reduced by more than 50% in those subjects who bad eaten the equivalent of 30g of fish
per day.!?! In the following years, some studies confirmed the potentially beneficial
effects of the consumption of fatty fish®L:19% or a Mediterranean alpha-linolenic acid-rich
dier*S on CHD, but other studies did not detect any significant effects of fish consumption
on coronary heart disease® or of fish oil supplementation on coronary atherosclerosis, 154
Although it is now generally accepted that n-3 fatty acids have beneficial effects in
preventing CHD, the potential benefit of n-3 fatty acids in other diseases such as cancer,
chronic inflammatory diseases and diabetes is currently under investigation.

Effects of n-3 fatty acids on lipid metabolism

Epidemiological studies have suggested that cardiovascular disease!%:78,111,149,202
and non-insufin-dependent diabetes mellitus (NIDDM)®716% are associated with elevated
levels of TAG and/or FFA in blood, 1t may therefore be beneficial to reduce plasma lipid
concentrations in subjects at risk,4 Supplementation of EPA and/or decosahexaenoic acid
(DHA; 22:6n-3) was shown to reduce postabsorptive’ 85109175 a5 well as postpran-
dia??® serum TAG concentrations and FFA® levels, but the effects of n-3 fatty acids on
serum cholesterol concentrations are inconsistent,27.71,94:.99,224  Degpite  extensive
research, there is still much uncertainty about the mechanism by which n-3 fatty acids
reduce plasma lipid concentrations, The decrease in serum TAG concentrations appears to
be caused by a reduction in hepatic TAG synthesis,®8 183 This reduction may in part be
related to low substrate availability due to decreased plasma FFA concentra-
tions?3.89, 109,182,198 a5 3 consequence of either reduced peripheral lipolysis,?!? or
enhanced FA oxidation, 170,231

Studies have shown that stimulation of lipolysis by a tumor-(erived lipidmobilizing
factor (LMF) in vitro is effectively attenvated by EPA, 170,212,213 Hormonal stimulation of
adenylate cyclase, and thus the formation of cyclic AMP, is also inhibited by EPA,170:211
This effect appears to be mediated by an inhibitory effect of a guanine nucleotide-
regulatory protein.!7%211 This effect of EPA on lipid metabolism is assumed to play a role
in the potentially beneficial effects of BPA in cachectic cancer patients.23®
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Metabolism of n-3 and n-6 fatty acids!?%197

As already mentioned, the fatty acids of the n-6 and the n-3 series are essential fatty
acids, since they are necessary for proper physiological functioning and cannot be
synthesized within the hwunan body, Afier [8:2n-6 (linoleic acid) and 18:3n-3 (o-finolenic
acid) have been absorbed from the diet, they are clongated to fatty acids with 20 and 22
carben atoms. In this pathway, n-6 and n-3 fatty acids compete, since they are desaturated
and elongated by the same enzymes (Figure 1.4}. Although both A4- and A6-desaturases
prefer n-3 fatty acids over n-6 fatty acids,’® 20:4n-6 is the major long-chain
polyunsaturated fatty acid within the body since the intake of n-6 fatty acids is usually
substantially higher than that of -3 fatty acids. However, when the intake of n-3 fatty
acids increases, the contribution of 20:5n-3 and 22:6n-3 will increase at the expense of
20:4n-6,227 Small amounts of n-3 fatty acids in the diet may therefore substantially affect
metabolic pathways within the hwman bady.

n-6 series n-3 series
18:2n-6 18:3n-3
¥ A6-Desaturase v
18:3n-6 18:4n-3
¥ Elongase ¥
20:3n-6 20:4n-3
“‘ AS-Desaturase ¥
20:4n-6 20:5n-3
¥ Elongase 7
22:4n-6 22:5n-3
AdDesaturase W
22:5n-6 22:6n-3

Figure 1.4

Essential fatty acid metabolism: elongation and desaturation of n-6 and n-3 fatty acids,

Ejffects of n-3 fatty acids on the inflanumatory response

Competition between n-6 and n-3 fatty acids also appears o play a role in the
regulation of the pathways of eicosanoid synthesis,??7 Eicosanoids are important
compounds in the regulation of the inflammatory response and blood clotting.?? They are
synthesized from Caxo polyunsaturated fatty acids (Figure 1.5) and can be divided into {hree
groups: prostaglanding (PGs), thromboxanes (TXs) and leukotrienes (LTs). PGs and TXs
are prodlucts from the cyclooxygenase pathway and contain a cyclopentane ring or a six-
membered oxygen-comtaining ring, respectively. LTs are produced via the lipoxygenase
pathway.
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The major biologically active members of the eicosanoid family are those derived
from arachidonic acid {(AA; 20:4n-6), i.e. the PGs and TXs of the 2-series (i.e. PGBz and
TXA2) and the LTs of the 4-series (LTB4). These cornpounds stimulate the inflammatory
response as well as platelet aggregation.32 In contrast, eicosanoids derived from EPA, i.c.
the PGs and TXs of the 3-series {i.e. PGEs and TXAs) and the LTs of the 5-series (L.TBs),
are biplogically less active than the eicosanoids derived from AA, with anti-aggregating
and immunosuppressive effects as a result.>? Most human studies regarding the effects of
n-3 fatty acids on cytokine production showed a decrease in the production of on¢ or more
proinflammatory cytokines such as interleukin-1, interleukin-6 and fumor necrosis factor-
0,26,44,60,147,148 The inhibitory effects of EPA on the inflammatory response may play an
important role in the pofentially beneficial effects of EPA in inflammatory bowel
disease, >4 rheumatoid arthritis, '1%1%! psoriasis®® 140 and cancer cachexia,230

COOH

246 (00
== 3
[20:5;1-3 m‘fj’”]
3

WCOOH OH OH
0y CH, PPN GOOH
OH A <
Thromboxane A, Q/\/\/\/CHa Leukolriene (LT8,)

Prostacyclin (PGl,}

Figure 1.5
Examples of molecular structures of thromboxanes, prostaglandins and leukotrienes synthesized from
arachidonic acid (AA; 20:4n-6) or eicosapentaenoic acid (EPA; 20:50-3).
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Cancer cachexia: etiology and potential treatment

Many patients with cancer suffer from involuntary weight foss which is called
cancer cachexia. The term ‘cachexia’ is derived from the Greek words ‘xoxog’ meaning
‘had’, and ‘‘n&ic’ meaning ‘condition’. The occurrence of weight foss is related o the type
of tumor and ranges from 30% in patients with favorable non-Hodgkin’s lymphoma to
nearly 90% in patients with gastric cancer.’0 Patients with cachexia have a decreased
survival time3% 164 and an impaired response to chemotherapy,®-50 and they suffer from
fatigue” and a reduced quality-of-life. 192 Weight loss in cancer can partly be explained by
reduced food intake due to factors such as abdominal fulluess, taste change, constipation,
mouth dryness, nausea and vomiting,83 or by impaired food uptake due to intestinal
malabsorption, 146,168,225 However, weight loss in cancer patients differs from that during
simple starvation, During starvation, fat from adipose tissue is usually used as the main
fuel whereas muscle mass is conserved. In contrast, in cancer cachexia, substantial loss of
muscle mass is observed in addition to loss of fat mass,%5% These changes in body
composition suggest that factors other than reduced food intake play a role in the loss of
body mass in cancer, This assumption is supported by the observation that increased
energy intake in cancer patients does not reverse the cachexia syndrome, 3816} Nutritional
support increased only body fat but not total body nitrogen, %193 and total parenteral
nuirition did not stimulate overall protein synthesis in malnourished cancer patients, 104

Metabolic alterations

Although the mechanisms underlying cachexia have not been fully clarified,
metabolic alterations appear {0 play an important role in the occurrence of weight loss in
cancer, In healthy subjects, reduced food intake usually results in reduced resting energy
expenditure (REE) whereas in many cancer patients, REE is increased despite normal or
even reduced energy intake, 5103204 This is illustrated by REE data of a patient with
progressive pancreatic cancer from our study during long-term follow-up, showing that an
increase in REE preceded the decrease in body weight (Figure 1.6). In general, unor type
appears to play an important role in detenmining whether REE is elevaied or not. In lung
cancer®®204 a5 well as in pancreatic cancer,52 REE was higher than in healthy subjects,
whereas in gastric or colorectal cancer, REE was not altered.68

Furthermore, alterations in lipid, protein and carbohydrate metabolism have been
reported in cancer, With regard to lipid metabolism, an elevated turnover of glycerol and
fatty acids has been observed in cancer paticnts, 24192 although one study did not reveal
any differences in lipolytic rates between the groups.19® Cancer patients with weight loss
were shown fo have an increased turnover of both glycerol and fatty acids when compared
with patients without weight loss.1%2 Tn another study, however, it was concluded that the
observed increase in lipolysis and triglyceride-fatty acid cycling in cachectic patients with
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Figure 1.6

Resting energy expenditure (REE) and body weight during long-term follow-up
in a patient with progressive pancreatic cancer. REE increased after 20 weeks,
followed by a decrease in body weight,

esophageal cancer was due to alterations in their nutritional status rather than the presence
of tumor itself.}16 Besides alterations in lipolysis, concentrations of specific fatty acids
may also be affected by tumor presence and umor type: in colorectal cancer,!® 18:2n-6
and 18:3n-3 were recduced and 18:1n-9 was increased in red blood ceHs, whereas in
platelets of lung cancer patients,!’2 18:2n-6 and the n-3 fatty acids were reduced. In
patients with bladder cancer,!#? total n-3 and n-6 fatty acids wete reduced in plasma PL.,

Alterations in protein metabolism in cancer cachexia are clearly iitustrated by the
undesired loss of muscle mass.?0 In metabolic studies, muscle protein synthesis was
significantly reduced in malnourished patients with advanced gastric carcinoma®* and in
weight-losing cancer patients of different twnor types,*® whereas protein breakdown was
elevated in patients with hepatocellular carcinoma, 5% In muscle biopsy specimens from 43
newly diagnosed cancer patients with weight loss, both reduced protein synthesis and
elevated profein degradation were detected, 32 Furthenmore, plasina amino acid profiles
may be altered in patients with cancer cachexia, as suggested by a low plasma
glutamine:cystine tatio,* high plasma glutamate levels®® and reduced serum tryptophan
levels, 107

Changes in glucose metabolism also occur in cancer.’! The rate of endogenous
glucose production is increased, and the magnitude of this increase appears to be related
with factors such as tumor stage, tumor histology and cachexia, 3! Increased
gluconeogenesis, i.¢. hepatic production of glucose from lactate, alanine and glycerol, is
one of the most important alterations in glucose metabolism in cancer.’! The rate of Cori
cycling, the energy-consuming process in which factate is released as a result of glycolysis
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in peripheral tissues and resynthesized to glucose by the liver, is also increased in cancer
cachexia,’!

Underlying mechanisms

The mechanisms underlying the metabolic alterations in cancer have not yet been
clarified. Besides alterations in food intake, many metabolic factors appear to play a role in
cancer cachexia, such as the recently identified lipid-mobilizing factor (EMFY*'® and
proteolysis-inducing factor (PIF).130 Recent studies have stressed the imporiant role of the
acule-phase response associated with high levels of tumor necrosis factor-o, interleukin-1
and interleukin-6, and interferon-y,262.64.196.203 Oher factors such as hormonal
alterations and metabolic competition between tumor and host may also play a role in the
metabolic alterations in cancer cachexia.”®

Potential treatments

An adequate (reatment for cancer cacliexia is not available, Corticosteroids and
progestational drisgs have been shown to improve appetite, food intake and the sensation of
well-being, but the beneficial effects on muscle mass are minimal,”> Although hydrazine
suifate has received much attention, this compound was shown (0 be ineffective in
improving the symptoms of the patient with cancer cachexia.” Megestrol acetate had
beneficial therapeutic effects on appelite, body weight and quality-of-life,134 but these
beneficial eftects appeared to be related to conservation of fat mass rather than of muscle
mass.>® Melatonin may be effective in the treatment of cancer cachexia by decreasing TNF
blood concentrations,'?® and medroxyprogesterone acetate may contribute o
downregulation of the acute-phase response. '*4 Tn conclusion, the n-3 fatty acid EPA may
have beneficial effects in cancer cachexia by inhibiting proteolysis!3® and lipolysis,!7® and
by modulation of the acute-phase response, 229

Aims of the study

The main aims of this thesis were the following:

- To determine whether lipid metabolism is altered in cancer patients

- To determine whether supplementation of EPA reduces lipolysis and lipid oxidation
in healthy subjects and in weight-losing cancer patients

- To obtain pilot information on the long-term cffects of EPA supplementation on
body weight in weight-losing cancer patients

21
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Qutline of the thesis

Differences in lipolysis and lipid oxidation between weight-losing cancer paticnis
and healtiry subjects are presented in Chapter 2. Since it was not known whether whole-
body lipolysis and lipolytic activity in vitro are related, Chapter 3 describes the
measurements of lipolytic activity in the plasma samples of our cancer patients, In Chapter
4, we report differences in plasma n-3 fatty acid concentrations between patients with
pancreatic cancer, lung cancer and esophageal cancer in comparison with healthy subjects.
The level of incorporation of EPA and DHA in different plasma lipid fractions during
short-term n-3 fatty acid ethy! ester supplementation in healthy subjects is reported in
Chapter 5. The effects of short-term EPA ethy! ester supplementation on lipolysis and lipid
oxidation in healthy subjects and weight-losing cancer patients are presented in Chapter 6
and 7, respectively, In Chapter &, the short-term meiabolic effects of different n-3 fatly
acid supplements are compared, and Chapter 9 describes our pilot study on the effects of
long-term EPA ethyl esier supplementation on body weight, body composition and
biechemical parameters i weight-losing cancer patients. Finally, the main results of this
thesis are discussed in Chapter 10, and a summary of resufts is presented in Chapter 11,

22



LIPOLYSIS AND LIPID OXIDATION
IN WEIGHT-LOSING CANCER PATIENTS

AND HEALTHY SUBJECTS

Sonja D. Zuijdgeest-van eeuwen'
J. Willem O, van den Berg'

J.L. Darcos Wattimena'

Ate van der Gaast?

G. Roelof Swart'

T.H. Paul Wilson'

Pieter C. Dagnelie!?

Metabolisin, Inn press

' Dept. of Internal Medicine IO, University Hospital Rotterdam
? Dept. of Oncology, University Hospital Rotterdam

* Dept. of Epidemiology, Maastricht University



Chapter 2

Abstract

Increased lipolysis has been suggested as one of the possible mechanisms
underlying cancer cachexia, The aim of our study was to assess whether lipolysis is
increased in weight-losing cancer patients taking differences in food intake and bixly
composition into account.

Sixteen healthy subjects and 18 cancer patients with different qumor types and
weight loss of 25% in the previous six months were included in the study. Food intake was
recorded for four days. Afier an overnight fast, [1,1,2,3,3-*Hs]glycerol was infused to
determine the rate of appearance (Ro) of glycerol as a measure of whole-body lipolysis,
and }1-®Clpalmitic acid was infused to determine the R. of palmitate as a measure of
palmitic acid release. Palmitate oxidation was deiermined by measuring *CO: enrichment
in breath samples and body composition was measured by bioelectrical impedance
analysis.

After adjustment for energy intake, whole-body lipolysis was significantly higher in
cancer patients than in healilry subjects (6.46 1 0.63 and 4.67 + 0.46 pmol/kg.min,
respectively; P < 0.05). The difference in palmitic acid release did not reach statistical
significance. The rate of palmitate oxidation was also significantly higher in patients than
in healthy subjects (1.15 4 0.10 and 0.93 + 0.07 pmoi/kg.min, respectively; P < 0.05),
No differences in body composition were observed between groups,

In conclusion, whole-body lipolysis as measwred by the R. of giycerol, and
palmitate oxidation are elevated in weight-losing cancer patients, but palmitic acid release
was not significanily different.
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Introduction

Cancer cachexia is a syndrome of mvoluniary weight loss, impaired physical
performance and fatigue, and is frequently seen in patients with malignant tumors,”s»127
Different studies have shown that weight loss is associated with increased morbidity,
attenvated response to therapy, decreased quality of 1ife’® and reduced survival.*® The
beneficial effect of dictary supplementation is modest, and pharmacological agents have
failed to improve the condition,”® Therefore, beticr knowledge of the mechanisms
underlying cancer cachexia is important in order (o develop new treatment strategies,

One of the factors contributing to the development of weight loss is reduced food
intake, which may be caused by decreased appetite or fumor treatment,!46:168 by
mechanical obstruction of the gastrointestinal tract,%8 or by intestinal malabsorption, 46 Tn
addition, metabolic aberrations may contribute to cachexia in cancer patients. 193204 The
combination of reduced energy intake arkl increased energy expenditure in cancer patients
will resuit in substantial weight loss. It has been shown that weight loss in cancer patients
comprises both muscle mass and fat mass (FM).% One of the mechanisms that may be
involved in the reduction of FM is increased lipolysis. In literature, several studies have
reported elevated lipolysis in cancer patients, 16,124,192 afthough one study did not detect
any difference in lipolysis between cancer patients and healthy subjects, 108

The mechanisms responsible for elevated lpolysis in cancer patients are poorly
understood. Lipolysis may be stimulated by reduced energy intake, weight loss or by the
presence of cancer as such, In urine of weight-losing cancer patieats, a probably tumor-
derived lipolytic material has been detected?!® which stimufated lipolysis'®! and
proteolysis in vitro,13%21% and induced weight loss in animals.2!8 Furthermore,
inflamnmation mediated by cytokines such as interleukin-6 may affect lipolysis in cancer
patients, 78 Studies in healthy subjects have demonstrated that lipolytic rate depends on
energy intake? 4 and the size of fat-free mass (FFM).34!18 To our knowledge,
however, no data have beenr published on lipolysis in cancer patients afier adjustment for
energy intake or body composition, Therefore, the aim of the present study was to assess
whether whole-body lipolysis, palmitic acid release and palmitate oxidation are increased
in weight-losing cancer patients taking differences in food intake and body composition
into account,

Methods

Subjects
Highteen patients with histologically proven cancer and weight loss > 5% in the
previous 6 months, and 16 healthy subjects with stable weight were included in this study.
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The study was approved by the Medical Ethics Committee of the Erasmus University
Medical Center Rotterdam, and written informed consent was obtained from ail
participants prior to start of the study. The following cxclusion criteria were used;
treatrent with chemotherapy or radiation therapy in the 2 weeks preceding the study,
surgery in the previous 2 months, concurrent corticosteroid treatment, isulin-dependent
diabetes mellitus, wncontrolled hyper- or hypothyroidism, edema or fever. Clinical

characteristics of cancer patients are summarized in Table 2.1,

Table 2.1

Ciinical characteristics of weight-losing cancer patients.’

Age Sex Tumor type Time since  Melaslases Prior  Weight loss

diagnosis {mo) Treatment’ (% / 6 mo)
Gastrointestina tumors;
50 M Adenocarc. of the oesophagus 1 Nene None 6.9
60 M Adenocarc. of the oesophagus 48 Liver, fung 5C 73
69 M Squamous cell care. of the cesophagus 8 Lymph nodes G 18.1
59 M Squamous cell care, of the oesophagus 22 None CR 14.8
49 M Squamous cell carc. of the oropharynx 14 None CR 10.7
59 M Carc. of the rectum 24 Liver SR 18.0
63 M Pancreatic cancer (locoregional relapse) 19 None S8R 14.3
75 M Pancreatic cancer (focoregional relapse) 7 iNone 8 7.3
59 M Gall bladder care, 2 Liver None 5.0
Other tumors:
74 M Adenocarc, of the lung 12 Liver § 10.8
55 M Undifferentiated farge cell carc.of the lung 16 Mediastinem R 53
85 M Mesothelioma of the lung 3 None None 14.0
73 F Adenocare. of the mamma 180 Lung, bone SHR 14.4
74 F Adenocarc. of the mamma i Bone, H 7.2
lymph nodes
65 F Carc. of cervix (locoregionat retapse) 24 None SR 53
66 F Carcinoid 95 {iver, None 17.1
omentum,
lymph nodes

65 M Adenccarc. of the kidney 15 Ling | 13.1
65 M Adenocarc. of unknown primary 1 Liver None 1.1

a i
Carc.: carcinoma

's = Surgery; R = Radiotherapy; C = chemotherapy; H = Hormonal treatment;

I = Interferon treatment
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Study protocol

After an overnight fast of =12 hours, subjects attended the outpatient department
between 8 and 9 a.m. for measurements of whole-body lipolysis and lipid oxidation,
resting energy expenditure (REE) and body composition, After fifteen minutes of absolute
rest at the department, tefion catheters were inserted into the antecubital vein of one arm
for the infusion of isotopes and into the contralateral dorsal hand vein or forearm vein of
the other arm for blood sampling. Baseline blood samples were coliected in heparinized
vacuum tubes, Four baseline breath samples were collected by exbaling through a straw
info 10mL Exefainer tubes. Blood samples were centrifuged immediately at 1200g for
10min at 4°C, and plasma was stored at -80°C under nitrogen until analysis,

After baseline sampling, a plasma protein selution (40g protein/L; albumin > 85%;
CLB, Amsterdam, The Netherlands) was infused containing the stable isotope labeled
tracers [1,1,2,3,3-"Hsjglycerol (MassTrace, Woburn, USA) and [I-PClpalmitic acid
(MassTrace). Labeled glycerol was infused at a rate of ~0.08pmol/kg.min (prime
1.2pmol/kg) to determine the rate of appearance (Ra) of glycerol as an index of whole-
body lipolysis23® using a Perfusor® Secura pump (B.Braun, Melsungen, Gennany).
Labeled palmitate was infused at a rate of ~0.04pmol/kg.min to determine the Ra of
palmitate as an index of fatty acid refease,?3* The plasma bicarbonate pool was primed
with NalICQs (~ 1.7umol/kg) dissolved in saline, The exact amount of tracers infused
during the study was determined afierwards by measuring the isotope concentration in the
infusate.

During the isotope infusion, REE was measwed for 30 minuies by indirect
calorimetry  wsing a  ventilated hood  system  (Deltatrac™ — MBM-100,
DATEX/Instrumentariin Corp,, Helsinki, Finland). The amounts of Q: consumed and
CO: produced during the last 20 minutes of the measurement were used to calculate REE
and total respiratory quotient (RQ). At 50, 60, 70, 80 and 90 minutes after start of the
isotope infusion, arterialized venous blood samples®3? were taken in heparinized tubes to
measure [“Hslglycerol and [1-°Clpalmitate enrichinent. Breath samples were taken to
measure “CO» enrichunent in order to calculate {1-"Clpalmitate oxidation. AH blood
samples were placed on ice immediately, and centrifuged and stored at the end of the
infusion period. In order to prevent obstruction, the venflon sampling device was flushed
with 2 mL saline containing heparin in low concentration. Heparin-released lipoprotein
lipase activity was verified to be less than 3% of the measured values for total whole-body
lipolysis.

Body composition was determined by bioelectrical impedance analysis (BTA;
HUMAN-IM SCAN, Dietosystemn, Milan, Italy), using the equation of Deurenberg et
al..*” Body weight (BW) and height were measured. Subjects recorded their dietary intake
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for four days preceding the measurements of lipolysis. Dictary intake was calculated using
the nutritional package ‘Komeet’ (B.ware Nutrition Software, Arnhem, the Netherlands),

Analysis of blood samples

To isofate plasma glycerol, 0.2mL plasma was deproteinized by subsequently
adding and mixing 0.5mL H:0, 0.2mL 0.15M CaSO4 and 0.2mL 0.15 M Na:WO., After
centrifugation at [5000g and !5°C for § minutes, the supernatant was passed through a
mixed ionexchange column (AGS0W-X8, AG1-X8, 200-400 mesh, 0.2 g cach; Biorad,
Richmond, USA). The colunn was washed with 4mL O and the effluent containing
glycerol was collected and dried under nitrogen. Derivatives of glycerol were formed
during incubation with 0.030mL pyridine and 0.015ml.  N-methyl-N-(tert-
butyldimethylsilyl)-trifleoroacetamide  (MTBSTFA, Pierce, Omnilabo, Breda, The
Netherlands) for one hour at 60°C,

To measure [1-"Clpalmitate enrichment, lipids were extracted from 250uT. plasina
using chloroform/methanol (2:1, by vol.; Merck; Darmstadt, Germany) according to Folch
et al.% in the presence of butylated hydroxytoluene (BHT; lmg/ml}) as an antioxidant,
Plasma free fatty acids (FRA) were isolated by thin layer chromatography (silica plates;
Merck, 5721) using hexane/diisopropylether/acetic acid (60:40:3, by vol.; Merck) as a
developer. Spots were scraped off, extracted using chloroform/methanol (2:1}, dried under
nitrogen and converied to their derivatives by MTBSTFA,

Plasma enrichinent of free J’Hslglycerof and [1-"Clpalmitic acid were analyzed on
a Carlo Erba GC8000 gaschromatograph coupled to a Fisons MD8(00 mass spectrometer
(Interscience BV, Breda, The Netherlands) in electron impact ionization mode with an
interface temperature of 280°C and a source temperature of 200°C. All measurements of
isotopic enrichment were carried out by injecting 1L with a split ratio of 50:1 on a fused
silica capillary celumn of 25m x 0.22mm, coated with 0.1lm HTS5 (SGE, Victoria,
Australia). Natural glycerol and [*H5}glycerol (mass 387 and 381), and nataral palmitic
acid and [1-"CJpalmitic acid (mass 313 and 314) were measured by selected ion
monitoring. For both {’Hs)glycerol and |1-"C]palmitic acid, the coefficient of variation
was 0.2Mol% and no concentration effect was observed for the Mol% enrichment. *CO,
in breath samples was measuged on an isotope ratic mass spectrometer (ABCA; Europa
Scientific, Van Loenen Instrurnents, Leiden, The Netherlands) with a standard deviation of
0.0002A10m % *CO-.

Biood hemogiobin, albumin, prealbumin and C-reactive protein (CRP) were
measured according to standard clinical chemical methods, Thyroid homones Ts, T4 and
rTs were measured according to the method of Bauer et al..2? Plasma insulin was
measured by radioimmuncassay (Biosource, Fleurus, Belgium),
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Calculations

Calculations of the rate of appearance (R.) of glycerol and paimitate were made
according to Klein et al.,!'® using the equation described by Steele:205

Ra (umol/kg.min) = (IB/1E,- £} * R

where F is the isotope infusion rate {umol/kg.min}, IE: is the isotopic enrichiment of
the infusate (atom percent excess) and TE, is the isotopic enrichment in plasma (atom
percent excess) during steady sfate conditions. The R. of total fice fatty acids (R« FFA)
was calculated from the Ra of palmitate asswning that the palmitate concentration was 23%
of total plasma FRA concentrations.!!® An index of the relative rates of lipolysis and
reesterification was calculated as the ratio of Ra FFA / Ra of glycerol 233

Palmitate oxidation was calculated according to the foliowing equation:

Palmitate oxidation (umol/kg.min) = (IEco: * VCOz) / (1B * BW # k)

where IEcos is the isotopic enrichment of the expired CO: (atom percent excess),
VCO: is the CO: production (umol/min}, BW is body weight (kg) and k is {he bicarbonate
correction factor for incomplete recovery of C (k = 0.75) according to Wolfe et al,, 234

Statistical analysis

Data are expressed as mean + SEM, Statistical differences between cancer patients
and healthy subjects were assessed using lincar regression analysis including as covariates:
1, a dummy variable to indicate tumor presence and 2. energy intake. Pearson correlation
coefficients were calculated. Due to the skewed distribution of CRP data, a
logtransformation was applied for plasma CRP concentrations. P-values less than 0.05
were considered statistically significant. Aualyses were performed with SPSS software
(SPSS for Windows version 6.1.3, SPSS Iuc., Chicago).

Resulis

The characteristics of cancer patients and healthy subjects are summarized in Table
2.2, The mean age of cauncer patients was significantly higher than that of healthy subjects
although the age range was comparable, i.e. 49-75 year in patients and 40-75 year in
healthy subjects. BW, body mass index (BMT; kg/m”, percentage of ideal BW (%IBW),
arm circumference and sum of four skinfolds were significantly lower in cancer patients
than in healthy subjects. Absolute values of FFM amd BM were reduced in cancer patients,
but the percentage of FFM (% FFM) was not different between cancer patients and healthy
subjects. Since %FEM was also comparable in patients with gastrointestinal {GI} cancer
and patients with other (ypes of tumors {non-GI), %FFM was not inclded as a covariate
in the statistical analyses,
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Table 2.2
Characteristics of study population,®
Cancer patients Healthy subjects
Gastrointestinal Other Total group

(n=9) n=9) (n=18) (n=16)
Age {y) 60 + 3 67 £ 2 64 £ 2 54 & 2
Sex 9M 5M; 4F MM AF 1OM6F
Weight (kg) 67.2 + 34 638 = 3.1° 655 + 2.3 77 + 34
Weight loss (%) 136 + 2.1 109 & 14° 123 + 1.2 00
BMI (kg/m’) 216 + 1.1° 23 £ 1 222 + 0.1 253 + 1
%IBWY’ 978 + 49" 108 £54 1029 x 36° 1182 ¢ 46
Arm circumference {cm) 275 £ 1.3 285 + 1.0° 28 £ 08 319+ 08
Sum of four skinfolds (mm)  33.3 = 4.6° 45 £ 17° 301 + 4.6° 69.2 £ 7.4
Fal-free mass (kg) 476 + 22 443 + 25 459 + 1.7° 541+ 29
Fat mass (kg) 204 24 195 + 18 199 + 14 236z 22
Fat-free mass (%) M+3 70 £ 2 70+ 2 W0 zx2

* mean + SEM
" Significantly different from healthy subjects (t-tes): *P < 0.01, °P < 0.0,
¢ Percentage of ideal body weight

Total energy intake (kJ/day) was significantly lower in cancer patients than in
healthy subjects, especially in patients with non-GI tumors (Table 2.3). When expressed
per kg BW, encrgy intake i patients with non-Gl tumors remained 25% lower than in
healthy controls (P = 0.055). Because of the differences in energy intake between groups,
further statistical analyses were adjusted for energy intake, No significant differences in
energy percentage of fat, protein or carbohydrate intake were observed between any of the
groups,

Blood hemmoglobin, albumin and prealbumin were found (o be significanty
decreased in cancer patients, whereas CRP was significantly increased (Table 2.4). With
regard to thyrotd honnones, Ts was significanity lower and rTs significantly higher in
cancer patients than in healthy subjects, whereas Ts did not show any significant difference
between the groups. Urinary creatinine excretion was significantly lower in cancer patients
than in licalthy subjects. Again, no significant difference in any biochemical parameter was
detected between cancer patients with GI tumors and patients with other types of tumors.
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Table 2.3
Dietary intake in weight-losing cancer palients and healthy subjects’
Cancer palients Healthy subjects
Gaslreintestinal Other Total group

n=9) {n=9) {n=18) {n = 16)
- totat (kJ/d) 8348 + 902 5903 + 568 7054 & 586° 9081 + 621
- per kg body weight 128 + 15 92 +8 109 + 13 122 £ 10

{kJfkg.ch
- Protein (E%)° 178 + 1 174 + 1 176 £ 0.7 169 + 0.8
- Fat (E%)° 39 + 2 339 & 1.1 344 £ 11 362+ 15
- Carbohydrate (E%)° 45 + 3 50 + 2 47+ 2 47 ¢ 1
*x'+ SEM
b Significantly different from healthy subjects: P <001L°P <005
‘B%: cnergy percent
Table 2.4
Biochemical paramelers in weight-losing cancer patients and healthy subjecls8
Cancer palients Healthy subjects
Gaslrointestinal Other Total group
(n=9 (n=9) {n=18) {in = 16)

Blood:
Hemoglobin {mmol/L) 7.7 % 04 74 % 03 74 £ 03 86+ 02
Atbumin (gL) 39 + 2 39 + 1 3 + 1 48 £ 1
Prealburnin (g/L) 019 £ 002° 07 £ 001" 018 + 001" 028+ 001
T, (nmoliL) 122 + 045" 152 £ 013" 439 £ 011" 19+ 01
T, (nmolfl) 93 £ 8 12 = 9 102 = 6 90 + 4
rTs (omol/L)” 054 + 0.14° 036 + 0.11° 048 4 009° 025+ 0.02
C-Reactive Protein (mgll)' 25 + 1% 17 & 15 2 & 10° 11
Urine:
Crealinine excrefion (¢24h) 044 x 001" 013 + 002 014 £ 0.01° 0.47 + 0.01

* Mean + SEM unless otherwise stated
b Significantly different from healthy subjects (t-test): *p < 0.01;°P < 0.05

4 Median + SEM
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Table 2.5

Rate of appearance (1) of glycerol and palmitate and the ratio of R, of total free fally acids
(FFA) / R, of glycerol in plasma, rate of palmitate oxidation and resting energy expendilure
(REB) in weight-losing cancer palients and healthy subjects.”

Cancer patients Healthy subjects

Gastrointestinal Other Total group
n=9) n=9 (n=18) {n=16)
R, of glycerof {umoalfkg.min) 588 + 06 7.04 £ 1127 646 £+ 003" 467 +046
R, of palmitate (ixmolfkg.min) 423 + 041 438 + 055 43 +0.33 359 £0.23
Ratio R, FFA/ R, glycerol 3.23£0.25 282 £ 017 303016 375 +0.37
Palmitate oxidation (umo¥kgmin) 1,14 + 0.16 116 £ 0.14° 145 2 0.10° 0.83 £0.07
REE (kJfkg.24h) 97 + 4° 95 + 4° 97 +3° 84 240
* Mean + SEM

MSigniﬁcant!y different from healihy subjects alter adjustment for energy intake:
bp = 0.05; °P < 0.05; %P < 0.02

Whole-body lipolysis, as measured by the R. of glycerol, was 38% higher after
correction for energy intake in cancer patients than in healthy subjects (Table 2.5; P <
0.05). When the two subgroups of cancer patients were considered separately, a 50%
elevation of Ra of glycerol was observed in patients with non-GI cancer (P < 0.05),
whereas the elevation of Ra of glycerol did not reach statistical significance in the GI
patients. Although palmitic acid release, as measured by ihic R. of palnitate, also tended to
be higher in cancer patients than in healthy subjects, this difference failed to reach
statistical significance (P < 0.10). Reesterification, as indicated by the ratio R. FFA / Ra
glycerol, did not differ significantly between cancer patients and healthy subjects, although
values tended (o be lower in cancer patients than in healthy subjects. Palmitate oxidation
was significantly elevated in the total group of cancer patients (P < 0.05) as well as in the
subgroup of non-GI cancer patients (P < 0.05). REE per kg BW was significantly
elevated in both patients with GI cancer and with other tunor types (P < 0.01).

Palmitate oxidation (R = 0.52; P < (.05) and REE (R = 0,65; P < 0.01), but not
lipolysis or fatty acid were significantly correlated with the logarithm of plasma CRP
concentrations,
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Discussion

Increased lipolysis is one of the factors that may contribute fo development of
weight loss in cancer cachexia.®” It is not known, however, whether lipolysis is increased
in cancer patients when alterations in energy intake and body composition are taken into
account, In the present study, we investigated whether lipolysis was higher in weight-
losing cancer patients than in healthy subjects taking differences in food intake and body
composition into account, Since no differences in %FFM were observed, this facior was
not included in the statistical analyses. Energy intake, however, showed substantial
differences between groups, and was therefore included in the statistical analyses as a
covariate. Whole-body lipolysis was assessed using infusion of ’Hs-labeled glycerol,
whereas palnitic acid release was measured using "C-labeled palmitate. Whole-body
lipolysis and palmitate oxidation were significantly higher in cancer patients than in heaithy
subjects, but the difference in fatty acid release between the two groups failed to reach
statigtical significance.

Lipolysis is the hydrolysis of triglycerides into free glycerol and fatty acids. For
every iriacylglycerol molecule hydrolyzed, one molecule of giycerol is released into the
plasma, The Ra of glycerol is therefore a direct reflection of the rate of lipolysis.2>3 Tn
contrast, the R. of palmitate may be affected by other factors such as reesterification within
the tissue?®? and differential mobilization of different fatty acids from adipose tissue.43
The index for reesterification, calculated as the ratio of R FHA / R. glycerol, did not
differ significantly between groups in the present study.

Several studies have shown that lipolysis expressed per kg BW does not differ
significantly between younger and older subjects.® 117221 Baged on those observations
and the fact that age did not correlate with lipolysis in the present study, we conclude that
the slight difference in age between cancer patients and healthy subjects in the present
study has not affected study outcome,

Previous studies bave shown that REE is higher in cancer patients with an acute-
phase response than in patients without this response.82:203 This finding was confirmed in
the present study, where REE was significantly correlated with plasma CRP
concentrations, Whole-body lipolysis was, however, not correlated with plasma CRP in
cancer patients, although it has been suggested that cytokines and inflammation may
mediate changes in lipid metabolism.® Rather, the presence of a lipolytic factor'®h219 or
lipolytic hormones may have stimnulated whole-body lipolysis in cancer patients.

It may be noted that our values ot the R. of glycerol and palmitate in cancer
patients as well as in healthy subjects were higher than those reported in comparable
studies,108:116,124,192  Anough there is no simple explanation for this, it should be
emphasized that the differences between owr values and those reported in literature did not
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affect the comparison between patients and healthy subjects within our study, since
identical methodology was applied for all subjects.

We conclude that lipolysis and pahmitate oxidation are elevated in weight-losing
cancer patients when energy intake is taken into account, Body composition did not differ
between patients and healthy subjects, so that adjustment for this potential contounder was
not needed. Differences in palmitic acid release and reesterification between cancer
patients and healthy subjects did not reach statistical significance. Prospective studies are
needed (o assess the role of increased lipolysis and fat oxidation in the etiology of weight
logs of cancer patients,
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Abstract

In urine of cachectic cancer patients, a lipil-mobilizing factor (LMF) has recently
been identified which may be responsible for the increased breakdown of adipose tissue in
these patients. It is not known whether the presence of this LMF in plasma, which can be
measured as plasma lipolylic activity, is associated with increased lipolysis in vivo. The
aim of the present study was to assess whether whole-body lipolysis and plasma lipolytic
activity are correlated in weight-losing cancer patients and heaithy control subjects.

Tn 18 weight-losing cancer patients of different twmor types and in 16 healthy
subjects, the rate of appearance of glycerol was determined as a measure of whole-body
lipolysis using *Hs-labeled glycerol. I vitro Lipolytic activity of plasma was determined by
measuring glycerol release from incubated adipocytes.

In vitro lipolytic activity towards isolated fat celis was significantly higher in
plasing from weight-losing cancer patients than in plasma of healthy subjects (P<0.01), as
was the rate of whole-body lipolysis (P < 0.05). However, no significant correlation was
detected between lipolytic activity i vifro and whole-body lipolysis in vivo in the total
study group, nor in healthy subjects or cancer patients separately.
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Plasma lipolytic activity versus whole-body lipolysis

Introduction

Many cancer patients suffer from involuntary weight loss which is caused both by
reduced food intake and by metabolic alterations. 27 Recent studies have identified a lipid-
mobilizing facior (LMF), which shows homology with the plasma protein Zn-ci-
glycoprotein. %’ LMF was shown to induce lipolytic activity in incubated adipocytes'3219
and to stimulate lipid mobilization and catabolism in mice,®” Therefore, LMF may play an
important role in the excessive breakdown of adipose tissue in cancer, In a recent study in
weight-losing cancer patients of different tumor types and healthy subjects, we showed that
whole-body lipolysis, as measured by stable isotope steady state kinetics, was increased in
cancer patients (Chapter 2). We decided fo measure lipolytic activity in the plasma samples
of these patients to assess whether whole-body tipolysis in vive and lipolytic activity in
vitro in weight-losing cancer patients and Lealthy control subjects are correlated,

Subjects and methods

Eighteen patients with histologically proven cancer of different tumor types and
weight loss =5% in the previous six months, and 16 healthy subjects with stable weigiit
were included in the study. Whole-body lipolysis was determined by measuring the rate of
appearance of glycerol, "6 After baseline blood sampling, [1,1,2,3,3-*Hs]glycerol (Mas-
sTrace, Woburn, USA) was infused by approximately 0.08pmol/kg.min (priming dose
L. 2pmol/kgy. After 50, 60, 70, 80 and 90 minutes of infusion, blood samples were aken
for determination of plasma [*Hs]glycerol enrichment as described previously (Chaprer 2),

Plasma lipolytic activity was determined via a moditied method of Beck and
Tisdale,?? measuring glycerol release from incubated adipose cells. Adipocytes from
vecently sacrificed NMRI mice were separated and incubated with plasma for 2 hours, The
release of glycerol was determined spectrophotometrically according to the method of
Wieland, 2?8

Differences between patients and controls were tested using the Mann-Whitiey U
test. Spearman’s rank correlation ceefficient was calculated between plasma lipolytic
activity and whote-body Ra of glycerol. Differences were considered statistically significant
when 2 < 0,05,

Results

Results showed that lipolytic activity in vitro was significantly higher in weight-
losing cancer patients (median 0,007 pmol/10° adipocyies.2h: range 0.000 - 0.195) than in
healthy subjects (median 0.000 pmol/10° adipocytes.2h; 0.000 - 0.031; P = 0.006).
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Lipolysis i vive was also higher in cancer patients (6.46+£0.63 pol/kg.min; Meant+SEM)
than in healthy subjects (4.67+0.46 pmol/kg.min; P < 0.05). No significant correlations
were detected between lipolytic activity in vifro and lipolysis in vivo (Figure 3.1).

A D healthy subjects
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é 6 | fl 2aa R
g ] a b
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0 ) 1 ] 1 1

-0.05 0.00 0.05 0.10 0.15 0.20
Plasma lipolytic activity in vitro

Figure 3.1
No significant correfation between whole-body lipolysis (Rate of appearance of
glycerol; Hmol/kg.min) and plasma lipolytic activity in vitro {mmoles glycerol /

10° adipocytes / 2h) in weight-losing cancer patients and in healthy subjects.

Discussion

The presence of LMFE is assuned (o be one of the factors that stimulate lipolysis in
cancer patients.®” Qur results confinn that both lipolysis in vivo and lipolytic activity in
vitro are increased in cancer patients. However, as there was no correlation between the
two measwres, factors other than LME probably play a role in whole-body lipolysis in
cancer patients. Such factors may include proinflarnmatory cytokines such as tumor
necrosis factor-alpha, inferleukine-1, interleukin-6 and interferon-gamma,%%  Also
hormonal alterations have been reported in cancer patients, such as decreased plasma
insulin, increased giucagon levels'” and alterations in glucocorticoids. We conclude that
both lipolysis in vive and lipolytic activity in vitro are elevated in weight-losing cancer
patients. No correlation was detected, however, between these two measures, Further
studies are needed to study the mechanisms wnderlying elevated lipolysis in cancer
patients,
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Chapter 4

Abstract

Despite the general notion of impaired nutritional status in cancer patients, studies
on fatty acid status in cancer patients are limited. Plasma n-3 fatty acid concentrations may
be reduced due to reduced uptake or intake, or due to enbanced metabolic demands, The
aim of the present study was to investigate whether plasma n-3 fatty acids concentrations
are reduced in patients with different tumor types.

We measured fatty acid composition in plasma phosphiolipids (PLs) and cholesteryl
esters (CEs} in 45 healthy subjects and 71 newly diagnosed, untreated cancer patients of
three tumor types: esophageal or cardia cancer (n=35), non-small celf lung cancer (n=22)
and pancreatic cancer (n=15).

In pancreatic cancer, plasma n-3 fatty acids showed a substantial reduction in both
plasma PLs and CEs, Although n-3 faity acids in hung cancer also tended to be reduced,
this difference failed to reach statistical significance, In esophageal cancer, n-3 fatty acid
concentrations were comparable to those in healthy subjects. n-3 Patty acid levels were
lower in weight-losing than in weight-stable patients with lung cancer, whereas pancreatic
cancer patients with diabetes had significantly higher levels of n-3 fatty acids than those
pancreatic cancer patients without diabetes, For all tmmor types combined, total n-3 fatty
acids were also significantly reduced in patients with plasma Ce-reactive protein
concentrations > 10 mg/L,

We conclude that plasma n-3 fatty acid levels are reduced in pauncreatic cancer,
possibly reduced in lung cancer, but not aliered in esophageal cancer, Furither studies are
needed to assess the mechanisms underlying the observed changes in n-3 fatty acid
concentrations,
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Introduction

Many cancer patients suffer from substantial weight loss due to reduced food
intake, impaired intestinal absorption, metabolic alterations or a combination of these
factors, with consequent increased risk of developing nutritional insufficiencies. The risk
of essential fatty acid deficiency, including deficiency of n-3 fatty acids, is especially
elevated in conditions of decreased infake, intestinal malabsorption, and inflanmation.
Little is known, however, on the plasma concentrations of n-3 fatty acids in specific
groups of cancer patients. In patients with bladder cancer, plasina n-3 and n-6 fatty acid
levels were reduced in plasma phospholipids (PLs).142 A small study in cancer patients
with different tumor types reported reduced concentrations of eicosapentacnoic acid
(20:50:3; BEPA) and docosahexaenoic acid (22:6n-3; DHA) in total plasma lipids in
comparison with healthy subjects.2%? In fung cancer patients, reduced levels of BPA, DHA
and linoleic acid (18:2n-6) in platelet phosphatidylcholine have been reported,!7? Mosconi
et al.152 described reduced levels of polyunsaturated fatty acids in malnourished cancer
patients, but did not report any specific data regarding n-3 fatty acids. In colorectal cancer
patients, no significant alterations in plasma n-3 fatty acid levels were detected.'® Most
studies are small, however, and to our knowledge, direct comparisons between different
tumor types have not been made.

Recent studies have reported potentiafly beneficial effects of n-3 fatty acid
supplementation in cancer such as inhibition of weight foss!3:17:230 and a prolonged
survival.”® Although the mechanisms underlying these effects are not known, they may be
related with impaired n-3 faity acid status in cancer patients.

The aim of the present study was to investigate whether plasma n-3 fatty acid
concendrations are reduced in patients with pancreatic cancer, lung cancer and esophageal
cancer when compared with healthy subjects.

Subjects and Methods

Subjects

The study protocol was approved by the Medical Bthical Committee of (he Erasinus
University Medical Center Rotterdam, Written informed consent was obtained from every
subject before inclusion into this study, Fifteen patients with pancreatic cancer, 22 patients
with non-small celf lung carcinoma and 35 patients with esophageal or cardia carcinoma
were included in the study. Afl patients were newly diagnosed and untreated, and were
recruited in consultation with clinicians of the Departments of Surgery, Pulmonary
Diseases, Oncology and Thoracic Surgery of the University Hospital Rotterdam, The
Netherlands. Exclusion criteriz were a previous history of maligirant disease and previous
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anti-tumor treatment, Forty-five healthy subjects were included as a control. Exclusion
criteria for the bealthy subjects were a history of malignant disease and the presence of
diabetes, which was defined as treatment with insulin, oral antidiabetics or a special diet.
Mean alcohol consumption, smoking behavior and weight loss over the previous six
months were recorded using a questionnaire, as were diseases other than cancer. Age, sex,
weight, height and medication were also noted.

Determination of plasma fatty acid composition

A heparinized blood sample was collected from every subject after an overnight
fast, and was centrifuged at 1600 g at 4°C for 10 minutes. Plasma samples were frozen
under nitrogen at -80 °C until analysis. Fatty acid compesition of plasma PLs and
cholesteryl esters (CEs) was determined as described in Chapter 5. Brieily, plasma
samples were extracted using a chloroform-methano! mixture (2:1 by vol.) according to
Folch et al..% Lipid fractions were separated by thin-layer chromatography, CE and PL
fractions were scraped off and fatty acids were transmethylated by an acetylchloride-
methanol mixture (1:20 by vol.) according to Lillington et al..'?> Patty acid compositions
were analyzed by Gas Liquid Chromatography (G1.C; Carlo Erba HRGC 5160) using a
FID defector and a CP-sit 88 colunn (Chrompack; length 50m, diameter 0.25mun) using
‘on column’ injection. The carrier gas was heliwn (pressure: 150 kPa}, The temperatue
program started at 90°C, and then increased to 170°C by 10° per minute, continuing to
220°C with 2° per minute, and to the final temperature of 225°C by 1° per minute, until the
end of analysis. In the chromatograms of the PL fractions, the following fatty acids were
identified: palmitic acid (16:0), stearic acid (18:0), Hnoleic acid {18:20-6), dihomo-y-
linolenic acid 20:3n-6), arachidonic acid (2(:4n-6), EPA (20:5n-3), docosapeniaenoic acid
(22:5n-3), docosahexacnoic acid (22:6n-3) and the total swn of vaccenic acid ([8:1n-7) and
oleic acid (18:11-9), Since 18:[n-7 and 18:1n-9 could not be appropriately separated in all
chiromatograms, the sumn of 18:In-7 and 18:In-9 was used for data analysis (referred to as
18:1). 18:in-7 accounted for approximatcly 16% of total 18:1 in plasma PLs. Total n-3
fatty acids in PLs were calculated as the swn of 20:51-3, 22:5n-3 and 22:61-3, In CE, the
fatty acids 16:0, palmitoleic acid (16:in-7), 18:0, 18:[, 18:20-6, a-linolenic acid (18:3n-
3), y-linolenic acid (18:30-6), 20:3n-6, 20:41:-6, 20:5n-3 and 22:6n-3 were ilentified. In
plasma CE, 18:1n-7 accounted for about 5% of total 18:1. Total n-3 fatty acids in CEs
wete calculated as the swn of 18:3u-3, 20:5n-3 and 22:6n-3. The weight percentage of
each faity acid was calculated by defining the swn of all nominated fatty acids as 100
percent. Three desaturation indices were calculated as follows (based on the PL. data):

AG-desaturation index = 18:1/ 18:0

Ab-desaturation index = [(20:4n-6 + 20:3u-6 + 18:3n-6) / 18:2n-6}

AS-desaturation index = [(20:4n-6 / (20:3n-6 + 18:3n-6 + 18:2n-6)]
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Table 4.1
Characteristics of healthy subjects and cancer patients.”

Healthy Pancreatic Lung Esophageat

subjects cancer cancer cancer

(n=45) (n=15) (n=22) (n=35)
Age (vy)? 59 (50-83) 64 (45-78) 66 (45-83) 63 (32-79)
Sex 26M; 18 F 6M;9F 15M7F 2BM;7F
Body weight (kg) 743 % 2.0 67.4 = 418 766 £ 31 755 + 1.8
Body mass index (kg/n?) 240 £ 0.7 246 + 1.1 2%.0 + 1.0 245 + 05
Weight loss (kg)” 0.t + 0.t 74 s 12 38 £+ 17 49 & 08
Weight loss (%)° 005 + 013 101 + 1.8 48 + 2.0 57 + 09
Alcohol use (unitsiweek) 6.7 + 1.4 21 & 1.1 81 %26 154 + 247
Smoking (cly/day) 13 + 06 37 & 11 79 + 16° 7.8 2.2
Prevalence of NIDDM" n=0 (0%) n=6 (40%)%t* n=2 (9.5%) n=3 (8.6%)

! Mean + SEM

¥ Median (range)

¢ Weight loss in the preceding six months

* NIDDM: Non-Insulin Dependent Diabetes Mellilus

' Significantly different [rom healthy subjects (P < 0.05)

# Significanily different from pancreatic cancer (P < 0.05)
3 Significantly different from lung cancer (P < 0.05)

' Significantly different from esophageal cancer (P < 0.03)

C-reactive protein (CRP} was measured in plasma of cancer patients using a
standard assay based on the principle of immunological agglutination (Boehringer
Mannheim GmbH, Mannheim, Germany). 29

Statistical analysis

Results are expressed as mean + SEM unless otherwise stated, Differences between
the four groups were assessed using one-way analysis of variance, followed by the post-
hoc least-significant difference method. Differences between two groups were assessed
using the Student’s t-test, and Pearson’s correlation coefficients were calculated between
fatty acid concentrations and other factors. For statistical analyses on CRP concentrations,
analysis of variance including tumor type as a covariate was used and log-transformation
was applied because of skewed distribution. An inflammnatory response was assumed to be
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present when CRP > 10 mg/L.210 CRP levels were not measured in healthy subjects, since
they were assumed to be normal in this group (<10 mg/L).? Statistical analyses were
performed by SPSS for Windows 6.1.3 (SPSS Inc., Chicago). Differences were considered
significant when P < 0.05.

Table 4.2

Fatfy acid composition of plasma phosphalipids (PL) in healthy subjects and in cancer
patienls, Figurcs arc expressed as weight percentage of total pL.™

Fatly acids Healthy Pancreatic Lung Esophageal
inPL subjects cancer cancer cancer
{n=45) {n=15) {n=22) (n=35)
16:0 201 £ 02 304 0513 1 £05¢ 302 £ 044%
18:0 148 = 0.2 143 £ 05 150 + 04 144 + 03
18:1° 10.6 + 0.2 12.0 + 06 1 10.8 + 04 108 + 0.3
18:2n-6 247 & 05 23 2098 246 + 0871 218 + 06 8
20:3n-6 32 £ 04 30 £ 03 34 £ 02 35 02
20:4n.6 12 + 04 123 £ 098 105 + 0.7 19 = 04
20:5n-3 1.2 + 04 07 = 047t 09 +017 13 £ 02
22:6n-3 i1 =01 09 + 017t 10 + 041 11 = 01
22:6n-3 41 £ 02 42 + 04 39 =04 50 + 0.2 #
Indices:
fotal n-3 65 + 04 57 £ 056 57 % 05 75 + 04 8
total n-6 390 % 08 76 £ 05 385 = 05 372 £ 051%

* Mean + SEM

® Statistical differences are assessed by one-way ANOVA with post-hoc LSD method
® 18:1 refers to the sum of 18:1n-7 and 18:in-9

t Significantly different from healthy subjects (P < 0.05)

f Significanily different from pancreatic cancer (P < 0.05)

¥ Significantly different from Jung cancer (P < 0.03)

' Significantly different from esophageal cancer (P < 0.05)
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Results

Baseline characteristics

Characieristics of the healthy subjects and cancer patients are smmmarized in Table
4.1. No differences in age were observed between any of the groups. Body weight was
significantly reduced in pancreatic cancer patients when compared with all other groups.
Mean weight loss in the previous six months was sipnificanty different between all patient
groups al healthy subjects, and ranged from 4,8+2.0% in lung cancer to 10.1+1.8% in
pancreatic cancer. Alcohol use was significantly higher in esophageal cancer than in other
groups, and patients with esophageal and hig cancer smoked significantly more cigarettes
per day than healthy subjects. None of the patients had insulin-dependent diabetes, but
non-insulin-dependent diabetes mellitus (NIDDM) was observed in 40% of the pancreatic
cancer patients which was significantly more than in the other paticat groups. Plasma fatty
acid composition of the different patient groups is presented in Tables 4,2 and 4.3, Fatty
acid ratios and desaturation indices are reported in Table 4.4,

Plasina fatty acid concentrations

Pancreatic cancer: Compared (o healthy subjects, patients with pancreatic cancer
showed considerable reductions in total n-3 fatty acid concentrations in plasma PLs as well
as CEs (Tables 4.2 and 4.3), but this reduction only reached statistical significance in
plasima CEs (P < (.05). The fatty acids 20:5n-3 and 22:5n-3 showed significant
reductions both in PLs and CEs in pancreatic cancer (£ < 0,05), as did 18:3n-3, 18:2n-6,
18:3n-6 and total n-6 fatty acids in CEs (£ < 0,05). Most saturated and monounsaturated
fatty acids were higher in pancreatic cancer patients than in healthy subjects. The ratio of
total polyunsaturated fatty acids to total saturated falty acids (P/S ratio) was reduced in
pancreatic cancer (Table 4.4; P < 0.05), whereas no significant difference in n-3/n-6 ratio
was detected between patients and controls. The A9- ai AS-desaturation indices in PLs
were clevated in pancreatic cancer (P < 0.05), Pancreatic cancer patients with NIDDM
showed higher concentrations of 20:5n-3, 22:50-3, 22:6n-3 as well as total n-3 fatty acids
than patients without diabetes, both in plasma PLs and CEs (Table 4.5; P < 0.05). Only
18:30-3 in plasma CEs did not differ between the two groups.

Lung cancer: Although levels of n-3 fatty acid concentrations in plasma PLs and
CEs tended to be reduced in lung cancer, these reductions faifed to reach statistical
significance (Tables 4.2 and 4.3). The observed reductions in total n-3 fatty acids in PLs
and CBs were not statistically significant, nor were the changes in 20:5n-3 and 22:6n-3.
18:3n-3 was significantly reduced in plasma CEs (P < 0.05), whereas 16:0 and [8:0 were
significantly elevated in plasma PLs and CHs (P < 0.05). No significant differences in
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Table 4.3

Patty acid composition of plasma cholesteryl esters (CE} in healthy subjects and in
cancer patienis, Figures are expressed as weight percentage of tofal ce®

Fatty acids Healthy Pancrealic Lung Esophageal
inCE subjects cancer cancer cancer
{n=45) {n=15) (n=22) (n=35)
16:0 1.8 £ 02 134 + 0481 1156 £ 03 123 = 03 ¥
16:1n-7 28 £02 31 202 26 £ 03 28 + 03
180 16 £ 00 22 £ 037 21 + 014 19 + 041
18:1° 189 + 0.4 213 + 08§ 190 + 06 204 £ 05%
18:2n-6 546 + 08 496 £ 118 549 = 14 515 £ 118
18:3n-6 08 + 01 0.5 + 011 08 + 0.1 0.8 + 0.1
20:3n-6 0.7 £00 09 £ 01% 08 = 0.1 09 = 01¢
20:4n-6 6.9 £ 03 77 % 08 66 = 05 73 £ 04
18:3n-3 0.5 + 0.0 03 + 0.0 8% 04 = 004 04 + 00¢%
20:5n-3 1.0 = 0.1 05 = 0.1 1% 08 x 01 11 « 01
22:6n-3 05 £ 0.0 06 = 0.1 06 = 0.1 0.7 £ 041
Indices:
total n-3 20 £0.1 13 £ 017 17 02 22 02
total n-6 630 + 0.7 587 + 1.4% 631 % 09 605 + 09%

* Mean + SEM

" Statistical differences are assessed by one-way ANOVA wilh post-hoe LSD method
 18:1 refers lo the sum of 18:1n-7 and 18:1n-9

* Significantly different from heafthy subjects (P < 0.05)

4 Significantly different from pancreatic cancer (P < 0.05)

$ Signilicantly different from lung cancer (P < 0.05)
¥ Significantly different from esophageal cancer (P < 0.05)

fatty acid ratios or desaturation indices were detected between lung cancer patients and
healthy subjects, except for a 6% reduction in P/S ratio (Table 4.4; P < 0.05).

Esophageal cancer: Plasma n-3 fatty acid concentrations in PLs and CBs in
esophageal cancer showed a tendency for higher values than in healthy subjects, although
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Table 4.4

Desaturation indexes in plasma phospholipids in healthy subjects and in cancer palienls”’l’

index Healthy Pancreatic Lung Escphageal
subjects cancer cancer cancer
{n=45) (n=15) (n=22) (n=35)

P/S rafio® 10 + 0.0 10 £+ 00% 10 + 00° 10 + 007

n-3/n-6 ratio 02 + 00 02 =00 04 + 00 02 +£00%

20:4n-6/18:2n-6 05 = 00 06 + 019 05 % 0.0 06 + 00

Ag.desaturation index” 0.7 + 0.0 09 =017 0.7 + 0.0 08 = 00

Ag-desaturation index® 0.6 = 0.0 07 + 0.1 06 + 0.1 07 + 00

As-desaturation index’ 04 £ 0.0 05 + 01°% 04 £ 00 05 +00%

* Mean + SEM

® Statistical differences are assessed by one-way ANOVA with post-hoc LSD method)
° P/S ralio; ratio tofal polyunsaturated fatty acids / total saturated [atty acids

¢ Ag.fesaturation index: 18:1 / 18:0

¢ Ag-desaturation index: [(20:4n-6 + 20:3n-6 4+ 18:3n-6) / [8:2n-6]

T A5.desaturation index: {20:45-6 / (20:3n-6 + 18:20-6 + 18:3n-6)f

i Significantly different from healihy subjects (P < 0.05)

# Significantly different from pancreatic cancer (P < 0.05)

¥ Significantly different from lung cancer (P < 0.05)

T Significantly different from esophageal cancer (P < 0.05)

the difference did not reach statistical significance (Tables 4.2 and 4.3). The slight increase
in n-3 fatty acid levels was mainly the result of elevated concentrations of 22:6n-3,
especially in plasma PLs. As in the other patients groups, 18:3n-3 showed a significant
reduction in plasma CEs (P < 0.05). Total n-6 fatty acid concentrations were significantly
reduced in both plasma PLs and CEs (P < 0.05). The A6- and AS-desaturation indices
were elevated by 23% and 20%, respectively (Table 4.4; P < 0.05).

Relation with weight loss

In PLs and CEs of lung cancer patients with weight loss, concentrations of 20:5n-3
and total n-3 fatty acids were significantly lower than those patients without weight loss
(Table 4.6; P < 0.05). In esophageal cancer, the n-3 fatty acid content was not different
between weight-losing and weight-stable patients. The effect of weight loss could not be
assessed in pancreatic cancer since all patients of this twmor type had lost weight in the
previous six months,
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Table 4.5

n-3 Fatty acids in plasma phospholipids {PL} and cholestery] esters (CE) in pancreatic canc
patients with and without non-insulin dependent diabetes mellitus (NIDDM),

Pigures arc expressed as weight percentage of tofal PL and CE.""*
Fraction Fatty acid No NIDDM With NIDDM P -valug
(n=9) (n=5)

Plasma PL  20:5n-3 05 = 0.1 10 £ 0.1 0.001
22:5n-3 0.8 = 0.1 1.2 + 0.1 0.002
22:6n-3 35 % 0.2 60 =05 0.000
total n-3 48 + 0.3 82 =+ 05 0.000

PlasmaCE  18:3n-3 03 £ 03 0.2 £ 08 0.307
20:5n-3 04 % 041 08 + 0.1 0.003
22:6n-3 05 + 0.1 0.8 = 0.t 0.012
total n-3 11 + 01 18 = 0.2 0.004

* Mean + SEM
® Statistical differences are assessed by the Student's t-test

° Presence or absence of DM unknown in one patient

Relation with inflammmation

Plasina CRP concentrations in pancreatic cancer were 20 (1 - 385) mg/L (median
and range), in fung cancer 21 (0 - 205) mg/L, and in esophageal cancer 5 (0 - 214} mg/L.
Plasma CRP concentrations were higher than 10 mg/L in 14 lung cancer patients (63.6%),
in 9 esophageal cancer patients (25.7%) and in 10 pancreatic cancer patients (66.7%). In
patients with Jung and pancreatic cancer, plasma CRP concentrations were significantly
higher than in patients with esophageal cancer (P < 0.05). After correction for tumor
type, patients with CRP conceatrations higher than 10 mg/L showed significantly reduced
levels of total n-3 fatty acids (P = 0.04) andd 22:5n-3 (P = 0.02) in PLs, and of 18;3n-3 in
CEs (# = 0.003), when compared with patients with CRP concentrations < [0 mg/L.
Total n-3 fatty acid concentrations also tended to be reduced in plasma CEs of patients
with CRP > 10 mg/L., although this difference did not reach statistical significance (P =
0.06). The P/S ratio and the n-3/n-6 ratio were also lower in patients with CRP values
> 10 mg/L (P = 0.02 and P = 0.07, respectively).
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Table 4.6

n-3 Fatty acids in plasma phosphelipids (PL) and cholestery! esters

(CE) in weight-fosing and weight-stable lung cancer palients.

Figures are expressed as weight pereentage of total PL and CE,"™**

Fraction Fatty acid Weight-fosing Weight-stable P-value
{n=10} {n=11)

Ptasma PL 20:5n-3 06 = 04 11+ 01 0.01
22:5n-3 10 = 0% 10 = 01 0.17
22:6n-3 32 £ 03 44 = 07 0.12
fotal n-3 48 + 04 85 = 08 0.06

Plasma GE 18:3n-3 03 £ 01 04 = 01 0.19
20:5n-3 05 £ 041 1.0 = 0.2 0.02
22:6n-3 06 £ 0.1 0.7 = 04 0.62
total n-3 14 + 01 21 203 0.03

* Weight-losing: when weight loss in previous six months > 5%
® Presence or absence of weigltt loss unknown in one patient
“ Mean + SEM

4 Statistical differences are nssessed by the Student’s t-test

Relation with other factors
No significant correlations were detected between plasma n-3 fatty acid
concentrations and factors such as body weight, BMI, alcohiol intake, or smoking behavior.

Discussion

In the present study, we investigated whether plasma n-3 fatty acids were reduced
in different types of cancer. Results showed that differences in fatty acid pattern exisi
between different tumor types. In pancreatic cancer, plasma total n-3 fatty acids were
significantly reduced in plasma CEs, Tn lung cancer, total n-3 faity acids tended to be
reduced as well, but these differences failed to reach statistical significance. In esophageal
cancer, the total n-3 fatty acid concenfrations in plasma PLs and CEs were comparable to
or even higher than those in healthy subjects. Total n-3 faity acid levels were lower in lung
cancer patients with weight loss than in those without weight loss, and pancreatic cancer
patients with diabetes showed significantly higher levels of tofal n-3 fatty acids than those
patients without diabetes. For all mmor types combined, total n-3 fatty acid levels were
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Table 4.7

Palty acids in plasma phospholipids (PL) and cholesteryl esters
{CE) in cancer patieats with and withoul an inflammatory response, as

defined by C-reactive protein {CRP) concenteations > 10 mg/L.
Figures are expressed as weight percenlage of tofal PL and CE.*"

Fraction Fatty acid GRP <10 mg/lL. CRP > 10 mgiL P-value
{n=39) {n=33)
Plastma PL 20:5n-3 12 = 0.1 08 = 01 0.14
22:5n-3 1+ 041 09 + 0.1 0.02
22:6n-3 48 = 03 41 = 0.3 0.10
total n-3 74+ 04 60 = 04 0.04
n-3/n-6 ratio 0.19 = 001 016 + 0.01 0.07
PIS ratic® 1.00 + 0.04 097 = 00t 0.02
Plasma CE 18:3n-3 04 £ 00 03 + 00 0.00
20:5n-3 1.0 = 04 0.7 = 01 0.14
22:6n-3 67 + 049 0.6 + 0.1 (.38
total n-3 20 £ 02 16 = 04 0.08

* Mean + SEM
® Statistical differences are assessed by analysis of variance with correction for ftumor type

¢ P/S ratio; ralio total polyunsaturated fatty acids / total salurated fatty acids

reduced in plasma PL and CE in patients with CRP plasma levels > 10 mg/L in
comparison with patients with CRP levels < 10 mg/L.

Fatty acids in plasma are present mainly as components of wiacylglycerols (TAGS),
CEs and PLs, We measured fatty acid composition in plasma PLs and CBs, since these
fractions are good indicators of the resultant of dietary fat intake!33 and probably also of
metabolic demands, and the day-to-day variation of their fatty acid compeosition is smaller
than in TAGs,!3! Furthermore, fatty acid composition of the plasma PL fraction is closely
related to that of PLs in platelet and erythrocyte membranes, 28,169

The patient groups included in the present study all represent cancer patients at risk
to develop nutritional deficiencies. The underlying mechanising may, however, differ
between the different groups, since contributing factors such as decreased fool intake,
reduced uptake and increased metabolic demands may differ between tumor types. The
observed presence of an acute-phase response has previously been reported in patients with
fung cancer?%232 and pancreatic cancer,!362:64 and appears (o be related with plasma
levels of n-3 fatty acids in the present study. Previous studies in non-cancer patients with
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an evident inflammatory response reported that plasma n-3 fatty acid levels were inversely
correlated with inflammation,®%:163 Plasma n-3 fatty acids were also significantly lower in
patients with rheumatoid arthritis than in healthy subjects.2%® An inflammatory response in
humans is also attenuated by supplementation of n-3 fatty acids.?6:3* These findings may
indicate that reduced plasma n-3 fatty acid levels in patients could contribute to an
inflammatory state, Another possible explanation of reduced plasma n-3 fatty acid levels
might be an increased metabolic demand for n-3 fatty acids during inflannmation, since n-3
and n-6 fatty acids are the precursor miolecules for inflammatory substances such as
prostaglanding and leukotrienes.

Yet another factor that might have contributed {o the difference in fay acid patern
between lung cancer patieats and healthy subjects iy smoking, since smoking has been
reported to be inversely associated with 22:6n-3 and 20:4n-6 in serum PLs and CEs, 194
However, we were not able to detect a significant correlation between smoking bebavior
and plasma n-3 fatty acids in the present study.

Plasma n-3 fatty acid fevels in pancreatic cancer were even lower than those in lung
cancer. Patients with pancreatic cancer often suffer from intestinal malabsorption due to
impaired excretion of pancreatic enzymnes.?*> Reduced absoiption of polyunsaturated fatty
acids may subsequently result in essential fatty acid deficiency.!12 The observation that n-3
fatty acid levels in pancreatic cancer patients with NIDDM are noi reduced bui are instead
comparable to those in healthy subjects, is difficult (o explain, Some studies i non-cancer
NIDDM patients reported reduced plasma levels of polyunsaturated fatty acids in
comparison to healthy subjects, 173176:130 whereas one study in newly diagnosed NIDDM
patients reported increased levels of elongated polyunsaturated fatty acids.'67 Further
studies are needed to identify the underlying mechanism of the relaton beiween the
presence of NIDDM and plasma n-3 fatty acid levels in pancreatic cancer,

In esophageai cancer, alcolio! intake was higher than in the other patient groups,
which may explain the elevated n-3 fatty acids plasma levels observed in our study.
Previous studies showed that plasma n-3 fatty acid levels were higher in moderate drinkers
than in nondrinkers. "% and that 22:6n-3 and 18:3n-3 were elevated in esophageal tissue of
rats administered ethanol, especially after tumor induction,!3* Furthermore, weight loss
may have played a role in the changes in plasma lipid composition. Tn contrast with many
other tumor fypes, weight loss in esophageal cancer is thought to be the result of decreased
food intake due to inability (0 swallow, rather than of metabolic alterations.5® When
energy infake is reduced, fatty acids are mobilized from the adipose tissue to meet energy
requitements. Since the rate of mobitization is higher for n-3 fatty acids than for saturated
fatty acids,>"41180 the proportion of n-3 fatty acids in blood may increase. Thus, a study
in obese women showed that total n-3 fatty acids increased during weight reduction,3? and
it may partly explain the relatively high concentrations of n-3 faity acids in esophageal
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cancer patients in the present study. However, this is not consistent with the fact that we
did not detect any difference in n-3 fatty acids between esophageal cancer patients with an
without weight loss,

We conclude that differences in plasma fatty acid composition exist between
different tumor types. When compared with healthy subjects, total n-3 fatty acids in plasma
CHs are signiticantly reduced in pancreatic cancer, tend to be reduced in plasma PLs and
CEs in lung cancer, but are unchanged in esophageal cancer. Further studies are warranted
to clarify the mechanisms underlying the observed differences in n-3 fatty acid
concentrations in cancer. This knowledge may contribute to better understanding of
potential benefits of n-3 fatty acid supplementation in different types of cancer,
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Chapter 5

Abstract

The aim of our study was to quantify the incorporation of EPA and DHA in plasma
lipids afier oral administration of n-3 fatty acid ethyl esters, since little is known about the
rate and pattern of incorporation into plasma lipid fractions, In addition, we aimed to
obtain pilot information regarding EPA half-life, which is needed to establish a optimal
dosing schedule.

Five healthy volunteers ingested 2 x 8.5g n-3 fatty acid ethyl esters per day for 7
days, supplying 6.0g EPA and 5.3g DHA per day. The fatty acid compositions of plasma
phospholipids (PL), cholesieryl esters (CE) and iriacylglycerols (TAG) were detenmnined
during supplementation and during a washout period of 7 days. Half-lives of EPA and
DHA were calculated.

The proportion of BPA in PL showed a 15-fold increase after 7 days (P < 0.001),
while DHA showed a smaller increase (P < 0.01). In CE, EPA also increased (P <
0.05), while DHA did not increase at all. Remarkably, incorporation of DHA into TAG
was even higher than that of EPA, Half-life of EPA in PL ranged from 1.63 to 2.31 days
{1.97 + 0.15 days; mean + SEM), whereas mean half-lifs of EPA in CE was 3.27 + 0.56
days. In three subjects, washout of EPA and DHA from TAG seemed to follow a bi-
exponential pattern, with a short haif-life (<1 day) in the initial phase and a half-life of
several days in the second phase. In conclusion, EPA ethyl esters are rapidly incorporated
into plasma lipids, especially into PL. The relatively long half-life of EPA in plasma would
permit a dosing schedule with intervals of 212 howrs in supplementation studies,
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introduction

Beneficial health effects of n-3 fatty acids in fish oif have been described in several
diseases. n-3 Fatty acids, especially eicosapentaenoic acid (20:5n-3; EPA) and
docosahexaenoic acid (22:6n-3; DHA), are known to reduce plasma triacyiglycerol (TAG)
concentrations and may be beneficial in atherosclerosis and inflamnatory diseases, 52197

Since fish oil contains a mixture of TAGs with various fatty acids, the
concentration of n-3 fatty acids is relatively low. A higher concentration of EPA and DHA
can be achicved by using a supplement of unesterified fatty acids, Ingestion of free faity
acids (FFA), however, causes gastrointestinat complaints and may be toxic.23

1n contrast to FFA, no side effects are induced by n-3 fatty acid ethyl esters (EE),
and BE would therefore be appropriate for supplementation of n-3 fatty acids. However,
the absomption of EPA and DHA as EE may be lower than of EPA and DHA as TAG or
FEA, since previous studies reported that the plasma incorporation of EPA- and DHA-EE
was lower than the incorporation of EPA- and DHA-TAG after a single dose2357:122 a4
well as during prolonged supplementation of n-3 fatty acids as BE.%2 However, other
studics did not find any differences in incorporation between supplements, 120,156,177 The
diversity of results may partly be explained by the fact that some studies measured BPA
andd DHA only in plasma TAG and not in plasma phospholipids (PL) or cholesteryl esters
(CE). Before using n-3 fatty acid EE in a clinical setting, it is important fo determine the
actual level of incorporation when using n-3 fatty acid EE.

In addition, information about the kinetics of EPA and DHA is needed to devise
proper dosing schedules, However, only Hmited data are available about the rate of
incorporation and the half-life of EPA and DHA in bicod, and the data available are
mainly restricted to single dose supplementation. A few studies investigating the rate of
incorporation of EPA aficr a single dose of oral EPA-EE reporied a maximal incorporation
of EPA into TAG after 4-6 hours, 37122136 Ty studies with prolonged supplementation of
n-3 fatty acid BE or TAG, EPA was found to reach its maximun level within one
week, 9298 Tn contrast, the rise in TYHA continued for several weeks.92:98 Although this
difference in incorporation between EPA and DHA may be due to a difference in EPA or
DHA concentration in the supplement, it may also be caused by a difference in metabolism
between EPA and DHA. Some studies have shown that the decrease in EPA after cessation
of supplementation is much more rapid than that of DHA, % but no information is available
about the hatf-life of EPA and DHA in plasima lipids.

The first aim of our study was to determine the level of incorporation of EPA and
DHA in different plasma lipid fractions during supplementation with 1-3 fatty acid EE, In
addition, we attempted to quantify the half-lifs of EPA and DHA in the different plasma
lipid fractions.
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Subjects and methods

Subjects

Study subjects were five healthy volunteers, four females and one male, of normal
weight (body mass index 20-25) and ages between 23 and 30 years. None had a history of
gastrointestinal complaints or metabolic or other serious diseases. All subjects consumed a
normal Dutch diet, containing not more than one meal of fish per week, From one week
before start of the protocol until the end of the study, subjects did not ingest any fish or
fish products apart from the supplement, This study was approved by the Medical Bthical
Committee of the University Hospital Dijkzigt, Rotterdam.

Experimental protocol

Duration of the study was 14 days: 7 days of n-3 fatty acid EE supplemeniation and
7 days of washout. On day 0, subjects attended (he outpatient department after an
overnight fast. After 15min of rest, venous blood samples were taken in EDTA tubes,
Hereafter, subjects conswned 8.5g of u-3 fatty acid EE as a flaid (Incromega E2573;
Croda Olecchemicals, North Humberside, England) twice daily with breakfast and supper
respectively, for a period of 7 days. To improve the taste, the n-3 fatty acid EE were
mixed with two drops of peppermint oil just before consutption. The supplement
confained 35.0 w/w% EPA and 31.2 w/w% DHA according to information from fhe
supplier, resulting in an intake of 6g EPA and 5.3g DHA/d, The fatty acid composition of
the supplement is shown in Table 5.1.

Table 5.1

Contents of the relevant faity acids in the n-3 fatty acid ethyl ester supplement.
Falty acid wiw% of fotal fally acids
18:1n-9 4.7
18:2n-6 1.5
18:3n-3 0.4
20:3n-6 0.3
20:4n-6 2.2
20:4n-3 .0
20:5n-3 (EPA) 35.0
22:5n-3 75
22:6n-3 (DHA)® 31.2
Other faffy acids 19.1

* EPA: eicosapentaenoic acid

b -
DHA: docosahexacnoic acid
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Subsequently, fasting blood samples were taken during supplementation in the
morning of days 1, 2, 3, 4 and 7. To determine the rate of washout of EPA and DHA,
blood sampling was continued on days 8, 9, 10, 11 and 14, Blood samples were placed in
ice immediately after sampling and centrifuged within 5min, Plasma was stored in -70°C
under nitrogen untif analysis within 6 weeks.

Fafty acid composition

Plasma lpids were extracted using chloroform/methano! (2:1, by vol.; Merck;
Dannstadt, Genmany) according to Polch et al% in the presence of butylated
hydroxytoluene (Img/ml) as antioxidant. Prior to extraction, internal standards were added
t0 be able to calculate absolute plasma concentrations of PL, CE and TAG (purity 96%,
74% and 95%, respectively). Plasma lipids were separated into PL, TAG and CE by thin
layer chromatography (silica plates; Merck, 5721} using hexase/diisopropylether/acetic
acid (60:40:3, by vol.; Merck) as a developer, Fatty acids were converied into their
methyl ester using a mixiure of acetyl chloride (Merck) and methanol, 123 Fatty acid
analyses were performed by Gas Ligunid Chromatography (GL.C; Carlo Brba HRGC 5160)
using a FID detector, a Chrompack CP-sil 88 colwnn (fength 50m, dianeter §.25mm), an
uncoated methyl deactivated retention gap, leliun as a carrier gas and ‘on column’
injection. Concentrations of individual fatty acids are presented as mole per 100 mole and
not as absolute values, because of the statistically significant decreases in total plasma PL,
CE and TAG concentrations,

Biochemical analyses

Plasma TAG concentrations were measwred on day 0, 2, 7 and 11 uvsing a standard
enzymatic assay from Bochringer-Mannheim (no. 917; Mannheim, Germany). Plasma
FFA concentrations were measured on day 0, 2, 7 and 11 using an enzymatic colorimetric
method (NEFA C test kit; Wako Chemicals, Neuss, Germany). Total plasma PL and CE
were detenmnined on all days by adding up the GLC peak areas of all fatty acids for the
fraction concerned,

Calculation of EPA and DHA half-life

The Scientist® softwate package (MicroMath Scientific Software, Utah) was used
for least squares fitting of the data during the washout period, using a meno-exponential
and a bi-exponential model (Powell, 1970);
Mono-exponential model:

Concentration = a*exp((-b)¥time)

Half-life = 0.693/b
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Bi-exponential modei:
Concentration = al#exp((-bly*time) + a2¥*exp{(-b2)*time}
Half-life | = 0.693/bl
Half-life 2 = 0.693/b2

The Medel Selection Criterion (MSC) was defined by the formuia:

1
% w (Yobs;-Yobs)? .
MSC = Inf — = 2R
z \iv' {Yobs-Yeal)?
':

where wi are the weights applied (o the points, Yes is the observed value of Y, Yo is the
calculated value of Y and n is the munber of data points,

The MSC attempts to represent the ‘information content” of a data set, and indicates
whether the mode! is suitable for the data or nof, To calculate EPA and DHA half-life, the
modet with the largest MSC is in principle the best model for the given data, and was used
for data analysis. A MSC <0.5 was considered (o be inadequate to give a good fit of the
data. When one of the calculated parameter values was identical to the upper or lower
limits purposely set as model constraints, data were considered invalid and were exciuded
from statistical analyses.

Statistical analysis

Based on an estimated mean difference of 3 mol/100 mol, a standard deviation of
1.4 mol/100 mol and use of the paired t-tests, power of the study was 0.94. Resulis are
expressed as mean + SEM. Changes in plasma lipid concentrations were iested by the
Student paired t-test, and in the figures by the Proc Mixed procedure for repeated
measures of the SAS statistical software package. P-values less than 0.05 were considered
to be significant.

Resulfs

n-3 Fatty acid EE supplementation was well tolerated by all subjects. However,
when belching occurred, a fishy smell or taste was noted. All subjects completed the
study, but in one subject the blood sample of day 4 could not be taken, During
supplementaiton, concentrations of individual plasma lipid fractions showed moderate to
substantial changes (Table 5.2). Plasma TAG concentrations decreased significantly during
supplementation (days 2 and 7; P < 0.05), returning to near baseling values after 4 days
of wash out (day 11). Plasma free fatty acid (FFA) concentrations also decreased
significantly within 2 days of supplementation (P = 0.01) and remained low during
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supplementation, although the difference from baseline after 7 days failed to reach
statistical significance ( = 0.07). Both plasma PL awd CE concentrations showed a
significant decrease during n-3 fatty acid EE supplementation.

Supplementation of n-3 fatty acid EE for one week resulted in considerable changes
in plasma fatty acid composition. In plasma PL, a highly significant increase of EPA
(20:5n-3) was observed, approaching a plaicau level after approximaiely 4 days (Figure
5.1). During washiout, the EPA concentration decreased rapidly, with an almost complete
return to baseline values afier 7 days of washout. A significant increase was also found for
DHA (22:6n-3) concentrations in plasma PL, aithough this increase was much fess
pronounced than that of EPA. Arachidonic acid (20:4n-6) also showed a slight increase,
which reached significance only on days 2 and 3 when using the paired t-test. T contrast,
levels of 18:2n-6, [8:1n-9 and 20:3n-6 in plasma PL decreased significantly during
supplementation, and returned to initial levels by day 14. No significant changes in plasma
PL were found for 22:5n-3,

Table 5.2

Plasma concentrations (mmol/L) of total phospholipids (PL), cholesteryl esters (CE),
triacylglycerols (TAG) and free [atty acids (FFA) before (day 0), duzing (day 1-7) and

afler (day 8:14) supplementation of fish oif ethy! cstors

Day pLY* cE TAG FFA

0 126 + 009 229 + 021 084 = 0.15 029 = 004
1 121 + 009 201 + 013

2 146 + 008 185 & 043 050 + 0.13° 0.42 = 0.02°
3 110 + 0.09 185 + 016

4 141 = 0.41 175 + 014

7 145 + 008 185 + 041 051 = 0.04° 014 = 005
8 119 = 008 189 + 0.10

9 126 + 008 195 + 0.08

10 125 + 040 102 + 000

11 131 = 009 198 = 0.07 0.72 + 009 027 + 0.03
14 120 + 007 204 + 0.06

* Mean & SEM; a=3,

b Signilicant decrease during supplementation (P < 0.05; repeated measures),
“ Significant increase during washout period (P < 0.05; repeated measures).
¢ Significantly different from day 0 (P < 0.05; paired 7-test),
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supplementation washout

168:1n-9

Concentration of fatty acids in plasma PL (molf100 mol)

Time {days)

Figure 5.1

The concentration of different fatty acids in plasma phospholipids (PL) during daily intake of
n-3 fatty acid ethyl esters (17 g/d) and during the washout period (in mole percent of total fatty
acids in the PL {fraction),

* P < 0.05 (repeated measurements analysis)

P < 0.0001 {repeated measurcments analysis)
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In plasma cholesteryl esters (CE), changes in fatty acid composition were less
pronounced than in plasma PL. (Figure 5.2). Incorporation of EPA into the CE fraction
was less rapid than in the PL fraction, and the EPA concentration did not reach a plateau
tevel within 7 days. Subsequently, the decrease of EPA during washout was less rapid than
in PL, DHA incorporation into CE was minimal, while the proportion of 20:41-6
increased significantly. A small and insignificant increase -of 20:3n-6 and 22:5n-3 was
found. No changes were detected in the levels of 18:2n-6 and 18:1n-9 in plasma CE during
supplementation,

A completely diffcrent pattern of incorporation was observed for plasina TAG
(Figure 5.3): here, DHA was incorporated (o an event higher extent than BEPA, in contrast
to the incorporation into PL and CE. Both faity acids showed a rapid decrease during
washout. EPA had completely returned to baseline on day 14, while DHA was still
significantly increased by this time. While incorporation of 22;5n-3 into PL and CE was
minimal, a fivefold increase of 22:5n-3 was detected in TAG, reaching a plateau value
within 2 days, This was followed by a rapid return to baseline values during washout. In
addition, 20:4n-6 showed a significant increase on days 2 and 3 (paired t-test), while
20:30-6 was significantly increased at day 1. This was accompanied by a decrease in
[8:1n-9, which only reached significance on day 3 (paired t-test), Again, no significant
changes in the levels of 18:2n-6 in TAG were found during the study.

Plasma half-life of BPA could be calculated in all plasma lipid fractions, but
calculation of half-life of DHA was only possible in plasma TAG, due to the high scatier
of dafa in plasma PL and the small changes of DHA i plasma CE. Individual washout
curves are shown in Figure 5.4,

The washout of EPA from plasima PL was well fitted by a mono-exponential
model, resulting in an BPA half-life ranging from 1.63 to 2.3[days (1.97 + 0.15 days;
Mean + SEM) (Table 5.3). The high MSC value showed that the model used was suitable
for the data, In plasma CE, data were also best fitted mono-exponentially, although the
MSC value was lower than in PL due to the higher intra-individual scatter, Half-life of
EPA in CE could be calculated in four subjects and ranged from 1,63 to 4.08 days (3.27 +
0.56 days).

The decrease of EPA in plasma TAG was initially fitted by the mono-exponential
modef (Table 5.3). Halflife of EPA in TAG could be calcufated in four subjects and
ranged from 0.47 to 1.63 days (mean 1.12 days), However, in three of them, the MSC
value showed an increase when fitting the data with a bi-exponential model, whereas in the
fourth subject, the vse of a bi-exponential model was not possible. In the three subjects,
the initial half-life of EPA ranged from 0.11 to 0.77 days (0.41% 0.19 days), whereas half-
life in (he second phase was 1.29-4,17 days (2.92 + 0.86).
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Figure 5.2

The concentration of different falty acids in plasma cholesteryl esters (CE) during daily intake of
n-3 fatty acid ethyl esters (17 g/d) and during the washout period (in mole percent of total fatty
acids in the CE fraction).

" P < 0,05 (repeated measurcments analysis)

P < 0.0001 (repeated measurements analysis)
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For the decrease of DHA in plasma TAG, compatable results were found (Table
5.3). A half-life ranging from .89 to 2.57 days was found with a mean of 1,63 days when
using the mono-exponential model. Use of the bi-exponential model resulted in an increase
of the MSC value, The initial half-life of DHA in plasma TAG ranged from 0.18 to 0.38
days, followed by a half-life of 3.81-5.32 days in the second phase (4,75 £ 0.33 days).

Biscussion

Our study demonstrates that n-3 fatty acid EE are absorbed from the intestine, as
was shown by the significant increase of EPA and DHA in different plasma lipid fractions
during supplementation. In general, a relatively consistent pattern of incorporation and
washout was shown in most lipid fractions with small deviations between subjects.

EPA was incorporated into PL and CE, as weil as in TAG. In contrast, the DHA
incorporation pattern was quite different: a very low incorporation into CE, but a high
incorporation into TAG which was even higher than that of EPA, Although not all data
could be used for the calculation of plasma half-lives, this study provides pilot information
regarding washout of EPA and PHA from plasma. During washout, the decrease of EPA
in PL and CE was found to be mono-exponential with mean half-lives of 1,97 and 3.27
days, respectively. In plasma TAG, however, the data of EPA and DHA were better fitted
by a bi-exponential washout model, with a shori initial half-life of less than 1 day,
followed by a longer half-life of several days.

The incorporation of EPA into plasma Hpids was considerably higher than the
incorporation of DHA in owr study. This finding is consistent with results from other
studies investigating the incorporation of n-3 fatty acid TAG®>156 as well as studies in
which EE were used,’4123.207 Ouly Blonk et al.,2” who used a supplement of n-3 fatty
acid ethyl esters, did not find any difference in incorporation between EPA and DHA into
plasina PL after 12 weeks of supplementation. In these studies, supplementation ranged
from a single dose” until one year of supplementation,!2* The pattern of incorporation of
different fatty acids appeared to be independent of the different fish oil types and dosages.
Sadou et al. investigated whether the intramolecular structure of n-3 fatty acid TAG affects
the incorporation of EPA and DHA.'8% They found that DHA (mainly situated at the sn-2
position) was mainiy incorporated into plasma TAG, while EPA (predominantly situated at
su-1/3) was mainly incorporated into plasma PL.18% They concluded that the difference in
incorporation was due to the inframolecular structure, However, our study shows that a
supplement containing EE instead of TAG resulted in a similar plasma distribution, which
would suggest that the incorporation pattern is the result of properties of EPA and DHA
rather than of the position of the fatty acid on the glycerol backbone,
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Table 5.3

Half-lives of EPA and DHA (days) in different plasma lipid fractions,
calculated by a mono-exponential and a bi-exponential model, ‘Fhe higher the
valve of the Model Selection Criterion (MSC; an indicator for the suitability of
the model), the betler the model.

Mono-exponential Bi-exponential
Subject haf-life  pascy hal-life t  halllife2  guscy
EPA in PL® 1 2.02 5.1 b - -
2 2.3 3.9) - - .
3 1,63 (3.6) - - -
4 2.27 {3.8) - - -
5 1.65 (3.5}
Mean 1.97 - .
SE 0.16 - -
EPA in CE’ 1 ¢ - b _
2 4,08 (1.9
3 3.59 (2.9}
4 3.580 4.7}
5 1.63 (1.5)
Mean 3.27
SE 0.56 - -
EPAin TAG* 1 0.47 {3.9) 0.11 1 (5.4)
2 .05 {4.0) d -
3 1.37 2.7 0.77 4 (2.8)
4 1.06 {2.0) 0.33 3 (3.6}
5 1.63 {1.5) o e -
Mean 142 0.41 3
SE 0.19 0.19 0.86
DHA in TAG® 1 (.89 (1.9} 0.35 5 {3.5)
2 1.18 (2.0) 0.28 4 {4.4)
3 257 {0.9) 0.35 5 (i.1)
4 1.89 {0.9) 0.18 5 2.2)
5 < - 4 [ -
Mean 1.63 0.3t &
SE (.38 0.04 0

"PL, phospholiptds; CE, cholesteryl esters; TAG, triacylglycerols; MSC, Model Selection Criterion,
* No bi-exponential fit possible due to good fit of mono-exponeatial model.

“ No suitable (it due to high scatier of data.

¢ No suitable fit because parameter value was ¢qual (o estimaled upper consiraint,

® No suitable fit due to negative value of half-life 2.
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supplementation washout
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Figure 5.3

'The concentration of different fatty acids in plasma triacylglycerols (TAG) during daily intake of
n-3 fatty acid ethyt esters (17 g/d) and during the washout period (in mole percent of total fatly
acids in the TAG fraction).

* P < 0.05 (repeated measurements analysis)

* P < 0.0001 (repeated measurements analysis)
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A more plausible explanation for the difference in incorporation between EPA and
DHA was given by Subbaiah et al..2%7 These authors suggested that the difference is
caused by the fact that EPA and DHA are competitors for the enzymatic fransfer of fatty
acids from PL to CE. The affinity of the enzyme lecithin-cholesterol acyltransferase is
higher for EPA than for DHA, Thus, the conversion of EPA from PL to CE is higher
compated to DHA. This would explain why, in our study, incorporation of EPA into CE is
high, while the incorporation of DHA in CE is negligible. It would also explain why DHA
incorporation into PL was more rapid than into CE, a tinding that has also been described
in other studies, 29,185,207

When the transfer of DHA from PL to CE is reduced, a relative accumulation of
DHA in PL would be expected, Indeed, in owr study DHA in PL was still increasing after
one week of supplementation. However, the increase of DHA in PL was less rapid than
the increase of EPA, This could be explained by a relatively high clearance of DHA
compared to BPA from the plasma towards the adipose tissue, since DHA has been
suggested (o be the preferred storage form of n-3 fatty acids.!!3

N-3 fatty acid supplementation was also shown to induce changes in other fatty
acids than EPA and DHA in (he present study. We observed a small increase in 20:4n-6 in
plasma PL on day 2 and 3, followed by a decrease in concentration, Tt is likely that the
observed increase is the result of the small amouni of 20:4n-6 in the supplement.
However, this increase does not correspord] to other studies, which generaily report a
decrease in 20:4n-6 during n-3 fatty acid supplementation,®2120,135,17L177 1nact likely as
a consequence of competition between the n-3 and n-6 fatty acids. Yet, when examining
literature data in detail, some of these studics show a temporary increase in 20:4n-6 during
the first week of supplementation, ®2177:224 which is in accordance with our findings, This
observation combined with the significant decrease of 18:2n-6 in PL imdicates that
incorporation of BPA and DHA into PL in the first days of supplementation mainly occurs
at the expense of 18:2n-6 and not of 20:4n-6. '

Not only was the incorporation level of EPA higher than ihat of DHA, but also the
incorporation rate. Similarly, the decline during washout was more rapid for EPA than for
DHA. The same finding has also been described by others®®133,136,207 who showed that
DHA had not returned to baseline values within 4 weeks of washout. So far, no
information has been available about the washout in the separate plasma lipid fractions, In
ow stxly, the decrease of BPA in the PL and CE fractions was mono-gxponential,
implicating that EPA probably originates from one pool, i.e. plasma PL. Unfortunately, it
was 1ot possible to calculate balf-life of DHA in PL and CE due to the high intraindividual
scatter and the slow rate of washout,

As for plasma TAG, our results would indicate a bi-exponential washout of EPA as
well as DHA, The stow decline in the second phase of washout may be due to the release
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Figure 5.4
Individual washout curves of EPA from plasma phospholipids {PL), cholesteryl esters (CE)
and triacylglycerols (TAG), and of DHA from plasma TAG.
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of n-3 fatty acids from body stores. EPA and DHA are incorporated into TAG by the liver
to be incorporated inte VLDL and to re-ender the plasma pool. The half-life in the secomd
phase is longer for DHA than for EPA, which is consistent with the notion that DHA is the
main storage form of the n-3 fatty acids, 113

In summary, we conclude that n-3 fatty acids ethyl esters are sufficiently well
incorporated into plasma lipids to allow the use of n-3 fatty acid ethy! esters in clinical
practice. Qur results suggest that the washout of EPA and DHA from plasma PL and CE is
mono-exponential, but ihat EPA and DHA washout from TAG may fotlow a bi-gxponential
patiern, Based on the relatively long half-life of the n-3 fatty acids in plasma, we conclude
that supplementation with 6g of EPA in a frequency of once per 24 hours would probably be
sufficicnt to obfain a substantial increase in plasma EPA and DHA levels,
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Chapter 6

Abstract

Supplementation with fish oil may play a role in the prevention and treatment of
cardiovascular discases by reducing serumn friacylglycerol (TAG) and free faity acid (FPA)
concentrations. Although the mechanism underlying this effect hag not yet been clarified,
reduced lipolysis and/or increased lipid oxidation may play a role, The aim of the present
study was to assess the effects of short-term eicosapentacnoic acid-ethyl ester (EPA-EE)
supplementation on Lipolysis and lipid oxidation in healthy subjects,

In sixteen healthy subjects (10M, 6F; age 40- 75y), whole-body fipolysis (using
{1,1,2,3,3Hs)glycerol) and pahmitic acid release (using {1-"Clpalmitic acid) were
measured at bascline, and after 2 and 7 days of BPA-EE (6 g/d) or placebo {oleic acid-EE,
OA-EE; 6 g/d) supplementation using a double-blind, randomized study design. Palmitate
oxidation was determnined by measuring “CO: enrichment in expired breath,

No significant differences in whole-bady lipolysis, palmitate oxidation, or pahnitic acil
release were detected between the groups receiving EPA-EE and OA-EE supplementation for
one week, It was remarkable, however, that both palmitic acid release and palmitate
oxidation showed substantial reductions in both treatment groups as compared with
baseline values.
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Effects of EPA on lipolysis in healtly subjects

introduction

Epidemiological studies have suggested that cardiovascular disease!®:78,111,149,202

and non-insulin-dependent diabetes mellitus (NTDDM)%7:185 are agsociated with elevated
levels of triacylglycerol (TAG) and/or free fatty acid (FFA) in blood, and (hat it may be
beneficial to reduce plasina lipid concenirations in subjects at risk.* Since it has been
shown that supplementation of fish oil reduces serum TAG!81166.175 and FRA%S levels,
fish oil may play a role in the prevention and treatment of cardiovascular diseases?2138,160
and NIDDM.77

The main constituents of fish oil are eicosapentaenoic acid (EPA; 20:5n-3) and
docosahexaenoic acid {(DHA; 22:6n-3), Several studies showed that BPA, but not DHA, is
responsible for the TAG-loweting effect of fish oil, 71175231 zlthough other investigators
reported that both EPA and DHA had a TAG-lowering effect.3! Despite extensive
research, there is still much uncertainty about (he mechanism by which n-3 fatty acids
reduce plasma Hipid concentrations. The decrease in serum TAG cotuicenirations appears to
be caused by a reduction in hepatic TAG synthesis, 8 183 This reduction may in part be
refated fo low substrate availability due to decreased plasma FFA concentra-
tions. 45,89, 109,182,198

Two different mechanisms have been proposed to explain the reduction in plasma
PFA concentrations by n-3 fatty acids. Firstly, reduced peripheral lipolysis may be
involved, since BPA was shown to inhibit lipolysis in vitro.?'3 Secondly, enhanced fatty
acid (FA) oxidation may play a role, since mitochondrial and/or peroxisomal [3-oxidation
appeared to increase during fish oil supplementation,!>7%23! However, a study in rats
showed a reduction rather than an increase in whole-body fat oxidation with fish oit,
despite increased hepatic peroxisomal FA oxidation.!8! In view of these paradoxical
findings, it remains unclear whether reduced lipolysis or increased fat oxidation is the
prevalent mechanisin by which fish oil attenuates serum TAG concenirations.

The aim of the present study was to assess the effects of short-term EPA-ethyl ester
(EPA-EE) supplementation on lipolysis and lipid oxidation in healﬁly‘mlbjects.

Subjects and methods

Subjects and study design

Sixteen weight-stable, healthy subjects (10 M; 6 F) aged 40 - 75 y were included in
the study. The study was approved by the Medical Bthics Comumitiee of the Erasmus
University Medical Center Rotterdam, and written informed consent was obtained from all
subjects prior o start of the study. Exclusion criteria were: surgery in the ast two months,
underiying metabolic discase such as liver disease, diabetes, hyper- or hypothyroidism,
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hart failure or fever, treatment with anti-epileptic drugs, corticosteroids or xanthing
deviates, anorexia, extremely restrictive diets and alcohol conswnaption > 15 wmits per
week,

After a baseline measurement of whole-body lipolysis and palmitate oxidation on
day 0, subjects were randomized over two groups according 0 a double-blind study
design. One group received a supplement of 6 grams of EPA-EBR (purity 96.8%,
EPA9SER; Pronova, Sandefjord, Norway) per day for one week, and the other group
received 6 grams of oleic acid (QA)-EE (purity 79%, Ethyi Olivate; Creda Olcochemicals,
North Humberside, England) as a control for one week, Supplements were provided in
(1.5g capsules, {o be taken as 3x2g with the main meals. On days 2 and 7, measurements of
lipolysis and pahnitate oxidation were repeated according to the same protocol as on day 0.
All participants filfed in dietary records from four days before the first measurement until
the end of the study period.

Measurement of lipolytic rate and CO: production

On day 0, subjects attended the outpatient department between 8 and 9 a.m. after
an overnight fast of approximately 12 hours. Fifteen minutes after arrival, teflon catheters
were inserfed into the antecubital vein of one armm and infe the contralateral dorsal hand
vein or forearm vein of the other arm. Baseling blood and breails samples were taken,
blood was centrifuged immediately and plasma was stored at -80°C under nitrogen uatit
analysis. Afier baseline sampling, infusion of a pasteurized plasma protein solution (40 g
protein/i, atbumin >85%; CLB, Amsterdam, The Netherlands) containing [1,1,2,3,3-
*Hslglycerol (MassTrace, Woburn, USA) and  |1-"Clpalmitic acid (MassTrace) was
started using a calibrated gyringe pump (Perfusor Secura; B.Braun, Melsungen, Germany),
Glycerol was administered by primed-constant infusion with a priming dose of 1.2
pmol/kg and an infusion rate of approximaiely 0.08 pmol/kg.min and palmitic acid was
given by a constant infusion rate of approximately .04 pmol/kg.min. To prime the plasma
bicarbonate pool, a bolus of NaH"CO: dissolved in saline (1.7 wmol/kg) was administered
intravenpusly. The exact infusion rates were detennined afierwards by measuring isotope
enrichment in the infusate, During isotope infusion, CO: production was measured for 30
minutes by indirect calorimetry using a ventilated hood systemn (DeltatracTM MBM-100,
DATEX/Instrumentarisn Corp., Helsinki, Finland), using only data from the last 20
minutes for analysis, Respiratory quotient (RQ) was calculated using CO: production and
O: consumption. After 50, 60, 70, 80 and 90 minutes of infusion, arterialized venous
blood samples??® were taken for determination of plasma [*Hslglycerol and [I-
PClpaimitate enrichiment. Blood samples were placed on ice immediately, and centrifuged
and stored at (he end of the infusion period. Breath samples were taken to measure “CO»
enrichment. Weight and height were measured.
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Effects of EPA on lipolysis in healthy subjecls

Analysis of blood samples

Plasma {*Hs]glycero! and [1-"C]paimitate enrichment were measured as reported
previously (Chapter 2). In brief, for measuring plasma ["Hslglycerol enrichment, plasma
was deproteinized by subsequently adding and mixing water, CuSO4 and Na:WOa, After
centrifugation, the supernatant was applied to a mixed tonexchange column (AGS0W-X8,
AGI-X8, 200-400 mesh, 0.2 gram each; Biorad, Richntond, USA) and glycerol was
converted to its derivative by MTBSTFA dwing a one-hour incubation at 60°C. For
measuring plasma [[-"Cipalmitate enrichment, lipids were extracted from plasma using
chioroform/methanol according to Folch et al.,%0 plasma FFA were isolated by thin layer
chromatography (sifica plates; Merck, 5721) and converted to their derivatives by
MTBSTFA (N-methyl-N-(tert-butylmethylsityl)-triffuoroacetamide; Pierce, Rockford, IL).

Plasma enrichment of free [*Hs]glycerol and [1-"Cjpalmitic acid was analyzed on a
Carlo BErba GC8000 gaschromatograph coupled to a Fisons MD800 mass spectrometer
(Interscience BV, Breda, The Netherlands). Natural glycerol and ["Hsjglycerol (fragments
m/z 377 and 381) and natural palmitic acid and [1-*C]palmitic acid (fragments m/z 313
and 314) were measured by selected ion monitoring. Breath samples were analyzed on an
isotope ratio mass spectrometer (ABCA; Buropa Scientific, Van Loenen [nstruments,
Leiden, The Netherlands).

Serum TAG concentrations were measured using a standard enzymatic assay from
Boehringer-Mannheim (no. 917; Mannheim, Gerinany), FPA were determined vsing an
enzymatic colorimetric method (NEBA C test kit; Wako Chemicals, Neuss, Germany),
Plasima glucose was measured by standard techniques, and plasma insulin was measured by
radioimmunoassay (Biosource, Fleuras, Belgium).

Calculations

Calculations of whole-bodly lipolysis (glycerol) and palmitic acid release were made
according to Klein et at., 16 yging the equation described by Steele:205
Rate of appearance (R, pmol/kg,miny = (IE/IE; - 1) * B, where F is the isotope infusion
rate (uunol/kg.min), IEi is the isotopic enriclunent of the infusate (atom percent excess) and
IE, is the isotopic enrichment (atom percent excess) in plasma during sicady state
conditions. ~
Palmitate oxidation was calculated according to the following equation:
Palmitate oxidation {(umol/kganin) = ({Bcox/IBp) * Veor/BW, where TEco: is the isotopic
enrichinent of the expired CO: {atom percent excess), Veoz is the CO: production
(rmot/min) and BW is body weight (kg).
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Table 6.1
Characteristics of study parlicipants.”

EPA group OA group
Body weight (kg) 7 o+ 11 719 = 17
Body mass index {kg/m?) 2% £ 3 27 £ 5
Age (y)® 51 {40 - 65) 55 (48 - 75)
Sex 4M;4F 6M;2F

* Mean + SD unless ctherwise stated

® Median {range)

Statistical analyses

Data are expressed as mean + SEM or as median (range) (as indicated). As Ra. of
palmitate, Ra of glycerol and palmitate oxidation showed a skewed distribution, log-
transformed data were used for the statistical analyses. To analyze treatment effects, the
Proc Mixed procedure for repeated measures of the statistical software package of SAS
(SAS Inc., Cary, N.C. USA) was used. This procedure can be used for longitudinal
regression analysis in which observations are collected on the same subjects over time, 137
The independent variables in the modet were the treatment indicator variable, baseline
measurement, time and interaction between time and treatment. Spearman’s correlation
coefficients were calculated. P-values less than 0.05 were considered statistically
significant.

Results

Characteristics of subjects are swnmarized in Table 6.1, No differences in body
weight, bdy mass index, age or sex were observed, although age tended to be lower in
the group receiving EPA-EE than in the group receiving OA-EE. All subjects had normat

Glyeerol Palmitate Co,

. 002 ,
=
8 006 eoee
E oo eo0ee v0000
5000 & 1 1 & ] i

0 5 10 o s0 0 0 50 100

Time {min) ‘Fime {min) Time {min}
Figure 6.1

Steady state conditions were obtained for 2H5-giyccm], IlC—palmilntc and "*COy

within 60 minuies during the furnover studies,
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Effects of EPA on lipolysis in healthy subjects

Table 6.2
Dietary intake during the study >
EPA 0A
Energy intake (kJ/d) on day before day 0 8513 + 2649 8422 = 2894
on day before day 2 8288 + 1626 8880 + 2763
on day before day 7 8013 + 2074 8435 = 1928
Mean E-intake (kVd) on 4 preceding days 8927 + 1694 9027 + 2548
during study 8919 + 1556 8956 + 1474
Mean E%-fa on 4 preceding days 3% 7 36 + 6
during study M4 ¥k x5
Mean E%-carbohydrate on 4 preceding days 47 + 7 47 + 4
during study 5t £ 5 47 £ 5
Mean E%-protein on 4 preceding days 17 3 16 = 4
during study 16 £ 3 16 3

* Mean + SD
* No significant differences between trealment groups or between days

“ B%: energy percentage

liver function iests. No significant differences were detected between the two treatinent
groups with regard to energy intake on the days preceding each measurcment, nor in
energy intake or energy percentages of fat, carbohydrate or protein (Table 6.2), During the
measwrements, isotopic steady state {as shown in Figure 6.1} was reached after
approximately 60 minutes in all subjects,

No significant differences in whole-body lipolysis, palmitic acid release, palmitate
oxidation, or RQ were observed between the groups receiving EPA-EE and OA-EE (Table
6.3). It was remarkable, however, that both palmitic acid release and palmitate oxidation
tended to decrease with EPA-EE as well as with OA-EE supplementation,

No significant ifferences in sermn TAG, FRA, glucose or insulin concentrations
were detected between the two treatment groups (Table 6.4), despite a substantial
reduction in serum TAG concentrations during both EPA-EE and OA-EE supplementation
when compared with baseline values, Baseline plasma FFA or TAG concentrations were
not significantly correlated with whole-bixly lipolysis, palmitic acid release or palmitate
oxidation (P > 0.25). A significant correlation between the changes in whole-body
lipolysis and serwm TAG concentrations was only detected after two days of EPA-EE
supplementation (R = -0.85, P < 0.01},
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Table 6.3

Whole-body lipolysis (as measured by 2H5-glyceml), palmitate release {as measured by
13C~pulm.i1zlle) and palmitale oxidation at baseline, and afler two and seven days of eicosapentaenoic
acid (BPA; n=8) or oleic acid (OA; n=8) elhyl ester supplemeatation (6 g/d)."
day 0 day 2 day 7 P -value’
Whole-body lipolysis® EPA’ 4.05 + 0.46 319 £ 054 377 £ 0.44 0.23
OA 539 £ 0.73 548 £ 065 557 £ 1.01 0.52

Palmitate release’ EpA’ 292 £ 047 278 £ 0H 262 = 0.36 0.03
0A 379 £ 018 289 013 328 = 010 0.002
Palmitate oxidation® EPA’ 140 = 0.23 141 £ 0.1 147 = 0.7 0.01

0A i.54 + 0.14 129 + 0.08 139 007 0.002

* Median + SEM
" Prox Mixed for repeated measures analysis, comparison with baseline (see Methods)
[ .

Hmol/kg . .min

! No significant differences belween treatment groups (Proc Mixed for repeated measures)

Biscussion

Despite extensive studies on the effects of fish oil on lipid metabolism, the
mechanism by which -3 fatty acids reduce serum TAG concentrations has remained
unreselved, Tn (he present study we investigated the effects of EPA-EE on whole-budly
lipolysis and lipid oxidation in sixteen healthy subjecis using siable isotope tracer
technigues. Results showed that whole-body lipolysis, palmitic acid release and palinitate
oxidation were not significantly different between the groups receiving BPA-EE and QOA-
BE. It was remarkable, however, that both palmitic acid release and palmitate oxidation
tended to decrease in both treatment groups.

In a previous study in healthy subjects, fish oil reduced plasma FFA concentrations
by approximately 40 percent within one day of supplementation.® The observed effect
was not explained by increased hepatic -oxidation and/or ketogenesis alone, since blood
concentrations of ketone bodies did not show any change. ¥t was suggested that reduced
lipolysis might be involved in the reduction of serum TAG levels by fish 0il.*> I vitro
studies supporied this suggestion by showing that BPA inhibited lipolysis in incubated
adipocytes. 70213 [n the present study, however, no reduction in whole-body lipolysis was
detected during EPA-EE supplementation. This may be related to the observation that in
vifro measureinents of lipolysis are not directly refated with i vivo EFA metabolism, 126
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Table 6.4

Plasma concentrations of frec fatty acids (FFA), triacylglycerols (TAG), glucose

and insuline at baseline, and after two and scven days of EPA or OA ethyl ester
supplementation (6 g/d; n = 8 + 8.7

day 0 day 2 day 7 P -value®
FFA (umal/l) EPA 794 + 92 645 + 77 633 + 83 0.14
CA 893 £ 97 840 + 95 880 = 107 0.20
TAG {mmolL) EPA 104 + 015 081 £ 012 083 = 011 0.0004
OA 119 + 025 099 + 02 097 = 015 0.06
Glucose {mmali) EPA® 440 & 01 430 = 0.1 440 = 0.1 0.97
OA 480 + 02 460 + 0.2 440 + 02 0.26
Insulin (mmal/L} EPA 584 £ 057 711 £ 098 6.65 x 084 0.35
OA 844 + 138 760 + 1.30 846 + 144 0.20

* Mean + SEM
" Prox Mixed for repeated measures analysis, comparison wilh baseline (see Methods)

® No sigaificant dilferences between treatment groups (Proc Mixed for repeated measures)

Our findings suggest that factors other than reduced lipolysis are involved in the TAG
reducing effects of fish oil.

Although increased fat oxidation has been assumed to play a role in the effects of
EPA on lipid metabolisin, 14! in the present study, palmitate oxidation tended to be reduced
instead of increased during EPA-EE supplementation. The generally made assamption that
fat oxidation is increased with BEPA appears to be based on {he observation that
peroxisomal [B-oxidation, as measwred by enzyme activity in vifre, was increased in
hepatocytes from fish oil-fed rats. 18232 It is, however, questionable whether an increase
in peroxisomal p-oxidation would substantially enhance whole-body lipid oxidation since
peroxisomal B-oxidation in rat tissue i vitro was shown to make up for ondy 14-46% of
total fat oxidation, depending on the tissue and the type of fatty acid.!” In other words,
peroxisomal B-oxidation is probably not representative for overall fatty acid oxidation.

A study in fish oil-fed rats showed that total PA oxidation as measured by indirect
calorimetry was reduced whereas whole-body energy expenditure was not affected by fish
oil supplemenfation in these rats, indicating that the reduction in lipid oxidation was
compensated for by increased carbohydrate utilization. '8! As far as we know, no studies
have been reported on the effects of fish oil supplementation on whole-body lipid oxidation
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in humans. Results from the present study suggest that the well-known reduction of serum
TAG by EPA is not explained by increased lipid oxidation,

In the present study, no significant changes in plasma FEA levels were detected
with EPA-EE which is in contrast with an earlier study in healthy subjects supplying a
comparable dosage of EPA as TAG instead of EE for one week,%* This inconsistency may
imply that the esterification of EPA may affect the effects on lipid metabolism. A previous
study in qunor-bearing rats showed that EPA-EE and EPA as fiee acid exerted different
effects on weight loss, 100 It is possible that tiie chemicat form and composition of the EPA
supplement influences its physiological effects. Clearly, this issue would require further
study.

Tt was remarkable that whole-body lipolysis, palmitic acid release and palmitate
oxidation tended to decrease in the OA-EE group as well. Since we were not able o
identify factors other than fatty acid supplementation that might have aftected study
outcome, the possibility cannot be excluded that OA-EE supplementation affected lipolysis
as well, OA-EE might therefore not be suitable as a placebo supplenient,

We conclude that supplementation of EPA-ER does not affect whole-body lipolysis,
palmitate oxidation and paimitic acid release in comparison with OA-EE as a placebo
supplement,
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Abstract

Recent reports suggested that weight loss in cachectic cancer patients may be
inhibited by supplementation of the n-3 fatty acid eicosapentaenoic acid (EPA; 20:5n-3),
preswnably due to inhibition of lipolysis, The aim of the present double-blind randomized
trial was to assess whether short-ternt oral EPA ethyl ester (EE) supplementation inhibits
lipolysis and lipid oxidation in weight-losing cancer patients.

Seventeen weight-losing cancer patients of different tumor types and 16 healthy
subjects were randomized to receive BPA-EE (6 gid) or placebo (oleic acid (OA)-EBE; 6
g/d) for seven days. At baseline (day 0) and during suppfementation (days 2 and 7), whole-
body lipolysis and pahnitic acid release were measured in the overnight fasting statc using
[1,1,2,3,3"Hs]lglycerol aml {1-“Clpalmitic acid. Palmitate oxidation was determined by
measuring "“CO: enrichment in expired breath.

No significant differences in whole-body lipolysis, palmitate oxidation, or palmitic acid
release were detected between the proups receiving EPA-EE and OA-EE supplementation for
onc week, Also resting energy expendifure and plasma CRP concentrations did not differ
significantly between the two (reatiment groups,

We conclude that EPA-EE do not significantly inhibit fipolysis or lipid oxidation in
weight-losing cancer patients dwring short-tern supplementation when using OA-EE as a
placebo supplement,
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Effects of EPA on lipolysis in cancer patients

Infroduction

Cachexia is a frequent problem in cancer patients which is characterized by weight
loss, impaired performance and fatigue.”+127 In general, administration of nutritionat
support does not improve the cowdlition,!> nor has any other adequate treatinent becomne
available.27 The mechanisms underlying cancer cachexia are poorly understood,”® but it
was suggested that increased lipolysis may play a role.21%:213 This is supported by (he
recent isolation of a lipid-mobilizing factor (LMF) from urine of weight-losing cancer
patients?7:21% and by the increased whole-boxly lipolysis observed in cancer patients, 124192

Recent studies showed that the lipid-mobilizing effect of LMFE in vitro was
effectively attenvated by the n-3 fatty acid eicosapentaenoic acid (EPA}, due to inhibition
of the adenylate cyclase activity.!” Furthermore, uncontrolled clinical studlies in patients
with pancreatic cancer suggested that EPA supplementation reversed weight loss for at
least three months, 17230 This was attributed to down-regulation of the acute-phase
response by EPA as suggested by the decrease in serum C-reactive protein (CRP)
concentrations, 229

The aim of the present double blind, randomized study was to assess whether EPA
ethyl esters (BE) inhibit lipolysis and lipid oxidation in weight-losing cancer patients
during short-term supplementation.

Subjects and methods

Stredy design

In 17 weight-losing cancer patients, wlole-body lipolysis, palmitic acid release,
paimitale oxidation, and resting energy expenditwe (REE) were measured, Thereafier,
patients were randomized according to a double-blind study design. Nine patients received
a supplement of 6 grams of EPA-EE (purity 96.8%, EPA9SEE, Pronova, Sandefjord,
Norway} per day for one week. The other patients received 6 grams of oleic acid (OA)-EE
(purity 79%, Ethyl Olivate; Croda Oleochemicals, North Humberside, England) as a
control for one week. The supplemients, provided in 0.5g capsules, were taken as 3x2g
with the main meals. Measurements of lipolysis and lipid oxidation were repeated on days
2 and 7, according to the same protocol as on day 0. Indirect calorimetry was ouly
repeated on day 7. From four days hefore (he first measurement uniif the end of the study
period, all patients recorded their dietary intake. The same protocol was performed it 16
healthy subjects, randomized to receive BPA-EE or OA-EE.

Ethical permission was granted by the Medical Ethics Committee of the Erasmus
University Medical Center of Rotterdam, and written informed consent was obtained from
each subject,

81



Chapter 7

Subjects

Seventeen weight-losing cancer patients were included in the study. Weight loss
was defined as loss of body weight of more than 5% in the previous 6 mentls. Patients
(reated with chemotherapy or radiation therapy 2 weeks before start of the study, or
elective surgery in the last 2 months were excluded from the study, as well as patients with
corticosteroid treatment, issulin-dependent diabetes mellitus, uncontrolled hyper- or
hypothyreidism, edema or fever.

The patient group receiving EPA-EE consisted of nine patients with the following
tumor types: cancer of the upper gastrointestinal tract (4), paucreatic cancer (1), rectal
cancer (1), renal cancer {1}, breast cancer {1} and non-small celf lung cancer (1). All but
one patient had metastatic disease and/or a locoregional relapse. Weight loss ranged from
6.9 to 18.1% in the preceding six months. The patient group receiving OA-EE consisted of
eight patients with the following tumor types: esophageal cancer (1), pancreatic cancer (1),
breast caucer (I}, cervical cancer (1), carcineid (1), adenccarcinoma of unknown primary
(1), non-smali cell lung cancer (1) and mesothelioma (1). Seven patients had metastatic
disease and/or a locoregional relapse, whereas the patient with mesothelioma had direct
invasion of the right liver lobe. Weight loss ranged from 5.3 to 17.1%. Furthermore,
sixteen healthy subjects (10 M; 6 F) aged 40 - 73 v (34 + 10 y; mean + SD) were included
in the study as a reference.

Measurements of lipolvtic rate and REE

After an overnight fast of approximately 12 hours, subjects attended the outpatient
departinent between 8 and 9 a.m, on the first day of the study period (day 0). Fifteen
minutes after arrival, teflon catheters were inserted into the antecubital vein of one arm
and into the contralateral dorsal hand vein or forearm vein of the other anm, Baseling
blood ad breath samples were taken, blood was centrifuged immediately and plasma was
stored at -80°C under nitrogen until apalysis. Afier baseline sampling, infusion of a
pasteurized plasma protein solution (40 g protein/I, atbumin =85%; CLB, Amsterdam, The
Netherlands) containing [1-"C]palmitic acid (MassTrace, Woburn, USA) and {1,1,2,3,3-
*Hs]glycerol {MassTrace) was started using a calibrated syringe pump (Perfusor Secura;
B,Braun, Melsumgen, Germany), Glycerol was administered by primed-constant infusion
with a priming dose of [.2 pmol/kg and an infusion rate of approximately (.08
pmnol/kg.min and palmitic acid was given by a constant infusion rate of approximately (.04
pmolkg.min, To prime the plasma bicarbonate pool, NaH"COs dissolved in saline was
administered intravenously (1.7 pmol/kg). The exact infusion rates were determined
afterwards by measuring isotope enrichment in the infusate.
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During isotope infusion, resting energy expenditure (REE) was measured for 30
minutes by indirect calorimetry using a ventilated hood system (DeltatracTM MBM- 100,
DATEX/lstrumentarium Corp., Helsinki, Finland). REE and respiratory quotient (RQ)
were calculated using the amount of Oz consumed and of CO: produced during the Jast 20
minutes of the measurement. Afier 50, 60, 70, 80 and 90 minutes of infusion, arterialized
venous blood samples®3? were taken for determination of plasma [*Hs)glycerol and [i-
SClpalmitate enrichment, Blood samples were placed on ice immediately, centrifuged and
stored at the end of the infusion period. Breath samples were taken to measure “CO:
enrichment, Weight and height were measured,

Analysis of blood samples

Plasma [*Hs]glycerol and [!-Clpalmitate enrichment were measured as described
in Chapter 2. In brief, lipids were extracted from plasma using chloroform/methanol
according to Polch et al..% Plasma free fatty acids were isolated by thin layer
chromatography (sifica plates; Merck, 5721) and converted (o their derivatives by N-
methyl-N-(tert-butyldimethylsilyl)-trifluoroacetamide  (MTBSTFA, Pierce, Omnilabo,
Breda, The Netherlands), To isolate plasma glycerel, plasma was deproieinized by
subsequently adding Hz0, CuSO4 and Na:WO+«, After centrifugation, the supernatant was
passed through a mixed ionexchange colunm (AGS0W-X8, AG1-X8, 200-400 mesh, 0,2 g
each; Biorad, Richmond, USA). Derivatives of glycerol were formed during incubation
with pyridine and MTBSTFA for one hour at 60°C.

Plasma enrichments of free [*Hs]glycerol and [1-"C]palmitic acid were analyzed on
a Carlo Erba GC8000 gaschromatograph coupled fo a Fisons MDS800 mass spectrometer
(Interscience BV, Breda, The Netherlands), Natural palnitic acid and [1-"Clpalmitic acid
(fragments my/z 313 and 314) and natural glycerol and ["Hslglycerol (fragments m/z 377
and 381} were measured by selected ion monitoring, Breath samples were analyzed on an
isotope ratio mass spectrometer {(ABCA; Euwropa Scientific, Van Loenen Insfnumenis,
Leiden, The Netherlands).

CRP, albwmin and prealbumin were measured by standard techniques.

Caiculations

Calculations of palmifate and glycerol turnover were made according to Klein et
al,,116 ysing the equation described by Steele, 203

The rate of appearance (R+) of palmitate and glycerol was calculated as follows:
R. (umol/kg.min) = (IB/IE, - 1) * F, where F is the palmitate isotope infusion rate
(umol/kg.min), IE: is the isotopic enrichiment of the infusate (atom percent excess) and I5,
is the isotopic enrichment (atom percent excess) in plasma during steady state conditions,
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Palmitate oxidation was calculated according to the following equation:
Palmitate oxidation (umol/kg.min) = (IBcor/IEp) * Vcoo/BW, where TBcoz is the isotopic
enrichiment of the expired CO: (atom percent excess), Vco: is the CO:z production
(umol/miny and BW is body weight (kg).

Statistical analyses

Data are expressed as mean + SEM, unless stated otherwise. To analyze treatinent
effects, the Proc Mixed procedure for repeated measwes of the statistical software package
of SAS (SAS Inc., Cary, N.C. USA) was used. This procedure can be used for
longitudinal regression analysis in which observations are collected on the same subjects
over time,'7 The independent variables in the model were the treaiment indicator
variable, baseline measwement, time and interaction between time and treatment, In
addition, energy intake on the day preceding the measurement was included as a covariate.
Spearman’s correlation cocfficients were calculated. P-values less than 0.05 were
considered statistically significant.

Table 7.1
Characteristics of weight-losiug cancer patients.”

EPA group CA group

(=9} {n=8)

Age {y) 64 & 3 64 + 2
Sex SM1F SM3F
Weight {kg} 6/ £ 3 63 = 3
BME (kglmz) 2 &1 22 1t
Weight loss (%) i3 £ 1 10 + 2
Albumin {gh} 9 £ 40 + 2
Prealbumin {g/}) 017 =+ 0.0 0.18 = 001
" Mean + SEM
Results

Characteristics of the patients included in the study are summarized in Table 7.1,
No differences in age, sex, weight or biochemical parameters were observed between the
treatment groups. In two patients receiving EPA-EE and two patienis receiving OA-EE,
the second measurement {f.e. after two days of supplementation) could not be performed
due to physical weakness and no patent venous access, respectively. The measurement on
day 7 could not be performed in one patient receiving EPA-EE because of surgety on
day 4.
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Table 7.2

Mean dictary intake (kJ/d) before and during EPA or OA supplementation
(6 g/d), and dietary intake on the days preceding the measurements.”

EPA group OA group
(n=9) (n=8)
Mean energy intake
- At baseline (week 0) 8249 + 942 6130 = 720
- During supplementation {week 1) 8814 = 1072 6494 + 594

Energy intake on the day preceding the measurement on:

-day 0 770t £ 1113 5157 + 580
- day 2 9605 & 1224° 6457 + 819
-day 7 7847 + 1160 6033 + 700

! Mean + SEM
*p 5005 compared to day 0

Despite randomization, energy intake at baseline was higher in the EPA-EE group
than in the OA-EE group. During supplementation, a temporary rise in dietary energy
intake on the day preceding the measurement on day 2 was observed in patients teceiving
EPA-EE (P < 0.0f; Table 7.2), which had retwrned to baseline values on the day
preceding the third measurement on day 7. Compared to the OA-EE group, the increase in
energy intake on day 2 in the EPA-EE group did not reach statistical significance. Since it
was previously reported that lipolysis is negatively associated with total daily energy
intake,3%114 it was decided to include energy intake as a covariate in fhe statistical
analyses,

No significant differences in whole-body lipolysis or palmitic acid release were
observed between the two treamment groups (Figures 7.1 and 7.2, respectively). Although
palmitate oxidation tended to decrease during BEPA-EE supplementation, the difference
between the groups did not reach statistical significance (Figure 7.3).

Plasma CRP concentrations did not change significantly with EPA-EE (37+15 and
41417 mg/L., respectively) or with OA-EE (37+14 and 3148 mg/L, vespectively). Also
REE did not show any changes during EPA-EE supplementation (93,742.9 kJ/kg.24h at
baseline, and 94.643.7 kJ/kg.24h during supplementation), or during OA-EE
supplementation (98.2+4.7 kJ/kg.24h at baseling, and during supplementation 160.0+3.9
kT/kg.24h).

85



Chapter 7

supplementation
=10 r
E
f=2]
% 8 F —#&—patients-OA
% 6 I —2—— palients-EPA
4 "
g 4} - - ©- - -healthy-OA
)
5 2F - = @ - -healthy-EPA
5
g 0 L L X 1 L L 1 1

day

Figure 7.1

Whole-body lipolysis as measured by the rale of appearance of *Hs-labeled glycerol in

plasma of weight-losing cancer patients during supplementation of EPA (black symbols)

or QA (open symbols). In comparison, whole-body lipolysis during EPA or OA supplementation
in healthy subjects is shown (dotted lines). Mean & SEM.

Discussion

In the present study, we invesfigated whether short-term supplementation with
EPA-EE inhibits lipolysis and lipid oxidation in weight-losing cancer patients. Whole-body
lipolysis, palmitic acid release, palmitate oxidation and REE were measured at baseline
and during EPA-EE or OA-BE supplementation. Results revealed that EPA-EE
supplementation does not affect whole-body lipolysis, palmitic acid release, palmitate
oxidation or REE when compared with OA-EE as a placebo supplement,

In our study, no change in REE was detected during EPA supplementation, which is in
agreement with a previous study reporting stabilization of REE during EPA
supplementation,?3®  Although we did not detect any significant changes in CRP
concentrations, recent studics have reported signiticant reductions in CRP concentrations
and stabilization of body weight after one month of supplementation of EPA as a fiee
acid, 15:17:229,230 1t i5 possible that our study period of one week was too short to detect
any significant changes in lipolysis or plasma CRP levels. Findings by Dagnelie et at.%
suggested, however, that the effect of EPA on lipid metabolism would be rapid, since
plasma FFPA levels were significantly decreased within one day of fish oil supplementation.
Furthermore, a previous stidy showed that EPA-EE were rapidly incorporated into plasma
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Figure 7.2

Palmitate release of “C-lnbeled palmitic acid in plasma in weight-losing

cancer palients during supplementation of EPA (black symbols) or OA {open symbols),

In comparison, palmitate release during EPA or OA supplementation in heafthy subjects is
shown. Mean 4 SEM.
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BC-Palmitate oxidation rate in weight-losing cancer paticnts

during supplementalion of EPA (black symbols) or OA (epen symbols).

In comparison, the rale of palmitate oxidation during EPA or OA supplementation in
healthy subjects is shown (dotted lines). Mean + SEM.
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lipids, especially plasma phospholipids, within four days of supplementation (Chapter 5)
which suggests that BPA may have rapid metabolic effects within the lmman body. It is
possible

that the effects of EPA differ between EE and free acids, and also that the effects of EPA-
ER vary anong the different groups of cancer patients,

It is remarkable (hat whole-bady lipolysis, palmitic acid release amnd palmitate
oxidation tewled to decrease in the OA-EE group as well. Despite careful standardization
of procedures on different study days, the possibility cannot be excluded that the observed
changes were in fact caused by factors such as the physical activity level or sleeping
pattern. Else, it is possible that the use of QOA-EE as a placebo supplement has affected
study outcome, since OA-EE might have inhibited lipolysis as well.

In the present study with OA-EE as a placebo supplement, we conchude that
lipolysis is not inhibited by EPA-EE during short-term supplementation, and that inhibition
of lipolysis is probably not the mechanism by which EPA appears to inhibit weight loss in
weight-losing cancer patients. 1’
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Chapter 8

Abstract

Fish oil supplements of different compositions have been used to study the effects
of n-3 fatty acid supplementation on serwn lipid concentrations. The aim of the present
study was (o assess whether n-3 fatty acids administered as triacylglycerols (TAG) or as
ethy! esters (EB) have different effects on serum lipid concentrations on short term, and
whether the effect of eicosapentacnoic acid (EPA; 20:5n-3) alone is different from that of a
mixfure of BPA aund docosahexaenoic acid (DHA; 22:6n-3).

Forty-nine healthy subjects were randomized over five groups to receive a
supplement containing 6g BPA per day (I6g EPA/DHA-TAG/; [2g BPA/DHA-EL/d; or
6g EPA-EE/d), or a supplement containing oleic acid (OA; 16g OA-TAG/; or 6g OA-
EE/d) for seven days. Extra butter was supplied to all groups with supplement dosage < 16
g/d. Ovemight-fasted blood samples were taken at baseline and after 2 and 7 days of
supplententation to measure serum lipid concenirations,

Sernm TAG concentrations decreased significantly during EPA supplementation (P
< 0.05). Both EPA/DHA-TAG and EPA/DHA-EE reduced total/HDL-cholesterol ratios
(P < 0.05 and P < .01, respectively). However, this was caused by a reduction in total
cholesterol concentrations in the EPA/DHA-TAG group (P < 0.03), but by an increase in
HDL-cholesterol in the EPA/DHA-EE group (P < 0.05). No effects of EPA-EE on serum
total or HDL-cholesterol concentrations were observed,

The effects of n-3 fatty acids on serum lipid concentrations on short term are
affected both by the presence of DHA and by the type of esterification, which should be
taken into account in future studies using n-3 faity acids.
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Introduction

Eatly epidemiological studies suggested that fish consumption and fish oil
supplementation may be beneficial in the prevention and freatment of coronary heart
disease (CHD).3156,121 Since high plasma lipid concentrations are considered as an
important risk factor for CHD,* many studies have assessed the effects of fish oil
supplementation on blood cholesterol and friacylglycerol (TAG) concentrations. Results
showed that postabsorptive”h81:10%175  ag well as postpramdiai®®®  serum TAG
concentrations are markedly reduced by supplementation of eicosapentaenoic acid (EPA,;
20:51-3) and/or docosahexaenoic acid (DHA; 22:6n-3), These effects appear to be related
with reduced TAG and VLDL synthesis as well as increased catabolic rate of VLDL.42
Resulis of studies on the effects of n-3 fatty acids on serum cholesterol concentrations are
inconsistent,27:71,24,99,224

Less attention has been paid to the effects of fish oil supplementation on plasma
free fatty acid (FFA) concentrations which may also play an important role in the
development of cardiovascular disorders.®” Alterations in FFA concentrations may provide
imporiant information on the underlying mechanism of the effects of n-3 fatty acid
supplementation on lipid metabolism and may act as an early indicator of changes in lipid
metabolism. This is supported by the finding in healthy subjects that the decrease in plasma
FFA concentrations was complete within one day of fish oil supplementation, whereas
serum TAG concentrations comtinued to decrease untl at¢ least three days of
supplementation, 3

Many investigators used native purified fish oil as TAG as the source of EPA
and/or DHA. In recent years, however, an increasing nunber of studies have used n-3
fatty acid supplements consisting of ethyl esters (BE) instead of TAG,27:71:8L,9L135 gipce
this ailows administration of specific fatty acids without interference by other components.
Furthermore, the amount of oil required to obfain clinical effects can be reduced because
of the high concentrations of specific fatty acids in EE-supplements. Since the intestinal
absorption and plasma Llipid incorporation of EPA and DHA did not differ between EE and
TAG supplements,?92,120,136,156 i jg penerally assumed that the physiological effects of
n-3 fatfy acid EE are similar (o those of n-3 faity acid TAG. However, since routes of
absorption may differ between n-3 fatty acid EE and TAG,2105,106,134 i remains possible
that n-3 fatty acids administered as TAG or as BB have different effects on serum lipid
concentrations. Indeed, two recent studies at our department showed that BPA al DHA
administered as TAG significantly reduced plasma BFA 45 whereas EPA administered as
EE did not (Chapter 6},

The aim of the present study was to assess wheiher n-3 fatty acids administered as
TAG or as EE have different effects on serum TAG-, FRA and cholesterol concentrations



Chapter 8

on short term, and whether the effect of EPA alone is different from that of 2 mixture of
BEPA and DHA,

Subjects and methods

Subjects and study design

Fifty healthy subjects, 18 men and 32 women, with stable weight without any
gastroinfestinal, metabolic or endocrine diseases were included in the study. Subjects with
plasma TAG concentrations >3 mmol/E were excluded from participation, as were
pregnant women. The study was approved by the Medical Ethical Conunittee of the
Erasmus University Medical Center Rotterdam, and written informed consent was obtained
from all subjects prior to start of the study. After an overnight fast starting at 20.00h the
preceding evening, subjects attended the outpatient department between 7.00 and 9.30h.
Weight and height were recorded, and baseline biood samples were taken afier at least ten
minutes of rest, EDTA blood samples were centrifuged inmmediately at 15000 g for 10
mimites at 4°C and bloed samples for determination of serum TAG, cholesterof and HDL-
chiolesterol were centrifuged in a simifar way after clotting. Serum TAG concentrations
were determined within 4 hours after sampling, whereas EDTA plasina and serum for
cholesterol detenmination was frozen at -8 °C under nitrogen until analysis within 4
weeks,

Subjects were randomized over five groups to receive different BPA (approximately
6 g/d) or OA (5 or 12 g/d) supplements, Extra butter was added to supplements containing
< I6g fat to achieve a total fat amount of 16 grams per day in all groups. The following
supplements were used:

Groupl:  BPA plus DHA as TAG (EPA/DHA-TAG; Triomar; Pronova, Lysaker,
Norway);

Group II: EPA pius DHA as EE (EPA/DHA-EE; Omacor, Pronmova, Lysaker,
Norway};

Group II: Purificd EPA administered as EE (EPA-EL; purity 96.8%, EPAYSEE;
Pronova, Sandefjord, Norway);

Group 1V:  OA-fatty acid-mixture administered as TAG (OA-TAG; Super Refined Olive
Qil; SR3912; Croda Oleochemicals, Bast Yorkshire, Bugland) (setving as a
control for EPA/DHA-TAG),

GroupV: OA-EE (purity 79%, Ethyl Olivate; Croda Oleochemicals, Norih
Humberside, England) in group V (serving as a control for EPA/DHA-EE
and EPA-EE).

Details of the supplementation schedule are summarized it Table 8.1,
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Table 8.1

Detailed information about the fatty acid supplementalion.

Treatment Capsule Fatly acid in Dosage (¢/d)

group’ size supplement (¢/d (%"))

(g OA EPA DHA Supp!. Butter  Total fat

EPA/DHA-TAG® 1.0 1.1 49 32 6 0 16
(7 %) (31%) {20%}

EPA/DHA-EE? 1.0 0 59 4.2 12 4 16
(0%) {49%) (35%)

EPA-EE® 05 0 58 0 6 10 16
(0%) (97%) {0%)

OA-TAG none ® 126 0 0 16 0 18
{79%) (0%) (0%}

OA-EED 0.5 47 0 0 6 10 16

{79%) {0%) 0%)

* EPA, cicosapentaenoic acid (20:5n-3); DHA, docosahexaenoic acid (22:6n-3);
OA; oleic acid {18:1n-9); TAG, Iriacylglycerols; BE, ethyl esters

" Weight / weight %

© Triomar (Pronova, Lysaker, Norway)

* Omacor (Pronova, Lysaker, Norway)

® BPASSEE (Pronova, Sandefjord, Norway)

fsrR3912 {Croda Oleachemicals, Bast Yorkshire, England)

£ Administration by pre-weighed bottles (5.4g) instead of capsules

B Ethy! Ofivale {(Croda Olecchemicals, North Humberside, England}

After two and seven days of supplementation, blood samples were taken after a
similar overnight fast to measure plasma FFA and TAG concentrations, according {o the
same protocol as on day 0. In addition, a questionnaire regarding side effects was filled in
by each subject.

Laboratory analyses

Serum TAG, total cholesterol and HDIL.-chelesterol concentrations were measured
using standard evnzymatic colorimetric (ests  from  Boehringer-Mannheim  GinbH,
Mannheim, Germany, Plasma FFA concentrations were determined using an enzymatic
colorimetric method (NEFA C test kit; Wako Chemicals, Neuss, Germany).
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Statistical analyses

Data are expressed as mean 4+ SEM. The Proc Mixed procedure for repeated
measures of the statistical softiware package of SAS (SAS Inc., Cary, N.C. USA) was
used, a procedwre suitable for longitudinal regression analysis in which observations are
collected on the same subjects over time.!37 Gender was included as a covariable due to
differences between groups. For pairwise comparisons of (reatment groups, the
independent variables in the model were: the treatment indicator varviable, baseline
mieasurement, gender, time, and interaction between time and treatment. To compare data
with their baseline values within treatments, the independent variables in the model were: a
value to indicate the absence {day 0) or presence (day 2 and 7) of supplementation, gender,
and ime, P-values less than 0.05 were considered statistically significant.

Results

Characteristics of healthy subjects included in the study are swinmarized in Table
8.2. Fifty subjects were randomized over five groups, but ong subject in the EPA/DHA-
TAG group withdrew from the study for personal reasons within two days after
randomization, This resulted in an EPA/DHA-TAG group of nine subjects and a total
number of evaluable subjects of 49. The mean age of the groups ranged from 31 to 40
years (individval range 18-69), with all subjects having normal weight for height. Since,
despite randomization, groups were different with regard to gender distribution, gender
was included as a potential confounder in all subsequent statistical analyses. No apparent
side effects of supplementation were reported, except for eructation mainly in the groups
receiving EPA/DHA-TAG and EPA-EE,

Table 8.2

Characteristics of healthy subjects.”

Treatment group® n Age (y) Sox Weight (kg} ~ BMI (ky/m?)
EPA/DHA-TAG 9 B o+ 3 tM8F 65 + 4 22 + 1
EPA/DHA-EE 10 B £ 3 2M;8F 64 = 2 22 % 1
EPA-EE 10 38+ 4 M 2F i+ 4 23 = 1
OA-TAG 10 31 + 4 4M:6F 0 £3 24 +1
OA-EE 10 40 = 4 IMTF 68 + 4 23 £ 1

* Mean + SEM
v EPA, eicosapentaenoic acid; DHA, docosahexaennic acid; OA, oleic acid;
TAG, triacylglycerols; BE, ethyl esters

® One subject withdrew from the study for personal reasons within two days after randomization.
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Figure 8.1

Effects of EPA/DHA-TAG (&), EPA/DHA-EE (8), EPA-EE (8), OA-TAG (4) or
OA-EE {O) supplementation on serum triacylglycerol concentrations, Mean 4 SEM,
Statistical analysis: Repeated measures; P < 0.05)

® Significantly different from baseline values

* Significantly different from BEPA-EE

* Signiftcantly different from OA-TAG

4 Sigrnificantly different from OA-EE

Significant decreases in serwn TAG concentrations were detected in all three
groups receiving EPA, whereas serumn TAG concentrations in the OA groups did not show
any significant change (Figure 8.1), However, the reduction of serum TAG during EPA-
ER supplementation (17%) was significantly less than during EPA/DHA-TAG
supplementation (42%). Supplementation of EPA/DHA-ER had an intermediate effect on
serum TAG concentrations which did not differ significantly from the other two BPA
supplements, The change of serum TAG in the EPA/DHA-TAG group differed
significantly from the EPA-EE group (P = 0.013) as well as from the OA-TAG group (P
= {.012).

Plasma FFA concentrations during supplementation showed a strikingly dissimilar
pattern in different groups. A significant reduction was observed in the group receiving
BEPA/DHA-TAG, but not i any of the other groups (Figure 8.2). In this group, plasma
FFA concentrations decreased by 23% and 33% after 2 and 7 days of EPA/DHA-TAG
supplementation, respectively (P = 0.03), Compared to OA-TAG supplementation, the
change in plasma FFA concentrations during EPA/DHA-TAG supplementation was highly
significant (P = 0.002}.
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Figure 8.2

Eficcts of BEPA/DHA-TAG (4), EPA/DHA-BE (&), BEPA-EE (@), OA-TAG (Y or
OA-EE (O) supplementation on plasma [ree fatty acid concentrations. Mean + SEM.
Siatistical analysis: Repeated measures; P < 0.05)

* Significantly diiferent from baseline values

® Signiticantly different from EPA-EE

“ Significantly different from OA-TAG

The total/HDL-cholesterol ratio showed a significant reduction both during
EPA/DHA-TAG and EPA/DHA-EE supplementation (P = 0.02 and P = 0.008,
respectively; Figure 8.3A), but not during supplementation of BPA-EE, OA-TAG or OA-
EE. In comparison with other treatment groups, EPA-EE supplementation had significantly
less effect on the total/HDL-cholesterol ratio than supplementation of EPA/DHA-TAG or
EPA/DHA-EE {P < 0.05). Supplementation of EPA/DHA-TAG also differed significantly
from that of OA-TAG (P < 0.05).

Serun total cholesterol concentration was significantly reduced by approximaiely
14% during BPA/DHA-TAG supplementation (7 = 0.02), but, remarkably, was not
affected in the group receiving BPA/DHA-EE nor in any other treatment group (Figure
8.3B). The change in serum cholesterol concentration in the EPA/DHA-TAG group was
significantly different from the groups receiving EPA-EE (P < 0,01) and QA-TAG (P <
0.01),

In contrast to total cholesterol concentrations, serum HDL-cholesterol
concentrations were only affected in the EPA/DHA-EE group where they showed a
significant increase of approximately 19% (P = 0.03; Figure 8.3C). No significant change
in HDL-cholesterol from baselite was observed in any other treatment group. No
significant differences were detected between any of the groups.
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Figure 8.3

Effects of EPA/DHA-TAG (4), EPA/DIA-EE (), EPA-EE (9}, 0A-TAG (&)
OA-EL (D) supplementation on serum lipoprotein concentrations, Mean + SEM.
Slalistical analysis: Repeated measures; P < 0.05)

* Signilicantly different from baseline valucs

® Significantly different from EPA-EE

© Significantly different from OA-TAG

© Significantly dilferent from OA-LE

97



Chapter 8

Discussion

In the present study we investigated whether n-3 fatty acids administered as either
TAG or EE have different effects on serum TAG, FFA and cholesterol concentrations, and
whether the effect of pure EPA is different from that of a mixture of EPA and DHA.
Results showed that serum TAG concentrations significantly decreased during n-3 fatty
acid supplementation, although the decrease was significantly greater in the EPA/DHA-
TAG group than in the EPA-EE group. Both EPA/DHA-TAG and EPA/DHA-EE reduced
the total/HD].-cholesterol ratio, however this decrease was caused by a decrease in total
cholesterol concentrations in the EPA/DHA-TAG group but by an increase in HDL-
cholesterol in the EPA/DHA-EE group. No effects of EPA-EE on serum total or HDL-
cholesterol concentrations were observed, A statistically significant reduction in plasma
FEA concentrations was only observed in the group receiving EPA/DHA-TAG, Tt should
be noted, however, that post-hoc power calculations showed that the study was
underpowered for measuring FFA levels because of within-subject variability,

In 1989, Harris showed in an extensive review that the effects of n-3 fatty acid
supplementation on plasma lipid concentrations vary considerably between different
studies.”® Systematic differences between studies may be induced by factors such as study
population, dosage and duration of the study, and differences bhave also heen reported
between animal and human studies.® As slown by the present study, the use of different
n-3 fatty acid supplements by different authors may give another explanation for the
markedly different effects of n-3 fatty acids on lipid metabolism, Very little is known
about mechanisms underlying the observed differences in effect between the TAG- and
EE-containing supplements, but the route of intestinal absorption of fatty acids may differ
between n-3 fatty acid EE and TAG.2 Tn general, faity acids esterified as TAG are
hydrolyzed in the infestinal lumenr by pancreatic lipase fo  yield FFA and
monoacylglycerols (MAG), FFA and MAG ditfuse through the cell membrane and are
reesterified into TAG within the enterocyte, Subsequently, the TAG are excreted as
chylomicrons infe the lymphatic system fo enter the circulation via the vena cava. The
same may, however, not be true for the absorption of fatty acid EE. Some studies have
reported that the rate of hydrolysis of EE by pancreatic lipase in vitro is lower than that of
TAG,120.236 although this may not be relevant to the more complex in vivo situation,
Ackman? suggested that hydrolysis of EE may not take place in the intestinal komen, but
rather after absorption in the intestinal wall, followed by transport of FFA {o the liver via
the portal vein, However, if indeed n-3 faity acids were directly transported (o the liver,
one would expect that the effect of n-3 fatty acid EE on liver metabolism would be more
pronowtced than that of n-3 fatty acid TAG. This is, however, not consistent with our data
which show that the effect of n-3 fatty acid EE on serum TAG and cholesterol
concentrations is less than that of n-3 fatty acid TAG,
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A more plausible explanation for the differential effects of EE and TAG
supplements may be a reduced rate of intestinal absorption of n-3 fatty acid EE. In rats,
EPA- and DHA-EE were recovered in lymph at a much slower rate than EPA and DHA
administered as TAG or as free acid. 95237 The slower rate of recovery could be due to
differences in metabolic pathways between EE and TAG within the enterocyte.?* Fatty
acids administered as EE have heen proposed to undergo an additional meiabolic step via
the phosphatidic acid pathway prior to conversion into TAG,23%:238

Besides the type of esterification of EPA, the fatty acid composition of the
supplement also appears to play a role in the effect of EPA on serum lipid concentrations.
Alihough some authors suggested BPA and not DHA to be responsible for the serum TAG
reducing effect of fish oil,”1:72,175 others reported that both EPA and DHA have TAG
lowering effects in healthy subjects.®1:9% Results of the present study show that the lipid-
reducing effect of a supplement containing both EPA and DHA is markedly different from
a supplenent containing only EPA. Our observation that the EPA/DHA-EE supplement
increased HDL-cholestero! concentrations whereas other supplements did not, is consistent
with a previous report of Grimsgaard and coworkers®! who found that DHA-EE increased
HDL-cholesterol concentrations, whereas EPA-EE reduced serum total cholesterol
concentrations, It has been suggested that the cholesteroi-lowering effect of EPA-EE may
be secondary to the serum TAG-reducing effect.”! If this is true, the present study may
have been too short to induce any effect of EPA-EE on serum total cholesterol
concentrations. A study in rats suggested that EPA-EE may inhibit intestinal cholesterol
absorption and hepatic cholesterol biosynthesis.!3? To our knowledge, the mechanism by
which DHA increases HDL-cholesterol is not yet resolved.

It could be argued that the administration of a small amount of extra butter in the
EPA-EE r1eceiving group might bave counteracted a possible reduction in serum
cholesterol concentrations during BPA-EE supplementation. If so, however, one would
expect serumn cholesterol concentrations fo increase in the OA-EE group, since this group
received extra butter as well. The fact that we did nof observe any significant effects of
OA-EE on plasma lipid parameters suggests that the small amount of additional buiter did
not affect studdy outcomne,

In conclusion, although it is not possible to draw conclusions on underlying
mechanisis, it is quite clear from these results that the short-term effect of n-3 fatty acids
as EE on plasma lipid concentrations is not equivalent to n-3 fatty acid as TAG, Moreover,
DHA may interact with the physiological effects of EPA. Our resulls strongly suggest that,
on short term, use of n-3 fatty acid TAG is superior to that of n-3 fatty acid EE in
reducing seruin TAG, FEA and total cholesterol concentrations. Futare studies will have to
show whether these differential eftects of the n-3 fatty acid supplements persist during
long-term: suppleneniation, and to wravel the underlying mechanisms,
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Abstract

Previous uncontrotled studies suggested that supplementation of eicosapentaenoic
acid (EPA; 20:5n-3) may inhibit weight loss in cachectic cancer patients, The aim of the
present double-blind, randomized study was to obtain pilot information on the effects of
BPA supplementation on body weight, body composition and biochemical parameters in
weight-losing cancer patients.

Nineteen weight-losing cancer paticnts of different tumor types were randomized to
receive EPA ethyl esters (BE) (6g/d) or oleic acid (OA)-EE (6g/d) as a placebo for a
maximum period of 12 weeks. At baseline and after I, 4, § and 12 weeks, antropometric
measures and blood samples were taken, and dietary intake was recorded for 4-7 days
preceding the measurements.

For reasons of swgery, progressive disease and death, only 11 patients (EPA,
n=4; placebo, n=7) were assessable for statistical analyses after four weeks of
supplementation,

Repeated measwres analysis showed a statistically significant favourable effect of
BPA on body weight, fat wass and sum of four skinfolds afier correction for baseline
values (P = 0.03; P = 0.001 and P = 6.002, respectively). No significant effects of EPA
on fat-free mass, mid-arm muscle circumference, or arm, hip or mid circumference were
detected. A significant favourable effect of HEPA was also detected on serun C-reactive
protein (CRP) concentrations, since CRP remained stable in the group receiving EPA awd
increased in the placebo group (P = 6.01),

In conclusion, although selective patient dropout in the EPA group may have
affected study outcome, owr results are consistent with literature reports suggesting that
body weight, fat mass and blood CRP levels appear to improve during long-term EPA
supplementation.
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Introduction

Many cancer patients suffer from cachexia with inveluntary weight loss, impaired
condition, reduced quality-of-life and shortened duration of survival,”127 In general,
cachexia is not effectively reversed by nutritional support, 5% and adequate treatment is not
available.127 Metabolic derangements such as elevated energy metabolism, an ongoing
acute-phase response, and excessive breakdown of muscle protein and adipose tissue are
common in cachectic cancer patients,!” but the underlying mechanisms have not yet been
clarified. Cytokines as well as tumor-derived proteolytic!! and lipolytic2!? factors may
contribute to weight loss in cancer patients by stimulating catabolism, Recently, n-3 fatty
acids from fish have aroused inferest as a potential promising ool in the freatment of
cancer cachexia.?30 Animal studies showed that n-3 fatty acid supplementation inhibited
weight loss in a murine cancer cachexia model,2!4 Eicosapentaenoic acid (EPA; 20:5n-3)
was suggested to be the active component, since purified EPA was found to inhibit loss of
body weight in tumor-bearing mice to the same extent.2l:213 Other studies, however,
reported (hat docosahexaenoic acid (DHA; 22:6n-3) alse inhibited weight loss in fumor-
bearing mice.'® In vitro studies suggest that inhibition of Hpolysis and proteolysis may
play a role in the observed effect, since EPA inhibited tutnor-induced lipoiysiszlz'213 as
well as protein degradation?!:212 jn vifro. Purthermore, supplementation of BPA was
shown to inhibit tumor growth ad to prolong survival in mice, 2!

In a recent double-blind, randomized stully, we investigated whether EPA inhibited
lipolysis in weight-losing cancer patients after one week of supplementation (Chapter 7).
At the end of the week, patients were asked to continue supplementation for asother 11
weeks to obtain pilot information on the fong-term clinical effects of EPA supplementation.
This report presents pilot information on the long-term etiects of EPA supplementation on
weight foss, body composition, biochemical blood parameters and quality-of-life in these
weight-losing cancer patients,

Methods

Subjects

The stady was approved by the Research Rthics Comunittee of the University
Hospital of Rotterdam and written informed consent was obtained from all participanis
prior to the start of the study. Nineteen cancer patients of different tunor types with
weight loss =5% in the preceding 6 months were included in this study. Patients treated
with chemotherapy or radiation therapy in the previous 2 weeks or elective surgery in the
previous 2 months were excluded, as were patients with corticosteroid treatment, insulin-
dependent diabetes metlitus, uncontrolled hyper- or hypothyroidism, edema or fever,

103



Chapter 9

Study design and methods

At start of the study, body weight, height, circumferences of arm, waist and hip
were measured. Skinfold thickness (biceps, triceps, subscapula, suprailiac) was measured
using Harpenden calipers (Holtain Ltd, Crymich, UK) and fat mass was caiculated
according to Durnin and Womersly.5? Mid-arm muscle circumference (MAMC) was
calculated using the following equation:

MAMC = MAC - n * TSF, where MAC = mid-arm circumference and TSF =
triceps skinfold.

Blood samples were taken to measure biood C-reactive protcin (CRP), albumin,
total protein, hemoglobin, leucocytes, thrombocytes, and triacylglycerol (TAG), Baseline
nutritional intake was measured by a four-day dietary record preceding start of the study
and quality-of-life was defermined using the Rotterdam Symptom Checklist (RSCL),%7 a
validated questionnaire of quality-of-life in cancer patients.

Patients were randomized in a double-blind fashion (o receive capsules containing 6
grams of EPA as ethyl esters (EE) per day (purity 96.8%, EPA9SEE; Pronova,
Sandefjord, Norway) or 6 grams of oleic acid EE (QOA-EE) per day (purity 79%, Ethyl
Olivate; Croda Oleochemicals, North Humberside, England) for a period of maximal 12
weeks, Supplements were provided as 500 mg capsules to be taken as 3xd capsules with
the three main meais,

Follow-up measwemen(s of body weight, skinfolds, biochiemical parameters,
quality-of-lifc and autritional intake (using a seven-day dietary record) were performed
after 1, 4, 8 and 12 weeks of supplementation,

Statistical analyses

Results are presented as changes from baseline values and expressed as median
(range) unless otherwise stated. Differences over time between the two groups were
examnined by repeated measures analysis of covariance using the linear regression model, a
procedure suitable for longitudinal regression analysis in which observations are coliected
on the samne subjects over time,!13? To account for the within-patient correlation in the
measurements of the dependent variable, {he Generalised Estimating Equations approach
was followed. These analyses were pertormed with the SAS procedure Proc Mixed
(version 6.12-Windows; SAS Inc., Cary, NC, USA), using the independence working
cortelation structure, ndependent variables in the model were the treatment indicator
variable, baseline measurement, measurement time and interaction between time and
treatment. The model assumes a linear relation between measwrement and time in both
treatment groups. Statistical significance of the treatment effect was assessed by testing the
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Table 9.1
Baseline characteristics of weight-losing cancer patients.’

EPA group OA group

<4 wks = 4wks Total EPA group
{n=5) (n=4) {n=9) (n=10)

Age (y) 59 (49 - 74) 69 (59 - 75) 65 (49 - 75) 65 (55 - 74)
Sex 5M IMIF BM;1F 5M;3F
Body weight (kg) 66 (50 - 75) 72 (80 - 82) 66 (50 - 82) 63 (49 - 80)
Body mass index (kg!mg) 22 (14 - 23) 25 (20 - 25) 23 (14 - 25) 23 (18 - 26)
Faf mass (kg) 16H-17) 19 {12 - 23) i4 (5-23) 17(6-27)
Fat-free mass (%) 82 (77 - 90} 76 (61 - 81) 79 {61 - 20) 74 (58 - 88)
Weight loss (%) 8(5-13) 10 (7 - 17} i0(5-17) 7{3-13)
Energy infake (MJ/d) 49(3.312.3) 7.9 (7.9-7.9) 6.9 (3.3412.3) 6.1 (3.5-8.5)
Biochemical paramelers:
C-reactive protein (mg/iL) 61 (4 - 128) 7(4-286) 9(4-128) 21 (4-126)
Albumin (g/l) 37 (35 - 45) 41 (38 - 42) 38 (35 - 45} 41 (33 - 46)
Hemeoglobin (mmoliL) 7.1(6.2-9.6) 6.8(5.7-8.6) 7.1 (5.7 -9.6) 70(60-9.0)

Leucocytes (*10.e7L) 88(50-11.8) 59(4-68) 68(50-11.8) 6.4(3.4-12.5)
Thrombocytes (*40.6"L) 300 (216-502) 285 (231-345) 300 (216-502) 305 (265- 65f)

* Median (range)

nuli-hypothesis that the coefficients of the treatment indicator and its interaction with time
are simultaneously equal (o zero, P-values less than 0,05 were considered significant,

Results

The patient group receiving BPA consisted of nine patiends with the following
tumor types: cancer of the upper gastrointestinal tract (4), pancreatic cancer (1), rectal
cancer (1), renat cancer (1), breast cancer (1) and non-small cell lung cancer (1), All but
one patient had metastatic disease and/or a locoregional relapse. The patient group
receiving OA-EE consisted of ten patients with the following tumor types: oesophageal
cancer (1), pancreatic cancer (2), gall bladder (1), breast cancer (1), cervical cancer (1),
carcintoid (1), adenocarcinoma of unknowir primary (1), non-small cell hug cancer (1) and
mesothelioma (1}. Seven patients had metastatic disease and/or a locoregional relapse,
whereas the patient with mesothelioma had direct invasion of the right liver lobe,
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Figure 9.2

Individual changes in body weight, fat mass and fat-free mass during EPA (left) or
OA (right} supplementation in weighi-losing cancer patients,

The Proe Mixed procedure for Repeated Measures was used for stalistical analyses.

No differences in any of the bascline patient characieristics such as age, sex, weight
or biochemical parameters were observed between the treatment groups (Table 9.1). Of the
randomized patients, one patient from the placebo group was excluded from the analysis
because of non-malignant discase, and two patients from the placebo group withdrew from
the study within four weeks because of piogressive disease. Five patients from the EPA
group dropped out before the follow-up measurement at four weeks due to death (1
patient), progressive disease (2 patienis), and operations which were already scheduled at
the time of inclusion into the study (2 patients) (Figure 9.1). In the placebo group, one
patient withdrew within four weeks due to progressive disease. This resulted in a fofal
number of four assessable patients in the EPA group and seven assessable patients in the
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placebo group (Figure 9.1). A comparison of baseline characteristics between assessable
and non-assessable patients from the BPA group showed that dropouts had a lower body
weight, body mass index, fat mass and blood albumin than the assessable patients, wheras
blood CRP concentrations, percentage of fai-free mass and leucocyte count were higher in
the non-assessable patients, No differences in the percentage of weight loss were observed
between the groups.

EPA-group OA-group

P =001

0 4 8 12
Time {weeks) Time {weeks)

Figure 9.3

Individual changes in blood C-reactive prolein (CRP) concentralions during EPA (left) or
OA (right) supplementalion in weight-losing cancer patients, Significant difference
between the treatment groups. The Proc Mixed procedure for Repeated Measures was used
for statistical analyses.

Repeated measures analysis showed a statistically sipnificant favourable effect of
EPA on body weight, fat mass and sum of four skinfolds after adjustrnent for baseline
values (P = 0.03; P = 0.001 and P = 0.002, respectively; Figure 9.2). Also individual
skinfolds were higher with BPA than with placebo supplementation (biceps, P = 0.003;
triceps, P = 0.08; subscapular, P = 0.04; suprailiac, 7 = 0.06). Ne significant effects of
EPA on fat-free mass (Figure 9.2), MAMC, or arm, hip or mid circumference were
detected. A significant favourable effect of BEPA was also detected on serum CRP
concentrations after adjustment for baseline values, since CRP remained stable in the
group teceiving EPA and increased in the placebo group (Figure 9.3; P = (.01). Blood
{otal profein, albumin, prealbumin, vitamin A and vitamin B did not differ significantly
between the treatment groups, aithough both blood hemoglobin, leucocyte count and
thrombocyte count tended to improve with EPA (Figure 9.4),
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Figure 9.4

Individua! changes in blood hemoglobin concentrations, leucocyte count and thrombocyte
count during EPA (feft) or OA (right) supplementation in weight-losing cancer palients.

The Prec Mixed procedure for Repeated Measures was used for statisticat analyses.

No significant treatment effect for quality-of-life was observed, since the physical
score, psychological score, activity score and overall score of the RSCL did not differ
between patients receiving BEPA or placebo,

Although energy intake did not differ significantly between the treatment groups,
the change in energy intake (ended o be higher in the EPA group than in the placebo
group (Figure 9.5; P = 0.08).
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Figure 9.5

Individual changes in energy intake during EPA (left} or OA (right) supplementation
in weight-fosing cancer patients.
The Proc Mixed procedure for Repeated Measures was used for statistical analyses.

Biscussion

The aim of the present study was to obtain pilot information regarding the effects of
EPA on weight loss, body composition, biochemical parameters and quality-of-life in
weight-losing cancer paticnts. Repeated measures analysis showed a significant favourable
effect of EPA on body weight, fat mass, skinfold thickness and serum CRP concentrations
after adjustment for baseling values.

However, results may have been biased by the fact that only a minor part of the
patients included in the study were able to complete the study. The relatively high sample
attrition in the present study was related fo the fact that patients had advanced disease, and
that the study was initially designed to investigate the effect of BPA on lipolysis on short-
term. Therefore, several patients were included of whom it was suspected at the time of
inclusion that they would not be able to complete the period of follow-up. Discase
progression in combination with short life-expectancy, forced several patients to withdraw
from the study, Since some baseling characteristics differed between assessable and non-
asscssable patients in the EPA group, the possibility may not be cxcluded that selective
patient dropout has affected study outcome. This should be taken into account when
interpreting the results of the study.

Recently, a lipid-mobilizing factor (LMF) has been identified in urine of weight-
losing cancer patients,””»186 which induced lipolysis in white adipocytes by stunulation of
cAMP production. ' This stimulation was inhibited in adipocytes pretreated witl EPA, 79
A proteolysis-inducing factor has also recenty been identified which stimmulated protein
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degradation in mice. 313! The effect of proteolysis-inducing factor was attenuated by
EPA. 102,130 These studies on the effects of EPA on lipolysis and proteolysis suggest that
EPA could be useful in fhe treatment of cancer cachexia. This is supported by recent
reports of uncontrolied clinical studies in weight-losing patients with pancreatic cancer
which showed that weight loss was inhibited and fat and fat-free mass were preserved by
EPA 16:17,230 Ajthough the present results confirm the effects of EPA on body weight and
fat mass, we could not confirm a significant effect of EPA supplementation on fat-free
mass or MAMC. This may be telated with the small number of patients and the relatively
high drop out rate.

Our observation that the change in serum CRP was significantly smalier in the EPA
group than in the placebo group is consistent with recent reports that EPA reduces serum
CRP concentrations in patients with pancreatic cancer.'3:1%:230 This effect may be due to
downrepulation of the acule-phase response by HPA via suppression of interleukin-6
production, 1*8:229 Since the presence of an acute-phase response is thought to play an
important role in cachexia in pancreatic cancer® as well as in other tunor types, 25,143,220
the effect of EPA on ihe acute-phase response could partly explain the beneficial effecis of
EPA in cancer cachexia.!”?

Despite the smnall number of patients and the potential bias by selective patient
dropout, the present study does provide pilot information concerning the effecis of EPA on
preservation of fat mass amd stabilization of CRP concentrations. Our findings confirm
results reported so far from uncontrolied studies suggesting that supplementation of EPA in
cachectic cancer patients may be beneticial. Further double-blind, randomized studies with
larger patient groups are therefore warranted to assess the effects of EPA on body weight,
body composition, biochemical parameters and quality-of-life.
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Chapter 10

The studies in this thesis describe the alterations in lipid metabolism in cancer
patients, the effects of shorl-term eicosapentaenoic acid (BPA; 20:58-3) supplementation
on lipid metabolism in healthy subjects and cancer patients, and the long-term effects of
EPA supplementation on weight foss, body composition and inflammation in weight-losing
cancer patients.

The studies showed the following resulis:

- Both whole-body lipolysis and plasma lipolytic activity in vitre are higher in
weight-losing cancer patients than in healthy subjects (Chapters 2 & 3)

- Plasma n-3 fatty acids are significantly reduced in pancreatic cancer and tend to be
reduced in lung cancer, but are unchanged or even increased in esophageal cancer
when compared with healthy subjects (Chapter 4).

- Supplementation of EPA eiliyl esters induces a rapid increase of EPA in plasma
phosphiolipids and cholesteryl esters withinn four to seven days in healthy subjects
(Chapter 5).

- EPA ethyl ester supplementation does not inhibit whole-boady lipolysis and lipid
oxidation in healthy subjects (Chapter 6) nor in weight-losing cancer patients
(Chapter 7) when compared with oleic acid (18:1n-9) ethyl esters as a placebo
supplement,

- The reduction of serum iriacylglycerol, free fatty acid and cholesterol
concentrations by a mixture of EPA and docosabexaenoic acid (DHA; 22:6n-3)
achminstered as triacylglycerols is different from that by pure EPA administered as
ethyl esters (Chapter 8},

- Pilot data in a [limited proup of cancer patients suggest (hat long-term
supplementation of EPA cthyt esters inhibit the loss of body weight and fat mass
and the rise in blood C-reactive protein (CRP) concentrations, which is not seen in
patients receiving oleic acid ethyl esters as a placebo supplement (Chapter 9},

Whole-body lipolysis in weight-losing cancer patients

Weight loss in cancer patients comprises both loss of muscle and fat mass.?® One of
the mechanisms thought to be involved in the reduction of fat mass is increased lipolysis,
Results of the present study show that lipolysis and lipid oxidation were elevated in weight-
tosing cancer patients in comparison with healthy subjects (Chapfer 2), which is consistent
with somel16:124192 byt not alil08 studies in literature. Several factors and mechanisms
may underlie the observed elevation in lipolysis.

Firstly, measurements of lipolysis may be affecied by energy intake. In iany
cancer patients, food intake is reduced due to decreased appetite!4®: 168 or mechanical
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obstruction of the gastrointestinal tract.%® The observation in a previous study that lipolysis
was not only elevated in weight-fosing cancer patients but also in weight-losing patieuts
without cancer,!!® suggests that reduced energy intake could be responsible for the
observed elevation in lipolysis, Previous studies in healthy subjects have also shown ihat
energy intake can affect whole-body Lipolysis,? 14 and thercfore, energy iniake was
included as a covariable in the data analyses of (he present study. The difference in
lipolysis between cancer patients and hiealthy subjects, however, remained statistically
significant after this correction for ¢nergy itake, and we therefore conclude that our
resuits are not confounded by differences in food intake between patients and healthy
subjects.

Secondly, since lipolytic rate is usually presented per kilogram body weight,
measwements of Lipolysis may be distorted by changes in body composition. It has been
shown that lipolysis is related with the size of the fat-free mass and not of the fat
mass, 3 118 implying that the lipolytic rate per kilogram body weight may decrease when
the percentage of fat-free mass decreases. Data analysis in our stily showed, however,
that the percentage of fat-free mass was simifar in patients and heaithy confrols in the
presen( study, and alterations in body composition can therefore not explain the observed
differences in lipolysis between cancer patients and healthy subjects.

Since our study showed that saudy results are not confounded by energy intake or
body composition, it follows that the observed elevated lipolysis in cancer patients was
induced by other, disease-related factors. Recent reports suggest that the presence of an
inflammatory response may affect [fipolysis.”?84 In the present study, however, no
significant correlation between whole-body lipolysis and plasma CRP in cancer patients
was detected. As another potential mechanisns, hormonal alterations such as altered
insulin, glucagon and glucocorticoid levels®+19 may be involved in the observed elevation
in lipolysis in cancer, A third factor that may have stimulated whole-body lipolysis in
cancer patients is the presence of a lipid-mobilizing factor in blood.!9L215 To determine
whether this lipid-mobilizing factor was present in the blood of the patients, plasma
lipolytic activity was measwed (Chapter 3). The results confirmed that besides whole-bedy
lipolysis in vivo, also plasma lipolytic activity in vitro was increased in cancer patients,
indicating that the lipid-mobilizing factor was present in these patients. However, as there
was no correlation between the in vive and in vitro measurements, it seems unlikely that
the presence of a lipid-mobitizing factor is the major factor for {he elevation in lipolysis in
cancer patients. Based on current knowledge, it is not likely that one single factor is
responsible for the elevation in lipolysis in weight-losing cancer patients, Rather, a
comsbination of the above-mentioned factors may stimulate lipolysis in cancer patients.
Clearly, this issue will require further research,
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Plasma fatty acid composition in cancer

Plasma total n-3 fatty actds were significantly reduced in pancreatic cancer and
tended to be reduced in lung cancer, but were unchanged in esophageal cancer when
compared with healthy subjects {Chapter 4). Fatty acid composition was measured in
plasma plospholipids and cholestery! esters because the fatty acid composition of these
fractions has a smaller day-to-day variation than plasma (riacylglycerols.!3! The fatty acid
composition of the plasma phospholipid fraction is a valuable indicator for fatty acid status
because of the close relation with the phospholipids in platelet and erythrocyte
membranes, 28,169

The observation that n-3 fatty acid levels were significantly reduced in patients with
elevated serum CRP concentrations (> 10 mg/L) suggests that the presence of an acute-
pliase response may be one of the potential mechanisins underlying the reduction in plasma
n-3 fatty acid concentrations in cancer, This is consistent with other studics in non-cancer
patients showing inverse correlations between plasma n-3 fatty acid levels and
inflammatory state.51:163,208 Te ohservation that pancreatic cancer patients with non-
insulin dependent diabetes mellitus (NTDDM) have higher levels of n-3 faty acids than
those without NIDDM is not consistent with most studies in non-cancer NIDDM patients.
These studies stowed reduced plasma fevels of n-3 and n-6 fatty acids in comparison with
healthy subjects, 173176190 although one study in newly diagnosed NIDDM patients
showed elevated levels of elongated n-3 and n-6 fatty acids in newly diagnosed NIDDM
paticnts, 167

n-3 Fatty acid supplements: Intestinal absorption of ethyl
esters

In previous studies on the effects of BPA on lipolysis and cancer cachexiz, EPA
was provided as triacylglycerols®-230 or as free acids!? but not as ethyl esters, However,
the use of triacylglycerols has the disadvantage that the concentration of a specific fatty
acid is relatively low, and that only a mixture of fatty acids can be administered, On the
other hand, free fatty acids have been reported to induce gastrointestinal complaints.23 For
this reason, it was proposed to use EPA as ethyl esters in the present intervention studies
on the effects of EPA on lipolysis. The use of ethyl esiers allows administration of specitic
fatty acids in high concentrations, without interference by other substances, However, a
review of the literature revealed some controversy concerning the absorption of ethyl
esters: some studies showed that plasma incorporation of EPA and docosahexaenoic acid
(DHA; 22:61-3) was similar between ethyl esters and triacylglycerof supplements, 92,156
but other studies suggested that the absorption of ethyl esters may be impaired.23:37:122
Farthermore, BEPA ethyl ester supplementation was found to be ineffective in reversing
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host body weight loss and inhibiting tumour growih in mice, presumably due to the
inability to reach effective plasma and tunour concentrations of BPA over the initial time
period in this amour modet,

Therefore, in order to assess whether it was justifiable to use EPA ethyl esters
instead of BPA triacylglycerols in the iniervention studies, we decided to perforn a
separate shudy to measure the incorporation pattern of EPA into plasma lipids during
administration as ethyl esters in healthy subjects, This study, which is described in Chapter
5, showed that EPA ethyl esters were highly incorporated into both plasma phospholipids
and cholestery] esters within one week of supplementation. It was therefore concluded that
n-3 fatty acid ethyl esters were sufficiently well incorporated into plasina lipids to allow
the use of n-3 fatty acid cthyl esters in further metabolic and clinical studies.

An unexpected finding in this study was the observation that the incorporation
patterns of EPA and DHA were quite different: EPA was mainly incorporated into plasma
phospholipids, whereas DHA was mainly incorporated into TAG. This finding is
consistent with results from other studies on the incorporation of n-3 fatty acids supplied as
triacylglycerols® 156 ag well as studies using ethyl esters.”#123:207 Only Blonk et al.,?’
who used a supplement of n-3 fatty acid ethyl esters, did not find any difference in
incorporation between EPA and DHA into plasma phospholipids afler 12 weeks of
supplementation. The difference in incorporation between EPA and DHA may be related
with the fact that EPA and DHA are competitors for the enzymatic transfer of fatty acids
from phospholipids o cholesteryl esters.2%7 Since the affinity of lecithin-cholesterol
acyliransferase is higher for EPA than for DHA, the coaversion of EPA from
phospholipids to cholesteryt esters may be relatively higher than that of DHA. This would
explain why, in this study, incorporation of EPA into cholesteryl esters was high, whereas
the incorporation of DHA in cholesteryl esters was negligible,

Effects of EPA ethyl esters on lipolysis

Results in Chapters 6 and 7 showed that short-term supplementation of EPA does
not inhibit whole-body lipolysis in healthy subjects or weight-losing cancer patients when
using oleic acidl ethyl esters as a placebo supplement, However, several questions remain
to be solved in order to integrate this result with findings from previous studies. The First
question is whether a study period of one week was long enough to be able o detect any
potential effects of EPA cthyl esters on lipolysis. Another question is whether the type of
EPA supplement, pure EPA esterified as ethyl esters, could have affected siudy outcome,
A third question is whether the choice of oleic acid ethyl esters for use as a placebo
supplement was justified. Below, the potential influence of these factors on study outcome
are discussed.
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Study period

The first question concerns the duration of the study. The observation of Dagnelie
et al.# that plasma FRA levels were significantly reduced within one day of fish oil
supplementation in healthy subjects, suggested that the effect of EPA on lipid metabolism
would be rapid. Purthermore, the study described in Chapfer 5 showed that EPA ethyl
esters were rapidly incorporated into plasma lipids, especially into ptasma phospholipids,
within four days of supplementation. Although, based on these previous findings, it is
unlikely that the effect of EPA on lipid metabolism takes more than seven days, the
possibility cannot be excluded that a longer study period in the present studies would have
resulted in different findings.

Ethyl esters versus triacylglycerols

The second question addresses the use of EPA ethyl esters in the present study.
This question was raised by the fact that in our studies mentioned above (Chapter 6 & 7),
the rapid decrease of plasma FPA as reported by Dagnelie et al.¥ was not observed. In
ihe latter stady, a supplement containing both EPA and DHA esterified as TAG was used,
whereas in the present studies, a supplement containing purified EPA esterified as EE was
administered. Tt was suggested that the use of these different n-3 fatty acid supplemenis
might have affected study outcome. Therefore, an additional study was performed in order
to determine whether the various n-3 fatty acid supplements have differential effects on
plasma lipid concentrations {Chapter 8). Even though all EPA supplements did reduce
seram TAG concentrations significantly, the degree of reduction was significantly greater
in the group receiving both EPA and DHA as triacylglycerols (EPA/DHA-TAG) than in
the group receiving pure EPA as ethyl esters (EPA-EE). In addition, plasina fice fatty acid
concentrations were only reduced in the EPA/DHA-TAG group but not in the groups
receiving EPA/DHA-EE or EPA-EE. Differential effects of the different supplements on
plasina lipoprotein concentrations were also detected (Chapter 8).

Although little is known about mechanisis underlying the observed differences in
effect between the triacylglycerol- and ethy] ester-containing supplements, the route of
intestinal absorption of -3 fatty acid ethyl esters and triacylglycerols may differ in several
aspects.? Firstly, the rate of hydrolysis by pancreatic lipase may be lower for ethyl esters
than for triacylglycerols, 120236 Secondly, the rate of absorption may be reduced!0%:237
due (o an additional metabolic step via the phosphatidic acid pathway,235238 Thirdly, fatty
acids from ethyl esters may be transporied from the enterocyte as free acids bound to
atbumin instead of being reesterified and released into the circulation as triacylglycerols.2
Especially the lafter sitvation might induce interactions with recepiors and / or hormones
that could differ from those of fatty acids esterified as triacylglycerols,
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Besides the type of esterification of BPA, the presence of DHA also appears to
influence the effect of EPA on serum lipid concentrations (Chapter 8). Although some
authors suggesied that EPA and not DHA is responsible for the serum friacylglycerol
reducing effect of fish oil, 7172173 others reported that both EPA and DHA have
triacylglycerol-lowering effects in healthy subjects,81:92

Tn retrospect, the results of this sfudy suggest that EPA as ethyl esters may not have
been the most appropriate supplement for studying the effects of EPA on lipolysis, When
inferpreting the results of the current study, it should therefore be taken into account that
the metabolic effects of supplements containing EPA ethy! esters as described in this thesis
might differ from the effects of a mixfure of EPA and DHA as triacylglycerols.

Use of oleic acid ethyl esters as a placebo

The third question addressed the question whether oleic acid ethyl esters are
suitable as a placebo supplement. Oleic acid was chosen as a placebo for being one of the
most common moenounsaturated fatty acids present in daily foed, especially in olive oil,
Also, olive o0il”»93:201,206,223 apq oleic acid!4% 188 had been used as a placebo supplement
in many othier studies. In the study on the cffects of EPA on lipolysis, it was concluded
that EPA ethyl esters did not affect whole-body lipolysis in comparison with the placebo
group which received oleic acid ethyl esters. However, it was remarkable that both whole-
body lipolysis, palmitic acid release and palmitate oxidation tended to decrease in the EPA
as well as the placebo group, If oleic acid ethiyl esters are asswmed to be a valid placebo
supplement which did not affect lipolysis, the observed changes should have been caused
by factors other than fatty acid supplementation, However, it was not possible to identify
such factors. This raises the (uestion whether oleic acid ethyl esters could also have
affected lipolysis. Tn the study described in Chapter 8, two different oleic acid supplements
confaining either triacylglycerois or ethyl esters were included. This shly showed that
neithier oleic acid ethyl esters nor oleic acid triscylglycerols affected serum triacylglycerol,
free fatty acid or lipoprotein concenirations. These results would suggest that oleic acid
ethyl esters do not specifically affect lipid metabolism and are therefore a valid placebo
supplement. It should he noted, however, that the effects on absolute serwm fipid
concentrations do not necessarity reflect lipid fluxes within the body.

Recent findings regarding the effects of EPA in cancer

The research described in this thesis was based on various studies performed in the
early 1990°s which showed that EPA inhibited both weight loss in twmor-bearing mice and
lipolysis in vitro.

However, since 1996, several siulies have been published on the effects of EPA on
body weight and inflammatory response in patients with pancreatic cancer, 417230 Thege
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uncontrolled clinical trials!®!7 suggested that supplementation of BPA attenuates the loss
of body weight, especially that of fat-free mass. In our long-term suppletnentation study in
cancer patients (Chapter 9}, this beneficial effect of EPA on body weight and CRP was
confirmed, but no beneficial effects of BPA on fat-free mass were observed. Tt should be
taken into account, owever, that the study was underpowered and that selective dropout
of patients in the BEPA-group might have affected the results of this long-term study.

The present results do show a preservation of fat mass during long-term
supplementation of EPA, which may suggest that EPA does inhibit lipolysis on long term.
This is consistent with a recent study reporting that stimulation of lipotysis i vifro was
effectively attenuated by BPA.!70 Neverthieless, based on the findings reported in Chapters
6 & 7, we suppose that inhibition of lipolysis in vivo may not be the key mechanism
underlying the observed effects of EPA in cancer cachexia.?'2214 Instead, other
mechanisms are likely to contribute to the apparent anti-cachectic effects of EPA.

In recent years, it has become apparent that the presence of an inflammatory
response is related with the occurrence of weight loss in cancer,!3,64,145,157,189,196,222
and that resting energy expenditure is elevated during inflammation.2%3 Furthermore, it is
now known that supplementation of EPA can modulate the inflammatory response in
cancer patients'>17422% and in  non-cancer patients.2%-333%  Our  long-term
supplementation study {Chapfer 9) also showed that plasma CRP concentrations were
fower in the group receiving FPA than in the placebo group. Based on these findings, it is
speculated that the beneficial effects of EPA in cancer cachexia could be related with
modulation of the acute-phase response rather than with direct inhibition of lipolysis by
EPA,

Another mechanism which may possibly play a role in the anti-cachectic effect of
EPA is the inhibition of proteolysis. Recent studies showed that the proteolytic effects of a
newly identified, 31,217 mumor-derived proteolysis-inducing factor were effectively
attenuated by EPA in vitro, 102,130

Conclusions

Based on the results of this thesis, the following conclusions can be drawn:

- Whole-body lipolysis, palmitate release and palmitate oxidation are significantly
elevated in weight-losing cancer patients in comparison with healthy control
subjects, These differences remain significant after correction for energy intake,
and are not affected by changes in body composition,

- Plasma -3 fatty acid concentrations are reduced in pancreatic cancer and tend to be
reduced in lung cancer, but are unchanged in esophageal cancer when compared

120



General discussion

with healthy subjects. Total n-3 fatty acids are lower in patients with an
inflaninatory response (CRP > 10 mg/L) than in patients without inflammation,

- Whole-body lipolysis and lipid oxidation are not inhibited by supplementation of
EPA ethyl esters in weight-fosing cancer patients nor in healthy subjects during
short term supplementation when compared with oleic acid ethyl esters as a placebo
supplement.

- The effects of EPA adiministered as ethyl esters on lipid metabolism may differ
substantially from the effects of a mixtwe of BPA and DHA administered as
triacylglycerols. Therefore, the conclusion that supplementation of EPA ethyl esters
do not inhibit lipolysis should not be extrapolated to EPA administration in general,
since the metabolic effects of EPA might be different when using another type of
esterification or when supplying EPA in combination with DHA.

- Our findings during long-term supplementation of BPA suggest that body weight,
fat mass and skinfold thickness are higher in cancer patients receiving EPA than in
patients receiving the placebo supplement. Furthermore, BEPA supplementation
appears to reduce serum CRP concenirations,

Futfure studies

Future studies are needed to elucidate the mechanisims underlying cancer cachexia,
Since recent studies suggest that the inflarnmatory response may play an important role in
cancer cachexia, further research should focus on the clinical effects of inhibition of the
acute-phase response in cancer. Furthermore, the recent identification of a lipid-mobilizing
factor and a proteolysis-inducing factor suggests that specific stimulation of Hpolysis and
proteolysis by a tumour-derived factor may also play a role in the occurrence of weight
loss. However, the precise role of lipolysis and proteolysis in cancer cachexia remains to
be clarified.

Although studies in literature suggest that supplementation of n-3 fatty acids may be
beneficial in cancer patients, it is not known whether this potential effect is related with
baseline plasma n-3 fatty acid status in these patients. Also, it remains uncertain whether
the fatty acid concentrations in plasma reflect the fatty acid status in tissues, The present
study has shown that plasina n-3 fatty acids levels are reduced in pancreatic cancer and
appear to be reduced in fang cancer, but the mechanism underlying these alterations is not
kown. Therefore, further studies are needed to clarify whether the fatty acid status in
plasma and in tissues are related, and whether any reductions in n-3 fatty acid levels in
plasma and/or adipose tissue are related with reduced intake, with reduced availability or
with elevated metabolic demands. Clarification of the underlying mechanisms may
confribute to the identification of patient groups at risk for developing n-3 fatty acid
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deficiencies, which may lead to the designation of specific target groups of patients who
may benefit from n-3 fatty acid supplementation,

Furthermore, before performing additional studies on the clinical effects of n-3
fatty acids in cancer or in other diseases, the mechanisms underlying the observed
differences in physiological effects of various n-3 fatly acid supplements will have to be
clarified, These studies will have to address whether to use friacylglycerols, ethyl esters or
supplements with some other type of esterification, and whether pure EPA, pure DHA or a
nixfure of faity acids should be used o oblain desired clinical effects. Possibly, (he type of
supplement will vary with the nature of the effect to be achieved.

Once the problems regarding lipid metabolism in cancer and the use of different n-3
fatty acid supplements have been solved, double-blind, randomized, long-term clinical
trials on the effects of EPA should be performed. These studies should include sufficient
numbers of patients to detect whether ong-term supplementation of BPA does inhibit loss
of weight, fat mass and fat-free mass in cancer patients, Such studies should concentraie
especially on patieats with those types of cancer in which weight loss frequently occurs,
and factors such as inflammation and n-3 fatty acid deficiency should be taken into
account. Obviously, quality-of-lift and survival will have to be important additional
outcome measures in such trials,
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Cachexia is a frequent problem in cancer patients which is characterized by weight
loss, impaired performance and fatigue, In general, administration of nutritional support
does not improve the condition nor is any other adecquate treatment available. The
mechanisms underlying cancer cachexia are poorly wderstood, but factors such as
increased lipolysis and proteolysis may play a role. Weight loss in tumor-bearing mice has
been found to be attenuated by n-3 fatty acids derived from fish oil, with eicosapentaencic
acid (BEPA; 20:5n-3) being the active component, BPA was shown to inhibit lipolysis and
proteolysis in vitro, and recent uncontrolied clinical studies suggested that EPA
supplemeniation may reverse weight loss in patients with pancreatic cancer (Chapter 1),

The aims of the stucies reported in this thesis were to assess whether lipolysis andl
plasma lipid composition are altered in cancer patients and whether supplementation of
BPA reduces lipolysis and lipid oxidation in healthy subjects and in weight-losing cancer
patients, Furthennore, we aimed 1o obfain pilot information on the long-tern effects of
EPA supplementation in these cancer patients.

in order to develop new treatment strategics for cancer cachexia, better knowledge
of lipid metabolism is needed. Since studies in healthy subjects have demonstrated that
lipolytic rate depends on energy intake and the size of fat-free mass, the aim of the first
study within this thesis (Chapfer 2) was to assess whether whole-body lipolysis, palmitic
acid release and palmitate oxidation were increased in weight-losing cancer patients when
taking differences in food intake and body composition into account, Measurements were
performed in {8 weight-losing cancer patients with different twmor types and in sixicen
healthy subjects after an overnight fast, and food intake was recorded for four days. Body
compaosition was measured by bioelectrical impedance analysis, After adjustment for
energy intake, whole-body lipolysis was significantly higher in cancer patients than in
healthy subjects. The difference in palnitic acid release did not reach statistical
signiticance. The rate of palmitate oxidation was also significantly higher in patients than
in healthy subjects. No differences in body composition were observed between groups. Tt
is concluded that whole-body lipolysis and palmitate oxidation are elevated in weight-
losing cancer patients when differences in food intake and body composition are taken into
accouut,

Recently, a lipid-mobilizing factor has been identified in the urine of weight-losing
cancer patients, which was shown to stimulate lipolysis in vitro as well as in vivo, Fo
assess whether whole-body lipolysis in vivo and lipolytic activity in vifro are correlated,
lipolytic activity was measured in plasma samples of weight-losing cancer patients and
healthy control subjects (Chapier 3). In vitro lipolytic activity towards isolated fat cells
was significantly higher in plasma of weight-losing cancer patients than in ptasma of
healthy subjects (P < 0.01). However, no significant cortelation was detected between
lipolytic activity in vitro and whole-body Hpolysis in vive in the total study group, nor in
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healthy subjects or cancer patients separately, This suggests that factors other than the
presence of the lipid-mobilizing factor probably also contribuic to whole-body lipolysis in
cancer patients.

The risk of developing essential fatty acid deficiency is increased in cancer patients
due to reduced food intake, impaired intestinal absorption or increased metabolic demands.
In the study described in Chapter 4, we investigated whether plasma n-3 fatty acid
concentrations were reduced in different groups of cancer patients in comparison with
healthy subjects. In pancreatic cancer, plasma n-3 fatty acids showed a substantial
reduction in both plasma phospholipids and cholesteryl esters, Although total n-3 fatty
acids in lung cancer also tended to be reduced, this difference failed to reach statistical
significance. In esophageal cancer, however, tofal n-3 fatty acid concentrations were
comparable with or even higher than those in healthy subjects. n-3 Fatty acid levels were
lower in weight-losing than in weight-stable patients with fung cancer. Pancreatic cancer
patients with diabetes had significantly higher levels of n-3 fatty acids than those pancreatic
cancer patients without diabetes. For all tunor types combined, total n-3 fatty acids were
significantly reduced in patients with plasma C-reactive protein concentrations > 10 mg/L.

Beneficial Lealth effects of n-3 fatty acid supplementation have been described in
several diseases such as cancer cachexia, atherosclerosis and inflammatory diseases. Since
natural fish oil contains a refatively low concentration of n-3 fatty acids, it might be
advantapeous to use purified n-3 fatty acid ethy! esters. However, studies investigating the
intestinal absorption of eicosapentaenoic acid (BPA; 20:5n-3) and docosahiexaenoic acid
(DHA; 22:6n-3) ethyl esters are controversial. In Chaprer 5, the level of incorporation of
BPA anl DHA in different plasma lipid fractions of healthy subjects during
supplemtentation with n-3 fatty acid ethyl esters is described, Within 7 days of
supplementation, the proportion of EPA i plasia phospholipids showed a 15-fold increase
(£ < 0.001). The proportion of DHA only showed a two-fold increase. In cholesteryl
esters, EPA also increased significantly (P < 0.05), whereas DHA did not increase at all,
In contrast, incorporation of DHA into triacylglycerols was even higher than that of BPA,
These results showed that EPA is rapidly and substantiatly incorporated into plasma lipids
when provided as ethyl esters.

in Chapter 6, the effecis of shori-term EPA ethyl ester supplementation on whole-
body lipolysis and lipid oxidation in healihy subjects are reported. In sixteen healthy
subjects, whole-body lipolysis, palmitic acid release and palmitate oxidation were measured
using siable isotopes. Subjects were randomized to receive EPA ethyl ester (6 g/d) or
placebo (oleic acid ethyl esters; 6 g/d) for seven days in a double-blind design, After 2 and
7 days of supplementation, turnover measurements were repeated, Whole-body lipolysis,
palmitate oxidation, or palmitic acid release were not significantly different between the
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freatment growups, despite substantial reductions in palmitic acid release and palmitaie
oxidation in both treatment groups when compared with baseline values.

A similar study on the effects of EPA on lipelysis in weight-losing cancer patients
is described in Chapter 7. Seventeen weight-losing cancer patients of different fumor types
were randomized to receive FPA ethyl esters or placebo for seven days, and whole-body
lipolysis, palmitic acid release and palmitate oxilation were measured at baseline, and afier 2
and 7 days of supplementation. Again, no significant differences in whole-body lipolysis,
patmitate oxidation, or palmitic acid release were detected between the groups receiving EPA
ethy] ester and oleic acid ethyl ester supplementation. Furthermore, no significant {reatinent
effects on resting energy expenditine and plasma CRP concentrations were detected. Also in
patients, whole-body lipolysis tended to decrease in the placebo group.

Results of both studies reported above (Chapters 6 and 7) differed from an earlier
study from our group in that a rapid decrease in plasma FFA concentrations was not
observed during n-3 fatty acid supplementation, This raised the suspicion that difterent
types of n-3 fatty acid supplements could have varied effects on fipid metabolism., We
therefore performed an additional study, described in Chapfer 8, in which forty-nine
healihy subjects were randomized over five treatment groups. Group I received both EPA
and DHA as triacylglycerols, group I received EPA and DHA as ethyl esters, and group
IIF received pure EPA as ethyl esters for a period of seven days. Groups IV and V
received placebo supplements containing oleic acid. Overnight-fasted blood samples were
taken ai bascline and after 2 and 7 days of supplementation. Serum triacyiglycerol
concentrations decreased significantly in all groups receiving EPA (P < 0.05), but
notably, the triacylglycerol reduction in the group receiving EPA ethyt esters (17%) was
significantly less than in the group receiving the mixtare of EPA and DHA as
triacyiglycerols (42%) (P < 0.05). Furthermore, although both supplements coniaining
EPA plus DHA reduced the total/HDL-cholesterol ratio, this was caused by a reduction in
total cholesterol concentrations in the EPA plus DHA triacylglycerol group, but by an
increase in HDL-cholesterol in the BPA plus DHA ethy! ester group (2 < 0.05). The
eftects of n-3 fatty acid supplenients on serum lipid concentrations are thus affected both
by the presence of DHA and by the type of esterification.

Besides imeasuring the effects of short-term EPA ethyi ester supplementation on
tipolysis, we also obtained pilot information on the long-term clinical effects of EPA
supplementation. In Chapter 9, we explored whether supplementation of EPA influences
loss of body weight, body composition and hiochemical blood parameters, For this study,
cancer patients were asked to continue supplementation for another 11 weeks after
completion of the one-week study of metabolic measurements (described in Chapter 7).
Anthropometric measures and blood samples were taken at baseline and after 1, 4, 8 and
12 weeks, and dietary intake was recorded for 4-7 days preceding the measurcinents, Due
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to death, progressive disease and surgery, only 11 out of 19 randomized patients (EPA,
n=4; placebo, n=7) werc assessable for siatistical analyses after four weeks of
supplementation, Body weight, fat mass and sum of four skinfolds were significantly
higher in the EPA group than in the placebo group (P = 0.03, P = 0.001 and P = 0.002,
respectively). C-reactive protein (CRP) levels were significantly lower in the group
receiving EPA than in the placebo group (P = 0.01). Although selective patient dropout in
the EPA group may have affected study outcome, owr results are consistent with literature
reports suggesting that body weight, fat mass and blood CRP levels appear to improve
during long-term EPA supplemeniation,

In conclusien, whole-body lipolysis is significantly elevated in weight-losing cancer
patients when compared with healthy control subjects. Plasma n-3 fatty acids are reduced
in pancreatic cancer and tend to be reduced in lung cancer, but are unchanged in
esophageal cancer in comparison with healthy subjects. Short-term supplementation of
BPA ethyl esters does not reduce whole-body lipolysis or lipid oxidation in weight-fosing
cancer patients or in healthy subjects in comparison with oleic acid ethyl esters as a
placebo supplement, Furthermore, the metabolic effects of BEPA administered as ethyl
esters differ substantially from the effects of a mixture of EPA and DHA administered as
triacylglycerols. Long-term EPA supplementation may improve body weight, fat mass,
skinfold thickness and serum CRP concentrations, although these results may have been
atfected by selective patient dropout,
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Veel kankerpatignten liiden aan gewichisverlics, wat meestal gepaard gaat met een
slechte conditie, vermoeidheid, een slechte weerstand en cen kortere levensduur, Over het
algemeen verbeiert het geven van bijvoeding de situatie niet of nauwelijks, Ook bestaat er
geen geneesmiddel tegen het optreden van gewichisverties bij kanker, De corzaak van dit
gewichtsverties is niet bekend, Veel patignten Lebben een verminderde eetlust, raar
daarnaast lijkt het er ook op dat vetweefsel en spieren versneld worden afgebroken. Uit
dierstudies is gebleken dat het geven van n-3 vetzuren uit visolie het gewichtsverlies zou
kunnen fegengaan, Het vetzuur eicosapentacenzuur (EPA; 20:5n-3) was hierbij het actieve
bestamddeel, Ook was EPA in staat om de vet- en eiwitafbraak in geisoleerde cellen te
reiminen, Docosahexacenzuur (DHA; 22:61-3) had daarentegen geen remmend effect in
deze studies. Recent is pebleken dat EPA  waarschijnlijk ook bij patiénten et
pancreaskanker het gewichtsverlies kan remunen, maar omdat in dat omderzoek pgeen
conirolegroep aanwezig was, moeten de resultaten met enige voorzichtigheid worden
bekeken (Hoofdstuk 1).

Tn de studies die beschreven staan in dit proefschrift, werd onderzocht:

1. of de vetafbraak bij kankerpatiénten met gewichtsverlies hoger is dan bij gezonde
mensen;

2. of de vetzuwsamenstelling in het bloed anders js bij kankerpatiénten dan bij
gezonde nensen;

3. of de afbraak van vet bij kankerpatiénten en bij gezonde vrijwilligers geremd wordt
door het geven van BEPA;

4, of het geven van EPA gedwende lange tijd invloed heeft op het gewichitsverloop bij
kankerpatiénten,

Men vermoedt dat de afbraak van vetweefsel bij kankerpatignten hoger is dan bij
gezonde mensen, Het is echter bekend dat de afbraaksnelheid van vet in het lichaam mede
bepaald wordt door de e¢nergie-inname en de Hehaamssamenstelling, Doordat deze factoren
zouden kunnent verschiflen tussen kankerpatiénten en gezonde mensen, is het mogelijk dat
de uitkomsten van eerdere studies hierdoor vertekend zijn. Het doel van onze eerste studie
(Hoofdstuk 2) was na te gaan of de vetafbraak bij kankerpatiénten met gewichtsverlies
hoger is dan bij gezonde mensen mna correctic  voor voedselinname en
lichaamssamenstelling. Achttien pati¥nten met verschillende soorten kanker en met meer
dan 5% gewichtsverlies en zestien gezonde vrijwilligers namen deel aan het onderzoek.
Herst schreven zij gedurende vier dagen op wat zij eten en dronken., Na een nacht vasten
werd de lichaamssamensteiling bepaald (bioelectrische impedantie analyse) en werd de
snelheid van de vetafbraak gemeten met behulp van een continn infuus met een gelabeld
vetzuur, Na correctic voor energie-inname was de snelheid van de vetatbraak significant
hoger bij kankerpatiénten dan bij gezonde mensen. Ook de verbranding van vet was
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significant hoger bij patiénten dan bij de controlepersonen. Het verschil in vetafbraak
tussen kankerpatiénten en gezonde vrijwilligers werd niet verklaard door verschitlen in
lichaamssamnensteiling, aangezien deze vergelijkbaar was tussen de twee groepen.

Recent hebben onderzoekers in de urine van kankerpatiénten met gewichtsverlies
een stof geisoleerd die de vetafbraak in vetcellen stimuleert en die bij muizen
gewichisverlics veroorzaakt, Of deze stof aanwezig is in het bloed van mensen kan bepaald
worden door het meten van de zogenaamde ‘lipolytische activiteit® van het bloed. Hiervoor
worden vetcellen van proefdieren gedurende twee uur geincubeerd met het bloed van de
patién¢, waarna gemeten wordt hoeveel glycerol (een bestanddeel van ver) er uit de cellen
is vrijgekomen, Omdat niet bekend is in hoeverre deze in vifro bepaling van de vetafbraak
dezelfde uitkomst geeft als de bepaling van de vetatbraak bij patiénten met kanker, is in de
studie van Hoofdstuk 3 onderzocht in hoeverre deze twee maten met elkaar gecorreleerd
zijn. De vetcellen werden hiervoor geincubeerd met het bloed van de kankerpatiénten en
gezonde vrijwilligers vit Hoofdstuk 2, De athraak van vet in de cetlen was significant
hoger bij het bloed van kankerpatiénten dan van gezonde mensen. De mate van vetafbraak
in deze cellen was echter niet gecorreleerd met de mate van vetatbraak in het totale
lichaam, ook niet na opsplitsing van de groep in patiénten en gezonde controlepersonen.
Dit wijst erop dat ook andere factoren zoals hormonale veranderingen invloed hebben op
de snelheid van de vetafbraak bij kankerpatiénten.

Omdat kankerpatiénten vaak minder eten, de opname in de darm verminderd kan
zijn en bij veet patiénten de stofwisseling verhoogd #s, lopen zij een verhioogd risico op het
ontwikkelen van tckorten aan bepaalde vetzuren in het lichaam, In het onderzoek
beschreven in Hoofdstuk 4 is nagegaan of de concentraties van n-3 vetzuren {de veizuren
uit vette vis) in het bloed lager zijn bij kankerpatisnten dan bij gezomde mensen, De
concentraties van n-3 vetzuren in het bloed waren aanziendijk verlaagd bij patiSnten met
pancreaskanker, met name bij die patignten die geen suikerziekte hadden. Bij de patignten
met longkanker was de concentratic van n-3 vetzuren cveneens verlaagd, hoewel het
verschii ten opzichte van gezonde personen niet statistisclr significant was, Deze verlaging
werd met name gevonden bij de longkankerpatiénten met gewichtsverlies. Bij patiénten
met slokdarmkanker waren de concentraties van n-3 vetzuren niet afwijkend van die van
gezonde mensen, Verder bleek dat de n-3 vetzuren in het bloed significant Iager waren bij
kankerpati€nten bij wie sprake was van een onistekingsreactie dan bij kankerpatiénten
zonder ontstekingsreactie,

Wanaeer n1-3 veizuren gegeven worden in de vorm van capsules, heeft men de
keuze uit verschilfende visolic-supplementen, Tn ‘natwrlijke visolie’ komen n-3 vetzuren
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voor als vetien (ofiwel triglyceriden), waarbij echier de concentratic van n-3 vetzuren
relatief laag is. Daarom wordt vaak gekozen voor het gebruik van ethyl-esters, een
kunstmatige vorm van visolie. Wanneer ethyl-esters gebruikt worden, is het mogelijk om
-3 vetzuren in zuivere vorm en in hoge concentratie aan te bieden. Het is echter niet
duidelijk of de opuname van ethyl-esters door de darin wel goed is. In Hogfdstuk 5 wordt
beschreven in welke mate de concentraties van EPA en DHA in her bloed omhoog gaan
wanneer gezonde mensen zeven dagen lang visolie in de vorm van cthyl-csters slikken, Uit
deze studie bleek dat de stijging van EPA in het bloed relatief groot was en snel verliep,
terwijl de stijging van DHA aanmerkelijk kleiner en langzamer was. Ook waten er
duidelijke verschillen tussen e diverse vetfracties in het bloed. De belangrijkste conclusie
uit dit onderzoek was dat de opname van EPA in het lichaam goed is wanneer n-3 vetzuren
in de vorm van ethyl-esters gegeven worden.

Hoofdstuk 6 beschrijft het effect van EPA ethyl-esters op de afbraak van vet en de
vetverbranding bij gezonde mensen. Zestien gezonde vrijwilligers werden door middel van
loting verdeeld over twee groepen. De eerste groep kreeg EPA ethyi-esters (6 g/dag) en de
tweede groep kreeg een placebosupptement (oliezir ethyl-esters; 6 g/dag) gedurende
zeven dagen. De proefpersonen wisten zelf niet in welke groep zij ingedeeld waren. Bij
aanvang van de studie en na twee en zeven dagen werd de vetafbraak gemeten miet behulp
van cen infiis met een gelabeld vetzuwr., De afbraak van vet en de vetverbranding
verschifden niet significant tussen de twee behandelingsgroepen. Het was echter wel
opvallend dat zowel de vetafbraak als de vetverbranding in beide behandelingsgroepen, dus
ook in de placebogroep, leek te dalen,

In Hoofdsiuk 7 wordt het effect van EPA ethyl-esters op de vetafbraak en de
vetverbramdling bij kankerpatiénten met gewichisverlies beschreven. Zeventien patignten
met verschillende soorten kanker werden door middel van foting verdeeld over een BPA
ethyl-ester groep en een placebogroep. Bif aanvang van het onderzoek en na twee en zeven
dagen slikken van de capsules werd de snelheid van de vetafbraak gemeten, Qok hier
waren de vetatbraak en de vetverbranding niet significant verschillend tussen de twee
behandelingsgroepen. Ook het energicverbruik tijdens rust en de mate van ontsteking in het
lichaam verschilden niet significant tussen de twee groepen, Net afs bij de gezonde
vrijwilligers leek de vetatbraak in beide behandelingsgroepen te dalen,

In eerder onderzock Ieidde hiet geven van visolie aan gezonde mensen fot een daling
van de concentraties van vrije vetzuren in het bloed. In bovenstaande studies
{Hoofdstukken 6 en 7) werd deze daling echeer niet gevonden, Dit heeft mogelijk te maken
met het gebruik van verschitlende soorten visolic in de diverse studies. Daarom is
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onderzocht in hoeverre de effecten van de diverse scorten visolie op de vetconcentraties in
het bloed verschillen (Hoofdstuk 8), Negenenveertig gezonde vrijwillipers werden door
middel van loting verdeeld over vijf behandelinpsgroepen: drie groepen met visolic en
twee groepen met olijfolie, Groep I kreeg een supplement met zowel EPA als DHA in de
vorm van triglyceriden, groep I kreeg EPA en DHA in de vorm van cthyl-esters en groep
Il kreeg zuivere EPA in de vorm van ethyl-esters. De grocpen IV en V kregen
placebosupplementen in de vorm van olijfolic. De persenen slikien deze supplementen
gedurende zeven dagen. Bij aanvang van de studic en na twee en zeven dagen werd er ’s
morgens nuchter bloed afgenomen. De concentratie triglyceriden in het bloed daalde
significant bij alle visoliegroepen, Echter, de mate van daling was significant groter bij de
mensen die EPA en DHA in de vorm van triglyceriden kregen dan bij de perscnen die
zuivere EPA in de vorm van ethyl-esters kregen, De concentratic van totaal cholesierol in
het bloed daalde significant in de groep die EPA plus DHA in de vorm van {riglyceriden
kreeg, maar nief in de andere groepen met visolic of olijfolie, Het HDL-cholesterol gehalie
steeg daarentegen alleen in de groep die EPA plus DHA in de vorm van ethyl-esters.
Hierdoor daalde de ratio van totaal en HDL-cholesterol in de twee groepen die een
mengsel van EPA en DHA kregen, terwill deze ratio niet verawderde in de groep met
alicen EPA. Deze resuliaten laten zien dat er duidelijke verschillen in effect bestaan tssen
de verschitlende soorten visotie,

Tot slot is in een piloishudie geprobeerd een indruk te krijgen van de klinische
effecten van EPA op lange termijn (Hoofdstuk 9). Tn dit onderzoek werd onderzocht in
hoeverre het geven van EPA het gewichisverloop, de lichaamssamenstelling en de enkele
bloedparameters kan beinviceden bij kankerpati#nten met gewichtsverlies. Daartoe werd
aan de patiénten vit ons onderzoek (beschreven in Hoofdstuk 7y gevraagd om, na de ecrste
week van metingen van de vetafbraak, door te gaan met liet slikken van de capsules
gedurende maximaal twaalf weken, Bij aanvang van de studie en na 1, 4, 8 en {2 weken
werden de patiénten gewogen, werd de lichaamssamenstelling bepaald (huidplooimetingen)
e werd bloed afgenomen. Voorafgaand aan elke meting schreven de patiénten gedurende
zeven dagen op wat zij atent en dronken. Als pevolg van overlijden, voortschrijding van de
ziekte of operaties waren er na vier weken nog slechts 1 van de 19 patiénten beschikbaar
voor de effectmetingen (4 patiénten in de EPA groep; 7 patiénten in de placebogroep). Van
de overgebleven patiénten waren het lichaamsgewicht en de hoeveelheid vetweefsel
significant hoger bij de patiénten met BEPA dan bij de patiénten met het placebosupplement.
Daarnaast was de ontstekingsreactie significan¢ lager in de EPA groep dan in de
controlegroep. Hoewel het mogelijk is dat deze resultaten beinvioed zijn door de relatief
hoge uitval van patiénien in de eerste vier weken, komen deze resuliaten overeen met
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gegevens in de literanmr dat EPA een positief effect heeft op het lichaamsgewicht, de
hoeveelheid vetweefsel en de onfstekingsreactie,

134

De conclusies van hiet huidige onderzoek zijn:

De afbraak van vet is hoger bij kankerpatiénten met gewichtsverlies dan bij
gezonde mensen.

De conceniraties van n-3 vetzuren (vetzuren uit visolie) in het bloed zijn verlaagd
bij patiénten met pancreaskanker en waarschijnlijk ook bij patiénten met
longkanker, maar zijn niet veranderd bij patiénten met slokdarmkanker ten opzichie
van gezonde vrijwiiligers,

Tocdicning van EPA gedurende zeven dagen heeft geen effect op de vetafbraak of
de vetverbranding bij kankerpatitnten met gewichtsverlies of bij gezonde
vrijwilligers, in vergelijking met olijfolic als cen placebosupplement.

Verschillende soorten visolic hebben verschillende effecten op de vetconcentraties
in bloed.

Het geven van EPA pedurende langere tijd lijkt een positief effect te hebben op het
lichaamsgewicht, de hoeveelheid vetweefsel en de ontstekingsreactie,
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